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Preface 

This, the fifty-sixth volame of the Transactions of the American Institute of 
Electrical Engineers, includes the entire text content of the 12 monthly issues of 
Electrical Enginebri>to published during 1937 and a 28-page supplement, im¬ 
mediately preceding the index, which contains two papers not published in Elec¬ 
trical Engineering. 

Fourth in the series of annual volumes initiated under the Institute’s unified publi¬ 
cation plan, which became effective January 1, 1934, this is the last to be published 
under that plan. Certain changes in publication policy, approved by the Insti¬ 
tute’s board of directors October 28, 1937, will become effective January 1, 1938, 
and consequently will be reflected in the 1938 Transactions; these changes in 
publication policy ar« outlined on page 1409 of this volume. 

Discussions of technical papers, printed in Electrical Engineering from month 
to month as they became available, are thoroughly correlated in the comprehensive 
multientry annual reference index which begins on page 1537 of this volume, 
immediately following the 2S-page supplement. A reference to any of the several 
subject entries for any technical paper will lead directly to any discussion on that 
paper that may have been pubUshed during 1937. It is of importance to note: 
first, that, of 1936 papers, this volume contains all discussions published after 
December 1936; sjeebnd, that, likewise, the discussions of many of the later 1937 
papers will appear in the 1938 Transactions. 








Errata 

1. Page 60, figure 2a, capacitance between surfaces of 
shell should be indicated as C. 

2. Page 65, figure 14, first solid linefrom bottom should 
indicate power; second solid line horn bottom should 
indicate power factor. 

3. Page 97, figure 11, reproduction c(^ect on page 204. 

4. Page 168, first column, lines 16-18 should read: The 
relation between voltage breakdown (T/Fo) and oil gap 
spacings (d/db) for these curves is doily expressed by 
log(F/Fo) = 0.5 log {d/d,). 

5. Page 170, first column, lines 16-18 slould read: The 
relation between voltage strength {V/V\ and thickness 
(d/do) over the greater range of the 2 cirves for fdler- 
board is expressed by log (F/ Fo) = 0.6 to i? log (d/do). 

' A 

6. Page 334, nomenclature should give (P s= 3.192 

7. Page 557, table I, should give the follo\Mig values for 

13.8-kv lines: 1 



Length 

No. 

No. 

Stractures 

Line 

Line 

Gaps 

Structurei 

Vnth Gaps 

13,8621 . 

13,863 ) 

.0.62. 

f 90 Ph.) 

* ■' 1 8 Gr. / 

.. 281, 


13,8871 
13,888 J * 

.3.38. 

(426 Ph.> 
'■'1 TlGr.r' 


.71 

13,860) 
13,861 / ■ * 

.3.46. 

f240 Ph.) 

*'‘ 1 40 Gr./ 




8. Page 615, equations 10 should read: , 

P(0 = VM ^(^ ■= T^(5)*^(^) b 

9. Page 622, figure 4, equations in subcaptioii should 
read: 

j = 

^ y/ rj* 4- 

and 

I = -Eo ■ . i ^ 

y/irtW) + V ; 

10. Page 1004, equation 1 should read: 

£, => :Er cosh+ Jr^o sinh ; 

11. Page 1005, equation 5 should read: r 
^ 

12. Page 1006, equation 8 should read: i T 

84\/7i0-» ^ 0.01465 ■ 

13. Page 1009, fourth line following equation 40, leo sh^ul^ 

■ bc'^o. ' " i ’‘i 

‘ • ■ ‘ \ ' -i 
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las been specially 
..gompounaea to conrriDuxe toward the desired 
t^ults, and in aU probability will be improved 
still fiirther in the future. 

Concerning this change, Maurice Holland 
(A’23, M’30) director, division of engineering 
and industrial research. National Research 
Council, has witten the following statement: 

have been advised on good authority that 
70 per c^t. of our current knowledge comes to 
us througl^l^ naediuni of the priiited page. 
Therefore, ||^|aUy in yiew of the recent no" 
tabl^a<^€^^^^f^^^(d^ce and art of electrical 
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carried through to the ultimate conclusion, so 
fax as the reader is concerned. 

‘‘Particularly as exemplified in the ‘better 
light, better sight* campaign, much scientific 
and technical effort has been focused with 
pronounced success on such modem illuminants 
as the ‘lES lamps.* BuT^.dll this has had to do 
with the source of the .fight. Therefore, it 
seems not only timelyi‘ but highly important 
that thoughtful attentibn should be given to 
the question of effective utilization of light, 
particularly with reference to the printed page. 

“The advance samples of the January 1937 
issue of Electrical Engineering that I have 
seen represent the nearest to a scientifically 
developed easy"reading page that so far has 
been produced through the media of the graphic 
arts. It is a definite contribution. It is a, 
definite challenge. An easy"reading page ih" 
volves not only the paper on which it is printed, 
but, to be most effective, should represent the 
cO"Operative effort of printers, ink manufac" 
turers, type designers, and other elements of 
the graphic arts.** 

Frankly an experim<mt, this step represents 
.Electrical Engineering*s effort to serve its 

readers in the most effective matm^ po^ible. 
Cominents ate invited. ^ 
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Transfonners. Transformers are discuss 
in 2 papers in this issue. The first outlii 
certain proposed changes in the All 
transformer standards (.pages 32-6). T. 
second paper presents the results of a sei 
of dielectric tests on transformer oil a 
solid insulation (pages 164-71). 

Impulse Generator Charts. Comparisoi 
the voltage waves of impulse generators 
commercial testing on the basis of the c 
stants of the generator circuit as well 
wave shape is suggested in a paper m • 
!—e; charts for selecting circuit consts 
included (pages 183—8). 
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Directional Relay. A relay of the p 
phase directional type having only a si: 
element has been developed by the ^ 
multiple poles. Reducing the numbe 
elements has reduced the size and weigt 
the relay, and has resulted in low in< 
and high speed (pages 77-80). 
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Equation 1 should read: 


IfZo sinh px 


005, equation 5 should read: 


-l-y tan 6x ) = Zotan/3« I — — » • +J 10 
cos* 6x J \Zosm 2/J« 


age 1006, equation 8 should read: 
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The Easy-Reading Page 


I N AN EFFORT to relieve readers of eye^ 
strain, with its attendant fatigue and dis^ 
comfort, or worse. Electrical Engineering 
introduces with this issue some of the indirect 
results of extensive research by noted illumina" 
tion and research authorities in the field of 
‘'effective seeing'—a hopeful step toward a 
much-needed “easy-reading page." This issue 
is printed on new paper of an improved quality, 
blended and toned scientifically to provide the 
foundation for an effective non-glare easy- 
reading page. Typography, too, has been 
modified in the interests of reader-comfort. 
Even the ink, which after all makes a periodical 
out of otherwise blank paper, has been specially 
compounded to contribute toward the desired 
results, and in all probability will be improved 
still further in the future. 

Concerning this change, Maurice Holland 
(A'23, M'30) director, division of engineering 
and industrial research. National Research 
Council, has written the following statement: 
“I havebeen advised on good authority that 
70 per cent of our current knowledge comes to 
us through the medium of the p^ 

Therefore, specialty m view of 

tsfole advances in the science and art of electric^ , 

illumination, it ymuld seenl^ t^ not^ 

jANTJAKyT937■. . J- 


carried through to the ultimate conclusion, so 
far as the reader is concerned. 

“Particularly as exemplified in the ‘better 
light, better sight' campaign, much scientific 
and technical effort has been focused with 
pronounced success on such modem illuminants 
as the ‘lES lamps.' But.all tliis has had to do 
with the source of the .elight. Therefore, it 
seems not only timely;* but highly important 
that thoughtful attentibh should be given to 
the question of effective utilization of light, 
particularly with reference to the printed page. 

“The advance samples of the January 1937 
issue of Electrical Engineering that I have 
seen represent the nearest to a scimtifically 
developed easy-reading page that so far has 
been produced through the media of the graphic 
arts. It is a definite contribution. It is a^||t 
definite challenge. An easy-reading page in- 
volves not only the paper on which it is printed, 
but, to be most effective, should represent the 
co-operative effort of printers, ink manufac¬ 
turers, type designers, and other dements of 
the gr^ 

' Frankly an dcperiment, this step represent 

ElECHRICAL ENGINEERufo'S^^^^ ^ 

readers in tile most .effective tnann^, po^ible^ 

■■■; ;'Cpmm(mts ar^m>^^ 






A Million-Cycle Telephone System 


A bout 2 years 
ago a new wide¬ 
band system for 
multichannel telephone 
transmission over coaxial 
cables was described in 
an AIEE paper.^ An 
expdimental system has 
now been installed be¬ 
tween New York and 
Philadelphia. The various tests and trials which are 
planned for this system have not been carried far enough 
to justify a fotmai AIEE technical paper for presentation 
and discussion. Meanwhile, the considerable interest 
that has been aroused in the system has led to this brief 
statement of its principal features and its general technical 
performance as so far measured, which has been prepared 
by M. E. Strieby (M’22) carrier transmission research 
engineer of the Bell Telephone Laboratories, Inc., New 
York, N. Y. 

The coaxial cable itself has been installed between the 
long-distance telephone buildings in New York and Phila- 
delphiai a distance of 94.5 miles. It has 
been equipped with repeaters, at intervals 
of about 10 miles, capable of handling a 
frequency band of about 1,000,000 cycles. 

This million-cycle system is designed 
to handle 240 simultaneous 2-way tele¬ 
phone conversations. Only a part of the 
terminal apparatus has been installed, 
sufScient in this case to enable adequate 
tests to be made of the performance of 
the entire system. A general view of 
the New York terminal is shown in figure 
2. Some preliminary test conversations 
have been held over the system both in 
its normal arrangement for providing 
New York-Philadelphia circuits, and with 
certain special arrangements whereby the 
circuit was looped back and forth many 
times to provide an approximate equiva¬ 
lent of a very long cable circuit. The 
performance has been up to expectations, 
and no important technical difficulties 
have arisen to cast doubt upon the 
future usefulness of such systems. Much 
work remains to be done, however, be¬ 
fore coaxial systems suitable for general 
commercial service can be produced. 

The Coaxial Cable 

Figure I shows a photograph of the 
particular cable used in this installation. 

It contains 2 coaxial units, eadi having 

4 


a 0.265-inch inside di¬ 
ameter, together with 
4 pairs of 19-gauge paper- 
insulated wires, the 
whole enclosed in a lead 
sheath having a V«-inch 
outside diameter. The 
central conductor of the 
coaxial units is a 13- 
gauge copper wire insu¬ 
lated with hard-rubber disks at intervals of V 4 inch. 
The outer conductor is made up of 9 overlapping copper 
tapes which form a tube 0.02 inch thick; this is held 
together with a double wrapping of iron tape. 

The transmission losses of Uiis coaxial conductor at 
various frequencies are shown in figure 5. This attenua¬ 
tion is about 4 per cent higher than is calculated for a solid 
copper tube of the same dimensions and material. An¬ 
other matter of importance is the shielding obtained from 


1. Systems for Widb Band Transmission Ovbr Coaxial Linbs, by L. 
Bspenscbied and M. B. Strieby, Electrical Bnoinrbring (AIBB Transac¬ 
tions), volume 53,1934, pages 1371-80. 




Fig. 1. View showing structure ol coaxial cable 
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attended locations along the line. 
Four of these are in existing manholes, 
while the other 2 were placed above 
ground for a test of such operation. 
Figure 4 shows a manhole repeater 
with the cover removed for routine 
replacement of vacuum tubes. Figure 
8 shows one of the installations above 
ground. 

The measured gain of a t)rpical 
repeater is shown by the points on the 
curve of figure 7. The curve itself is 
the line loss that ^e repeater is de¬ 
signed to compensate. Three stages 
of pentodes are used with negative 
feedback around the last 2 stages. 
Attenuation changes due to tempera¬ 
ture of the line are compensated auto¬ 
matically by a pilot channel device 
which has been installed at every 
second or third repeater. The regu¬ 
lating mechanism uses 4 small tubes 
and is added to the normal repeater 
Fis. 4. Million-cycle repeater mounted in a manhole when desired. The amplifiers shown 

in figure 8 are regulating. As the 
cable is imderground, the temperature 

one conductor to the other or to outside interference, changesarevery slow and but meager data on the accuracy 

Inasmuch as the most severe requirement is that of cross of compensation are yet available. 

talk from one coaxial unit to another, this has been used 

as a criterion of design. Figure 6 shows the average meas- Termiaals 


50 100 500 1000 2000 

FREQUENCY IN KILOCYCLES PER SECOND 

Fig. 5. Attenuation of the coaxial conductor 


ured high-frequency cross talk in this particular cable 
on a 10-mile length without repeaters, both near-end and 
far-end. 

Repeaters 

The amplifiers used in this system were designed for 
a.bout a 10-mile spacing and a frequency range of 60 to 
1,024 kilocycles. A. total of 10 complete 2-way repeateis 
has been provided, including those at the terminals. 
Two of the intermediate repeaters are at e-xtsting re¬ 
peater stations along the route, the other 6 being at un- 


The New York and Philadelphia terminals of the cable 
have each been equipped to handle 36 2-way telephone 
conversations. As may be remembered, the scheme 


20 . 50 100 500 1C 

FREQUENCY IN KILOCYCLES PER SECOND 

Fig. 6. Cross talk between the 2 coaxial con¬ 
ductors in the new cable 


employed involves 2 steps of modulation* the first of 
which is used to set up a 12-chatmdi g^oup in the fre¬ 
quency range from 60 to 108 kdlocydes. Three such 
groups have been provided in this irstallation. In order 
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to transmit at the higher frequencies, 
a second step of modulation is used in 
which an entire 12-channel group is 
moved to the desired frequency loca¬ 
tion by a “group” modulator. Six 
such group modulators have been pro¬ 
vided at various frequencies through¬ 
out the range, including both the top 
and bottom. Patching facilities have 
been provided so that any 12-channel 
group may be transmitted over any 
one of the high frequency paths. A 
t37pical frequency characteristic of one 
of the channels is shown in figure 9. 
It may be observed that relatively 
high quality has been obtained, due 
largely to the use of crystal filters, 
even though the channels are spaced 
throughout the frequency range at 
4,000-cycle intervals. 

Preliminary Tests 



As already noted, various long dr- 
cuits have been built up by looping back 
and forth through the coaxial system. 

One setup over which conversations were successfully 
carried out consisted of 5 voice-frequency links in tandem, 
each link being 760 miles long, giving a total circuit length 
of, 3,800 miles. This setup induded, in each direction, 
70 stages of modulation and the equivalent of 400 line 
ampMers, the transmission passing 20 times through 
each one of the 20 one-way line amplifiers constituting 
the 10 2-way repeaters. 

This demonstrated that the complete assemblage. of 



P 200 400. 600 800 1000 
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Fig, 7.. Gain-frequency characteristic of coaxial 
repeater 

parts, ihdiiding filters which divide the frequency range 
into the req^uhed bands, modulators which produce the 
necessary fre^^ transformations, and amplifiers 
which tbunterac the line attenuation, introduced very 


8. Installation of coaxial repeater above ground 


little distortion. Many problems require further con¬ 
sideration, however, before these systems will be ready 
for design and production for general use. The final sys¬ 
tems must have such refinement that they are suitable 



for transcontinentaj distances; the tremendous amplifi¬ 
cations needed foi: such distances must have very precisely 
designed regulation systems, particularly where aeri^ 
construction is involved; noise and cross talk must not 
accumulate over the long distances; the repeaters must 
have such stability and reliability that continuity of ser¬ 
vice win be assured with Eimdreds of repeaters operating 
in series and each repeater handling seyer^ hundred dif¬ 
ferent communications. 
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Abrasion—A Factor in Electrical Brush Wear 


By V. P. HESSLER 

ASSOQATE AIEE 


A BRIEF t6svan6 of the 
literature on electrical 
brush wear was re¬ 
ported by the author in a previ¬ 
ous paper. ‘ A more complete 
review of this literature has 
also been reported by the 
author in another publication.- 

In the interest of brevity, these publications will be as¬ 
sumed to be available to the reader. The investigations 
reported in this paper represent an extension of the previous 
work, all of which has been carried on under the auspices of 
the Iowa Engineering Experiment Station. In the previous 
investigations the brushes were operated with the anode 
and cathode brushes (throughout this paper the brush at 
which the conventional current flow is from the brush to 
the ring is called the anode brush) on separate paths, for 
the purpose of obtaining fundamental information con¬ 
cerning the wear of brushes at different polarities. These 
experiments have been extended to include the condition 
of brushes tracking and brushes trailing. That is, with 
brushes tracking, the anode and cathode brushes are both 
operated on the same path; with brushes trailing, a hruah 
not carrying current is operated on the same path with a 
current-carrying brush. 

The situation of brushes tracking on a drawn copper 
ring duplicates the arrangement of a d-c commutator 
rather closely; however, the more important reason for 
making such a test was to ascertain the effect of the ring 
surface upon anode and cathode brush wear. The previ¬ 
ous investigations indented a very pronounced polarity 
effect, but there was nothing in the data to indicate 
whether the difference in the rates of wear of the anode 
and cathode brushes was caused by a ring-surface condi¬ 
tion, a brush-surface condition, or by the direction of cur- 
r^t flow. 

The results of the tests with the brushes not tracking 
and with brushes tracking indicated that abrasion might 
be an important factor in dectrical brush wear; conse¬ 
quently a series of tests was run with brushes trailing, with 
the hope of evaluating the magnitude of this factor in 
brush wear. It was assumed that if a brush carrying 
current were operated on the same ring simultaneously 
with a brush not carrying current, both might lose mate¬ 
rial at the same rate as a result of abrasion, while the cur¬ 
rent-carrying brush would lose additional material as a 
result of the current flow. This assumption proved to be 
substantially correct. 

Apparatus Used in the Tests 

All of the tests were made upon drawn electrolytic-copper 
rings. The rings were rolled from strip copper, br^ed 


An investigation of the effect of abrasion upon 
electrical brush wear is reported in this paper. 
Tests of the rate of wear of anode and cathode 
brushes^ and of brushes carrying current and 
those that did not^ show that abrasion is an im¬ 
portant factor in electrical brush wear. 


on the inside of the hoop and 
pr^ed upon cast al uminum 
disks. The rings were turned 
true and finished with the 
shaft rotating in its own bear¬ 
ings, so it was possible to main¬ 
tain the ring eccentricity be¬ 
low 0.0005 inch. 

The brush holders were of the radial type. The dimen¬ 
sions of the brushes were Vs by Va by 2 inches. It was 
realized that a brush of these dimensions in a radial 
brush holder might be subject to chatter, but it caused no 
apparent difficulty. The brushes were fitted very closely, 
and the rings were always rotated in the same direction. 
Double surfaces were obsdved .on the brush faces only 
during the running-in period. The brush holders were 
mounted 90 degrees apart on vertical and horizontal di¬ 
ameters. The rings were always rotated in the direction 
from the lower brush to the upper brush, because the 
author thought that less of the material abraded from the 
preceding brush would be carried under the following 
brush with such an arrangement. 

Some of the physical characteristics of the brush ma¬ 
terials are given in table I. The tests ordinarily were 
conducted on 4 rings simultaneously. The 4 pairs of 
brushes were cormected in series and the group connected 
to an 80-volt d-c generator through a variable resistor. 
By dropping a large part of the circuit voltege in the vari- 

Table 1—Physical Constants of Brush Materials 


Brush 

Grade 


ResistiTity, 

Ohm-Inches 


Norma] 
Transverse Current 
Strength, Density, 
Pounds Amperes 
Hardness Per Per 
(Sclero- Square Square 
scope) Inch Inch 


Type of Material 


A.0.0020 

B..0.00225 

C.0.00106 . 

D.0.00142 

B.0.0000064 . 

P.0.000010 . 

G.0.00000242. 

H..0.0014 

1.0.OO13 


. .66... .3,600. 66....Blectrographitic lampblack 

. .54... .2,060. 60... .Blectrographitic lampblack 

• • 40.... 3,500. 46.... Carbon graphite 

.. 40.... 3,500. 46.... Carbon graphite 

. .20... .4,900.116... .Metal graphite 

.. 16... .4,000..... 100... .Metal graphite 
.. 6... .9,700.160-Heavy metal graphite 

• • ... 66.... Blectrographitic 

. 66-Blectrographitic 


able resistor and operating the generator under c6ndi- 
tions corresponding to a point high on its satiuration curve 
it was possible to maintain a Constant circulating current 
through the brushes. 

A paper recommended for pubUcation by the AIBB committee on electrical 
iMchinery. Manuscript submitted September 28, 1936; released for publica¬ 
tion November 27,1936.. 

V. P. Hb^bk is assistant professor of electrical engineering at Iowa State College 
Ames. The author wishes to express his appreciation to the National Carbon 
Company ^d the Morganite , Brush Company for furnishing the brushes which 
were used m the tests. 

1. For all numbered references see list at end of paper. 
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The temperature and humidity were maintained con¬ 
stant throughout the tests by means of automatically con¬ 
trolled air-conditioning equipment. The atmosphere was 
kept as nearly dust free as possible by means of a specially 
designed dust collector, but no attempt was made to make 
quantitative measurements of the dust condition. 

The rate of wear was determined by measuring the 
length of the brushes at the beginning and again at the 
end of a run by means of a micrometer with an electrical 
contact arrangement. The rate of wear is represented by 
the ratio of the change in length during the run to the dura¬ 
tion of the run. The unit “inches per 100,000 hours” 
was chosen simply for ease of calculation and presenta¬ 
tion of the data. A rate of wear of 11.4 inches per 100,000 
hours is equivalent to a life of one year per inch. 

The data on contact drop were obtained by means of an 
auxiliary copper-leaf brush, which was lowered to the 


Fig. 1. Curves 
showins rate of 
wear and contact 
voltage drop with 
brushes tracking 

Ambient tempera- 

ture—45 degrees 

centigrade 
Relative humidity— 
50 per cent 
Ring material—Cop¬ 
per 

Brush material— 

Electrographitic 
lampblack, desig¬ 
nated as material A 
in table I 

Ring speed—^3,500 
feet per minute 
Brush pressure—^3 
pounds per square 
inch 



AMPERES PER SQUARE INCH 


X—^Anode brush o—-Cathode brush 


Fig. 3. Curves 
showing rate of 
wear and contact 
voltage drop with 
brushes tracking 

Test conditions iden¬ 
tical with those of 
figure 1, except that 
die brush material 
was of the grade 
designated C in 
table I 


Fig. 4. Curves 
showing rate of 
wear and contact 
voltage drop with 
brushes tracking 

Test conditions iden¬ 
tical with those of 
figure 1, except that 
the brush material 
. was of the grade 
designated D in 
table I 
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ring whenever readings were desired. Bach test brush 
was equipped with a potential lead to Eliminate errors 
caused by the shunt voltage drop, and the contact voltage 
drop was corrected for the voltage drop through the brush 
material. 

A more complete description of the apparatus is in¬ 
cluded in a previous paper on brush wear. ‘ The same 
apparatus, except for a few minor changes in brush- 
Fig. 2. Curves mountings, was used in these tests. 

showing rate of 

wear and contact Procedure 

voltage drop with , 

brushes tracking brushes always were sanded carefully and run for 

several hours with a nominal current before any readings 
Test conations iden- i^ere taken. The rings were sanded at the be^^nning of 

fi*^rcT except^hat series of tests and then not cleaned again until the 

the brush material beginning of the next series, of tests. The temperature 
was of the grade the relative humidity were held constant at 45 degrees 
designated 6 in table I centigrade and 50 per cent, respectively, throughout ^e 
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•tests. Ring speed was 3,500 feet per minute and brush 
•pressure 3 pounds per square inch. The curves of con- 
•tact voltage drop represent the average of several read¬ 
ings taken at intervals throughout the period of operation 
a.t a given current density. The equipment was run ap¬ 
proximately 24 hours to obtain the data for each point on 
•tlie wear curves. 


be duplicated on other brushes. Also it gave some idea 
of the timp required for changes in film formation to take 
place. The sequence of readings represents approxi¬ 
mately 24-hour periods of operation. In all trailing tests, 
except for figures 12 and 13, identical brushes were used 
in all 4 positions on the ring. The tests for figures 13 and 
14 were conducted with one metallic brush and one non- 
mp tfllliV brush on each path, for the purpose of studying 



AMPERES PER SQUARE INCH 


Fig. 5. Curves 
showing rate of 
wear and contact 
voltage drop with 
brushes tracicing 

Test conditions iden¬ 
tical with those of 
figure 1, except that 
the brush material 
was of the grade 
designated E in 
table I 


Fig. 7. Curves 
showing rate of 
wear and contact 
voltage drop with 
brushes tracking 

Test conditions iden¬ 
tical with those of 
figure 1, except that 
the brush material 
was of the grade 
designated G in 
table I 
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Fig. 6, Curves 
showing rate of 
wear and contact 
voltage drop with 
brushes tracking 

Test conditions iden¬ 
tical with those of 
figure except that 
the brush material 
was of the grade 
designated F in 
table I 


The ^eriments with brushes tracking simply consisted 
of arranging 2 brushes on the same path of a given ring 
amd obtaining wear and contact voltage drop data. The ar¬ 
rangement was somewhat more involved in the case of 
^brushes traihng^ for which 4 brushes were moimted on 
ring in such a manner that a pair of brushes operated 
Oti each of 2 ring paths. The electrical circuit was ar- 
?^^d:tb carry emrent through one brush of each pair, to 
reverse the current through the first 2 brushes, or to con- 
riect to the other 2 brushes on a pven ring. This arrange¬ 
ment made it possible to observe whether the rcsiats o^^ 
pecuKar to br could 


Ambient temperature 
—45 degrees centi¬ 
grade 

Relative humidity— 
50 per cent 
Ring material— 
Copper 

Brush material— 
Electrographitic 
lampblack, desig¬ 
nated as material H 
in table I 

Ring speed—3,500 
feet per minute 
Brush pressure—3 

pounds per square 
Inch 

X—^Anode brush 
o—Cathode brush 


Ihiieaaiai 



2 3 4 5 6 7 8 9 

SEQUENCE OF READINGS 


whether the higher rate of wear of metallic brushes results 
from a more abrasive ring path or from the mechanical 
structure of the metallic brush. 

Results of Tests 

All of the test results are given in the form of curves in 
figures 1 to 13. The arrows on the curves of figures 1 to 
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7 indicate the sequence in which the tests were made. 
For example, in figure 3, tests were started at zero cur¬ 
rent; the current was increased to 100 amperes per square 
inch and reduced to 20 amperes per square inch by 20- 
nmpere increments. For most cases only the descending 
or ascending curves are shown. The experimental points 
not connected by curves represent the other values. 



Fig. 9. Curves 
showing rate of 
wear with brushes 
trailing 

Test conditions iden¬ 
tical with those oF 
fisure 8y except that 
the brush material 
was of the grade 
designated / in 
table I 



SEQUENCE OF READINGS 

Fig. 10. Curves showing rate of wear with brushes 
trailing 

Test conditions identical with those of figure 8, except that the 
brush material was of the grade designated £ in table I 


Fig^es 1. to 7 represent the results of the tests with 
brushes tracking 

The results for various brush materials with brushes 
trailing are given in figures 8 to 13. The boxes at the top 
of each figure represent the electrical connection and me¬ 
chanical arrangement of the 4 brushes on a ring. The 
minus sign indicates the cathode brush and the plus sign 
the anode brush. For example, the left box in figure 8 in¬ 
dicates that brushes 1 and 3 are operating on the same 



Fig. 11. Curves showing rate of wear with brushes 
trailing 

Test conditions identical with those of figure 8, except that the 
brush material was of the grade designated F in table I 


Fig. 12. Curves 
showing rate of 
wear with brushes 
traiiing 

Test conditions iden¬ 
tical with those of 
figure 8, except that 
brushes 1 and 2 
were of grade I and 
brushes 3 and 4 
were of grade F 
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Fig. 13. Curves 
showing rate of 
wear with brushes 
trailing 

Test conditions Iden¬ 
tical with those of 
fisure 8, except that 
brushes 1 and 2 
were of sradef and 
brushes 3 and 4 
were of grade / 


123456789 lO 
SEQUENCE OF READINGS 

path, with brush 1 as the cathode-current-canying bru^, 
and brushes 2 and 4 are operating on the other path of the 
same ring with 2 as the anode brush. Readings 1,2,3, and 
4 were obtained with this arrangement. For readings 6, 
6 , and 7 the polarity of the current-carrying brushes was 
reversed. For readings 8 and 9 the current was shifted 
to the other 2 brushes. As stated previously, the sg/mp 
grade of brush was used in all 4 positions in the tests of 
figures 8 to 11. The tests of figures 12 and 13 were con¬ 
ducted with one metallic and one nonmetallic brush on 
each path. 

Inte^retation of Results 

Even the most casual comparison of figures 1 to 7 with 
the curves of the previous paper^ indicates that there is a 
fundamental difference between operating brushes tracking 
and not tracking. With brushes of both polarities operat¬ 
ing on the same path practically all of the difference in 
wear which was previously observed disappears. This 
seems to indicate that the more rapid wear of the carbon 
or graphite cathode brush was caused by a ring-surface 
condition set up as a result of current flow. Photomicro¬ 
graphs of ring surfaces show this supposition to be correct. 
Figure 14a and 146 show characteristic ring paths as pro¬ 
duced by graphite anode and cathode brushes, respectively. 
The anode-brush path was very smooth, whereas the cath¬ 
ode-brush path was so rough that the peaks and valleys 
could not be brought into focus simultaneously. 

The reader may note that the arrows are reversed on the 
wear curves of figures 3 and 4. These curves were Obtained 
simultaneously on separate rings mounted upon the ggniP 
shaft; therefore, any explanation would have to be made 
in terr^ of the ring or brush materials. No difference in 
operation has been observed between the various drawn 
copper rings used in the tests. Previous tests have shown 
that the rate of wear of certain brush grades decreases as 
the brushes are ‘^run in” whereas others increase during 
the rmuung-in period. In each case the ring may present 
a satisfactory umformly polished appearance. No doubt. 


the same phenomenon has occurred in figures 3 and 4. 

The results presented in figures 8 to 13 show definitely 
that brush wear is largely abrasion resulting from a ring- 
surface condition set up by current flow. In general, the 
trailing brush wears at almost the same rate as the current 
carrying brush. The sequence of readings from 4 to 7 in 
figure 9 indicates that a surface condition affecting the 
rate of wear is being established. If the wear were purely 
electrical, the reversal would take place in a much shorter 
period. 

It is interesting to note that in several in stF^nrps in 
figures 10 and 11 the trailing metallic brush wears more 
rapidly than the current-carrying brush. The sequence 
of readings from 10 to 14 in figure 11 shows in a very strik¬ 
ing manner the polarity effect on metallic brushes. 

Figures 12 and 13 show that even for widely dissimilar 
materials the wear of the trailing brush is governed by the 
nature and polarity of the current-carrying brush. The 
decrease in wear from reading 6 to 7 in figure 13 was caused 
by cleaning the ring. 

After showing that brush wear is largely abrasion it was 
fought that it might be reduced by burnishing or polish¬ 
ing the ring continuously. This was attempted with a 
cotton tape, which reduced brush wear by about 60 per 
cent in the first tests. However, it was not possible to ob¬ 
tain these results consistently. An attempt to obtain 
better results with the aid of certain fine abrasives re¬ 
sulted in tremendously increased rates of brush wear. 

The foregoing results suggest using metallic and non¬ 
metallic brushes on the same path to reduce brush wear, 
but no commercial machine seems to be adaptable to such 
an arrangement. The metallic brush would not commu¬ 
tate a high-voltage machine and the nonmetallic brush 
would not have the current-carrying capacity for a low- 
voltage machine. 

An interesting study of brush wear in hydrogen and in 
air was made by Baker and Hewitt® in which they found 
that brush wear in air was many times that in hydrogen. 
It would be very instructive to repeat these tests with a 
trailing brush on each path to ascertain the effect of abra¬ 
sion in these tests. 

{.Concluded on page 16) 



Fig. 14. Phoiomiaographs of rin^ surfaces 

Left—Path of anode brush. Right-rpath of cathode brush 
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Lightning Protection for Transmission Lines 


By A. W.GOTHBERG 

ASSOCIATE AIEE 


A. S. BROOKES 
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T he RESULTS of many To meet the need f 

applied to steel-tower trans- parti< 

mission lines with great im- lines, a design is pres 

provem^ts in operating re- has high insulation 
suits. In general, there has / , 

been less accomplished in Pl«c« or a ground v 
improving wood-pole line conductor with a lij 

design. The records of the Lightning currents s 

lightning outages on unpro- curren 

tected wood-pole fines to be 
48 per 100 miles of line per 

year as compared to a rate of 5 for steel-tower lines 
with 2 ground wires. Such relatively poor per¬ 
formance shows the need for improved protec¬ 
tion. 

Early, investigators attempted to prevent line 
outages by increasing insulation. Measurements of 
stroke currents indicate that some outages can be 
prevented by over-insulation but that obtaining re¬ 
liable operation by the use of high insulation is costly 
and impractical. 

The most widely used form of protection consists 
of ground wires to intercept all direct strokes. These 
are very effective when properly installed with ade¬ 
quate clearances and low-impedance ground con¬ 
nections. In many cases, however, the cost of the 
extra wire and of enlarging the structures for in¬ 
creased clearances and heavier loading cannot be 
economically justified. Particularly in the case of 
wood construction, low-resistance grounds may be 
difficult and expensive to obtain. In addition, un¬ 
less special precautions are taken, the ground lead 
will render useless a portion of the normal wood 
insulation. The use of additional wires and larger 
structures naturally increases construction and 
maintenance costs. 

A recent and increasingly popular protection 
scheme consists in the installation of lightnmg pro¬ 
tector tubes^»2 to drain surge currents from the phase 
wires and extinguish the resulting power arc. It is 
customary to install a tube for each phase on pro¬ 
tected structures. Where ground resistances are 
low, strokes to One wire will cause phase-to-ground 
faults. Where more than one wire is struck or where 
ground resistances are high, the tubes will have to 
interrupt phase-to-phase short-circuit currents. On 
power systems using neutral resistors or reactors, 
co-ordination may be difficult since present tubes are 
effective only within a limited range of short-circuit 
currents. A given tube will not interrupt currents 
below its rating and will faU because of excessive in¬ 
ternal pressures on currents in excess of its rating. 
In general, tubes are effective, although a large num- 


To meet the need for lightning protection 
on low-voltage transmission lines at moder¬ 
ate cost, and particularly for wood-pole 
lines, a design is presented in this paper that 
has high insulation strength and uses, in 
place of a ground wire, a shielding phase 
conductor with a lightning protector tube. 
Lightning currents are drained to ground 
with a minimum number of tubes of low 
current rating. 


ber are required to secure 
protection on lines with 
short span lengths and high 
ground resistances. 

Stunmary 


- . I. .1 Without departing radi- 

itning^ protector tube. present practices 

e drained to ground with wood-pole lines, a 

iber of tubes of low design is proposed for im- 

proved lightning perform- 
^ce. Use is made of wood 
insulation and a shielding 
conductor with lightning- 
protector tubes. Computation methods are shown 
so that the recommendations may be adapted to 
local conditions. It may be concluded that: 

1. It is possible on. low-voltage transmission lines to secure at 
moderate cost a large reduction in lightTiing outages. 

2. It is possible to secure the advantages of a ground wire without 
the cost of the additional wires and heavier structures. 

3. Protection may be secured by the use of low-rating lightning- 
protector tubes on one phase of a 3-phase circuit. 

4. A method of protection is presented which may be used on 
voltage lines with economies resulting from the elimination of ground 
wires. 

6. With the assumptions used and by using a standard pole ^p the 
proposed design shows an estimated reduction in lightning outages of 
approximately 76 per cent. 

Proposed System of Protection 

The proposed design is an attempt to secure at 
moderate cost a line combining the advantages of the 
3 present protection methods as follows: 

phase of each circuit is made a shielding conductor by lo¬ 
cating it so that the remaining phases will be shielded from direct 
strokes. 

2. Lightning currents are drained from the shielding conductor by 
means of a lightning-protector tube. 

3. Tlie remaining phases are isolated from the shielding conductor 
and tube ground circuit by insulation sufficient to prevent phase- 
to-phase faults. This allows the use on each structure of a single 
tube designed to withstand, only phase-to-ground currents which, in 
general, are much less than phase-to-phase currents. 

Construction Features 

Figure 1 shows the described features incoiporated 
in a single-circ uit wood-pole top. T^ of 

A paper recommended for publication by the AIBB committee oni power'tran 9 > 
mission and distribution. Manuscript submitted October SO, 1936; released 
for publication November 10, 1936. 
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Fig. 1 (left). 

Single - circuit 
pole showing ' 
shielding con> 
ductor and light¬ 
ning protector 
tubes 


Fig. 2 (right). 
Double - circuit 
pole showing 

shielding con¬ 
ductor and light¬ 
ning protector 

tubes 


CIRCUIT A 


CIRCUIT B 


the shielding conductor with reference to the other 
phase wires may be determined by use of the conven¬ 
tional shielding angle* or by assuming a cloud height 
and considering the distances to the line conductors.^ 
For a structure of the size shown liie shielding-angle 
method was used as giving the more conservative 
results. 

To prevent flashovers between the tube ground 
lead and the lower phase wires without excessively 
dose tube spacings requires the use of insulation 
ha™g high impulse strength. In the design shown 
this is obtained by the use of wooden crossarm 
braces. The breakdown strength for the combina¬ 
tion shown is 645 kv at 4 microseconds. Insulation 
values for other desired forms of construction may be 
obt^ed from an earlier paper. ® For most practical 
designs only the breakdown strengtii of the insulators 
and wood need be considered since it is lower than 
that of the direct path through air. 

The tube is placed as shown so as to drain light¬ 
ning currents from the shielding conductor to groimd. 
The mounting arrangement must be such that the 
breakdown of the tube and associated gap is at all 
times less than that of the insulator and the wood be¬ 
tween the insulator pin and tube mounting. 

The single-circuit pole top may be expanded to 
provide for an additional circuit as shown in figture 2. 
The same clearances are maintained and tubes are 
mstaUed on the 2 top shielding conductors. It is 
important that the same phase of each circuit be on 
the top arm so that, in the event of a stroke involving 
the top 2 conductors, the tubes will not be required 
to intennpt phase-to-phase currents. 

Distance Between Protected Poles 


of Ughtning strokes to a line® in a territory with an 
isokeraunic level of 30 are shown in figure 3. While 
this curve is for a steel-tower line with 2 grouijd wires, 
it toay be used without serious error for a woOd-pble 
line* This curve is used to find the line performance 
for an eqrnvalent Kghtning leveh For exainiple, a 
design for strokes up to 4,000 kv gives an espected 



8 12 16 20 24 26 32 

EXPECTED LINE OUTAGES PER 100 MILES PER YEAR 

Fig. 3. Expectancy curve of lightning outages 


outage rate of 12 per 100 miles per year as compared 
with a rate of 48 for an unprotected line, a reduction 
in outages of 75 per cent. 

Assuming a surge impedance of 200 ohms for the 
lighting channel and 4,000 kv as the stroke potential, 
the stroke current is 20,000 amperes. Since the 
ground cmxent theoretically may readi double this 
value, it is necessary to use a tube heavy enbugh to 
withstand 40,000 amperes surge current. 

A computation of the voltages appeaimg on the 
gelding conductor for a stroke to a protected pole 
involves the use of a rate of voltage rise in the stroke. 
A rate of 1,000 kv per microsecond is believed to be 
a value which should give Conservative results. 
Neglecting the length of the ground lead, the initial 
voltage on the shielding conductor Ei, at the struck 
pole is, 

2Ya 

Ez, ^ Estxoke X ~ ; «-rr , ® 


Yo + 2Yii-Yi 


where 


To "f* surge admittance of stroke 

Yi — sitrge admittance of shielding conductor 
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Yi — surge admittance of ground 
a is used for reflection factors 
b is used for refraction factors 


Sufficiently accurate results are secured by con¬ 
sidering only the reflections from the first 2 protected 
poles on each side of the struck pole. The reflection 
factor at the struck pole is 


fli =. ^1 - 


2Yi 

Yo + 2Fi + Yi, 


The reflection factors at the first and second pro¬ 
tected poles away are 

f. 2Fi \ 

aj = Os = 1 1-1 

V 2Fx + YzJ 

Similarly the refraction factors are 


2Fi 

Fo + 2Fi + F* 


2Fi + F, 


The reduction factors at the struck pole for suc¬ 
cessive reflections found by using the lattice method^ 
are: 


Reflection 


Redaction Factors 


First A = —Oibi 

Second B = aibi(aibi — — oiOa) 

Third C — ch^biibih^ + 62® — 80162* — ^26** ” 

Fourth D — 02*61(6162^ + 401026162* -+■ 02*6162 + asVhbi^ + O261* 

+ 01*02*61 + 010262* — 2a2bi^ba* — aibz* — 801*0262* 
— 20102*62* — 02*62* “ aibibi ^ — 0102*61* — 01*02*) 


Where the rate of voltage rise de/dt in the stroke 
equals 1,000 kv per microsecond, d^/1,000 may be 
used for elapsed tune in microseconds after the initial 
contact of the stroke wiUi the shielding conductor 
where d is the distance between protected poles (con- 
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MICROSECONDS 



2 3 4 5 

MICROSECONDS 


Fiss. 4 and 5. Curves for voltage on shielding conductor for stroke to protected pole (left) and to unprotected pole (right) 

Ground resistance, 50 phms/ rate of voltage rise {n stroke, 1,00C) kv per microsecond/ numbers on curves are distances between poles In feet 



Figs. 6 and 7. Curves for voltage on shiading conductor with stroke of 20,000 amperes to protected pole (left) and to 

unprotected pole (ri«ht) for various ground resistance « poie Vier^ ana to 

Voltage required for fiashoyer of unprotected pole shown by >4/4; numbers on curves are distanqes between poles in feet 
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Fig. 8. Curves showing relation between ground resistance 
and spacing of protector tubes 

A —Limit of protected region/ unprotected pole 
B —Limit of protected region, protected pole 


the curves. These values were increased by 30 per 
cent to allow for coupling between the shieldmg 
conductor and other phase wires. The intersections 
of the straight lines and the curves are plotted in 
figure 8 to show the maximum ground resistance for 
s^e protection with given tube spacings. Local 
conditions will dictate whether it is more economical 
to use closely spaced tubes or to take steps to lower 
ground resistances. 

It is realized that there may be some disagreement 
in regard to the assumptions made for these calcula¬ 
tions but the values chosen are considered sufficiently 
conservative and accurate to give a co-ordinated 
installation. Future investigations will probably 
yield more accurate data but these should ^ect the 
figures for expected line performance rather than the 
fundamental design. 

At the present time several 26-kv lines are being 
rebuilt incorporating the features of this proposed 
design. It is expected that- these lines will be in 
operation during the coming lightning season so 
that some field experience will be obtained within a 
year. 


sidering equal spacing) in feet. The voltage at the 
struck pole is: 


At time t = 2d/l,000 

J2»d = 2El 

Bid “ 4Ex, — 4EhA 

Etd “ 6-Ei — 8EiA — ABt,B 

Bfi BEi, — 12£j^ — 8Bi,B — ABlC 

Biui »■ 10££ “■ IQEjjA — 12Ei,B — 8ElC — 4BijD 

With values obtained as shown, figure 4 was plotted 
for ground resistances of 60 ohms, giving the vol¬ 
tages at the struck pole as a function of time for 
various spacings of tubes. Curves for other values 
of ground resistance were calculated in a similar 
manner. In computing the curves the fact was con¬ 
sidered that the voltage at the struck pole must rise 
to an appreciable value before tube breakdown 
occurs. This explains the small irregularities in the 
curves. For all practical purposes, after several 
reflections the effect of this factor is neghgible. 

A similar procedure was followed to obtain the 
voltages on an unprotected pole with a stroke to the 
shielffing conductor at this point. These values are 
shown in figure 6. 

With the assumed rate of voltage rise and a stroke 
potential of 4,000 kv, the maximum voltage is reached 
in 4 microseconds. Using vsdues at this time from 
figures 4 and 5 for ground resistances of 50 ohms and 
from similar curves for other ground resistances, 
figures 6 and 7 were plotted to show the voltages ap¬ 
pearing on the struck pole for strokes to the protected 
and Unprotected poles. In order to determine the 
correct ground resistances and tube spacings for the 
proposed design, the impulse breakdown values of 
the insulation between the lower phase wires and the 
ground lead or ground are showm as straight lines on 
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Abrasion—A Factor in Electrical Brush Wear 

{Continued from page 12) 


Conclusions and Results 


The principal findings are as follows: 

1. The wear of brushes on concentric rings is largely abrasion re¬ 
sulting from a ring condition established by the current flow. 

2. The abrasive ring condition is caused by the cathode brush for 
carbon or graphite brush materials, but is caused by the anode 
brush in the case of metallic brush materials. 

3. The abrasive action of the anode metallic brush path is much 
more pronounced than that of the cathode carbon or graphite brush 
path. 
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P RIOR to about 1915, 
delta-connected 2,300- 
volt 3-pliase primary 
circuits were used extensively 
for tbe distribution of electric 
current. While some distri¬ 
bution networks throughout 
the country still operate in 
this manner, the marked in¬ 
crease in load densities, start¬ 
ing about 1915, often made 
the retention of the 2,300-volt 
delta system impracticable. 

In a few instances the develop¬ 
ment of the particular network 
was at a point where it was 
feasible to change from the 

2,300-volt delta to a 4,600-volt delta arrangement, but 
in other cases the existing equipment represented too 
great an investment for a complete change of this char¬ 
acter. 

From studies of various methods of caring for the 
augmented load densities, it was found that the existing 
equipment could largely be saved and the capacity of 
the distributing networks substantially increased by 
converting them to a 2,300/4,000-volt star-connected 
4-wire primary system. By about 1925 this system had 
extended to most of the larger cities and most power 
companies had found it economical to use in at least some 
parts of their toritories. 

In using the 2,300-volt equipment on the 4,000-volt 
4-wire system it was necessary to stabilize the neutral 
conductor in some way. Most of the 4-wire systems had 
the neutral conductor grounded at the substation only, 
although sometimes low-voltage lightning arresters were 
placed on it at various points in the distribution network 
to aid in its stabilization in case of a break in it. In 
some instances, at the time of the installation of the 4-wire 
system, the primary neutral was connected at various 
points in iiie network to driven ground rods thus resulting 
in a multigxpunded neutral system. In at least one 
instance thje neutral conductor Was not solidly grounded 
even at the substation, it being boimected to ground 
through lightning arresters. 

The e:q)eriences of the power companies with the multi- 
grounded neutral were generally favorable. It was found 
to be more reliable and to embrace some simplifications 
ovCT other distribution methods. While the early multi- 
grounded neutral arrangements were obtained by makirig 
connections to ground along the primary neutral con¬ 
ductor and interconnecting it, at service transformers, to 


Early installations of 3-phase 4-wire power dis¬ 
tribution systems of the multigrounded or com¬ 
mon-neutral type in some cases created noise 
problems involving neighboring telephone cir¬ 
cuits. Operating experience^ studies of specific 
situations and comprehensive co-operative re¬ 
search over a period of years have developed 
means of largely avoiding difficulties of this 
character. The relative importance of various 
features of the power and telephone systems 
which have been found to affect the noise-induc¬ 
tion problems involved is discussed here, and the 
general co-operative procedures most helpful in 
conversions to, or extensions of, these types of 
power distribution systems, are outlined. 


well-grounded secondary neu¬ 
trals, a fmther simplification 
in the arrangement was rea(hly 
apparent. 

It will be noted in figure 1 
that this interconnection of 
the primary and secondary 
neutrals resulted in 2 grounded 
neutrals on the pole line in all 
sections where the secondary 
neutral existed. In extending 
the multigrounded neutral ar¬ 
rangement or in reconstructing 
existing portions of the net¬ 
work, these 2 neutrals were 
combined into a single well- 
grounded conductor continu¬ 
ous in all portions of a feeder area and often continuous 
in all parts of a substation area or of several contiguous 
substation areas. This arrangement, called the “com¬ 
mon-neutral,^' which was &8t extensively applied in 
Minneapolis, Minn., by S. B. Hood, resulted in certain 
savings in equipment and relief of congested pole heads 
and in a neutral network most effectively grounded since 
all secondary neutral grounds were thus made available, 
in addition to any driven grounds along the pole line. 

The operation of this system in Minneapolis showed 
many advantages in the protection of secondary net¬ 
works from the effects of voltage rises under abnormal 
conditions. In addition, a paper presented in 1926 by 
Mr. Hood^ pointed out that over a period of 3 years the 
rate of transformer failure was reduced to Vxo of 1 per 
cent per annum. This excellent performance in trans¬ 
formers arose imdoubtedly from the fact that with the 
“common-neutral” or interconnected neutral arrange¬ 
ments the lightning arresters are connected directly 
aroimd the transformers. Later studies showed that the 
connection of the lightning arresters directly between the 
primary conductors and secondary neutral provides a 
degree of protection which cannot readily be obtained in 
any other way.®~^ 

In urban areas, the multigrounded or common-neutral 
method of distribution introduced, in some instances, 
noise induction in nearby telephone circuite. In view 
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of this fact an extensive co-operative investigation was 
undertaken by project committee No. 6 of the Joint Sub¬ 
committee on Development and Research of the National 
Electric Light Association and Bell Telephone ^stem to 
determine the factors involved in the co-ordination of 


SERVICE 
TRANSFORMER 
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GROUND'' 


SECONDARY 

NEUTRAL 
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Fis. 1 A. Simplified feeder operating with primary 
neutral grounded at source only 
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GROUND 



ARRESTER 

GROUND 
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SECONDARY 
GROUNDS 

•SECONDARY— 


{LIGHTNING AhRESTERS 



SECON¬ 
DARY . 
CIRCUIT 


'ARRESTER 
GROUND 
-NEW SINGLE-PHASE BRANCH 
OPERATING ON XOMMON- — 
NEUTRAL* BASIS 


"COMMON*-^ 

NEUTRAL 


Fig. IB. Simplified feeder operating with multiple 
grounds on primary neutral—older part of feeder 
having ties between primary and secondary and new 
extensions being of common-neutral arrangement 


local power distribution systems and telephone systems. 
A study was carried out in MinneapoKs during the years 
1924-26 having as its primary objective the determina¬ 
tion of the factors involved where the telephone distribu¬ 
tion was largely in aerial cable. The investigation was 
jontmued in Elmira, N. Y., in 1926-29 to embiUce the 
factors introduced when the exchange telephone plant was 
of^ open-wire construction.* Supplementing these de¬ 
tailed techmcal studies, an investigation of certain eco- 
rnomic featmes of various arrangements of power and 
telephoiie, distributing methods and of their practical 

^phcation under v^g conditibns^^w^ earned out in 
^hform m 1928-29. As a result of these investigations 
the va^ factom involved in the co-ordination of muftfc. 
Srotmded or common-neutral po™ ^tems: and ^ 


phone distribution systems were determined and certain 
practices developed for the co-ordination of these systems 
under various conditions in urban areas.® 

The purpose of this paper is that of briefly outlining a 
few of the more important features of power and tele¬ 
phone circuits affecting noise co-ordination. Following 
such a review there is presented a list of measures which 




DIMENSIONS ASSUMED , BUT IN 
LINE WITH VALUES OFTEN 
ENCOUNTERED 
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Fig. 2. Effect of relative positions on joint-use pole 
of power and telephone conductors on coefficients 
of induction for voltages and currents 

Direct Metdilic Circuit Induction In Untrensposed Telephone Circuits 

I •• Masnellc Induction it 1,000 Cycles 
Volts M etallic per Ampere of Power-Clrcult Current per 1,000 Feet of Exposure 

Type of 
Power Qrcult 


Induction Power 
Component Conductors* 


Pair 

1-2 


Single phase..Residual 

2 phase wires and 
neutral .Residual 


( A a N 
\ caN.... 
/ EaN .. 
f A, c, a N . 
-I A, D, a N 

3 Ph***.... .Residual • { a' r n' 2 m 

o L I C A/ V*, U/ « N 

2 phase Wires and f A, C, a N . 

neutral .Balanced. ( A, D, a N 

. 


0.021 . 
.0.0044. 
. 0 . 0002 . 
.0.013 . 
.0,008 . 
. 0.012 . 
.0.007 . 
.0,017 . 
.0.026 . 
.0.015 . 
.0.023 . 


Pair 

5-6 

Pair 

9-10 

Avg 

..0,043. 

..0.0044. 

..0.022 

..0,018. 

..0.0053. 

..0.0092 

..0.023, 

..0.0013. 

..0.0082 

,.0.031. 

..0.005 . 

..0.016 

,.0.018. 

..0.009 . 

. .0.012 

,.0.033., 

..0.005 . 

,.0.017 

.0.01 ., 

,.0.004 . 

,.0.007 

.0,026.. 

.0.0009. 

,.0.015 

.0.13 .. 

.0.026 . 

.0.061 

.0.023.. 

.0.012 . 

.0.017 

.0.123.. 

.0.026 . 

.0.057 


—.V, 1 ^ n 0 muicigrounaea neutral, the other wires belnti mh^it! 

In the greund.”^*”"***^ ** residual current In the neutral and 50 per cent 


Electric Induction 
Volts per Kilovolt Vm/Kv 


Type of 
Power Qrcult 


Induction 

Component 


Power 

Conductors* 


Pair 

1-2 


Pair 

5-6 


Pair 

9-10 


Avg 


Single phase....Reslduel 

2 phase wires and 

neutral .Residual 

3 phase.Residual 

2 phase wires and 

neutral .........Balanced 

3 phase....;.Ba 


( A a N 
...{ CaN . 

( EaN 
f A,C,aN 
...I A,D,aN 
(A, B,C,aN 

lA,c,b,aN 

f A, C,.aN 
...lA,D,aN , 


.7 ....19 .. 

..3 

.2 .... 7.3.. 

..2.3 

.0.4..,. 9 .. 

..0.2 

.5 ....13 .. 

..2.6 

.2 .... 7 .. 

..2 

.2.8....10 .. 

..2 

.1.4.... 2.2., 

..0.7 

.3 .... 7 .. 

..0.4 

.6 ....30 .. 

..5 

.2.7.... 5.8.. 

..0.4. 

.5.6..,.27 

..5.4. 


.. 9.7 
.. 3.9 
.. 3.2 
.. 6.9- 
.. 3.7 
.. 5.0 
.. 1.4 
..3.5 
..13.7 
.. 3.0 
• .12,7 


* Wires S and S assumed continuous through exposure and grounded. 


extended experience has shown wfll, where given proper 
consideration by both parties, enable multigrounded or 
Qommon-neurial power dreuits and telephone circuits to 
Uve harmonioudy. No attempt is made, however, to 
reiterate the extenrive tedinical information obtained 
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Table l*-~Average Current and Voltage Wave Shapes of 2,300/4,000-Vo It 3-Phase 4-Wire 


distribution v^ircuits 


Frequency 

in Cycles Order of 
per Second Harmonic 


Phase-to- 
Nentral 
Voltage 
at Bus 


Current in Industrial Feeder 
(in Amperes) 


Current in Residential Feeder 
(in Amperes) 


Light Load 


Heary Load 


Light Load 


Heavy Load 


Residual 


60. 

180. 3 . 

300. 6, 

420. 7, 

640.p, 

660 .H, 

780.13, 

900. 15 

1,020.17, 

1,140.19, 

1,260. 21 . 

1,380.23, 

1,600.25, 

1,620.27, 

1,740.29, 

1,860.31, 

TIF**. 

Kv. T or I. T. 


2380 ... 

...66 ... 


... 130 ... 


...63 ... 


...99 


21 ... 
6.4 ... 

1.7 ... 
1.9‘ ... 

1.8 ... 
0.42. .. 
0.90... 
0.87... 

... 1.1 ... 
... 1.0 ... 
... 0.3 ... 

... 0.04... 

... 0.07... 

. . 0.08. . . 
... 0.01... 
... 0.03... 
.... 0.02... 

... 2.6 ... 
... 0.15... 
... 0.03... 

. .. 0.0S. .. 

... 0.01... 
... 0.01... 
... 0.01... 
... OiOl... 

1.1 ... 
1.3 ... 
0.3 ... 
0.04. .. 
0.09... 
0.06. .. 
... 0.01... 
0.07. .. 
0.04. .. 

... 2.9 ... 

... 0.16... 
... ao6... 

... 0.13... 

... 0.01... 
... 0.01... 
... 0.03... 

... 0.01... 

... 1.3... 

... .0.48... 

... 0.18. .. 

... 0.04. .. 

... 0.04. .. 
... 0.02... 
... 0.01... 
... 0.02... 
... 0.01... 

... 5.2 ... 
... 0.21... 
... 0.06... 
... 0.09... 

... 0.01... 
... 0.01... 
... 0.01... 
... 0.01... 
... 0.01... 

... 1.9 - 

... 0.75 - 

... 0.17 - 

... 0.04 - 

... 0.06 _ 

... 0.04 - 

... 0.01.... 

... 0.03 - 

... 0.02 - 

... 6.0 
... 0.29 

... 0.08 
... 0.09 

... 0.02 
... 0.01 
... 0.01 
... 0.01 
... 0.01 

1.4 ... 

... 0.05... 


0.06... 

... 0.01... 

... o.bi... 


... 0.01 - 

0 03 .... 

... 0.01 

... 0.01 

2.1 ... 

... 0.06... 

... 0.01... 

0.09. .. 

... b.oi... 

... 0.01... 

... 0.01. .. 

!.. o!o3 — 

... 0.01 

0.79. .. 


... 0.01... 

0.01... 

... 0.02... 



0 Of • If- 

. . . 0 01 

1.5 ... 

... oioi... 


0.03... 

... 0.01... 

... 0 ni... 


0 02 . 

- . . 0 01 

1.4 ... 

... 0.01... 


0.02... 




0 01 r - - 


9.7 ... 

... 11.2 ... 


8.9 ... 


... 6.B .. . 


6 8 r ‘ - 


23.2 ... 

...733 ... 

... 193 ... 

... 1,160 ... 

...330 ... 

...346 ... 

...288 ... 

...571 - 

...283 


Note: Values for triple harmonics are in ilalie type. 

H* ^6 32, pages 235-6 of volume II of Engineering Reports of Joint Subcommittee on Development and Research. 

New weighting—see Engineering Report No. 33 of Joint Subcommittee on Development and Research. 


from the investigations outlmed above as these are ade- The factors affecting inductive co-ordination involved 
quately covered in the references cited. in the use of the common-neutral method of distribution 

in rural areas, are somewhat different from those en- 
Recent Trends countered in urban areas. This is largely due to the lower 

load densities, the greater lengths of circuits, higher op- 
During the past few years there has been extensive erating voltages and to the somewhat different types of 
conversion from other types of urban power distribution equipment employed in rural telephone distribution, 
to the multigrounded or common-neutral ^stem of pri- These factors were investigated by' the Joint Sub- 
mary distribution. Where there exists a 3-phase 3-wire committee on Development and Research during the 
delta circuit the system is converted by making the summers of 1935 and 1936 and the more important 
secondary neutral network continuous, reinforcing it considerations determined.^® 
where necessary, and making the required changes in 

transformer connections. Where there is a 3-phase Factors Influencing Inductive Co-ordination 
4-wire unigrounded primary system the conversion is, 

as previously mentioned, made by interconnecting the In any problem of inductive co-ordination it is con- 
primary and the secondary neutral at each load trans- venient to subdivide the factors influencing co-ordination 
former, generally removing the primary neutral only at ‘ into those relating to the inductive influence of the power 
the time of major rebuilding. In either case extensions circuit, the inductive susceptiveness of the telephone 
are usually made using a single neutral in the secondary circuit and the inductive coupling between the 2 types 
position. of circuits. As far as urban distribution circuits are con- 

In the urban areas most of the multigrounded or com- ceimed the load current unbalance of the power circuit 
mon-neutral systems are of the 2,300/4,000-volt class, is usually the controlling influence factor. For rural 
although there are a few instances where 4,600-volt systems distribution circuits the unbalanced charging currents 
have been converted. At the present time there is being are generally more important than the unbalanced load 
constructed a 6,900/12,000-volt common-neutral dis- currents. Likewise, in an exchange telephone circuit 
tribution system at Wichita, Zan. the admittance and impedance imbdances of the 2 sides ^ 

The distinct trend in power distribution practice has of the circuit are usually the controlling factors in its 
been, in no small measure, influenced by the improved inductive susceptiveness. As far as coupling between 
over-all protection features readily obtained by the multi- the power and telephone circuits is concerned this is largely 
grounded neutral arrangement as well as by certain equip- controlled by their relative positions and the lengths of 
ment savings. The recent emphasis placed on the elec- the exposure. For urban areas their relative positions 
trificarion of rural areas and the distinct heed for maximum are largely fixed by the normal arrangement of conductors 
service continuity on rural pow^ circuits have increased and cables on jointly used poles. In rural areas power 
the inter^t in flie use of the multigrounded or common- and tdephone circuits are generally at roadway separation 
neutral method of distribution in rural areas. The rural although some joint use exists. In urban areas consider- 
systems are generally of the 7,600/13,200-volt dass, able control can often be exercised over the coupling by 
although 4,6G0/8,0p0-yoit circuits have been used to some planning the routes of the main feeds of the 2 services so 
eirtent. as to avoid long sections of doge measure. In rural areas 
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where there are no paralleling routes dose together it is 
generally necessary for both services to use the same roads 
and therefore the opportunity to control the coupling by 
the co-operative planning of routes is much reduced. 
Certain quantitative indications of the extent to which 
this measure of co-ordination is applicable in the 2 types 
of areas are shown in the illustrative examples in the 
appendix. 

Power Circuits 

Power sy^ems operate, for the most part, at frequendes 
of 60 cydes and below. Tdephone circuits, on the other 
hand, depend mainly upon frequencies above about 200 
cydes for the transmission of speech. Ordinarily, there¬ 
fore, the effects of induction from the fundamental-fre¬ 
quency currents and voltages in neighboring power lines 
are negligible as far as telephone-circuit noise is concerned. 
It is quite generally recognized, however, that it is im¬ 
practicable commerdally to build rotating ma chinery 
and transformers which are entirdy free from harmonics. 
There are, therefore, harmonics present on all operating 
power systems, and it is the harmonic-frequency com¬ 
ponents induced into telephone circuits from these power- 
system harmonics that are of major importance from the 
noise standpoint.^ 

In any distribution drcuit the harmonic currents pres¬ 
ent will fall within the following dasses: load currents, 
transformer-exdting currents, and line-charging currents. 
With a uni-grounded neutral the load currents and the 
transformer-exciting currents are practically entirdy con¬ 
fined to the wires of the circuit. Where the neutral is 
multigrounded, the vector sum of the currents in the 
phase conductors (residual current) will divide between 
the neutral conductor and the paralleling earth path as 
determined by the relative impedances of these 2 paths. 
Whi'e there is some variation in the division of the return 
current between the neutral and ground paths, for most 
practical purposes this division may be assumed to be 
about half in each path at all the frequencies of interest. 

As pointed out above, in the case of a line operating 
with uni-grounded neutral, the earth-return components 
of the load and transformer-exdting currents are ordinarily 
negligibly small. However, this is not true of the line- 
charging current which is chiefly a function of the magni¬ 
tude and frequency of the impressed voltage, the circuit 
length, and, at nontriple harmonic frequencies, of the 
balance of the admittances to ground of the various phase 
conductors. While multigrounding the neutral ordinarily 
increai^s the earth-return components of the load and 
transformer-exdting currents, it has been found, due to 
the parallel path provided by the neutral wire, on an 
average to decrease slightly the amount of charging 
ciurent in the earth. 

In an urban distribution system where the load density 
is relatively high, the load currents and transformer- 
exdting currents are relatively large and the line-charging 
currents are usually negligible. Iti such a systern multi¬ 
grounding the neutral results in an increase in the current 
returning through the earth and a consequent increase 


in the inductive influence of the power distribution system. 

In rural areas, however, where the load density is low 
and the load currents and transformer-exdting currents are 
relativdy small, the line-charging currents become sig¬ 
nificant. In general, under such conditions the multi¬ 
grounding of the neutral does not increase the magnitude 
of the ground-return current at frequendes of interest 
from the noise-induction viewpoint. Under certain con¬ 
ditions the magnitude of this ground-return current may 
actually be substantially decreased by the multigrounding 
of the neutral. This effect is more marked for the higher- 
voltage circuits. 

The harmonics present in a distribution drcuit may be 
divided into: (1) triple harmonics, that is, the third har¬ 
monic and odd multiples of it; and (2) nontriple harmonics 
that is, the odd harmonics, starting with and including 
the fifth, which are not multiples of 3. The triple har¬ 
monics in a 3-phase system are in phase in the 3 line 
conductors so that their residual value (vector sum) is the 
arithmetic sum of their magnitudes in the 3 phase wires. 
The nontriple harmonics are spaced, in time phase, the 
same as the 60-cyde fundamental, and the magnitude of 
the residual current (vector sum) for these harmonics is 
usually much less than their arithmetic sum. If 
these harmonics were perfectly balanced the residual 
current for these frequendes would be zero. In ex¬ 
posures involving 3-phase sections of line the balance of 
the nontriple harmonics between phases is influenced 
by the degree of balance of the loads and single-phase 
branches, and therefore has an important effect in reducing 
the over-all influence of the power system. In exposures 
involving single-phase extensions, or extensions consisting 
only of 2 phase wires and a neutral wire, this advantage 
of the balancing of the nontriple harmonics is, of course, 
not obtainable. 

The extent to which induction from the nontriple har¬ 
monic voltages and currents in power-distribution circuits 
can be controlled by power-circuit transpositions is ordi- 


Table II*—-Relative Importance of Circuit Unbalances 



500 Cycles 1,000 Cycles 


Contribution From: Contribution From: 

T^e of Service 

Station Cable Office Station Cable Office 

Individual (bridged ringers). 

Party-line (grounded 8-A ringers) 

. .Negligible .. .3.. .3. .Negligible . .20_20 

.100.3...8.100.20. . .20 


* See pa^ 72 of volume I of Engineering Reports of Joint Sub-Committee on 
Development and Research. 


narily very limited. Usually, due to the large number of 
exposure discontinuities arising from changes in the power 
or telephone circuits, the power-circuit transpositions are 
quite ineffective. This is particularly true in cases where 
the induction from the ground-return current is control¬ 
ling. In spedfic cases where considerable wave-shape 
distortion exists and the induction from the balanced 
voltages and currents may therefore be relatively im- 
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Fis. 3. Example of possible arransement of feeder layout in an urban area where Fig. 4. Example of possible rearrangement of feeder layout shown 

long aerial telephone cable is exposed to a heavily loaded single-phase feeder in figure 3 to reduce magnitudes of "ground-return** currents 
















Table HI—Magnetic Shielding for Various Frequencies and Sizes and Lengths of Telephone Cables and Various Grounding 

Resistances 

Calculated Values of er/ei (in per cent); er = Voltage Remaining After Shielding and ei® Voltage Present With Sheath Grounded at One Point 

Only 


Frequency 
itt C5yclee 
per Second 


Full-Shed Cable 
(2.61 In. Outside Diameter) 



101-Pair 24-Gauge Cable 
(0.85 In. Outside Diameter) 



54-Pair 24-Gattge Cable 
(0.64 In. Outside Diameter) 



1 Mile* 


3 Miles* 



«/, Mile* 



1 MUe* 



Vi MUe* 


1 MUe* 


Oto** 

gw** 

10“** 

o» 

S“ 

lO* 

o» 

gto 

10“ 

0“ 

5“ 

10“ 

QU 

5“ 

10“ 

0“ 

5“ 

10“ 

180. 

...14 . 

..82 .. 

..94 .. 

..14 .. 

..60.. 

.71.. 

..60 

....96... 

.90.. 

..60 

...80 .. 

..05.. 

..71 

...,96... 

.09 .. 

..71 .. 

..02.. 

..06 

300. 

... 8.5. 

..65 .. 

..85 .. 

.. 8.6.. 

..33.. 

.52.. 

..42 

....89... 

.96.. 

..42 

...77 .. 

.89.. 

..67 

....91... 

.96.5.. 

..67 .. 

. .82.. 

.01 

420. 

... 6 . 

..62 .. 

..76 .. 

.. 6 .. 

. .24.. 

.40.. 

.81.5 

....81... 

.93.. 

.31.6 

...65 .. 

..81.. 

..44.6 

....8’4... 

.93.6.. 

..44.5.. 

..71.. 

.84 

540. 

... 5 . 

..43.5.. 

..71 .. 

.. 6 .. 

..IS... 

.82.. 

.25 

....73... 

.88.. 

..25 

...66.6.. 

.73.. 

.87 

....77... 

.90 .. 

..37 .. 

.,63.. 

.77 

660. 

... 4 . 

..87 .. 

..64 .. 

.. 4 .. 

..16... 

.27.. 

.21 

....66... 

.84.. 

..21 . 

...47.6.. 

.66.. 

.31 

...71... 

.86 .. 

..31 .. 

..65.. 

.71 

1000. 

... 3 . 

..26.5.. 

..44.5.. 

.. 3 .. 

..11... 

.18.. 

.15 

....61... 

.72.. 

..16 . 

...86 .. 

.51.. 

.22 

...66... 

74.6.. 

.22 .. 

,.41.. 

.56 


* Refers to distances along cable sheath between the 2 grounding points. 

** Refers to total grounding impedance (approximate d*c resistance) of the 2 ground connections, expressed in ohms. 


portant, transpositions in power-distribution circuits may¬ 
be found helpful. 

Table I shows the average harmonics present on 3- 
phase 4-wire industrial and residential feedem under 
hght- and heavy-load conditions. The reduced magni¬ 
tudes of the nontriple frequencies in the residual current 
(neutral and ground-return) are evident. The importance 
of this as regards noise induction is further indicated in 
the illustrative examples of the appendix. 

The triple-harmonic currents present on a feeder sup¬ 
plied from a delta-star substation transformer bank are 
generally due to the exciting currents of the single-phase 
load transformers. Under this condition no excessive 
triples are impressed on the feeder at its source as is 
sometimes the case where the source is a star-connected 
grounded-neutral generator directly connected to the 
feeder. The exciting currents flow from the individual 
single-phase transformers toward the delta-star trans¬ 
former in the substation. The presence on the feeder of 
a large 3-phase star-delta load transformer with its 
neutral connected to the system neutral, provides a paral¬ 
lel path for supplying part of these triple-harmonic ex¬ 
citing currents as well as part of the unbalanced non¬ 
triple and fundamental currents and, under certain con¬ 
ditions, may substantially decrease the over-all inductive 
influence of a feeder by reducing the ground-return cur¬ 
rent flowing through an exposure. The. effect of such 
a connection in reducing the noise is dependent upon the 
location of the bank with respect to the exposure and its 
rektive impedance to the various harmouics as compared 
to that of the path back to the substation. From the 
power operating standpoint such a bank tends to supply 
part of the unbalanced load and also, in case of the in- 
ter^tion of one phase between it and the substation, 
to supply the power to that portion of the phase 
s^ connected to it. Under certain conditions, the action 
of such a bank may prove detrimental to the operation of 
toe power feeder due to its action in attempting to balance 
toe voltages at toe point of its connection to the feeder, 
o er othfr condi-tions the neutral of an bank 

be connected to the f^der neutral 

o” the inductive influence and 

with IrtUe or no adverse effects on toe power-sy^ 


operation. The tendency of such banks toward noise re¬ 
duction and toward unbalanced load supply is shown in 
2 of the illustrative examples in the appenix. 

Telephone Circuits 

The voltages induced into a telephone circuit may be 
divided into; (1) metallic-circuit induction, that is, a 
voltage induced between the 2 sides of the circuit with 
a resultant current flowing around the circuit; and 
(2) the longitudinal-circuit induction, that is, a 

Table IV;—Relative Susceptiveness of Several Types of 
Station Sets 


Nolle in KooelTor Branch for 100 
Nolle Unit! to Ground— 

- Aforago Power Wave Shape 

General Deicription of Station Sot (One Station on Line—Effect of Sot Only) 


Class 1—^Typei of Sets in Most Conunon 
Use Today 

(o) Side-tone type of party-line set using 
8A ringers or equivalents (one end of 
ringer grounded). (Common-battery 
talking and signaling) 

(6) Same type—local-battery talking 

(c) Magneto party-line set (62A ringer 
or equivalent) 

(d) Individual-line set—any type 

Class 2—^Types of Sets Frequently En¬ 
countered 

(o) Side-tone type of 4-party full-selec¬ 
tive or 8-party semiselective set (using 
relay or cathode tube to connect ringer to 
circuit during ringing period) 

(W Four-party selective or 8-party 
semiselective sets employing high im¬ 
pedance ringers or relays connected to 
ground 

(c) Bight-party selective (harmonic 
ringing) sets employing ringers connected 
to ground and tuned to 4 different ring. 
ing frequencies 

(d) Ground-return rural circuits (usu¬ 
ally of magneto type and having code., 
ringing) 

Class 3-vSpecial Types of Sets 
{a) : Side-tone type of party-Uhe set 
using spIit.condenser and higher-imped¬ 
ance ringer (one end of ringer 
grounded) 

(W Tsrpe of party-line set using i^lit- 
condenser arrangement with 8A: ringer 
or equivalents (one end of -ringer 
grounded)' 


350 noise units, approximately 


120 noise units, approximately 
120 noise units, approximately 

Negligible 


Negligible 


About 30 noise units 


Limited data indicate that, 
pending on frequency for whicls 
ringer is tuned, noise will range 
from about 100 to about 40G 
units 

3,500 or more noise units 


About 20 noisd units 


About 00 noise units 


n 


Cplen^fif Davis—InducUve Co--ordifiaPion 


Electricai. Enginbewng 








voice channel (metalHc circuit). For either type of 
voltage, the induction may be “electric,” that is, from 
the voltage on the power circuit, or “magnetic” from 
the current in the power circuit. 

The local telephone circuit may be divided into 3 parts: 
(a) the central-office equipment, (b) the line conductors, 
aJid (c) the subscriber equipment. Interoffice circuits 
include only the first 2 items. 

(a) Central-Office Equipment 

The central-office equipment associated with a sub¬ 
scriber circuit consists essentially of 2 elements: (1) line 
signaling equipment connected to the circuit for indicating 
to the operator, or to the dial equipment, the desire of 


CENTRAL 

OFFICE 


TO LOADS 

75 KVA-PH.A 
90 KVA-PH. B 
60KVA-PH.C 
45KVA- 
3 PHASE 


LOCATION 
B 


voltage induced along the conductors such that the re- a subscriber to start a call; and (2) a linking or switching 
sultant current flows in a circuit having the telephone circuit or circuits for interconnecting 2 subscriber circuits 
conductors as one side and the earth as the other. This lat- either directly or through intervening trunk circuits and 
ter voltage may also result in noise, due to its action upon providing supervision during the call, 
telephone-circuit unbalances, setting up currents in the The line signaling equipment with its associated relay 

is either bridged across the line or arranged so that when 
2 subscriber circuits are interconnected, any ground con¬ 
nections on the line relays are automatically opened. The 
line signaling equipment is not, therefore, ordinarily a 
factor in noise considerations. Occasionally, however, 
the effect on noise of the ground connection on the line 
signaling equipment requires specific treatment when the 
longitudinal-circuit induction is sufficiently high. The 
noise in such instances occurs either during the pre¬ 
answering period before the line relay is “cut-off” or, 
in certain types of switchboards, on conversations between 
2 persons on the same line (party-line) where the use of a 
switching circuit in the office is unnecessary. 

The linking or switching equipment in the central 
office may consist of a pair of 
wires with bridged supervisory 
relays, as in the case of a mag¬ 
neto office, or may be a compli¬ 
cated arrangement of relays, re¬ 
peating coils, condensers, etc., 
as in the case of common-battery 
offices of the manual or dial 
type. The necessary ground 
connections of the latter type 
of apparatus introduce the pos¬ 
sibility of the unbalances hi the 
equipment contributing to the 
over-all noise when the longi¬ 
tudinal-circuit induction on the 
outside conductors is impressed 
on the switching circuits. Ordi¬ 
narily in urban areas, due either 
to the frequency make-up of 
the longitudinal-circuit induc¬ 
tion or to the relationships of the 
various impedances-to-ground, 
the amount of noise contributed 
by the central-office equipment is 
relatively low* This is readily 
evident from table II which 
shows, at 600 and 1,000 cycles, 
the relative proportions of over¬ 
all noise due to the action of 
induced voltages on station, 
cable, and central-office unbal¬ 
ances. Cases arise, however, quite 
frequently where the relative cir¬ 
cuit impedances or the frequency 

Fig. 5. Example of exposure eon- , 
ditions between 2,300-4,OQO-voli 
distribution feeder and exchange 
telephone plant In suburban and 
rural area 
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make-up of the induction or both are such that the noise 
contribution from the unbalances in the central-office 
equipment becomes important. Such cases usually involve 
long subscriber or interoffice trunk circuits and particularly 
wiiere sections of open-wire construction are present. 
Values of the unbalances in certain types of central- 
office equipment afe given on page 91 of volume I of the 
Engineering Reports of the Joint Subcommittee on De- 
vdopinent and Research. 

( b ) Line Conductors 

Where the telephone line conductors are in open wire, 
the induced voltage between conductors (metallic-circuit) 


Table V—Noise Contributions (Figure 3) of Various Har¬ 
monics and Sections of Exposure 


Section 

of 

Exposure 

RMS Magnitude 
of Residual 
Current in 
Amperes 


Approximate Noise Contribution 
(Noise Units) From: 

Total Noise 
Contribution* 
(Noise Units) 

180 Cycles 

300 Cycles and 
mgher 
Frequencies 

A-B.... 



.270.... 


B-E . 



;.260.... 


E-Z .... 

.30-167. 

. 600... 

.100.... 

.. 4fl0 


Total. 





* Location C—'For party-line service using SA ringers, during heavy power loads. 


to ground and to other circuits, thereby reducing the effect 
of the longitudinal-circuit induction on such unbalances. 
The improved balance of the mutual impedances between 
the various telephone conductors is, of course, distinctly 
beneficial in reducing cross talk, and transpositions are 
generally used for limiting the cross talk where open- 
wire telephone circuits extend for substantial distances. 

The construction of telephone cables is such that there 
is inherently very close spacing between the conductors, 
and they are frequently transposed due to the continuous 
twisting of the pairs in manufacture. Due to this close 
spacing and frequent transposing there is practically no 
voltage induced between the wires of a cable pair or quad 
(group of 4 conductors). The unbalance to ground of 
the conductors of the present t3rpe of cable is so small that 
it is not ordinarily a contributing factor to noise induction. 
It may be noted, however, from table II that in cases 
where the central-office unbalances are of importance, 
the effect of shunt or series unbalances in the cables also 
needs consideration. 

The lead sheath of a telephone cable provides practically 
perfect shielding against induction from power-system 
voltages when it is grounded at one or more points. The 
sheath likewise provides substantial magnetic shielding 
when it is grounded more or less continuously, as in under¬ 
ground construction, or is grounded at bo^ ends of the 
aerial section or near both ends of an e:q)osure. The 
degree of magnetic shielding effected varies, depending 
on the size of the cable and the resistance of the ground 


Table VI—Comparison of Effectiveness of Various Remedial 
Measures (Figure 3 Conditions) 


Table VII—Noise Contributions (Figure 4) of Various 
Harmonics and Sections of Exposure 


Approximate Noiae Unita on Party-Line 
Stations (Heavy Power Loads) 

Type of Remedial Measure Location A or B Location C 


1. Before applying remedial meas¬ 
ures......1,800.2,870 

2. Using special telephone station 

sets........ 76. 126 

3. Avoiding exposure in section 
A-B by co-operative planning 

of routes........... 660.1,630 

4 . Cabie-sheath shielding by tying 
aerial and underground tele¬ 
phone (Hibles at Junction pole 
and connecting aerial sheath to 

1-ohm ground at point X .1,160. 1,700 

5. Interconnecting 300-kva star- 

delta, bank with system neutral.1,430.1,600 

170 kva of unbidanced 
load 

6 . Combination of measures 3, 4, 

and 6.... 305. .420 


as well as along these conductors (longitudinal-circuit) 
must be considered. The direct metallic-circuit induc- 


Seetion 

of 

Exposure 

RMS Magnitude 
of Residual 
Current 
in Amperes 


Noise Contribntton (Ndse 
Units) From: 

Contribution* 
(Noise Units) 

180 Cycles 

300 Cycles and 
BQgher 

A-B . 





B-B . 





E-I . 

.6-46. 

.160. 


.116 


Total. 


.620.... 



♦ Location C—^for party-line service using 8A ringers, during heavy power loads. 


connections, reaching optimum values of over 90 per 
cent. Table III gives the magnitude of this shielding 
for various selected sizes and lengths of cable. Table III 
brings out distinctly the variation in tiie magnetic shield¬ 
ing due to the factors mentioned above. The effect of 
cable sheath shielding in several typical cases is further 
indicated in the appendix. 


tion can be gr^tly reduced by systematic transpositions 
in the telephone circuit. Due to the physical limitations 
in a practical layout of telephone transpositions, the re¬ 
duction in metallic-circuit induction is, on the average, 
from 60 to 80 per cent on honpole pairs and about 90 
per cent on pole pairs. Transpositions also tend to lessen 
the capacitance and inductance unbalances of the 2 sides 


( c ) Station Apparatus 

Individual-line stations employ a “bridged” ringer 
connection, that is, the ringer is, in dffect, connected be¬ 
tween the 2 line conductors. However, for selective 
signaling purposes party-line stations, frequently have 
the ringer connected, in effect, between one of the line 
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conductors and ground. The unbalance of the party-line 
station equipment is therefore affected by the impedance 
of the ringer and its point of connection in the station 
equipment. The relative susceptiveness of several types 
of station sets to noise-frequency induction is shown in 
table IV. 

Table IV shows that, with advance planning in areas 
where noise induction is or may likely become a matter of 
importance, much can be accomplished by the use of 
station sets of decreased inductive susceptiveness. Where 
such t 3 q)es of apparatus are substituted in existing plant, 
except in gradual replacements or in connection with 
general rearrangement programs, the expense is, natiurally, 
increased. 

Inductile Coupling 

As stated above, the inductive coupling between ex¬ 
change telephone plant and power-distribution circuits 
in urban areas is largely controlled by such factors as 
the street layouts and the joint use of poles. However, 
by co-operative planning of routes it is frequently prac¬ 
ticable to secure lower coupling by avoiding long exposures 
between the main feeds of the 2 plants. As shown by the 
illustrative examples this procedure is, where applicable, 
very beneficial. 

In rural areas where both distribution services must 
ordinarily be carried along the highways the opportunity 
for controlling the coupling between the 2 classes of 
circuits by co-operative planning of routes is much re¬ 
duced. 

Some benefit may be gained, however, in the case of 
open-wire construction, particularly at joint-use separa- 


Stunmary and Conclusions 

Since about 1915 there has been a continued increase 
in the use of the multigrounded or common-neutral 
arrangement of power distribution in this country. At 
the present time, approximately half of the distribution 
is by 4,000-volt multigrounded or common-neutral cir¬ 
cuits. A large part of the higher-voltage rural distribu¬ 
tion is also operating with this arrangement. 

In general it may be said that- for’ the lower-voltage 
2,300/4,000-volt distribution circuits, the use of the 


Table IX—Noise at Various Locations (Figure 5) and 
for Various Types of Telephone Service 


ConMbiitioii (Noiie 
Units) From: 


Type of 
Loce- Telephone 
tion Service 

Total - 

Noise Cable Open-Wire 

Units Bxposares Exposures 

Remarks 

A..1. Common- 



Open-wire noise de- 

battery 



pendant on effective- 

party-line 

226-345...220-270. 

... 46-215 

ness of telephone 

stations 



transpositions 

(class 1-a 




table IV) 




2. Magento 




party-lines 

86-226... 75 app... 

...40-215 


(class 1-r 



Lower values of noise 

table IV) 



on circuits controlled 

3. Individual 


About 

by effects of station 

line 

40-210.... 25-36.. 

...10-210 

sets — higher values 

(class l-d 



by effectiveness of 

table IV) 



telephone transposi- 

B .1. 

170-1,200.. 10-100.. 170-1,190.. 

tions 

2. 

76-1,175.. 20- 36. 

70-1,176 


3. 

60-1,176. .About 20. 

65-1,176 


C .1. 

400-976.. 286-326. 

276-926 

Noise in cable section 

2. 

160-370.. 110-126., 

110-860 

due to office and 

3. 

100-860.. 60. 

75-860 

cable unbalances 


Table VIII—Comparison of Effectiveness of Various Remedial 
Measures (Figure 4) 


Approximate Noise Units on Party-Une 
Stations (Heavy Power Loads) 


Type of Remedial Measure 

Location A or B 

Location C 

1 . 

Before applying remedial meas- 




ures. 

.480.. 


2 . 

Using spedal telephone station 
sets. 

.25-30. 


3. 

Avoiding exposure in section a-b 
by co-operative planning of 
routes. 

.190. 


4. 

Interconnecting 300-kva star- 
delta bank with system neutral.. 

.330. 




26 

leva of unbalanced 




load 

6 . 

Cable-sheath shielding—ground¬ 
ing at junction pole and to 1-ohm 
ground at X...... 

.326. 

.420 

6 . 

Combinations of measure 3, 4, 
and 5..... i.. 

.86..... 



tions, by arangements of the conductors on the pole so 
as to avoid excessive spacings. As shown on figure 2, 


multigrounded or common-neutral arrangement may be 
expected to increase the inductive influence of the power 
circuits. Unless attention is given to co-operative plan¬ 
ning to secure features beneficial from the inductive-co¬ 
ordination standpoint, noise problems may result either 
in restricted or extensive areas. With proper attention to 
the co-ordination features” such noise situations as de- 
vdop are largely in the nature of isolated cases and can 
usu^y be cared for by relatively minor changes or ad¬ 
justments in either or both plants. 

For the higher-voltage (11-13 kv) rural distribution 
circuits, there seems to be little difference, from the noise- 
induction standpoint, between the uni-grounded 4-wire 
^tem and the multigrounded or common-neutral ar¬ 
rangement.*® Under many conditions the placing of 
multiple grounds on the neutral will result in noise re¬ 
ductions due to the effect, previously mentioned, of the 
multigrounded neutral on the line-charging currents. 
It is interesting to note that experience to date with the 
multigrounded or common-neutral circuit in rural areas 


certain arrangements tend to minimize the amount of ' has shown that many of the measures of co-ordination 
noise induction arising from the power-circuit voltages applicable in urban areas will prove similarly helpful in 
and currents. This beneficial effect is, however, much rural communities. 

less noticeable at rpadway separations. The measures of co-ordination which investigations 
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and operating experiences have shown to be practicable Table X—Comparison of EHFectiveness of Various Remediall 
and effective include; Measures 


1. Co-operative planning by both parties to avoid not only severe 
exposure conditions but also types of equipment likely to aggravate 
the possible noise-induction situation. 

2. A reasonable degree of balance of the loads between the 3 phases 
of the power circuit. In the higher-voltage rural circuits this also 
includes the lengths of branches consisting of 1 or 2 phase wires and 
neutral. 

3. The avoidance of unnecessarily heavily loaded branches con¬ 
sisting of 1 or 2 phase wires and neutral. 

4. The prevention of excessive overexcitation of transformer. 

6. The grounding, where necessary, of aerial telephone cables at 
or near both ends of an exposure to obtain the benefits of magnetic 
shielding. 

6. The twe of adequatdy co-ordinated telephone transpositions on 
open-wire extensions and the avoidance of severe UTibfl.tftTif»pj a in the 
open-wire conductors. 

7. The correction of badly distorted voltage or current wave 
shape bn the power system. 

8. The connection of the neutral point of 3-phase star-delta load 
banks to the system neutral conductor. 

9. The use of telephone station apparatus, on party-line service, 
of lower susceptiveness. 




Approximate Noise Units at: 

Type of Remedial 
Measure 

Location A 

Location B 

Location C 

1* 2 

3 

1 2 3 

12 3 

1. Before apply- 

225- 85- 

40- 

170- 76- 60- 

400- 160- 100- 

ing measures.. 

345 225 

210 

1,200 1,176 1,176 
60- 60- Neg. 

975 870 86Q 

2. Using spedai 

40- 40- 

Neg. 

100-100- Neg. 

telephone sets. 
3. Avoiding ex¬ 
posure section 

210 210 change 

1,175 1,175 change 

860 860 change 

B-C by co-oper¬ 
ating planning 

4. Interconnecting 

130- 66- Neg. 
260 220 change 

Neg. change 

360- 116- Neg. 
950 860 change 

neutral of 150- 
kva star-ddta 

bank. 

5. Average degree 
of co-ordinated 
telephone trans- 

180- Neg. change 
810 

150- Neg. change 
1,176 

370-Neg. change- 
950 

positions. 

6 . Telephone trans¬ 
positions + ca¬ 
ble - sheath 

260 80 

50 

200 176 176 

340 175 130 

shielding*'!'... 

7. Combination 

210 70 

50 

180 175 175 

320 165 130 

of4,5, and6.. 

186 65 

50 

160 155 165 

310 160 126 


* Type of station apparatus shown on table IX. 

Cable was assumed to be grounded at junction pole at end of section F-G to> 
2.5-ohm ground; at other junction poles to grounds exceeding 10 ohms. 


10. Occasionally the use of arrangements or apparatus to minimige 
the effects from unbalances in central office equipment. 

■ It is, of course, essential in successfully co-ordinating 
the power distribution and telephone circuits that, as in 
other co-ordination situations, the power and telephone 
people view the matter as a mutual responsibilty and 
fully co-operate in the application of the tools available. 
Experience over a period of years has now shown that 
where this is done adequate over-all co-ordination can be 
readily secured.^® 

Appendix 

For the sake of brevity, the detailed calculations and some of the 
minor assumptions for the following examples have been omitted. 

Illustrative Example 1 

The purpose of this example is to show, for average power-system 
waveshapes: 

1. The noise-induction problem that might be created by the ex¬ 
posure of a reasonably long aerial telephone cable in an urban area 
with a heavily loaded single-phase feeder. It features: 

(a) The relative importance of triple and nontriple harmomc 
induction, and 

(&) The extent to which plannmg of routes, grounding of cable 
sheaths, etc., might improve the situation. 

2. The change in the noise magnitudes for the same situation with 
the various single-phase loads well distributed among all 3 phases. 
Under this condition, attention is directed to: 

(a) The change in the relative importance of the triple and non¬ 
triple harmonic induction. 

(&). The amount of reduction obtained by the same remedial 
measures tried in 1-6 above; 

Figure 3 ^ows a. possible method of supplying the single-ph^e 
loads in a ratter ^tensive part of an urban area. The general 
^yout shown in figure 3 is such that all of the current for the feeder 
ei;M traverses a considerable part of the exposure. Under this 
quite extreme condition—essentially tingle-phase supply for a 
r^tively large area—tte noise at location C undo: heavy-load con¬ 
ditions would be about as shown in table V. i 


It is evident from table V that most of the party-line stations 
fed by the aerial telephone cable would need treatment. It will, 
be noted from table VI that completely replacing tte ftyi-gting party- 
line stations with special station apparatus will, to a large extent, 
care for the situation since, in this case, the amount of noise con¬ 
tributed by the cable and central-office unbalances would aggregate 
less than 160 units. Other measures either singly or in combination, 
probably more economical in their application, would provide sub¬ 
stantial reductions in noise, but would not be adequate for the more 
severely exposed stations. 

Assume, however, that instead of supplying the single-phase 
loads in the area shown on figure 3 from one phase only, the single¬ 
phase loads were distributed reasonably uniformly among the phases. 
This would be advantageous not only by the noise-reduction possi¬ 
bilities, which will be more fully discussed, but also by the improved 
regulation attainable on the feeder, Figure 4 shows a possible 
rearrangement.of figure 3 along these lines and table VII shows the 
noise conditions with the feeder arrangements of figure 4. 

A comparison of tables V and VII shows that tte noise from tte 
nontriple harmonics has been very materially reduced by tte 
balancing of loads made possible by the more favorable feeder 
arrangement of figure 4, although that from the triple harmonica 
has been inappreciably changed. The net effect has been a reduc¬ 
tion of nearly 76 per cent in tte noise on the party-line stations 
served by the telephone cable. The reductions afforded by various 
remedial measures are shown in table VIII. 

It is evident from table VIII that, by the application of various 
of tte measures of co-ordination, the need for an extaisive rearrange¬ 
ment of eithCT plant is avoided. 

Illustrative Example 2 

The purpose of this example is to show the extent to which 
remedial measures of the type generally applicable in urban areas 
(see example 1) may be applied in a less thickly settled area where 
exposures to 2.3/4-kv multigrounded-neutrtiL arrangements are 
encountered under average conditions of power-system wave shape. 
In detail the example covers: 

(а) The extent to which such me^ures as co-operative p lanning 
of routes and use of star-delta load bai^ may be ineffective. 

(б) The importance, particularly und^ joint-fise conditions, of 
noise directly induced into the metallic circuit dif open-wire tde^ 

{Conclude on page 1.89) 
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Two-Reaction Theory of Synchronous Machines 


By $. B. CRARY 

ASSOQATE AIEE 


T his paper is an ex- An extension of the 
tension of the method l- 

of analysis by R. H. "’*®*'*" 

Parkin that the effect of given 

armaturedreuitcapacitance chines having capaei 

is induded in the general circuit. General ec 
equations for the perform- ... / # 

ance of a salient-pole syn- mmation of the^ perf 

chronous machine. These abnormal conditions 

equations are of suffident balanced 3-phase ca| 

gmer^tyso<Mttheopera- lure circuit 

tion of a S3nichronous or in¬ 
duction machine having 
balanced 3-phase capad- 

tance in the armature circuit can be predeter¬ 
mined for the condition of 3-phase short cir¬ 

cuit, sudden application of capadtance load, sdf- 
exdtation, running out of synchronism, hunting, 
pulling into step, etc. The method of approach is 
such that the general impedance operators which 
have been utilized by recent writers®"^® can also be 
used in studying the ^ect of capadtance in the arma¬ 
ture circuit. Such impedance operators indude the 
effect of additional rotor circuits. It is believed that 
a theoretical basis for the study of the performance 
of synchronous or induction machines as influenced 
by capadtance is particularly important at this time, 
with the increased use of series and shunt capadtors 
for voltage regulation purposes. 

An interestmg application of the general equations 
is to the problem of self-exdtation of a machine con¬ 
nected to a circuit containing capadtance. Criteria 
are developed which indicate the regions in which 
self-exdtation may occur for the case of a synchro¬ 
nous machine connected to a capadtance load or 
through series capadtance to a system. 

List of S3niibols 

All constants are in per-unit values in terms of 
normal kilovolt-amperes and voltage, and correspond 
wherever possible with established nomendature. 

capacitance reactemce 

xd synchronous reactance of direct-axis armature circuit 

xd' direct-axis transient reactance 

Xd!' direct-axis subtranment reactance 

= impedance operator relating the direct-axis armature flux 
linkages with the direct-axis armature ctirrmit 
xq <= synchronous reactance of quadrature-axis armature circuit 
xq' *■ quadrature-axis transient reactance 

Xq" =» quadrature-axis subtransient reactance 

“ impedance operator relating the quadratrure-axis armature 
flux linkages with; the quadrature-aids armature current 

A paper recommended for . publication by tbe .AIBB committee on electrical 
machinery. Mahtiscript submitted October 16,* 1936; released for pubUcation 
November 6,1936. 

S. B. Crasy is ip the entinewing divition ^ the central-station departmeot. 
Blecbic Company, Schexiecta^, N. Y. 

1. Pot all numbered references see list at end of paper. 


An extension of the 2-reaction theory of 
synchronous machines as developed by 
R. H. Park is given in this paper for ma>^ 
chines having capacitance in the armature 
circuit. General equations for predeter¬ 
mination of the performance under certain 
abnormal conditions of machines having 
balanced 3-phase capacitance in the arma¬ 
ture circuit are presented. 


Gd{p) - operator relating the direct- 
axis armature linkages 
with thie direct-axis field 
excitation voltage 
Gq{p) » operator relating the quad¬ 
rature-axis armature flux 
linkagres with the quad¬ 
rature-axis field excitation 
voltage 

r =» armatixre circuit resistance 

e ts system, voltage 

Efd “ direct-axis field-excitation 

voltage 

Efq =» quadratitre-axis Add-exci¬ 
tation voltage 

ed “ direct-axis armature vol¬ 


tage 

eq => quadrature-axis armature voltage 

do zero-sequence armature voltage 

if/d ao direct-axis armature flux linkages 

^2 quadrature-axis armature flux linkages 

^0 zero-sequence armature flux linkages 

id =■ direct-axis armature current 

iq » quadrature-axis armature current 

*0 «=• zero-sequence current 

ea, Cht ec — phase voltages 

ia, ibt ie ^ phase currents 

'Pa, pb, Pe phase flux linkages 

To ^ open-circuit Add time constant in diectrical radians 

p = d/dt 

$ *= slip 

t = time in dectrical radians; unit time is the time required 

for the rotor to pass one dectrical radian at normal fre¬ 
quency 

S «= angular displacement in dectrical radians 

1 => Heaviside’s unit function 

General Analysis 

This analysis is based on the definition of an ideal 
synchronous machine as given in reference 1. A 
Imowledge of the material in references 1 and 2 by 
R. H. Park is assumed in the following devdopment. 
Park gives the following rdations; 

id § UtfCos® -h»&cos(ff — 120)-l- »f (cos0+• 120)3 ] 


- [«o sin -h ib sin (0 — 120) + ie (sin 0 -J- 120) ] 
o 


- [so cos 6 Hr cos — 120) H- Ce cos (0 -f- 120)] 
o 


— - [«a sin + eb sin (0 — 120) ■+• eg sin (0 120)] 

• O'- 


g l»®'« cos 0 •+• pb cos (0 — 120) -f Pc cos -4- 120)] 


— - [pa dn 0 + pb sin (0 ^120) -h pe an (& •H-.120)] 

O _ 

PPa — ria 
PPb -^rib / ■ 
ppe - ric ■ 
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ifd “ GdiP) Efd — Xd(P)id 

H “ GfiO>) Efq - Xq{p)iq 


( 5 ) 


If the effect of armature circuit capacitance is to be 
included, equations 4 become 


“ --[smfl^Va+sm(»-120)^V6+sm(d+120)/>V«:] - 
2 

- [cos0^^^a+cos(tf—120)^*-|-cos(®+120)^\^J;^ff— 


«a p^a 
eh - p ph 


PPe 


-(■+?)- 


or 


pea = p^Pa — {pr + Xe) ia 
peb - p*pb {pr Xc) ib 
pec ^ p*Pe — (Pr + Xc) ic 


Differentiating equations 2, 


a 

P^d =‘ - [cos 9 pea + cos {9 - 120) peb + cos {9 + 120) pee] - 
2 

- [tfa sin + eft sin {fi - 120) + eg sin (fi + 120)]/»d 

2 , . 

Pdt = - - [sm + sin (d-120) peb + sin (9 + 120)^c] - 

2 , 

- [ea cos + eft cos (9 -120) + e^ cos (9 + 120)]p9 

Using equations 2 and 7, equations 8 become 
2 

ped-eqp9=‘- [cos9p^a+co8(9-120)p»Pb+cos(9+120)p*pc] - 
2 ■ . 

- f [cos «^a + cos (5-120) pib + cos (5+120)^’c] - 

g Xc [cos 5«a+cos(5-120)*ft+cos(5+120)jc] 

2 

-- [siu5/»Va+sin(5-120)/»V>+sin(5+120)/>VcH- 


P0ppd—pdp*9 

Substituting equations IQ in equations 11, 

2 

- [cos ep*Pa + cos (5- 120) p*Pb + cos (9 + 120) p*Pe ]« 

[ (6) p»Pd - 2^5^, - Pa(^)* - PqP>9~ 

2 

- [sin 5 p*Pa + sin (9 - 120) p>Pb + sin (5 +120) p»Pc] = 
P*P<1 + ^poppd — Pq(P9)* + pdP*9 

Differentiating equations 1, 

I [cos5^a+cos(5-120)^i+cos(5+ 120)pie] » pid-igp9 - 
2,. . 

g [sxn5^a+sm(5-120)^ft+sin(5H-120)^cJ * piq + idp9 


(lib) 


( 12 ) 


\ (W) 


( 8 ) 


Substituting equations 1, 12, and 13 in equations £ 
and simplif 3 ring, 

P(dd—ppd+rid-hpgpd)+xcid = P9{eq—pPq-\-riq—pipd) (14) 

P{.eq—ppq-\-riq—pdp9)-^rxdq = —P9{,ed—ppd’¥nd-\-pqp9) (IS) 

The expression for the zero-sequence voltage may 
be obtained by substituting equations 6 in the equa¬ 
tion for the zero-sequence voltage given in reference 
2, equation6. Ths 3 delds 


2 , 

g r[sm5/>*o+sin(5-120)/»tft-f-an(5+120)/^VI + 
2 , 

g «e[sm5ta+sin(5 - 120)*ft+sin(5+120)»c] 


«b ■= ppi 

where 




(15a: 


(9) 


1^0 = g ipa + ^^ft + pc) 


*0 — g (»« + *6 + »e) 


Equations 14, 16, and 16o can be used directly ii 
][dace of equations 8, 9, and 10 of reference 2 in orde: 
that the effect of balanced armature curcuit capaci 
t^ce can be included in determining the performance 
of a s3aichronous machine. It may be noted that i 

Wtotoexi^equaacmsQintermsof direct-and tiom 14,*15,'^dT^‘thkt”givMby’^tioLl“9 

quadrature-ras quantities rather than phase quanti- and 10 of rtierence 2. ’’y 8. 9 

Sr.i 4 " 42 S,"^ 


tiating equations 3, 

2 

PPd^ g [cos5^,f-a+cos(5-120)^^ft-|-cos(5+120)/>^d-f^,/.fl 

ppq^ -| [sin5^^a+sm(5-l20)/»^ft-f.sm(5+120)^^c] -pdp9 
Differentiating equations 10, 

= |[cos5^V«+cos(5-120)^V5+cos(5+120)pVdI - 
g [aii 5 ^a+sm (5 - I 20 )^ft+sm( 5 + 120 )/.^c]^ 5 -f- 

PPPPq’^PqP*9 
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and 15 to problems mvolving the performance of 
synchronous machine and balanced capacitance. 

(10) Application to Self-Excitation 
of a Synchronous Machine 

The phenomenon of self-excitation of a synchro 
nous machine connected to a capacitive load or to 
systmn tluough series capacitance is evidenced b 
the building up of machine armature voltage t 
values whw^ are limited by macdiine or cnrcniit satura 
tion, it being impossible to control completely th 
^ te^nal voltage by variation in the field-exdtatio] 
(iia) voltage. A common cause for the occurrence of th 
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phenomenon is the coimection of a s)m.chronous ma¬ 
chine to a transmission circuit whose line-charging 
kilovolt-amperes exceed the line-charging capacity of 
the generator. The following analysis indicates the 
regions in which this phenomenon will and will not 
occur. Satiuration can be neglected in such an analy¬ 
sis as its effect is chiefly to limit the voltage of self- 
exdtation and not to alter the values of circuit con¬ 
stants which cause it to occur, except for the case 
when the initial excitation is high enough to produce 
appreciable saturation. 

Consider the case of a machine running at con¬ 
stant speed with constant excitation voltage and con¬ 
nected to a balanced shunt capacitive load or through 
a balanced series capacitance to an infinite bus, pd = 
(1—^), ^fd = AEft = 0. Substituting equations 6 
in equations 14 and 15 for these conditions and sim¬ 
plifying, 

P^d —(1 -s)eQ = {[(1 -sy—p*]xd(p) -pr-Xc}id+ 

(X-5)[2pXq(p)+r]iq (16) 

Pdq’^r{l-s)ed = —{l-s)[2pxd(p)’Yr\id-\- 

{[0.-s)*-pfl]xq{p)-pr-Xe}iq (17) 

Solving equations 16 and 17 simultaneously for the 
currents u and iq, 

{[p*+0.-sY\Zq{jp)-\-pxc]ed-¥ 

. ^ _ {[/>*+(! -.y)*] (1 -s)xq(p) - (1 -s)xe } gg (18) 

mp) 

{ [^*+(l--^)*](l-5)*d(/»)~(l-i)*4«rf - 

. _ I [P*-\-{l—s)*]Zd(P)-^PXe\ea _ (19) 

® A{p) 

where 

A(P) = [p*+(l-^)*][2rf(/.)2«(/>)-H(l-^)«»d(^)*g(^)]-H 

XelpZdip) +pZqiP) — (1 —s)*XdiP) — (1 syxqip) 4-*c] (20) 

and 

Zd(p>) ^ Pxdip)-^r Zqip) =’pXq(p)-\-r 

The currents id and will increase indefinitely if 
any of the roots of the denominator of the opera- 
tiopal egression for id and iq, which is obtained by 
rationalizing A{p>), have positive real values. There¬ 
fore, the criterion of Hurwitz“ or of Routh,'* for de¬ 
termining if a positive real root exists, can be used 
for tes^g whether or not self-excitation will occur 
for a giv^ set of machine and circuit constants. 

Equation 20 is a general expression which may be 
used for determining if self-excitation will occur in a 
salient pole or a symmetrical rotor machine having 
any number of rotor circuits. 

Using the roots of the denominator to determine if 
self-exdtation will occur is similar to the method 
employed by M. Takahashi.^ He analyzed quite 
completely ^e case of a symmetrical rotor machine 
wi^ a single rotor winding and to a limited extent a 
salient-pole machine with a single field winding. 
Wh^ tie same special cases were studied the results 
obtained from equation 20 were formd to be in gen¬ 
eral agreement with his work. 

An analysis^ by Rudenberg^® based on graphical 
methods describes the chief aspects of the phenome¬ 
non and c^ be used for determining the effect of 
saturation in limiting the voltage of self-excitation. 


The graphical method of analysis is limited, however, 
in that it cannot be used for a quantitative determi¬ 
nation of the effect of additional rotor circuits on the 
regions of self-excitation. 

Consider the special case of a salient-pole machine 
running at synchronous speed, with no rotor circuits 
other than the direct-axis field circuit. For this 
case, .r = 0, 

xd'TcP-\-xd 

and 

Xqip) “ Xq 

Substituting these values in equation 20 and 
rationalizing, the operational expression for the de¬ 
nominator of the currents is 

D{p) = XgXd'T^P* + 

[xdXq. -I- rTe{xd* + X^\P* + 

[2x^d'Ta -f- r{xd + afj) -1- ToXe(x'd -h Xq) -|- Tof^p* -f- ’ 
l2xdXq + rToixd' -I- Xq) -h Xc(xd + Xq) + + ro2rxc]p* + 

[x^d'To-\-r(xd+x^ — ToXc{,xd'-\-x^+2rxc+To{xc^-\-r^)]p + 
[xdXq - xe{xd -f »ff) + -H r®] (21) 

Self-excitation will occur if any of the roots of D{p), 
equation 21, have a positive real value. 

For the numerical case of 

Xd “ 1.0, Xd! “ 0.30, Xq = 0.6, To « 1,000, and T. *= 0 

the regions of self-^dtation are shown on figure 1. 
The shaded area is a region of self-excitation for the 
case of To = 1,000 as w^ as for the case when To ~ 
0, indicating that the phenomenon of self-excitation 
is possible in a salient-pole machine for the condition 
when the field circuit is open. For normal values of 
armature resistance, r, when the field circuit is 
closed, self-excitation occurs for values of Xc between 
Xd and Xd. 

Armature Resistance Neglected. For the case of r 
= 0, equation 21 reduces to 

I>{p) = Xd'XqToP* + XdXqp* + To[2xd^Xq + Xc{Xq + Xd')]p^ ■+■ 

[2xdXq + + w)] p* -\r To[xd'xq — xeixq + Xd') -l-ace*] p -f- 

[xdXq — XeiXq -f Xd) + Xc*]p (22) 

By applying Routh’s criterion the following array is 
obtained (common coefficients which are positive in 
value are omitted following the first 2 rows): 

Xd'XqTo TA2Xd'Xq-\-Xc{Xq’^Xd')] TQ[xd'Xq’-Xe{Xq+Xd')-\-Xe*] 

XdXq [2xdXq-\-Xc{Xq-^Xd)\ [XdXq—Xc{Xq-\-Xd)-\-X^] 

Xq [Xc-Xq] 

Xq[3xd+Xe] [xd-Xe][Xq-Xe] 

[Xc—Xq] 

\xe—Xq]lXd-Xc\\Xq-Xc] 

Therefore, self-exdtation occurs when 

Xc<Xq and Xq<Xc< Xd or Xc<Xd (23) 

Accordingly, with zero resistance the phenomenon of 
self-exdtation can occur for any value of capacitance 
less than that corresponding to the direct-axis syn¬ 
chronous reactance. Practically, however, as shown 
in figure 1, only a small amount of resistahce de¬ 
creases the range of self-exdtation from {xd to 0) to 
XdtoXd'). 

Field Switch Open. For the case of To = 0, equa- 
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tion 21 yields the following array when Routh’s 
criterion is applied: 


»<iiCa—3S« (acd+JCj)+afc®+r* 
0 


Xd»q tiXdXq+Xc{Xd+X^-{-r* 

riXd-\-Xqi 

/ \ { iXd-{-Xq)xdXq—Xe(Xd-\-Xg)^ 1 

. \ / 1 +(af«*+f*)(*d+«fl) / 

f 2(«d+»B)*4'2r*(«rf+*a) I 
[xd;xq-Xc{pcd^-x^-\-{xc*-\-r^)] 

Therefore, the values of Xc which will result in self¬ 
excitation when the field circuit is open are 

Xd-]rXq - \/ {Xd-Xq)' — 4f^ ^ ^ ^ Xd+Xq + V 

2 2 

If == Xq, which is the case of a machine with lami¬ 
nated cy^iidrical rotor, self-excitation cannot occur 
when the field circuit is open. Equation 24 de¬ 
scribes the region of self-excitation for values of Xe 
between Xd and Xq as shown in figure 1. 

Infinite Field Time Constant. For the case of To = 
00 equation 21 yields a similar expression to tiiat 
obtained for the case when To = 0 except Xd' replaces 



0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 

ARMATURE RESISTANCE r,OHMS 

Fig. 1 i Regions of self-excitation for a salient-pole 
synchronous machine 

=*1.0 Xd' « Xd' » 0.30 

" Xq' - Xj » 0.60 r, - 1,000 

Shaded area applies for field circuit opened or closed 
Dotted line applies for 7, « « (approximate solution) 


Xd. Accordingly, the values of Xc which will result in 
seH-exdtation when To = » are 


capacitive reactance between Xa and x/ for a machine w'ithout an 
amortisseur will result in self-excitation. 

4. A value of series armature resistance greater than both (xa—Xg)/2 
and (xg — XaO/2 will prevent the phenomenon from occurring, 
for a machine without an amortisseur. 

5. The above results are a theoretical explanation of the difticulties 
sometimes encountered (a) when a capacitance shunt load greater 
than the line charging capacity is cotmected to a synchronous ma- 
chine and (b) when a ssmchronous machine is connected to a source 
of voltage through a series capacitance. 

Applications to a 3 -Phase Fault 

Equations 14 and 16 will be applied to the case of 
a 3-phase fault on a syndironous madiine running at 
synchronous speed initially open-circuited having 
capacitance in its armature circuit. This is also 
equivalent to suddenly throwing on a capacitive load. 
The currents id and iq for this case can be determined 
by substituting ed = 0, eq — — eqg i, and .y = 0 in 
equations 18 and 19. This yields 


(p^ -i- l)3gg(^) - Xe 

A(p) 




. + i)Zd(p) + PXe ^ 

- m 


(26) 


(27) 


where A (p) is given by equation 20 with ^ = 6. 

Equations 26 and 27 are operational expressions for 
the currents id and iq which can be solved by means 
of Heaviside’s expansion theorem, the roots of the 
denoniinator being determined by means of Graeffes^^ 
root-squaring mefiiod. Having determined the cur¬ 
rent id and iq, the phase currents 4, ib, and % are 
obtained by substituting in equation 14 of reference 2. 

The general solution of the operational expressions 
for the current, particularly when the effect of more 
than one rotor circuit is considered, involves a great 
deal of algebraic work. However, considerable in¬ 
formation as regards the phenomena being studied 
can be obtained by making use of certain simplifying 
assumptions. The following is an example to illus¬ 
trate ^is. 

Suppose that it is required to determine the maxi¬ 
mum possible voltage which may occur across the 
terminals of a S3mclironous machine when it is sud¬ 
denly thrown on to a very large capacitive load. This 
also corresponds to the case of a short circuit occurring 
on the system side of the capacitance of a machine 
having series capacitors in its armature circuit. Let 
the machine and capacitor constants be as follows: 


xd'+Xa-^/ (j:rf'-»fl)*-4r* xd'+Xg+\/0c?^^^x^)*^C^» “ 0.36, r - 0.06, To = 1.000, Xc - 0.20 

- —r— - <X6< -- ' (25) 4.1.- 1 iJ. Z- J.-L 


(?5) 

Equation 26 is a good approximation to the actual 
case when To is large for the region between and 
Xd as^shown by figure 1. 

This section may be summarized as follows: 

h ^ machine having rotor circuits additional to the field; 
circuit, the regions of stif-excitatibn can be determihed by numeric^ 
substitution in equation 20 . ■ : 

2. For tn^ practical purposes the regions of self-excitation can 
be detemuned by equations 24 and 26 for the case of a syn¬ 
chronous mabhine without an amortissevur winding. 

3. Pot hormal values of armature circuit resistance, values of 


From the values chosen it is apparent that the 
value of capacitance of 0.20 does not lie between Xd' 
and Xd and therefore it will be assumed that self- 
excitation does not occur for these constants. Prac¬ 
tically, for this assumption to be valid, should be 
definitely less than ac/ by a small amount, as the 
effect of saturation, ys'hidi has been neglected, is to 
reduce the effective value of transient reactance. 

The maximum short-^circuit curr^t can be calcu¬ 
lated oh the basis that To =* «» ^d r =0, which neg¬ 
lects the decrements in current and voltage. This 
results in a fair approximation for the current and 
voltage during the first few cycles after the fault is 
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applied and in a considerable simplification in the 
algebraic work. For these conditions equations 26 
and 27 yield 




*2 = 


0.60 + 0.40 


0.21 + 0.61 + 0.06 
0.35 +0.55 


0.21 />« + 0.61 ^2 + 0.06 
which gives 

id = 6.67 - 0.81 cos 1.67 1 - 5.83 cos 0.32 1 
iq = 0.452 sin 1.67 i + 2.82 sin 0.32 1 

Substituting the values of id and iq in 

id — id cos (/ + «)— iq sin (/ + a) 

and simplifying, 

ia — 6.67 cos (/ + «)— 0.63 cos (0.67 1 — a) — 4.33 cos (0.68 f — «) 
- 0.18 cos (2.67/ + «) - 1.51 cos (1.32 1 + a) 

The voltage across the capacitor is 




iadt 


= 1.33 sin (i + a) - 0.01 sin (2.67« + a) - 0.23 sin (1.32 1 + «) 
- 1.29 sin (0.68 / - a) - 0.19 sin (0.67 1 - «) 

indicating a possible maximum transient voltage 
across the capacitor of 3 times normal. The actual 
maximum voltage across the capacitor would be 
somewhat less because the effect of armature circuit 
resistance, which was neglected, would be to damp 
out the components having frequencies other than 
normal frequency. The voltage across the capacitor 
immediately after the armature circuit transients 
have died away corresponds to that given in the first 
term of the above expression for voltage. 

From these results, the conclusion is reached that 
dturing the first few cycles immediately following the 
short circuit, the voltage across the capacitor will be 
from 1.3 to 3.0 times normal line-to-ground voltage, 
depending upon the value of armature circuit re¬ 
sistance. 

The sustained voltage is 

0 20 XI 

“ i~ b ~ -. 0 20 ^ ^ 

By these coinparatiyely simple calculations, it is 
evident that the transient voltage across the capaci- 

than that corre¬ 
sponding to the sustained voltage, and that the maxi¬ 
mum possible voltage is approximately 3.0 times 
normal* 

Approximate Field Time Constant, An approxi¬ 
mate value for the time constant of the field circuit 
under the condition of capacfitive load can be deter- 
n^ed by dividing the coeffideht of p^ by the coefii- 
cient of p® in equation 21. This yields, when terms 
in the coefficient for pV which do not include To are 
neglected, 

■ _ {xd-Xo){Xq-Xc)^r^ 

This time constant is valid only when Td^ and To 
are comparatively large. Although approximate, it 


does indicate with good accuracy the values of Xe 
which will cause Td' to become negative and accord- 
ingly produce self-excitation. 

Application to Small Angular Oscillation 

Park gives for the change in electrical torque for 
small changes in angular displacement of a syn¬ 
chronous machine connected to an infinite bus 
(equation 60, reference 1) 

Ar = [pdf>-\-idt^q{p)\ Aiq — [lAffO + iqoXdiP)] Aid (29) 

By substituting the following relations in equations 
14 and 15, Aid and Aiq can be determined: 

pd ®= Pdo + Apd 6d = eda + Aed id = ida + Aib 

pq =^^' 50 + Apq Cq =» Bqft + ACq iq = iq^ + Aiq 

= 1 + pAh 

This 3 delds, 

tfgo *= Pdi + *15 — J* »fl0 \ 

ed& = —P^ — xciqo — rido y ' 

and 


pA$d~ Aeq—eqapAS=*p^Apd — 2pApq — 2pdap A6-~ Apd-~ 

pqop^AS—rpAid + rAiq + riqapAS—XcAid 

pACq + Add edopAS^p^Apq -^2pApd—2pqaPAd — 

Apq -{•pdaP^AS—rpAiq—rAid—ridipAd-'XeAiq 

pdo = Bfd—Xdido 

Pqo 

Substituting equations 32 in equations 30 and 
solving for the initial currents, 


(31) 


(32) 


ido = 


tjo 


Bfdjxq -- Xc) — jxq — Xe)e cos gp ~ r gangp 
(.xd-xe)ixq - Xc)-jr 

Bfdr — er cos So + (xd — xe) gsin 8o 


(33) 

(34) 


ixd-Xc){Xq-Xc)+r* 

From equation 28 of reference 1, 

crf =* e sin (8o + AS) Cq => ecoa (So + AS) 

Since AS is small, 

Aed =* e cos So AS As^ *= — « sin So AS 

Also from equations 5, 

Apd — — Xd{p) Aid • Apq «= — Xq{p) Aiq 

Substituting these relations in equations 31, 


(3S) 


[ —e cos So — 2pqiiip + pdoP* — HdoP] AS = 

[2pxdip) + r]Aid + [P%{p) - Xqip) + rp-^ Aiq 

[—esin So — 2pdftp — pq^p* + r»go^»] AS = 

■{p*xd{F) — *rf(/>) 4? fp + Xe] Aid - [2#»*g(/>) + r] A*g 

Equations 36 can be solved for Aid md A4 and 
substituted in equ^ation 29 for the incremental 
torque. Therefore, ; 

: AT ^ f{p)AB ; 

The response to a sudden change in the dectrical 
angular displacement, A51, ma,y be determined by 
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Proposed Transformer Standards 


By J. E. CLEM 

MEMBER AIEE 


1—^Transformer Insula¬ 
tion Levels 


D uring previous years 
the transformer subcom¬ 
mittee established iusur 

lation levels for transformers connected to circuits operat- 
ing at standard voltages. These requirements have been 
passed on to the ASA sectional committee on transform^ 
(V. M. Montsinger, chairman), and on to the standards 
sub-committee (W. M. Dann, chairman). The ASA trans¬ 
former standards subcommittee has taken these insula¬ 
tion levels and incorporated them in the standards with 
slight modifications not affecting the fundamental require¬ 
ments. A memorandum of the proposed ASA standards 
was submitted to the transformer subcommittee and 
approved with minor changes and recommended for 
immediate use. These proposed standards follow and are 
essentially as given in the proposed ASA transformer 
standards as material in Sections II, III, and IV. 

A— Standards Common to 

Transformers, Regulators, and Reactors 

Insulation Level, Table I gives the relations between 
established rated circuit voltages, limits of rated apparatus 


During the past 2 yean the AIEE transformer 
subcommittee* has proposed changes in the 
AIEE transformer standards/ this paper is pre¬ 
sented to bring these changes before the Institute. 


Table I 


Rated 

Circuit Voltage 
Volts 


Limit of 

Rated Apparatus 
Voltage— 'S.y 


Basic Insulation LotoI 

Impidse Test Alternating 

Gap Spacing— Voltage Dielectric 
Inches Test—Kv 


120 

240 

480 

800- 

2,400 

2,500. 

. 1.2. 

. 0.8. 

. 1 A 


4,160 

4,330 

4,800. 


. 2 2 


6,900... 


. .2 


11,500 

13,800. 

26,000... 


. 4.5. 

. 7 1 

.34 

34,500...... 


.10 2 


46,000. 


.la J5 


89,000. 


__ 20 a 


92,000.. i... 


.27 a 


116,000. 

138,000...... 

161,000.. 

196,000.. 

230,000. 

287,600. 

345,000...... 


. 84 7 . 



.49.0. 

....,.,461 


Note 1—apparatus is suitable for wye connection, the name plate shall 

^uired baste msidation level and bushing requirements. For examole if a 
‘ 5**? voltage of 8,900/11,960Y the name ’plate 
be marked accori^ngly and the transformer will be in the 16-kv insulatioii 

Note 2-Exceptions to these standards wlU be found in the specific sections. 


voltages, and required basic 
insulation levels, for trans¬ 
formers and other induction 
apparatus covered by the 
standards. Column 1 gives 
the values of established 
circuit voltages. Column 2 gives the limits of rated 
apparatus voltages permissible for the corresponding 
insulation levels. Columns 3 and 4 give the required 
standard insulation levels in terms of the spacings of rod 
gaps used in making impulse tests, and of the low-fre¬ 
quency dielectric test. 



A bank of modern large transformers 

B—Standards for 

Distribution and Power Transformers 

In the ASA standards for distri]pution and power 
transformers the same introductory paragraphs and the 
table will be reproduced, with footnotes essentially as 
follows: 

Note 1—^When transformers are suitable for wye connection the 
name plate shall be so marked and the circuit (line-to-line) voltage 
rating shall determine the insulation level. For example: 
Single-phase transformers for 8,660 volts or below shall be suitable 
for connection in star (wye) and shall be capable of withstanding 
tests as shown in table II. 

C—^Standards for Instrument Transformers 

In the ASA standards for instrument transformers the 
introductory paragraph on insulation level is again repro¬ 
duced, with suitable wording to make it apply to instru- 

A paper recommended for publication by the Al EE committee on electrical 
machinery. Manuscript submitted September 18, 1938; released for publica¬ 
tion November 26, 1936. 

J. E. Clbm is electrical engineer in the central station department of the General 
Electric Company, Schenectady, N. V,; he was chairman of the transformer 
subcommittee* of the AIEE committee bn electrical machinery, 1934-38. 

^Personnel of Transformer Subcommittee of AIEE Committee oh Electrical 
Machinery, 193S-36: J. E. Clem, ehairman; G. M. Armbrust, F. F. Brand, 
E. 8. Bundy, F. A, Lane, A. C. Monteith, L. C. Nithols, J. R, North. H. J. 
ScholZf E, p. Treanor, and F. J. Vogel. 
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Table II 


Table IV—Insulation Requirements for Current Limiting 

Reactors 


_ Alternating Voltage 

Transformer Impulse Test Gap Dielectric 

Voltage Rating Spacing—^Inches Test— 


Single-phase transformers 

2,400 delta/4,160 star.2.2. 19 

4,800 delta/8,320 star. 3.3.26 

6,900 delta/11,950 star.4.5.34 

3-phase transformers 

2,400 delta or star..1.6.16 

• 4,800 delta or star.2.2. 19 

6,900 delta or star.3.3.26 


(The reference to table II appears as a note in the main table opposite 1.2-2.5- 
5.0-8.66 kv transformer voltages.). 


Note 3— Exception —Transformers designed to permit star-connected operation 
on drcuits of 92,000 volts and above with the neutral solidly grounded, may be 
designed, when so specified, to be capable of withstanding only an induced- 
voltage test corresponding to that required for the next lower rated circuit 
voltage class. 

Note 4—Transformers may be provided with regulation taps for voltages not 
exceeding 10 per cent above the rated circuit voltage. 


Low-Frequency Dielectric Test Applied 
limit of Voltage— 

Rated-!- 

Apparatus Oil Air 

Voltage— Insulated Insulated 

Kv 


1.2 

2.5 

5. 

8.66 
15.0 
26.0 
34.5 
46.0 
69.0 
92 
115 
138 
161 
196 
230 
287.6 
346 . 


. 20 
25 
30 
40 
60 
85 
115 


Table III 

Alternating Voltage 


Transformer Impulse Test Gap Dielectric 

Voltage Rating Spacing—^btches Test—E t 

Single-phase transformers 

2,400 delta/4,160 star.2.2. 19 

4,800 delta/8,320 star.3.3....26 

6,900 delta/11,950 star.4.6....34 

3-phase transformers 

2,400 delta or star.1,6. 15 

4,800 delta or star.2.2. 19 

6,900 delta or star.3.3. 26 


(The reference to table III appears as a note in the main table opposite 1.2-2.5- 
5.0-8.66 kv transformer voltagea) 

Note 3—^The next-lower insulation level may be specified when it is adequate. 
For exampie: 

(o) For potential transformers for 15 kv or below when exposure to impulse 
voltage is low. 

(5) Exception —^Transformers designed to permit star-connected operation on 
circuits of 92,000 volts and above with the neutral solidly grounded, may be 
deugned, when so specified, to be capable of withstanding only an induced 
voltage test corresponding to that required for the next lower rated circuit 
voltage class. 

Note 4—Voltage ratings of current transformers are the maximum voltages 
for which they are applicable. For co-ordinated insulation, current trans¬ 
formers having the same test-gap rating^s as other apparatus in the circuit 
should be selected. 


ment transformers, together with the table, and the 
footnotes are essentially as follows: 

Note 1—^When potential transformers are suitable for wye connec¬ 
tion, the name plate shall be so marked and the circuit (line-to-line) 
voltage rating shall determine the insulation level. For example; 
Single-phase potential transformers for 8,660 volts or below shall 
be suitable for connection in star (wye) and shall be capable of 
withstanding tests as shown in table III. 


tests. Since that time the wording designating the tests 
has been changed to the following: 

(a) Apply a wave just sufficient to cause flashover of the specified 
test gap under existing conditions of humidity and air density. 

(b) Apply a wave sufficient to cause flashover of the bushing. For 
this test the applied voltage must be at least 6 per cent in excess 
of the standard minimum flashover voltage for the standard bushing 
under standard conditions of humidity and air density. 

Note—When oversized bushings are used they shall be equipped with suitable 
gaps to provide the same standard minimum impulse flashover as for the stand¬ 
ard bushing. 

(c) Apply a wave having a crest not less than 90 per cent of the 
standard minimum flashover voltage of the standard bushing under 
existing conditions of humidity and air density. No flashover of 
the bushing shall occur during the test. 

Standard atmospheric conditions for these tests are a 
t^perature of 26 degrees centigrade, air density corre¬ 
sponding to 760 millimeters of mercury and a humidity 
corresponding to a vapor pressure of 15.46 millimeters. 

These changes in wording are the result of changes 
made from time to time to make the test requirements 
more explicit. 

3—Insulation Requirements— 

Current Limiting Reactors 

There are, in general, 2 types of construction for current- 
limiting reactors—oil insulated and air insulated. The 
insulation has in practice departed somewhat from former 
Institute standards and the ASA sectional committee 
has modified these values in accordance with table IV 
and the AIEE transformer subcommittee recommends 
that these values be put into immediate use. 


2—Impulse Tests on Transformers 4—Transformer for Mercury Arc Rectifiers 

The transformer subcommittee does not agree with the 
present recommendations of the merctury arc rectifier. 
Subcommittee for the insulation of mercury-arc-rectifier 
transformers. It recommends higher test voltages based 
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Initially the impulse test code required 6 . tests to be 
made. In the “Recommended Transformer Standards” 
by Putman and Clem, published in ELEcn:RiCAL Engi¬ 
neering, December 1934, this was changed to require 3 

















































Table V 













D-C Voltage 
—Volts 

Limit of Rated 
Apparatus 
Voltage 
—Kt 

Alternating Voltage 
Dielectric Test 
—Kt 

0- 700. 



701- 1,600. 



1,501- 3,000. 



3,001- 5,000. 



6,001- 8,760. 



8,761-16,000. 



16,001-20,000. 




on voltage classifications which agree with those for other 
transformers. 

It is reasonable to insulate primaries of rectifier trans¬ 
formers according to conventional transformer practice. 
The secondaries of these transformers are not, as a rule, 
exposed to lightning directly, and, accordingly, the next 
lower insulation level might be considered. However, 
the secondaries are exposed to overvoltages inherent in 
the Qperation of the rectifying equipment, so that a re¬ 
duction in the low-frequency dielectric test does not seem 
advisable. Accordingly, the insulation of the secondary 
windings of these transformers should also follow con¬ 


ventional transformer practice after the proper insulation 
class of the transformer secondary winding has been 
agreed upon. However, the iqipulse tests for other 
transformers have been set up with overvoltages for 
lightning in mind. Rectifier transformers are subject 
only to overvoltages inherent in their operation which 
may be different in their character and frequency of 
occurrence, and, therefore, it seems advisable to study the 
question of the proper impulse test furt he r. 

There might be some question as to the secondary volt¬ 
age rating to be used in selecting the insulation level on 
account of the variation in connections used to obtain 
the same d-c voltage. This occurs because the trans¬ 
former secondary voltage for the same d-c voltage may 
be different for different schemes of connections. It 
appears reasonable that the most consistent results would 
be obtained if the d-c voltage was made the basis for 
determining the voltage class. It was agreed that the 
voltage class should be determined by the formula: 

Voltage class = 2 X d-c voltage 
1.17 

The rated d-c voltage divided by 1.17 gives the corre¬ 
sponding open-circuit voltage to neutral of the rectifier 


Table VI* Bushing Characteristics 

Wermen Larger th.n 500 Ky. (Power). Trenrfonnerr 500 Kve ..yj Smaller (Diatrlbulion) 


Power Transformers 


nistribation Transformers 


Rated Maximum Rated Equivalent 
Circuit Apparatus Rod 

Voltage—K t Voltage—K t Gap—Indies 

(1) (2) (3) (4) 


Impulse 

Flasliover 

Kt 

(S) (d) 


60-Cycle 

Ftashover 


Dry— Kt 
(«) (8) 


Wet— Kt 
(7) (8) 


Equivalent 

Rod 

Gap—Inches 
(3) (4) 


Impulse 

Plashover 

Kt 

(S) (6) 


60-Cycle 

Flashover 


Dry—^K t 
(6) (8) 


Wet—K t 
(7) (8) 


0.12 

0.24 

0.48 

0.60....., 
2.4 

2.fi . 

4.10 

4.38 

4.80...... 

6.9 


1.2 

2.5 


11.6 

13.8 

23.0 

34.5 

46.0 

69 

92 

115 

138 

161 

196 

230 

287.5 

345 


.. 6.0 . 

■. 8 . 66 . 

.. 16.0 . 
.. 25.0 . 
.. 34.5 . 

. 46.0 . 
.69 , 

.92 . 

.115 . 

.138 . 

.161 . 
.196 . 

.230 . 

.287.6 . 
.345 .. 


2.25. 


3.4 

4.5 


64. 


82. 

98. 


26. 


40. 

60. 


.. 12 . 


0.876. 


.. 6.76. 

. 8.1 . 

. 11.4 . 

. 16.0 . 

. 22.3 ., 
. 29.6 ., 
. 36.7 .. 
. 44.0 .. 
. 61.2 ,. 
. 62.3 ., 
. 73.0 .. 
. 92.3 .. 
. 110.6 .. 


. 120 . 

. 160. 

. 216. 

. 270. 

. 386. 

. 600. 

. 600.. 
. 710.. 
. 816., 
. 080:. 
.1,136.. 
.1,400.. 
.1,675.. 


. 66 . 

. 85. 
.116. 
.160. 
.215.. 
.280.. 
.340., 
.406.. 
.460.. 
.656.. 
.640.. 
.760., 


. 27. 

. 86 . 

. 46. 
. 60. 
. 85. 
.120. 
.166. 
.210 
.260 
.310 
.366 
.430 
.600 
.610 


. 2.3 
. 3.5 

. 4.7 
. 7.5 
.10.6 
.14.1 
.21.6 


... 35.... 


... 66.... 

.27.. 

... 83..., 


...102.... 


...160.... 


...200,... 


...256.... 


...375.... 



18 

27 

37 

55 

80 

105 

165 


For cmcuit voltages 92 kv and above use. power 
transformer bushing values. 


L 


circuit voltages recommended in the 

""" "““W* ■■“"MW the 

are tested in paialiel at ininimum 

theequivdentgapaudbd^^^^ 

34'' 


flashover voltage with the 1.5x40 microsecond positive 
and tolerance of rod-gap flashover data agte^ upon 
2 ft subcommittee on correlation of laboratory data, September 

note%^^’ tolerance applies to the recorded flashover voltage wily (see 

w ««diao» 

w values based on 0.1-m<* precipitation 

n^™*’*^* 45 degrees with water having a resistivity of 12 000 

ohms per centimeter cube and at standard air density. 

nmr OH the OO^cle dry- and wet-flashover voltages shall be 6 

per cent under standmd conditions of air density and humidity. . 

9, All flashover values are based on the revised sphere-gap . calibration data 
agreed upon by the sphere gap calibration subcommittee of the instruments 

EtBCxmcAi. ENop«BHSG,'pSrS^ 
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transformer for any half wave 3-phase connection or 
double-Y connection with interphase. For the same d-c 
voltage, 6 or more phase half-wave connections have 
slightly lower corresponding transformer open-circuit 
voltages; single-phase connections, which are not common 
in power sizes, have somewhat greater open-circuit volt¬ 
ages. Commutation effects will, in general, result in a 
slightly higher a-c/d-c voltage ratio than at open circuit. 
Twice the maximum a-c voltage to neutral of the trans¬ 
former secondary winding is equal to or greater than the 



Duration 
of . 

Lodd 

Lodd In 

Multiples of 

Gintinuous Rdtins 

Curve 

4 seconds . 

.25 . 


10 seconds. 

.13.7. 


30 seconds. 

.. 6.7 .i 


60 seconds. 

. 4.75. 


5 minutes. 

. 2.8 .,, i 


30 minutes . 

. 1.85 . . 


60 minutes . 

.1.6. 


2 hours . 

. 1,4 ./ " 


5 hours . 

. 10 . 




maximum a-c voltage between secondary bushings gtiH 
so is used to define the voltage class. 

Application of this, formula gives the following, with 
some slight rounding off of values; 


NEMA-EEI laboratory subcommittee on correlation of 
laboratory data revised the rod-gap flashover data which 
in turn required a slight change in the tabulation bushing 
impulse-flashover voltages. The standard bushing char¬ 
acteristics with these changes shown in table VI was ap¬ 
proved and is recommended for immediate use. 

Tests to verify the flashover of bushings should be 
made on the basis of the new calibration curve and the 
new flashover values. If, however, it is required to 
verify the old fl^hover values then the old calibration 
curves shall be used. 

6 — ^TJse of Sphere-Gap Calibration Curves 

Since the subcommittee of the instruments and measure¬ 
ments committee on sphere gap calibration has revised 
the sphere-gap calibration curves, it is recommended that 
these new calibrations be put into immediate use in the 
testing of transformers. The new calibration curves have 
been published on page .783 of the July 1936 issue of 
Electrical Engineering. 

The new calibration curves are given only for the case 
of one sphere grounded. It was recommended that these 
same curves also be used for the case of nongrounded. 
spheres, providing the ratio of gap spacing to sphere 
diameter does not exceed V** A review of the data 
indicated that with this precaution the error will be quite 
small. 

7— Short-Time Heating and 

Overloading of Distribution Transformers 

The subcommittee’s report on the short,time over¬ 
loading of oil-immersed power transformers were given in 
a paper entitled “Overloading of Power Transformers” by 
V. M. Montsinger and V. M. Dann, Electrical Engi¬ 
neering, October 1934, page 1353. Since that time the 
subcommittee has drawn up a guide for the short-time 
heating and overloading of certain sizes of distribution 
transformers. These curves apply to transformers 100 
kva and smaller below 15,000 volts, and to, network 
transformers 500 kva and smaller. Other distribution 
transformers are covered by the paper just mentioned. 


Required Insulation Level of 
Transformers for Mercury Arc Rectifiers 

PRiMARy Windings 

The primary windings of rectifier transformers shall be insulated 
in accordance with standard transformer requirements. 

Secondary Windings 

The secondary windings of rectifier transformers shall be insu¬ 
lated in accordance with table V. It is recommended that this 
practice be put into immediate use. 

5—^Bushing Standards 

Due to recent changes in the sphere-gap calibration 
curves it became necessary to modify the 60-cycle flash- 
over data of transformer bushings. In ad^tion the 
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Guide—-Sbort-Time Heating and 
Overload—^Distribution Transformers 

Distribution transforniers operate under varying load¬ 
time curves, generally with relatively low load factor. 
It is possible to apply higher than rated load for short 
periods without encroaching too seriously on the life of 
the insulation or the oil. Since the shape of the load 
curve is variable from day to day and from season to 
season, and is not subject to easy control, there is no 
exact method of calculating the correct size of transformer 
for a given location. 

The deterioration of insulation proceeds at different 
rates, depending upon the temperature, and the end point 
is not definite unless sonie characteristic is arbitrarily 
chosen. Calculations of the life on the basis of assumed 
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load curves are therefore of somewhat uncertain value. 
Many such calculations integrating the effect of time and 
temperature have been made, however, and they tend to 
check data from experience which in itself is not exact, 
but this agreement gives some foundation for setting up 
a curve which should prove a useful guide in overloading 
distribution transformers without materially affecting the 
length of life which has been obtained in the past. 

Such a curve representing the magnitude and duration 
of permissible daily overloads starting at no-load tem¬ 
perature has been compiled and is shown as that portion 
of figure 1 for times longer than 5 minutes, curve B. 
This section of the curve should be of value in the appli¬ 
cation of distribution transformers, particularly in deter¬ 
mining the economic size of transformer required to carry 
the expected load, with due regard for short-time peak 
overloads. 

The short-time portion of the curve, that is, for times 
less than 5 minutes, curve A, is based on what may be 
termed, in general, short circuits, whose occurrence is 
accidental and not premeditated as with a daily recurrent 
load. They may occur at any time, and hence the worst 
condition—occurrence after full load—^must be assumed. 
The frequency with which they occur can only be esti¬ 
mated. This portion, curve A, of the curve will be u^ul 
in the application of primary fuse links or network trans¬ 
former fuses to meet thermal protective requirements. 
This portion of the curve is essentially a time-current 
curve of distribution transformers based on not reducing 
their normal expected life. A fuse link to provide thermal 
protection for such a transformer should lie below and 
to the left of the transformer curve. The inherent thermal 
ability of fuse links is much smaller than that of the 
transformer windings and therefore it cannot be expected 
that such links will provide thermal protection for periods 
exceeding approximately 5 minutes. 

The short-time portion, curve A, of the curve may also 
be used to determine the ability of distribution trans¬ 
formers to operate as grounding transformers only, and 
to indicate the required time and current settings of pro¬ 
tective devices used in the neutral of such transformers to 
clear them in the case of sustained faults. If distribution 
transformers connected as grounding transformers are 
also required to carry load, it should be recognized that 
the probable more frequent occurrence of line-to-gtound 
faults will result in a shorter life than if the transformers 
were operated as normal distribution units subjected to 
occasional secondary faults. In addition, the normal im¬ 
pedance of distribution transformers is usually too low 
for them to function as grounding transformers unless 
additional extern^ impedance is added, thus requiring a 
study of each particular case. 

These 2 proposed curves are blended In form a com¬ 
posite continuous curve based on the limiting condition of 
a 30-degree daily ay^age ambi^t. For lower ambients 
the same increase of load may be permitted as has been 
standardized for use on power transformers, one per cent 
for each degree below 30 degrees centigrade, but no further 
increase shall be made below a temperature of zero degrees 
centigrade. 


Continuous duty on distribution transformers in high 
ambients is so unusual as to constitute a special situation 
which should be presented when transfonners for such 
service are purchased. 


Two-Reaction Theory of Synchronous Machines 

{Continued from page 31) 

evaluating f{p) by Heaviside’s expansion theorem. 

In tie manner shown by Park® the synchronizing 
and damping component of electrical torque can be 
determined for any sinusoidal angular oscilation by 
introducing a system of vectors rotating at s per unit 
angular velocity, where 

Ad = [ Ad] sin St, 

Ts — real part of f{jS) 
sTd == imaginary part of f(JS) 

In using the method outlined in this section for the 
study of sustained hunting or oscillation of a syn¬ 
chronous madbine connected through capacitance to 
a system, it was found that the capacitive reactance 
could be subtracted from the external inductive re¬ 
actance and the problem analyzed in the usual man¬ 
ner with good approximation, for those cases when 
the natoal oscillation frequency of the machine being 
studied was small compared with normal frequency 
of the terminal voltage. 
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Sealed-Off Ignitrons for Welding Control 


By DAVID PACKARD J. H. HUTCHINGS 

ASSOCIATE AIEE ASSCOATE AIEE 


I N THE PROCESS of resist- Accurate control of hi' 
ance welding, parts to be welding may be obtainei 
welded are placed between cathode tubes capabi* 
high-conductivity electrodes, amperes in impulses of f 
pressure is applied, and an to several seconds durati 

impulse of current passed design principles and m 4 

through the electrodes and tubes of the i 

work. The region of highest 
resistance, where most of the 

heat is developed when the current flows, is the point 
of contact between the pieces being welded. 

When making large welds, very high currents are re¬ 
quired to produce sufficient heat to melt the metals. 
It is desirable to accomplish this heating and subsequent 
cooling very quickly so that the melted zone does not 
travel from the joint through the pieces to their outer 
siufaces. In this way short weld timing leaves a bridge 
of cooler metal adjacent to each electrode, thus mintTniying 
oxidation and deformation. This short timing, if coupled 
with high accuracy of current and time control, simplifies 
the welding of metals otherwise very difficult to weld. 
Thus there are encountered 2 principal requirements of 
any device used to control current to a resistance welder: 

1. Ability to pass very high currents. Welding depends upon high 
currents to develop the necessary heat. 

2. Quick response. The device must respond quickly if it is to 
follow the signal impulses and so give the desired short and accurate 
timing. 

The Ignitron 

These requirements have been satisfied by the igni- 
tron,i' 2 r 8 which may be either a sealed-olf tube or a 
continuously pumped tank, the fundamentals of operation 
being the same in both cases. The ignitron is a mercury- 
arc rectifier having a special control electrode or igniter 
used for initiating the arc. Once the arc is established by 
passing an impulse of current through the igniter, it con¬ 
tinues for the remainder of that half-cycle during which 
the anode is positive with respect to its cathojde. During 
the negative half-cycle the arc is completely extinguished 
and control is regained. When the anode again becomes 
more positive than the cathode the arc may be re-estab¬ 
lished if desired by passing another impulse of current 
through the igniter. In this way alternating voltage 
enables one to regain control every cycle. Thus the 
ignitron and thyratron effect similar control over the flow 
of current. 

In welding service, 2 ignitrons are connected “back to 
back” in series with the welding transformer primary as 
shown in figure 1. By energizing the igniter of each unit 
at the proper instant during each conducting cycle, 2-way 


Accurate control of high currents for resistance 
welding may be obtained by igniter-type mercury- 
cathode tubes capable of conducting 7,000 
amperes in impulses of from less than 0.01 second 
to several seconds duration. This paper describes 
design principles and manufacturing technique for 
tubes of the sealed-off type. 


I* currents for resistance or alternating conduction of 
by igniter-type mercury- current is permitted. Each 

of conducting 7,000 ignitron passes current during 
>m less than 0.01 second half of each conducting cycle, 
n. This paper describes and so control is regained every 

lufacturing technique for half-cycle. When the weld 

aled-off type. has been completed, conduc¬ 

tion is stopped by removing 
excitation from the igniters. 
Two ignitrons thus act as a quickly responding contactor. 

The ignitron satisfies the 2 requirements previously 
stated for the following reasons: 

1. Use of a mercuiy-pool cathode makes possible the conduction of 
extraordinarily high instantaneous currents. Cathode life at these 
high currents should be very long. 

2. Quick and accurate response is attained through use of the ig¬ 

niter electrode. When the proper impulse of current is applied to 
the igniter, the arc starts in less than 100 microseconds. Conduc¬ 
tion stops at the instant an anode becomes negative, thus all con¬ 
ducting periods end at approximately the same point on the voltage 
wave. ’ 

It is therefore evident that the ignitron is sufficiently 
responsive for use in the welding field. If it is coupled 



IOe 


A —Ignitron 
B —Power supply 
C—Firing control 
D —^Welding trans¬ 
former 

E —Electrodes and 
work 


Fig. 1. Schematic diagram of "back to back" 
connection 


with some suitable igniter firing circuit the necessary 
degree of over-all timing accuracy may be obtained. 

A synchronous th 3 rratron control^ panel is commonly 
used with ignitrons in welding installations to supply this 
igniter firing control. This control panel or “brain” of 
tihie device makes possible initiation of the arc at any 
predetermined point on the voltage wave. Very short 
timing may be attained by firing only one ignitron and 
doing so just before the end of the positive half cycle. 
This procediure makes possible a conduction period much 
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Fis< 2. Sealed-odf ignitrons of the water-cooled (3 
at left) and air-cooled (3 at right) types 


shorter than one-half cycle. By uniformly starting the 
arc at one point on the voltage wave, the variability of 
current transients and hence of welds is minimized. 

Design Problems of the Sealed-Off Tube 

In the development of a line of sealed-off ignitrons the 
design problems appear in the following natural divisions: 

1. Th^ igniter must be properly designed and located in each tube 
if reliable ignition of the arc is desired. 

2. A current path through the tube of good conductivity must be 
provided to carry the high current. Peak, average, and root-mean- 
square currents must all be considei*ed. * 

3. Heat removal must be sufficiently effective to limit cathode, arc 
stream, and anode temperatures to values at which reliable opera¬ 
tion and good life result. 

4. Manufacturing technique must be such that a vacuum-tight 
product is obtained. This is of course essential if the unit is to be 
s^led off and still maintain its vacuum over an extended period of 
life. 

The igniter is the “firing pin” of the tube. The design 
that has been adopted consists of a small rod of treated 
silicon carbide with the part dipping in the mercury pointed 
to a logarithmic shape.® The igniter is mounted on an 
insulating bushing in the mercury pool, making it possible 
to have terminals at the ends of the tube only. 

The electron current from the cathode comes from a 
number of small spots on the pool of mercury.® The first 
spot is started by a spark from the igniter, and it divides 
into more spots as the current demand is increased until at 
high currents the emission comes from a great many 
small spots, each suppl 3 dng from 6 to 15 amperes. One 
condition for determining pool size is satisfied by providing 
Sufficient area so that the cathode spots, starting at the 
ignitar, do not travel to the edge of the pool and anchor 

’The highest instantaneous value of current conducted will be referred to here¬ 
after as peak anode current or simply peak current. Large welds require high 
peak cunents. 

, Avmge anode current per tube is obtained by averaiE^g the instantaneous 
values, over the rated averaging period. This period is usually sufilciently long 
to include several welds and the intervening off periods. Both the size of the 
welds and the frequency at which they are made determine the average current. 
B.oot-mean-square current, as referred to in this paper, is measured or calculated 
in the usual manner contidering both the time of current flow and the time off 
included in the rated averaging period of the tube. 
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on the envelope in the time allotted to a single conduction 
interval. If this occurs, material may be sputtered from 
the metal walls of the tube. This requirement is easily 
fulfilled in normal operation since the arc has only one- 
half cycle during which to travel. Another consideration 
at the cathode is to provide large contact area between 
the pool and the cathode lead for the dual purpose of 
current and heat conduction. 

The cross-sectional area of the tube influences the 
tnaYiTniim peak Current the tube will conduct without 
failure. As the current density in the arc stream is in¬ 
creased above a certain value the voltage drop in the tube, 
and consequently the loss per unit current, increases 
rapidly. This and other considerations set a current 
density above which it is not practical to operate. In 
550-volt welder service successful operation has been 
obtained with arc stream current densities exceeding 500 
amperes per square inch. The envelope sizes have been 
selected from a preferred number series of standard seam¬ 
less steel tubing, thus tending to cause peak current 
capacities to fall in a similar series. 

The anode size is determined by both the average and 
root-mean-square or effective currents. The heat gen¬ 
erated at the surface depends upon the average current. 
The heat generated in the conducting parts is a function of 
the effective current. Thus both the area and tlie con¬ 
duction cross section must be considered. The anode 
lead must be designed to conduct the effective current. 

Heat Removal 

When conducting, a gas-filled tube has a voltage drop 
from anode to cathode of the same order of magmtude as 
the ionization potential of the gas. This voltage is 
roughly independent of the current being carried by the 
arc and in the case of these mercury-pool tubes is approxi¬ 
mately 15 volts. This drop causes power loss which ap¬ 
pears as heat within the tube. 

A mercury-pool tube of any one design and operating 
under certain current and voltage conditions will perform 
satisfactorily only when the temperatures of the various 
parts lie below definite limiting values. It is particularly 
important to limit the mercury-vapor pressure in the tube. 
This pressure is determined by the temperature of the 
cooler parts. If the temperature limits are exceeded, cur¬ 
rent may be carried in either direction when the igniter is 
not energized and conduction is not desired. Bad welds 
may result from such failures. A tube which fails by 
carrying current in the forward direction is commonly 
said to “shoot through.” One which carries current in 
the reverse direction is said to “arc back.” 

The limiting condensed-mercury temperatures of igni¬ 
trons now available lie between 50 and 125 degrees 
centigrade. This means tha;t rektively small temperature 
differences, between some tube parts and cooling medium, 
are available for removal of heat. 

In the case of low-power ignitrons, air cooling of both 
ends has been accomplished by providing good paths for 
conduction of heat from anode and cathode to larger 
and cooler external parts. An example of this type of 
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cooling is seen in the 2 smaller tubes shown in figure 2. 
Radiation and forced ventilation are utilized to remove the 
heat from tubes of intermediate size. Parts of the tube, 
the anode in particular, are allowed to operate at high 
temperatures and so radiate effectively. Parts controlling 
mercury temperature, such as those parts in the region of 
the pool cathode, are cooled mainly by forced ventilation. 
An example of this class of ignitron is the tube on the 
right side of figure 2. 

The amount of heat generated at the cathode of a 
high-current tube cannot easily be transmitted by con¬ 
duction through the mercury pool and other cathode 
parts. It is also difficult to conduct this heat through 
glass side walls. Temperature drop along either of these 
paths may be sufficiently great to give inner or effective 
temperatures higher than are allowable even though the 
outside of the tube is kept at low temperature. This 
fact has caused the adoption of metal construction for 
higher power tubes. 

Coupling the metal design with water cooling, as shown 


Fig. 3. Cut¬ 
away view of a 
large water- 
cooled ignitron 


A —Anode connec¬ 
tion 

B —^Anode 
C—^Space for mer¬ 
cury pool 
D —^Water inlet 
E —Cathode con¬ 

nection 

F —^Water outlet 
G—^Water jacket 
H —^Tube envelope . 
J—Igniter 

K —Igniter connec¬ 
tion 



in figure 3, results in the cooling water and arc stxeam 
being separated only by about Vie inch of metal, the 
thickness of the inner envelope. As shown in this illustra¬ 
tion, the sides of the ignitron are cooled over their entire 
length by use of a water jacket. Raither close spacing 
between the 2 cylinders forming the jacket is used to in¬ 
crease water velocity and so provide better heat transfer. 


In order to avoid air pockets and to keep coolest water in 
contact with the pool cathode, water enters at the bottom 
of the jacket and flows out at the top. 

The top seal and the central part, of the mercury pool 
are kept cool by use of heavy tube-end pieces, or headers, 
welded to the cooled envelope. In one tube of large 
diameter, these ends are over Vs inch thick, thus providing 
a good path for heat conduction. In this way effective 
cooling, and hence effective control of mercury-vapor 
pressure, has been attained. 

Corrosion and 

Hydrogen Diffusion With Water Cooling 

Water cooling, though it solved many problems, 
introduced the new ones of corrosion and hydrogen 
diffusion. 

Early developmental tube models employed ordinary 
steel envelopes and water jackets. Passage of water 
through the cooling chamber caused considerable rusting. 
In addition, many of the hydrogen ions* present in the 
water filtered through the steel envelope into the tube 
and soon rendered it gassy and inoperable. Ordinary 
steel is no effective barrier to the hydrogen ion, and 
while the water may be treated to prevent corrosion and 
diffusion this does not appear at present to be economical 
in welding applications. While this seepage of hydrogen 
through the envelope might be tolerated if the unit were 
being pumped continuously, it obviously cannot be 
permitted in sealed-off tubes. 

These difficulties of .corrosion and hydrogen diffusion 
were overcome by the use of stainless steel envelopes 
and jackets. This material is practically impervious to 
the hydrogen ion at operating temperatures. Since water 
comes in contact only with stainless steel and the brass 
pipe fittings, corrosion should be extremely slow, thus 
permitting very long tube life from this consideration. 

Metal Tube Manufacturing Technique 

Initially ignitrons were made of glass by adopting the 
technique then used in making hot-cathode rectifiers and 
thyratrons. A new glass-to-metal seal, utilizing an alloy 
called “femico,” and the application of th 3 rratron con¬ 
trol to welding introduced an entirely new technique which 
is now utilized in ignitron manufacture. Femico, which 
is an alloy of iron, nickel, and cobalt, has an expansion 
characteristic which closely matches that of certain 
glasses.’ It can be drawn, machined, and welded. This 
material makes possible strain-free glass-to-metal seals 
which are relatively easy to manufacture and free from 
leaks. All of the insulating bushings of these sealed-off 
ignitrons are made with such seals. The anode bushing 
of a large water-cooled tube is shown in figure 4. 

This figure also shows* some of the important welds. 
The fernico cup on the top is welded onto ttie anode 
lead which is designed to carry 1,500 amperes, effective 
value. The fernico piece on the bottom is welded onto 

* Ordinary tap wat^ bas a bydrogen cdncentration of rotighly i X 10 mo^ per 
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the steel head which forms the end of the tube. This 
head is seam welded into a piece of seamless steel tubing 
forming the envelope. If a water jacket is desired, the 
tube envelope is flared out at each end beyond the header 
and a longer cylinder is seam welded on the outside as 
shown in figure 3. Welding machines equipped with 
thyratron control, using ignitron or thyratron power 
tubes, make these vacuum-tight welds and other welds 
where consistent high quality is essential. Thus ignitrons 
are an important part of ignitron manufacture. 

Even the air-cooled tubes made mainly of glass have 
been manufactured with metal tube technique. The 
essential difference in this case is that a larger piece of 
glass is used between the 2 fernico seals, for the glass is 
the insula tin g bushing and tube envelope as well. Al¬ 
though this glass construction has been quite popular, 
r netal tubes are being made in all except the smaller sizes 
where the glass involved is of about the same size as the 
anode bushing of a larger tube. Figure 5 shows the 
smallest ignitron tube before being evacuated beside an 
anode bushing of a larger ignitron. This tube is made 
from parts of a similar but larger bushing. 

This new technique used in ignitron manufacture has 
many advantages over older methods: 

1. The vacuum-tight seals are mechanically strong and provide 
good support for heavy anodes and leads required by high current 
capacity. 

2. The metal construction provides good heat transfer and simplifies 
water cooling. 

3. The manufacturing processes may be closely controlled and do 
not require highly skilled labor, therefore they are less costly. 

4. The metal construction gives a product more accordant with in¬ 
dustrial psychology. 


Some of these construction features have promise of 
use in other fields. The metal-to-glass seals may be used 
as insulating bushings in other apparatus. The stainless- 
steel seam-welded water-jacket construction offers a 
simple cooler for heat transfer in other devices, and the 
welding used throughout the line exemplifies what can 
be done with modern welding technique. 

Performance of the Tubes 

These general design principles have been applied to 
ignitrons for a wide range of applications. All of the 
smaller tubes are air-cooled, and are used where the 
welds are either small or are made infrequently. The 
smallest tube is IV 2 inches in diameter and 3 inches long, 
yet it will control currents up to several htmdred amperes. 
With this tube small welds such as are used in jewelry 
manufacture may be controlled; The demand for larger 
air-cooled tubes has been met with several other sizes, 
the largest of which will pass peak currents up to several 
thousand amperes, and can be used to time large welds 
which are not made in rapid succession. 

Application of water cooling to tubes of intermediate 
rating has brought a great reduction in size and cost. 
An example is the small water-cooled unit showm in figure 
6 which has a slightly higher capacity than the large air¬ 
cooled tube shown in the same picture. 

Large sealed-off water-cooled tubes are now practical 
for controlling peak currents of 7,000 amperes or more and 
average currents, at lower peaks, as high as 250 amperes 
per tube. They are applied where either high peak cur¬ 
rent, high average current, or both are encountered. 

{Concluded on page 66) 



Fig. 4. A high-current Fig. 5. Comparison of a small Fig; 6. A small water-cooled tube 

anode bushing before ignitron with the anode bushing (left) that has greater current capacity 

seals have been made of a larger tube than the air-cooled tube (right) 
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Contributions to Synchronous-Machine Theory 


By A. S. LANGSDORF 

FELLOW AIEE 


I T HAS long been known In this paper the 2-read 
that the cylindrical-rotor machines is extended, I 

theory, based essentially to present some new < 

upon the concept that the previou: 

synchronous impedance . is a 
constant for all loads and for 

all positions of the armature winding relative to the 
rotor, leads to gross inconsistencies when applied to 
sahent-pole machines. The Blondel 2-reaction theory, 
and its extension by Doherty and Nickle,^ have pointed 
the way to numerous improvements which bring the 
theory much more nearly into accord with the facts, but 
the conclusions thus far published have stopped short 
of a complete presentation of some exceedingly interesting 
deductions. It is the purpose of this paper to point out 
some features, apparently not previously known, which 
follow quite simply and naturally from the 2-reaction 
theory. This treatment is here limited to steady-state 
operation, perhaps not as important as the transient case 
of sudden short circuit, but the results are nevertheless of 
fundamental interest. 

It is desirable, partly by way of introduction, but 
mainly to facilitate future comparisons, to review briefly 
the essential features of the cylindrical-rotor theory, as 
applied to the case of a s 3 mchronous motor; the extension 
to the case of the generator then follows directly. Thus, 
in figme 1, let 

V <= terminal voltage 

E = counter electromotive force or excitation voltage 
I >= armature current 
Zs — synchronous impedance 
Xs » s 3 iiichronous reactance 
Ra = effective resistance 
“ tan~i Xs/Ra 

^ — angle of phase displacement between V and I 

all of these quantities referring to one phase of the winding. 

The power (per phase) developed by the machine, 
including core loss, friction, and windage, is 

P aa vj cos <p — PRa (1) 

whence 

V P 

J* - — / cos ~ (2) 

JK^ iCa 

Adding to both sides of this equation the constant term 

(V/2Ra)\ it becomes 

(a'-i »> 

The quantity V/(2Ra) is obviously a current in phase 
with V, and it is a constant. Consequently the equation 
states, that the sum of the squares of I and V/(2Ra), 
minus twice their product times the cosine of the included 


In this paper the 2-reaction theory of synchronous 
machines is extended, for steady-state conditions, 
to present some new deductions apparently not 
previously known. 


»n theory of synchronous angle, is a constant, provided 
' steady-state conditions, P is constant. This suggests 

ductions apparently not the ordinary cosine law of 

r known. trigonometry, and indicates 

the well-known construction, 
fig^ure 2, for the circular cur¬ 
rent locus subject to the condition of constant power. 

The vector diagram, figure 1, shows further that 

(/Z,)* « 7* + £» _ 2VE cos 6 (4) 

where S is the variable torque angle, whence 


-HHSi-mi) 


Here V/Zg is a constant current lagging behind V by 
angle <Ps, as in figure 3, and B/Z^ is a constant provided 
the excitation is held fixed. The same cosine law tbpn 
shows that the current locus for a fixed excitation is a 
circle, figure 3, having its center at D, and it is readily 
shown that D is a point on the zero-power circle. It .is 
to be particularly noted that this construction points to 
the conclusion that an unexcited motor (E = 0) can 
develop no power, which is not in accord with experi¬ 
mental facts. 

Equivalent Impedance, 2-Reaction Theory 

Applying the 2-reaction theory, the vector diagram 
takes the form of figure 4, where, as usual, ^ is the phase 
di^lacement between the armature current and the 
component (—E) of the impressed voltage which balances 
the coimter electromotive force. In this diagram . 

/g = / cos 
/d = / sin 

represent, respectively, the components of armature cur¬ 
rent in the transverse (cross) axis and in the direct axis 
of the machine; also 

X^^X/ + Xi ( 7 ) 

Xd-^Xi'-i-Xi 

where X^' and are the reaction reactances in the 2 
axes; and Xi is the true leakage reactance, assumed to 
be the same in both axes. 

From the diagram it is seen that 

V sin d "1“ ^dRa 

E - 7 cos « = IdXi - IqRa (9) 
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which may be written in the form 

7 sin 5 = /(Jfj cos ^ + Ra sin i^) = IZq sin ( 

E — V cos 5 = I(Xd sin ^ — Ra cos <=• —/Zj cos + ^Pd) 

{ 

where 
Zq » 

Zrf = V^TT^* 

ifiq *=« tan-1 f V 

iCa 

«»«i «* tan 1 — 


<■< 

'K 


^ Vb 

^cc>ct ' 


.Rgj2qSiN(if.+9(i)- 

— Zacos(ip+tfti)4 


Xd + Xq 
2 


(12) Fis. 5 


■RADIUS 2q 


'RADIUS Zd 


It is also plain from fi^e 4 that the equivalent im- tan ± iil | + Xq) Y ^ 

pedance drop in the machine is the vector sum of V and \ Ra J 

E, that is, JZ, and 

thus defining 2 values of 4f, 90 degrees apart, one of which 
(JZ)* =■ (7sin 8)* + (£ — 7cos «)* (13) corresponds to the maximum, the other to the minimtim , 

Substituting equations 10 and 11 in equation 13, value of Z. It may be noted in passing that the major 

• /, 1 M. . r ellipse is tipped up from the horizontal axis 

^■.(Z,s«(*+„,)].+ [-Z,«,sW+ ,,)). (U) of reference at ^angleTsuch that 

which is at once recognizable as the polar equation of an /t a \ 

elhpse with Z and 4' as the dependent and independent ®iii{ + 2 / 

variables. tanor =- A - (- 

The graph of Z as a function of 4/ may be quite simply <2:^ cos 1 — <9^ j 

constructed as in figure 6. The positions of the major ^ ^ 

and minor axes, which define the maximum and minimi iTn The maximum and minimum values themselves are most 
values of Z, mrefotmd by differentiating equation 14 with simply determined by transforming equation 14 to the 
reject to and setting the result equal to zero; thus form 


Zq sin + 2 


■(-I + i--) 


^ (Z)* « - Zd* sin + ^d) + Zj* sin 2(^ + ¥»a) » 0 (15) Z* 


Zd*_±_Zg» Zd* 
2 ■*" 2 


+ cos 2{4 + ^d) -- ~ cos 2 (4 + v>fl) (1*^) 


which, when solved for gives 

tan 24 _ ~ Zd*8in2yd ^ 

Zd* cos 2^d “ Z^* cos 2^j ' 1 

On substituting in equation 16 the relations grouped as 
equation 12, this reduces to 

■ 2tanV' Ra 

^ “ 1 - tan* 4 ^ %iXd -h Xq) “ ^ 


which, when expanded and rearranged, using equation 
12, becomes 


Zd* + Zq* 


- iXd- Xq)\Ra> + 


(a±iy 


sui(2f + a) (20) 

where the angle a, defibtied by equation 17, has the mean¬ 
ing indicated in fi^e 5. 
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The variation of the equivalent impedance Z as a fimc- 
tion of yj/ may be studied in another way by observing 
from figure 5 that its complex value may be written 

Z = —Zd cos + <t>d) +jZq sin + ipg) 

This equation has the simple geometrical interpretation 
shown in figure 6; that is, when = 0, Z is made up of 

the directed magnitude OA = ^ —R^ H- j ^ 

Y _ Y 

combined with the directed magnitude AB = —j — - 

giving as resultant Z^«o = OB = —R^ + jX^. For 
any arbitrary value of OA swings clockwise, to OA', 
while AB swings in a counterclockwise direction to A'B', 
thus giving Z — OB' for . the particular value of ^ indi¬ 
cated in the diagram. It will be noted that the angle 
between OA' and A'B' is always 2\}/ — a!, where a' is 
the complement of the constant angle a that appears in 
figure 5 and which is defined by equation 17. Finally, 
therefore, the variation of Z may be illustrated by the 
extremely simple diagram, figure 7, from which 

Z* =. (0C)« -I- (CP)« - 2(0O(CP) cos (2^ - a>) 

COS (2\ff — a') (22) 

which is the same as-equation 20. 

The variation of Z as a function of tj/ may now be 
shown as in figure 8, which is constructed from figure 7 
by assigning various values to ^ and plotting the results 
in rectangular co-ordinates. It is seen that Z passes 
through 2 complete cycles of values for each cycle in the 
value of but the curve is not a simple harmonic func¬ 
tion of as might at first glance be supposed to be the case ; 


it fluctuates betw een limits equally space d on either side 
of the ordinate "S/R^^ -f- (Xd -h X^^/2, but the upper 
loops are slightly longer than the lower ones, as may be 
seen from the fact that in figure 7 the arc through C, 
having 0 as center, divides the small circle into 2 unequal 
parts, so that a > & in figure 8. 

Otherwise expressed, when the square root of such an 
expression as equation 22 is evaluated by means of the 
binomial theorem, terms appear that involve the ascend¬ 
ing powers of the term cos — a''), which means that 
the curve of figure 8 really consists of a fundamental (of 
double frequency) and a series of higher harmonics. 

It has long been known that the reactance of a salient- 
pole machine varies cyclically when measured at a series 
of successively different positions of the field poles rela¬ 
tively to the winding, but it has heretofore been assumed^ 
that the reactance is expressible as 

X = J^aver "b X* COS (2fi -f- y) 

where Xaver is the average value over an arc of one pole 
pitch, X' is the maximum deviation from the average, 
and B is the angle, in electrical degrees, measured from an 
arbitrarily selected reference point on the armature sur¬ 
face. The analysis here presented shows conclusively 
that this assumption is not strictly correct, though it 
becomes very nearly so if and Xg^ are not greatly 
different. 

Current Locus, Constant Excitation 

Equations 8 and 9, when solved for Ig and jdeld 
the following relations: 

J _ VXd sin g — Rqj E — V cos S) VZd cos (5 — tpd) — ERa 
XdXq + Ra* ~ XdXq -f Pa* 

(23) 

J ^ yRg sin g -h X^E — V cos S) VZq sin (g — ipg) BXg 
XdXg -b Ra* XdXg -f* Pg* 

(24) 


\ Pjg^ 5 The form of these 2 expressions suggests a simple geo- 







metrical construction for 
the current locus if £ is 
maintained constant. 
Thus, in figure 9, OV 
represents the fixed ter¬ 
minal voltage and —OE 
is the excitation voltage, 
fixed as to magnitude, 
but displaced from OV 
by the variable torque 
angle 8. The lines OD 
= ivzMXdX, + 
and OC = (VZ,)l(XiX, 
+ R/), representing the 
constant coeflS.cients that 
appear in equations 23 
and 24, are drawn at the 
fixed angles <pd and <pg, 
respectively, with 0 V. 
Accordingly, when per¬ 
pendiculars are dropped 
from the points D and C 
upon the line OB, it fol¬ 
lows that 

’"XdXg + Ra^ ^ 

cos (i — (fid) 

and 


GC 


VZa 


XdXg + iSa® 

sin (5 — 



On subtracting from OK the fixed length 
ERa 


KM - LN 


XdXg + iJa* 


and adding to GC (which must be considered negative in 
the diagram since 8 < <pg) the fixed length 


CQ - NP 


EXa 


XdXg + Ra' 

it is clear”that in accordance with equations 23 and 24 

MP^Id 

and 

OP « ViOM)* + {MPy - i 

Now it is apparent from figure 9 that no matter what 
value is assigned to 8, the angle CLD is necessarily a right 
angle, hence its locus is a circle having CD as a diameter. 
The magnitude and position of CD are readily fixed in 
terms of the co-ordinates of points C and D as indicated 
on,the diagram, from which it appears that CD is per¬ 
pendicular to OF and that 


CD 


VjXd-Xg) 
XdXg + Ra* 


The center of the circle CLD is at O', which has the co¬ 
ordinates 


,XdXg -f Ra* 


Xd + Xg _ 

2 ' XdXg 


VRa 


+ Ri 




consequently the line 00' = /o is fixed in length and is 
tipped up from the horizontal by the same angle a' 
that appears in figure 6. Since the angle CDK — 8 hy 
construction, it follows that the radius vector O'L = Ja is 
inclined to O'C at an angle 25. Finally, the vector 


LP^ h 


K \XdXg + Ra*J \XdXg + Ra*J 


EZ„ 


XdXg -h Ra* 


is also fixed in length so long as E remains constant, and 
it is inclined to the horizontal at an angle (5 + -- 90), 

as indicated in figure 9. 

So there develops the remarkably interesting fact that 
the current vector OP == I is the vector sum of 3 com¬ 
ponents, 2 of which, Jo and Ja, are permanently constant 
in magnitude, and the third component, Ji, is constant 
for a fixed excitation; for different excitations Ji is di¬ 
rectly proportional to the excitation. But while the 3 
components are constant in magnitude (for a given value 
of JS), they are linked together at phase angles which 
change with 5 in an interesting manner, with the result 
that the current locus has the irregular form shown in 
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figure 9, which has been drawn for the condition E = 

(VOF, andZ,/Z, = Vs. 

Expressed in complex notation, 

/ = /o + /2 + /i (25) 

where 


X(jlXq -Ra® 




Xd+Xq 


/, « - 


Xd — Xq —/2 a 


h =» —i 


+ Ra^ 2 


')V"'. 

7o (cos «' + j sin a') (26) 
= — Jj (cos 25—/ sin 25) (27) 


a + 


— Ji [sin (5 + g>fl) + 

j cos (5 + <9^)1 (28) 

These results may at this point be compared with those 
of the cylindrical rotor theory. To do so it is only neces¬ 
sary to impose the condition that — Z„ or 

Xd = Xfi — Xg. When this is done, the vector h van¬ 
ishes; the points O' and D, figure 9, coalesce with point 
C, which then has the co-ordinates 

VXs V . 

- = — sin ifis 

Xs* -f- i?a* Zs 

and 


VRa V 

- — cos tfis 

Xs* -1- Ra} Zs ^ 

which are the same as those of point D, fig^ure 3; and the 
irregular current locus of figure 9 degenerates to a simple 
excitation circle of the type shown in figure 3. This 
circle is indicated in figure 9 as curve C, having its center 
at C and a radius equal to LP, 

To construct the current loci corresponding to different 



values of the excitation voltage E, it is only necessary to 
modify the dimensions of triangle LPN in the desired 
ratio; otherwise all construction lines remain the same 
as in figure 9. The effect of varying E from zero to 
(Va)^ by steps of F/2, is shown in figure 10. 

Figure 10 brings out vividly some extremely interesting 
characteristics. One of them, known to be an experi¬ 
mental fact, is that an unexcited motor (E = 0) is capable 
of canying a theoretical maximum load corresponding to 
the power circle Pi, drawn tangent to the small circle 
E = 0. The remaining power circles, indicated as Pa, 
Ps, . . . P8> are all drawn tangent to the curves of con¬ 
stant excitation, and the points of tangency have as their 
loci the curve marked "stability limit.” 

Another point of interest is the shape of the excitation 
curves, which bulge outward to the left, and descend 
below the zero power circle more than they rise within it. 
This is a natural consequence of the difference between 
the action of the machine as a generator (outside the 
circle P = 0) and the action as a motor within the circle 
P = 0. On the right, beyond the stability limit, the 
cmrves are flattened when E is large, they develop a con¬ 
cave depression as E becomes smaller, and finally, for 
sufficiently small values of E, this depression becomes a 
re-entrant loop. 

The nature of this re-entrant loop is shown somewhat 
more clearly in figure 11, where the points 0 and O' and 
the small circle on CD as a diameter have the same 
meaning as in figure 9. The small triangle shown in 
successive positions in figure 11 is the same as triangle 
LPS, figure 9; for values of 5 from zero to 160 degrees, 
inclusive, the triangle is cross-hatched; in the remaining 
positions it is left blank to avoid confusion. 

The interesting linkage of the vectors 00', O'L, and 
LP of figure 9 led to the construction of a working model 
in which the 2 movable vectors were ruled with TnHig 
ink on strips of transparent sheet celluloid, suitably 
pivoted together. Placing these links in the positions 
corresponding to 5 = 0, and then moving them bit by bit 
as the torque angle was gradually increased from zero to 
360 degrees, it was possible to photograph the model in 
successive positions, thereby 3 delding a film suitable for 
use in a moving-picture projector. It is quite interesting 
to observe this animated vector diagram, which has been 
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so made that the excitation locus is drawn as the vectors 

move. ' 

While no particular importance attaches to the fact, 
it may be noted that the excitation which marks the 
point of division between those excitation loops wholly 
exterior to circle CD, and those which lie partly inside it, 
is determined by the consideration that 

_ ^ CD ^ “ -^g) 

XdX^ + XdXi + Ra} 

or 


negative excitation, that is, of reversing the field po¬ 
larity. It is obvious that if jE is reversed in sign, the 
effect is to reverse the phase of vector ZP, figure 9; but 
figure 11 shows that for any position of vector O'L the 
excitation triangle LPS necessarily appears in 2 dia¬ 
metrically opposite positions, hence the excitation lod 
with reversed excitation are identical in form with those 
shown in figures 10 and 11, but the sequence of values is 
reversed. In any case the locus passes through a region 
lying within the zero-power circle and motor action is 
possible. 


E 


V{Xd - Xfl) 


( 29 ) 'Pile V-Curves 


and that the point of osculation between this limiting 
loop and the circle occurs at a value of 5 such that 5 = 
180 - a'. 

When the armature current i(= OP), figure 11, is 
plotted in rectangular co-ordinates as a function of the 
torque angle 5, curve 1 of figure 12 results. For the sake 
of comparison, there has been drawn on the same diagram, 
as curve 2, the variation of armature current when E = 0, 
the ordinates being taken directly from the circle CD of 
figure 11. Curve 2 will be recognized in terms of the 
now familiar slip test; it is the envelope of an oscillogram 
of the armature current taken with the field unexcited 
and the rotor turned at a speed differing slightly from 
synchronism.* Curve 1 of figure 12 is then the envelope 
of the armature current oscillogram taken in the same 
manner but with the field magnetized to a small jfraction 
of normal excitation. It can be seen from figure 10 that 
in the case of both curves 1 and 2 the machine is acting 
as a motor for somewhat less than half of the interval 
corresponding to slipping a double pole pitch, and is a 
generator the remainder of the time; but in the case of 
curve 1, whose polar equivalent has the re-entrant loop 
projecting outside the zero power circle, the initial motor 
action is followed by a brief period 


The F-curves constructed from figure 10 are just as 
distinctively different from those usually derived from 
the cylindrical rotor theory as are the excitation curves 
of figure 10 in comparison with the customary circles 
(figure 3). The F-ciuves are shown in figure 13, and it 
will be seen that those portions lying below the stability 
line Hi resemble quite dosely the curves determined by 
actual test. Curve Hi, passing through the lowest points 
of the curves, defines the condition for unity power factor; 
nnliirfi the corresponding curve derived from the cylin¬ 
drical-rotor tlieory, it does not have a point of minimum 
excitation at a value of armature cunrent greater than 
zero; on the contrary, the minimum exdtation consistent 
with imity power factor occurs when E = V. 

While it is quite true that any discussion of the F-curves 
lying above the stability curve Hi is academic in the 
sense that these portions of the curves are beyond the 
practical limits of operation, they still possess several 
points of theoretical interest. One of them is that the 
curve corresponding to zero power lies partly inside a 
curve corresponding to a positive amount of (motor) 
power. This result, when first encountered, was quite 
unexpected, but it is a consequence of the fact that the 
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geometrical meaning is that the excitation cylinder 
intersects the power paraboloid below the “base” of the 
latter. The curve of intersection corresponding to 
^ — (V 2 ) V is shown in vertical projection in figure 14. 

Condition for Unity Power Factor 


Inspection of figure 4 shows that when ?> = 0 (i. e., 
cos ^0 = 1 ), ^ = 5 . Consequently equations 10 and 11 
become 


F sin 5 = IZg sin (S -f- tpg) 

(30) 

E — V cos S = —IZd cos (4 + tpd) 

from which 

(31) 

sin 4 = -- 2 - 

{V - IRaY I^XdXq 

(32) 

EiV-lRa') 

cos 4 <= —--^- — - 

iV - IRaY PX^g 

(33) 


Now it will be seen from figure 9 that when the current 
vector OF) is in phase with V the algebraic sum of 
the quadrature components of Jo, I 2 , and h is zero. Hence, 
from equations 26, 27, and 28, 


excitation loops of figure 10 are indented for values of the 
torque angle approaching 180 de^ees; some indication 
that this phenomenon actually occurs is to be found in 
the experimental curves published® by Douglas, Engeset, 
and Jones; the effect is likewise indicated by J. F. H. 
Douglas’s closing remarks in the discussion of that paper. 

Perhaps the simplest way to visualize the relations 
represented by the F-curves is to regard them as contour 
lines of a surface which has as co-ordinates the dependent 
variable I and the 2 independent variables E and P. 
When this idea is carried back to figure 10, it follows that 
the power circles P = 0, Pi, P 2 , . . . etc., are likewise 
contour lines of a siuface which will be shown to be a 
paraboloid of revolution; and that the excitation loops 
are sections of general cylinders having their axes per¬ 
pendicular to the plane of figure 10. The intersections 
of the paraboloid and the cylinders then define the 
armature current and fix the shape of the F-curve. 

The proof that the power circles of figure 10 are sec¬ 
tions of a paraboloid follows immediately from equation 1 , 
which is the equation of a parabola having I and P as 
the dependent and independent variables, all other 
quantities, including the phase angle <p, being constant. 
The condition cos ^ = 1 obviously defines the diametral 
section of the paraboloid, which is shown as figure 14. 
The vertex of the paraboloid, corresponding to the theo¬ 
retical maximum power that the machine can develop as 
a motor, is defined by the condition that the right-hand 
member of equation 3 cannot become negative, whence 
Pmex. ~ FV(42?a). The base of the paraboloid corre¬ 
sponds to zero motor power (P = 0), but the paraboloid 
extends indefinitely below this particular section, and in 
that region represents generator power. It is therefore 
quite simple to visualize conditions when the exdtetion 
loops of figure 10 pass outside the zero-power drde; 


Jo cos at* - 

and 

- I» cos 24 — Ji sin (4 -f q>g) = 0 

(34) 

I cos a' » 

Jo 

V Xd + Xg 

XdXg -1- RY 2 

F Xd-Xg 

(35) 

XdXg + RY 2 

EZg 

(36) 

Ji = 

XdXi-\-RY 

(37) 


From equations 30 and 31 it is now possible to express 
cos 25 and sin (5 + (p^) in terms of E, I, and the machine 
constants, and on substituting all these relations in equa¬ 
tion 34 the final result is 

I( F - IRa)^ -I- PXiX,] * = £»[( F - IRa? + PX,^] (38) 

which is the complete equation of curve Hi, figure 13. 
It is obviously an equation of the fourth degree, but if it 
may be assumed that IXa and IX^ are not large in com¬ 
parison with (F — IRa) it is a reasonable approximation 
to write 

(V - IRa)^+ PXdX, 
ot 

E> ^ PXdX^ 
which is a hyperbola. 

Condition for Stability 

The stability limit indicated in figure 10 (drawn for 
the region of motor action only), and its counterpart, 
<mrve Hs of figute 13, are defined by the condition that 
the machine is developing the maximum power consistent 
with the excitation. Hence the stability limit inay be 
found by imposing the condition dP/dB = 0. 
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In order to express without any simplif 3 rmg approxima¬ 
tions the power developed (P) as a function of the torque 
angle (6), use may be made of the concept underl 3 dng the 
2-reaction theory that the armature winding is subjected 
to the action of 2 fictitious sets of field poles in addition 
to the actual poles. One of these fictitious sets of poles 
lines up with the actual poles and either magnetizes or 
demagnetizes the latter depending upon the phase con¬ 
ditions; the other fictitious set of poles lies midway be¬ 
tween the actual poles. The cross-magnetizing com¬ 
ponent of armature current, reacts directly with the 
net flux in the direct axis to produce torque and power, 
while the direct component of current, li, reacts directly 
with the transverse flux. Referring to the particular 
phase conditions represented in figure 4, it follows that 
the power developed is given by 

P - (E - IdXd)h + {IMU 

^ EI^i- IM^d - Xq) (40) 

Substituting for and Id the values given by equa¬ 
tions 23 and 24, the complete expression for the power 
is found to be 

— tpd^ -j- VERa.Zq(Xd — Xq) sin (5 — — 

V^ZdZgjXd - Xti) sin (S - <pa) cos (S - v>d) - E^RaZg* 

^ “ (XdXt + Ra*)* ( 41 ) 

whence the accurate expression for the stiffness or coupling 
factor is 

VERaZ^{Xd - Xt) cos (5 - <pa) - VEZdZ,^ sin (S - ^d) - 

^ ^ V^ZdZfjXd - Xq) cos (28 - yd - Vq) _ 

dS (XdXfi -f- Pa*)* (42) 


If, in equations 41 and 42 the approximation is made 
that terms involving Ra may be neglected, and that 
correspondingly <pd — fPq = 90 degrees, they reduce to 


P 

dS 


sm 8 -1- 
Xd 

VE 

—cos « -f 
JLd 



(43) 

V^iXd - x^) 

■■ -^ cos 28 

(44) 


which are the same as those derived by Doherty and 
Nidde by a somewhat different procedure, but which has 
the disadvantage that it masks some of the finer points 
of the theory. The differences between the accurate 
and the approximate expressions are shown graphically 
in figure 15. 


Effect of Saturation 


LP — (EZg)/(XdXti + Analytically, it is fairly 

accurate to write Froehlich’s equation 




aP 

b + P 


( 45 ) 


where a and b are constants, and F is the excitation in 
ampere-turns, which is equivalent to the assumption that 
the saturation curve of the machine is a hyperbola. 
Writing equation 45 in the form 




bE 

a — E 


( 46 ) 


F may be computed for any assigned value of E, and it 
then becomes possible to correct the F-curves of figure 13. 
The same procedure may be effected quite simply by a 
purely graphical method in the manner indicated in 
figure 16. A portion of one of the F-curves of figiue 13 
is reproduced in the first quadrant of figure 16, and the 
saturation curve is drawn 
in the fourth quadrant. 

For any excitation volt¬ 
age, El, the correspond¬ 
ing field excitation is rep¬ 
resented by Fi, and the 
2 values of current cor¬ 
responding thereto are h 
and Ji', which may then 



be laid off to the left of Fi in the third quadrant. The effect 
is seen to be to stretch the F-curves, the amount of 
stretch increasing rapidly as the field excitation becomes 
greater, provided the saturation is suflicient to yield a 
definite knee to the saturation curve. 


The full effect of saturation of the magnetic circuit is 
apparently beyond the scope of any reasonably simple 
aimlysis. Approximate methods have been proposed by 
Doherty and Nidde, ^ and also by Blondel.^* Ordinarily 
it is suffidently accurate to assume that the saturation in 
the armature iron and in the path of the cross field is 
negligible, and that the dg^ificant saturation occurs in 
the pole cores.^ These assumptions lead to the condusion 
that the reactances and JTg may be treated as con¬ 
stant, from which it follows that in figure 9 the only 
component vector wludi is affected by saturation is 
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I N this paper are presented in this paper a rigoroui 
the development and ap- synchronous machine \ 
plication of the equations is presented. The ana 
of a cylindrical-rotor syn- from the usual methoi 

chronous machine, taking into performance by means 

account the eddy currents in sents an attack from tl 

the solid iron rotor. The distribution theory. Si 

equations for the electro- for it provides a deh'niti 

magnetic field in the rotor and effect of eddy current 

air gap due to stator and rotor 
ciuxents are set up in terms of 

the magnetic vector potential. These field equations are 
then related to the circuit voltage equations of a S 3 rm- 
metric 3-phase stator winding and a single field winding. 
The final expressions are solved for the case of symmetric 
3-phase currents and constant speed and applied to the 
calculation of 3-phase short-drcuit current, field-current 
build-up, and flux decay. 

In previous treatments of electrical machines, circuit 
analysis has been the predominant tool. Some of the 
machine constants have been computed with the aid of 
coeflBicients found from flux plots, or by taking into 
account nommiform distribution of current in conductors, 
or the actual circuits replaced by equivalent sinusoidally 
distributed windings, but always the actual analysis has 
been of a circuit. In this paper a departure is made by 
considering the behavior of solid-rotor synchronous ma¬ 
chines from the point of view of field-distribution theory. 
This is particularly desirable since no definite circuit in 
which the rotor eddy cturents must flow presents itself 
in the actual machine. Previous analyses of solid-rotor 
machine performance have represented the rotor by an 
equivalent circuit computed from steady-state eddy- 
current relations. The present treatment by going back 
to fundamentals and avoiding the short cuts of the ordi¬ 
nary engineering circuit theory thus presents an oppor¬ 
tunity to test the validity of such representation for 
calculations of transient phenomena. The differential 
equations governing the field distributions are set up 
from Maxwell’s equations. These are expressed in terms 
of a magnetic vector potential, introduced in order to 
correlate them for the rotor and stator, since as ordinarily 
expressed in terms of electric intensity they are valid only 
for systems at rest. 

Assumptions 

The analysis is based on the following assumptions: 

1. The rotor permeability is a constant. 

2. The stator permeability is ihfimte. 

8. The presence of slots is neglected in both rotor and stator, a 
uniform eqtuvalent gap being used. 


in this paper a rigorous mathematical analysis of a 
synchronous machine with solid cylindrical rotor 
is presented. The analysis embodies a departure 
from the usual method of considering machine 
performance by means of circuit theory, and pre¬ 
sents an attack from the point of view of field- 
distribution theory. Such an analysis is desirable, 
for it provides a definite means of considering the 
effect of eddy currents in the solid iron rotor. 


mathematical analysis of a 4. The machine is so long that 
ith solid cylindrical rotor effects may be neglected; 

^sis embodies a departure “ 2-dimensional.- 

of considering machine circuit conductors are of 

>f circuit theory, and pre- *««We depth and are distributed 
> c fi ij on the rotor and stator surfaces (see 

3 point or view of field- also assumption 3). 

ch an analysis is desirable, tm. ^ 

of eo«ideri„, A. ^ 
in the solid iron rotor. . air gap length. 

7. To take account of the end ef¬ 
fects and slot leakage, provisional 
corrective terms (so-called leakage inductances) are incl nded in 
the circuit equations. In correlating the calculations with test 
results these terms are found to be very important and it is in¬ 
tended to investigate the effect of eddy currents in the leakage 
fluxpaths as the next step in the devdopment of the theory. 

It may be stated broadly that the present purpose is to 
compute correctly the effect of eddy currents in the main 
flux pa^. The results are here compared to similar 
calculations for a la min ated rotor machine, so that the 
effect of the sohd rotor body may be seen directly. 

The Field Equations 

Maxwell’s equations for the electromagnetic field, for 
the present case, and for axes fixed in the medium, are 

V Xff ss 0.4irt ^j 

VX£t= —10“*-—J3 = —— H (VS 

V-5 = 0 (V-H = 0), V-iS = 0 (3) 

where all quantities are in practical cgs units. 

In conducting regions they yield 


V2£ = ijr/ilO-" 

w 

or, since 


as 4irXMl0~»—£ = B = 
bt ^ bt 

while in nonconducting regions 


At surfaces (such as the rotor and stator surfaces) where 
current sheets are flowing, the last equations are replaced 
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Fig, 1. Orientation of 
co-ordinate system in 
the rotor 
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Ampere-turn distribution for 
one rotor or stator coil 



by a boundary condition specifying the discontinuity in 
the normal derivative of E. Thus if along a surface 
(y = constant) there is a current sheet in the sr-direction 
of linear intensity I, thqi: 

AHg —0.4xr ((5jl) 


V V = 4ir/i 10~® j 

and boundary condition of equation 6b by 



( 11 ) 

( 12 ) 


The vector potential can be defined by this set of equa¬ 
tions and since it points in the s-direction still offers the 
possibility of expressing the magnetic and electric fields 
in terms of a single scalar function. This function (or 
rather, —10® 4/) may be interpreted as the total flux 
enclosed between the point in question and a reference 
point and is in fact perfectly analogous to the flux linkage 
of circuit theory. 


The Circuit Currents 

As explained under the assumptions, it will be assumed 
throughout the following that a proper mean radius bflj g 
been chosen both for rotor and stator and that smooth 
cylindrical surfaces of these mean radii actually replace 
the slotted rotor and stator surfaces. The armature and 
field windings are considered to be ribbon-like and to lie 
on these surfaces. Developing the rotor and stator sur¬ 
faces along parallel plane surfaces in accordance with 
assumption 6, and replacing the rotor and stator by semi- 


where AHg is the increment or discontinuity in Hg. 

From equations 6a and 2 

~ (AHg) = A-H* =. -io« A 

For long rotors, neglecting end effects, the currents and 
induced voltages may be assumed to point in the z-direc- 
tion (i.e., to be parallel to the rotor axis) and to be func¬ 
tions only of X, y; while the magnetic field is normal to 
the z axis and also independent of z. Therefore, let 

jE, = .S = jE(», y) 


and obtain from equation 2 



ft bx 


(7) 


This shows that the magnetic field can be expressed in 
terms of a single (now scalar) function iS as far as its 
changes are concerned. However, this induced electric 
field -E is not invariant under motions relative to the axes 
employed. Therefore, to compute the proper induced 
voltages in coils in motion with respect to the field, as 
e.g., in the stator coils due to the motion of the rotor 
and to take account of static magnetic fields, we intro¬ 
duce a vector magnetic potential ^ defined in the original 
system of co-ordinates by the relation 




Fig. 3. Short-circuit current of a turbine generator 

Phase-a switch closed at Instant of minimum linkage 


Case 1 — /s « 0,18, n = ,100 
With solid rotor S—With laminated rotor 

infinite blocks and the rotation co' about the z-axis by an 
equivalent translation, we arrive at figure 1. Suppose 
tdie rotor is rotating with angular velocity w'. Since 
hifaxwell s equations are for axes fixed, in conducting 
materials, we take a;, y, z axes fixed in the rotor as shown 
and let Xi, y, z be similar axes fixed relative to the: stator. 
Thus ■ 


whereupon equations 2,. 3, and ba may be replaced by ^ ^ J (a*di 


tr 10* 

a ^ —VX ^ 

' ' ti 

v-f«o: - 

■bb J- 


; (13)^ 

( 9 ) Consider one rotor coil with current 7„ and several 
.Stator coils with curirentsT^,!^^, ,. . The actual ampere- 
( 10 ) turn distribul^on due to th^^ currwits may be as shown 
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in figure 2. The rectangular’ blocks correspond in position 
to the slots. (It should, of course, be understood tliqf 
figure 2 is only representative and the niunber, height, and 
spacing of the ampere-turn blocks depend on the machine 
being analyzed.) If the equation of this curve is CL(x)f 
then the ^pere turns due to rotor current is 
The function a{x) is periodic of period Z, and is odd about 
the pole center and even about a line midway between 
adjacent poles. 

Hence 

<*(*) cos nax, O’ —— ( 14 ) 

«-1,3.6,... 

Similar ampere turn curves apply to each stator coil. 
For one of these coils, e.g., we have: 

Ampere turns = 4 & («:) 

where b is again odd and even as above, 

Kxi) « Bn cos naxi 


(15) 




If there are 3 stator coils with similar winding distribu¬ 
tions, obtained from thht of coil a by translating through 
120 and 240 electrical degrees, the total stator ampere 
turns are 

4(*i) — + 4 ^ ^ (KJ) 

To find the field, we express the stator ampere turns 
also in terms of x, i.e., in terms of co-ordinates fixed with 
respect to the rotor and then solve the equations 

vV = o 

in the gap, and 

in ^e rotor for the vector potential picking the solution 
which: (p) is zero for y = — « ; (j) is continuous at the 
rotor (and stator) surface; and (c) is such that at the 
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rotor and stator surfaces y = 0, y = g, — AHj. = 0 . 47 r 
times the surface current density. 

By equation 12 these conditions are: 


TIME-ELECTRICAL DEGREES 

Fig. 4. Short-circuit current of a turbine generator 

Phase-o switch closed at instant of maximum linkage/ other 
conditions same as for figure 3 


b I Id 

oy |y=o+ n by |y-o- 
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4 7rl0-»4(») 


(19) 


( 20 ) 


The induced electric field B can now be found from the 
relation 


« • 


( 21 ) 


Coil Voltage Equations 


With E known, the voltage equations for the coils may 
be obtained by adding to the applied voltage the integral 
of the induced voltage E over the length of the coil. For 
the rotor coil: 


^ a{x)E(x)dx 


( 22 ) 


To treat the stator coils which are now moving relative 
to the Xf y, z system, recall that the function —10* ^ is a 
measure of the instantaneous flux linking any point. 
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TIME—ELECTRICAL DEGREES 

Fig. 5. Short-circuit current of a turbine generator 

Phase -0 switch closed at instant of minimum linkage 
Case 2—ia » 0.09, m =100 
-4 and S—Same as for figure 3 

Thus to find the induced electromotive force in a coil in 
motion relative to the y, 2 system, e.g., a stator coil 
fixed in the jPi, y, z axes of the stator, we need only express 
4^ in terms of aci, y, z and then use an equation similar to 
equa,tion 21: 


^(*>) “* -^ 4 (»:> y, i) 
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For stator coil a the electromotive force equation is 
rJa = + Zkj^^ bixOE(xi)dxi (24) 

Similar equations hold for the other 2 stator coils. 

Current With Constant Speed 

We now assume constant rotor speed. Then from 
equation 13, 

*1 = a: — ri<a't + y/k) 

= X — (at 4* y)f/k (25) 

or 

axi = ax — <at — y- 

To simplify the solution we represent the applied 
voltages by the relations 

+«o ] 

eb = C + Ca [ ( 26 ) 

Cc = Cae^'^ + C a* + Co I 



■■nwnHDUSHlHHDiiaMlHi 


jiHiHiiiaiMaiiiiaHiiaia 


120 ‘240 360 480 600 720 

TIME-ELECTRICAL DEGREES 


Fig. 6. Short-circuit current of a turbine generator 

Phase-o switch closed at Instant of maximum linkage; other 
conditions same as for figure 5 


where a — = — Vs + i\/3/2 is the primitive 

cube root of unity. In the case of balanced 3-phase 

sinusoidal voltages, C, C might be chosen so as to 3 deld wave stationary relative to tlie rotor but modu- 

real voltages e or else C might be made to vanish and lated by a function fixed relative to the stator or as a 
the real parts of the resulting complex voltages and cur- sinusoidal wave stationary relative to the rotor plus 

rents identified with the physical voltages and currents. harmonic wave-' which travel along the rotor with speeds 

The stator currents may be expressed in similar form as only slightly less than that of the rotor. 

/a “ jO + !>' -1- to ] suppose the J„ D, D' vary as i.e., substitute 

h = + ctD'6-^“* 4-io I (27) Ir, etc., where the new J„ P, P', and ^ are 

Ic = ctDei^ + a\D'e~^^+u J constants, and solve the field equations 17, 18, subject 

where P, P', and ^ are yet to be determined. Then from ^ bounds^ conditions expressed by equations 19 
equation 16 the total stator ampere-tums are: current distributions expressed by 

equations 14 and 29a simultaneously present. From the 
/.(*i) = ("*(*.) 4-aft 4--'^! + *’^“*ting ^ find E by means of equations 21 and 23, then 

\ \ / _ substitute m equations 22 and 24 to obtain the circuit 

r b(x{) 4- 06 /"*! -V (xi 4- 1 4- voltage equations (see appendix II). Considering only 

L \ 3/ \ 3yJ the fundamental components, there result the following 

.l\ I 2 iM 4 Hnear equations in/„ P, P', and 4 


equation 16 the total stator ampere-tums are: 
l^»(*i) = b{xii 4" ctb 1^*1 "I" 2^*1" "F 4" 

D'.-X 4(*0 + <.6 (j:. + i) + „>h L + j) + 

+ 4 ( 11 +g)+}(»,+1)1 (28) 

or, after some algebraic reduction utilizing the relation 

1 4- O'* -I- = 3 or 0 according as n is or is not divisible 

by 3, 

(Z7e^C«4-l)(a*-7)-inM< ^ 

n—0, 


^(2J:+ Lp) + P cosh 0,1 Jr 

r KAiBie^y, 1 r 

\_~^Q + 

VKAiBxe-iy, 1 r 

l~ '2aQ 4- l^r. 


^KAiBip 

(30a) 

, («2 + ») , ~\ 
rs 4- — ^ (P+jco) |i?=C (30b) 


(«2 4- v) 


(30b 

(P -ico)jD^ « C' 


»—l. -Zt'. [r, + kpjio ^ eo 

(29a) where 

In terms of xi, or referred to the stator, iT - 2 t 10-* Z 


II—0, *6,... 


2 5^ ^mi 4- (29b) 


»"* 1 . * 8 ... 


^ 0 “d -D and 

arecoMtan^/.maybedescri 


2irlO-»Z/* 
g cosh ag -f- sinh ag 

ihm 

, ' . . 3KBi* . 

»f cosh ag 4* —sinh ag 

... , SJTBi* 

h sum ag 4- ——— cosh ag 
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In these equations there have been included field and 
armature leakage inductances which were ornitted from 
the previous steps of the development in order to avoid 
undue complication. Solving equations 30 for the cur¬ 
rents I„ Z>, D' in terms of the applied voltages, we find 

A/r = o*{ (^* -h co*)(«2 -h »)* + r^Q [nQ -|- 2p(jug_ -f-»)] jc, - 

3 , 

2 K^i^iap{riQ{Ce-^r _|. ^v'y) -|- 

(«2 + »)[(/> -ja)Ce-iy -I- {p } (31a) 

^ 2 + ft>®)(«2 +»)-!- faip +ja)Q]er + 

^(R -f- Lp)a'Q{(p - j «)(«2 -{-») + fsQ} + 

KAx*ap "1 2 -i«) [«Q+cosIi ag{uq-\rv)\ -l-r,Q cosh J ^ + 

ZKBi^ 

KAi'ap—^{:P-{-ja)e*iya (31h) 

AD* “ — 2 KAiBiae~iy[(pfi -|- + ») -f- r,(p — j<»)Q]er + 

1^(22 + Lp)o>Hi{(p +i«)(ttg -H») + f/i] -f 
KAi*ap -I" C#>-h;«)[«Q-l-coshog(« 2 -f-»)] +f,Q cosh J 





120 240 360 480 600 720 

TIME-ELECTRICAL DEGREES 


Fig. 7. Short-circuit current of a turbine generator 

Phase-o switch closed at Instant of minimum linkage 
Case 3 — /* = 0.09, m » 1,000 
A and B —^Same as for figure 3 


2 fi 4 i*a/>^-(^-h;«)[«Q-|-coshag(« 2 -f-»)]+f,Qcosh 4 f V C' -j- however, to the study of arbitrary applied voltages and 
^ ■' J in particular to various transient problems by regarding 

KAi^ap (p -ju)e-^C ( 31 c) ^ Operational e 3 q)ressions. Thus if the expressions 

, ® for In lit in equation 31 be considered to operate on 

^ the unit function, the result represents the currents 

A = (-R + ij/>)®* {(/'* + «*) (« 2 + t')*+r*Q[r,Q -I- 2 /»(« 2 -!-»)]} + obtained when, in the applied voltages, C, C are 
KAi^ap { (p* + 0 >*)u(uq -f- ») + r,[Q(r, cosh ag + up) + replaced by c, 1 , Cl, C' 1 . According to the modern 

coshag(<< 2 -|-»)i>]} (Sid) interpretation of operational calculus the operational 
Electrical Torque solution is obtained merely by superposing the solutions 

The torque may best be computed by considering the operational 

interaction of the stator current with L normal com- ^ 

nonent of flur at the atatnr ...rfae. We th.„ 1 ,.™ Bromwich integral. 


ponent of flux at the stator surface. We then have in 
cgs units (ergs). 


Torque = -0.1 rZ* J^7,(*a) [iry( 3 (;i)]y_jda;i ( 3 : 

Considering only the fundamental component, we have 


2 




■ Ir 3 m (axi + «/ -|- 7 ) + 


The equivalent time functions cannot be directly found 
in tables. To evaluate the operational expressions, note 
that they are rational fractions in p and q, q being the 
square root of a factor linear in p. They may be con¬ 
verted to rational fractional functions of q by expressing 
^ in terms of g, as 


I(Ma)» - 1 ] 


1.2xBi (cosh ag -I- g Sinh ag) _ resulting functions of q are now expanded in partial 

-—-^ [ 2 ?^(a*i +«0 ( 34 ) fractions the result is of the form 


If J, and Hy are real, the expressions above will give the ^ ^ ■ 

instantaneous torque correctly; however, if they are « ® ** 

complex we must eito take the real parts before sub- where g, are the g roots of the denominator A expressed 

stitutmg m equation 32 or else add to equation 32 a in terms of g. Replacing g by its equivalent in p. tiiere is 

sunilar expression obtamed by replacing either the field obtained 

qr the current by its conjugate imaginary and take the 

real part of half the sum. x—^ 

m~y r*+/'-“Vi* ^ ^ 

Thb Opsorational SoMfnoN AND Its Evalcatiok ^VL^wJ ** 

In the above solution time entered as «» (or in this form ffoil mav h. n* u. —..j 


>+r?YT-e. 


In the above solution to entoed as s<« (or in this form/(#.) 1 may be evaluated (it wiU be noted 

where p was a constant The solution can be adapted, that the operational expressions in p correspond to the 
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integrand of the Fourier rather than the Bromwich inte¬ 
gral, and tJius operate on ^1, that is on the unit impulse, 
rather than on 1) by the formula^ 

- - -1 = —^ [c — p^erfipt)^— ce^‘^*~f'i‘erfc(,cl^)] (37) 

(^ + p)*-f-c r*-P 


no load has been computed. In order to simplify the 
work the armature and field circuit resistances have been 
neglected. This should not affect the result very much 
within the first few cycles. 

For this condition the armature current equations may 
be reduced to: 


where erf(x) is the error function, defined by the equation 

erfix) -1= Ce-^^dx 

•WV Jo 

and erfc{x) is the complementary error function 
er/c(ac) = 1 — er/(je) 

As A is a polynomial of the eighth degpree in g there will 
be S terms like equation 37 in the final expression for 
current. Actually it is found that the q roots of A are 
in general complex so that the value of the error function 
of cannot be found in tables but must be computed 

by expansion in series. 

It is of interest to indicate the degree of complexity of 
the restdt and its simplification as affected by further 
assumptions: 


AP = |r -(/>-» I ^ KAi^ cosh agjivq + v) + 

Ika,‘uq\ + (f (38a) 

D' = conjugate of D (38b) 

where 

A = (^2 -1- (a^)[La{uq -1- ») -4- KAi^u]{uq -H v) (38c) 

D may be at once evaluated by formula 37 since the 6 
g-roots of A are evident by inspection. 

The current for a solid-rotor machine has been com¬ 
pared directly with that for a similar machine with lami¬ 
nated rotor in order to show clearly the effect of the solid 
iron. 


1. In g^eneral an eighth degree equation in q must be solved. 

2. If the field resistance R is zero, the degree reduces to 6 . 

3. If the armature resistance r is zero, only a cubic need be solved. 

4. If both field and armature resistance are zero, the denominator 
is reduced to linear factors. 

5. If the (pi//) terms of the stator induced voltage are neglected in 
comparison to the (ai//) or “generated” voltage terms, a fourth 
degree equation must be solved. 

6 . If in addition to assumption 6 the field resistance is neglected, 
only a quadratic equation need be solved. 

Applications to 3-Phase Short Circuits 

As an example of the application of equations 31 the 
3-phase short circuit current of a turbine-generator from 


Case 1 

Figures 3 and 4 show the results for a turbine-generator 
of normal design. Figure 3 is for short circuit at the 
instant of zero flux linkage in phase a (y — 90°), while 
figure 4 is for short circuit at the instant of maximmn 
flux linkage in phase a (y — 0). The principal constants 
of this machine are: 

Number of poles »= 4 
Speed = 1,800 rpm 

irZ/2Z = 1.91 = ratio of length to diameter 
2g/l = 0.0425 = ratio of air gap to pole pitch 
Rotor X = 57,200 (ohms per centimeter cube)“^ 

3 

L = 0.05 per tmit (corresponding to field leakage « - 

0.09 per unit) 

/, » 0.18 per unit 
Rotor ju = 100 




Phase-a switch closed at instant of linkasc; other 

conditions same as for figure 7 


Case 2 

Figures 5 and 6 show the effect of reducing the arma¬ 
ture leakage Z, to half its previous value, or to 0.09 per 
unit, aU other constants remaining unchanged. 

Case 3 

Figures 7 and 8 show the effect of a higher permeability. 
For this case, 

Zs = 0.09 per unit 

M *1,000 

The expressions for curreint in the 3 cases given are, 
with normal full-load current as the unit, 

Case 1. I, — 0.18, n 100 

ia = (4.24 - 1 . 75 Fc+ 1 . 02 Fa) COS 7 -(3.68-i-0.20a**** er/c(30.8/*)) X 
cos («Z .■!- 7) -1- (—0.46 i.29Fe -1- 0.12F*) cos (2coZ -1- 7) "4* 

(-().84-hl.02i|'c+1.75F,) sin 7 + 1.18c“*-*W/c(10.7z)4 
sin (toZ + 7 ) - (0.33 4- 0.12Fc - 1,29F,) sin (2coZ + 7 ) (39a) 
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Case 2. 4 = 0.09, ^ = 100 

ia = (5.60 -3.51i?cH-4.09Fs)cos r - (6.30+0.26«i«iter/c(38.2f*))X 
cos iat + 7) + (-0.05 + 2.80i''o - 1.417?',) cos {2wt + 7 ) + 
(—2.68+4.09J?'c + 3.517?',) sin 7 + 4.16fi**®W/c(18.1<^) 
sin (sd + 7 ) - (1.60 - 1.417?', - 2.807?',) sin (2wi + 7 ) (39b) 

Case 3. /, = 0.09, n = 1,000 


*a (3.14 — 0.247?', + 2.437?',) cos 7 — 5.29 cos {d + 7 ) + 

(2.16 + 0.197?', — 1.537?',) cos (2wi + 7 ) + 

(—0.52 + 2.437?', + 0.247?',) sin 7 + 0 . 95 e**®®^ef/c( 57 . 4 i^) 
sin(«i + 7 ) - (0.42 - 1.637?', - O.IOT?",) sin (2«« + 7 ) (39c) 

where F, are the Fresnel integrals defined by the 
equations 


J '^^ cosxdx ^ _ r^‘ ^xdx 

0 (2vx)i ’ * Jo (2T*)i 


(40) 


The Fresnel integrals, rathar than error functions as 
might be expected from formula 37, are present since 
with reasonable values of /x the significant q roots have 
very nearly equal real and imaginary components and 



expression for short-circuit current of solid-rotor 
turbine generator, case ‘1 

Dashed lines are for machine with laminated rotor 


This relation may be shown as follows: 

Let 

yi _ 

then at 
y — 
and 
z = x^ 

«r/(a(;e*^*‘/^) = f e-^^dy => cV5‘'J/4 ) C 

V’'’v '0 Jo \^2vz 

= = V5a*^>/4[7?',(*»)=Fi7?,(*>)] 

Tables of both the error function and the Fresnel integral 
are given in reference 7 . 

The coeflacients of the trigonometric functions in equa¬ 
tions 39 have been plotted in Figs. 9, 10, 11 so that they 
may be compared directly to the corresponding coeffi¬ 
cients for the laminated^rotor machine without the 
necessity of considering the instant of short circuit. 

For a laminated rotor (X = 0) the short-circuit current 
equations reduce to 

Case 1 

ia “ 2.23 cos 7 — 3.59 cos {fat + 7 ) +1.36 cOs (2w/ + 7 ) (41a) 

Case 2 

»a = 3.11 cos 7 — 6.28 cos {<at + 7 ) + 2.17 cos (2w/ +' 7 ) (41b) 

Case 3 

ia — 3.08 cos 7 — 5.27 cos {at + 7 ) + 2.19 cos {2ai + 7 ) (41c) 

These last equations are in the same form as iliat given 
by Doherty and Nickle in a previous paper.^ 


for the unsaturated case {jx = 1 , 000 ) and a great reduction 
for IX — 100 , which corresponds roughly to a small degree 
of saturation. It is interesting to note that the “funda¬ 
mental" component of current is practically unaffected 
by the rotor eddy currents and is a function principally 
of the assumed values of field and armature-leakage 
reactance. The constant values approached by the 
coefficients are indicated on the figures and are very 
closely realized after a few cycles. We observe that 
although the expressions for current are somewhat com¬ 
plicated the general effect of the rotor eddy currents is 
simply to produce a more nearly sinusoidal wave shape 
of current and an effective phase shift. This phase shift 
is indicated by the presence of sine terms in the current 
equations 39 in addition to the cosine terms of the lami¬ 
nated rotor case (equations 41). Therefore according to 
equations 39 there is no switching angle which will com¬ 
pletely eliminate the d-c component and result in a per¬ 
fectly symmetric current. 

The results further show that in the laminated-rotor 
machine the current is not affected appreciably by changes 
in rotor permeability in the range ju > 100 , while even 
for /i = 10 the change is not great. For example, for 
/, = 0.18, 

M « CO, » = 2.18 COS 7 - 3.66 cos {at + 7 ) + 1.37 cos {2at + 7 ) 

(42a) 

M “ 10, i w 2.46 cos 7 - 3.64 cos {at + 7 ) + 1.18 cos {2ut + 7 ) 

(42b) 

forj, = 0.09, 

ft = », * =« 3.07 cos 7 — 6.26 cos (*)< + 7 ) + 2.19 cos {2ut + 7 ) 

A* “ lO, * = 3.42 cos 7 — 5.4d cos («i + t) + 1.98 cOs (2w/ + 7 ) 

:'(43b): 


Inspection of figures 9, 10, 11 shows the expected 
reduction in second-harmonic current ; a slight reduction 


These curr^ts indicate a 2.5 per cent decrease in transfenl 
reactance and a 38 per cent decrease (these changes are ir 
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per cent of the unsaturated values; that is. (sat.)/*/ 
Irn^t.) = 0.975: *. (sat.)/*s (««=»*.) = 0.62) m syn¬ 
chronous reactance when compared with the formula of 

reference 2. Saturation in the main flux path tos ^ 

Uttle effect on short-circmt current This ju^es 
assumption of infinite stator permeabiUty and shows ^t 
in order to account for increased short-circmt current vre 
must indude the effect of saturation and eddy currents m 


Field Current Build-TTp 

As a second application of the general eqimtions de¬ 
veloped in this paper, the fidd current on sudd^ appU- 
cation of fidd voltage (with open-circmted a^t^) ^ 
been determined. The operational expression for Add 

current ist 


It 


Qer 


. KAt* , 
QR-\‘P(QL+ — cosh ag 


■0 


5 


(44) 



Taking m “ 100 and solving equation 44, we obtain, for a 
solid rotor, 

j _ 1 + 0.0064 erfc C21.8«^) - 

0 507 [e(-0.214+i0053t)-i0.l30gyjfc (0.452 + 

^(-0.2li-J0MSt)+m^0^fc (0.462 )] (4Sa) 

and for a laminated rotor, 

1 * 1 - 

Ficure 12 shows the computed currents for both a lami- 
naSd and soUd rotor. The curve for the soUd rotor ca^ 
may be approximatdy represented by an equation of the 

form 


If 


1 - 0.89e-‘/*-2« « 0.11 


(45c) 


showing that a representation of the solid rotor by^ 
equivalent short-circuited winding is in this case satis- 


•6 8 10 12 - 14 

TIMS-ELECTRICAL RADIANS 



Fig. 10. Coefficients of trigonometric functions in 
expression for short-circuit current of solid-rotor 
turbine generator, case 2 

Dashed lines are for machine with laminated rotor 


the leakage paths. The magmtude of the short-circuit 
current shown by tests cannot be ascribed wholly to a 
“subtransient” reactance; it must be accounted for in 
part by a decrease in transient reactance (or field and 
armature leakage reactance) due to saturation. 

The subtransient effect has been calculated from figures 
9, 10, and 11 by comparing the magnitudes of the oscilla¬ 
tory component of current extrapolated to zero time with 
those after the iron transient has died out. The sub¬ 
transient reactance computed on this basis is about 85 or 
90 per cent of the transient reactance for m = 100 
about 97 per cent for m = 1,000. This indicates the im¬ 
portance of taking account of saturation and eddy cur¬ 
rents in the leakage paths. In the present work field 
and armature leakage reactances have been assumed as 
constant quantities unaffected by the eddy currents, but 
the effect of eddy currents bn the leakage reactances will 
be shown later. 



0 IT 2Tr Sit ■ 

TIME - ELECTRICAL RAD I AN 5 

Fig. 11. Coefficients of trigonometric functions in 
expression for short-circuit current of solid-rotor 
turbine generator, case 3 

Dashed lines are for machine with laminated rotor 
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factory. If the curve of figure 12 is regarded as a single 
■exponential function, the time constant (determined as 
the time required to reach (1 - of its final value) is 
11 per cent less than that for a laminated rotor. 

The transient problem of a stationary magnetic circuit 
linked with a single coil has been presented in a somewhat 
more simplified form by at least 2 previous writers. 
Here we have taken account of the actual flux distribu¬ 
tion in the iron and gap and of the distribution of the 
field winding, but since the whole effect of rotor eddy 
•currents is seen from figure 12 to be rather small (at least 
for n > 100), the results in the case of field build-up show 
no great discrepancies from their work. 



Flux Decay 


A third application of the theory has been to the deter¬ 
mination of the rate at which the flux changes following 
a sudden change in stator current. In the example given 
here we consider the field to be open-circuited and com¬ 
pute the flux decay follovAng opening of the stator circuit. 
This will correspond to the decay of the quadrature axis 
■component of flux. 

From- equation 49 it follows that for sudden changes in 
stator current there is the operational expression: 


V' is proportional to 


cosh Of -|- 3 sinh ag 
2 cosh ag -1- sinh ag 


(46) 


Here we are not concerned with the absolute magnitude 
but only with the shape of the flux-time curve. For a 



TIME-SECONDS 


Fig. 12. Field current of a turbine generator with 
solid rotor, upon sudden application of field voltage 

<4 With solid rotor 'With lamindted rotor 


A —Quadrature-axis flux 
S—Exponential through value 1/e 


only in the air gap. Although the expressions appear 
rather complicated it becomes evident by inspection that, 
with less than about 5 per cent error, a very simple relation 
exists between the flux at any time and the assumed 
permeability. That is, we may assume the flux to be a 
function of the product of permeability and time (see 
figure 13), so that the time constant is inversely propor¬ 
tional to the permeability. 

Steady State Impedances 

In order to show the relation between the design factors 
used in the present theory and the circuit constants of 
ideal s 3 aichronous machine theory,* we shall find the 
expression for s 3 mchronous impedance. From either 
equation 306 with p — 0 and 7, = 0, or equation 316 with 
p — 0 and c, = 0, 

I- r, +>r 1. 

Thus 

Synchronous Reactance =» a f/, ( 14“^^ tanh ®g\~| 

L 2a y /t-i + tanh ag J j 

Similarly, from equations 53 the field self-inductance* 
may be recognized as 

L -h — (jx~^ -1- tanh ag) 
a 


machine for which 2g/l = 0.051 and /, = 0, we obtain 
the equations of flux decay (per unit initial value): 
for M = 1,000, 

4- » 0.985 ‘ etfc (4.67/1) - 0.007 erfc (0.032/1) (47a) 

for n = 100, 

» 1.048 erfc (1.48/1) - 0.071 erfc (0.10/1) (47b) 

Note that the flux drops immediately to 98 per cent of its 
initial value, the drop representing that portion of the 
quadrature axis flux which did not link the rotor but was 


Conclusions 

In order to account completely for the observed phe¬ 
nomena of turbine-alternator transient performance and 
to compute correctly the behavior imder specified ter¬ 
minal conditions it may be necessary to include the effects 
of the slots, of harmonics, of saturation, of hysteresis, of 
eddy currents, of the rotor surface curvature and of their 
influence not only on the main flux path but also on the 
leakage flux paths. For this reason the present paper 
should be regarded as presenting merely a first step in Hie 
complete solution of the general problem. Also, the 
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final equations of this paper have been established only 
for the symmetric 3-phase case. This was done because 
the 3-pliase case is susceptible to simple solution by the 
operational method. However, many problems in addi¬ 
tion to those used as examples can be solved by the meth¬ 
ods of this paper despite this limitation. For example: 

1. Short circuit from any symmetric load condition 

2. Sudden (or any) change in field excitation with any symmetric 
armature load 

3. Calculation of flux change, in addition to current and voltage 
change, for any of the other cases solved 

4. Sudden change of load impedance (switching) 

5. Prescribed change of terminal voltage. 

6 . Transient torque and forces for any of the conditions listed above 

7. Negative-sequence reactance 

8 . Current for continuous load pulsation 

9. Speed-torque relation for a solid rotor machine running as an 
induction motor 

10. Eddy current losses 

From the results of the calculations the following specific 
conclusions may be drawn: 

1. Saturation in the main flux path does not affect appreciably the 
magnitude of the short-circuit current. 

2. Eddy currents in the main body of the solid rotor may account 
for a 10 to 15 per cent reduction in subtransient reactance below 
transient reactance. 

3. The larger difference between transient and subtransient re¬ 
actance shown by tests must be due to (a) retaining ring saturation 
and eddy currents; (ft) tooth tip saturation (and eddy currents in 
case of the rotor teeth). 

4. Eddy currents in the solid rotor may account for about a 10 
per cent decrease in the apparent field open circuit time constant. 

5. The effective time constant of the quadrature axis flux varies 
mversely as the rotor permeability (at least in the range of per¬ 
meability greater than 100). 


i^ppsncflx J Symbols and Nomenclature 


=* magnetic intensity vector 
=* current-density vector 

= electric-intensity (voltage-gradient) vector 

“ magnetic flux-density vector 
*= time 

spKific conductivity 
permeability 

" ^ = 4t\ju 10-» i 

bt bt 

X. Xt, y. X are co-wdinate directions as shown in figure 1- x and x 
tangential, y radial, and s axial; y. ^ 

__ mtor while x, is fixed in the stator “ 

= vector magnetic potential 

“ ang^ar velocity of rotor (see figure 1) 
radius of rotor ^ 

coil currents; /r rotor coil cuirent' 1 „ A *1 

rotor of 2 , 

2x/i ; . 

dPouriersories fortheamporottmidteribu^^^ 
rotbr-coil resistance 




or twice 


•4)*, Bfi are 

K = 

58 


L <= rotor coil leakage inductance 

r, = stator coil resistance 

4 =» stator coil leakage inductance in the direct (or quadrature) 

axis 

h = zero phase sequence stator coil leakage inductance 
e applied voltage; Ca = voltage applied to coil a; Cr =» 

voltage applied to rotor coil, etc. 

k => number of pairs of poles 

a — electrical angular velocity — koi' 

y = angle by which the rotor “leads” the stator 

C, C\ So — coefficients of complex components of stator tenninal 

voltage 

D, D', »o = coefficients of complex components of stator current 

g =» air-gap length 

Z « machine axial length 

K =2irlO-»Zijfe 

■ 

Q = g cosh ag -f sinh ag 

, ^ , 3KBi» . , 

« =*4 cosh ag H--— smh ag 

2a 

, . , , 3KBi» ^ 

0 = Is smh ag -i—-— cosh ag 

2a 


2V 


= magnitude of open-circuit armature phase voltage 

Appendix II 

The solutions of the field equations 17 and 18, subject to the 
boundary conditions expressed by equations 19 and 20, and con¬ 
sidering only the fundamental components, yield: 

At the rotor surface, y = 0, 


^ = 


-4t10-»s»’‘ 


~ tanh cgl a cosh ag 

L MO J 


X 


COSO*coshog 4- ~ J 

At the stator surface, y — g, 


(48) 


-4t 10-» e*” 


Vyp + o» 


+ tanh og J a cosh og 


[ . 

i^rAi cos (o*j -I- W/ -f 7 ) -f |-B, l^cosh eg + y^il£±SLsitih og J X 

4 . (49) 

From equation 48 the electric intensity at the rotor surface is 

Simply 


Brix) » — f 

bt 


PP 


(50) 


whUe, from equations 49 and 23. at the stator surface 


■S,(*i) » p{xi) = _ 


-4 7rl0-»s®* 




A + o® 


^o< 


X 


4- tanhog oepshog 


" f f cpsh og -t- ^ sinh og] X 

L.- '■ \ fJta '-.J . . 

{Concltid^ m page 179 ^^^ 
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Electrical Characteristics 
of Suspension-Insulator Units 


By C L. DAWES 
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A lthough for a 

. number of years the 
h flashover and punc¬ 
ture characteristics of sus¬ 
pension-insulator units have 
been investigated exten¬ 
sively, very Httle study has 
been made of their power- 
loss, power-factor, and ca¬ 
pacitance characteristics. 
The only published work of 
any importance is that of 
Draeger.i The extent and 
value of his measurements 
were limited, however, by 
the bridge facilities avail¬ 
able to him at .the time 
(1925). Moreover, he did 


Effects of humidity^ corona, and mechanical 
stress on the electrical characteristics of 
porcelain and glass suspension-insulator 
units are shown in this paper. Moisture, 
alone and combined with corona, is found 
to produce surface deposits which cause 
hysteresis effects in the power, power 
factor, and capacitive characteristics, and 
mechanical stress is found to reduce the 
power, power factor, and capacitance. 
The effect of stress is reduced where soft 
metal is used in place of cement in as¬ 
sembling the unit. 


10. The changes in surface re 

dielectric characteristics of the insulator ar( 

r^tl^S temperature, but are affected indi 

tly m that absolute humidity of air is a function of temperature 

12 . Mechanical stress for the most part causes a decrease in th* 

STS/S the compression of the cemi^t 

ing maten^. After such material has a permanent "set" further 

indeSdeS ** rmata 


^ ^ - -▼ -w* J AJ.V. 

not take into consideration 
the ^ect of humidity on the characteristics, which 
h^ been found by the authors to be the factor which, 

•mth corona, has the greatest effect on the electrical 
ch^actenstics of the insulators. Furthermore, the 

investigation 

mu^ ^an Draeger and to relate “corona 

hysteresis to the combined effects of humidity co- 

corSia^^^ ^ microscopic surface deposit produced by 

The insulators tested were 10-inch porcelain disk- 
type suspension insulators supplied by the Locke 

Corporation, and a Pyrex 776, lO-inch glass Method of Measurement 
. suspension msulator supplied by the Com¬ 

ing Glass Works. 

Summary 

1. The dectric and dielectric circuits of a suspension-disk insulator 
consist of the porcelain and cement between cap and pin which is 
p^ticdly mrapabla, and the capacitance between the surfaces of 
the shdl m senes combinations with the surface resistance. This 
cxrctut IS highly variable due to changes in surface resistance. • 

2. The surfa.ce resistance is a function of adsorbed moisture and 
decreases with increase in absolute humidity and increases with 
decrease m absolute humidity. The surface resistance also de¬ 
creases with corona formation. 

3. At any ^ed voltage the dectrical characteristics of the insulator 
vary with time,^ This is due to the change in surface resistance 
caused by Joule hearing and to "island formation." The resistance 
inay increase with time or it may decrease, depending on the part 
of the test cycle at which it is operating. 

4. The electric and dielectric characteristics of the insulator are 
functions of the absolute humidity or of the absolute amount of 
moisture m the atmosphere.' 

6 . Corona forms at lower voltage with increasing values of absolute 
humidity. 

6 . The power factor is practicaUy a linear function of the absolute 
humidity. 


7. Corona reacting with oxyget 
nitrogen, and moisture of the at 
mosphere forms acidic compound 
which deposit on the insulator sur 
face, causing change in the surfao 
resistance. 

8 . The combined action of th< 
corona, acidic compounds, and the 
sputtering of the metal of the cap 
and pin fonn semipermanent con¬ 
ducting microscopic "island" de¬ 
posits which cause a decrease in 
surface resistance. Such island de¬ 
posits can be removed only by 
vigorous rubbing. 

9. The moisture film on the in¬ 
sulator surface together with the 
island deposits causes a hysteresis 
eff^t in the electrical character¬ 
istics of the insulator. 
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ch^actenstics were measured t 
meMs of the mutual-mductance type of high-voltag 
bridge dewloped and used in the Ugh-voIt4e laborl 
UmvCTsity. The simplhed dia 
of TOnne^ons of the bridge and the test insu 
lator IS shown in figure 1. 

In order to facilitate the connection of the hiffh- 
voltage lead and the low-voltage shielding, the insu¬ 
lator was^ested m an inverted position. No differ¬ 
ences m effects between this position and the upright 
one were noted, 

The details of the bridge connections have already 
low The shielding surrounding the 

jow-yoltage lead ah to the specim en is balanced to the 

A p&per rccottinieiided for publication bv fh ** 

A.,.,, 

1 . For all numbered references see list at end of paper 

t r‘’““ 

Rbctbr is a graduate student at Harvard uTw^ty. ^ ItBOTBU 
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same potential as the lead ab so that capacitive 
effects between them are eliminated. The bridge is 
provided with an amplifier to give it tiie necessary- 
sensitivity, and filters to eliminate harmonics from 
the circuit.* 

Equivalent Circuits of Disk Insulators 

In figure 2a is shown the cross section of a t)q 3 ical 
insulator unit and the approximate electrical circuits. 
There is a capacitance C of approximately 30 micro¬ 
microfarads between the cap and the pin. The di¬ 
electric is the porcelain, and the cement used to fasten 
title cap and pin in place. Such dielectrics obviously 
involve dielectric loss so that in tiie equivalent cir¬ 
cuits of figures 46 and 4c, the capacitance C is shown 
shunted by a resistance R to simulate this loss. The 
dielectric characteristics of the porcelain and the 
c^ent remain practically constant under all condi¬ 
tions, although a slight increase in power factor with 
increase in voltage may be attributed to the ioniza¬ 
tion of occluded gases. The values of C and R may 
be changed slightly by mechanical stress. 

The. glazed porcelain shell may be considered as 
consisting of a number of capacitances C' between 
the upper and lower surfaces. If tihie surface resist¬ 
ance were infinite, the capacitances C' would have 
very little effect on the total insulator characteristics. 
These capacitances are, however, connected in the 
insulator circuit by the surface resistance R' which 
is caused by moisture and other conducting deposits 
on the surface, ^ well as by corona which is also con¬ 
ducting. As will be shown later, the surface resist¬ 
ance i?' depends on the humidity and the voltage, 
and it has a very large effect on the insulator charac¬ 
teristics. Hence the effects of the shell capacitance 
depend on the siuface resistance and they will vary 
with changes in the surface resistance. 


Fig. 1, Schematic diagram of 
arrangement for testing insulators 


fEET 



-4—^Volbneter coil 
®~Step-up transformer 
ondaiy 

Cl—^Air capacitor 
0 —Detector 
E—High-voltase lead, 
inch in diameter 
G —Ground 


TO PIVOT , 

ON lever! 
BEAM 


W—Insulators, mechanical 

sec- strensth, 25,000 pounds 

J—Testspecimen, fnechanical 
strength 18,000 pounds 
M —Mutual inductance 
one Ri, Ri —^Series resistors 

•Ji/^sr—Shielding 
V—-Voltmeter 


The equivalent circuit of the insulator shown in 
figure 2a is shown directly in b. The cap and pin 
capacitance C is shunted by a resistance R to simu¬ 
late the dielectric, losses. The capacitances C' and 
the surface resistance R' combine to form equivalent 


A —Insulator cap 
8—Corona 
C —Main capaci¬ 

tance, 30 micro¬ 
microfarads 
R '—Surface resist¬ 

ance 

D—Insulator pin 
Cl, Ri —Equivalent 
parallel circuit of 
insulator shell 



ffffn$nrn, 

M I- lUJ. 


Fig. 2. (a) Insulator with surface re¬ 
sistance, capacitance, and corona; (b) 
equivalent circuit of insulator with surface 
resistance; (c) total equivalent circuit of (c) 

insulator 
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T-circuits and this combina,tion is connected in paral 
Id with C and R to give the equivalent circuit o 
the entire insulator. The entire diagram of figun 
2b may be simplified to that of c in which -the over-al 
effect of the capacitances C' and the surface resist 
ance R for any one set of conditions are replaced bi 
the capacitance Ci and the resistance Ri. The varia 
tion of the surface resistance R' wii humidity 
corona, and elapsed time of test for the most par1 
accounts for the changes in the characteristics of th< 
insulator. 

Time Lag 

In making the measurements of power, power fac¬ 
tor, and capacitance, it was found that very mudb 
higher values for these factors were obtained with 
decreasing values of voltage than with increasing 
values, thus giving a hysteresis effect. This effect is 
filustrated in figure 3 as well as in figures 4, 5, 6, and 
7. It was also found that the hysteresis effect in¬ 
creased with absolute humidity, as is shown in 
figure 5. 

Moreover, in making the measurements, it was 
foimd that the values of power, power factor, and 
capacitance for any defimte voltage were not fixed, 
but varied with time. At low huihidity and with in- 
carea^g values of voltage, these iactors increased 
with time. At high humidity and with increasing 
valu^^ of voltage, at low voltage, they decreased 
with Imie, but after corona formed they increased 
mth time due to the surface deposits to be described 
later. These effects are illustrated in figures 3 and 4. 


Dawes, R£iUr~-Insulator CJmracteristics 


Electrical ENOiNBERDi 







— CAPACITANCE 

— POWER FACTOR- 

— POWER I I 


6 0121 


4I0JO8 

Q 

^ 3^006 

I 

2 004 


yte 1 


• 

/ 


/! 


! > 

- 4 

f f 

-j. 


Fig. 3. Char¬ 
acteristics of 
porcelain In¬ 
sulator, show¬ 
ing time lag 
and hysteresis 
effects at 60 
cycles and 20 
degrees centi¬ 
grade 

<4—Lapse of time 
of 10 minutes 

B —Lapse of time 
of 2 hours 


rate at which the bridge balance changed. The ap¬ 
proximate values of time are as follows : 


Kttovolts Across 
Insulator 


Elapsed Time Before 
Taking Reading, Minutes 


. 6 to 20 
. 5 to 20 
.10 to 25 
.15 to 45 
.25 to SO 
.30 to 120 


10 20 30 40 50 

KILOVOLTS 


In figure 3 the increases in power, power factor, and 
capaatance for an interval of 10 minutes at 35 kv 
^e shown. Also, the same effects are shown for a 
2-Iiour interval at 50 kv, but the increases are much 
greater. 

Careful study of this phenomenon showed that the 
values of power, power factor, and capacitance varied 
alnmst does a direct current in an inductive circuit 
wito resistance in series when a continuous voltage is 
suddenly swtched across it, or when such a circuit is 
short-arcuited. The change is at first rapid but the 
rate of change diminishes with time. It seemed that 
theoretically steady conditions would be reached only 
aft^ infinite time. To reach the steady condition for 
balance would therefore require a pro- 
mbitively long time.^ Moreover, in order to interpret 
the phenomena, it is not necessary that the exact 
values corresponding to the ultimate steady state be 
obt^ed. Hence, in making the measurement it was 
deaded to choose such values of time as would give 
• from 85 to 90^ per cent of the difference between the 
ultimate and initial readings. 

The relationships among the characteristics ob¬ 
tained at the diff^ent values of time are shown in 
figure 4, A and B giving those for increasing values of 
voltage, and C and D giving those for decreasing 
values of voltage. In aU the figures the character¬ 
istics aa[ give the values of power factor which would 
be obtained if the measurement were made instan¬ 
taneously. The characteristics hb' give the values of 
power factor which would be obtained if the measure¬ 
ment were made at infinite time. The characteristics 
cc' are those actually obtained and they He at ap¬ 
proximately 85 to 90 per cent of the distance from 
aa' to hh'. As will be shown later, these time-lag 
effects are due to the humidity of the atmosphere 
and to the accumulation of a deposit on the insulator 
surface. 

It w^ found that the value of the time necessary 
to obtain curves cc' was not constant but varied with 
the vol^ge, the humidity, and the amoimt of corona 
formation. In a large measure, the time was de¬ 
termined by experience combined with watching the 


Electrical Characteristics 
and Absolute Humidity 

Early in the researdi it was found that the electri¬ 
cal characteristics of the insulators were, in a large 
measure, functions of the humidity. First it was at- 
tempted to relate the characteristics to the relative 
hi^dity, but there seemed to be no remote relation- 

Further investigations 
characteristics were closely related 
specific huimdity and to absolute humidity. 
(Specific hunudity is the actual amount of moisture 
per umt weight of dry air.) In this paper absolute 
humi^ty m grams of moisture per cubic foot of air 
IS used (7,000 grams of moisture equal one pound). 

In the authors' experimental work there were Httle ' 
means for controlling the humidity so that usually it 
was necessary to await natural changes in the labora¬ 
tory. As a rtde, high values of humidity occurred in 
sumn^ and low values on cold winter days. 

In figure 5 are shown the power-factor characteris¬ 
tics for a porcelain insulator with increasing an d de- 
crea^g of voltage for 3 different values of 

abOTlute hnimdity, s = 2.6, r = 4.48, and r = 7.56. 

The very low value (2.6) was obtained on a cold 
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Fig. 4. Effect of time lag on insulator characteristics 

-High humidity, increaslns voltase 
fi^-Low humidity. Increasing voltage 
C High humidity, decreasing voltage 
D Low humidity, decreasing voltage 
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dry winter day; the intermediate value (4.48) was 
obtained on a cool, autumn day, and the high value 
(7.56) was obtained during a hot, muggy day in July. 
Similarly, in figure 6 are shown lie capacitance char¬ 
acteristics for the same insulator at these same 3 
values of absolute humidity. In figure 7 is shown the 
power-factor characteristic of a glass insulator ob¬ 
tained at an absolute humidity of 4.7. It may be 
noted that with all the characteristics of figures 5, 6, 
and 7, the values for decreasing voltage are greater 
than for increasing voltage. 

It will also be noted in figure 5 that with the low 
value of absolute humidity, ^ = 2.6, the power factor 
increases continuously with increase in voltage and 
decreases continuously with decrease in voltage. 
With the intermediate value of absolute humidity, 
s = 4.48, the power factor remains constant until 35 
kv and then increases. This increase in power factor 
is caused by the corona which forms at approximately 
35 kv. With the high value of absolute humidity, 
5 =s 7.56, the power factor first decreases rapidly with 
increase in voltage, reaches a minimum at approxi¬ 
mately 25 kv, and then increases due to corona forma¬ 
tion. The characteristic for descending values of 
voltage is similar, except that it lies above the first 
characteristic. 

These characteristics are typical. With low values 
of absolute humidity, the power factor always in¬ 
creases witii voltage, rising more rapidly after corona 
formation. With larger values of absolute hu¬ 
midity, the power factor at first decreases with in¬ 
crease in voltage until corona forms, when it in¬ 
creases. It is also found that with large values 
of absolute humidity the difference between the 
ascending and the descending characteristic increases 
(see figiure 5). Corona forms at lower values of volt¬ 
age with increasing values of absolute humidity. For 
example, in figure 5 corona formation begins at 34 kv 
when j = 4.48, and at 26 kv when ^ = 7.56 (also see 
figure 12). 

‘‘Island” Deposits on Surface 

It is well known that corona activates the air and 
causes the oxygen, nitrogen, and water vapor to com¬ 
bine and form weak nitric add. This add deposits 


Ffg. 5. Power 
factor of por¬ 
celain insula¬ 
tor as a func¬ 
tion of voltage 
at different 
absolute hu¬ 
midities 

Numbers on 
curves are abso¬ 
lute humidities in 
grains of moisture 
per cubic foot of 
air 



on the insulator surface near the cap and pin to form 
initially conducting spots or small islands. The volt¬ 
age gradient over the surface causes arcs to snap 
from island to island, vaporizing the deposits and 
scattering them over a wider area. At high voltages 
these arcs become longer and brighter and more ex¬ 
plosive scattering of the vapors occurs. In the 
authors’ opinion it is these arcs which in large meas¬ 
ure cause radio interference. 

These addic islands are more or less conducting 
and it is in part due to thdr formation that the power 
factors, etc., increase with time. 

Several factors led to the belief that, in addition to 


Fig. 6. Capaci¬ 
tive character¬ 
istics of por¬ 
celain insula¬ 
tor at 3 values 
of absolute 
humidity 

Numbers on 
curves are humidi¬ 
ties in grains of 
nioisture per cubic 
foot of air 



the addic spots, a more or less permanent deposit 
must fohn on the insulator surface, but it was some 
time before this fact could be substantiated. After 
the voltage had initially been increased to its maxi¬ 
mum value and then lowered, the power, power factor, 
and capacitance were greater than witii increasing 
values of voltage, as is shown by the descending voltage 
characteristics, fi^es 5, 6, and 7. In subsequent 
tests these quantities always remained above their 
initial values, and, in fact, they increased continu¬ 
ously with continued application of voltage, par¬ 
ticularly if the absolute humidity were large. How¬ 
ever, if tile surface were cleaned, vigorous wiping 
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b^g necessary, the characteristics returned to the 
initial values. 

Carefully polished surfaces of metals were then 
discharge with moisture pres¬ 
et and island formations could be readily seen under 
the microscope. (One of the authors has found that 
corona makes a very effective etching agent in micro- 




Fig. 8. Microphotograph of deposit near pin on 
porcelain insulator caused by corona and moisture 

Magnification 120 diameters 

photography.) Later, by means of a dark-field type 
of microscope, it became possible to detect the island 
deposits on porcelain, and a micarophotograph taken 
ne^ the pm is shown in figure 8. The examination 
of the surface is made difiicult by the fact that micro- 
sc^es are not adapted to bring to the objective the 
portions of the porcelain surface near the cap and 
pm and th^rved surfaces make microphotog¬ 
raphy very difficult. Hence, it is necessary to bre4 
the p^orcelmn without disturbing the deposits, and to 
select suitable pieces for examination. It is the 
island deposits such as are shown in figure 8 that 
cause the permanent changes in the insulator char- 
actmstics to which reference has already been made. 

The authors have made several attempts to learn 
more about the nature of the deposit. It can be 
removed by wiping the surface vigorously and, as has 
mready been stated, the characteristics of the insu¬ 
lator return to their initial values. The deposit is a 
consisting of microscopic islands, some 
of which are crystalline in form. The film is so thin 
and so difficult to remove that, so far, a chemical 
analysis has not been possible. The authors believe 
however, that it consists of the nitric-acid deposit 
already discussed in combination with the metal of 
the cap or pin which has been deposited by the sput¬ 
tering effect of the corona. This is substantiated by 
some experiments made On pieces of porcelain placed 
mthin a corona field, with moisture present. If a 
sheet of glass was interposed between the high- 
voltage electrode and the porcelain, no deposit 
occurred. If, however, moist air is interposed be¬ 
tween the high-voltage metal electrode and the sur- 

January 1937 Ddwes, Reiter—Insul 


Pdwes, Rei^f^Jnsulatot Characteristics 


Fig./9. Microphotograph of deposit on glazed 
porcelain formed artificially by simulating natural 
conditions in the presence of corona and moisture 

Magnification 300 diameters 


face of the porcelain, a deposit almost identical with 
that shown in figure 8 results. A microphotograph 
of this deposit is shov^ in figure 9. This seems to 
show that the deposit involves the metal of the elec- 
trod^. Further study of these deposits, with chemi¬ 
cal, X-ray, and microscopic aid, is now in progress. 

Hysteresis in Power Factor Curves 

With the preceding discussions of humidity 
corona, and the surface deposits on the insulator sur¬ 
face, It now becomes possible to analyze the corona 
hysteresis characteristics. 

Consider, for example, the characteristic for ^ = 
7.56 m figure 5. With increasing values of voltage 
the power factor decreases. Due to the humidity an 
adsorbed film of moisture has accumulated on the 
siMace of the^insulator, accounting for the resistance 
R m fig^es 2a and 2b. At the lower values of volt- 
voltage is brought to any particular value 
power factor will diminish, 
pat IS, the characteristic tends to go from aa' to bb' 

joulean heating effect 
V on me msulator surface which vaporizes some 
hence increases R' (figure 2, a 
This will continue until a steady state is 
rpched, that is, until a balance is reached between 
^e moistine removed by heat and that which is 
steaffily bemg deposited from the humid atmosphere, 
with inareasmg voltage, the surface heating effect 
IS increased, and more moisture is driven from the 
msulator ^surface. This increases the value of 

wim time._ This effect continues until corona forms, 
^orona itself is an energy loss and will accordingly 

Moreover, it is 
causes the surface re- 
astance R to decrease (figure 2, a and b) . Up to a 
certam point a decrease in R' increases the pow^ fac- 
























Fig. 10 (left). Gpaciiance of porce¬ 
lain insulator as a function of voltage 
at different absolute humidities; inter¬ 
polated data from increasing voltage 

Numbers bn curves are absolute humidities in 
grains of moisture per cubic foot 

Fig. 11 (right). Power factor of por¬ 
celain insulator as a linear function of 
absolute humidity at constant voltage; 
data from inaeasing voltage 

Numbers on curves are potentials in kilovolts 


tor. Corona thus accounts for the increase in power 
factor which occturs at the higher values of voltage. 

With low values of absolute humidity, the ad¬ 
sorbed surface moisture is so small that it has very 
little and at times negligible effect on the power and 
power factor. As the voltage is raised with very low 
absolute h umi dities, a slight increase in power factor 
occurs as is shown by the characteristic, ^ = 2.6, in 
figture 5. This undoubtedly is due to corona forma¬ 
tion occurring in the pores of the porcelain and 
cement and in any small voids that may exist be¬ 
tween cap and pin. With a higher value of absolute 
hiunidity, s = 4.48 (figure 5), iiie value of power fac¬ 
tor remains substantially constant until corona 
forms. This undoubtedly occurs because the effects 
of humidity, which cause a decrease in power factor, 
are being bsdanced with the corona formation in the 
voids, which causes an increase in power factor. 

Widi decreasing voltage the power-factor charac¬ 
teristics lie above those for increasing voltage as has 
already been stated. This is due primarily to the 
conducting surface deposits resulting from the com¬ 
bined action of corona and moistiure. As the voltage 
decreases, the corona formation itself decreases and 
the resulting power factor decreases. A point will, 
however, ^ be reached when corona ceases and the 
ch^actmstic will reach a minimum (see character¬ 
istic s = ( .56, figure 5). With further decrease in 
voltege, and hence in surface heating, moisture will 
again deposit on the insulator surface and the power 
factor will now increase. As the voltage becomes 
less, less heat is evolved on the insulator surface, 
more moisture deposits, and the power factor con¬ 
tinues to increase with diminishing values of voltage. 

With low values of humidity the effect of surface 
mss IS negligible so that the rise in power factor with 
amumshing voltage does not occur as is shown bv the 
characteristics for ^ = 4.48 and ^ = 2.6 in figure 5. 

Capacitance Characteristics 

A study of flt and b in figure 2 shows that the total 

C ofth^hl^dT^^^ ^the 
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the maximum effect of C' occurs when R' is zero. 
Hence the value of the total capacitance C of the in¬ 
sulator depends on the conduetance of the film of 
surface moisture. 

With low values of absolute humidity, the capaci¬ 
tance changes little with voltage. There is a steady 
rise in capacitance with voltage, as is shown by the 
2 characteristics at ^ = 2.6 and s - 4.48 in figure 6, 
This rise is undoubtedly due to corona formation in 
the voids in the porcelain and cement between cap 
and pin. There is but slight rise in capacitance after 
corona formation at the edges of the cap and the pin. 
This is because the 
corona probably 

does not extend suf- —————————— 

ficiently far out from \ _ 

the cap and the pin 
to indude much of \ 

the capadtance C' [ 

of the shell. \ 

The effect of the T 

adsorbed surface - \ - 

moisture is well il- --r- 

lustrated by the 0.28 -X- 

characteristic for ^ □:-\-- 

= 7.56. At first the 50i24-V-- 

capacitance dimin- _s-_\_ 


Fig. 12. Power Factor 
of porcelain insulator 
as a function of volt¬ 
age at different abso¬ 
lute humidities; inter¬ 
polated data from in¬ 
creasing voltage 

Numbers on curves are ab¬ 
solute humidities in grains 
of moisture per cubic foot 
of air 
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i^fcu '^Zfl;^^^ttt^L°^ <=^P“- ®^®®**-“«»-Mechanical Characteristics 


stodies showed no explicit relationship of any of the 
ch^actenstics to temperature over the annuli ra^e 
of atmospheric temperature variation. Over extreme 

H^~ shows ardatiS^' 

However, ^ it must be remembered that ab<?nlit+A 
^ i^idity is a function of the temperature. Hence 
indirectly, temperature does aifect the elecSl 
characteristics of suspension disks, 



ThcZ ^u \ values ot absolute humiditv 

These charactmstics further illustrate the analvsis of 

That^S^ capadtoce to absolute hunSdity! 

^ .values of absolute humidity ^ 
Ranges in capadtance are smaU; at Cr^lu^ 
they are considerable. ^ values. 

Power Factor and Absolute Humidity 

It is found that if the values of power factor for 
constant voyage be plotted as functions of absolute 
humidity, the best representative characterise Se 
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Fig. 13. Elec¬ 
trical charac¬ 
teristics of glass 
Insulator as 
functions of 
mechanical 
stress at 60 cy¬ 
cles, 21.5 de¬ 
grees centi¬ 
grade, and 30 
hv 


effects of mechanical stress 
on the electrical (Aaracteristics, the suspension disk 
mounted that mechanical stress could be ap- 
phed and measured simultaneously with the hivh- 
voltage electocal measurements. It was anticipated 
^at any dislo^tion of the cap or pin by mecfficll 

mZt chLact^stics S 

insulator. The stress was applied by means nf a 

as%!00^po Jdfeo^l 

The stress was measured by means of an exten- 

^ ^ y* m diameter for 10-inch 

length was connected m series with the insulator Tt 
necessary to^oose a diameter which would rive 

mtSSt measurement^ 

the Steel to retam perfect elastidty and 
^t be stressed beyond the yield point. ® The ends of 
the rod were reduced to Y, inch diameter to^dant 
them to the special fittings. The elongation of oifiy 


characteristics for 10, 30 and 
46.7 kv are shown in fi^re 11. For the sake of clei- 

If the data for tlie characteristics of power factor 
versus absolute humidity such as are given in figure 

factors as functionf^of 
l^ovolts at constant values of absolute humidity 
char^teristics similar to those of figure 12 are ob¬ 
tained. These characteristics are similar to those of 
figures 3 and 5 except that they include more values 
of absolute humichty. A study of these curves shows 
toat mth increasing voltage the rise due to corona 
formation at the edges of cap and pin begins at 
lower values of voltage with increasing values of ab¬ 
solute^ humidity. With decreasing voltage the re¬ 
verse is true, ® 

In the foregoing relationships, the effect of tem¬ 
perature has not been mentioned. The authors’ 


Fig. 14. Elec¬ 
trical charac¬ 
teristics of por¬ 
celain insula¬ 
tor as functions 
of mechanical 
stress at con¬ 
stant frequen¬ 
cies of 26 and 
60 cycles, 19 
degrees centi¬ 
grade, 30 kv, 
and 4.3 abso¬ 
lute humidity 

Numbers on 
curves arc Fre¬ 
quencies in cy¬ 
cles per second 
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exS-^SifftW 1 o'* was measured. The 

kv until a stiess of 12 po^tial of 30 

!>tress 01 12,000 pounds is reached, little or 
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no effect on the characteristics occurs. 
quantities show a small decrease. ^ 

figure 13 are plotted to a large scale.) The change 
the power and the power factor is approx^ately o 
6 per cent and the change in the capacitance is 
tremely small. The stress is then carried to 23,OUU 
pounds. All these quantities remain constant up to 
this value of stress. They also remain constant as 
the stress is carried back to' zero. /r 

Similarly, in figure 14 are shoiro the . 

stress on the porcelain insulator. The charactens 
are obtained at 30 kv and at the 2 frequencies, 26 
and 60 cycles. The stress at 60 cycles was not car¬ 
ried back to zero because of the insulator s faijure. 
It may be noted that although the effects of shess 
are in general similar to those for glass, 
acteristics are not so simple. They tend to ^^ye 
•steady drop before the critical stress of 8,500 pounds 
is reached, when they drop rapidly. Moreover, after 
the application of the critical stress, the quantities, 
except the power at 26 cycles, do not remain con¬ 
stant as with glass. This would be expected. Wi^ 
glass the pin is held by a soft metal. With apphca- 
tion of stress the metal would be pressed more firm y 
against the glass and little change in conductwe re¬ 
lationships of this metal to the glass would be 
pected. On the contrary, with the porcelam insula¬ 
tor the cement used to fasten the cap and pm is an 
imp^ect dielectric probably containing moisture. 
Under mechanical stress its dielectric pr^erti^ 
would be expected to change considerably. The et- 
fect of stress appears to diminish the power, power 
factor, and capacitance, undoubtedly because of 
changes in the geometrical relationships between 

cap and^pin^rg j-esults of this reseych 

may assist in the obtaining of a better understandmg 
.of insulator performance and design, as well as of 
■ radio interference resulting from surface discharge. 
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Scaled- Off Ignitrons for Welding Control 


{Continued from page 40) 

The wading of l arge pieces, particularly when done rapidly 
with automatic maclunery, usually requires the use of 
water-cooled tubes. There are few resistance-welding 
aciiines in use today requiring currents higher than 
2 Se tubes are able to control 


Advantages of Sealed-Off Ignitions 

The sealed-off ignitron tube provides the following at¬ 
tractive features for welding control. No other device 
offers all of these advantages: 

1. Tubes have no moving parts and so require little or no attention 
throughout their normal life. They are designed for long life. As 
compared with mechanical devices for rapidly opening and closing 
high current circuits, maintenance expense is low. 

2. Tubes provide flexibility, short timing, and accuracy of conUol 
otherwise unobtainable. This reduces surface heating, thus mini¬ 
mizing deformation and oxidation of work andlengthening electrode 
life. They permit welding of metals or alloys which were previously 
difficult if not impossible to weld. 

3. Ignitron tubes, because of their ability to pass very high p^ 
currents, are connected directly in the primary circuit of the welding 
transformer. 

4. Ignitron tubes, particularly the metal models, are not fragile 
and so do not require extreme care in handling. They may he 
safely installed by unskilled workmen. 

6 . Sealed-off ignitrons are replaceable units. Tube failure results 
in only the few minutes shutdown necessary to accomplish replace¬ 
ment. When welding equipment is one link in a continuous produc¬ 
tion line, the avoidance of long forced shutdowns may result in size¬ 
able savings- 

6 . Sealed-off ignitrons are smaU in size, comparatively, and, wili 
the small amount of auxiUary apparatus they require, save valuable 
space in high production shops. 

At higher currents the longer total life of the more 
completely demountable and repairable continuously 
pumped tanks weigh in their favor. The capacity above 
which tanks might be preferred is dependent upon the 
ultimate life of the sealed-off tubes, the cost of develop¬ 
ment of larger sealed-off sizes, and the manufacturing 
cost of those developed. When higher power is needed it 
may be desirable as an alternative to develop ignitrons of 
approximately present current ratings but capable of 

operating at higher voltages. ^ ^ 

Two or three years ago these ignitron tubes were m 
the developmental stage and were used in a few commerci^ 
applications.® Today there are many equipments located 
in key positions of large volume production fines produc^g 
more consistent welds at higher speed than is practical 
with other types of control. 
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^hort-Time Spark-Over of Gaps 


By J. H. HAGENGUTH 

assoqate aiee 


impulse J techniqiie.i-2 over times o approximaxa 

Tta ■'“fats ob^ed in dif- .«on<b. The problem. 

'‘‘\boratories on tbe men* th.» .re involved » 

(a of sphere and rod .hielded reartence voltai 

gaps wi ^ standard 1.5 x 40 
wave’^jiere spark-over occurs 

crest of the wave agree well and have pemutte 
Uardization of such spark-over curves. 

has been little data published on spark-ov 
val i of gaps and insulation at very short time lags 

^ 

irtant when insulation co-ordination is considered. 
^ 'riven gap might protect a piece of insulation wto a 
I /6 k 40 wfve of low ampUtude is appUed to the combi^- 
' ifn such that spark-over takes plane ^ the ^ 
Ithe wave, but the insulation might farl “ 

/hiaher voltage or steeper front is applied. Therrfore, 
f to^nable satisfantory co-ordination of ® 

! structures it is important to know the 
\ - . _ J?-.. Ai-v. e.xt>ect6d on tfans 


In this paper data arc presented on »P»* ° 
values of tod japs. Insulators, bushings, P 
aaos and solid insulation for a range of spar 
over times of approximately from 0.2 to 
seconds. The problems of accurate measure^ 
ment that are involved are also discussed, a 
lelded resistance voltage divider is described. 


, , are made to determine the \ 

the last few In this paper data are presented on minimum spark-over of gaps ^ ; 

•''“H^ns^craMeprog- vslun. of rod gnps, .nmUfors, b^ U 

res.'' /, . L aans and solid insulation ror a range y resistance can oe meas 

impiik i 8/ ^ w over times of .pproximatnly from 0.2 to conveniently and the ; 

Tte«“teta^ta dif- .econds. The problem, of eccurete me««re between oscillog^. ) , 

feiart IhC? ttie ment that are involved are also discuss^, end • actual spark-over voltage 

tew ::d ^ Xled resistence voltage divider i. described. - ^ ^th cer- ^ ; 

gapswi ^^j^ the Standard 1.5x40 .^^Mbuted constants of the \ , 

Wes of ^PS and msdaton However, the presence ofttedmto^ potentials 

PC t'hfl.n 2 microseconds).®’ These aaca artnarent ratio of the.Qivi 

^ {iaxA when insulation co-ordination is considered. ^ ]^^.over occurring at short times 

|tt”wtbTtheteulation might fad if ajmve^^^ ^-^os^nd front to about “^™«ose«nd^nt^^^ . 

r^Tgr^st rate of voltage rise of traveUng waves the gap did not , 

i due to Ughtning is not definitely known. Howew. tom S^ ggure). the '■ * ifl 

\»me os^gr^ obtein^i “ investigations it is ^ tto m ^ y tbe ampbtude Qi , 

/ X ."assume that 1.000 kv per microseconds or ^en the waves of “ ^^y -. t 

ZT. is a rate of voltage rise. however, it is evident that the ^ark^vm^^y 

irequeritiy occurred after the caused ’ 

? 'Z m^rtoUnce. a spark-over at 300 kv at 0.3 the / 4 

^ "'SLs concerning rim accurmy of the ^ 

the paper. Definitions of rate of voltage nse and of _ ^ distortion, it was together • 

._ T L • a divider will be moved ...rith respect to the test 

1. Impulse Testing Technique nlace it in the optimum pos;tionv^^i!^£--^ 

The Voltage Dmder ^SuCTUoanMember X, 1936. - h the C 

+ nf divider has been found to be an j. H. Haobnguth is electrical engineer wi 

The resistance type of diviaer nas oe t, +,.v Pittsfield, Mass. 4 ,+i, w-t 

ideal tool for tbe reduction of high impulse voltages to indebted to the personnel of th 

^ c nf low enough amplitudes, which permit tory for procuring test results. 


time to spark-over are discussen since uie, 
te eomSirison of results obtained in different labora- 
torieT n of the paper, results of tests on rod 

gaps, insulators, bashings, sphere gaps, and 
Ln covering a range of spark-over time of approximately 
0.2 to 4 microseconds, are presented, 

I, Impulse Testing Tccbnicjuc 
The Voltage Divider 

The resistance type of divider has been found to be ^ 
ideal tool for the reduction of high impulse joltages to 
w of low enough -ptondes. wh^P^^ 
recording with a cathode ray oscillograph, when 
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Fig. 1 . Comparative tests with ordinary and shielded 
resistance divider 

o—Measured wave front with ordinary divider 
0-^easured Wave front with shielded divider 
c—^Test circuit 

Gi/ Gi —6V4'*cent}inefer spheres 
M —^Mercury-arc lamp 
O—Oscillograph 


piece and the effect of the capacitance to ground will he 
greater or smaller depending on any particular case, 
i^other source of error obtained with any divider at 
twiWPKl changes of voltage is the presence of the rapidly 
agmp^g fields produced from the impulse generator 
I^per, from the connecting lines, sphere gaps, etc., each 
Changmg at a somewhat different rate but all contributing 
a ^ to the distortion of the field around the divider. 

® «o“^tions are imposed in eliminating the 

1. The effect of the capacitance to ground must be compensated. 

^^^e in position of the divider must not ebange the com- 

be kept as sman as 


TO 

TEST PIECE 


divider 


^^llowing at- 
ther device 


1 10 attention 
y^iglife. As 
ind. closing 


Fig. 2. 


I 'Cg ■ “ f control 
IS mini- 

, J - /strode 

• - ^ ^ -‘^iously 

Schematic diagram oF shielded rest 
divider 

Iding 

Q^apacltance from shield to divider 

Capacitance from divider to sround gile 


distortion effect has been minimized by keepins* the di® 

^stance low-7,000 ohms. The tik bS v^d 

to avoid forrmng of corona. The minimum ratio of 

caWerf'lOO ft*i impedance of the de. 

to tte to transmit the sur 

to the oscillograph plates, equals 

70 ohms. This ratio can be in¬ 
creased to approximately 1,400 . 

to 1 by placing a required low 
resistance parallel to the cable at ’ 

the divider end of the cable. 'if * 


The Impulse Circuit 



. To eliminate the effect of the capacitance to ground a 
method similar to that used in shielded winding trans¬ 
formers' has been employed. This method is shown 
diagrammaticahy in figure 2. The shield is shaped in such 
a manner, that by means of capacitance C. it supplies 
just the right ^ount of current through ^apSc^ 
- C* to ground, which is required to maintain the voltage 
e at an ampHtude equal to the ratio of resistances at that 

• ^ ^ condition 2 by ^ne 

the ^ound plane permanently to. the divider. However 
condition 3 cannot be met veiy readily without goin? to 
very large grounded shield above the divider, wWch 
the a,vailable space in the laboratory usually would not 
S; permit. 

j \ To meet all 3 of the conditions a different t 3 rpe of divider 
^ 1 was developed which is shown in figure 3. In this divider 
' cylindrical electrode serves as the line shield. 

The tank s^es as the ground plane as well as the shield 
against external fields. The resistor is placed in the field 
between the line and ground shield in such a way that 
equal parts of resistances are placed on equipotential 
lines of correct potential differences. The divider as 
shown can be used up to 700 kv for minimum breakdoura 
j vqltage. tests on a 1.5x40 wave and up to 2,000 kv on front 
. of the wave tests. In addition to the shielding, the 

*^68 


Por testing with high rates of ! 

I voltage rise, it is very impor- ' 

tant, that the divider is con- 
nected as closely to the test piece 
as possible, to avoid reflections 
of connecting lines and also to 
avoid measuring the inductive 
drop on long connecting lines 'f:f' 

from the steep wave fronts. One f:,HT'/ / I 

factor which produces distortion 
on the front as well as on the 
tail of chopped waves is the po- 
sition of the test piece in the 
generator discharge circuit, fig- 
ure 4a. The inherent inductance 
of the circuit is divided into 3 Fig. 3.. ' Shielded oi 
parts; the inductance of the im- immersed divider 
pulse generator proper the 
^ductance of the line to the test 

piece Z,£, and the inductance of the ground return L 
The effect of these inductances is twofold; 

1. On the front of the waves, the rate of rise is influenced by th 
apparent addition of a superimposed oscillation. This is due t 
me fact, that at the initial moment, when the impulse generate 
Jhsdiarges, the voltages in the circuit distribute according to th 
mductances. Depending then on the ratio of Lg to the total in 
^ i^tance in the circuit it + -f- Lg the amplitude of this initia 

mductive kick will be large or small. This inductive effect wil 
have largely disappeared at the time the gap breaks down, providec 


Fig. 3.- Shielded oi 
immersed divider 
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the breakdown occurs between 50 per cent and 100 per cent of the 
wave crest. 

2. After spark-over of the test piece the load capacitance is short 
circuited by the low resistance of the arc and the discharge circuit 
changes practically into a L, R, C circuit with an oscillatory dis¬ 
charge with a time constant approximately proportional to LC, 
In the extreme case then the breakdown voltage would be of sinu¬ 
soidal form of long time constant (8 to 10 microseconds) while the 
true time constant of the gap breakdown is of the order of a fraction 
of a microsecond. 

To avoid the above discrepancies it is desirable to keep 
Lg as small as possible by connecting the grounded end 
of the test piece to the generator through short leads. 


Ll Rs 



LL r« 


R|< -T-Cs Cl 


TEST GAP 


Fig. 4. Impulse- 
generator dis¬ 
charge circuit 

a —Usual connection 
b —Preferred con¬ 

nection 


Cg —Impulse generator capaci¬ 
tance 

Cs —Impulse generator stray 
capacitance 
Cr,—Load capacitance 
L// —Internal inductance and 

resistance of impulse generator 
Li/ Lg —Inductance of high 
voltage and ground leads 
Rs —External series resistance 
Rd —Divider resistance 


figure 4b. The actual position of true ground with respect 
to the generator is then not so important as long as dis¬ 
charge currents do not flow through the ground straps. 
It can be seen from figure 4a, that traveling waves of 
considerable amplitude would be set up in the divider 
cable sheath, if the cable sheath were connected to the 
grounded side of the test piece, while in case of figure 46, 
the cable can be connected at that point without compli¬ 
cations. 


Effect of Circixit Constants 
on the Spark-Over on tihe Front of Waves 

The control of wave fronts depends on the inductance 
and resistance in series with the discharge circuit, on the 
generator stray capacitance to ground and the capacitance 
of the test piece or any additional load capacitance. 
Usually the inductance inherent to the circuit is fixed 
and it is more convenient to control fronts by choosing 
the proper values of load capacitances and series resis¬ 
tances. For tests on minimum spark-over especially of 
air gaps, it is quite immaterial whether a relatively large 
resistance or a large load capacitance is chosen except 
that the resistance must be larg^ enough to prevent super¬ 
imposed oscillation. For breakdown on the front of 
waves, somewhat different results are obtained using the 
same time constant RC but using either high R or high C. 

Figure 5 shows a typical wave front, with breakdown 
at and f/. Breakdown at 4' would occur with large 
resistance, (for instance, 2,000 ohms) and at 4 with the 
small resistance, (for instance 400 ohms). The difference 
between the 2 waves is due to the voltage drop caused 
across the resistance by the relatively large charging and 
especially streamer currents® through the gap shortly be¬ 
fore breakdown. Naturally the larger the resistance the 
greater will be the drop and the more will the voltage 
wave depart from that natural to the circuit. It is evident 
that the spark-over voltages would be quite different in the 
2 tests although the rate of voltage rise as determined by 
conventional methods, is practically the same for the 2 
waves. Therefore if plotted on a curve showing rate of 
rise against breakdown voltage, a considerable spread of 
test points would be observed. The importance of tliis 
phenomenon with respect to evaluation of results will be 
discussed later. 

With respect to the maximum rate of rise and tnaYiTnuin 
voltage, that can be obtained from an impulse generator, 
curves of figure 6 are prepared. The generator has a 
rating of 2,500 kv at a discharge capacitance of 0.011 
microfarads and ah inherent inductance of 120 micro¬ 
henries including leads. 

It was desired to determine whether the generator was 
of sufficient size to test transformers with steep fronts of 
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Fig. 5 (left). Change of wave shape 
due to change in circuit constants 

^ * constant/ R small/ C larse 

b RO constant/ R large/ C small 
c—Volt-time curve 


Fig. 6 (right). Rate of rise and maxi¬ 
mum spark-ovei voltages obtainable 
with a 2,500-i(v impulse generator 
as a function of series resistance and 
capacitance load 

Solid lines--Kilovolts per microsecond 

Dashed lines—Kilovolts crest 

Numbers on curves are series resistances 

in ohms 
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rise 


j -F I nnn kv oer microsecond. A transformer 
a-P^tanc equal to its impulae 

presents an ideal tool for such purpose 

■^from figure 6. that in the range of load capaatanr^ 

500 to 2 000 micromicrofarads, rates of nse^ 

.dOO and2,'800 kv per XteK 

maxinium voltages of approxunately , ’ . *est 

values are sufficiently high to permit 

gaps paraW to .transformers trith spacm^ up to 7^^h^ 

flt 1 000 kv per microsecond voltage rise. ^ . 

tra^ormers'^of higher voltage ratings, a lai^ impulK 

is available. It should of ~urse. be rented 
fhat the constants to be chosen for the '"“T® ^ 
would not at all he suitable for te^ng on tetad of to 
wave For instance, when using Ri = 50. Ca , 

a h^-frequency oscillatiou results which is superunpo^ 

on tie waw front. However, it is just tins supe^o^ 

oscillation which produces the wave front of 1.2(» kv 

^ microsecond rise. Snce the test « rec^^ to be 

on the front of the wave, only the fimt r^ of 1i 
^ve will be applied to the gap. It is. therdore, im¬ 
material Whether a 1.5x40 wave is used for 
with steep wave fronts as long as the rate of voltage ris 

foSn specification. The use of 1.5x40 wav» for 

tests on the front of the wave yrpuld lmut the spark p 
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tests to relatively small gap 

an impulae generator of uneconomical proportio . 

Deflnition of BreakdoTO 
Breakdown, and Rate of Voltag 

If impulse generators contained “toTto^ 

tances only, it ".^a^C and the rate 

terms determining the tim ^ throughout the 

of voltage rise on wave fronts, » j^_,^Qltage 

impulse discharge 

“C^sStafod. These inductances, together with 
value IS distriDuicu. „„wvaMtonres to ground, 

nomena are not disturbing 

te dffi“o?SrSfinitiol’ai.d comparison of 
:^fof "^estigators is difficult tee. ti^e same 
r^fIr^ 11 re is used for evaluating the oscillograms. 

'’^^o ^ teups of definitions are used at pr^ 

^rlf ^CmfoSgf£fo 

of tests of spark-over voltages of a gap. 
voltage rise is defined as: 

(.) AU.earawn.hro^«^t“tr^^^^^^^ 

te m— voltage parallel to the z«. axis 

S tteteffielu— 

the zero axis. 

Tn both cases division of the maximum voltage by the 
time fo^al between the 2 intersection points gives the 

'^M^IThtV advantage of a clears definitfon 

• 4 - anna it is Quite a simple problem to de 

since in most case®, it q ^ ^ ^ P ^ inter- 

fine the 10 per eteemely difficult to 

osSous. The relative rate of nse is indicated for 
conditions: 

1 Spark-overatl0uniuofvolmse,mediod4,2.6uuitsofrateof 

TWer at 7 units of votee, method 4. 2.2 units o, rate of 

rXrt^ver at 10 units of voltage, method B, 6.3 units of rate of 

r%:^rat7uteofvoltage:nmffi^^ 
voltage rise. 

■ The resulting rates of rise 

although for about 50 per cent ® ® for the wave 

waves is identical. The relative rate of nse forte w 
breaking down at 7 units of voltage is even le. ten ^t 
fo^lO unit breakdown when obtained with method i4. 
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The method of B would indicate a rate of rise twice as 
large as that of A. Further actual wave fronts are often 
of a form as shown on figure 75, because optimum test 
conditions cannot be obtained. The method A would 
practically give the same rates of rise as that in figure 7a, 
while it would be very difficult to use method B. From 
the above discussion it appears that the use of the rate of 
voltage rise to determine spark-over voltages is at least 
confusing if used with any of the above definitions. 

From comparative tests such as mentioned in connection 
with figure 5, it appears that the maximum rate of rise 
as defined above is relatively unimportant, while the 
crest voltage and the time to spark-over seem to be quite 
definitely related. For instance, spark-over voltages 
obtained with the same time constant RC but large and 
small series resistance lie on a smooth curve when 
plotted against time to spark-over but when plotted 
against rate of voltage rise (by standard definition) a 
considerable spread is observed. 

From these considerations, it was found to be an ad¬ 
vantage to use the average rate of rise as the factor which 
determines the breakdown, Average rate of rise is ob¬ 
tained by dividing crest voltage by the time to spark- 
over. The wave zero under this definition would be de¬ 
fined as the point of intersection with the zero axis of a 



Fig. 8. Volt-time curve of a 10-inch rod sap: ^/j- 
inch square rods 

• 2,000 ohms series resistance 
+ 1,500 ohms series resistance 
X 0 ohms series resistance 

1.5x40-mfcroseconcl wave for tests with 2,000 ohms series re¬ 
sistance, positive polarity 



Fig. 9. Variation of spark-over voltage with steep¬ 
ness of applied wave corrected for standard conditions 

Solid curves negative polarity; dashed curves positive polarity 
A —30-inch rod gap B—^20-inch rod gap 

C—10-inch rod gap 


line drawn through the 10 per cent and 90 per cent points 
of crest voltage. 

Necessary discrimination has to be used when due to 
enforced testing conditions the front of a wave is not 
smooth but has for instance the shape of figure 75. At 
the spark-over at 7 voltage units, the 10 per cent point 
should not be chosen at the first rise in voltage, but 
on the zero extension of the following voltage rise as 
shown by line 2'. 

II. Results of Breakdown Tests 
Accuracy of Test Results 

Tests of breakdown on the front of waves are conducted 
in the following manner. Beginning at minimum spark- 
over of the gap for a 1.5x40 wave the charging voltage of 
the impulse generator is raised in 10 per cent steps. For 
each charging voltage usually 3 arc-overs are recorded by 
oscillograms. As the voltage is raised higher the losses 
in the series resistance due to streamer currents become 
greater than the increase in voltage. At this point the 
series resistance is lowered or removed completely which 
changes the wave front accordingly. The oscillograms 
are then analyzed for spark-over voltage and the time to 
spark-^ver. Figure 8 is included to show what accuracy 
can be expected from a single random calibration point. 
It is evident that down to 0.4 microsecond the spread of 
values is of the order of 10 fjer cent and usually less. This 
spread is partly due to variations in gap spark-over, partly 
to errors in scaling of oscillograms, partly to the error in¬ 
herent to the divider and oscillo^aph. For breakdown 
times of less than 0.4 microsecond the error becomes 
greats. Here the greatest error is due to the scaling of 
■ psp^ograms. Usually the time to spark-over is the 
greater source of error, although for these fast times the 
sweep is chosen such that 1 micarosecpnd represents 40 to 
^ millimeters on the time axis of the oscillogram. Even 
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at these fast sweeps an error in displacing the line for 
10/90 per cent by 2 millimeters at both ends amounts in 
an error in time to breakdown of about 0.1 microsecond. 

The errors, real and apparent, due to variations in gap 
spark-over and the scaling of osdUograms can be practi¬ 
cally eliminated by comparing a large number of oscil¬ 
lograms, and curves such as shown on figure 8 can be 
drawn with a fair degree of accuracy even to such short 
times as 0.2 microsecond. 

It should be noted that portions of this curve were ob¬ 
tained with different values of series resistance which 
partly overlap. The continuity of the curve is not dis¬ 
turbed, although the relative slope of wave fronts for 
different values of resistance is quite different. 

Spark-Over Curves of Gaps 

The results of tests on 10, 20, and 30-inch rod gaps are 
shown on figure 9 for positive and negative polarity. 


These curves were drawn by using the average curves 
obtained as outlined above. The kilovolts per micro¬ 
second values were calculated by using crest voltage and 
time to breakdown as explained earlier in the paper. The 
curves level somewhat at the high rates of rise and ap¬ 
pear to approach some straight line characteristic. The 
left-hand portion of figure 8 seems to substantiate this. 
Here the voltage rises almost abruptly while the time to 
breakdown hardly changes. A difference of about 10 
per cent is indicated between positive and negative break¬ 
down voltages. 

To compare gaps of different size and different character 
it is an advantage to use some common basis for com¬ 
parison. As a characteristic curve the overvoltage-time 
to spark-over curve is considered. Overvoltage is de¬ 
fined as the voltage required to spark over a gap in ex¬ 
cess of the Tninimtim impulse spark-over voltage, for in¬ 
stance due to a 1.5x40 wave, at a spark-over time less 
fhan the Tninimum impulse spark-over time. Such curves 









































10-inch and 20-inch gap. The insulator curves represent 
the average values for 1, 2, and 3 units of suspension in¬ 
sulators and the breakdown values for the Va-inch and 
1-inch barrier are averaged. The circles indicate the 
overvoltage values of a 50-centimeter sphere gap at 34.25- 
centimeter (68 per cent) spacing at negative polarity. 


characteristics of such a gap, when spark-over occmrs at 
a short time. A 25-centimeter gap was chosen as repre¬ 
sentative for the larger gaps. It is evident that the 
sphere gap requires considerable overvoltage to ^ark- 
over at short time. The overvoltage values are shown 
in table I. 



Fig. 13. Comparison of overvoltage characteristics 
of different types of gaps 

A — Rod gap/ average values of 10-Inch and 20-lnch gaps 
B — Bushing 

C—Insulator; average values of 1, 2, and 3 suspension 
insulators 

D—^Solid and oil; average of Va-Inch and 1-inch barriers 
Circles show voltage of a 50-centimeter diameter sphere 
gap spaced 34.25 centimeters 
-f indicates positive polarity; * indicates negative polarity 

Wherever possible the rod gap tests were made with the 
gap mounted according to standard specifications of the 
National Electrical Manufacturers Association, H = 
(1.3 5 -H 4") =<= 10 per cent where IT is the height of the gap 
above ground plane and S is the spacing of the gap. How¬ 
ever, the relative characteristics of pedestal insulators and 
rod gaps is such that the rod gap will not protect the pedes¬ 
tal at very short times to spark-over. In such cases the 
ntunber of pedestal insulators was increased. Figure 14 
has been prepared to show the breakdown characteristics 
for 2 pedestal insulators giving the specified height of the 
rod gap above the ground plane for a 20-inch rod gap. 
It shows that the curves for rod gap and pedestal insulators 
cross at 1 microsecond for the positive wave and approach 
at Va microsecond for a negative wave, which indicates 
that either may arc. It appears desirable to modify the 
NEMA rules for the condition of tests on the front of 


Table I—Overvoltage Values of 25-Centimeter Sphere Gap, 
Positive Polarity 


Time to Breakdovn, 

Oap Spacing in Per Cent of Sphere Diameter 

Microseconds 

16 

32 

76 

1 . 

....118. 

.116. 

.100 

0.6. 

....164. 

.140. 

.137 

0.2. 

....191. 

.166. 



The table shows that overvoltage values decrease as 
the gap pacing is increased. 

Incidentally the crosses on these curves indicate tests 
made with artificial irradiation from a mercury arc light 
spaced 18 inches from sphere center with 60 watts input. 



Fig. 14. Volt-time characteristics of 2 pedestal 
insulators (A) and a 20-inch rod gap (B). The 
pedestal represents the standard mounting for this 
size gap 

-h indicates positive polarity; * indicates negative polarity 


waves. The effect of this ionization appears to be negligible for 

The above gaps with exception of the solid and barrier large gaps at relatively large pacings. From these curves 
type represent strictly non-unfform fields, to it appears that for sparkrover time of 1 imcrpsewnd dr 


this a sphere gap is considered to have a fairly uniform more the sphere gap indicates spark-over 
field. Figure 16 is included to show the spark-over voltage irrespectiye of voltage application. 
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For times shorter than 1 microsecond the established 
values of sphere gap spark-over do not apply. The over¬ 
voltage-time to spark-over characteristics for different 
spacings of the same gap are not the same. This re¬ 
quires a complete short time spark-over calibration for 
a number of spacings on each size sphere, if the sphere 
is to be used for measuring short time spark-over. For¬ 
tunately the oscillograph in connection with a proper 
divider has become a reliable instrument which can be 
used with confidence as a voltage measuring device when 
the sphere gap is not applicable. Figure 16 shows some 
representative oscillograms of spark-over of rod gaps 



Horizontal lines /Vf are minimum breakdown voltases 

^19-cent|meter spacins B —8-centimeter spacing 
^ —4-centimeter spacing 


without and with transformer load and a sphere gap 
spark-over. x- © 

Summary 

1. A shidded resistance divider is described which incorporates the 

ordinary resistance divider and by means 
V hihereut to sucli dividers on 

apphcation of fast wave fronts. 

2. The over-all accuracy of measurements of waves at short 

IS approximately 10 per cent dr better for spark-over tteS^om 

r ““t *0 20 p«^t for aS tot 

T^s applies for mdividual test points. For a more accurate deter 

Sto tfTt ^ 5 breakdown to bo usod wSS 
test ommits with a probable aocuraoy of better tito 


3. The curves presented show that the relative short time spark- 
over voltages are highest for gaps with non-uniform field such as 
rod gaps, bushings, pedestal, and suspension insulators in the order 
named, figrure 13. The gaps with more nearly uniform field such as 



Fig. 16 . Oscillograms of front of wave spark-over 

/4“V*-mch square rod gap, 10-Inch spacing. Rate of rise 
850 kv per microsecond/ crest 475 kv; negative polarity 

S— 25-centlmeter sphere gap, 19-centlmeter spacing. Rate 
of rise 950 kv per microsecond; crest 551 kv; positive polarity 

C—i/j-Inch square rod gap, 20-inch spacing. Rate of rise 
1,300 kv per microsecond/ crest 913 Icv/ transformer load; 
negative polarity 

D—Vs-inch square rod gap, 3-Inch spacing. Rate of rise 
1,330 kv per microsecond; crest 300 lev/ transformer load, 
negative polarity 


sphere gaps and the 4-inch disks used in tests with solid insulation 
show relatively high overvoltages biit they occur at considcErably 
shorter times than those of gaps with non-unifonn fields. 

4. Although a large number of volt-time curves has been roade, a 
considerable amount of additional tests are required to complete 
the e.\periments, on which co-ordination can be perf^ted for the 
fastest rates of rise of natural lightning waves. Experience in the 
latter field is very restricted. However, rates of rise of l,dbO kv 
per microsecond and higher can be expected at least at the poiiiit of 
lightning contact. Further data are needed to enable a better 
understanding of requirements. 

5. Impulse breakdown tests on front of waves caa be i f ad? with 
similar ease as tiiose On the tail of waves. The li^ts of acctiracy, 
howevmr, should be more liberal to allow for die greater ^iread in 
breakdown voltages of gaps when subjected to high mtes of voltoge 
■rise.'.-. 


January 1937 


Hagenguth-—'S^rk~Over of Gaps 


75 


















Fig. 11. Over¬ 
voltage curves of 
suspension in¬ 
sulators 

Spacing S'A inches; 
diameter 10 inches 

+ indicates posi¬ 
tive polarity; ‘in¬ 
dicates negative 
polarity 



show at a glance the relative time to breakdown charac¬ 
teristics of the diflferent types of gaps. 

To increase the usefulness of overvoltage-time to 
spark-over cmves the minimum spark-over voltage is 
noted below the figures. To obtain kilovolt values from 
the curves, it is necessary only to multiply the minimum 
spark-over voltage times the per cent overvoltage and to 
divide by 100. 

The curves of figure 10 show the overvoltage-time to 
^ark-over characteristics for rod gaps, bushings, solid 
insulation, and combinations of solid and oil insulation. 
It should be noted that the electrodes used for tests on 
solid insulation are 4-inch round disks with square edges, 
which produce a somewhat uniform field. It is evident 
t^t the overvoltage values of rods and bushings are con¬ 
siderably higher than those of the solid insulation. Part 
of this difference can be attributed to the difference in 
electrostatic field. 

In figure 11 the curves for suspension insulators are 
shown. It is surprising that the overvoltage curves 
have such a small spread and an increase of overvoltage 
with increase in string length is hardly indicated. On 
the contrary the curves for pedestal insulators, figure 12, 
show larger differences in characteristic shape and a high 
increase in overvoltage as the number of insulators is in¬ 
creased, especially for positive polarity. 

Figur^^ 'i’6 shows a sum m a r y of the previous curves. 
The cuijves for rod gaps correspond to the average of the 



Fig. 12. Overvoltage curves of pedestal insulators 

Spacing 14Vs Inches; diameter 17 Inches 
-|- indicates positive polarity; • indicates negative polarity 


Minimum Spark-Over Voltage 

Number of Pos|tlye Polarlly, Negative Polarity, 

_ Kilovolts _^ Kilovolts 

......240.300 

•••..2.........400.......600 
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Fig. 17. Comparative wave shapes obtained with 
ordinary resistance divider and equivalent circuits 

Solid curves from calcuUtions; dashed curves from tests 

For conditions A and C; K' has been added externally to the 
divider 

Inherent constants —R =» 10,200 ohms; C =* 81 X 10~“f; 
L - 34 X 10-«h; /C » 3 X 10-wf 

Appendix 


CO 


«* = jbg; 


a* 2 . 
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To study the behavior of a resistance divider, the divider was 
placed horizontally 6 feet above ground. Under this condition an 
extremely steep wave was applied to the divider and the response 
was measured at the grounded end. Since the effect of the series 
capacitance K is beneficial, such series capacitance was externally 
applied to the divider (condition A and C, figure 17). However, it 
was found that the amount of series capacitance which could reason¬ 
ably be connected to the divider was not nearly sufficient to benefit 
the transmission of the wave. 

The equations for the 4 possible combinations of divider constants 
were solved and the results plotted together with the test results. 
From a comparison of tested and calculated waves, it appears that 
the calculations ignoring the inductive component of the divider 
(conditions C and D, figure 17) show as good agreement between 
test and calculation as those with the inductance included. It 
appears therefore that for simplicity of calculations the circuit D 
of figure 17 can be considered as being representative of the resistance 
divider circuit. 

The equations for the voltage « at a point x to ground of the 
divider for the 4 conditions are: 


A. + , 


CD 

-“E-“ 


smwsz cos ITS- 


a* + ir*s* 


cos 6, / -1- 


a . , 

— sm 0 ^ 
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A Single-Element Polyphase Directional Relay 


By A. j. McConnell 

associate AIEE 


ypolyphase dire^nl re- 0^3frlrleSlyXe**- Se”“oi**wT * 

an^^ts is InJ^rclp-lVniS dem*"» U “usJdTpl.^ ^ ***' 

The polypha^ direc- ph.,, Itioi 

tional relays consisted of 2 multiple poles ^ ® of resulted in a large reductioi 

or 3 single-phase elements con- * weight, togethe; 

nected to a common shaft. inertia and higl 

These single-phase elements were almost identical to exist 'ri,® ,-1 x- , speed, as illustrated in table I 

hur forms of meters, namely, iXS.m^tStW sho™ a 

meters and indicating wattmeters. During the evolu- S- each s^t ’ ^ “^^^tic return path is provided 

the result of problems met only in the protective relay fiel<f he a n “ ““J Jbe considered tc 

NotwithsLding these Jpro«!T hS^e ^ rotor 
creasinerlv n-nnarsant +I10+ A . .. ^ ^ . 


^ or reduced inertia and possible, as wiU be shown, to 

I from the polyphase di- combine the polyphase func- 

r ‘hw paper. A tion of 3 elements in a single 

lement IS used in place element without the use of 

1 her^oFore, the poly- auxiliary switching. This has 

Jtoined by the uk of resulted in a large reduction 

size and weight, together 
with low inertia and high 
^ speed, as illustrated in table I. 

The relay operating element is similar to the element 
^own in figure 1, but a magnetic return path is provided 
for each salient. 

torque is like that in the induction- 
msk directional relay and the unit may be considered to 


creasingly apparent that a relay with higher speed and 
^eater torque was necessary for many applications. 
Furthermore, such a relay would be convenient even for 
^ose applications not requiring high speed, providing it 
involved no added expense. 

Lnproved Single-Phase Directional Relay 

Improvements in the speed of single-phase and poly¬ 
phase induction-disk relays have been limited by inher- 
ent. high disk inertia and low torque efificiency. These 
limitations are largely overcome in the induction cyHnder 
or cup relay recently developed. A single-phase power 
direction^ element of this design is shown in figure 1. 

It consists of a stator with 8 laminated salients project¬ 
ing inw^d and arranged symmetrically around a central 
magnetic core. The salients are fitted with alternate 
current and potential coils. In the annular air gap be¬ 
tween the stator and central core is the cylindrical part 
of the cup-hke induction rotor. The central core is 
fixed to ^e stator frame. The cup alone turns. The 
combination of the smaller rotor inertia and the greater 
efficiency of this design greatly increases the speed. 

For some time, polyphase directional relays of this type 
of construction have been built using 3 elements having 3 

rotors mounted on a single shaft. 

Single-Unit 3-Phase Directional Element 

En^neers have long considered the economy of using 
one directional umt to perform the polyphase function. 
In fact, methods utilizing potential and current switching 
have been in use for some time, mainly in other countries. 
These, however, have the disadvantage of being compli¬ 
cated by auxili^ switching relays, in addition to the time 
lost in performing the switching function. 

The multiple-pole induction-cylinder relay makes it 


Referring to figure 2, each coil produces rotor currents 
which react with the flux of each other coil to produce 
torque. The torque of adjacent pairs of saKents is large, 
relarive to that of other pairs. For example, the torque 
produced by combination 1 and 3 is approximately 15 
p^ cent of the torque produced by combination 1 and 2, 
while that produced by combination 1 and 4 is about 2 
cent, a negUgible amount. The torques of alternate 
salients (e. g., 1 and 3 or 2 and 4) being appreciable, the 
connections are so arranged that these torques balance 
out substantially to zero; an adjustment being provided in 
addition, for more accurate balance of the current torques. 

Table I—Comparison of Types of 3-Phase Relays 


Two- 

jDisk Relay 
(Par Cent) 


Swe . IQO 

Weight. SS; 

Torque per watt input.100. 

Inertia of moving element.100. 

speed (equal input).. 100. 

Speed (rated input)..lOO. 


Three- 
Cup Relay 
(Per Cent) 


One- 
Cap Relaj 
(Per Cent) 


Thus, in anal 3 rzing the action of the relay, it is necessary 
to consider only the adjacent combinations. 

Although the same performance characteristics of all 
the usud connections (quadrature, etc.) are possible, the 
connections shown in figure 2 appear to be the most suit¬ 
able. Copsidering the interaction of adjacent combina¬ 
tions, la acts with Eb and with Since Eb and E^ 
are on opposite sides of /„, combination 1-2 is of opposite 
sign to combination 2-3. Assuming the reaction of each 

f^nunend^ fw pubMcation by the AIEE committee on protective 
NJJ^^berlrTlwT 31, 1936; released for^pSwSl^n' 
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Element of single-phase directional relay 


A —Upper stdtor casting 
B —Laminations 
C—Lower stator casting 

D—Rivets which fasten parts A, B, and C together 
E —Central core (laminated iron) fixed to part C 
F —Notch to facilitate disassembly 
G—^Air gap in which rotor cup turns 
H—Position for current coils 
J —Position for potential coils 


current coil with the counterclockwise potential coil as 
positive, and with the clockwise potential coil as negative, 
the total input (watts and reactive volt-amperes) to the 
relay will be^ 

Pn + = (.Eb - EjOh + H-Ea - EB)Ib + (Ea - £c)4 + 

{Ea + Ec)h 

With the above power quantities supplied to the relay, 
it will have average torque proportional to 

( I -Si I)( I /i I) cos (^i — 60 -|- fl) -h (I £2 1)( I /s I) cOs (^ -|- 60 -f- 9) 

(appendix I^) 

The corresponding equation for the torque of the stand¬ 
ard quadrature connection of the usual type of induction- 
disk relay is 

(|•El|)(|/ll) cos (^1 - 90 -b 5) -h (ISjIICI/jI) cos («^ + 90 -H 9) 

(appendix II^) 

It may be seen that there is agreement between the 2 
connections, except for 30 degrees in both the positive- 
and negative-phase-sequence terms. 

With the connections of figure 2, there is a difference of 
30 degrees in phase angle between a 3-phase fault and a 
dead phase-to-phase fault; maximum torque being at the 
more lagging angle in the phase-to-phase condition 
(appendix IJB). 

This characteristic is desirable because a 3-phase fault, 
from "die relay point of view, is. likely to be nearer unity 
power factor than is a phase-torphase fault. This is be¬ 
cause the phase smgle at the relay during a 3-phase fault 
depends only on the impedance (line and arc) from the re¬ 
lay to the fault, whereas, during phase-tb-phase fault, 


Fig. 2a (right). Diagram il¬ 
lustrating relay connection 


Fig. 2b (above). Diagrams of 
current and voltage relations 


la 



< Ea > 
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the phase angle depends on the impedance back to and in¬ 
cluding the generator as well as the impedance to the fault 
(appendix III). This inherent 30 degree shift is advan¬ 
tageous for another reason, namely, less resistance is re¬ 
quired in the potential circuit than with the quadrature 
connection in order to obtain the same 3-phase phase- 
angle characteristics. The loss is therefore less^. ‘ • • 

Quadrature and Other Connections 

It is possible to obtain the performance characteristics 
of the weU-known quadrature connection in several 
ways; 2 ways are illustrated in figure 3. Figure Zor 
utilizes phase-to-neutral voltages, the neutral being either 
ground or an artificial neutral formed by a common con¬ 
nection of the potential coils. Figure 3& uses a delta 
voltage on each potential coil. Appendix IV shows how 
each of these connections is equiv^ent to the quadrature 
connection. 

It is also possible to obtain the equivalent of the ad- 
jacent connections by changing the cyclic order of either 
the voltages or currents of figure 3. 

Relays Using the 3-Phase Element 

IN Combination With Other Elements 

The element described in the preceding is, of course, a. 
plain directional relay. On the same shaft have been 
added certain other elements of like construction in order 
to modify the characteristics. For example, it is often 
advantageous to prevent a directional relay from operat¬ 
ing except during fault conditions. For this purpose, a 
voltage restraining element has been added. This type of 
relay is shown in figure 4. 

Although a plain directional relay will often take care 
of ground faults as w^ ^ phase faulte, it is necessary tb 
add ground-fault protection when the torque caused by 
^ouhdrfault voltage and current is less than that caused 
by load current, or when generation is present at one end 
only. To meet this requirement a strong ground-fault 
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element may be added to the 3-phase element, this com¬ 
bination being sufficient for almost any relay location. 

The addition of a voltage-restraining element to the 3- 
phase directional and ground directional elements has 
resulted in an entirely new combination. A relay of 
this type is shown in figure 5. 

The successful use of the induction-cup element for the 
applications described above gives encouragement for the 
development of other forms of polyphase high-speed re¬ 
lays having a higher torque-to-input ratio and lower in¬ 
ertia of the moving parts. 

Nomenclature 


Pr — total power applied to relay 

Qr = total reactive volt-amperes applied to relay 

/ * current vector as a complex quantity (of the form a + jb) 

1 = conjugate of I(a — jb) ^ ^. 

I-^ I absolute value of the vector I{’\/a* + 52 ) 

E == voltage vector as a complex quantity 

« * operator which rotates a vector 120 degrees in the counter¬ 

clockwise direction 

ai = angle by which the vector leads a reference line 
^1 = angle by which the vector A leads a reference line 
= angle by which /i lags 

^ = angle by which the vector £i leads a reference line 
/32 = angle by which the vector h leads a reference line 

- at 2 — 0s = angle by which I 2 lags 

* " « wUch maximum 

torque of a pair of adjacent salients occurs 

^1 = positiye-phase-sequence impedance of the generator 

2 negative-phase-sequence impedance of the generator 
X - positive- and negative-phase-sequence Kne impedance 

P — phase-to-neutral arc resistance 
A = relay torque constant per pair of adjacent saUents 

Subscripts a, b, c, A, B. C are defined by figure 2b. 

Subscnpts 1 , 2, and 0 denote positive, negative and zero ohacse 
sequence, respectively. -cgative, ana zero phase 


These power quantities can be expressed in terms of symmetrical 
components as follows: 

EaTa = {Ea — Ec)Ia ^ E^ Ei + £2 — Ea — aEi — 

= (1 ~ a)£i/o + (1 - a)Ej, -f- (1 - a)Ej 2 -f- (l^-'t*>Ei/o'+ 

(1 CL^)E2li -f- (1 — 

J^e following table gives the coefficients of all of the sequence 
voltage-current products. 


Appendix lA 

Connections according to figure 2 . 
total input to the relay is* 

P^ +iQ„ = (£u - 4- - B.)n + (,-Eo + £^4 + 

(^ + Ec)h 

The underlined terms cancel, leaving 
•P* +iCx - - £.4 + £.4 _ £_4 

Rj- 3. Rel.y connections for quadrature equivalent 


Relay 

Qnantitles BJi 


~‘EjiTa a* a 
Eclh 1 — a 
— Esib a* — a 
EjJtc 1 — a 
a2 — a 

Total S — 6a -t- 
3a2 

Total - 9 o 


Ejli Ejfi Etfs E 0 I 2 


1 ol—al — a*l — as i_a*o 
a —a a*— aa — a* a — a* a — a^O 
a-o*a2-la»--al-.a2 a-10 

1 - a a - 1 1 - a fl _ a» a* - 1 0 
a* - 1 a - a* a - 1 1- a* a* - a 0 
a — 1 1 — a»a»— la — a» 1 — a 0 
ft 3 -J- 3 a — 

° 0 0 6a* 0 0 

0 0 0 —9a» 0 0 


-i-jQa - -QaEih - 9o»^, 
but a =s 

* lA 1 e-^^i /j =, 1/2 I 


(Note: Angles are in degrees.) 

Therefore: 

Es -i-JQR = 

= 9(1 Bt |)(| J, |)e?(«-ft-60)+ g(j ^ |)ei(o.-/»,+60) 

Er + JQr == 9( I |)( IA I) [cos («i — 01 — 60) -t-fsin X 

(«! —fit — 60)] + 9( I Aj I)(I /21) [cos (cKj — ^2 -f- 60) -f- 

isin(a2 - iSj + 60)J 

' ^ 9f li'ni'Tr n r T + 

U ^ I)(1 is I) [cos (02 ■+• 60) -jrj sin (02 + 60)J 

term with an angle (02 + 60 ). *i®&ative-phase-sequence 
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phase direc- 
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Fig. 5. Three- 
phase and 

ground direc¬ 
tional relay 

with voltage 
restraint 


Torque = 9Ki 1 1)(I /i D [cos (^i - 60 + + 240 + 0)1 

= 9V5it(|Si|)(lIil)cos(^i -90 + 0) 

Maximuin torque occurs when ^ 00 + 0 « 0 

that is. when + 0 « 90 degrees (See figure 7) 


Appendix IIA 
Quadrature Connection 

With the quadrature connection. Ea operates with -/«. Eb with 

—/ft, and Eo with — 

The total input to the relay is 


Pb +iQa " ■“ 


Relay 

Quantities 


Ejx Ejt 


Eji Eji Ejt Eji Eoft Ejd 


- a* 0 0 


-EAh a*-a «*-l 0 0 0 

-Esh «*“« l-f ?-a 0 0 0 

-Eclc «* - ® ® ^ 5 “ S 3a - 3a* 0 0 0 0 

Total So* — 3a 0 ”_ ” ____ 


On the basis of a pair of adjacent salients, the relay has average 
;orquc proportional to ( | JS | )( 1 /1) cos (<^ + 0) where 

fx « the angle by wliich the current lags Ae . 

9 « the angle of lead (current leading voltage) at which maxunum 

torque occurs 

Thus, with the above input, the relay wUl have torque equal to 
9Kt(ialXI/.l)cos(^. - |,,„^(^ + 60 + »)l 

»her. K Is the relay torque constant per pair of adjacent saUents. 


Appendix IB 


nections according to figure 2. 

f Torque During 3 —FhAse Fault 

C « 9i:(l JSi 1 )( I -Ti 1) cos (<^1 -60 + 0) 

^ -i- fl — 60 = 0. that is, when ^ + 0 “ 60 
num torque is when <l>i -r 

gure 6) 

y Torque During Dead Phase-to-Phase Fault 

_ 1 JSa 1. 1 -Ti 1 - lla 1, and ^ + 180 

«(( I a 1 )C 1 Jr I ) f? + 180 + 60 + «I 


- 3x/3C 1 a 1)(1 I ) Icos («i - /5i - 90) + 

i sin («x - i0i - 90)1 + S-s/SC 1 E» I)(1/* 1) X 

[cos ictt - /3* + 90) + j sin (a» - ft + 90)] 

which is the total input to the relay in terms of symmetrical com¬ 
ponents and the relay torque is 

sVSKK 1 a I)(11.1) CCS (d. - 90 + « + _ I, („ + po + «i 


Appendix IIB 

Quadrature Connection 

Relay Torqxjb During 3-Phasb Fault 

Torque = 3V5ii:( 1 £i 1)(1 Ii I ) cos (-ft - 90 + 0) 

I VTffviTniim torque is when <^1 — 90 + 0 =» 0 that is, when 
0 » 90 (See figure 7) 

Relay Torqub During Dead Phasb-to-Phase Fault 

AssuminglEil » l£.ltUil » I/* I. and + 180 

Torque =» 3 V5iC[( | JSi | )(1 Ii 1) cos - 90 + 0) + 

^ (1 El 1)(17i 1) cos (<^i + 180 + 90 + 0)1 

- 6\/5i5:( l£il )(|Ii| ) cos («i -90 + 0) 

Maximum torque is when ^1 - 90 + 0 « 0 that is, when ^1 + 0 « 90 
fSee fitnire 7) 


Fig. 6. Phase angle for maximum 
torque 

Three-phase fault/ connections accord¬ 
ing to figure 2 
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McConnell—Polyphase Directional Relay 


{Concluded on page 113) 


Fig. 7. Phase angle for 
maximum torque 

Dead phase-to-phase fault; con¬ 
nections according to figure 2 or 
quadrature connections 
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Ultrahigh-Speed Reclosing 
of High-Voltage Transmission Lines 


By PHILIP SPORN 

FBIOWAJEE 


D. C. PRINCE 

FELLOW AIEE 


H IGH-SPEED reclosing 
of high-voltage trans¬ 
mission lines has been 
practiced for a number of years 
and has been described previ- 
ously.i This method of re- 
closing has sometimes been 
termed “instantaneous reclos- 
mg. The term “instantane- 
obviously admits of no 


Reclosure of circuit breaieers following a fault on 
a high-voltage transmission line with a minimum 
of delay in order that synchronous load will not 
fall out of step is described in this paper. Appa¬ 
ratus that performs a complete operation in ap¬ 
proximately 20 cycles on a 60-cycle system may 
be ^used to obtain a high degree of service con¬ 
tinuity from a single-circuit transmission line. 


ous 

latitude. It has always, however, been broadly inter¬ 
preted. As applied to reclosing of high-voltage circuits, 
as heretofore practiced, it is obviously a misnomer be¬ 
cause the time involved has always been appreciable. 


running intoa ^ 

have given the na«e of ultmhigh- drives to 


' vjj. CL acwuu. 

this paper the authors have given the name of ultrahigh- 
speed reclosing to a reclosing operation at the maximum 
speed physical phenomena, particularly arc deionization, 
So far as is known, this is the first time 
that high-voltage transmission circuits have been set up 
to reclose on that basis. ^ 


there is always the problen 
of complete loss of servio 
where a single line is utilizec 
to take care of the supply int< 
an area or station. One oJ 
these difficulties has latel 3 ) 
been taken care of by ex¬ 
tremely fast clearing of faults. 

Thus, in recent practice with 
. . use of one-cycle carrier 

relaymg it has been possible, even by using nothin? 

more than a standard 8-cycle breaker, to get a maxi¬ 
mum time clearing under all conditions of 0.15 second 
(9 cycles) and under these conditions the disturbance is 


Background of the Problem 


The experience back of high-speed reclosing and ultra- 
high-speed reclosure is considerable. It has accumulated 
mth the vast extension of transmission networks in the 
United States and with the experience in interruptions 
to service, particularly to industrial service, as a result 
of voltage surges or dips occurring on systems. The 
ba^c reason for these voltage dips was generally found 
to be the long time taken to dear faidts occurring on the 
systo. Going back 10 years, these times were frequently 
of the order of from 3 to 4 seconds. This long duration 
of reduced voltage, coupled with the fact that many of 
me industrial control systems were using extensively 


-- were using extensively oimculties besides lip-htniTur fhoi- tn^Tr - 

andervoltage devices (instantaneous in thl flasiovera which can 
mvolving tunes of from 5 to 10 cycles in the terms sufficiently fasTr^sul ^ ^ 


mvolving times of from 5 to 10 cycles in the terms 
of a 60-cyde system) gave serious interruptions in section 
after section of the United States where transmission 
service was extensivdy substituted for rather short-feed 
localized generation service. The remedy adopted for 
these difficulties was two-fold. First, a reduction in time 
of rday action, and second, extensive work in the intro¬ 
duction of time delay undervoltage protection in con¬ 
nection with the control systems. The detailed methods 

for handling the problem in the latter fashion have again 
been described elsewhere.* All of these solutions, how¬ 
ever, had d^nite limitations, first because many types 
of motor drives are fundamentally not susceptible to 
time-delay undeirvoltage protection as a cure and, second. 


. •' — '-o-Lwca^iiuaronous mo tOJ 

drives to drop out of step. However, there is still the prob- 
1^ of the single line which even with such rapid clearine 
of faults, of necessity, has to have a service interruptioD 
when the line is faulty. It is this particular problem that 
the authors and their associates had in mind and set them¬ 
selves to solve in the development described herein. 

In a measure this development is an outgrowth of the 
work done on high-speed breakers and high-speed relaying. 
Each of these particular developments has previously 
been d^cnbed.»-‘-6.» The problem posed was the attain- 
ment of a breaker reclosure so quickly that the net effect 
on load would be as if no interruption had taken place 
and no load would be lost. It is apparent that as re¬ 
gards hghtning the same result could be obtained by the 
use ^of emulsion deionizing gaps. However, although 
co^derable work in that direction has been carried out 
and some of it has been described,' it is a fact that the 
expenence with gaps is still rather limited. Further, the 
gap has the disadvantage that it wfll not take ca^e of 
^ythmg but lightning difficulties and there are other 
difficulties besides lightning that may cause momentary 
nasnovers wTlioTi nan V.O. _J_ Jt . . 
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sufficiently fast reclosure. Besides, since there must be 
^cuit briers on the line in any event, if these circuit 
breakers by a special reclosing provision can approach the 
s^ce standard of a line with both breakers and expul¬ 
sion gaps, a considerable economic advantage is possible 
From ^ this it ™ apparent that a thorough explora¬ 
tion of the possibilities of ultrarapid reclosure by circuit 
breakers was in order. An examination of the problem 

S'* fsS® on protective 

November 21. 1936 October 31, 1936; released for pubHcation 

delphia (Pa.) works, Gener^rEl^ctiJ-Comply.””®® “ 

1. Por all numbered references see list at end of paper. 
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earner Current Relaying Systen. 

as against the larger of the 2 intervals. ni relav equipment was determined by the de- 

i. The actiial ate caasittS the servi<Mintermption must not restrito Carrier.CUlTellt rela:^g is 0^7 

oJ the complete solution were al- 

that standard breakers could be °^^in mattJ of plain arithmetic a one^ycle ^ 

»ni- to exceed 8 cycles, and speaal breakers m . . qat^^g y g cycles is allowed for aremg an 

He^oT no? r^ S cyles.< Again it de« ^^tted Jr^losure after the arc has ^ 

known and experience had been previous^ o^^d ^^hed, the total time ’^^^one 
a relay system functioning m a period not I total time of 15 cycles is to be adhered to, 0^^ 

^ However the problem of getting a mechamsm obvious that if a larger amount of time 

Warrived when it was necessary and desirabletoattempt ^ J ^ controlling the trip circuits at bott ends 

JfblTtolsolution this particular problem, takmg ad- Since the re y ^ staultaneously de.^«- 

gized by the stoppage of the 

. ■ ' ■ carrier signal, the actiml clos- 

|ll£------- : ^ __._,wER at nearly the same instant. 

I I 4 . . ■ » ' ^ plate Because of the importance 

1 I 1 I n that the relaying plays in the 

Cw. .. ^ LOCKOUT entire scheme, it may be per- 

cT-^r;"' TD tinent to review the sahent 

M ' ^__ "i i ? -.—nJ Figure 1 shows the funda 

' r~ mental scheme and involves in 

3 2 I essence the following equip- 

tAULT DETECTOa i 


receiver 

PLATE 


lockout 

RELAY 


RECEIVER 

RELAY 


. - 

transmitter 

PLATE 


± 5 — 


1 directional 
RELAY 


FAULT DETECTOR 
RELAYS 


transmitter 

SCREEN GRID 


1. Receiver Relay. This is a polar¬ 
ized relay having a field windii^ 

and an operating winding arranged, 

to be energized either from the 
local battery circuit or from the 
received carrier signal. The relay 
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Fig. 1. High-speed carrier- 
current relay circuit 
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AND BRAKE 
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RECLOSING 
TRIP LATCH 
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CHARGING 
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RECLOSING 

SPRING 


FLUX-SHIFTING 
MAGNETIC-TRIP LATCH 


MOTOR 

MECHANISM 


Fig. 2. Schematic diagram of ultrahigh-speed reclosing mechanism for oil circuit breakers 


will close its tripping contacts when de-energized and hold the trip¬ 
ping contacts open normally when excited from the battery circuit 
and during fault conditions when excited from the received carrier 
signal. The relay will close its lockout contacts when energized 
and hold them closed normally when excited from the battery circuit 
and during fault conditions when excited from the received carrier 
signal. 

2. Fault Detecting Elements. Three for phase faults, these being 
•of the impedance type, that is, having a current operating winding 
and a voltage restraining winding, and one for ground faults having 
•only a current winding. All of these fault detectors were equipped 
with 4 independent contacts for performing the following functions: 

■a. A circuit-opening contact for starting carrier by the removal of 
the grid bias. 

b. A circuit-opening contact for disconnecting the receiver relay 
coil from the local battery supply. 

<c. A circuit-opemng contact for removmg voltage restraint from 
the directional relay. 

d. A circuit-closing contact which is in series with the receiver 
relay contact and the tripping circuit. 

3. Directional Relay. This is the polyphase t 3 rpe, having voltage 
•restraint. This relay is of the new induction cup type, giving it 
greater speed than was obtainable with previous types of powo- 
•directional relays. 


Open by the closed contacts of the fault-detector relays 
energizing the receiver-relay coil from the station battery. 
In case of an internal fault the directional relays will 
operate to stop the transmission of carrier at both ends of 
the line. When the carrier from both ends has been 
stopped then the receiver relays are de-energized and 
they both drop out, completing the trip circuits. The 
receiver relay operates in an average time of 0.35 cycle. 
The directional relay opens its contacts in an average time 
of 0.40 cycle so that the fundamental fastest time possible 
is approximately 0.75 cycle. Some variations on either 
side of that value are obviously possible. On an external 
fault one of the directional relays on the end where power 
is flowing from the line into the bus will permit the carrier 
signal to be maintained, thereby preventing tripping. 
The function of the lockout relay is to open the trip 6 
cycles after the circuit-closing contacts of the fault de¬ 
tector have closed to prevent false tripping on a through 
fault as the result of sudden reversals of power flow and 
also to prevent tripping in case of system instability. 


•4. Lockout Relay. This is a tmie-delay circuit-opening and circuit- 
■clos^ am^iary relay of the plunger bellows type which is adjusted 
to give a time delay of 6 cycles in opening or closing its contacts. 

The sequence of operation is comparatively simple and 
may be described briefly as follows : Under normal con¬ 
ditions the directional-relay contacts are held closed by 
voltage restraint, applying plate voltage to the trans¬ 
mitter but the transmitter does not operate because of 
the normally closed contacts of the faiilt^detector relays 
which apply a negative bias to the screen grid of the trans¬ 
mitter. Further, the recdver-relay contacts are held 


Tripping and Reclosing Mechanisms 
and Circuit-Breaker Operation 

Most standard mechanisms require about 0.5 second 
to close the circuit breaker. Reclosing mechanisms have 
been made providing an over-all time of this order by 
connecting 2 mechanisms together through a walking 
beam. Qne of the 2 medianisms is at all times at rest 
wi^ its latch reset. When tripped the circuit breaker 
opens until the en^gized mechanism builds up enough 
force to overcome the opening springs and momentum. 
It was obviously necessary in this case to secure a much 


January 1937 


Sporn, Pfince^XJUrahigh-SpBed Jteclosing 


83 



















higher speed than was obtainable in this way. According y, 
a spring-charged mechanism was designed to take the 
place of one standard mechanism in the teamed arrange¬ 
ment. This mechanism is shown schematically in figure 
2. A standard motor mechanism operates on one end 
of the main walking beam to the center of which the 
circuit-breaker linkage is attached. For ordinary switch¬ 
ing operations and for the second opening should a flash- 
over re-establish or repeat, this mecha^m functions m a 
normal manner. The spring mechanism of the stored- 
energy type has 2 sets of springs; one set to reinforce^e 
breaker opening springs, the other set to close. T^ 
rnAntiat iism when charged performs an opening and closmg 
operation, its normal position being closed. 

The spring mechanism has a high-speed latch of the 
flux-shifting type which operates with the opening springs 
to give a contact parting time of from 2.5 to 3.5 cycles. 
After the contacts have moved 8 inches a link attached 
to the opening mechanism trips the auxiliary opening 
springs and releases the dosing springs. Th^e then re¬ 
close the breaker. Figures 3 and 4 are views of the 
tn^oTianism and an ultrahigh-speed breaker inst^ation, 
respectively, which give an excellent idea of the s^e. 

During the redosing stroke the tripping circuit is trans¬ 
ferred to the motor mechanism so that a permanent fault 
will be tripped off at once. As adjusted for t^t, one of 
these meobanisms gave an over-all time from initial trip 
impulse to contact make of 15 cydes. It proved rather 
difficult to hold this fine adjustment throughout so that 
the service record aimed at was much nearer 18 cydes. 
A typical calculated travel record is shown in figure 6. 


It may be noticed first that the total time from the instant 
of energization of the trip coil is 16 cycles: taking relay- 
time at one cyde, this gives a total time from initiation of 
fault of 17 cydes. Second, the mechanism once started, 
on a tripping cycle is definitely set for redosure upon the 
completion of 8 inches of stroke without waiting for are 
extinction. This definitely meant that the circuit breaker 
had to be reliable to the point where it would extinguish, 
the arc on the completion of the allowed stroke, that is,. 
8 inches, with enough to spare for the tripping relays to. 
reset. As will be brought out later, this was accomplished 
in general very successfully. 

Basic Ideas Underlying 
Ultrahigh-Speed Reclosing 

As previously pointed out, one of the essential parts of 
the solution of the problem of ultrarapid redosing was the 
necessity for the actual arc causing the service interrup¬ 
tion not to restrike when voltage is restored. The usual 
fault against which protection is sought is a lightning- 
stroke. The circuit in this case cannot be re-energized 
until the ionization produced by the stroke has been 
dissipated enough that the restored voltage may be -with¬ 
stood. This time was investigated in both field and 
laboratory tests. Griscom and Torok® have made a 
series of such tests, varying the current from 800 to 1,500 
amperes and the voltage from 66 kv to 130 kv with the 
spacing of electrodes from 12 inches to 93 inches. They 
conduded that: 

1, The restriking of arcs is a random phenomenon. 



Fig. 3. Ultr«liigli'4peed circuit-breaker reclosing mechanism 
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Fig. 4. A 132-lcv installation of the ultrahigh-speed 
reclosing breaker 


2. The probability of restrike increases with opera ting voltage for 
spacings ordinarUy used. 

3. The probabmty of restriking is only slightly affected by large 
variations in current. 

^ given recovery voltage above a certain spacing, the proba¬ 
bility of restriking is but slightly affected by the spacing of elec¬ 
trodes; below this value, spacing plays an important part. 

The restxiking times found by Griscom and Torok 
vary from about V /2 cycles at 66 kv to a little over 3 
cycles at 130 kv. The authors made some preliminary 
tests in 1935, under conditions similar to those used by 
Griscom and Torok but with currents of the order of 
5,000 amperes, from which a probable restriking time of 
nearly 5 cycles resulted. These tests seemed to indicate 
that insufficient current range had been used in the earlier 
tests. Several other variables seemed to require attention, 
including velocity of wind, duration of arcing, and posi¬ 
tion of gup. In addition to these, the weatherman’s 
part in the picture had to be determined. What would 
be the practical effect of multiple strokes of lightning? 
Would field experience show a larger or smaUer proportion 
of successful reclosures than obtained in fair weather 
tests? It was decided to undertake additional tests 
along 3 lines: 

1. Additional laboratory tests to further clarify the effects of 
voltage, current, distance between electrodes, wind, arc duration, 
etc. 

2. Staged field tests to cross check against laboratory tests and 

determine the operation of high-speed reclosure practical 

field conditions. 


Fig. 6. Circuit used for laboratory tests 


3. An ^^ded field-operation test to determine from experience 
the service improvement possible with high-speed reclosure. 

Laboratory Tests 

The method employed in the laboratory tests is in¬ 
dicated in figure 6. A fine-wire fuse is suspended be¬ 
tween the ends of an insulator string, arcing horns, or other 
electrodes. The arc is drawn by closing a 20-kv circuit 
through this fuse. The fuse is quickly vaporized. The 
20-kv circuit is then opened and after a timp another 
circuit of higher voltage is closed. Some 300 tests have 
been made from which some conclusions seem justified, 
while others are in doubt. Figure 7 is a chart and table I 
is a sugary of all the tests made. On the chart, 
crosses indicate a restrike and circles an absence of re¬ 
strike. A line is drawn from the cross representing the 
longest restriking time to the circle representing the 
shortest non-restriking time. The center of this line 
should represent 50 per cent probability of restriking. 
Any conclusions drawn are subject to modification as 

more experimental evidence becomes available. 

In the meantime, the data on the chart And table may 
be examined to determine different tendencies. As a 
matter of probabilities, one may conclude that; 

1 . Restriking times are longer with a high-current arc. 

2 . Restriking times are longer the longer the arc is sustained. 

3. Restriking times are longer in still air. 

4. Moderate changes in electrode form, spacing, and location of 
arc are not important although a wider range mi^t disclose differ¬ 
ences as in 1,2, and 3. 

5. Restriking times vary from 2Vi to 12 cycles. 

The Ime of development which would give a minimum 
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outage time should combine high-speed tripping to. give 
short fault duration with high-speed redosing; 

If reclosing is to be at a long enough interval to give 
little probability of a restrike, voltage must not be applied 
to the line for about 12 cycles after the arc has been in¬ 
terrupted. With an 8 cycle breaker this gives 20 cycles 
for the over-all reclosure time. At the other extreme, 
reclosiure after 2 V 2 cycles will be successful sometimes. 
If a flashover is caused by multiple lightning strokes, 
some reclosures longer than 20 cycles over-all may still 
be followed by restriking. For that reason, the final 
limits will not have been determined until after a con- 
•siderable period of experience under actual service con¬ 
ditions. 

Pield Tests 

The actual installation of ultrahigh-speed redosing 
breakers was made on the 69.2-mile 132-kv line between 
the Fort Wayne, Ind., station of the Indiana & Michigan 
Electric Company and the Deer Creek (Marion) station 
■of the Indiana General Service Company. High-speed 
redosing mechanisms of the type described herein were 
installed on the breakers at both stations. One-cyde 
carrier-current rdaying was employed on the line for 
fast and simultaneous tripping of breakers at both ends 
of the line. Automatic high-speed oscillographs were 
installed at both stations to determine the performance 
of the breakers under actual operating conditions. As a 


preliminary to long-time test operation, a series of com¬ 
plete tests was made on May 17, 1936, and another on 
June 14, 1936, the object being not only to test thoroughly 
the performance of the assembled equipment but to 
ascertain, if possible, the likelihood of successful perfor¬ 
mance under actual operating conditions and the actual 
time to be used as the reclosure interval for such- long 
time tests. 

In all, 35 redosure tests were made. A tabulated 
summation of 20 of these tests is indicated in table II. 

Tests 1 to 4 illustrate the normal performance of t he 
breakers and rdays for an internal phase-to-ground 
fault. The carrier-current relays operated within from 
0.70 to 1.00 cycle after the inception of the fault to 
energize the trip circuits of the circuit breakers. The 
line was completdy de-energized from 5.3 to 7.2 
cydes later and remained so for a period of from 10.7 
to 12.0 cydes before being re-energized. The total timp 
from the initiation of the fault until the redosing of the 
last breaker was from 21.0 to 21.8 cydes. On all of 
these tests the line was re-energ^ed without restriking of 
the arc. 

Tests 5 to 7 show the performance for internal phase- 
to-phase faults not involving ground. Here it will be 
noted that in 2 of the tests the arc was restruck after 
the line was energized. The Une was de-energized for 
periods of from 11.5 to 14.1 cycles, ^d the test where the 
line was de-energized for 14.1 cydes was the only case 
where the arc did not restrike after energization of the line. 


On Appnox Appron. 

No. ingh/ai^ Lee Or Duration Current Voltdot 

Tests K.V 

iia. --t!2!S _ ^ Of^rnq CycloA Umoenu _ 

1 16 No 10 Vtt 5 ^ ♦ 4-7 tflO-tOOO 13^ 

t W NO 16 Yes 5 w.nd 6 J500 132 

3 3 No Y«S S-IO Wind 6 1500 132 . 

4 16 No 16* Vos o-s Wind 6 1000 1361 


5 17 No 

6 6 No 
T *17 NO 
B 1 No 

9 3 NO 

10 I No 

11 9 No 
It 17 NO 

13 It No 

14 t NO 

15 1 NO 

16 It No 

17 18 NO 
IB 14 Vas 


It Ves 20 JO 
It Vos 10-15 
It NO to 15 
9. No 10-15 
9 No S’W 
9 NO 510 
It Yos 0-5 
It NO 0-9 
9 Ves 0-5 
9 No 0-5 
9 NO 0-5 
It 'rtts 0-5 
12 Ves 0-5 
12 No 0-5 


B 6000 
B 6000 

a eooo 
B eooo 


30 6000 

2 6000 


«® 0 0 

» * K 


8 800 
8 600 
6 800 
8 800 


32 16 No 4 No U >-15 Wind 
33l 27 I NO I 4 iNolo-S v^ind 


6000 20 
600 20 


Daanergized lntcr>7dLl ~ Cyclofii 

Fig. 7. Chart of laboratory redosing tests on insulator string for tendency to rcstrike versus de-energized interval 

Crosses indicate arc re-establishment/circles indicate no arc re-Bstablishment 
* Insulator string suspended horizontally; 

f Supplied by 2 transformers at120 degrees, each supplying 80 kv, common point grounded 
§ Wind velocity not recorded; believed to be about 15 miles per hour 
Position of fuse wire changed from test to test 
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In test 8 an internal phase-to-pliase-to- 
ground fault was applied. Here the line was 
de-energized for 13.3 cycles and the line was 
re-energized without the arc restnking. 

Tests 9 to 13 were made to determine the 
tni-nitniim time that the line could be de¬ 
energized on an internal phase-to-ground fa^t 
without the arc restriking upon energization 
of the line. This was accomplished by in¬ 
tentionally delaying the tripping time of the 
breaker at Deer Creek station by inserting a 
time-delay auxiliary relay in the trip circuit. 

It may be noted that the minimum time the 
line had to be de-energized averaged approxi¬ 
mately 6.0 cycles in order to prevent the arc 
restriking. In test 13, voltage was reapplied a 
second time when the breaker at Deer Creek 
station finally reclosed. The dead time in the 
second interval was only 2.0 cycles. 

Tests 14 to 20 were made to determine the 
performance of the reclosing equipments on a 
single tie line between 2 systems (not other¬ 
wise connected in parallel) with var 3 dng 
amounts of load transfer over the tie line. 
The system arrangement used on these tests 
represented a single 132-kv tie line approxi¬ 
mately 340 miles long between the 2 generating 
stations. 

With load transfers up to 28,000 kw over 
the tie line, the breakers and relays performed 
satisfactorily to hold the 2 systems in syn¬ 
chronism upon reclosure. With load transfer 
up to 40,000 kw over the tie line, the breakers 
redosed satisfactorily at both terminals of the 
tie line but the operation of the relays re¬ 
tripped the breakers. Figure 6 shows 3 oscillo¬ 
grams taken at Fort Wayne station for tests 
4, 7, and 15, respectively. The top oscillogram 
is for test 4 from which it will be noted that 
the directional relay contacts opened after 
0.50 cycle, that blocking was removed in 0.60 
cycle, and trip circuit energized in 1.0 cycle 
after the inception of the short circuit. Fault 
current was 300 amperes, prunary current, and 
was interrupted in a total time of 6.3 cycles. 
The breaker contacts redosed in 17 cydes, 
total time, or 16 cydes after the trip circuit 
was energized, as indicated by the oscillations 
in the current dement. The point where the 
breaker contacts redose can also be determined 
from the top oscillograph dement which is 
attached to a travel recorder and gives the 
mechanical position of the breaker contacts 
throughout ^e operation. 

The miiddle osdllogram is for test 7, which 
was a phase-to-phase short circuit in which 
the arc restruck. The relay operating time 
was somewhat faster in this case, the direc- 
i tional-rday contacts opening in 0.4 cyde, 

I blocking being removed in 0.5 cyde, and the 
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Fig. 8. Oscillograms of field tests 
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trip circuit energized in 0.7 cyde. Fault current was 750 
primary amperes and was finally interrupted in a total 
time of 7.7 cydes. The breaker contacts redosed in 19.3 
cydes and this time the arc was re-established. In this 
case the top element of the oscillograph was connected 
to a potential transformer on the line and hence shows 
directly the total time the line was de-energized, which 
was 11.6 <ydes. 

The bottom oscillogram is for test 15. This was a 
single phase-to-ground fault with the systems out of 
parallel during the time the line was open. The relay 
operating time was 0.9 cyde for the directional relay 
contacts to open, 1.0 cyde for the blocking to cease, and 
1,2 cydes before the trip circuit was finally energized. 
This slower rday time was probably due to die low fault 
current, which was only 230 primary amperes at the 
beginning of the fault. The fault current was interrupted 
in 8.1 cydes and the breaker redosed 19.6 cydes after 
the fault began. The line was de-energized for 11.5 cydes. 
The angular displacement between the 2 systems was 
41 degrees at the instant they redosed. This was meas¬ 
ured by connecting an element of the oscillograph so 
as to measure the vector difference between the voltages 
of phases one on the 2 systems. The osdUograph element 
measuring fault current mfeasured ground cmrent and 
hence does not show the original load current or the in¬ 
rush of current which occurred when the line was redosed. 

Field Experience 

Since the installation of the ultrahigh-speed redosing 
equipments on the Fort Wayne-Deer Creek line in May 
1936, there have been 4 lightning flashovers on this line. 
In all 4 cases, the flashover occurred between phase 3 and 
ground. The average time that the line was de-energized 
was 13.0 cydes. In 3 cases the breakers at both ends of 
the line tripped and redosed within a total time of 22.0 
cydes without the arc restriking. In one case, the break¬ 
ers failed to stay in after redosing because the arc restruck. 


which is believed to have been caused by a multiple light¬ 
ning stroke. Figure 9 shows an oscillogram taken at Deer 
Creek station for a flashover from phase 3 to ground 
caused by lightning that occurred at 8:59 a.m. on August 
28, 1936. The fault current was 1,165 amperes, primary 
current, and was interrupted in total time of 6.0 cycles. 
The breaker contacts redosed in 22.5 cydes total time or 
21.5 cydes after the trip circuit was energized. The line 
was de-energized for a period of 12.5 cydes. From the 
dements measuring the 3 phase-to-phase bus voltages, it 
may be seen that the fault was a flashover from phase 3 to- 
ground. 

Future Possible Applications 

It is, of course, ejctremdy difficult, nor is it well within 
the province of a paper of this sort, to predict the course a. 
devdopment of this type will take. Even more difficult 
is the problem of indicating with so little experience avail¬ 
able the possible immediate application. One thing, 
however, is certain, on lines forming part of extensive 
transmission networks and particularly where loads of 
appreciable magnitude are carried, if lightning is at all a. 
factor it ought to be found economically extremely attrac¬ 
tive to equip the 2 ends of any lines of that sort with 
mechanisms of the t 3 q)e described to make possible ultra¬ 
rapid redosing on any lightning outage. As a matter of 
fact, on the power system with which one of the authors is 
assodated, 2 such lines in addition to the one described are 
now bdng so equipped. 

The application of ultrahigh-speed redosing, the authors 
believe, may eventually make possible in some instances a 
reduction in the investment in transmission lines now re¬ 
quired to give uninterrupted service to large industrial 
loads. That is, the duplicate line may, with the further 
devdopment of this idea, give way to the single line with 
the possibility of giving as good service with the single 
line as can be given with the multiple feeds now used. 

{Concluded on page 100) 
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« rigid pole an amount necessary 
a structure for sup- *" aesigning structures for supporting produce that sag. The 

porting overhead lines, to overhead lines, even in situations where in these conductors 

a pole as a rigid they are not restrained by guys and it is 

Strut, there are situations * x i V . would be if pole B were 

where this assumption leads movement takes place under ngid, hence the load ac- 

to considerable etror. The variation in loading. This paper points tually held by the guy must 

processes whereby the flexi- out the importance of making allowance 5 ® more ^an would bein- 

bihty of the supports can be for this factor under ^ calculation 

taJken into account are by . . . , conditions based on the assumption of 

no means obvious. gives the theory and practical methods rigidity. However, the 

In certain cases, which for its solution. ^ength necessary in pole 

are not at all infrequent in ^ ^ appreciably less 

practice however, the neg- than would be required if no 

inherent characteristic of the materials Fivure 2 shnwQ q occurred, 

wm lead to unnecessary strength in some parts and in- guyed^tub with a ^ 

sufficient strength in others. It is the piipose of this d^Son of^^th 

paper to point out some of these cases, to discuss e-ether ^ ^ acting to- 

methods by whitffi this effect may be determined, and and allowance must ^b^ m?de^ f 
to indicate how these may be applied to the develop- pole B, the stub and 

m^t of workmgrulesand charts which can be applied determined accurately 

to field problemswith sufficientaccuracyforprrctical S“d in alevs frequently en- 

purposes. ' ^ wherem the stub is a 

subject to joint use. Consideratiouof 

XjTical Cases in Which .pole to be °f 


Poles are ordinarily considered as rigid 
struts in designing structures for supporting 
overhead lines, even in situations where 
they are not restrained by guys and it is 
known that movement takes place under 
variation in loading. This paper points 
out the importance of making allowance 
for this factor under certain conditions 
and gives the theory and practical methods 
for its solution. 


- --■ w XU 

practice however, tiie neg¬ 
lect of this inherent characteristic of the materials 

xxnll lan.4 •X.n ______. 


Typical Cases in Which 
Flexibility Is of Importance 


H smaller Class oi 

be required 

unto the usual assumption of rigidity. ^ 

2 dead-end 


simple illustration of the effect of pole flexi- Poles^Con^°^g® fl^biU^ 
bihty, consider a line dead-ended on a pole which, fe^-ve both poles unguyed, if guying is difficult Fitr 
for some r^ou, cannot be guyed. A coimon prao 4 shows an uniuyed ai|feS®^tte^^th 

the next-tp-last .Wed. Here®the effect of deflStfon 


iirp. A. chr^J^ IS aimcmt. Jt^ig- 

^ angle in the line with the 

7-uw giAjr ujc aexi-ro-iast fajacent poles guyed. Here the effect of deflection 

^ itself, somewhat different due to the angle but can 

holdmg the greategpart of the conductor tension on sometoes be used to advantage in dlt^ininl the 
guyed pole The conductors in the end span ^^l^f the corner pole and the Lyf. H^rTiows 
^e th^ slaved off to reduce the tension to an J street lamp supported on a span wire AUowanoe 

exceed the allowable load on f?f. ,tbe reduction in stress reSlting from pole flexi- 

the unguyed pole under the heaviest condition of bihty may make guying unnecessary ^ 

loadmg which is antiapated (see figure 1). If it is There are other .ctimtigt- situj^tic + 1 , 

^si^ed that ffie toffil dead-end tension of the allowance for flexibility will serve to give a betto 
conductors must be held by the guy on pole A, that economical design, but these are tvnical 

guy will be made u^ecessarily strong, since part of serve to iUustrate iS problem. ^ ^ 

tins load IS balanced by the tension of the conductors 

in the end span. If, on the contrary, the end pole B General Method of Solution 
IS considered rigid, and full allowance is made for the 

guying ^ect of the conductors in the slack span on The general method of attacking the nroblem n 

to the guy will be too niaking proper aUowance for SXxibiht^m^ h. 
This IS evident when the actual effect of the indicated by reference to the ^ • 

fl^g of the pole Stis ^nsidered. As the load figure 1. xUSoi^^^ome ™gliX a 
on the wires (wind and ice) increases, the tension in force, such as the tension^u the wires 

the end span would tend to increase. This increase Plotted in the form of line 5 in We T rC'lt 
m tension apphed to pole B will cause it to deflect tion between the tension in the -c^s a 
tow^dpoleA This, in turn, will increase the sag or the change^n^^an M 
m the conductors, tending to reduce thrir trn-inir ~ ^ ^engtn (that is, the pole 

Equffibrium IS reached when, under the assumed 

losing conditions, the sag m the conductors ds just * 0 *^ P“b«C8tion NoveSbeir 19 /submitted October 16 , 1936; released 
sufficient to produce a tension which will deflect the 


General Method of Solution 
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movement) may also be plotted in the form of curve 
A in figure 6. The point at which th^e curves 
intersect gives the solution at which equilibr^ is 
reached, that is, the tension which is just student 
to move the pole an amount which will sag the wire 



Fig. 1. Dead end on unguyed pole 


deflection constant p. For the ^ condition illus¬ 
trated, where the horizontal scale is in terms of move¬ 
ment from the position of initial loading, the inter¬ 
cept with the vertical axis (load for 0 moyem^t) is 
Ti which is the applied load or the tension m the 
wires under Ihe assumed initial loading conditions. 
The intercept with the horizontal axis (pole position 
at zero load) is at a negative value equal to the de¬ 
flection of the pole under initial conditions, the 
scale may be arranged to show total pole niovem^t 
from the unloaded condition, if desired, in which 



SLACK SPAN 


Fig. 3. Short line with neither end guyed 


I----f— Fi,.4. Pl.nel 

angle with corner 

Fig. 2. Dead-end pole guyed to unguyed stub pole unguyed 


ONGUYED POLE 


sufficiently to produce that tension. This is the 
basis of the methods followed in this study. ^ 

Two methods will be described. 
daboration of the general solution by the plottog 
of the 2 curves just discussed. This is accurate 
within the limits of accuracy of Ihe methods used 
in determining tension-span rdations but is some¬ 
what cumbersome for general application to a variety 
of problems. The second metiiod, which is more 
convenient to use, introduces several appropma- 
tions, the errors involved being rdativdy insigmn- 
cant, however. 

Exact Solution 

Pole Characteristic, The derivation of the curves 
shown on figure 6 requires some explanation. In 
order to plot curve B, the rdation between the fl^re 
in a pole and the appHed force must be deterauned. 
The theory for calculating this characteristic for miy 
given pole is shown in the appendix. A “deletion 
constant” is derived which gives the number of 
pounds of applied horizontal load per foot of d^ec- 
tion, the butt being held fixed. It is recognized that 
in some cases there may be a movement of the pole 
in the ground which will add to the effect of its flexure. 
Allowance can be made for this in choosing the deflec¬ 
tion constant if its magnitude is known. ^ Since tins 
quantity is mdeterminate, however, and the data 
which are available are meager, and also since it is 
practicable to support the pole by blodmg or concret¬ 
ing against any considerable foundation mov^nent 
under the loads considered, the effect of such move- 
menthasbeenignoredinthispaper. This relationship 
is assumed to be reasonably constant throughput an 
ordinary range of loading, within the dastic hmit, 
hence the stress-strain curve (and emve S of fipre 6) 
is a straight line. The slope of the line is equal to the 



the intercept with the horizontal axis will be the 

zero point. ^ , 

Wire Characteristic. The A curve may be de¬ 
rived by any of the well-known me^ods of deter¬ 
mining sag-tension relations in a wire span. 
Thomas chart has been found convenient for ordi¬ 
nary spans with copper wire. If composite con¬ 
ductors such as ACSR (al uminum -cable^ steel-r^ 
inforced) are used, or if greater accuracy is desired 
with copper, some of the more refined methods 
using stress-strain curves obtained by test may be 
necessary. The Thomas chart method will be de¬ 
scribed in the following. 

It may be remembered that the Thomas chart 
uses a curve showing the relationship between ten¬ 
sion.and length of wire in the span. Specifically, the 
co-ordinates are a “stress factor” {T/wS) equal to 


load per foot span X span 

and length of wire per foot span, (L/S) = Z, as shown 
in figure 7. For a given span S, an initial loading Wi 
per foot, and an initial sag, the initial value of 
T\/{w\S) is calculated and the value of l\ found from 
the chart. From this, a quantity Zo, the “unstressed 
length,” is derived by subtraci^g from k the elonga¬ 
tion resulting from the tension in the wire 


T 

where A is the cross-sectional area of the wire and E 
the modulus of elasticity. The line kri plotted on 
the chart, figure 7, is the stress-stretch line of the 
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wire for loading Wi, For a change in load to 
a new stress-stretch line similar to IqT is plotted be¬ 
tween Iq and a point r' whose co-ordinates are 
Ti/{wiS) and /o + {li — /o). The intersec¬ 

tion of with the curve at gives the new value 
of Ti/{wzS) and hence of T^. 

For a change in temperature, the unstressed 
length Iq (Ranges to a new length 4^ = 4(1 + cd), 
where a is the coefficient of expansion and t the 
change in temperature, using the proper sign for t. 
The new stress-stretch line for load Wi at the new 
temperature (not shown on figure 7) is parallel to 
4^1 the new stress-stretch line for is parallel to 
4^2. 

Determination of the effect of a change in span as 
the result of pole movement is quite similar to that 
for temperature change. The actual unstressed 
length of the wire remains the same, but, since the 
span changes, L^^/S (and hence 4) will change. If the 
pole should move so that the span will be shortened 



Fig. 5. Sireet-lamp suspension with customary guvs 
shown 


the intercept of the curve A (figure 6) with the verti¬ 
cal axis, since it is the tension in the wire for zero 
movement. Assume a certain reduction in span 
such as one foot or one per cent, and find the corre¬ 
sponding Ta as herein described. Plot this as a 
second point on the A curve. Assume other pos¬ 
sible pole movements and find the corresponding 
values of Ta, locating other points on the A curve 
until it is completely plotted. The intersection of 
this A curve with the B line is the solution for the 
loading For other loadings, such as Wz, another 
A curve such as A ' in figure 6 can be similarly derived 
and the solution obtained. It should be remembered 
that the load applied to the pole is the total of all the 
wires earned, hence the A curve must represent the 
sum of all the wire tensions. Where different sizes 
are present, separate curves may be plotted and 
totaled into one combined A citrve. The error is 
usually not great, however, if the combined curve 
K obtained by using the total cross-sectional area, 
loading, and tensions of all wires. 

^ This method, alffiough relatively accurate and not 
difficult for a specific problem, is somewhat cumber¬ 
some for general use, where various wire sizes, spans, 
and loadings are being considered. The second 
method to be described is sufficiently accurate for 
most purposes and is more easily handled for a 
vmety of problems. This method and the resulting 
ch^ts will also be found useful in solving spans with 
rigid supports as well as those with flexible supports.* 


A —^Wlre character¬ 
istic 

B —Pole character- 
istic 

C—Pole deflection o 
under initial loading w j 

2 I 


0 \ POLE MOVEMENT OR DEFLECTION 

Fig. 6. Construction of graphic solution for flexible 
span 


changes to 4" = Lo/0.995 
stress-stretch line through this new po: 
4 for the new span will be parallel to the one throug] 
for the same loading, since the slope of this line 


La T 

S w{L — io) 


Approximate Method 

For this solution the parabolic formulas for wire- 
span relationship are used instead of the catenary 



LENGTH L PER UNIT SPAN *L/S 

Fig. 7. Thomas chart 


which is independent of span length. On figure 7 
4 IS parallel to 4^2, for loading w^, and its inter- 
^cbon mth ffie curve at Ta gives the solution for 
Ta/^zSa) and hpce Ta for the reduced span. 

This IS the basis for plotting curve A of figure 6 
For ex^ple, if initial conditions Wi, 5i„ and sag are 
giy^, Ti and 4 may be determined. The Dole is 
mitially deflected by Tx an amount Ti/p, If the 
pole were held fixed at that point, T^ for a new load¬ 
ing, Wi, would be found by figured. This T^ will give 
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as being more convenient and not introducing serious 
^or. For any wire hanging in a span, the foUow- 
mg relationships exist: 

onj 

Laagtib of wire «= i =* .S + /.n 

^35 ( 1 ) 

« Ori^aUtyis not claimed for this method of solving spans with riBid aunnnrf.' 
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Tension in wire = T =» — ( 2 ) 

Where 

5 = span in feet 
D — sag or deflection in feet 
w => load in pounds per foot 

Rigid Supports. For the ordinary case of rigid 
supports, the span length is fixed, hence the rela¬ 
tionship of equation 1 is between 2 variables, length 
of wire and d^ection, the latter also being dependent 
upon loading and tension in accordance with equa¬ 
tion 2. On account of its elastic characteristic, the 
length of wire varies with the tension; it also varies 
with the temperature. The unstressed length of 
the wire at a given temperature, that is, its length if 
removed from the span and laid on the ground is a 
fixed quantity, however, and can be used as a refer¬ 
ence in determining the effect of various changes in 
conditions. The unstressed length can be obtained 
from equation 1 by subtracting from L the elonga¬ 
tion caused by the tension obtained from equation 2. 


length 5 (a constant for any problem with rigid 
supports) from both members and also by dividing 
both members by S. The deflection per foot of 
span, d = D/5 is also introduced. This gives a 
quptity designated as e, which is the difference per 
unit span between unstressed length of wire and span 
length. 


" ~ s ~ 8^ ~ u'ae 




It is possible to plot a nomograph from this equa¬ 
tion using as variables e, d, and {wS)/{AE) as illus¬ 
trated by figure 8. If the value of {wiS)/{AE) is 
computed for an initial loading Wi, a straight Une 
from that pomt on the left-hand scale through the 
value of initial deflection d\ on the middle scale 


Fig. 8. Nomo- 
graphic method of a. n 
solution for rigid 
or flexible span 

TEMPERATURE- 

SCALES 


For^ the present purpose it is somewhat more con¬ 
venient to change this to a form which is approxi¬ 
mately as correct: 

Substituting equations 1 and 2, respectively, 

'•-(** 1 ) (- 5 ) 

Equation 3 is a general expression for the un¬ 
stressed length of the wire for any given loading, 
sag, and temperature. ^ The value remains the 
same for any other loading which may be imposed 
on the wire, provided the temperature does not 
diange. Hence its value, determined for an initial 
loading wi, may be used to find sags and tensions for 
other loadings such as w^. 

as A HDuisj «d,ab) 

This expression can be solved for D 2 if Do is obtained 
from, 3,11(1 

If equation 3 is ^panded, the expression becomes 


io s= 5 + . wSD 

^ 3S 8DAB 3^5 


^ It will be found that the last term is of insignificant 
size compared with ^e others and may be dropped 
from the equation without appreciable error, leaving 


3S 8DAB 


For convenience equation 4 may be operated 
upon mathematically by subtracting the span 


intersects the right-hand scale at the value of e. 
Since e is constant (for a given temperature) another 
straight line from e to the calculated value of 
\W 2 S)/{AE) for a new loading will give a new de¬ 
flection ^ 2 , from which the new tension can be com¬ 
puted from the formula 

wS 

” 827 “ 8<Z . 

A change in temperature changes the unstressed 
length. Do, to some new value Dp (1 -|- ai) where 

a = temperature coefficient of expansion 

t = change in temperature in degrees, positive for a rise, negative 
for a fall 

If Do has been determiued for given initial condi¬ 
tions including temperature h, Do' for some other 
temperature 4 will be 

= Loll-j-.a(fj—»])] = Xb 4* ioorf 

Since the length Do is not greatly different from the 
span length 5, no appreciable ^or is introduced 
ff the lart term is written 
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Introducing this quantity into the equation for dt (from chart) « 0.0166 


e' — e + oct (7) 

If e has been determined from the chart as de¬ 
scribed, e' can be found by adding or subtracting the 
quantity at. This may be done graphically, if de¬ 
sired, by using a small supplementsd scale on the 
chart which shows at for any value of t. 

The value of di' and hence T/ for the new tem¬ 
perature, ti, can now be obtained from the chart as 
before, since the chart solves the equation 

, 8 ,, 1 W2S 

e' s® —A*-— 

3 AE 

The following example is solved by a working chart 
based on the principles illustrated by figure 8, 
similar to that given in figure 9. It will usually be 


TELEPHONE LEAD 


POWER LEAD 


Fig. 10. A joint-use dead end 


found convenient to plot several of these charts to 
different scales to cover different ranges of values. 
The present example can be solved by the chart of 
figure 9 with fair accuracy but since the latter was 
intended for the fiexible span problems which follow, 
mother chart with a smaller range was actually 
used. 

This example is for 3 number 0 triple-braid 
weather-proof copper wires where 


Initial loading 
Heavy loading wa 
AE 

Initial temperature h 
Loaded temperature ^2 
t 

ot for copper 
cd 

Span 

Initial Wire d^ection Di 
Di 

= 0.016 
o . 


— « 0.861 X 10-« 
AE 


0.424 pounds per foot 
1.65 pounds per foot 
1,160,000 per conductor 
60 degrees Fahrenhdt 
0 degrees Fahrenheit 
-60 

9.6 X 10-* 

-6.76 X 10-* 

100 feet 

1.6 feet 


0.424 X 100 X 0.861 X lO"* » 36.6 X 10-« 


(from chart) “ 0.000298 

tf' « - 6.000298 - 0.000676 - -0.000278 


^ - 1.66 X 100 X 0.861 X lO"* - 133.2 X lO"* 
AE ^ 


Ta - iwaS)/(8da) = 165/(8 X 0.0166) = 1,165 pounds per wire or 

3,495 pounds for 3 wires 

Flexible Span. If the support is not fixed, but can 
move as the wire tension changes, the span becomes 
2 L variable in the equation instead of being a con¬ 
stant. Assuming the span fixed at one end, flexible at 
the other, with a pole deflection constant of p, for any 
tension T the pole will move T/p and hence the span 
will be shortened that amount. If the initial span is 
S, the span for any wire tension T will be 5" — {T/p). 

Referring to equations 4, 5, and 7, the unstressed 
length Lo under any such conditions would be ob¬ 
tained by use of the actual span length S — {T/p) in 
the form 


P 


(- f ) 




The quantity e is defined as the difference per unit 
of original span 5, between unstressed length of wire 
and original span, since the original span is a con¬ 
stant. 


La - S 


-^ + 


(>-0 


SDAES 


No appreciable error is introduced if (5 — T/p) is 
changed to 5 in the last 2 terms, giving the simpler 
form 

^8 _ T 

‘ 3 ^ 8dAE pS 

but, since T = {wS)/{8d), 

It may be noticed that the expression in the last 
term (l/AE -h 1/pS) is a constant for a given prob¬ 
lem. The equation can therefore be solved by the 
diart except that the scale for wS/AE now becomes 
a scale for wS/N where 

1 = Jl J. 

N “ AB"^ pS 

' (« 

BSdN 

The problem is approached in exactly the same 
manner as previously described, going from an 
initial value of {wiS)/fi and di to a value of e; adding 
the proper amount for temperature change to ob¬ 
tain e'; then solving for dz from (w 2 *S)/JV, and from 
dz' obtaining the final tenaon Ta'. In calculations 
involving more than one wire, of the same or diff^^ent 
sizes, in the same span, the total cross-sectional 
area, total loa,ding, and total tension should be used 
with this method as was indicated for the more ac¬ 
curate method previously described. If different 
sags are used for the different wires, a “weighted 
sag” can be obtained from the sum of the products 
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loading for each wire, divided by total 

nrSL^® ^ working chart for such 

as a typical example the same 
onditions used m the previous example exceot for 

solution is carried Sit as 
follows for 3 number 0 triple-braid ^Ser-SmS 
copper wn-es and 40-foot class 4 westem-cSS pok 

“tX:.: I X ^ ^ 

= 1.160,000 per conduc'^r 

^ ^ X 9-6 X 10-« « -5 76 y 10-4 

Deflection con- ^ 

stMt /» = 600 pounds per foot 

Initial wire de¬ 
flection A = 1.5 feet 
, 1.6 
■ io5 -‘’■“® 


N AE 


6 -j- at 


3 X 1.160.000 ■*■ 600 X 100 “ ^ 

“ 1.272 X 100 X 16.954 X 10-« « 0.00216 
= -0.0174 

= -0.0174 - 0.000676 = -0.01798 
= 4.66 X 100 X 16.954 X 10“« = 0.00788 

= 0.043 
= 465 

8 X 0.043 * pounds or 460 pounds per 


It IS apparent by comparing these results with 
tho^ previously calculated for the rigid span that 
u ^ad been assumed rigid, its load woiiM 

r pounds^^^lTS^t 3,495 pounds instead of 1,360 
5 Mt of tiaU normal span to the 

f . pole ^(figure 1) were calculated at 2 Oftn 

• P°“”<ls to^ « M toad 

^ calculation with pole B rigid 

The improvement in design is evident. ^ ^ 

Special Conditions 

In the early part of the paper a number of differ¬ 
ent cases were cited in which the effect of flexibilitv of 

supports was of importance, ^e apStoJ^rf 

scrit^*?°ft.°^ solution which has just been de- 
indicated 

The span is shortened by the 

flexure of both poles under the tension T hence in 
computmg 1 /N both must be included 

i = _L _L 1 

N AE"^ ^ 

p5S^ deflection constants of the 2 

+ 1 , J T of a Span. Where 

the dead end is made on a pole guyed to an unguyed 


^ Oc 




•2000 o 
2 


II 

-3000 ^ 


Fif. t1. Simplified chart for special conditions 


Initial sags approximately 2 per cent of span 

P “ 500 for pole only; p - 2,500 for pole and stub 


January 1937 


Sdclyc, Zuch&r-^PPlc-Liinc Di^ign 

























^tub, both enter into the change in the span caused by 
flexure. In this case, if the guy is short and tight, 
the deflection constant of the 2 poles acting together 
is equal to the sum of their individual deflection con¬ 
stants. 

i * -L + — I — 

N AE iPi -f Pi)S 

The load divides between pole and stub in propor¬ 
tion to their deflection constants. 

External Force. Sometimes there will be forces 
other than the tension in the wire acting to bend the 
pole. An example of such a case would be a pole 



Joint Use. In certain cases the pole which acts 
as a guy stub for the end pole acts also as a dead-end 
pole for telephone cable carried on a parallel lead 
(see figure 10). The tension in the messenger sup¬ 
porting the telephone cable changes with the load¬ 
ing. If telephone and power spans are of approxi¬ 
mately equal length, lie problem may be solved 
just as if all wires were on the same poles. If span 
lengths are different, however, a solution may be 
reached by a series of convergent approximations 
as follows: Consider the loaded tension Tr in the 
telephone messenger flirst as a constant external 
force similar to that discussed in the preceding 
paragraph. It is assumed that the initial span for 
the power wires is that obtained after Tr is applied 
to the end pole. The equivalent deflection con¬ 
stant for the whole system is the same whether Tt 
and Tp are applied to the same pole or to different 
poles, being equal to Pi + pz for the total tension. 
The power span is solved in the usual manner and a 
value for tension in the power wires found. Re;- 
turning to the telephone span, a solution is made 
similarly except that in determining e^, an amount 
(Ti — Ti)p/(PSt) is added to Si to allow for the 
increase in tension in the power wires {T^ — T'i)p, 
St being the telephone span. The resulting tension 
in the telephone messenger havingithus been deter¬ 
mined, the power span is recalculated, increasing ex 
now by the amount {T<i — T-^r/ipSp) where (Tj — 
T’i)r is the increase in messenger tension and Sp the 
power span. Successive approximations will give 
the final result, but in most cases only the first 
few steps will be necessary for sufl&cient accuracy. 
The following is given as an example: 


carrying transverse wires which are acted upon by 
wind at the same time the wires in the span have ice 
loading only. If 

F =s the force thus produced on the end pole 
F 

- = the movement of the pole due to this force 
P 

—- = the movement per unit of span 
ps 


\;we, 0 % will be greater than ex by an amount F/(pS), 
since e represents the difference between L and S for 
any condition and either a decrease in 5 or an in¬ 
crease in L tends to increase e. 


~ \_jLLax I, Jkul XJLUUUJ. cunoiuons, 62 

is found by adding F/{pS) to it, and ds is then de¬ 
rived from 62 as before. For example, in the ex¬ 
ample previously given, if there were an external 
force of 100 pounds acting to shorten the span at the 
time of a ;2 loading, 

F 100 

* - -0.D1798 + 0.00167 - -0,0163 
dt "■ 0.0461 r* =» 1,290 poxmds 



Power Span 

Telephone Span 

Wire 

3 number 0 TBWP 

202-24 cable, on i 


copper t 

strandf 

Initial load wi per 

3 X 0.424 = 1.272 

1.9 

foot, pounds 
Heavy loading w* 

3 X 1.56 = 4.66 

4.3 

per foot, pounds 
AE per conductor 

1,160,000 

1,767,000 

Span, feet 

II 

t-i 

o 

o 

Sji = 60 

Pole 

40-foot, class 4 

30-foot class 2 

Deflection constant 

600 

1,600 

p, pounds per foot 
peq for both poles 

600 + 1600 = 2,100 

2,100 

S 

AE 

0.287X10-‘(Swires) 

0.341 X 10-‘ 

S ^ 

Pea S Pea 

4.76 X 10-‘ 

4.76 X 10-« 

N \AE ^ PeaJ 

1 5.047 X 10-‘ 

6.10 X 10-« 

WiS 

N 

1.272 X 6.047 X 10-«: 

1.9 X 5.10 X 10-^ 

- 6.42 X 10-‘ 

9.697 X 10“‘ 

Initial deflection di, 



feet 

1.5 

0.85 

di - ^ 

\ S 

0.016 

0.0142 


tPlO 

Ti « - 7 -, pounds 1,060, or 353 per wire 1,000 

8di 

f Triple-braid weather-proof. 

t Number 24 wire, 202 pairs in cable; breaking strength of messenger 0,000 
pounds. 
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Power Span 


8 wiS 


<x (temperature 9.6 X 10~« (copper) 
coefficient) 

cd for —60 degrees —6 X 10~^ 

«' = -0.0048 — 


-0.0048 — 0.0006 = 
-0.0055 

4.65 X 5.047 X 10“* 
« 23.5 X 10-* 

“4.76X10- 


Telephone Span 
-0.0081 

6.6 X 10-« (steel) 

-4 X 10~* 

-0.0081 - 0.0004 = 
-0.0084 

4.3 X 5.10 X 10-< = 
21.95 X 10 


Table I—Pole Defleetton Consianb and Ultimate Strengths 


ladividaal Poles 
Length, 

Feet Class 


TTltunate Combinatioas 
Strength, Length, 
Pounds Peet Class 


Ultimate 
Strength, 
P Pounds 


26 ... 

... 1 .. 

26 ... 

... 2 .. 

26 ... 


30 ... 


30 ... 

. .. 2 ... 

30 ... 

... 3 ..^ 

36 ... 

... 2 ... 

36 ... 

...4 _’ 

40 ... 

...2 _ i 

40 .... 


45 ..,. 

...2 . 

45 .... 



Successive Approximations''' 

Power Span 


3,000.. 

...4,500 

26... 


. . 4 , 200 . 


2,300.. 

...3,700 

35... 

..6.300 

1,700.. 

. .3,000 



2,000.. 

. .4,500 





1,S00.. 

. .3,700 

26... 




1,100.. 

. .3,000 

35... 

.. 3 . 100 .. 

. .5,000 

1,200.. 

. .8,700 



800... 

. .2,400 

30... 


..2,250.. 


850... 

. .3,700 

40... 

. .5,500 

600... 

. .2,400 



650... 

. .3,700 

30... 

•.•.■ll-- 



450... 

..2,400 

45... 

..2,150.. 

.5,300 


(Ts — 7i)g» 

PeQ Sp 


^ 

Pea Sp 

-0.0065 

dt (from chart) 

0.0340 

- 

*“iA 

1.710 lbs 

(Ti - n)p 

660 


1 

(Ta — Ti)p 

Pea Sr 

0.0062 


-0.0008 -0.0009 

—0.0063 —0.0064 


0.0324 

1,795 

735 

Telephone Span 
2 

0.0058 


0.0320 

1,820 

760 

3 

0.0060 


«i 

di 

T, 

(Ti - Ti)t 


-0.0032 

0.0384 

840 

-160 


—0.0026 -0.0024 


0.040 

805 

-195 


0.0405 

795 

-205 . - 


* Proceed from eolu^--— 

Span," to column 2 under "Power Span," etT * ^ "Telephone 

Further approximations show no annreciflhip 
^ange in the tensions so the solution is 1,820 pounds 

pounds m the telephone span. It is evident that 

diortraed MiKwhat if, 

to iorpo‘’.zf^ 

would be obtained in the next ^Iculaticra 

Field Application 

^eolation and charts 
field problems encountered in the 

g^j^^^eater paj^rilby^^^thf cas^^^ 

oi constrn^V°” '“'^.conditions and standards 
onstruction, such working rules should be set iip 
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bfaatiifnt accordance with the com- 

tw*? . ^ or^stauces most often occurring on 
- ttot ^stem. Two examples of such st>^e 

stractwns will be given as fflustratious; ^ 

The imtial load on an unguyed end oole or ooIa- 
stob combmation should not exceed <me half^the 
ultimate allowable load.” 

This do^ not give actual resulting load under 
storm ^nditions but it does assume that a severe 
overload w^ll be avoided and BlsTihTtoo mn^ 

undS 

w^^“:f r2^o1e^?5“se"” "" 

j^other chart, which is somewhat simplified for 
field use, IS shown in figure 11. In nr^miut fMc 
imtial sags were fixed at a given ^rcentage of 

wCTe assumed. From the total heavy load oer font 

^tuming^scaleis 
loSw the initial tension, tte to^ 

loaded tenaon is found. Still simpler eba^ 

little study, although it must be recognized that with 
the large number of variables no vctv 
plete solution is possible. ^ P' 

Summary 

It has been pointed out that the flexure of + 

may constitute a major factor in the d«im S 

tm^ for supporting overhead Hnes, and S^nlS^f" 
such cases have been p-iVpti 'v-hn. L j^ampies ol 
attacking the 

Sta|er fid?^firdS"byXrS 

mentioned. These methods Lve 

tical apphcations and it is believed ^ ^ 

the careful md accurate design of their structines. ^ 

Appendix—-Determination of 
Deflection Characteristics for V/ood Poles 

the load appKed iUL^d (sef 

^ ugure The increment defllec- 


99 











































tion at the load end of the beam resulting from the stress at any 
point at distance x from that end is 

Mx , Pat* ^ 
dO = • ix = —— dx 

^ El El 

The total deflection therefore is 

I = 0.0491 d* for circular cross section of diameter d 
For a taper of a per foot, 

c — b 

d ^ ax + b fl = —-— I — 0.0491(oaf + b)* 

Jd 

Therefore 

0.0491 p ^ , 

P Jo {ax + J)* * 

_ 1 r 1 26 _ b* T 

a*j_ o* + & 2(a« + by 3(ax + i)*Jo 

Substituting for a, 

0.0491 E ^ L* {c - &)« 

P ^ “ (c - 6)* 36c* 

Z* 

“ 8bc> 

^ -P 0.0491P X 36c* 

“Deflection constant” - - - 

* 0.1473P6(c/i)* pounds per inch deflection 

All quantities must be expressed in inches. The deflection 
constant in pounds per foot d^ection will be 12 times that given 
by the equation. 

Values of E given in the 1935 “Wood Handbook” of the U.S. 
Department of Agriculture are as follows: 

Nbrtheni white cedar.... 800,000 pounds per sctuare 

Western red cedar..1,120,000 pounds per square inch 

Southern yellow pine.. .1,800,000 pounds per square inch 

Example 

36-foot class 4 westem-cedar pole 

6 = top diameter, average for class approximately 8.5 inches 
c «= ground line diameter, average for class approximately 11.7 
inches 

L >= length from 2 feet below top to ground line = 36 — 8 = 27 
feet = 324 inches 

P /117\* 

^ « 0.1473 X 1,120,000 X 8.6 ( — ) 

Q \324/ 

=» 66 pounds per inch 
66 X12 = 800 pounds per foot 

For a pole and stub suiting together, connected by a guy, the 
deflection of both; is the same, hence the deflection constant of the 
combination is equal to the sum Of their. individual deflection 
constants. The ultmate strength of the coihbination is liinited by 
the strength- of the one which has the lower ratio of strength to 
deflection constant, since that one reaches its ultimate strength 
before the other One do^. For example, 

p Ultimate Strength, Pounds 

35-foot class 2 pole 1,200 3,700 

25-foot class 1 sthb 3,000 4,500 

Combination 4,200 4,200^^5^ =6.300 

'■ 3,000,■■ ■ : . 

Table I gives deflation constants and rated ultimate strengths 
for a number of common sizes of weStern-cedar poles and stubs and 
some typical combinations. 


Ultrahish-Speed Reciosins of High-Voltage 
Transmission Lines 

{Continued from page 90) 

In a large measure the field of application of this devel¬ 
opment will be determined, as would be expected, by the 
additional cost of ultrahigh-speed mechanisms as against 
standard mechanisms but here the reverse is also true 
that the cost will in turn be influenced to a considerable 
extent by the development of applications for the mechan¬ 
isms and by whether quantity production will be possible. 
In any event it would appear that a very deflnitely new 
and ingenious tool has been made available to the trans¬ 
mission-system designer and operator that gives promise 
of improved service and lower costs. 

Conclusions 

The authors believe that it is perhaps premature to 
draw final conclusions as to the nature, scope, and signi¬ 
ficance of the development described herein and such 
was not within the limited scope of this paper, but never¬ 
theless it would appear that the following have been fairly 
well established; 

1. On high-voltage lines, particularly on overhead lines, outages 
caused by lightning and possibly other outages can be materially 
reduced, perhaps to the extent of 75 per cent, by ultrarapid reclosing. 

2. Apparently the occurrence in natiue of intervals between 
multiple strokes is such as to give a fortuitously happy arr a ngement 
from the standpoint of possible reclosure. This, however, is a phase 
that needs not only further theoretical but a great deal of practical 
verification. 

3. While a great deal of benefit can be obtained in the reducing 
of outage resulting from phase-to-ground troubles, phase-to-phase 
troubles are much more bothersome and a great deal of additional 
work needs to be done either in the way of bringing them within 
the range of treatment that can be so successfully applied to phase- 
to-ground faults or in the direction of reducing their frequency. 

4. Finally, it appears that as is true in so many other cases of 
research and development, the by-product of the search for speed 
in circuit-breaker practice and speed on relay protection has given 
most bruitful results, perhaps equal to those obtained from the 
original line of research, and promises to yield a great deal more. 
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Lightning Investigation on Transmission Lines—VI 

By W. W. LEWIS C. M. FOUST 

MEMBER AIEE MEMBER AIEE 


I N PREVIOUS papers the 
authors have reported the re¬ 
sults of an investigation of 
lightning effects on transmis¬ 
sion lines, which began in the 
year 1926. The immediately 
preceding paper^ gave the re¬ 
sults for 1933 and 1934. The 
present paper will summarize 
the 1935 and part of the 1936 
results. The participating power companies in this in¬ 
vestigation are the Pennsylvania Power and Light Com¬ 
pany, Appalachian Electric Power Company, Philadel¬ 
phia Electric Company, Pennsylvania Water and Power 
Company, Public Service Company of New Jersey, Con¬ 
sumers Power Company, American Gas and Electric 
Company, and the Electric Bond and Share Company. 

In the years 1935 and 1936 data were gathered by 
means of the surge crest ammeter* on lightning currents 
in tower legs and crossarms, overhead ground wires, 
counterpoise wires and lightning rods erected at the tops 
of towers. These data, together with supplementary data 
from lightning stroke recorders, surge indicators, and 
automatic oscillographs have permitted a'rather complete 
picture to be drawn of the effects of individual strokes. 
Additional mass statistics permit further confirmation of 
the theories in regard to the behavior of overhead ground 
wires and counterpoise wires. 

Summary 

Line performance data and current and voltage measure¬ 
ments now at hand give a reasonably dear qualitative and 
quantitative idea of the essential dements in the line pro¬ 
tection problem. 

First, it is apparent from line performance data that 
overhead ground wires reduce tripouts in the order of 20 
to 1. Current measurements on the ground wire have 
demonstrated that it is serving as a lightning stroke ter- 
niinal for many strokes which otherwise might reach the 
conductor and cause flashover. Measurement experience 
seems to bear out that the overhead ground wires also 
act to assist in reducing tower potentials for strokes to a 
toWer. 

The second important dement has been shown by 
measurement to be the tower footing resistance. With 
marked consistency it has been shown that when a stroke 


have been shown to be effec¬ 
tive in reducing the voltage 
drop at the tower footing. 
The tower-to-tower buried 
ground wire has been shown 
in one case to have entirdy 
eliminated flashover of insula¬ 
tion at a point previously very 
susceptible to flashover. The 
radial counterpoise has been 
shown in one case to be effective for most lightning cur¬ 
rents when some 150 feet long. 

Simultaneous measurements of lightning currents have 
been made in counterpoise wires, in tower legs, in tower 
arms, in ground wires and lightning rods. Such readings 
have permitted the location of the general point of con¬ 
tact of the stroke to be known, the direction of flow of 
current from positive ground to negative doud to be 
definitely determined, and have provided quantitative 
values of lightning current. 

Flashover on Lines 

With and Without Overhead Ground Wires 

In table VII of paper IV of this series* data were given 
as to the insulation and conductor and ground wire ar¬ 
rangement for 9 systems in eastern United States, ranging 
from 66 kv to 220 kv, also data as to the number of trip¬ 
outs on these lines for a period of years up to and induding 
1933. In table I of the present paper the same systems 
are listed, with the tripout data brought up to and includ¬ 
ing 1935. In addition, data for the section of the Wallen- 
paupack-Siegfried line without overhead ground wires are 
given. 

Two of the lines have an almost perfect record of 0.4 
tripouts per 100 miles per year. The other lines with 
overhead ground wires range up to 2.8 tripouts per 100 
miles per year, while the one line without overhead ground 
wires had 47 tripouts per 100 miles per year, that is, 17 
or more times as many tripouts as on the lines with over¬ 
head ground wires. 

In table II are given the location of the flashovers which 
caused tripout on the Wallenpaupack-Siegfried Une,^ 
segregated with respect to the overhead ground wire 
construction and method of grounding, for the 10 years 
from 1926 to 1935 inclusive. Of the 112 faults whose 
locations are known, 108 occurred on the section of line 


temuniates on a tower, flashover and tripput will quite 
likely result if footing resistance is high. The product 
of cuireht and footing resistarice must be below insulator 
flashover for-the wave shape applied if flashover is to be 
prevented. 

Both the parallel and radial type counterpoise wires 
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Continuing a series of papers reporting a study 
of lightning on transmission lines, the authois 
present herewith data obtained during 1935 and 
part of 1936 on 66-, 110-, 132-, and 220-kv 
lines. Values of lightning current are presented, 
and the effectiveness of overhead ground wires 
and low footing resistance in preventing tripouts 
is shown. 





Table I—^Tripouts on Transmission Lines, Data Up to and Including 1935 


Average Length Footing Resist- 

of Span, Feet ance, Ohms 


Tripouts 


Tripouts per 
100 Miles 
Years per Year 


lo-Wallenpaupack-Siegfried.220.36.9.1,100.5-^25. 

(Without overhead ground wires) 

16... .Wallenpaupack-Siegfried.220.27.8.1.100. 1-1 fi* 

__f_J_J ♦_V ’ • _ • 


(With overhead ground wires) 

2.Bushkill-Roseland. 220 

3..... .Siegfried-Plymouth.220 

4.Conowingo-Plymouth (No. 1).220 

Conowingo-Plymouth (No. 2).220 

6.Roseland-Plymouth.220 

6 .Safe Harbor-Westport.220 

7 .Philadelphia-Chester. 66 

8 .Greenbush-Pleasant Valley.110. 


. Pleasant Valley-Mill wood.132.40.6. 


6-76** 

.1,160.6-300.. 

.1,270.5-60 .. 

.1,170.6-100.. 

.1.170.6-100.. 

.1,060.6-100.. 

.1,060.2-86 .. 


138t . 

.8. 

. 47 

6t . 

.8 . 

. 2.8 

4t . 

•••• 

. 2.1 

6 . 

•••• 8 . 

. 1.5 

8. 

• • ( * 8 • *«• • 

. 1,8 

8. 

*«•• 8* «•■ • 

- 1.8 

9 . 

• ••• 

_ 2..') 

1 . 

.... 4 . 

_ 0,4 

1 . 

■■ 4 . 18* •••4 

.... 0.4 

7 . 

4444 ^ 4*444 

.... 2.74 

4 . 

.... 4 . 

.... 2.47 


♦ Section with continuous countwpoise. t Before counterpoise and ground rods installed. 

** Section with radial counterpoise. 

•>— ,« mu. or -!,hoot ..roood wlr,. 


without overhead ground wire and 4 on the overhead Hne with standard test waves is as follows: 
ground wire section. In 7 years the section with tower- 

to-tower counterpoise had no flashovers. It is interesting Positive Wave E 

to know that in the same section in the years 1926, 1927, 1.5x40 

and 1928, before the counterpoise was installed, there was ia 
a total of 29 flashovers. ia * 2^5 


Relation Between Tower Voltage and Flashover 

In table III are given the data for 15 records of tower 
current exceeding 30,000 amperes, secured on the Wallen¬ 
paupack-Siegfried line during the years 1933 to 1935 in¬ 
clusive. 

It wiU be noted that 5 cases of flashover occurred on 
the section without overhead ground wire, and that the 
product of current and resistance in all but one case ex¬ 
ceeded 1,500 kv. The assigned flashover voltage® for this 


Tabic II—Locations of Flashovers Causing Tripouts on Wall- 
cnpaupack-Siegfricd 220-Kv Line Tabulated With Respect 
to Overhead Ground Wire Construction and Method of 
Grounding 


Locatiea 
' Year Unknown 


Overhead Ground Wires 

^^0 Tower-to- 

Overhead Tower Radial 

Ground Standard Counter- Counter- 
Wires Grounding'!' poise poise 1 


Total .....66'»* 
MUest.. 


..15 ... 
.. 4 ... 
.. 2 ... 

.. 0 ... 

.. 1 ... 

. 


..10 ... 


..6 . 


•. 14 ... 

.. 1 ... 

.,0 . 

_ 6 ..!!!! 

..20 ... 


;.0 . 

.... 0 . 

.. 8 ... 


..0 , 

.... 1 . 

..13 ... 


..0 . 

_ 0 . 

.,11 ... 


..0 . 

,,.. 0 . 

.. n ... 


.,0 .. 

0 

— 

— . 



..108 ... 

.. 3 ... 

..0 .. 

.... 1 _ , 

.. 36 . 9 ... 


.. 2 . 6 ., 

.... 26 . 2 t ..,,.; 


of i9» ,u. ^ 

-w" a- to 

t Indudes diverter cable section. 


Positive Wave Oovolts 

14 1.5x40 1,265 

14 1x5 1,665 

16 1.5x40 1,425 

16 1x5 1,775 

An anal 3 fsis of items 11 to 15, inclusive, indicates 
strokes to the towers in all cases. This analysis follows: 

Item 11 ^The stroke was confined to a single tower. All 3 phases 
flashed over. 

Item 12 The stroke was confined to a single tower. All 3 phases 
flashed over. 

Item 13--A current reading of 4,000 amperes was obtained in the 
legs of adjacent tower WT 28-1. This tower had a footing resistance 
of 45 ohms. It is believed that the stroke hit tower WT 27-6 and 
flashed over to F-phase conductor. This conductor was in turn 
raised in potential and flashover took place from this conductor to 
the tower at WT 28-1. 

Item 14—Only one tower was involved in this stroke, and the flash- 
over took place to 2 conductors. Current measurements were 
made on only one leg and the actual tower current may have been 
somewhat larger than estimated from the one leg reading. On 
the other hand, a long wave with low flashover value is possible. 

Item 16—Five towers were involved in this stroke and the data 
pertaming to these towers follow: 


Footing 

Resistance 


Tower 

Amperes 


Product 
I X R, Kv 


Flashed 

Phases 


SR 9-2.. 

SR 9-8. 

SR 9-4. 

..16. 

.28. 

..28. 

10,000.. 
29,000.. 
64,000.. 



SR 9-6. 

SR 10-1. 

..34. 

..16. 

7,000.. 
8,00Q.. 

....... 240.. 



It would appear from this rec^d that the stroke 
tower SR 9-4, causing flashover from this tower to c 
ductors W and X. The surge then traveled to the 
adjacent, towers in both directions, flashing over fr 
conductor to tower. There is some inconsistency in 
phases affected at the different towers in that the su 
started on W and AT phases and wound up on W and 
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Table Ill-Relation Between Tower Voltage and Flashover, 
Wallenpaupacic-Siegbied 220-Kv Line 


Item 

Tower 

Number 

Overhead 

Ground 

Wire 

Footing 

Resistance, 

Ohms 

Amperes in 
Tower 
Legs 

Product 

I X R, 
Kilovolts 

Flash- 

over 

Year 

1.. 

..WT 

12-3. 

-Yes.. 

... 1.4.... 

..38,700.. 

.. 54.. 

..No... 

.. 1934 

2.. 

.WT 

8-5. 

-Yes.. 

... 7 ... 

. .40,000.. 

.. 280.. 

..No... 

..1933 

3.. 

.WT 

8-4. 

-Yes.. 

... 8 .... 

..36,000.. 

.. 280.. 

..No... 

..1933 

4.. 

.SR 

2-4. 

... .Yes.. 

...10 ... 

..36,000.. 

.. 360.. 

..No... 

..1983 

5.. 

.SR 

2-1. 

... .Yes.. 

...15 ... 

..38,000... 

.. 670.. 

..No... 

..1933 

6.. 

.SR 

2-2. 

-Yes.. 

...15 ... 

. .30,000... 

.. 460.. 

. .No... 

..1934 

7.. 

.SR 

4-4. 

... .Yes.. 

...19 ... 

..35,000... 

.. 665.. 

..No... 

..1933 

8>.. 

.SR 

21-2. 

-No... 

...20 ... 

. .42,000.. 

.. 840.. 

..No... 

..1933 

9.. 

.SR 

8-4. 

-No... 

..•20 ... 

. .49,000.. 

.. 980.. 

..No... 

..1934 

10.. 

.SR 

33-2. 

-No... 

...18 ... 

. .30,800.. 

.. 565.. 

..No... 

..1933 

11.. 

.SR 

31-3. 

....No... 

...34 ... 

. .61,000.. 

. 1,730.. 

. .Yes.. 

..1933 

12.. 

.SR 

19-3. 

... .No... 

...46 ... 

. .40,000.. 

. 1,800.. 

. .Yes.. 

..1933 

13.. 

.WT 

27-6. 

... .No... 

...58 ... 

. .36,000.. 

. 2,100.. 

. .Yes.. 

..1933 

14.. 

.SR 

18-1. 

....No... 

...28 ... 

..30,000.. 

.. 840.. 

. .Yes.. 

..1934 

15... 

.SR 

9-4. 

....No... 

...28 ... 

..54,000.. 

. 1,610.. 

..Yes.. 

..1935 


phases. It is barely possible that tower 9-3 was raised 
sufficiently high in potential by the flashover of phase W 
to involve phase F in the trouble. It is also possible that 
flashover took place on F-phase at SR 9-4 but left no 
marks that could be detected. 

The Glenlyn-Roanoke line® of the Appalachian Electric 
Power Company is a double circuit line, approximately 65 
miles long, with one overhead ground wire at the peak of 
the towers. It is not possible from the measuring equip¬ 
ment on this line to associate the point of flashover with 
a particular tripout as definitely as on the Wallenpaupack- 
Siegfried line. 

The Glenl 3 ni-Roanoke line is insulated with 10 units, 
spaced 4®/4 inches apart, with flashover voltage approxi¬ 
mately as follows: 

lV«x40 positive wave—^820 kv 
1x6 positive wave—970 kv 


In 1934 there were 51 lightning strokes to this line. 
Tower potentials, that is, the product of tower current and 
tower footing resistance, for the towers which appeared 
to be the center of disturbance in each of the 51 strokes, 
ranged as shown in the following tabulation: 


Kilovolts Range 

Number 

40- 200 

13 

201 - 800 

23 

801-1.000 

5 

1,001-4,200 

10 

Total 

61 


In 15 of the 51 cases listed the tower potential was of 
sufficient magnitude to be in the flashover range. In 13 of 
the 15 cases a possible correlating tripout was reported. 
There were 3 other tripouts which may have correlated 
with tower potentials lower than the assigned flashover 
voltage. 

In 1935 there were 32 strokes to the Glenlyn-Roanoke 
line. Potentials of the towers which were the apparent 
center of disturbance may be grouped as follows (excluding 
3 cases in which the tower current was classified as a 
“trace”). 


Kilovolts Range 

Number 

20 - 200 

6 

201 - 800 

17 

801-1,000 

0 

1,001-2,610 

6 

Total 

29 


Of the 32 cases there were 6 cases in which the tower po¬ 
tential was of the order of the insulator flashover and 6 
tripouts due to lightning occurred on this line during the 
period of measurements. 


Table IV Range of Tower and Probable Stroke Currents in 4 Transmission Lines; 1933,1934, and 1935 



1 , 000 - 6 , 000 ... 
6 , 001 - 10 , 000 .. 
10 , 001 - 20 , 000 .. 
20,001-30,000.. 
30,001-40,000.. 
40,001-60,000.. 
60,001-60,000.. 
60,001-70,000.. 
70,001-80,000.. 
80,001-80,000.. 
90,001-100,000.. 
100 , 001 - 110 , 000 ., 
110 , 001 - 120 , 000 .. 
120,001-130,000.. 
130,001-140,000.. 
140,001-160,000.. 
160,001-160,000.. 
160,001-170,000 .. 
170,001-180,000 .. 
180,001-190.000.. 
190,001-200,000.. 
200 , 001 - 210 , 000 .. 
210 , 001 - 220 , 000 .. 
Total........ 



O'WaUenpaupadc-SiegMed 220-kv Uue. t Safe Harbor-Westport-Takoma 220-kv line. 

•• Glenlyn-Roanoke 182-kv line. t Philadelphia-Delaware 66-kv line. 
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Current in Towers and Strokes 

Table IV gives the range of current and the number of 
times these currents were recorded by surge crest ammeter 
for 4 systems during the years 1933 to 1935 inclusive. 

Records of 358 strokes were obtained in these years. 
The table gives data for the tower with the highest cur¬ 
rent where several towers are involved in a stroke, and for 
the probable total stroke current, obtained by adding the 
currents in all the towers affected by a stroke. 

Figure 1 summarizes in cumulative curves, the tower 
current and probable stroke current of the 4 transmission 
lines based on the data of table IV. It will be noted from 
figure 1 that although the tower currents go to approxi¬ 
mately 130,000 amperes, only about one per cent exceed 
100,000 amperes and about 6 per cent exceed 50,000 
amperes, also that the probable stroke currents go to 
220,000 amperes but only about 6 per cent exceed 100,000 
amperes. Of the 358 strokes recorded approximately 95 
per cent were of negative polarity, that is, top of tower 
negative with respect to bottom of tower and ground. 

The use of surge measuring instruments of several 
types, and in many cases a great number of ea^ type, per¬ 
mits analysis of results on a statistical basis as well as for 
single strokes. The statistical method establishes the 
range of stroke current, voltage, and frequency of occur¬ 
rence, but the exact electrical mechanism of the stroke in 
the transmission structure can be established only tiirough 
correlation of a great number of records for a single stroke. 
For instance, the single stroke surge voltage recorder 
data, obtained at a number of stations along the conductor 
resulted in the practical attenuation formula previously 
given.^ Also each cathode-ray oscillogram of conductor 
voltage when examined with accompanying surge voltage 
recorder and surge indicator data for the same stroke pro¬ 
vides a more complete record of the surge mechanism. 
The surge crest ammeter is peculiarly adapted to the se- 


J3 200,000 

§5 


vSTROKE CURRENT 


Fig. t. Cumulati^j 
tower and prob^ 
currents during 
and 1935 on thj 
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Roanoke, Safe 
port-Takoma, and 
phia-DeM 
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curing of a great number of current records at ^ 
the line structure for each stroke. 

In figure 2 is shown a sample of current me0^ 
in the counterpoise, tower legs, tower arms, and 
ground wire. Polarity directions are indicate' 
arrows pointing in the conventional plus to mi^ 
tion. The 2 counterpoise wires fed into the ba5< 
10 from the adjacent earth some 15,800 amp^ 
longer, or 150-foot, counterpoise gathered som^ 
peres per foot and this was about the same for 
of its length. The shorter, or 40-foot, counterp' 
ered about 80 amperes per foot. Assuming tha-^ 
and short counterpoise wires on which no mea£ 
were taken also carried 15,800 amperes, a total 
poise current of 31,600 is obtained. This agrees 
upward current of the 4 legs which measured sol 
amperes. This current flowed into the tower i 
into the ground wire at the tower tip, being joine 
about 12,000 amperes coming from the lefi 
currents together gave a crest of 33,000 ampei 
ov^head ground wire just a few feet to the rig 
towar tip. As the measurement station on th 
wire at the left of tower 9 showed 12,500 ampeu 
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Fig. 2. Current measure¬ 
ments obtained during stroke 
occurring on Gienlyn-Roa- 
noke line, June 1936 
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in the opposite direction, the assumption of the stroke 
to the ground wire between these 2 stations appears justi¬ 
fiable. The current of the stroke is some 45,500 amperes. 
It will be noted that the individual currents do not add to 
exactly equal the measiured sum. Two factors are ini- 
portant in this connection. First, the magnetic linkg are 
adjusted to read crest current to 10 per cent accuracy. 
Second, the measurement station at the right of tower 9 
on the ground wire showed 12,000 amperes flowing to the 
right. Another stroke along the line in this direction is 
indicated, but this stroke occurred further to the right 
than tower 8, as this tower did not show any leg current 
within the measurable range. 

To the left of tower 10 the measurement station in the 
ground wire on the right side of tower 11 gave a reading 
of 10,500 amperes. This 10,500 amperes is made up of 
2,500 amperes coming in over the ground wire from tower 
12 and some tower leg current in tower 11, which was be¬ 
low the measurement range of the magnetic link setting. 
The middle phase insulator assemblies of circuit number 1, 
towers 8 and 10, flashed over. The tower footing re¬ 
sistance at tower 10 of 26 ohms with 28,600 amperes 
flowing gives a tower potential of 740 kv. At tower 8 the 
high resistance of 147 ohms requires only 5,000 amperes 
to give insulator flashover voltage, and this value divided 
among the 4 legs evenly gives but 1,250 amperes per leg, a 
value below the measuring level of the magnetic links as 
installed. 

Reviewing briefly this one set of records locates the point 

Tabic V—Current in Long (150-Foot) Counterpoise Wire at 
DifFerent Distances From Tower; Glenlyn-Roanoke 132-Kv 
Line, 1935 


Refereace 

Namber 


Tower 

STumber 


Amperes at Indicated Distance From Tower 

3 Feet 

80 Feet 

147 Feet 

. 760. 


t - r 0 

. 1,600..... 


... .Trace* 

. 8,500. 


0 

. 2,900. 


I 1 T 0 

. 2,800. 


0 

. 8,600. 


... .Trace* 

. 8,900 . 


. .. .Trace* 

. 2,300 . 

.... 1,400..,,., 

... .Trace* 

. 1,800 . 

.... 1,400...... 

. 0 


1- -3..27G.,..,,,. 2,800. 0. 0 

2- 1.... 7 R. . 8,600. 2,000.Trace* 

^1........ 8R . 8,900.. 3,800...!.Trace* 

^1........ 9R........ 2,300. 1,400.....Trace* 

8-1... .... 13 G. 1,800. 1,400...,. 0 

8-2......... 16 G.—8,000+**...... —4,200**.N. I, 

^....18G.. 3,300.......... 1,400,..... ’ 0 

.19 G........ 2,600..........1,300. 0 

^.20 G.,. 9,400..... 6,900... 1,300 

. .21 Gi. 10,700.. 5,400..Trace* 


3-3........22 Q .. 

3-8........28 G....... 

3-3, ..24 G,__ _ 

3-3 .. ._25 G....... 

3-8........27 G.. 

•4-1........18 R . 

1-2.. 9G....... 

1-2,.....,.10 G....... 

1-3........11 G.. 

6*-1,..,. ..,12 G.... .... 
6-1........14 G..;,..! 


6*-1,..,...,12 G....... 

6-1........14 G..;,.. 

IM.. + 16 G...;..: 

, Summation .. i. ..,;.,.,, 


.. 17,600. 

.. 11,600..,.,, 

.. 2,600. 

. 0 . 

0 . 

. 1 , 000 ...... 

. 16,000.._ 

. 6,700...... 

. 1,600. 

. 9,300...... 

. 800....:, 

. 700...... 

.124,760...... 


..13,000........... 2,300 

• 7,700. 2,700 

. 800 . 0 

0. 1,000 

. 900. 0 

0.... 0 

. 4,700........... 2,600 

. 2,800.. 800 

. 1,000........... 0 

• 5,100.,,,,...... 1,000 

.Trace,0 
.Tt«e,. 0 

. 68,860..,, 14,200 


* For tbe purpose of tlUs tabulation a trace is assumed to be 600 amperes. 

Indicate current flowing from tower to free end of 
^ other eases current flows from free end of counterpoise 

toward tower. Values for this reading have been omitted from the sumiMtion. 
notinstaUed.-: ' 


of contact of the stroke and gives the magnitude and di¬ 
rection of the component surge currents in the structure. 
The overhead ground wire shields the line conductors and 
the counterpoise wires operate to reduce footing resistance, 
but the high ground resistance gives a high tower poten¬ 
tial which causes insulator flashover. Many sifnilgr rec¬ 
ords have been obtained of strokes to the ground wire 
and occasional records indicate strokes to the conductor 
and to the tower. 

The Counterpoise 

On the Glenl3rn-Roanoke line the counterpoises are 
made of Vi# by 1.5 inch galvanized iron strap. Two 
lengths each 150 feet long extend out from diagonally op¬ 
posite tower legs and run parallel with the conductors; 
2 lengfths each 40 feet long extend at right angles to the 
line from the other 2 tower legs. The counterpoise con¬ 
ductors are buried approximately 18 inches under the 
surface of the ground. The counterpoise wires on 20 
towers near each end of the line were equipped with cur¬ 
rent measurement means as follows: 

In 1934 one 150-foot wire and one 40-foot wire, pfirh 
one magnet bracket installed at approximately 3 feet from 
the tower leg. In 1935 the equipment on the short cable 
was unchanged, but on the long cable 2 additional brack¬ 
ets were mounted at approximately 80 and 147 feet from 
the tower leg. 

In 1935 readings were obtained in 26 cases of current at 
all 3 points on the 150-foot counterpoise. These readings 
are given in table V. In all cases but one, the polarity 
indicates current flowing from the free end of the counter¬ 
poise toward the tower. 

In figure 3 are plotted a summation of counterpoise cur¬ 
rents for each of the 3 stations located along the wire. 
This summation was made by arranging the data in order 
of increasing current magnitudes for the station nearest 
the tower, and beginning at the lowest current adding 
each time the next higher current value. 

Table VI—Relation Between Current in Long (150-Foot) and 
Short (40-Foot) Counterpoise Wires; Glenlyn-Roanolce 
132-Kv Line, 1935 


Reference 

Humber 

Tower 

Number 

Amperes 

Long Short Ratio 

Counterpoise Counterpoise Long to Short 

1-3. 

..25 G.. 

.. 8,300., 

. 1,900.. 


.. .4.48 

2-1........ 

., 7R . 

.. 3,500.. 

. 1,200.. 


.. .2.92 

2-1. 

.. 8 R.. 

.. 8,000.. 

.. 1,300.. 


...6.85 

3-3.... 

..18 G.. 

.. 3,300.. 



...3.0 

• 3-3. 

.,19 G....... 

.. 2,600.. 

. 700.. 


...3.72 

3-3... 

..20 G. 

.. 9,400.. 

.. 1,600., 


...6,87 

3-3-- 

..21 C. 

.. 10,700.. 

2,400.. 


.. .4.46 

3-3.. 

. ,22 G. 

.. 17,600.. 

.. 6,800.. 


...2.68 

.'j-g..;. 

..23 G..._ 

.. 11,600.. 

.. 2,900.; 


.. .4.0 

3-8........ 

..24 G....... 

.. 2,500.. 

.. 760.. 


...3.34 

1-2 ...^ 

„ 9G. 

..15,000.. 



...6.77 

1-2.-- 

i.lOG.. ..... 

.. 6,700-. 



...6.33 

6-1.....!.. 

.,12 G.__ 

.. 0,300., 



...8.46 

Summation. 


. .108,600.. 

........26,250.. 


.;.A3 


Ratio of counterpoise lengths 3.76. Total counterpoise current approxiinately 
double, above values. In all Cases the polarity indicates current traveling froin 
free end of counterpoise toward toarer. 
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Fig. 3. Summation of currents in 150-foot counter¬ 
poise wire at different distances from tower 


The figure shows that for all current levels the collection 
of c^ent from the ground by the counterpoise is about 
the s^e for each foot of its length. There seems to be an 
indication, however, that at lower currents the portion 
nearer the tower collects a greater proportion per unit 
length than that away from the tower while for the higher 
currents the remote sections gather in the greater propor¬ 
tion of currents. Although not brought out clearly by 
the figure, a consideration of all the data indicates that 
the 150-foot counterpoise takes -care of about 10,000 am¬ 
peres with uniform collection of current throughout its 
entire length. This gives about 70 amperes earth current 
collected per foot of wire. Such an even ground current 
must be accompanied by good uniformity in distribution of 
earth potentials and an elimination of points of high 
earth current density and great earth potential differences, 
which result in high tower potentials. An effective utiliza¬ 
tion of the entire length of the counterpoise wire is there¬ 
fore indicated at approximately 10,000 amperes. If the 
current ranged above this value more length would ap¬ 
pear to be desirable, while for lower currents the remote 
end of the 150-foot wire would be of questionable value. 
On this basis 4 radial 150-foot wires would take care of a 
40,000-ampere tower current, which is considerably above 
the average in magnitude. 

In 13 cases simultaneous readings were obtained on the 
long and short counterpoise wires. In Table VI are given 
the readings in the short counterpoise and in the long 
counterpoise at the 3-foot station. Comparing the sum¬ 
mation of all the readings on the long and short counter¬ 
poise wires, we find the ratio of current in long counter¬ 
poise to current in short counterpoise to be about 4.3. 
The ratio of lengths is 3.75, indicating that the curr^t 
taken by a radial counterpoise of this sort, all conditions 
being equail, is practically in proportion to its length. 

In figure 4 are plotted the ratio of current in the 150- 



B _CURRENT IN I50-FOOT COUNTERPQISj 

KAiiu CURRENT INI 40-FOOT COUMTERPOISI 


abscissas against the current in the 150-foot count 
poise as ordinates from the data of table VI. 

With these data a tendency for the higher counterpc 
currents to give higher ratios can be noted. This ag 
shows the remote section of a buried ground wire to 
gathering in a proportionally greater amoimt of curr< 
at higher stroke currents. At some 5 to 6 thousand a 
peres the 2 wires are carrying currents in the same p 
portion as their lengths. Below this value on ah avers 
the short counterpoise carries a greater proportional p 
and above it the longer wire carries the greater prop 
tion. Now, it seems to be a reasonable rule that tl 
wire will carry the most current which performs most 
fectively in reducing earth potentials. This reduction 
earth potentials is also the mechanism whereby i 
counterpoise serves to hold down the tower potenf 
and prevent insulator flashover. Accordingly, a reas( 
able conclusion from the ratio data appears to be that 
currents below 5 to 6 thousand amperes the 150--f< 
wire is more than necessary and for higher currents 1 
40-foot wire too short. These considerations, of cotu 
pertain to relative length and it is important to obsej 
that the ratio-current magnitude trend is not clearly de 
onstrated by the available data. The variations in 6 
cofiductivity quite likely partially obscure this trend. 

Table VII shows the relation between the total curr< 
{Concluded on page 189) 


Table VII—Relation Between Current in Tower Legs a 
Counterpoise Wires; Glenlyn-Roanolce 132-Kv Line, 19 


Reference 

Humber 

Tower 

Number 

Total Tower 
Current, 
Amperes 

Total 

Counterpoise 

Current, 

Amperes 

Ratio To 
Current 
Counterpt 
Curre; 

1-3. 

.. .25 G..... 

_ 30,300..... 

..... 20,800.... 

.....1.46 

2-1...... 

... 

.... 7,000. 

.... 9,400.... 

.... .0.76 

2-1.. 

... 8R..... 

-10,800. 

.... 20,400.... 


3-8.. 

...20G..... 

.... 16,700....; 

. . . . 22,000_ 

.....0.76 

3-3. 

...21 G..... 

_ 22,000. 

.... 26,200 ... 

..;..0.84 

3-3. 

...22 G..... 

.... 52,100..... 

.... 48.600.... 

.1.07 

3-8...... 

...23 G. 

21,600..... 

.... 29,000.... 

.....0.7‘i 

3-3.. 

.. .24G..... 

.... 9,000. 

... . 6,600...; 

.1.39 

1-2. 

... 9G..... 

.... 84,200..... 

.... 36,200.... 

... , 0.98 

1-2...... 

..UOG..... 

.... 17,000..... 



6-1. 

...12 G..... 

.... 20,000..... 

.... 20,800.... 

....0.96 

Summation . '........... 

....240,600..... 

;..; 252,100. .r.. 

. . . .0.96 


In all cases the polarity indicates currrat traveling from free end of com] 
poise to tower and from bottom of tower to top. 


foot counterpoise to the current in the 40-foot wire as 
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Arc Characteristics Applying to Flashing on 

Commutators 


By R. E. HELLMUND 

FELLOW AIEE 


In a previous paper,* a 


■method of analyzing flashing 
■on commutators caused by 
jumping of the brushes was 
given.. This method assumes 
that an arc (S) is formed be¬ 
tween segment (a) and brush 
(b) when the brush leaves the 
commutator, as indicated in 
figure lA. This arc is likely 

to persist as shown in figure 1C, after the commutator has 
moved a certain distance and the brush has returned to 
the commutator. The method consists essentially in 
comparing during successive periods the voltage necessary 
for sustaimng the arc with the voltage induced in the 
armature coils and existing between the arc terminals. 
For a practical application of this method, a knowledge of 
the ^c characteristics applying to the commutators is 
therefore a prerequisite, and it is the purpose of the 
present paper to give the results of experimental investiga¬ 
tions of this nature. 

The data given will also be of value in investigations of 
flashing brought about by other causes. In railway mo¬ 
tors, for instance, flashing is caused at times by certain 
transient conditions appl 3 ring when the voltage of the mo¬ 
tor is suddenly re-established while the motor is running 
and after an interruption of power supply caused by sec¬ 
tion breaks m the line, trolley bouncing, etc. Flashing 
is further caused by transient dpnditions applying in 
generators whwi a short occurs in the line, or in large 
motors when there is a short-circuit in the system and the 
motors temporarily act as generators feeding current into 
the short. Under these various operating conditions, 
flashing is caused by an appreciable voltage being in¬ 
duced in the short-circuited armature coil (g) during these 
temporary or transient conditions. When, as shown in¬ 
figure IB, this short-circuit current is opened because of 
segment (o) leaving the brush (6). an arc (S) is fonned. 
As in the case of brush jumping, the sustaining of this 
arc depends upon the relative values of the voltage neces¬ 
sary for sustaimng it and the voltages existing between the 
terminals of the arc for various successive positions of 
tJie commutetor segment (a). Therefore, we are again 
int^ested ki a knowledge ; of the arc characteristics 
around the cpnimutator. This case may be somewhat 
complicated by the fact that a new arc is formed on each 
segment leaving the brush, resnlting possibly in the forma¬ 
tion pf a numb^ of (fifidrent^ a^^^ several com- 

inutator segments, m indicated iii figure 2 by S, Si, S^, 
and iSs. However, a knowledge of the arc characteristics 
of the individual arcs formed should prove a desirable 


This paper gives the results of experimental 
investigations relating to arc characteristics as 
they apply in commutator flashing. A Icnowl- 
cdge of these characteristics is necessary for the 
application of the theory outlined in a previous 
paper* on flashing of commutators by the same 
author, as well as for the investigation of flashing 
due to other causes. 


first step toward a complete 
analysis of the various tran¬ 
sient conditions. 

In order to study the arc 
characteristics around the 
commutator, a simple mrange- 
ment as shown in figure 3 was 
used in our escperimental work. 
A number of connected seg- 
ments (a) of a commutator 
(C) were connected to a slip ring (D). A d-c voltage 
source was connected through an adjustable resistance 
(f) to the brushes (& and bi). Whenever the segments (a) 
are in contact with the brush (&), current flows atiH is in¬ 
terrupted by means of an arc when the last segment 
(a) leaves the brush (&). With this operating condi¬ 
tion, oscillograms were obtained giving the current as 
well as the voltage across the arc terminals. An example 
of these oscillograms is shown in figure 4. Tests were 
carried out with different initial current values and also 
for different speeds of the commutator. From an analy¬ 
sis and careful scaling of these oscillograms, curves 
such as shown in figures 6 and.6 were derived for a num¬ 
ber of different speeds of the commutator. 

The results for only 2, but widely different, speeds are 
given in these 2 figures. The full-line curves show the 
relation between arc current and arc voltage as scaled 
directly from the oscillograms. The test points thus ob¬ 
tained and entered in the figures gave in most cases rather 
smooth curves, which is to be ejpected because of the 
fact that the oscillograms gave rather smooth curves, as 
indicated in figure 4, and were void of erratic irregularities 
frequently encountered in connection with arc phe¬ 
nomena. Whatever discrepancies do exist are due es¬ 
sentially to difficulties in scaling the oscillograms, some 
of which were not taken on as large, a scale as that of 
figure 4. It was furthermore observed that in spite of the 
widely diverging q)eeds at which these tests were made, 
the solid-line curves of figures 5 and 6, when compared 
for an equal initial cuirent, did not vary appreciably from 
each other for different speeds. In considering all the 
curves drawn, it is difficult to find any marked tendency of 
variation with q)eed in one direction or another in the 
solid-line curves. Further analysis revealed, however, 

A paper recbmmetided for publication by the AIBB conunittee on dectrical 
machinery. Manuscript submitted October 29^ 1936; released for publication 
December 1, 1936. 
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that with a given current, a certain arc voltage corre¬ 
sponds to different arc lengths with different operating 
speeds. By means of the timing curves taken with 
the oscillograms, it was possible to calculate the arc 
length corresponding to any test points. This was done 


A B 



and the points entered in figures 6 and 6 corresponding to a 
certain arc length were marked by like designations; 
thus the dotted-line curves each corresponding to a given 
arc length, as indicated, were obtained. 

The agreement of the test points with the dotted-line 
curves is not quite so good as with the solid-line curves, 
nevertheless the consistency of the results is quite re¬ 
markable, taking into consideration the usual diflficully 
in obtaining consistent results with arc phenomena. The 
reason for this seems to be that in these tests the condition 
of the air currents near the arc was more or less definitely 
established by the nature of the air film carried around 
near the surface of a rotating cylinder for any given 
speed. Usually arc phenomena tested in open air are 
subject to varying air currents caused by convection and 
other causes, and they frequently are further influenced 
by electromagnetic effects, all of which lead to irregulari¬ 
ties. Furthermore, the electrode spots are often moved 
about by these irregularities, which further increases 



Fig. 2. Illustration of multiple arcs 
forming on commutators under 
certain conditions of flashing 



the difficulty of obtaining consistent results. (This is 
noticeable on some of the oscillograms given toward the 
end of the paper which show very Irregular curves Htfring 
periods when the location of the electrode spots is chang¬ 
ing. See figure 12.) 


In considering the phenomena further, it must be ap¬ 
preciated that while the dotted-line curves somewhat 
simulate the usual arc characteristic curves, they do not 
represent a static relation between cinrent and voltage 
because the points to which the curves are drawn are in 
all cases the points from a transient arc condition ob¬ 
tained by starting with a certain value and lengthening 
the arc while the current decreases and the voltage in¬ 
creases. By means of the full-line curves, it is possible 
to determine the starting currents corresponding to the 
current values at the points of intersection between the 



solid-line and the dotted-line curves. Normally, that is 
with constant length of arc and without high air velocity 
around the arc, it is to be expected that with a diminishing 
arc current the voltage will be the lower the shorter the 
time interval allowed for the decrease in current. The 
reason for this is that during a shorter time interval, less 
deionization will take place. Comparison of d efinit e 
points between the low- and the high-speed curves in 
figures 6 and 6, respectively, shows that the opposite 
condition applies here. If we consider, for instance, the 
20-ampere point for the 2V2-inch arc length in figure 5, 
which corresponds to a starting current of about 28 am¬ 
peres, we find a voltage of 167 volts for the dow speed. 
If we then consider the 20-amp^e point for the 2 y 2 -iuch 
arc length in figure 6, we find a higher voltage of 215 volts 
in spite of the fact that the time of drawing this arc was 
only Vj that of figure 6 and that the starting currmit 
was over 30 amperes. Likewise, if we consider the 14- 
ampere point of the 1-inch arc length, with a starting 
current of about 18 amperes the voltage indicated is 115 
volts for the low speed, while with approximately the 
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s^e starting current, a voltage of 155 is obtained for the 
high speed. The conclusion drawn from this is that the 
speed at which the commutator is rotating has a marked 
mfluence upon the deionization, resulting in higher volt¬ 
ages for a given current with the higher speed. This is 
more clearly shown in figure 7, which gives the arc voltages 
for certain arc lengths at different speeds for instantaneous 
arc currents of 10 and 60 amperes. As should be expected, 
the speed is of relatively minor influence with the shorter 
arcs but is, in general, of greater influence with the longer 
arcs. It will be further noted that with the heavier currents 
the influence of the speed is not very marked, while with 
the small currents it is appreciable. Since the voltages for 
the transient currents for which the curves of figure 7 
are plotted may be influenced by the initial currents 


Although, as already pointed out, the curves in figures 
5 and 6 cannot be considered as representing static arc 
characteristics, figure 8 has been prepared showing 
a comparison of some of the curves of figures 5 and 6 with 
the static-arc characteristics as calculated from a formula 
given by Rtidenberg.^ 

In commutator flashing we do not at any time deal with 
constant arc currents, but the conditions are much the 
same as the test conditions of figure 3. What we are 
really interested in, especially in the light of the theory 
advanced in my previous paper, ^ is the arc voltage for 
different lengths of arc for any given initial arc current 
and for various commutator speeds. The curves in 
figures 9A and QB show this. These curves ogn be directly 
applied as the arc voltage curves designated A-B in t he 
previous paper and compared with the curves of the volt- 



3-Sfis induced in the armature between the arc terminals. 
Fig. 4. Tracing of Figure 10 gives a number of these voltages as compared 
oscillogram giv- with the curves applying to given initial currents indi- 
ing arc current cated for a speed of 2,200 feet per minute. The distance 
and arc voltage to the points at which the arc-characteristic curves and 
the induced-voltage curves cross each other should, there¬ 
fore, be a direct indication of the comparative likelihood 
of motor flashing at 2,200 feet per minute for the different 
initial currents and for the 3 different curves of induced 
voltage corresponding to different main-pole shapes. 

In order to check any influence which different brush 
locations might have upon the arc characteristics, a num¬ 
ber of tests were made with the brush mounted at the 


and the corresponding ionization, the values of the initial 
currents are of interest. The values of these initial 
currents happen to be practically constant for each of the 
curves and therefore the difference in voltages evidently 
is caused by the difference in speed; these values are 
shown at the right of the curves in figure 7. 


bottom of the commutator. The results thus obtained did 
not differ materially from those obtained with the brush 
mounted at the top. Visual inspection indicated that the 
arc formed close to the surface of the commutator with 
the brush in either position, and, in general, the phe¬ 
nomena seemed to be the same. 

With the testing arrangement in figure 3, it is evident 



Figs. 5 (left) and 6 
(right). Curves show¬ 
ing relation of volt¬ 
age to current as 
obtained from os¬ 
cillograms such as 
shown in figure 4 
(full lines), and 

curves showing rela¬ 
tion of voltage to 
current for various 
lengths of arc 

(dotted lines) 



January 1937 


Sdhnund--~C<mmutator Flashing 


109 







j 



that the hot-cathode spot would very likely remain on 
the last segment (a) for the entire duration of the arc, 
unless there were appreciable air currents or magnetic 
effects to disturb conditions. Hoysrever, in checking some 
tests made on motors with artificially produced brush 
Jumping, it seemed that at times flashing did not occur 
when according to the basic theory given in my previous 
paper*- it should have occurred. This theory assumes 
that the hot-cathode spot remains on the segment on 
which it originally forms. The only possible explanation 
therefore seemed to be that in reality the hot-cathode 
spot moved from the original segment in a backward di¬ 
rection to other segments, thus preventing the drawing 
of the arc into the high-voltage regions of the commutator. 
In order to check this a test arrangement as shown in 
figure 11 was devised. A number of segments {a, s, 
y, x) were connected together as in the previous tests and 
the current from these segments was conducted through 
a slip ring (1). The 2 segments (6 and c) following the 
interconnected segments were also connected to ^p 
rings 2 and 3, respectively. The voltage of the arc was 
recorded as before by the oscillograph and the currents 
in the 3 dip rings were also recorded by the current ele¬ 
ments of an oscillograph. On the Commutator surface 2 
strips of insulatingmaterial were arranged as shown in 
figure 11 to lift the brush slightly off the commutator 
whmi it was about to pass segment (a). This, of course, 
restdted in the formation of an arc (5), the current of 
which was measured through the current of slip ring (1) 
and it is evident that in case the hot-cathode spot wotdd 
move to segments & and c, this would be indicated by cur¬ 
rents in the slip rings 2 and 3, In order to determine 
the effectiy^ess of this arrangeinent, some tests were first 
,npLa.de with the brush negatiVe-H^that is, with the hot- 
cathode spot oh the brush and the anode end of the arc 


forming on segment (a). Figure 12.4 is a tracing of an 
oscillogram taken under this condition. As is well 
known, the anode spot moves readily and it will be seen 
that the arc formed on segment (a) at the left end of the 
oscillogram, persisted for a short period, and then trans¬ 
ferred to segment (&). Subsequently the current was 
divided for a time between segments (&) and (c) and finally 
transferred entirely to segment (c). In the case of the 
second arc on the same oscillogram, the current again is 
on segment (a) for a certain period, then is transferred for 
a short time to (&); and then instead of dividing as in the 
first case, is entirely transferred to segment (c). The 
latter condition is obtained in the majo.rity of cases with 
a negative brush. 

After these preliminary tests, the brush was made 
positive and a total of 22 arcs was recorded. It was 
foimd that in only 2 of these 22 cases a transfer of the 
arc from segment (a) to other segmmits took place. In 
view of the fact that the brush is wider than segment {a), 
it could not be safely assumed that the original arc 
always formed on segment (a), there being the possibility 
that the brush when lifted by the insulating strips would 
tilt and therefore make contact last with segment (?) 
preceding (a). In a case like this, the subsequent move 
of the arc to segment (a) would not be recorded by the os¬ 
cillograph. For this reason the brush was beveled, as 
shown by dotted lines, sufficiently to insure that it would 
make its last contact with segfment (a), A total of 7 
arcs were recorded with this arrangement and it was found 
that a transfer of the hot-cathode spot occurred in 2 
cases. Figure 12B shows the currents m 3 of the arcs 
formed. It will be seen that; in 2 of the 3 cases in this 
pscihogram no transfer took place, iDUt in the third a trans¬ 
fer occurred and the current split between segments (&) 
and (c) for the remainder of the arc duration. 
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Fig. 9A (left) and 9B (right). Curves showing relation of arc voltages to arc lengths for various values of 

speeds and initial currents 


In order to provide for the possibility of the arcs trans¬ 
ferring to segments following segment (c), the arrange¬ 
ment was changed so that segment (c) was connected to 
a number of succeeding segments (/, g, and h), as indicated 
by the dotted coimection in figure 11. A typical os¬ 
cillogram taken under this condition is shown in figure 
12C. It mil be seen that with the first 2 arcs no transfer 
took place; with the third a transfer of current to segment 
(b) occurred, and subsequently to the sector including 
segment (c). The sudden breaks in the current of slip 
ring (3) seems to indicate a further shift of the hot- 
cathode q)ot from one of the connected segments to an¬ 
other. The formation of the fourth arc seems to be simi¬ 
lar to that of the third, except that the arc transferred 
from the leading to the lagging sector without touching 
the intermediate bar. 

In another oscillogram shown in figure 12P, it will be 
noted that a transfer from the leading to the lagging seg¬ 
ment took place in 2 instances, while no transfer oc¬ 
curred in the third. It will also be noted that the time 
at which the transfer took place in the first 2 cases differs. 
The oscillogram shows no definite evidence of an inter¬ 
mediate time during which segment (b) carried the current. 

Sununarizihg: It is found that of 125 arc formations 
rea)rded, ho transfer took place in 34, or 67 per cent of 
the total. Eliminating the tests with linbeveled brushes 
because of the hnc^aiuty as to whether transfer took 
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place between segments (z) or (a), it is found that of the 
remaining 103 arc formations there was no transfer of any 
kind in 64, or about 62 per cent of the cases. Current 
values of 30 and 66 amperes were used in the tests. With 
the 30-ampere current, transfer took place in 21 out of 66 
cases, or 38 per cent; with the 65-ampere current, in 20 
out of 71, or 28 per cent. Considering only the tests 
with beveled brushes, with the 30-ampere current a trans¬ 
fer took place in 44 per cent of the cases ; with the 66- 
ampere current, in 33 per cent. There is, therefore, a 
general indication that with a lower current the tendency 
to transfer is greater, though it may be inadvisable to 
draw such a definite conclusion without carrying on a 
greatq: number of tests. At speeds of about 1,600, 2,200, 
and 3,200 feet per minute, the percentages of cases in 
which transfers took place were 43 per cent, 19 per cent, 
and 44 per cent, respectively, when all tests are consid¬ 
ered; at speeds of 1,600, 2,200, 3,200, 4,300, 4,900, and 
6,400 feet per minute, the percentages are 53 per cent, 
18 per cent, 47 per cent, 11 per cent, 22 per cent, and 46 
per cent, respectively, when only the te^ with the beveled 
brushes are taken into account. Thtoe figures do not in¬ 
dicate any very definite tendency to tranrfer with increas- 
■'■ingspeed. 

It was thought that the tendency of the arc to transfer 
might be influenced tomewhat by tlie undercutting of the 
commutator and some tests were therdbre run wth under- 
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cutting and some without. However, the percentage of 
transfers under the 2 conditions was practically the same. 

For the purpose of determining whether the position 
of the brush had any marked influence, tests were made 
with the brush on top and also at the bottom of the 
commutator. With 65 amperes, the percentage of trans¬ 
fers was 44 with the brush on top and 40 with the brush 
at the bottom; with 30 amperes, the percentages were 
40 and 62.5, respectively. Since the number of tests for 
each of the 4 conditions is not very large, it would be un¬ 
wise to conclude that there is any decided difference 
between the 2 brush locations; as a matter of fact, it 
seems that the location of the brush makes very little, if 
any, difference. 

Some of the above data are given merely for the purpose 
of answering certain questions that may occur to those in¬ 
terested in the problem. The essential fact brought out 
by the rather extensive series of tests is that a transfer 
of the hot-cathode spot ffom the segment on which it is 
first formed to other segments takes place at times, but 
that this is more or less a matter of chance and certainly 
cannot be depended upon for reducing the tendency of a 
motor to fla^. In other words, in order to be safe the 
designer should assume that the hot-cathode spot may 
travel with the segment on which it is first formed, which 
condition in turn is the one most likely to bring about ob¬ 
jectionable flashing conditions. 

In conclusion it may therefore be stated that with soning of the commutators, balancing of the amaature, 
curves as presented in this paper and the fundamental mounting of the motor as a whole and resultant mechani- 
method outlined in my previous paper,' it is possible cal vibrations, commutator irregularities brought about 
to analyze the inherent electrical tendency of motors to by commutation characteristics and the type of brush 
flaali when the brushes jump. It is appreciated that this used, brudi tension applied to the brudies, weight and 
phenomenon is also greatly influenced by the length of elasticity of the brushes, etc. It is obvious that the great 
the brush is off the commutator, which in turn is variety of influencing factors makes it practically un¬ 
influenced by a great many mechanical factors, such as possible to determine theoretically the time the brush is 
workmanship in the building of the commutators, sea- likely to leave the commutator at different commutator 

speeds ^d that a complete and exact theoretical analysis 
of this flashing problem therefore seems impossible. 
However, the method and data given are useful and of 
practical value in a comparative quantitative analysis of 
different motor designs and, in particular, of their field 
distributions. Moreover, some of the variables enumer¬ 
ated, such as the commutation characteristics, the choice 
of brushes, etc., can be handled by the designer in such a 
way as to eliminate them as factors of practical importance. 
On the other hand, the variations caused by manufactur¬ 
ing and maintenance operations can, with reasonably con¬ 
trolled shop processes, be reduced to chance phenomena 
of a limited amplitude of variation. Consequently, the 
comparative analysis outlined furnishes a means by which 
the adequacy of new designs can be predicted with a con¬ 
siderable degree of assurance. As already indicated at 
the beginning of the paper, the experimental results given 
Fig. 10. Curves here will also be useful in other t 3 q)es of flashing. A 
comparing arc more complete analysis of these will require esq)erimental 
voltages with investigations regarding the initial currmt that nmy exist 
voltages as in- at the brudi when a short-drcuited coil passes from under 
duced in armature the brush under different conditions of load and commuta- 
with various field tion. Furthermore, it would be necessary to make a 
forms quantitative analysis of the transient current, field, and 
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Fig. 11. Test arrangement for investigating the 
tendency of the arc to shift from one segment to 
another 
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the considerations and data gfiven in this and the previous 
paper, ^ considerable progress has been made in predicting 
the fl a shin g characteristics of motors during transient 
conditions such as may exist after temporary interruptions 
of power supply to the motors. 
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A Single-Element Polyphase Directional Relay 

{Continued from page 80) 


Appendix ill 

Conductor Voltages at Location of Arc Fault 

Three-Phase Fault Phase-to-Phase Fault 

El = IiR El = —liiZi + Zi) 

h is in phase with Ei Ei = —/*(Zj + -1- 2R) =* /i(Zs + 

Zi + 2R) 

—h and h lag E% and Ei, respectively 


Appendix IV 

A. Connections Figure 3a 

The total input to the relay is 

Pr jQr “ H" EkJj) — EiJc + Ejc ~ Ejh — Ebib + 

Ebla Ejn 

The underlined terms cancel and 


54Ft/SEC 



D 

Fig. 12. Oscillograms showing tendency of arc to shift 
from one segment to another 

voltage-conditions existing in the machine at the 
when flashing is likely to occur. However, through the 
judicious use of a qualitative analysis of these factors 
given by the author in an earlier article,^ together with 


^Ejb + Eclb = {Ee - Ea)Jb = -Esh 
^Eblc H- Ejc = {Ea - Eb)I ^ -Ech 
-Eja + EbJa = (Eb- Ec)Ia = -Eja 

Therefore 

Pr + JQr = —EjJa — Euh — EqJc 
B. Connections Figure 3b 
The total power to the relay is 

Pr + JQr —Ecla “■ Ejila + Ejilc + EbTc ErTu Ejila + 

Ej.Ib + Eah 

since Eji + Er + Eq = 0 

EATb H" Eejb “ {Ea + Eo)Ib — —Ejb 

EaIc + ErIc = {Ea + Er)!^ “ —EeJe 

—EoTa — EaIo “ ERla — EaTo “ —{Ea + Ea + Er Ej^Ia 

= -EaIo 

therefore 

Pr jQr “ —EaTo — pRlb “ Eole 
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A Review of Overhead Secondary Distribution 

By W. P. HOLBEN 

MEMBER AIEE 


S PECIAL interest in the 
economics of secondary 
distribution design has 
developed during recent years 
among the various electric 
utility companies. Extensive 
studies covering technical and 
practical features of second¬ 
ary design have been made 
and reports completed to show 
the results of these studies in a 
most interesting and enlight¬ 
ening manner. Through the 
courtesy and co-operation of 5 
operating companies, and the 
authors of the respective re¬ 
ports, it is now possible to pre¬ 
sent the combined results of 
these studies in a comparative form. 

The comparisons of the conclusions reached in the 
various investigations are especially interesting, since 
they represent a variety of operating conditions, locations, 
and engineering and operating opinions. There is suffi¬ 
cient similarity in the conclusions reached to indicate 
that all these reports are based on sound engineering prin¬ 
ciples and that, in general, the economic and technical 
solutions of such problems are not restricted by local con¬ 
ditions or individual opinions. On the other hand, cer¬ 
tain qualified conclusions indicate the effects of good en¬ 
gineering judgment to meet special local problems, and 
provide ample reason for separate and independent studies 
based on conditions and practices in the various operating 
territories. 

While no technical analysis will be undertaken in this 
paper, it is proposed to present the essential data and 
results in a concise manner, adding explanatory discussion 


A paper recommended for publication by the AIBB committee on power trau»> 
mis^on and distribution. Manuscript submitted October 20, 1936; released 
for publication November 30,1036. 

W. P. Holbbn is enjdneer in the engineering and construction department of the 
Duquesne light Company, Pittsburgh, Pa. 

1* This paper represents a composite review of the findings resulting from 5 
separate studies on the subject of "Bconomics of Overhead Distribution Design,” 
The author is therefore indebted to the company managements and the authors 
of the respective company reports, without whose contributions a paper 
of this type would be impossible at this time. The author is espedaily 
grateful for the constructive suggestions made as a result of the review of thie 
« paper in preliminary form. The following contributed to the studies on which 
tto paper is based: 

Boston Bdison Company; report by A. H. Sweetman and St. George T. Arnold, 
dated December 29,1934. 

Detroit Edison Company; report by H, P. Sedye and E. L, Leinbach, dated 
Septeinbdr 1,1936. 

Duquesne Light Company; report by C. T. Sinclair and W. P.- Holben, dated 
Janu^ 16,1934. 

Philadelphia Electric Company; report by A. 'H. Kidder, dated November 6, 
; 1934. " ; • ^ 

West Penn Power Company; report by Merrill DeMerit and R, C. McKee, 
dated June 1928. 


only as may appear necessary 
to provide a better under¬ 
standing of the variety of 
conditions and variables en¬ 
countered in these investiga¬ 
tions. Several of the reports 
include the complete technical 
analysis and tabulated results 
of each step of their computa¬ 
tions. Each of these reports 
provides excellent reference 
material for any one interested 
in the economics of distribu¬ 
tion design. Many of the fine 
points developed in the reports 
cannot be reviewed in this 
paper, but the writer highly 
recommends the use of the 
methods and the technique for similar studies. Bach 
of the reports uses a somewhat different form of graphical 
analysis but all of them are extremely interesting. 

Summary 

1. The progressive method of secondary circuit design, whidi pro¬ 
vides additions rather than replacements, has been found most eco¬ 
nomical, and provides for growing loads on the basis of small incre¬ 
ments of system capacity. 

2. The economical conductor sizes are reported to be numbers 4, 3, 
and 2. The majority recommendation is number 2 where the reduc¬ 
tion of appliance load flicker is a major need. 

3. For load dmisities less than 20 kw per 1,000 feet, numbers 6 and 4 
conductors show some advantage in annual costs but in some cases 
fail to meet flicker requirements. Over 20 kw per 1,000 feet, num¬ 
bers 3 and 2 meet both the economy and flicker conditions. 

4. For concentrated or high density load in commercial districts 
these recommendations do not apply, as lack of sufficient transformer 
poles or other congested conditions frequently necessitate larger 
conductors or special construction. 

6 . For overhead dbtribution in average residential districts in citi^ 
and towns, 15 kva transformers are generally most economical, with a 
later change to 25 and 37Vs kva for higher densities resulting from 
growth in load and other special conditions. 

6 . For average residential loads, tramformer loadings may rang^ 
from 75 per cent at installation to 165 pec cent at replacement, with 
the majority average recommendation 90 per cent to 150 per cent. 
(The overloading becomes permissible because of the ust^ low 
ambient temperature at the time of the winter p^ load on trans¬ 
formers on overhead Imes.) 

7. Growing loads in overhead distribution Areas can be handled 
most economically when the secondary system is deagned on a pro- 
gressive basis to {^ow for subdivision of secphdaiy mains and the in¬ 
stallation of intermediate transformers as required, incliiding pos¬ 
sibly some transformer relocations. : 


This paper provides a comparison of results of 
5 economic studies* that were made to determine 
the economic relationship between conductor 
sizes and distribution transformer sizes for various 
load densities and rates of load growth. The 
progressive method of distribution design, which 
provides additions rather than replacements, has 
been found most economical. Increase in load 
density can be handled most economically by 
the subdivision of secondary mains and the 
installation of intermediate transformers. Num¬ 
bers 4, 3, or 2 conductors and 1 S-kva trans¬ 
formers should be favored for overhead sec¬ 
ondary distribution in residential areas in cities 
and towns. Rural lines and service to rural 
communities are not considered in this comparison. 
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Comparison of Methods, 

Asstimptions, and System Conditions 

Table I outlines the methods, conditions, and assmnp- 
tions that were considered by the authors in their respec¬ 
tive investigations, to arrive at the most economical 
secondary design. 

Type of System 

The comparison in item 1 shows that each of the 5 
companies has studied the problems and economics re¬ 
lating to a 3-wire single-phase overhead radial system of 
secondary distribution. Companies A and B have se¬ 
lected the “straight line” plan of distribution with con¬ 
tinuous secondaries on streets with long blocks, nging the 
2-way feed from transformers. Three- and 4-way feeds are 
rare because of diflGiculty in locating transformers on comer 
poles Cross ties between secondary mains and “H” con¬ 
struction are generally considered unnecessary and uneco¬ 
nomical as a result of these studies, except where closed 
radial loops or banked secondaries are in use. Company 
D reports the use of some radial loop construction, al¬ 
though not used extensively, while company E uses 
banked secondaries as well as radial circuits, with the 
former predominating. Company C does not state a 
preference. Where short branches from secondary mflin« i 
are in use, the load on such branches may generally be 
considered located at the point of connection to the tnain, 
while the longest branch may be regarded as part of the 
main. For most of the studies, the load density has been 
considered in kilovolt-amperes or kilowatts per thousand 


feet, distributed uniformly along the main at the respec¬ 
tive pole locations. 

Method of Comparison 

Item 2 indicates that companies A, JB, and B have 
based their investigations on a study of annnfll costs and 
companies C and £ on a study of investment costs. 
Company E also includes capitalized losses in the total 
costs. It is interesting to note that company B has in¬ 
cluded also the annual lost revenue due to secondary drop. 
Annual costs include the following items: 

(o). Fixed atmual charges (included by all companies) 

1. Interest 

2 . Dividends 

3. Taxes 

4. Insurance 

5. Depreciation 

(b) . Energy losses (included by all companies) 

1. Transformer iron losses 

2 . Transformer copper losses 

3. Secondary copper losses 

(c) . Operation and maintenance for (included by company A) 

1 . Transformers 

2 . Secondaries 

(d) . Lost revenue due to secondaty drop (included by company B) 

Depreciation as expr^ed in item (o)-5 is dependent in 
part on the life of transformers and secondaries resulting 
from failure, inadequacy, and obsolescence, but must 
also provide for retirement to meet new conditions re¬ 
sulting from growth in load. Replacement before the end 
of a normally useful life requires a larger retirement re- 


Table I—Comparative Statement of Methods, Assumptions, and System Conditions 






Company 



A 

B 

C 

D 

B 

1. 

Type of system. 

.. .3-wire 1-phase... 

.3-wire l-phase. 

. 3-wire 1-pbase....... 

. .3-wire 1-phase.... 

.3-wire 1-phase 



overhead radial 

overhead radial 

overhead radial 

overhead radial 

overhead radial 



straight-line 

straight-line 


straight-line. 

and banked 






2-way and 4-way . 


2. 

Method of comparison. 

.. .Annual costs. 

.Annual costs. 

.Investment costs. 

. .Annual costs per. . 

. Investment costs 




iiicl. lost revenue 


peak kilowatt 

incl. capitalized 




due to secondary drop 


losses 

3. 

Cost of losses 







Secondary copper. 

...0.0164... 



..0.00466 and 0.01...... 

.0.005 


Transformer iron.... 

...0.0073. 

.0.0035 and 0.007. 


..0.003 and 0.01... 

.0,005 


Transformer copper. 

...0.0155.... 

.0.0070 and 0.014. 


..0.00466 and 0.01. 

.0.005 

4. 

Losses capitalized 0. 





16 per cent 

6. 

Bquivaleht hours of full load 
per year. .... 

use 

.. .I,SOO. 

1 nOA nnrf 9. lOf) 


1 9nn 

1 09& 

e. 

Voltage regulation 







Secondary drop, per cent. 

...2-3. 

.3.. 



.2Vi 


Total regulation.. . 



. 121 volts (first customer) 4-7 per cent (113-121)... 






109 volts (last customer) 


7. 

Allowable flicker.: 











20 amp @ 60% pow^ 

20 amp @ 60% power 






factor 

power factor 


Noticeable flicker. 


.2 per cent of 116 

volts 






15 amp @ 60% power 






factor 




8. 

Wure cost, tnple-braided weath> 






erproof, cents.. ... 


.20..... . 



6, lO, 20, and 30 copper 

fi. 

Staindard wire sizes. .. .. 

. ,Nos. 6, 3, 1/0, and 4/Oi 

.Nos. 6,4,2... 

.Nos. 6, 4, 2, and 2/0.. 

. .Nos. 6, 4, 2.. . .. 

.Nos. 6, 4, 2 




1/0,2/0, and 4/0 


2 N6. l/OaadlNo. 2 

1/0, and 4/0 






2 No. 4/0 and 1 No. 2/0 

lb. 

Type of load: ..... 

. .Residential and. ...,. : . 

.Residential .... 

.Residential includihg.; 

. .Readential. ........... 

.Residential 



light commercial 


■■ ranges ' ■ ' 



It 

l.oad growlIi rates, per, cent. 


.6,10. andT6.. ---- 

. 6 ................... 

; .6 linear. .............. 







5 and 10 compound 


12. 

Load density, kilomtts. .... 

..lOto 110...;........, 

. 10 and 20 ,............. 


. .7Vi, 15, 22Vi, and 30.. 

lb to 100 


per 1,000 feet 


initial load 
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serve, and most of the companies have therefore extended 
their investigations to include accumulated annual 
diarges over a considerable period of years, ranging from 
15 to 26 years. 

Cost of I/OSses 

There is a wide variation in cost of energy losses used 
by the various companies in calculating this portion of 
the annual cost. This is apparently due at least in part to 


one being twice as great as the other, with cost curves re¬ 
sulting that are similar in form and an average variation 
in total costs of 7 per cent. 

Rate op Capitalizing Losses 

Company E based their study on the total cost of 
transformers and secondaries in place on the system and 
included losses capitalized at 15 per cent. Company C 
refers to their comparison of investment costs but does 



a difference in opinion regarding the demand charge 
factor as well as the load factor for such energy losses. 
Generally speaking, there should be very little difference 
in generating costs on these representative systems, but 
there will be a substantial variation when different points 
on the system to which the energy is to be delivered are 
taken into consideration. For example, since the sec¬ 
ondaries are the remote part of the system, the unit cost 
for energy at that point will be a great deal more tbgri at 
the generating station 

It is unnecessary, however, to be greatly concerned about 
•this point since losses represent less than 20 per cent of the 
itotal annual costs and regardless of the values used, the 
■form of tile annual cost curves are similar and therefore do 
not materially affect the choice of conductor or transformer 
jsizes. This fact was ^bstantiated by company B which 
included as part of tiieir study the effect of iising 2 values, 
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not state the percentage for capitalizing losses. It is 
suggested however that a good practice to follow on this 
point provides a percentage for capitalizing losses equal 
to the annual fixed charges. 

Load Factor 

The load factor based on the equivalent hours of full 
load use per year for the calculation of losses is reasonably 
uniform, as shown in table I, with one company some¬ 
what more optimistic about their load curve for distribu¬ 
tion transformers. 

Voltage Regulation 

The allowable voltage drop in the secondaries repre¬ 
sents a fairly uniform practice among all the companies. 
The total voltage regulation at the customer’s service is 
the important consideration, and must include the volta^ 

Electrical Engineering 
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drop in primary conductors beyond the regulating point 
on the main, the transformer drop, and the drop in the 
secondaries to the point of service. When transformers 
are located near the regulating point or when not fully 
loaded, it is possible to allow a greater drop in the sec- 



Fig. 2. Annual costs of transformers and secondaries 
for various conductor sizes, pole spacing 100 feet, 
2 per cent secondary regulation, and transformers 
100 per cent loaded (company A) 


Aixowable Flicker 

The allowable flicker has been investigated by com¬ 
panies B, D, and E. The results in each case indicate 
that sudden voltage variations in excess of 2 per cent are 
noticeable and if they occur frequently will become the 
cause of complaints. Refrigerator motors and similar 
appliances are subject to starting currents of 15 to 20 
amperes at 115 volts and 50 per cent power factor. As 
the density of these appliances increases, the question 
of flicker becomes a problem of major importance, and 
directly affects the choice of wire sizes and transformers as 
well as transformer spacing. Figure 1 has been prepared 
by company E to show voltage flicker due to appliance 
motors. 

Wire Costs 

The effect of considerable variation in wire costs has 
been thoroughly investigated by company E. While an 
increase in wire price shows the effect of favoring smaller 
wire sizes, it is not a controlling factor in the choice of 
wire sizes. There is, of course, a natural reason for favor¬ 
ing larger conductors when copper prices are low but 
it cannot be adopted as a standard practice over an ex¬ 
tended period of time. The use of an average price, such 


Iron losses 0.007 
per kilowatt- 
hour for 8,760 
hours annually 

Copper losses 
0.014 per kilo¬ 
watt-hour for 
1,095 hours an¬ 
nually 

Sizes of wire For 
main sections de¬ 
signated on each 
curve. Number 
4 wire used in 
all cases for short 
sections on side 
streets 



RATE OF ANNUAL GROWTH - PER CENT’ 


ondaries and still maintain satisfactory voltage at the 
customer’s service, within the limits specified by company 
practice, or public service commission requirements. 

A great deal of discussion has resulted from the claim 
that the feeder regulators may be used to correct trans¬ 
former regulation. It should be noted that 2 conditions 
react against complete success in the use of regulators for 
this purpose; 

1. The daily load cycle is not the same for all the transformers on a 
primary distribution circuit. Large present-day distribution cir¬ 
cuits include transformers to supply residential, commercial, and 
industrial load. 

2. The per c^t loading of distribution transformers on any primary 
circtnt is not the same, partly due to the difference in rate of growth 
and ^Iso because of the need to handle a latfge variety of load condi¬ 
tions and densiti^, therefore resulting in the use Of a variety of trans¬ 
former sizes. 

January 1937 


Fig. 3. Total annual charges with varying yearly 
growth oF load for straight line secondary distribu¬ 
tion (company B) 

Initial loading on transformers 100 per cent, maximum load¬ 
ing approximately 150 per cent, and maximum secondary 
voltage drop of 3 per cent or less; initial load density 
of 20 kva per 1,000 feet Total life of each layout 15 years; 
with assumption for transformer life 30 years and wire 15 years 

as 15 cents per pound for comp^ative studies, appears 
to be logical as a result of the facts developed in this 
investigation. 

Standard Wire Sizes 

It will be noted that 4 of the companies use the even 
numbered wire sizes, while company i4 stocks and uses 
numbers 6, 3, 1/0, and 4/0. This naturally has some ef- 
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feet on the selection of the economical wire size as will be 
noted later, especially in the lower load densities. 

Type op Load 

All of the studies apply to loads and economical designs 
in residential districts, but at the higher densities may ap¬ 
ply equally well to light commercial districts, unless pole 
congestion and street conditions enter into the picture. 
Electric range load was studied by one company atid is an 
important factor in some parts of the country. As 
ranges increase in number, the diversity and dptnand 
factors are expected to show a substantial improvement, 
and will be less of a problem than in the early stages of 
scattered and isolated installations. 


the companies have selected rates of load growth in con¬ 
nection with their computations of accumulated annual 
charges as indicated in table I. 

Company E defines the rates of load growth a, b, and c 
as follows: 

(a) . Load 10 kw per 1,000 feet at beginning of first year 

20 per cent load growth for first 5 years 
7.6 per cent load growth for next 16 years 

(b) . Load 10 kw per 1,000 feet at beginning of first year 

10 per cent load growth for first 6 years 
5 per cent load growth for next 15 years 

(c) . Load 30 kw per 1,000 feet at beginning of first year 

10 per cent annual growth to load density, 76 kw 

Load Density 


Load Growth Rates 

Bst^ated load growth must necessarily include an 
element of speculation, although over a limited period of 
years, experience records show some fairly definite 
trends. Depressions have a serious effect not only on 
load growth records and charts but also result in greater 
caution in the selection of per cent load growth. 

It should be noted that in residential districts growth in 
load may result from: 

1 . Increased usage . 

2. Additional customers 

(a) . Along existing secondary mains. 

(b) . Beyond but adjacent to existing mattifi- 

These items do not follow the same trends in all districts 
and are the result of a large variety of conditions includ¬ 
ing changes in population, living and business conditions, 
new inventions, sales activities, and rates. Secondary 
design when intended to meet conditions over a long 
period of time must necessarily meet the composite or 
total result of all these factors. 

Company J5 has gone into this matter of load growth 
very thoroughly by using 3 rat^, 5, 10, and 15 per cent, 
respectively, as the basis for most of their charts. AH of 


Load density, both for static and increasing load condi¬ 
tions, has a very decided effect on the economics of sec¬ 
ondary design. The density range has accordingly been 
covered from TVs to 110 kw per .1,000 feet of line, by the 
various companies as indicated in table I. 

Comparison of Results 

Table II outlines the results of each of the studies, and 
the conclusions by the respective authors. These re¬ 
sults represent the combined effect of economics, voltage 
regulation, flicker, load growth, load density, estimated 
life of conductors and transformers, copper costs, and 
available wire and transformer sizes. It is interesting 
to note 3 companies reporting flicker as one of the con¬ 
trolling factors in secondary system design at the low load 
densities, but voltage regulation and annual cost as the 
predominating factors at densities over 20 kw per 1,000 
feet. 

Wire Sizes 

Each of the companies reports results of a compre¬ 
hensive study of costs to determine economical conductor 
sizes and 4 reports demonstrate in graphical-form the 


Table II—Comparative Results of Economic Studies 


Company 


1. Wire size ntimbers 

, 20 leva per 1,000 feet and under..8. 
Over 20 kva per 1,000 feet...... ,8. 


...4. 


2. Transformer sizes, kilovolt-amperes 16 for 12-60 fcw/M feet 

,26 for 60-100 kw/M feet 
87Vifor 

9 . . 100-110 kw/M feet 

o. Tnnsformer loading 

At installation, per cent.........90.^. 


100 ..., 


: At replacement, per cent... 

4 . Transformer spacing, feet.... 


6. Load growth handled by *..... 
* method is ^own first. 


,....140,..150. ___...... 

.... 1,200 for 6-19 kva/M feet.... 

800 for 20-29 kva/M feet 
600 for 30-49 kva/M feet 
400 for 60 kva and over 

... .Subdivision and........ .Replacement.... ^. 

replacement and subdivision 


,,4 minimum...2........ 

.2,000 to 6,000 circular.. .2. 

mils per kilovolt¬ 
ampere 
2/0 maximum 

25 maximum 16 and 26 

generally 37V» maximum 


.100 for 3, 6, 7Vi kva....76-100.. 

126 for 10 kva 

140 for 15 kva and over 

.166....... ..ii60....., 

........v.80bto400_; 


.Subdivision....... 

and replacement 


,. .Replacement.....; 
and subdivision 


..2 


10 to 37V* 


.60 minimum 


, .Over 126 
.800 to 600 

(2,000 to 600 studi^): 


.Replacement 
and subdivision 
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procedure followed in reaching their conclusions. 

Both companies showing number 4 as the economical 
conductor size at low load densities, recognize the flicker 
limitations, but until complaints become numerous they 
seem to be willing to recommend the use of that size. This 
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CROSS SECTION AREA IN M.C.M. 

Fig. 4. Variation in investment in secondary dis¬ 
tribution with 2 volts allowable flicker for banked 
transformers and 4 volts for transformers not banked 
(company E) 

Assumptions include startins current of 115 volt motor, 20 
amperes at 50 per cent power Factor, voltage dip computed 
to customer’s service pole, and wire price 10 cents. Motor 
location assumed to be midway between transformers 


disadvantage may be offset to some extent by closer spac¬ 
ing of transformers. The other 3 companies report 
number 6 or number 4 conductors economical under 20 kw 
per 1,000 feet, but do not recommend them in order to 
avoid an early change to a larger size. Company E 
states the additional cost of number 2 is small and avoids 
flicker as well as the expensive operation of replacing 
secondary conductors. The choice of number 3 by com- 
pmiy A is, of course, influenced considerably by tie fact 
that numbers 4 and 2 are not stock sizes for them. This 
item of the respective reports shows unusual similarity of 
results. While conditions are recognized that may neces¬ 
sitate larger conductors for special applications, the con¬ 
sensus of engineering opinion favors these wire sizes over 
a large range of load densities, 

Figures 2^ 3,4, 5, and 6 are typical graphs that were de¬ 
veloped to dqiibnstrate the relative economy of various 
conductor sizes. Company C did not include the charts 
used in reaching "the ^^c stated in their report. 


Companies B, D, and E include an extensive series of 
charts for various conditions, but only typical charts are 
shown here. 

Transformer Sizes 

On the question of transformer sizes the reports are not 
specific in their conclusions, except in the case of company 
A. This report illustrates by means of figure 7 the 
economy of 15-kva transformers up to 60 kw per 1,000 
feet, 25-kva for 60 to 100, and 37V2-kva above 100 kw per 
1,000 feet for 2-way feed. Company B does not state 
any recommended size of transformer, but apparently 
uses the voltage drop and loading limitations to determine 
transformer sizes. Company C is very specific in stating 
the maximum size they consider most desirable, but do 
not indicate the extent of economical use for smaller sizes. 
CompanyD finds 15- and 25-kva transformers most econom¬ 
ical and are explicit in recommending 37V2-kva as the 



-- W 

*4 *2 *0 

CROSS SECTION AREA IN M.C.M, 


#0000 


Fig. 5. Relative total cost per1,000 feet oF second¬ 
aries and transformers, with wire at 10 cents per 
pound arid capitalized losses included (company E) 
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Fig. 6. Annual cost of trans¬ 
formers and secondaries at various 
per cent loads on different trans¬ 
former sizes for 2 assumed values 
. of energy costs (company D) 

Broken line curves—Copper loss at 0.01 
per kilowatt-hour; transformer loss at 
0.01 per kilowatt-hour 

Solid line curves—Copper loss at 
0.00456 per kilowatt-hour; transformer 
loss at 0.003 per kilowatt-hour 

Load density—15 kw per 1,000 feet 

Numbers on curves are ratings in kilo¬ 
volt-amperes 

Total regulation of transformers and 
secondaries for each group of curves as 

shown 

Two-way and 4-way distribution from 
transformers as indicated. Power factor 
97 per cent 

Secondary wire sizes: □—2 number 4/0 
and 1 number 2/0; A—2 number 1/0 
and 1 number 2; O —3 number 2; 
X—^3 number 4; 0—3 number 6 


maximmn size to be used. Figures 6 A and 6 B illustrate this 
conclusion. Company E finds 4 sizes, namely, 10-, 16-, 
25-, and 37Va-kva transformers, are needed to meet tbe 
various stages of load growth, stating however that 15- 
and 25-kva transformers are generally favored for average 
load densities. Figures 84 and 8 B illustrate the relative 
economy of various transformer sizes as developed by 
company E. 

Transformer Loading 

On the item of transformer loading there is an unusual 
variety of results and recommendations. Although com¬ 
panies A , B, and D are fairly uniform in their recommenda¬ 
tions, company E seems to be extra conservative, but 
company C recoi^ends an unusual percentage for initial 
loading at installation. This company assumes 5 per 
cent annual load growth which probably influences their 
conclusion. 

These conclusions are based principally on the fact 
that peak loads on distribution transformers are expected 
during the winter season when ambient temperatures are 
low, whereas transformer ratings are based on tempera- 

1-20 TTolhen^ — rhiArhfi. 


ture rise with 40-degree ambient. The increasing use of 
appliances may gradually change this condition and 
should therefore be checked from time to time. It 
should be noted also that this recommendation applies 
only to overhead transformer installations, and not to 
transformers in building or undergrotmd vaults, where the 
low ambient temperatures may not be available. 

Generally, voltage regulation, rather than per cent 
overload, dictates the need for transformer replacement or 
respacing of transformers to reduce length of secondary 
mains. Increased transformer regulation is usually ac- 
compamed by a relatively high secondary drop hence 
both of these items will require attention, unles s primary 
regulation is extremely favorable. The total voltage 
variation should be studied in each case, as well as the 
component voltage drops, to determine the best solution. 
It is evident therefore that the thermal capacity of dis¬ 
tribution transformers is only part of the loading problem. 

For small transformers, the annual transformation cost 
is mat^ially reduced by overloading even up to 200 per 
cent. The exact effect on the life of the transformer 
under such conditions is not fully known, although 

d Distribution Electrical Engineerino 








claimed by some to be satisfactory. There is no consensus 
of opinion on this point. Fortunately, on the 15-kva 
transformer and larger, the most economical loading 
ranges less than 150 per cent of name plate rating, li enr t* 
there is less reason for risking failure on these larger units. 
In any event, the higher loadings may be expected to be 
troublesome and therefore result in increased operating 
and maintenance costs. The economics of transformer 
loading has been developed in a very interesting Tngtitipf by 
company D, as shown in figures fid and 63. 

It will be especially interesting to note the results of the 
various practices followed on transformer loading over a 
period of years. A further comparison of operating ex¬ 
periences will bd desirable at a later date. 

Transformer Spacing 

Transformer spacing is largely determined by load den¬ 
sity and secondary voltage drop, especially after the selec¬ 
tion of the economical wire size has been made. Com¬ 
panies B and C do not state their finding s on tTiig point. 
While companies A, D, and E have developed tliig item 



transforiner and secondary regulation approximately 
4.5 per cent (company A) 
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Table III—^Transformer Costs in Relative Units 


Transformer Ratine in Rilorolt^amperes 


Loading 

7V» 

10 

15 

25 

371/, 

SO 

Annual Transformer Cost"* 







40. 

.. 23.9.. 

27.0.. 

31.9.. 

45.9.. 

56.7. 

. 70.0 

60. 

.. 24.6.. 

27.9.. 

33.1.. 

47.8.. 

59.3. 

. 73.4 

80.... 

.. 25.6.. 

29.2.. 

34.8.. 

50.4.. 

63.0. 

. 78.2 

100. 

.. 26.8.. 

30.8.. 

37.0.. 

58.7.. 

67.8. 

. 84.4 

120. 

.. 28.4.. 

32.8.. 

39.7.. 

57.7.. 

73.7. 

. 91.9 

140. 

.. 30.2.. 

35.1.. 

42.9.. 

62.5.. 

80.5. 

.100.8 

160. 

... 32.3.. 

37.8.. 

46,5.. 

68.0.. 

88.5. 

.113.4 

180..... 

... 34.0.. 

40.9.. 

50.7.. 

74.2.. 

97.6. 

.122.6 


Transformer Retirement Costs 


I.ocation maintained—^transformer re<nsed on job 

A —Costinstoiled.. .140.0 159.0. .182.5. .270.0. .328.0. .409.0 

B—Reclaim value...124.8. .141.5. .164.0. .242.4. .296.1. .372.6 

C—L. and D. to remove. 5.0.. 5.0.. 5.0.. 8.0.. 8.0.. 8.0 

n—Net reclaim (B — C).119.6.. 186.5..159.6..234.4..288.1..864.6 

£—Retirement cost (A — D).... 20.4.. 22.5.. 28.9.. 25.5.. 39.8.. 44.3 

Location maintained—^transformer returned to storeroom 

Retirement cost. 35.0.. 39.0.. 43.0.. 64.8.. 76.8.. 92.8 

Location abandoned—^transformer re-used on job 

Retirement cost. 89.8. . 41.9.. 42.3.. 60.0.. 74.3.. 78.9 

Location abandoned—^transformer returned to atoreroom 

Retirement cost. 54.4.. 58.5.. 61.4.. 99.3..111.3. .127.4 


* Comprised of 12 Vt per cent of installation cost as fixed charges, transformer 
iron losses, transformer copper losses, and transformer operation and main¬ 
tenance cost. 

Tabic IV—Annual Transformer Costs 

Load Growth 7Vs Per Cent Per Year, 20-year Period 


Transformer Per Cent Annual Cost 

Load Per Cent Comparison 


Year 

Eva 

Load 

7‘/*-15 

Eva 

10-15 

Eva 

15 

Eva 

7V*-15 

Eva 

10-15 

Eva 

15 

Eva 

1... 

. 6.0. 

.. 67.. 

. 50.. 

. 33.. 

. 4.61*.. 

. 4.97*. 

. 6.68* 

4... 

. 6.2. 

..83.. 

. 62.. 

. 41.. 

. 4.69... 

. 5.14.. 

. 5.82 

8... 

. 8.3. 

..111.. 

. 83.. 

. 55.. 

. 4.95... 

. 5.47.. 

. 6.00 

12... 

.11.0. 

.. 73t. 

.110.. 

. 73.. 

. 6.16t.. 

. 5.76.. 

. 6.16 

15... 

.13.7. 

.. 91.. 

. 91t. 

. 91.. 

. 6.29... 

. 6.29t. 

. 6.29 

20... 

.19.7. 

..131.. 

.131.. 

.181.. 

. 7.54... 

. 7.54.. 

. 7.64 

Total annual cost (20 years),. 


.113 ... 

.117 .. 

.124 (A) 

Retirement cost...... 



...6 ... 

. 7. 

.... (B) 


Total annual cost plus retirement cost... 119 .... 124 .... 124 (A + B). 

Depreciation reserve (compounded).... .... .... M (C) 

Total net cost after applying credit for 
depreciation reserve]; (compounded 

at 6 per cent less retirement cost). 104 .... 105 .... 100 {A — Q 

Total annual cost 113 .... 117 .... 124 {A) 

Depreciation reserve (not compounded) __6 .... _6 .... J3 (D) 

Total net cost after applying credit for 
depreciation reserve (not compounded) 

less retirement cost.108 .... 112 .... Ill (A-V) 


* Transformer annual cost expressed in per cent of total net cost for 20 years 
using a 15-kva (column 3). 

t The change to a 16-kvs transformer was made at this time. 
i The depreciation reserve is included as a part of the annual cost, therefore, 
any part not used for retirement costs may be applied as a credit to determine 
total net cost. 


very thoroughly, the spaciugs listed represent preferred 
distances between transformers tmder ideal pole conditions 
and uniform load density. Experience indicates that it 
is well to favor these spacings, W actual field conditions 
and existing facilities will frequently change the secondary 
design including the transformer spacing. Company E 
illustrates by means of figures 8A, and 83 the economics of 
transformer spacing. The limits for 2V* per cent voltage 
drop RTid 4 per cent flicker for radial secondaries are shown^ 
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Load Growth methods. The method that involves the least retirements 

is usually most economical. 

Various methods of Tiandling load growth have been The subdivision method including the mstallation of 
carefully studied to obtain the lowest total cost over a additional or intermediate transformers is used by all 
long period of years. This has been done by stud3dng the reporting companies but is especially favored by com- 
the accumulated annual costs for a number of possible (Concluded on page 189) 

1-1-1-~1 I I I I I I I I I I lOOlKVA I 


LfMITlFOR' 

2p2«VbdROB^ 


75lKV> 


501 KVA 






IT FOR 2 1/2% OR 


30 40 50 60 


30 40 60 60 70 50 

LOAD DENSITY (kW PER 1000 FT) 
(A) 


60 70 60 70 80 







IFvi 


'iifA 






II 


0 10 20 0 10 20 0 10 20 30 10 20 30 40 50 

LOAD DENSITY (KW PER 1000 FT) 

FijBs. 8A and |G|B. Total equivalent investment per 1,000 feet of line for different transformer spacing using various transformer 

Number 2 copper wire at 10 cents per pound 
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Contact Drop and Wear of Sliding Contacts 


By R. M. BAKER G, W. HEWITT 

ASSOCIATE AIEE Membership Applicetion Pending 


T he relatively small 
amount of accurate knowl¬ 
edge gained through the 
enormous amount of effort 
expended in the study of slid¬ 
ing contacts is evidence enough 
of the complicity of the proc¬ 
esses involved. This paper is 
intended to be only another 
step forward toward the ulti¬ 
mate goal of a perfect understanding. Each such step 
makes it just that much easier for the design and opera¬ 
ting engineer to analyze and solve those practical prob¬ 
lems with which he is continually confronted. It is felt 
that the experiments described represent a real advance 
in our understanding of contact drop and wear of sliding 
contacts. In order to conserve space and eliminate 
repetition, certain concepts developed in earlier published 
works will be used without explanation, and the reader 
not familiar with these concepts is referred to the original 
publications. A general bibliography also is in¬ 
cluded at the end of this paper. 

Contact Resistance 

The fact that the contact between a carbon brush and 
a copper slip-ring offers a high resistance to the flow of 
small currents has been attributed to the insulating effect 
of the oxide film which forms oh the surface of the ring. 
Further, it is believed that increasing the current through 
the contact breaks down this high resistance film over 
certain areas, thus allowing the brush to make better 
contact with the metal of the ring and in this way lower 
the contact resistance. 

This concept has been fairly well established* by experi¬ 
ments which show that the resistance of the contact 
between a carbon brush and a ring on which no oxide 
can form (a gold or carbon ring) is independent of current 
and remains low even for currents as low as 0,001 ampere. 
Although these experiments are convincing it seemed 
desirable to illustrate the correctness of the assumptions 
by some more direct method, and this has been accom¬ 
plished by a ^edal test arrangement which will be de¬ 
scribed below. 

The apparatus used is 6hown in figure 1. It consisted 
of copper rings 13 inches in diameter driven by 2 motors; 
one a d-c motor and the other a synchronous motor con¬ 
nected in tandem. With such an arrangement it was 
possible to drive the rin^ at synchronous speed (1,800 
rpm) or at any pther speed differing slightly from syn- 
chrohpus. speed. Each ring carried^^^ one brush 
(Vs in(b thidk and */4 inc^yride) of a soft electrographitie 
Since the rings were electrically connected, the 


The results of a series of experiments, in which 
the processes of contact voltage drop and ring 
wear in sliding contacts are demonstrated by 
means of a direct method, are presented in this 
paper. The results show ^at the wear of metal- 
graphite brushes and the rings upon which they 
operate can be reduced If they be operated in 
an oxygen-free gas instead of air. 
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current flow at any instant 
was from one brush into its 
ring and from the other ring 
out into its brush. All tests 
were made with a resistance in 
series with the contacts and 
since the supply voltage was 
40 volts, 60 cycle alternating, 
the current through the con¬ 
tacts was essentially sinusoidal 
and in phase with the applied voltage. The effective 
value of brush current was 12 amperes (42.8 amperes p^ 
square inch). The brush current was supplied from the 
same circuit which supplied the S3nichronous driving 
motor, thus insuring s3aichronism between the rotation of 
of the rings and the current supplied to the brushes. A 
stroboscopic lamp was used to bring the rings into syn¬ 
chronism always with a definite phase relation to the 
brush current. This lamp was also used when it was 
desired to let the rings slip one or more revolutions before 
being thrown back into synchronism again. When it was 
desired to operate the rings nonsynchronously, the syn¬ 
chronous motor was disconnected from the line and the 
rings were driven by the d-c motor. It now will be shown 
how this apparatus was used to illustrate the part played 
by oxide films in determining contact resistance. 

With the rings running synchronously (1,800 rpm) it is 
obvious that the 60-cycle current through the brushes 
became zero 4 times each revolution of the rings. As the 
positions of current zero occurred at the same points on 
the ring surface each revolution, there were 4 sections of 
the ring surface which were never called upon to carry 
current. (This is not strictly true because of the finite 
brush width but the discrepancy is of small consequence.) 
Other points of die ring surface were called , upon once 
each revolution to carry some value of current between 
zero and the maximum current through the brushes 
(17 amperes or 60.5 amperes per square inch), and it is 
serially important to observe that the same section of 
the ring surface was subjected to exactly the same value 
of current each time it passed under a brush. The con¬ 
dition can be pictured best p^haps by thinking of a 
standing wave of current around the ring. One quarter 
of the ring surface carried all values of positive current, 
the next quarter all values of negative current and so 
on around the ring. 

If the oxide film on the ring is responsible for the com¬ 
monly observed large variation of contact resistance with 

A paptf recommended for publicntion by the AIEB committee oh el^tricsl 
machine^. Manuscript submitted November 11,1936; released for pubUca* : 
tion November 20,1936. ^ 

ZL M. BASBh and 0. W. Hhumr are both research engineers for the Wutihg* 
house Blectric & Manufacturing Company, East Pittsburgh, Pa. 

1. For all numbered references, see list at end of paper. 
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current, it would be expected that the film on the ring 
surface near each of the 4 points of zero current might 
have a very high resistance, for it is never called upon to 
carry heavy current and therefore does not become 
broken down. Thus, it would be expected that with a 
sinusoidal current passing through the brushes, the varia¬ 
tion of contact drop would be represented by a flat topped 
wave. That is, one would expect a relation between 
current and voltage similar to that obtained in the static 
characteristic. To what extent this prediction is fulfilled 
by experiment is shown by the oscillograms of figure 2, 
all of which were taken with the rings running synchron¬ 
ously. 

Figure 2a shows the current through the contacts and 
the voltage drop in each contact just after the ring sur¬ 
faces had been cleaned with very fine alundum cloth. 
It win be seen that the contact drop was low and almost 
sinusoidal. The oxide film was still so thin that it was 
not appreciably affecting the contact resistance anywhere 
around the ring. 

The oscillogram shown in the figure 2h was taken about 
iVa hours later and it can be seen that the curves of con¬ 
tact drop were beginning to flatten somewhat. The oxide 
film was forming on the ring surface and was increasing the 
contact resistance more in the reg[ions of low current than 
in the regions of high current. 

The oscillogram of figure 2c was taken after the rings 
had operated s 3 ntichronously for several days. The oxide 
filfn was fully formed and the curves of contact drop had 
become quite flat, especially over those sections of the 
ring where the current flowed from the ring to the brush. 
The resistance of the contact near current zero is very 


high but drops off rapidly at first and then more gradually 
until it reaches a minimum at the point of maximum cur¬ 
rent. 

One might ask at this point what happens if the rings 
are not running in exact synchronism. In this case, every 
section of the ring surface is called upon to carry all 
possible values of current from zero to the ma x i m u m 
brush current. Thus, all sections of the film on the ring 
surface are broken down to the same extent and all offer 
the same resistance to the flow of current. If a sinu¬ 
soidal wave of current is forced through the contacts, it 
would be expected that the curves of contact drop also 
would be essentially sinusoidal. An oscillogram taken 
after the rings had run for some time out of synchronism 
is shown in figure 3a. 

it is especially interesting and instructive to compare 
the contact drop curves of figure 3a with those of figure 
2c. In both cases the brushes carried the same value of 
alternating current, so it is fair to assume that the condition 
of the brush face was the same in both cases. It follows, 
therefore, that the large variation of contact resistance 
with current during s 3 ntichronous operation is due to a 
condition on the ring surface rather than to some property 
of the brush face. This is an especially important con¬ 
clusion for it follows that the same must be true in general 
for all sliding contacts which show a large change in con¬ 
tact resistance with current. 

To demonstrate this fact in another way, a separate ex¬ 
periment was made. After the rings had been ru n n i ng 
s 3 niichronously for several days with alternating current 
in the brushes, the brush current supply was switched off 
and replaced by a dry cell in series witibi a 6-ohm resistor 

and an oscillograph element 
as shown by the diagram of 
figure 4. The oscillogram, 
figure 4a, was taken as soon 
as possible after the change 
was made. The peaked 
current record shows that 
each time the brushes passed 
over a part of the ring sur¬ 
faces which previously carried 
low current, the current 
through the oscillograph ele¬ 
ment decreased. This can be 
interpreted to mean only that 
the condition of the ring sur¬ 
face over these parts was such 
as to produce a high contact 
resistance. Thus one sees that 
it was possible to set up a 
standing wave of resistance 
around the ring, during syn¬ 
chronous operation, pernia- 


Fig. 1. Test equipment used 
for studying brush performance 
during synchronous and asyn¬ 
chronous operation 
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nent enough to be recorded or measured in a separate 
circuit some minutes after the a-c current supply had 
been disconnected from the brushes. 

The record of figure 46 was taken after 10 minutes of 
operation with the dry cell connected in the brush circuit. 
In this time the oxide film on the ring surface had re¬ 
paired considerably to produce an average increase in 
contact resistance. The high-resistance regions were 
graduaUy destroyed by the 1.5 volts applied across the 
contacts. 

Figure 36 shows the current and contact drop curves 
with the rings stationary. The contact drop curves under 
this condition are practically sinusoidal, indicating con¬ 
stant resistance in the contact. The peculiar breakdown 
phenomena observed on the one ring (upper record) 
probably occurred because the ring happened to come 
to rest in such a position that the contact between the 
brush and the ring was especially poor. Such a record 
is seldom obtained and is included only as an oddity. 

If one were to plot a curve between current and con¬ 
tact drop from the curves of figure 2c, the result would 



Fig. 3. Current and contact voltage drop oscillo¬ 
grams taken during asynchronous operation 


(o)—Near synchronous speed 
(6)—Rings stationary 



Fig. 2 . Oscillograms of current and contact voltage 
drop taken during synchronous operation 


A downward deflection of the contact voltage drop curve 
corresponds to a current flow From ring to brush 

(o)—Ring surface free of oxide film 

(b) —'Taken after operation of 1 Vs hours 

(c) —Taken after operation of several days 


look very much Hke the static volt-ampere characteristic 
commonly taken by the tedious step-by-step method. 
In fact this might be a satisfactory and easy method of 
obtaining a static volt-ampere characteristic on a brush 
grade. It is in effect a method of operating a number of 
rings simultaneously with different currents and observing 
in rapid succession the contact drop in equilibrium with 
each value of current. The brushes are actually carrying 
alternating current but the individual sections of the 
ring surface have no way of detecting this unless the 
nature of the brush face is influenced by the current it 
carries. There is undoubtedly a difference in the polish 
of the brush face with different currents flowing but 
experiments indicate that this effect is small in comparison 
to that produced by the conditions on the ring surface. 

A brush which is hard, or one which contains enough 
abrasive to prevent the formation of a uniform oxide 
film on the ring surface, will not build up such a high 
contact resistance at the very low current densities as 
will a soft nonabrasiye brush such as used in the in¬ 
vestigation described above. Neither will a hard abra¬ 
sive brush produce contact drop curves with such sharp 
comers as those of figure 2c. 

Previous experiments® have indicated that the break¬ 
down of the oxide film and the resulting decrease in con¬ 
tact resistance occms almost instantaneously when a high 
current is forced through the contact. It was expected 
therefore that allowing the rings to slip one revolution 
following synchronous operation before pulling them 
back into synchronism again would subject all sections 
Of the ring surface to high current and make the surface 
imifbrmly conducting all aroimd the ring. However, 
contrary to expectations, a record of contact drop taken 
immediately after the rings had slipped one revolution 
and were running synchronously again, showed curves 
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n OSCILLOGRAPH 
6^ n ELEMENT 


Fig. 4. Distribution of film resistance around 
periphery of ring 


of contact drop almost identical with those of figure 2e. 
Only by allowing the rings to slip 10 revolutions (50 
seconds nonsynchronous operation), could rounded contact 
drop CLurves similar to those of figure 3a be obtained. No 
attempt will be made at present to explain the unexpected 
results. It was necessary to operate the rings s 3 mchron- 
ously for half an hour or more to repair the damage done 
to the film during the 50 seconds of nonsynchronous 
operation and to obtain again contact drop curves similar 
to those of figure 2c. 

Ring Wear 


current flow across the contact (an instantaneous process) 
rather than by some condition of the brush face, such as 
fine copper picking or the loosening of carbon particles as 
is sometimes supposed. 

, Another interesting observation connected with the 
difference in ring surface over different parts of the ring 
after synchronous operation, was the occasional appear¬ 
ance of burned spots or brush photographs on the ring 
surface. These generally occurred only with a hard brush 
^ade which did not ride well on the ring surface. This 
is such a common phenomenon that it would not be worth 
mentioning except for the fact that these spots always 
occurred at points of zero current on the slip-ring surface. 
This is not so surprising when it is remembered that just 
at the point of zero current there is an abrupt change in the 



POSITION ON RING SURFACE-DEGREES . 


The track produced on the surface of a copper ring by 
a carbon or graphite brush is definitely characteristic 
of the direction of current flow through the contact. If 
the current flows from the ring to the brush, the track 
has a light color and may even be bright and show signs 
of threading. If the current flows from the brush to the 
ring, the track is dull and in some cases seems to be covered 
wi& a thin film of carbon. These effects are generally ob¬ 
served on rings operated with direct current but it was d^ 
covered in the present investigation that they may be ob¬ 
served also with alternating current in the brushes. It will 
be recalled from the early part of this paper that during 
synchronous operation of the rings, certain parts of the 
ring surface always experienced current flow from the 
ring to the brush. These parts showed the typical brush 
track: for this direction of current flow. Other parts of 
the ring surface always experienced current flow in the 
Opposite direction and showed the characteristic track 
for that direction of current flow. The contrast was so 
sharp that one could determine by visual observation of 
the ring surf ace, the exact point at which the direction 
of current flow reversed. 

This bbseryation is of considerable importance for it 
establishes the fact that the nature of the track produced 
at one polarity or the other is effected by the direction of 


Fig. 5. Curves showing that the wear of rings is in 
synchronism with the brush current 

"Brush negative” indicates current flow from ring to brush 
"Brush positive” indicates current flow from brush to ring 

appearance of the ring surface. This abrupt change 
in appearance is probably associated with a change in fric¬ 
tion which causes the brush to dance just a little and bum 
the ring at this point. 

The appearance of brush tracks, which already has 
been discussed at some length, is closely related to ring 
wear. The negative ring (current flow from ring to brush), 
which usually exhibits a bright clean-looking track, is the 
one which always shows rapid wear. The positive ring 
on the contrary usually shows a dull track and very much 
less wear. This is true when the rings Operate with, either 
graphite or metal-graphite brushes, although the wear is 
usually niuch more rapid with metal-graphite brushes than 
with gpraphite bmshes. 

The synchronous ring arrangement used throughout 
this set of experimmits seemed likely to riiow some in¬ 
teresting facts regarding ring wear if enough wear could 
be produced to be measurable, at all points around the 
ring, fijnf*** all yalues of current and both polarities would 
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be represented on the one ring surface, a single set of wear 
measurements should give a fairly complete stoiy. 

A test was made using metal-graphite brushes containing 
about 80 per cent of copper by weight. The brushes 
carried 35 amperes of 60-cycle alternating current. The 
rings ran synchronously at 1,800 rpm throughout the 
test. 

The rings were measured at the beginning of the test, 
at the end of 470 hours, and again at the end of 920 hours. 
A special device was used to measure the ring wear with an 
accuracy of plus or minus 0.00002 inch. 

The results of the test are shown in figure 5. The 
current wave shows the distribution of current around 
the ring surface, or more exactly, the current carried by 
each section of the ring surface as this section passed 
under the brush. The wear curves indicate the ring 
wear, measured at various angular positions around the 
ring. These curves show at once that the total wear 
of the ring surface is made up of 2 components, the one 
constant around the ring and the other alternating and 
almost exactly in phase with the distribution of current 
around the ring. Apparently the constant component 
of ring wear is caused by mechanical abrasion of the 
ring surface by the brush, while the alternating component 
is caused by the transportation of material across the con¬ 
tact by the current. The fact that the material trans¬ 
ferred is roughly proportional to the current, indicates 
that the transfer might occur by an electrol 3 rtic process. 
"TOether or not this is true is not definitely known. It 
is interesting however, to calculate what current, flowing 
electrol 3 ^cally in parallel with the main brush current, 
woidd be required to transfer the amount of material 
indicated by the wear curves of figure 6 . A simple cal- 
•culation shows that if only 0.004 per cent of the total 
brush current flowed across the contact by electrolytic 
conduction, the material transfer would be sufficient to 
■explain the wear curves obtained. 

The results of this experiment show that a large per¬ 
centage of the ring wear commonly observed with direct 
current in the brushes is due to an instantaneous process 
associated with the transfer of current across the contact. 
The curves of figure 6 show greater ring wear at the points 
•of zero current than at the points of ma.'giTrmTn current 
where the direction of flow is from the brush to the ring. 
Apparently metal is in some way picked up from one 
part of the ring surface and put down at another to bring 
about this result. 

The ma x i mum ring wear occurs on those sections of 
the ring where the current flows from the ring to the 
brush; the mi nimum wear occurs on those sections where 
the curr^t flows from the brush to the ring. These 
•observations agree with the fact that in direct current 
•op^ation, riie wear of the negative ring is much greats 
than that of the positive ring. As shown by figure 5 , 
the ratio of maidmum wear to tniTiimiim wear bn the syn- 
•chronous mgs was 5.4 after 470 hours operation and 
>5.7 after 920^ hours operation. This leads one to believe 
^at if the rin^ had been operated with direct current 
m the brushes, the wear of thb negative ring would have 
been about 5.5 .times as rapid as that of the positive ring 
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However other factors which cannot be discussed here 
would probably make this ratio considerably greater if 
the test operated 1,000 hours or more. 

Brush Wear in Various Gases 

Previous experiments^ have shown that carbon brushes 
wear very slowly when operating in an atmosphere of 
hydrogen. This observation led, to the belief that oxygen 
in the atmosphere around the brushes was responsible for 
the brush wear commonly observed in service and that 
this wear could be greatly reduced if the brushes were 
surrounded by some oxygen-free atmosphere. The greater 
demand for a longer life of metal-graphite brushes led 
to the choosing of this type of brush for a special test 
which will be described below. 

Copper slip rings and a driving motor were inclosed in 
a gastight housing which could be filled with any gas de¬ 
sired. The rings were 9.5 inches in diameter and operated 
at a Speed of 1,750 rpm. Each ring carried 2 metal- 
graphite brushes, Vj inch wide by IV 4 inches thick. 
The brushes operated on direct current, 160 amperes per 
ring (80 amperes per brush). The current flowed into 
one ring and out the other. The temperature of the gas 
inside the housing was about 56 degrees centigrade. 

, The results of a scries of tests are shown in figure 6 . 
These curves show bmsh wear plotted as a function of 
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running time, so the slope of the curves at any point is an 
indication of the rate of wear. The brushes and rings 
operated in room air, in hydrogen, in nitrogen, in hydrogen 
again, in ojqrgen, in dry hydrogen, and finally in dry 
carbon dioxide. This series of tests shows that the rate 
of brush wear for the particular brush grade tested is 
about 10 times as rapid in air as in any of the commercial 
oxygen-free gases. It also shows that the brush wear is 
more rapid in oxygen than in air. Most of the tests were 
made with commercially pure gases taken directly from 
the high pressure cylinders. Only in the last 2 tests 
(figure 6), one in hydrogen and one in carbon dioxide, 
were the gases especially dried. It will be noticed that 
the rate of wear is still further reduced by drying the gases. 

It is important to make one more comparison in order 
to show that brush wear is greatly reduced by the removal 
of oxygen even when the brushes carry no current. 

A test made in dry oxygen with no current in the brushes 
indicated a brush wear of .8 inches per year or a greater 
rate of wear than was observed in commercial oxygen 
with current flowing. This high wear was due apparently 
to the extreme dryness of the orygen for when some 
moisture was purposely introduced, the coefficient of 
friction decreased about 50 per cent and the rate of wear 
became 2.8 inches per year. In dry carbon dioxide the 
rate of brush wear with current flowing (last test, figure 6) 
was only 0.028 inches per year. Since it is unlikely that 
the brush wear in carbon dioxide with no current flowing 
is any greater than the rate of brush wear with current 
flowing, it appears that the brush wear with no current 
in the brushes is about 100 times greater in oxygen, 
under the most favorable conditions, than it is in dry 
carbon dioxide. 

The noticeable effect of moisture in reducing wear of 
the brushes during operation in oxygen is just opposite 
to the effect observed during operation in the oxygen-free 
gases. The evidence is that moisture is beneficial during 
o^gen operation and perhaps also during air operation, 
for it results in a decreased friction and a lower rate of 
brush wear. This is in line with field experience, where 
short brush life is often associated with low air humidity. 

Although no actual measurements of ring wear were 
made, visual observation indicated that the ring wear 
during tests in oxygen-free gases was extremely low and 
that this wear was rapid (especially on the negative ring) 
when air or oxygen was introduced. This was also ob¬ 
served on another test in which graphite brushes operated 
on copper-alloy rings. 

The brushes used to study brush wear in various gases 
contained 70 per cent copper and 30 per cent graphite by 
weight and were bonded with pitch. This specification 
is given because another grade bonded with bakelite 
showed less improvement with the introduction of an 
oxygen-free gas. 

The results of the experiments described in this paper 
have been interpreted in so far as it was consistent with 
the limitations of space and our present knowledge. For 
the most part the restdts agree well with the ideas and 
experimental evidence presented in preidous works to 
which the reader was referred in the introduction. 

1^8 Baker, Hewitt— 
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A New Electrostatic Precipitator 

(Contimied from page 163) 

Vi » velocity of drift of a charged particle through the gas under 
the influence of the electrostatic force 
Vg => velocity of the gas parallel to the electrode face 
A = spacing between parallel electrodes 
L » length of parallel dust-collecting electrodes 
tji » tune required for a charged particle to drift hrough the gas 
a distance A 

tg = time required for the gas to travel the length of the parallel 
dust collecting electrodes 

r =* radius of the dust particle assuming that an actual irregular 
particle can be represented by a sphere of equivalent radius 
K = dielectric constant of the dust particle 
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A GREAT DEAL of in¬ 
terest has always been 
exhibited in watt-hour 
meter designby theusersas well 
as the manufacturers, because 
the watt-hour meter is so vital 
a factor in the sale of electrical 
energy. The emphasis has 
gradually 


Bearings for the moving element in watt-hour 
meters have received considerable study in 
recent years in order that maintenance might be 
reduced. The requirements for the bearing, the 
materials available and their characteristics, 
lubricants, and the various designs of bearings 
are discussed in this paper. 


consideration of the friction 
of the bearings the ball type 
and the pivot tjpe lend them¬ 
selves to the same analysis. 

Important Considerations 
in Bearing Design 

shifted from one . 

part of tte mete to another as each has been perfected are of primary importance from ^e ^dpoimTofdesiOT 

t “““ oP^ati^of Twatt-hom mete ^^^e th^f^ 

much action has been focused on the subject of bearings, and bottom bearings of the moving The lower 

Interert m mete bearmgs has been accentuated due to bearing carries the weight andT to^b^g mltZ 

the vertical alignment of the shaft. ^ 

For clarity of treatment this discussion will be divided 
as follows: 


the tendency to increase the length of periodic test inter¬ 
vals and the necessity of eliminating as much servicing 
and as many replacements as possible. There are so 
many factors involved and it is so difficult to obtain 
conclusive data, that it is not surprising that there tins 
existed a divergence of opinion on the part of many who 
have studied the problem. 

The purpose of this article is to analyze the many 
factors that bear upon the design and operation of watt- 
hour meter bearings and to attempt to consolidate and 
clarify fundamental information on this subject. In 
searching for a complete explanation and evaluation of 
the various factors and their relative importance, a large 
amount of work has been done. The results of much of 
this work will be covered in this article, and it is the hope 
of the authors that it will assist m making a more complete 
understanding of the subject possible. 

Historical Review 

The groundwork of bearing design for electrical instru¬ 
ments and meters was, no doubt, laid by the designers 
of chronometers. For centuries prior to the birth of the 
electrical industry, builders of clocks and watches were 
faced with the problem of building rugged low-friction 
bearings to cany the weight of moving parts and to have 
long life. Much work had been done on the geometry 
of bearings as well as on the component parts to select the 
best combination of materials available. 

With the advent of the electrical industry in the latter 
part of the 19th century, it was only natural that the 
builders of electrical instruments and meters turned to 
the watch industry as a guide in selecting materials and 
designs of bearings to cany the moving systems. A wide 
variety of bearing has been proposed and used in various 
instrumerits> meters, and measuring devices. Figure 1 
shows a number that are, in general, applicable to watt- 
hour meters, but are also applicable to ^me forms of 
instruments. All of these arrangements can be resolved 
into either the pivot or the baU type, and for a theoretical 


A. Mechanical design 

B. Materials 

C. Lubrication 

Each of these factors will be examined in turn in rela¬ 
tion to the lower bearing, as it is really the essence of 
successful long time operation of a watt-hour meter. A 
brief discussion of the top bearing will follow since it also 
performs an important function. 

Mechanical Design 

Friction Torque 

The primary, consideration in the design of a watt-hour 
meter lower bearing is the reduction of friction to a mini¬ 
mum value that can be maintained. If the weight of 
the moving system is designated by Wand the coefficient 
of friction by m, then from the definition of the coefficient 
of friction the frictional force of the bearing will be pro¬ 
portional to Wix. It has been shown that the friction 
torque Tf is proportional to WRu, where R is the lever 
arm at which the force acts.“ ’ If it were possible to re¬ 
duce R to zero which could be done if a true point contact 
could be provided, then the friction torque would be 
zero and there would be no friction effect. Unfortunately, 
this would require the bearing material to carry or sustain 
an infinite stress which is impossible. All materials 
deform under load until the area in contact is sufficient 
to carry the load. The contact area then has an equiva¬ 
lent R that determines the friction torque (7)) of the 
bearing. As R cannot be reduced to zero, the next best 
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tiling is to tna.1ge. it as small as possible which can be done 
by carrying the load of the moving element on a pivot 
point of small radius or ball of small radius in contact 
with a flat plate or a cupped jewel of a larger radius of 
curvature thati the ball or pivot. As pointed out in a 
previous article^ due to wear the imtial condition cannot 
be maintained throughout the useful life of a watt-hour 
meter bearing. The friction torque is made low so that 
an increase of several times the initial value will not mate¬ 
rially affect the meter calibration. Figure 2 shows the 
initial error due to friction that must be compensated for, 
as a function of the radius of the pivot point. The values 
shown in figure 2 have been confirmed experimentally 
both by V. Stott* and by the authors. 

Rate op Wear and Snocas: Resistance 

There are 2 important considerations aside from the 
fact that the geometrical requirement is that the con¬ 
tact area should be as small as possible for min imum 
initial friction. One of these is that the rate of increase 
of this area should be reduced to a minimum, and the 






other is that the bearing should have sufficient strength 
to withstand installation abuse and service abuse. 

Figure 3 shows the manner in which the friction torque 
varies as a function of pivot radius for a given decrease in 
pivot length resulting from wear. The friction increases 
rapidly with an increase in the radius. This curve was 
drawn Agsinning the pivot in contact with a fiat plate. 
V. Stott* has shown that little error is introduced by 
this assumption if the area in contact is sm^. The 
method of computing the friction torque as a percentage 
of the watt-hour meter load torque is given in a previous 
artide.* 

Figure 4 shows the relative shock resistance as a func¬ 
tion of the radius of curvature for glass-hard steel pivots 
running in sapphire jewels. It is evident from a study 
of this curve that the shock resistance of a pivot falls off 
rapidly below 0.0175-inch radius and that in order to 
reduce impact failures under severe conditions to a mini¬ 
mum, a pivot should not have a radius below this value. 
The method of test will be discussed later in relation to the 
required shock resistance of bearing material. 

A further treatment of the 
mechanical design of the types 
of bearings shown in figure 1 
will be deferred until after ma¬ 
terials and the subject of lubri¬ 
cation have been considered. 








fe) (p) (g) 

Fig, 1., Typical bearings for watt-hour meters 
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Materials 

The matmal for any of the 
bearing designs shown in figure 
1 must meet practically the same 
requirements and as the geome¬ 
try of a watt-hour meter pivot is 
limited to a ball or spherical 
point, improved materials offer 
the best possibilities in develop¬ 
ing bearings with increased life. 

Jewel Material 

The material for the jewel cup 
should have the following diarac- 
teristics: 

1. Hardness—That gives high resist¬ 
ance to wear. 

2. Toughness—^That will protect the 
surface against shattering under shock. 

3. Low coefficient of friction-^Should 
have a low friction coefficient in contact 
with the pivot or ball. 

4. ’ Workability—Should be such that 
the jewel cup can be produced at a 
cost which will not be prohibitive. 

It is extremely difficult to give 
quantitative data Of the above re- 
qpirenients for a given mateiiali 
due to the lack of an accurate 
method of measuring pd^orm- 
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ance. In the past hardness has been measured in accord¬ 
ance with the Moh scale which is based on the ability of 
one material to scratch another. . This scale makes no 
allowance for the toughness of the material which is 
also a factor in wear resistance just as hardness is a fac¬ 
tor in protecting the surface against shattering. 



PIVOT RADIUS—MILS 


Fig. 2. Calcu¬ 
lated friction 
torque a$ a 
function 
of pivot radius 


Recently work has been done* and results published 
that have given an illuminating picture of the Moh scale 
when applied to bearing material. Instead of the scratch 
hardness, the ability of a given material to resist abrasion 
was taken as a measure of its hardness. This is pre¬ 
cisely the thing of interest in a bearing material. The 
Moh scale and the new wear hardness scale are plotted 
in figure 5. 

It is evident from this curve that the Moh scale of 
hardness gives erroneous results when used as a basis for 


Fig. 4. Curve showing 
the variation of pivot 
shock resistance as a 
function of pivot radius 

Data obtained From short- 
circuit test usins high car¬ 
bon steel pivots and natural 
sapphire jewels 



Diamond, according to figure 5, should be the most 
desirable material to satisfy specification 1, and if it is 
assumed that wear hardness is also a measure of toughness 
diamond is the most desirable from specification 2. Both 
diamond and sapphire take a good polish and satisfy 
specification 3. It is, however, difi&cult to grind a cup into 
diamond, and the cost of the raw material plus the high 
cost of working it into cups makes the cost prohibitive 
except for meters yielding a large revenue. 

Silicon carbide and boron carbide are seen to be between 
diamond and sapphire on the wear hardness scale. Jewel 
cups made from these materials are not commercially 
available although much work has been done to investigate 
their properties. Present practice, the outgrowth of long 
experience, shows that sapphire approaches nearer to the 
perfect material as defined by the ^ecifications than any 
other material and is the best available. 

Pivot or Ball Material 



Fig. 3. Friction torque as a function of radius for a 
given decrease in length of the pivot due to wear 

Decrease in length is (R — a) 


judging the relative wear resistance of materials. The 
new scale based on abrasion resistance gives a mudhi 
better indication of the relative performances of the 
materials as is borne out by the results obtained in service 
with diamond jewels for severe applications as compared 
with sapphire jewels. The Moh scale if assumed to be 
linear would indicate a acnall xfifference between sapphire 
and diamond (sapphire 9, diamond 10)^ while on the 
scale of wear hardness the diamond is superior in the ratio 
of over 4 to 1. 


Glass-hard steel approximately 1.25 per cent carbon, 
running in a polished sapphire jewel cup, has from the 
beginning of meter and instrument manufacture been 
the most widely used combination of materials. A large 
amoimt of operating data has been obtained on meters 
operating with bearings of these materials both with and 
without lubrication. Based on these data certain speci¬ 
fications have been drawn up as desirable for a pivot 
material. 

1. Non-corrosive—Material should not corrode under operating 
conditions. 

2. Non-abrarive—Products of wear should be non-abrasive. 
(Most important when pivot operates on a sapphire without lubri¬ 
cation.) 

3. Wear-resistive—Should have a low rate of normal wear. (To 
be considered with and without lubrication.) 

4. Shock-resistive—Should be capable of resisting high impact 
loads caused by rough handling of the watt-hour meter during trans¬ 
portation and installation and impact loads imposed by short 
circuits while in service. 

6. Low coefficient of friction—Initial friction should be low in 
combination with sapphire. 

6. Workable—Should be capable of being produced in the form of 
pivots and balls at a reasonable price. 

Table I shows some of the more promising pivot ma¬ 
terials rated in accordance vrith the above specificatidns. 

To check materials to this set of specifications, one 
test was to run the bearings in meters at an accelerated 
speed without lubrication to see how well they stood up 
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Table I—Properties of Pivot Materials 


Non- Wear- Shock- , 

Material CorroeiTe abrasive Resistive Resistive 'Workable Low Coefficient of Friction 


Steel (1.2S per cent carbon). 

..Yes.. 

... Poor. 

Nitralloy. . 

..Yes.. 

... Poor. 

Chromium plated steel. 

..No... 

.. .Poor. 

Cyanided Stainless steSl (18-8).. 

..No... 

.. .Poor. 

Tantalum. 

.No... 

...Fair. 

Beryllium copper. 

..No... 

.. .Poor. 

Beryllium nickel. 

.No... 

.. .Fair. 

Cobalt-tungsten. 

.No... 

.. Good 


.Good... .Good. 
. Good.... Good. 
Good... .Good. 


. Satisfactory.Satisfactory 

.Satis&ctory.Satisfactory 

. Probably satisfactory.... Satisfactory.... Initially wears well with or without lubrication 


but plate wears off 

Good.... Pair.Probably satisfactory.... Satisfactory 

Fair..... Poor.Probably satisfactory.... Satisfactory.... Hard outer shell breaks down under impact 


Fair.Poor.Satisfactory.Satisfactory 

Fair.... .Fair.Satisfactory.Satisfactory 

Good.... Good....Satisfactory.Satisfactory 


in comparison with high-carbon steel. The high-carbon 
steel and e'ven alloys with a small percen'tage of iron were 
found to form appreciable quantities of iron oxide which, 
due to its highly abrasi've character, rapidly wore away 
■the piirot point. It is in'teres'ting to note that a bearing 
that is adequately lubricated with the proper lubricant 
does not form this oxide. The formation of the iron oxide 
has been investigated by Shotter® and has been shown 
to be dependent upon the presence of a certain amount of 
water vapor which may in a measure serve to explain why 
a bearing that is properly lubricated does not form the 
abrasive oxide. 

In table I the material approaching nearest to the 
requirements is an alloy of cobalt and tungsten (75 per 
cent cobalt and 25 per cent tungsten). This alloy is the 
development of Sykes^*® who has applied it for wire¬ 
drawing dies to resist the high temperatures necessary 
for the drawing of tungsten wire for lamp filaments. The 
material belongs to 'the group of precipitation-hardening 
alloys. Figure 6 shows a typical hardening curve for 
actual pivot samples. 

Accelerated Tests of Cobalt-Tungsten 

It is very valuable to be able to check a material against 
the specifications in terms of values obtained by actual 
measurements. This can be done under stated conditions 
as there are several methods of obtaining data on watt- 
hour meter bearings.^ In the preparation of the results 
for table I and figure 7, an accelerated test was used. 

Figure 7 shows the results of the test run to compare 
the wear rate of the cobalt-tungsten material with that of 
high-carbon steel and to check the abrasion ciharacteristics 
of the Wear products in accordance "with specifica'tion 2. 
The worn area on the end of the pivot is approximately 
circular in shape and i'ts diameter can be measured readily 
by means of a microscope with a calibrated eye-piece. 
From time to time as the test progressed the pivots were 
removed and the diameter of the worn area was measured. 
These measurements as a function of revolutions of the 
watt-hour meters are shown in figure 7. 

Without lubrication the cobalt-tungsten pivots averaged 
34 X 10® reyolutions for a worn area diameter of 0.003 
inch as compared to 12 X 10® for high carbon steel. This 
sho'ws a ra'tio of 2.8 to 1 for cobalt-tungsten over steel. 
The mean diameter of ■the worn area of the jewels run wi'th 
the steel pivots and the jewels run with the cobalt-tung¬ 
sten pivots were as shown in table II. 

These results show defimtely ■that 'the cobalt-tungsten 


material has a life well over twice that of steel when run 
without lubrication and that the jewel wear is approxi¬ 
mately % as much ■with cobalt-tungsten as ■with steel 
based on this test. 

Figure 7 also shows the worn area of cobalt-tungsten 
in a well lubricated bearing tends to approach a limtting 
value and become stable. While it is diffi.cult to measure 
the small amount of wear of the jewels ■with the 2 materials 
running in well lubricated bearings, the cobalt-tungsten 
definitely showed less wear on the jewels than did the 
steel pivots. Fmther tests made on a large number of 
watt-hour meters in actual service have confirmed the 
conclusions drawn from the accelerated test. For example, 
a field test in which 175 steel pivots and 153 cobalt-tungsten 
pivots operated with lubricated bearings for a one year 


1— Quartz 

2— ^Topaz 

3— Corundum 

(sapphire) ^ 

4— ^Silicon car- ® 

bide J, 

5— Boron car- g 

bide € 

ZC 

6 — Carbondos « 

(diamond) » 

7— Brown portz 
(diamond) 

MOH SCALE OF HARDNESS 

Fig. 5. Curve showing relation between Mob 
hardness scale and wear hardness scale 



period showed an average jewel wear area diameter of 
0.004 inch for cobalt-tungsten as compared to 0.0084 inch 
for steel. 

Shock Resistance of Pivot Materials 

In order to check the shock resistance of different 
materials, 2 watt-hour meters rated at 5 amperes, 115 
volts were connected in series with a 30-ampere fuse and 
the load side was short-dreuited with a heavy knife switch. 
An oscillograni was taken to determine the point on -tdie 
wave at which the switch was closed and the magnitude 
of the short-circuit current. It was found that a peak 
value of 1,500 amperes "was obtained. Further tests 
showed ■that currents under 1,000 amperes were not sufli- 
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dent to crack jewels or damage the steel pivots used. 
The 1,600 ampere value was selected as a reasonable one 
to use as it represents a value that is likely to be obtained 
in service. 

The disk is thrown upward when the short circuit is 
applied and springs between the damping magnets and 
the driving element so that energy is stored elastically in 
the deformed aluminum disk. When the short circuit 
is removed, the pivot is driven downward like an arrow 
from a bow and strikes a sharp impact blow upon the 
jewel. 

Figure 8a shows the disk, damping magnet, and driving 
element in the normal position, and figure 8b shows the 
deformed disk under short-circuit conditions. An at¬ 
tempt was made to study the energy of the blow with 
which the jewel was struck by the pivot by replacing the 
sapphire jewel with a polished brass plug and observing 
the depth of the indentation made by the pivot. 


thereby reducing the stress on the jewel and preventing 
damage to the jewel surface. The extent of the flattening 
was not sufficient, however, to measurably increase the 
friction of the bearing. 

Lubrication 

It was shown by Abbott and Goss^ that the most suc¬ 
cessful operation of a pivot t 3 T)e bearing is obtained when 
the bearing is properly lubricated, but the provision of 
a good lubricant is not a simple matter. The require¬ 
ments for a lubricant are exacting due to the fact tl^t a 
small quantity put into the bearing at the time of installa¬ 
tion is expected to last for periods up to 10 years. Based 
on experience and tests on watt-hour meter bearing lubri¬ 
cants over a period of years, the following empirical set 
of specifications has been developed to serve as a criterion 
for judging a lubricant for this application: 


Fig. 6. Age 
hardening of 
cobalt - tung¬ 
sten pivot ma¬ 
terial at 650 
degrees centi¬ 
grade 


0 5 10 15 20 25 30 35 

HOURS 



After one short circuit which was opened within V 4 
cycle after its occurrence, the brass plug showed seven 
indentations. This shows that a condition of oscillation 
existed after the release of the short circuit, resulting in 
a multiple hammering of the plug. 

The data to plot the curve, shown in fig^e 4, were 
obtained with steel pivots and solidly mounted sapphire 
jewels using short circuits having a peak value of 1,500 
amperes. These tests were made, as previously mentioned 
for the purpose of evaluating the effect of pivot radius on 
shock-resistance and show conclusively that shock-re¬ 
sistance increases very rapidly with increase in radius. 

In making the tests to obtain the data for figure 4, 13 
per cent of the jewels were damaged by steel pivots of 
0.0185-inch radius. The tests were repeated using 
0.0185-inch radius cobalt-tungsten pivots and no jewels 
were damaged. The cobalt-tungsten pivots are softer 
than steel pivots and in this test tended to flatten slightly. 


1. Low evaporation—^The evaporation loss slift.11 not exceed 20 
per cent in a dry atmosphere at 76 degrees centigrade after 50 days. 
Free circulation of air shall be provided. The evaporation shall 
be tested in glass dishes approximately 2 inches in diameter and 
the depth of oil shall not exceed Vs inch or an equivalent ratio of 
area to volume shall be maintained. 

2. Stable viscosity—^The viscosity during the evaporation test 
shall not change more than 10 per cent and no gummy deposits or 
precipitates shall be formed. 

3. Wide temperature range—^The viscosity of the oil shall not 
affect the calibration of a standard watt-hour meter more than 
0.10 per cent between -|-26 and —40 degrees centigrade. The test 
shall be made with 6 per cent nominal load on the watt-hour meter. 

4. High chemical stability—^The oxidation or acid forming proper¬ 
ties of the oil shall be checked by the following method: 500 cubic- 
centimeters of oil shall be placed in a 1,000-cubic-centimeter glass 
beaker which also contains 40 inches of number 18 iron wire and 
40 inches of number 18 copper wire. The beaker ^aU be placed in 



Table II—^Wear in Pivot Material 



Mean Diameter 

Number of Number of of Worn Area, 

Material Meters ReVoIutilons Inches 


Sted (1.25 per cent carbon).4.....62.9 X 10'.........0.031 

Cobalt-tungsten....4.............63.8 X 10*........ .0.0113 


Fig. 7. Accelerated life test wear curves 

A—Standard steel pivot without lubrication; 12 X 10* 
revolutions for a worn area radius of 0.0015 inch 
B —Cobalt-tungsten pivot without lubrication; 34 X 10* 
revolutions for a worn area radius of 0.0015 inch 
C—Cobalt-tungsten pivot with Ideal lubrication 
Pivot radius 0.0185 inch 
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a water bath at 75 degrees centigrade and an excess of free oxygen 
bubbled through the oil. The initial acidity shall not be over 
0.50 per cent and at the end of 600 hours on this test it shnll not 
exceed 1.0 per cent. 

6. Low creepage—^The oil should have low creepage tendencies. 

6. Corrosion protection—-The oil should not corrode steel or the 
other bearing materials used and shotdd also afford good corrosion 
protection to the pivots. 


Over 60 different oils were checked to these specifica¬ 
tions during a recent investigation and table III gives the 
results of a few typical oils. 

The literature contains an abundance of material on 
the properties of different mineral oils, fish oils, animal, 
and vegetable oils. This information is not, however, of 
particular value in selecting an oil or the components of 
an oil to meet the above set of specifications because of the 
fact that the evaporation requirement is particularly ex¬ 
acting when combined with the low temperature require¬ 
ment. This subject has been treated by Holtz' for the 
mineral oils. The mineral oils in general are too volatile 
at the upper temperature (75 degrees centigrade) if they 
will meet the low temperature viscosity requirements, and 
too viscous at low temperatures if they will meet the evap¬ 
oration requirement. There are exceptions, however, as 
shown by mineral oil E in table III. 


The fish oil F has the unusual property of combining 

low evaporation 


Fifl. 8. Action 
of disk under 
short-circuit con¬ 
ditions 

a—Normal 
b — Under short cir¬ 
cuit 



(b) 


with good low 
temperature per¬ 
formance and 
meets the speci¬ 
fications very 
well. The 
acidity is high, 
however, and as 
seen from the 
table when 
blended with 
mineral oil E an 
oil was obtained 
which fulfilled 
the requirements 
satisfactorily. 
Figure 9 shows 
the evaporation 
loss curve for 
this oil and figure 
10 shows the 
increase in acid¬ 
ity on the oxi¬ 
dation test. 
Certain inhibi¬ 
tors can beadded 
to oils as shown 
by Domte* that 
will materially 
retard the rate 
of oxygen ab¬ 
sorption in an 
oil. The chem¬ 


istry of the reaction of oxygen with oil is complex, but 
by adding the prop^ inhibitor, as was done in the case of 
the blend A, the rate of acid formation can be reduced to 
a very low value. 

Table III shows that oil A meets all of the specifications 
by a liberal margin. It represents a good balance be¬ 
tween evaporation rate and temperature range so that it 
can be safely used for the wide temperature range to which 
outdoor metering subjects the bearing. Ordinary lubri¬ 
cants and many special blends of expensive ingredients 
will not meet these specifications which are so important 
to long bearing life. This oil meets the need for a lubri¬ 
cant that can be used in modem watt-hour meter bearings 
to give the full advantages of reduced wear and long life 
that good lubrication can produce. 

Top Bearing 

Figure 11 shows a typical top bearing for a watt-hour 
meter. As previously stated, the load this bearing must 
carry is small and the bearing is subject to little wear for 



this reason. At the present time a brass washer and steel 
pivot lubricated with petroleum jelly are the most widely 
used combination of materials. 

Induction-type watt-hour meters require that the clear¬ 
ance between the pivot and washer be kept small in order 
to provide accurate alignment of the moving element, and 
to m in i mi ze the bearing noise set up by vibration. The 
addition of the lubricant also serves to reduce this noise 
as well as to provide the necessary lubrication to the 
bearing. 

This discussion of the top bearing may be summed up 
by sa 3 dng that while some improvements may be made in 
the top bearing by the use of new materials and by im¬ 
proved design, little trouble is experienced at the present 
time with millions of meters in service. 

Discussion of Typical Bearing Designs 

It is evident from the discussion of friction and impact 
considerations that the radius of curvature for a pivpt or 
ball must be a compromise between initial friction, rate 
of increase of friction, and impact strength. Figure 12 
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shows the range within which the radius of curvature for 
pivots and balls shown in figure 1 {alls. These limits 
have been selected by the different manufacturers of 
watt-hour meters, based on years of experience, as being 
a suitable compromise among the various factors for their 
particular watt-hour meter design. 

Too much emphasis should not be placed on the initial 
or elastic conditions of pivot or ball deformation because 
it is almost impossible to maintain them due to wear. 
This was shown by Abbott and Goss^ for the pivot-type 
bearing with lubrication and is shown in figure 7 for the 
pivot-type bearing without lubrication. 

Up to this point the design requirements have been con¬ 
sidered without reference to any of the particular bearing 
arrangements shown in figure 1. It will be of value to 



Fig. 10. Oxi¬ 
dation of oils 
in stability test 


consider some of the design details together with the ad¬ 
vantages and disadvantages of the 3 principal designs. 

Pivot Type Bearing 

A typical example of a pivot-type bearing is shown in 
figure Ic. The radius of curvature of the pivot point is 
0.0185 inch and the radius of the jewel is 0.035 inch. 

The metal guide bearing shown in the figure is to limit 
the side motion of the pivot and shaft as the load on the 
meter is increased above a given value. This side motion 
is due to the combined action of the driving force and the 
damping force of the meter acting to move the disk out 
of the meter air gap. Were the side thrust bearing not 
provided, the meter element shaft would eventually come 


in contact with the sleeve and the resulting friction would 
be much greater due to the greatly increased lever arm at 
which the friction would act. The necessity for such a 
bearing comes from the wide range over which modem 
watt-hour meters hold their calibration accuracy and over 
which they may be used without ex¬ 
ceeding their thermal rating. It is 
possible for a modern watt-hour meter 
to operate for long periods at 400 per 
cent to 500 per cent of rated nominal 
load with good accuracy and no dam¬ 
age to the meter. 

Interchangeability. In order to in¬ 
sure interchangeability of the pivot 
and jewel without appreciably affect¬ 
ing the watt-hour meter calibration, 
it is necessary that the position of the 
disk in the air gap shall not be ma¬ 
terially altered when the bearing is 
changed. The distribution of the 
fluxes in the gap is such that both 
the driving torque and the damping 
torque vary with the verticd position 
of the disk in the gap. The speed of 
the watt-hour meter on a given load 
will therefore vary with the vertical 
position of the disk. Figure 13 shows 
an actual curve taken on a standard 
make of watt-hour met^ rated 6 
amperes, 115 volts. It will be noted Cross 

that as the disk moves down from the *«ctlon of top 
top of the air gap, the meter speeds bearing 
up For an extreme case this change 
may be well over 1 per cent. 

The control of the position of the disk in the gap neces¬ 
sitates the manufacture of the jewel screw and pivot to 
within a few one-thousandths of an inch. The sapphire 
jewel is subject to dimensional variations due to the 
method of manufacture that makes it necessary to take 
it into account in the manufacture of the brass screw. 

Lubrication. The pivot type bearing requires lubrica¬ 
tion for the best operation' and provision must be made 
for an adequate supply of the proper lubricant and the 
retention of this lubricant. The jewel screw shown in 
figure Ig provides a deep reservoir for this purpose. 

At low temperatures all oils that are suitable for watt- 
hour meter bearing lubricants increase in viscosity and 




Tabic III—Properties of Oils 


Oil Compasiiion 


(!)♦ (2J* 

Viscosity After 
Bvaporetion Evaporation 
Loss, Per Cent at 7S i>eg C 


(3)* 

Viscosity at 
-40 Deg C 


(4)* , (5)* (6)* 

Percentage Acidity 

Per Cent Creepage Corrosion 
Final of Initial Property Protection 


A. .. . . .Mineral tmd fisli oil... 

B. .... •• .Castor oil**... 

C. ;.. .Castor oil** and fish oil 

D. .... ^Mineral oil**. .... i.,.., 

JS...,. . .Mineral Oil.;...,;...... 

P...i.i;Pi8hoil**......____ 


. .16.4. 

,. 1 . 0 . 

. .16.0. 

. . 26.0. 

. .13.4., 
. .14.0. 


.Unchanged... 

.'.Satisfactory. 

...0.09... 

... 167.0. .. 

. .Medium. 

.Solid.... 

..SoUd.. 

...0.76... 

...3,850.0... 

. .Low. 

. Solid....^... 

. .Solid (—18 deg C)..... 

...0.33... 

... 185.0... 

. .Medium. 

. Tacky and gummy. 

. .Solid. 

...0.10... 

... 100.0... 

. .High...; 

.Unchanged.... 

. .Satisfactory.......... 

...0.26... 

... 163.0. ;. 

. .Medium, 

. Substantially unchanged.. 

. .Satisfactory... 

...0.38... 

... 240.0... 

. .M^um. 


.Satisfactory 

.Fair 

.Satisfactory 
.Fair ; ; 
.Satisfactory 
; Satisfactory 


* See specifications, for details of test method. 

‘ JA]^ryTS37 


** Retarded. 
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tend to retard the rotation of the moving element. By the 
proper choice of a lubricant and by minimizing the area of 
the moving parts (such as the pivot) in contact with the 
oil, the viscous drag can be reduced to the point where 
the operation of the watt-hour meter is not affected over 
a wide range of temperature. 

Ball Type Bearing 

Figure Id shows a good example of a bearing using 2 
cup jewels and a small ball instead of one cup jewel and 
a pivot. The jewel radius is the same for this construction 
as for the pivot construction but the radius of the balls 
used is approximately 0.030 inch which as shown by 
figure 12 is the upper limit of radius of curvature for 
watt-hour meter bearings. 

The side thrust for this bearing must of necessity be 
taken by the shaft and sleeve. It is necessary to make 
the parts so they will not come in contact until the watt- 
hour m.eter is operating under a load sufficiently great to 
make the effect of the side thrust bearing friction negligible 
and at the same time not allow the ball to ride out of the 
jewel cup. 

Lubrication. This bearing is operated without lubri¬ 
cation as the ball is free to move with the sudden appli¬ 
cation of load or mechanical vibration and constantly pre¬ 
sents new points of contact to the jewel surface. The 
use of a lubricant in this t37pe of construction is not rec¬ 
ommended because it introduces an appreciable viscous 
drag at low temperatures which slows down the watt- 
hour meter and is, therefore, objectionable for installations 
where low temperatures are encountered. 

Cup and Cone Type Bearing 


in bearing life that is to be obtained by carrying out the 
improvements in construction, materials, and design. 

Figure 7 shows the results of accelerated tests on one 
bearing combination consisting of the jewel screw shown 
in figiue Ig, the lubricant oil A, and cobalt^tungsten 
pivots. Figure 7 also shows results for the same combi¬ 
nation except without the oil run in comparison with high- 
carbon-steel pivots. Many accelerated tests of this nature 
have been run. It is realized, of course, that tests of 
this nature are not the final method of evaluating any 
bearing combination and that actual field tests under 
service conditions offer the final basis for judgment of 
the true value of a bearing. Hundreds of bearings have 
been studied that were placed in meters in actual service 
and the results obtained verify the statements made in 
this paper. While tests have been for but one and 2 
year periods, high-carbon-steel pivots and old designs of 
jewel screws that did not provide oil reservoirs were run 
in comparison and served as controls. The indications 
are that improved lubrication and improved pivot materi¬ 
als have added years to the life of the bearings by re¬ 
ducing wear and maintaining more nearly constant values 
of friction. 

While all tests definitely show that proper lubrication 
increases the life of bearings, it has also been shown that 
cobalt-tungsten performs exceptionally well even without 
oil. Experience may prove that cobalt-tungsten pivots 
running on sapphire jewels will give entirely satisfactory 
service without lubrication, but much service data will 
have to be obtained before this question can be answered. 

Summary 


Figure \h shows a modification of the pivot t 3 q)e and 
the ball type which combines some of the advantages of 
each. The cone is either metal, or sapphire set into a 
metal plug. The friction between the ball and cone is 
greater than between the ball and the lower jewel but still 
is not great enough to prevent the shifting of the position 
of the ball with changes in load and with vibration. 
Added rigidity of the system is obtained by the use of the 
cone and the construction also makes it possible to take 
the overload side thrust on a thrust bearing of small 
radius. 

Lubrication. This bearing should not be lubricated be¬ 
cause of the viscous drag introduced by the oil at low 
temperatures just as with the ball type with 2 cup jewels. 
Dependence must be placed on the movement of the ball 
to distribute the wear over the surface of the ball rather 
than to rely upon lubrication to reduce the wear to a low 
value. An alloy ball that vtill meet the specifications 
that have been set up for a pivot or ball material should 
materially increa^ the life of the bearing over that ob¬ 
tained with a steel ball. 


Field Tests 

Based on the material covered under the headings of the 
component parts of watt-hour meter top and lower bear¬ 
ings, the question naturally arises as to the improvement 


1. It has been shown that the meter bearing problem can be 
rationalized and simplified by careful analysis and that specific 
reqidrements or specifications can be formulated for each com¬ 
ponent part. 

2. Definite limitations on the mechanical design result from the 
requirements of low initial and sustained friction of the bearing 



Fig. 12. Glculated bearing pressure as a function 


of pivot radius 

A —Present range of watt-hour meter bearings 
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Fig. 13. Varia¬ 
tion of meter 
calibration as 
a function of 
vertical posi¬ 
tion of the disk 
in the air gap 


and the shock resistance requirements. Improved materials, 
therefore, offer the best possibilities for increased bearing life. 

3. Although the hardness of sapphire is considerably lower than 
that of diamond on the new scale of hardness, the high cost and the 
difficulty of working the latter leave sapphire the best material 
available for jewel cups. 

4. Various alloys offer possibilities of improved bearing life but 
an alloy of cobalt and tungsten very definitely shows all around 
superiority to all other materials tested. 

6. Research and development work on watt-hour meter bearing 
oils has resulted in improvements which have made possible a wide 
temperature-range oil with a low evaporation rate for outdoor 
meter installations. 

6. For pivot bearings, tests indicate that best results are obtained 
with a jewel screw that maintains a liberal supply of oil in the 
jewel cup. This is not true for the ball type for which lubrication 
is not recommended. 

7. Improved materials and design may make pos.sible some im¬ 
provements in watt-hour meter top bearings, but little trouble is 
experienced with them at the present time. 

8. The maximum service for the pivot type bearing is obtained 
by adopting the 3 improvements mentioned in paragraphs 3 to 5 
inclusive of this summary, namely: 

(A) A jewel screw designed to provide a liberal oil reservoir. 

(B) Improved oil suitable for a wide temperature range. 

(C) Cobalt-tungsten pivots which reduce jewel breakage under 
impact, decrease jewel wear, and reduce abrasion in the event of 
the loss of the lubricant. 
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Trends in Distribution Overcurrent Protection 


By G. F. LINCKS P. E. BENNER 

NONMEMBER AJffi ASSOCIATE AIEE 


L OW-COST overcurrent The provision of suitable overcurrent protection althougli there may be some 

protectiou on distribu- for distribution systems at low cost is an important question as to whether it is 

tion systems has com- problem, for upon the satisfactory solution of that correct to say that a 60-minute 

manded the attention of the problem depends the continuity of service of a outage for one consumer is 

utility industry. New devices great many consumers of electric energy; conse- equally undesirable as a one- 

and applications have opened quently, the relations of a public utility company minute outage for 60 consum- 

new avenues of thought on with its customers also depend upon adequate ers. 

this phase of distribution prob- overcurrent protection. This paper presents a When considering consumer 

lems. It is proposed to make discussion of the various trends in overcurrent outage, attention cannot be 

an impartial presentation of protection, with the aim of providing for the dis- confined to the outage of any 

the facts pertaining to the tribution engineer some basis for selecting the one particular consumer or 

problem of overcurrent pro- particular protective system best suited to his group of consumers, but must 

tection, from the plug or car- particular requirements. be given to all the outages of 

tridge fuse on the meter board all the consumers. For in- 


on the consumer’s premises to 

the co-ordination of the main feeder breaker relays with 
those on the transmission system. This presentation, 
by correlating the various trends of thought as they are 
related to the whole overcurrent protection program, 
should assist utility engineers in choosing the one best 
suited to their present and future requirements. 

Continuity and quality of service, protection of equip¬ 
ment, and low initial and maintenance costs are often 
divergent factors governing the application of overcurrent 
protective apparatus on distribution systems. Where 
the stressing of one necessitates sacrificing another, it is 
important to know all the facts so the most efficient 
balance can be secured. The facts governing such a 
balance will differ somewhat on urban, suburban, and 
nrral systems. Of first importance is a knowledge of the 
causes of outages evaluated for different parts of the 
distribution system in terms of some unit for measuring 
the service being rendered the consumer. 

Review of the Causes and Evaluation of Outages 

Protection of consumer service is of fimdamental im¬ 
portance. There is little duplication of equipment on the 
distribution system for reducing consumer outage, and 
so the equipment must be used with the greatest possible 
efficiency. Thus, the protection problem involves the 
handling of fault conditions more with the idea of mini¬ 
mizing consumer outage rather than from the standpoint 
of protecting the equipment. In analyzing the effect of 
troubles with the idea of using an overcurrent protective 
device to improve the continuity of service, it is neces¬ 
sary to know Ihe duration of the fault, how often it is 
lik^j^ to occur, and the number of consumers affected. 

Consumer minute of outage, which is conventionally 
used M a measure of contiauity is determined from the 
humber of consumers affected by any particular outage 
and the l«igthbftim,e for which the service is interrupted. 
The importance of including time is, of course, obvious. 


stance, it might be possible to 
reduce the outages of a small group of consumers at the 
expense of increasing the outages for a larger group of con¬ 
sumers. This, of course, would be generally undesirable 
but nevertheless it can easily happen if one does not have 
a thorough knowledge of all the factors involved or if one 
places emphasis on just one part of the system without 
correlating it with the whole system. 

A major factor in the efficient application of protective 
equipment is the relative percentage of temporary versus 
permanent outages which occur on that particular part 
of the S 3 rstem. Temporary outages usually refer to fault 
conditions which will clear themselves with the interrup¬ 
tion of power and before the first or second reclosing of 
the breaker or fuse cutout, whereas permanent outages 
are those which require the attention of a line crew. 
Temporary outages would ordinarily be of less than one. 
minute duration, whereas a study of the records of a 
number of operating companies shows that faults which 
require the attention of a line crew last anywhere from 
several minutes up to several hours and average some¬ 
thing like 45 minutes. 

Outage Records 

Outage information is an indication of tiie type of 
service being rendered. However, to be usable in system 
design, the outage data should be segregated into those 
parts of the distribution circuit which might be sectional- 
ized, such as main feeder, branch feeder, distribution 
transformer, and secondary. Another impoitant segre¬ 
gation should correspond to the nature of the area and the 
load served. For instance, lihe outage data on rural 
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feeders should be kept separate from that on suburban 
or urban feeders. 

Line data are usually given in terms of outages per 
hundred miles per year. Transformer and secondary 
outages, on the other hand, are given as the per cent of 
the number of transformer installations or as the number 
per 100 transformers per year. 

An analysis of the outage data of a number of operating 
companies, some of which is given in table I, shows that 
the number of outages on primary lines varies from only 
a few to as high as 70 or 80 per hundred miles per year. 
The per cent of these faults which are temporary 
varies over a wide range. Trees are a very important 
cause of line outage. Conditions between various locali¬ 
ties differ greatly in the possibility to trim or avoid trees, 
which accounts for the smaller number of outages per 
hundred miles on many rural lines as compared with 
urban or suburban feeders on the same system. 

Lightning is still of major importance as a cause of dis¬ 
tribution-transformer outage due to the large number of 
older transformers still in service, to the omission of 
lightning arresters, etc. Fuse blowing and transformer 
burnouts due to lightning have been greatly reduced by 


Fig. 1. Diagram of 
distribution circuit, 
showing average 
percentage of all 
consumers on the 
circuit affected by 
an outage confined 
to the portion of 
the line on which 
the fault occurs 


Q 


3-phase feeder 


SECONDARY I PER CENT 
OF CONSUMERS AFFECTED 




TRANSFORMER 
I PER CENT OF 
CONSUMERS 
AFFECTED 


SIN6LE-PHA;^*BRANCiT—STOTPER’CENf 
OF CONSUMERS AFFECTED 

3-PHASE BRANCH - 
10 TO 20 PER CENT OF 
CONSUMERS AFFECTED 


ALL CONSUMERS AFFECTED 


the interconnection of the lightning arrester grounds 
with the secondary neutral. This, and the present trend 
toward connecting the lightning arrester so the discharge 
currents do not pass through the fuse link, has tended to 
improve the undesirable situation in which the prevalence 
of lightning dictated the use of fuse-link ratings larger 
than might otherwise have been selected. 

In analyzing the distribution transformer and secondary 
outage data from which table I was obtained, it is found 
that the number of outages accompanied by transformer 


burnouts is relatively small. For instance, of the dis¬ 
tribution transformer and secondary outages tabulated, 
the transformer burnouts occurred with only 12.5 per 
cent of the total outages due to lightning (0.256 per 100 
transformers average), 6.4 per cent of the total outages 
due to secondary faults and miscellaneous (0.255 per 100 
transformers average), and 30 per cent of the total out¬ 
ages due to overload (0.091 per 100 transformers average). 
These figures demonstrate the overcurrent protection 
afforded the distribution transformer by the primary fuse. 

As is to be e:!q)ected, there is a wide variation in the 
frequency and nature of outages for the various companies 
which emphasizes the necessity of each company main¬ 
taining outage records for its own particular use. If a 
company attempts to make use of an average value as 
indicated from a study of the records of other companies, 
a type of design might result which would not be at all 
suitable for the particular condition under which the 
system operates. 

Consumers Affected 

The number of consumers affected by a fault accompa¬ 
nied by the fimctioning of some overcurrent protective 
device varies from one to aU those on a feeder or perhaps 
even more if the feeder breaker relay is not properly co¬ 
ordinated with devices between it and the source of supply. 
With the usual type of construction, trouble occurring 
anywhere from the consumer service fuses to the trans¬ 
former primary fuses involves all the consumers on the 
particular transformer. This varies from one consumer 
in the case of rural areas to over a hundred, and averages 
from 25 to 40 for the usual type of urban residential con¬ 
struction. The number of transformers on any particular 
primary branch varies from one or more, in the case of 
single-phase branches, up to 100 in the case of 3-phase 
branches. Trouble on branch circuits may, therefore, 
involve from one up to 1,000 or more consumers. In 
the case of feeders and branches having a higher per¬ 
centage of residental consumers, fairly accurate estimates 
of the actual number of consumers can be obtained by 
mtUtiplying the peak load in kilowatts by 4. This ap¬ 
plies when the kilowatt consumption of the consumers in 
the area considered averages 600 kw or 700 kw per year. 

In studying a distribution system with the idea of re¬ 
ducing the consumer minutes of outage, it is usually im¬ 
portant to know the relative importance of troubles on the 
primary lines, in the distribution transformer, and on the 
secondary lines; with respect to which causes most of 


Table I Outage Data for 2,400/4,160 V Volt Distribution Circuits 


C«mpaiiy 1 

2 

3 

4 

5 

6 

7 

8 

0 

Avenge 

Total outases due to line troubles (urban) per 100 m8i>« of line... 
Total dutai;^ due to distribution transformer and Momdavy ’ 

.29.1 .. 

..18.5 . 

...41.6 . 

...58.7 ... 

.20.2 .. 

..18.4 .. 

..40.1 . 

...20.8 ... 

. 2.6 .. 

..27.04 

troubles (per 100 distribution transformers). 

Total outages due to lightning (per 100 transformers).. 

Totol outages dne to second^ faults and miscellaneous (ner 

.7.2 .. 
. 2.02 ,. 

;. 4.1 . 
.. 0.86 . 

... 8.7 . 
... 2.68. 

... 5.6 ..; 
... 1.84... 

. 8.1 .. 
. 4.05.. 

..0.0 .. 
.. 0.208.. 

.. 7.8 . 
..1.67. 

... 3.0 ... 
... 0.09... 

.11.6 . . 

. 5.57.. 

..6.3 
.. 2.05 

100 transformers). , 

Total outages due to overloads (per 100 transformers). 

. 4.54 .. 
: 0.066.. 

.. 3.08. 
.. 0.16. 

... 6.0 . 
... 0.17. 

... 8.04... 
... 0.62... 

. 8.48.. 
. 0.67.. 

.. 0.612 .. 
..0.0 .. 

.. 6.11. 
.. 0.02. 

... 270... 
... 0.21... 

. 5.68.. 

. 0,35.. 

.. 3.08 
.. 0.304 


January 1937 ^nckSt Benner‘--Overcurrent Protection 139 







the consumer minutes of outage. Figure 1 shows graphi¬ 
cally the probable range in percentage of consumers 
affected by faults on the various parts of the system for 
the more generally used types of radial feeders. 

Table II, lines 1 and 2 show a study of the ratios of 
permanent line outages to distribution transformer and 
secondary outages for the various companies whose out¬ 
age data are given in table I. The number of transformers 
per nule is also given in line 3 of table II, so that a direct 
comparison may be made between them on the same 
basis as in lines 4 and 5. These point conclusively to the 
importance of primary line trouble as a cause of consumer 
minutes of outage. This is confirmed by figure 2 which 
gives the actual records in percentage of consumer minutes 
outage for the different parts of two utility companies* 
systems. The comparisons of lines 4 and 6 show that 
a reduction of one-half the length of line decreases the 
effect of permanent line faults in transformer outages to 
V 4 , whereas lines 6 and 7 show it only decreases the 
effect of transformer and secondary faults on transformer 
outages to Va* 

Therefore branch-Une fusing or other sectionalizing 
of the line to confine the effect of faults to smaller areas, 
not only attacks the problem at one of the most important 
causes of consumer minutes outage, but also produces a 
greater reduction per protective unit installed. The 
growing interest in the co-ordination of line protection is 
a natural outcome of an understanding of these facts. 

Time-Current Characteristics 

The co-ordination of overcurrent protective apparatus 
to reduce to a minimum the number of consumer-minutes 


mechanically and extinguish the arc (see figure 3 JS*' — 
; for fuse links (more especially those used on the 
primary lines) they are (1) the time to melt the fuse link 
and (2) the time to extinguish the arc (see figure 3 B” — 
Both are essential for the proper co-ordination of 
protective apparatus. The device farthest out on the 
line must clear the circuit (total clearing time figure 


Fig. 2. Diagram¬ 
matic representa¬ 
tion of the outage 
record of 2 com¬ 
panies 



3 B”', C'", H'") before the fuse link between it and the 
source of supply melts or the electrical cycle of the relay 
is completed (figure 3 JS®', E*'). 

Circuit-Breaker Relays 

The earlier designs of relays of the plunger t 3 TE)e func¬ 
tioned almost instantaneously or with a slight time delay 
where a bellows attachment was provided. The in¬ 
duction relay was developed at a comparatively early 
date in order to meet operating requirements, necessitat- 


Table II—Comparison of Permanent Primary Line Outeges With Distribution Transformer and Secondary Outages 



Company 1 

2 

3 

4 

5 

6 

7 8 

9 

1 .. 

. .Peman«nt line outages (per 100 miles of lines).18.66.. 

..8.3 .. 

.. 2.64.. 

..36.0.. 

..14. .. 

..1.0,. 

..34.1.7.. 

.. 4.0 

2.; 

..Distribution transformer and secondary outages (per 100 distribution trans¬ 
formers).'. 7.2 .. 

..4.1 .. 

.. 8.7 .. 

.. 6.6.. 

.. 8.1 .. 

..0.9.. 

.. 7.8 ....3. .. 

. .11.6 

S.. 

. .Transformers per mile....... il.9 .-. 

..9.6 .. 

.18.6 .. 


..10.7 .. 


.. 7.9 . 

.. 8.9 

4.. 

. .Transformer outages for one mile of line due to permanent line faults. 1.22.. 

..0.79.. 

.. 8.43.. 


.. 1.6 .. 


.. 3.68..... 

.0.86 

S.. 

. .Transformer outages for a one-mile line due to transformer and secondary 

fanlts.. i..;....... 0;80.. 

..0.39.. 

.. 1.73.. 


.. 0.87.. 


.. 0.63...;. 

.. 1.08 


. .Transformer outages for a Vs*nule line due to permanent line faults.. 0.305.. 

.0.20.. 

.. 0.83.. 


.. 0,38.. 


.. 0.‘69......... 

.. 0.09 

7.. 

. .Transforma outages for a Vt-mile line due to transformer and secondary 

faults....... 0.43... 

,.0.20.. 

.. 0.86.. 


.. 0.44.. 


.. 0.81... 

.. 0.62 


outage on distribution circuits, is based on the correlation ing greater time delay to permit a wider fange for co- 
of their time-current characteristics. These are usually ordination with the cmrent-carrying ^d current-inter- 
plotted as curves so as to show the vmations in the shape rupting characteristics of other apparatus further out on 
for different types and ratings of apparatus. This is the line. These have been adopted quite univers^y. 
important as the comparison of one or 2 points may not The induction relay curves have the inverse time-current 
msure proper co-ordination over the complete range of characteristic of figure 3 E' or the very inverse time- 
faidt currents that can occur in the section protected, current characteristic of figure 3 E®'. The latter provides 
Tbfi fault currents will vary with the total impedance of a sharper knee which is especially valuable at the low 
the Kne, tjie connected apparatus and the fault. time lever settings, where the less inverse curves tend to 

The total time to dear the circuit is comprised of 2 approach the fuse link curves at the low currents, 
parts for most protective apparatus: For circuit breakers Attachments are available for induction rdays to permit 
th^ parts are (1) the time to complete the electrical instantaneous completion of the deCtrical eyde at any 
cycle of the relay attd (2) tfie time for the breaker to open desired current. The use of this attaChmdit allows 
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Fig. 3. Co-ordinated time-current characteristics of protective devices on a typical 

distribution circuit 


/4—Household pius or cartridge fuse 
rated at 30 amperes 
8—Fuses rated at 10 amperes in primary 
leads of a distribution transformer 
B* —^Time-current characteristic curve for 
75 per cent of melting time to factor 
operating and manufacturing variables 
B ''—^Melting time-current characteristic 

curve 

fi'"—Total clearing time-current charac¬ 
teristic curve 

C—Branch line sectionalizing fuse rated 
at 30 amperes 
a, O', C'^'—Same as B', B", and B'", 

respectively 

D—Branch line sectionalizing fuse rated 
at 50 amperes 
D\ D", D'"—Same as B', B" and B"\ 

respectively 

E —Feeder oil circuit breaker and relay 
Cminimum pick-up/ 200 amperes) 
E '—Inverse relay (number 1 time lever 

setting) 

E*'—Very inverse relay (number 1 time 
lever setting) 

E*" —Opening of oil circuit breaker 
—^Very inverse relay (number 10 time 
lever setting) 

£*"—Instantaneous attachment on relay 

function 

—Opening of oil circuit breaker * 
F —Protective device on incoming trans¬ 


mission lines 

F' —^Very inverse relay (number 1 time 
lever setting) 

f"—Fuse 


higher time lever settings (figure 3 JS»0i which makes 
possible a greater time-current range for other protective 
apparatus on the distribution system. The instantaneous 
pick-up at high currents (figure 3 £*")» will prevent dis¬ 
tribution system faults from blowing the fuses of figure 
or operating the relays of figure 3 F' on the trans¬ 
mission side of the substation. 

Primary Fuse Cutouts and Fuse Lines 

As one phase of the marked improvement that has 
been incorporated in primary fuse cutouts and fuse 
the time-current characteristic curves for fuse iinVff 
were made more inverse so as to permit closer co-ordination 
with the induction relay. Of more recent date, a further 
improvement figure 4 has resulted from an engineering 
study lhat took into consideration the 100 per cent con¬ 
tinuous current carrying ability of the fuse links and 
cutouts, the motor starting demand currents figure 4A, 
the plunger type and the induction relay characteristics 
figure 4E and D, and the current-interrupting ability of 
the fuse cutouts. 

Secondly Fuse Cutouts AND Fuse Links 

The use of secondary fuse cutouts while not new, has 
only v^ recently come into prominence because of the 
improy^ent made in the designs available. A large 
part of this imprdyenient has resulted from making the 
time-ciOTent characteristics^ of the fuse links identical 


StMINUTES 


0.8 


SECONDS 


SECOND 


MOTOR STARTING . 
DEMAND CURRENT 


FUSE-LINK 
DAMAGING TIME 
(75 PER CENT 
MELTING TIME) 


CYCLE 


FIXED WITHIN LIMITS 
OF BLOWING AND HEAT¬ 
ING BY NEMA 


PLUNGER-TYPE 

RELAY 

CHARACTERISTIC 



INVERSE RELAY 
CHARACTERISTIC 
(lowest tap 

LEVER SETTING) 


fuse-link total 

CLEARING TIME 


M^IMUM CURRENT 
TO WHICH FUSE- 
LINK CAN BE 
PROTECTED 


AMPERES 


Fig. 4. Curves showing scientific development pf 
universal cable-type fuse links 
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to those for the latest designs of primary fuse links figure 
4. This similarity enables a closer co-ordination between 
the secondary and primary. 

Plug and Cartridge Fuse Characteristics 

The household plug and cartridge fuse, commonly used 
at the meter boards on the consumer’s premises, has been 
a merchandised product that rarely entered into the dis¬ 
tribution engineer’s problems. The rapid increase in 
residential loads, especially due to ranges and water heat- 
ors, lifls so raised the ratings of these fuses used with the 
relatively low kva transformer ratings, that a knowledge 
of their time-current characteristics has become a vital 
factor. To date, the different manufacturers of plug or 
cartridge fuses, of the renewable or nonrenewable type, 
have complied with the specifications of the National 
Electric Code and the Fire Underwriters’ Laboratories 
which state: 

"Rating. Fuses shall be so constructed that with the surrounding 
atmosphere at a temperature of 24 degrees centigrade they will carry 
indefinitely 110 per cent current without causing the tubes to char 
or externally visible soldered connections to melt. 

“Temperature and 110 per cent ctnrent tests shall be made simul¬ 
taneously. 

“With a room temperature between 18 and 32 degrees centigrade, 
fuses starting cold shall blow on 160 per cent current, without caus¬ 



ing the tubes to char or externally visible soldered connections to 
TTifrlt , within the times specified below. 


0 - 80 amperes. 1 minute 

31- 60 amperes. 2 minutes 

61-100 amperes.*.^ minutes 

101-200 amperes. 6 minutes 

201-400 amperes.’•...minutes 

401-600 amperes..■.15 minutes 


“In the 160 per cent rating test, only one fuse shall be tested at 
a time.” 

Except for these specifications, as quoted, no other 
published information has been available. 

Recent studies have shown a rather wide variation 
between the curves of fuses of different manufacture. 


Fig. 6. Transformer and in¬ 
ternal breaker time-current 
characteristic curves 

A —Recommended time-load curve 
for a lO-lcva transformer 

B —Secondary breaker curve, with 
breaker mounted in transformer oil 
(setting similar to that used in 
practice) 



EFFECTIVE VALUES 


However, generally these all have an inverse-time-current 
diaracteristic, figure 6, quite similar to that of the fuse 
links and induction relays used on the primary and sec¬ 
ondary lines. 

Transformer Time-Load Characteristics 

Heretofore transfotmer protection has been a problem 
of overvoltage rather than overcurrent. The inter¬ 
connection of the lightning arrester ground and secondary 
neutral has so greatly reduced the failures caused by ovq:- 
voltage, that those caused by overcurrent appear more 
important. This is accentuated in some places by the 
desire to increase the average loading of the transformers. 

A recommended time-load curve for distribution trans¬ 
formers has been prepared by the AIEE and ASA as a 
guide (see figure 6A plotted for a 10-kva transformer). 
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Fig. 7. Time-current characteristics of. recloser and fast-biowing universal cable-type fuse links for enclosed^ open, 
and drop-out cut-outs rated at from 50 to 100 amperes and from 5 to 15 kv 


(o)—First opening of recloser dnd total clearing time for fuse links (fuse 
link curve must be to left of recloser curve for proper co-ordination) 

(b)—Curves for 50-ampere recloser and melting time of 
fuse links 

A — First opening of a typical recloser 


B —Equivalent heating of fuse link by current during all 
operations to lock-out of the recloser, and taking Into 
account the cooling for that part of the cycle during which 

no current flows 

C—Equivalent heating, but including a factor for operating 

variables 


This curve has the backing of a large group of utility and 
manufacturing engineers. In this analysis we are more 
interested in the shape rather than the exact positioning 
of this curve with respect to current and time. 

The recommended transformer time-load curve (figure 
6,4) has an inverse time-current characteristic. The 
curve has much less slope, especially at the low-current 
long-time end, than is provided by the induction relay, 
the primary and secondary fuse links, or the household 
plug and cartridge fuses. 

The Low Voltage Breaker 

The time-current characteristic curve for the low- 
voltage breaker recently developed for household appli¬ 
cation is slightly less inverse than the induction relay and 
the fuses whose characteristics have to be co-ordinated with 
it. The breaker characteristics were made to co-ordinate 
with the fusing of the wire used in buildings so as to 
afford the maximum fire protection. 

Secondary Brbaeers in Distribution Transformers 

A breaker has been developed for use inside the tank 
of chstribution transformers. It is mounted so as to ob- 
t^ some of the heating characteristics of the transformer 
and has a time^current characteristic curve figure 65 
that approaches the transformer time-load curve at the 
Ipw-Gurreht, long-tirne end and is more inverse (much 
faster) at tiie high-current short-time end. The average 
slope is kss than for inductiou relays and the fuses. 

jAinjARY 1937 


Characteristics op Circuit Reclosers 

The circuit recloser is a recent development designed to 
provide low-cost reclosing circuit breaker operation for 
rural or troublesome branch lines where there are a high 
percentage of temporary faults. The time-current char¬ 
acteristic curves figure 7A for the recloser are similar to 
the characteristics of plunger-type relays. ' 

Another factor is introduced by the redoser, namely, 
that of the time to redose. During the interval after the. 
arc has been extinguished and until the contacts have re¬ 
closed, relays connected in series will partially or completely 
reset to the normal position and fuse links will tend to 
cool. Thus the resultant effect of the periods when 
current flows and no current flows must be considered in 
co-ordinating the redoser with other protective apparatus 
so as to permit the redoser to lock out before the relay 
fimctions or the fuse links are partially melted. The 
cuiwes figure 7B and 7C factor the cumulative heating of 
fuse links. 

The Problem op Co-ordinating the Characteristics 

In most cases, existing conditions impose a definite 
range of time-current characteristics witbin which all 
overcurrent protection on the distribution system must be 
obtained. The curves figure 3 represent the condition iil 
existence on a high percentage of distribution systems in 
the country. The maximum limit is the highest posdble 
setting of the feeder breaker rday E that will; permit co¬ 
ordination with the rday E' or fuse E" on the transmission 
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side of the substation. Quite often the range can be 
increased by the use of the instantaneous attachment 
on the induction rdays of the feeder breakers set to trip 
at currents below those which will trip the trans¬ 
mission relay F' or blow the fuse In order to 

confine the effect of faults to the minimum number of 
consumers, the time-current characteristics of the fuses 
at the sectionalizing points C and D, at the transformer 
installation By at the meter board on the consumer’s 
premises A, and at any other points on the system, have 
to be squeezed in the range to the left of the feeder breaker 
relay curve E, so that each is co-ordinated with the other. 
It is frequently found that there is not a sufficiently wide 
range to the left of the feeder breaker relay curve E to 
permit the installation of all the protective devices desired 
on the distribution system. It, therefore, becomes a 
matter of choosing the ones which will provide the great¬ 
est reduction in average consumer minutes outage for 
the whole S 3 rstem, with, of course, the economics of the 
particular circuit kept fully in mind. 

The Household Fuse and Breaker 

The plug and cartridge fuses located on the meter 
board of the consumer’s premises are becoming a factor 
to be considered. Their time-current characteristics 


may determine the lower side of the range available for 
distribution overcmrrent protection. This has become 
increasingly true where the higher rated household fuses 
are used for installations supplied through the smaller sizes 
of distribution transformers. For instance, the 60- 
ampere cartridge fuse, figure 8^4", usually used on services 
feeding ranges and hot-water heaters requires 2 times the 
full-load secondary current of a 10-kva transformer (220- 
to 250-volt winding), 4 times the full load current of a 
5-kva transformer, and 7 times the full-load cmrrent of 
a 3-kva transformer to blow within 2 minutes. To 
co-ordinate the primary fuse links with this 60-ampere 
household fuse, without any other secondary protective 
devices in the circuit, necessitates the use of minimum 
primary fuse-link ratings of approximately 15 amperes 
for transformers having a 10 to 1 ratio, 5 amperes for 
transformers with a 20 to 1 ratio, and 3 amperes for trans¬ 
formers having a 30 to 1 ratio, regardless of whether the 
rating of the transformer is 3, 5, or 10 kva. Figure 8 
shows the effect of superimposing the 60-ampbre car¬ 
tridge fuse and the 15-ampere primary fuse link on the 
curves of figure 7 shaded. As a high percentage of urban 
distribution circuits use 2,400 to 120 and 240-volt dis¬ 
tribution transformers for serving residential loads, 
this may present an bvercurrent protection problem for 
a great many systems. A factor in this problem is the 


*4—hiousehold plug and cartridge fuses 
>4''-7-30-a(npere rating 
60-amperc rating 

3^uses In primary leads of distribution 
transformer 

10/N/ ampere rating 

ff'^Tlmc-currcnt characteristic curve for 
75 per cent of melting time to factor 
operating and manufacturing variables 
3”—Melting time-current characteristic 
curve 

8"'^—Total clearing time-current charac¬ 
teristic curve 

C—Branch line sectionalizing fuse rated 
at 30 amperes 

P—Branch line sectionalizing fuse rated 
at 50 amperes : 

£^eeder oil circuit breaker and relay 

Very Inverse relay (number 1 time 
lever setting) 

^’“•Very inverse relay (number 10 time 
lever setting 

^’’“■Instantaneous attachment on relay 
functions 

^“■Protective device on incoming trans¬ 
mission lines 

inverse relay (number 1 time 
l^er setting) 

■f”—Fuse 



lOO lOOO 3000 

PRIMARY AMPERES — EFFECTIVE VALUES 


Fig. 8. Time-current curves (or 60-ampere household cartridge fuse >nd 15-ampere 
primary fuse link superimposed on curves of the conventionally co-ordinated sy^em 

■ of figure^S 
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^—Household plus and cartridge fuses 
—^30-ampere rating 
A" —60-ampere rating 
B —Fuses rated at 15 ampereS/ in primary 
leads of distribution transformer 

C—Branch line sectionalizing fuse rated 
at 30 amperes 

^—Branch line sectionalizing fuse rated 
at 50 amperes 

B —Feeder oil circuit breaker and relay 

—^Very inverse relay (number 1 time 
lever setting) 

—Very inverse relay (number 10 time 
lever setting) 

—^^Instantaneous attachment on relay 
functions 

P—Protective device on incoming trans¬ 
mission lines 

—^Very Inverse relay (number 1 time 
lever setting) 

P'—Fuse 

G —Recommended transformer time-load 
curve 

H —Internal secondary breaker 
H '—Overload Indicator lights 
H"—Breaker opens 

/—Internal “weak link" or fuse In pri¬ 
mary leads 

I* and —Available designs 



Fig. 


9. 


Time-current curves for unit-type distribution transformer superimposed on curves of the conventionally 
co-ordinated system of figure 1, showing comparative use of range available for distribution protection 


probable frequency of faults, occurring, now and later, 
©n the short comparatively new wiring or in the range 
or water heater fed directly through the 60-anipere fuse. A 
large majority of the faults should occur on the other 
house wiring, and should be isolated by lower rated branch 
fuses, provided these fuses are not short-circuited mali¬ 
cious or otherwise. On the higher-voltage systems, 
the 60-ampere cartridge fuse or equivalent breaker is not 
such a limiting factor, except in cases where other 
secondary protection is introduced into the problem. 

Protection on Secondary Circuits 

The protection on secondary circuits from overcurrent 
faults involves a number of different factors including not 
only the continuity of service, but the quality and the 
protection of equipment. Overcurrent protective devices, 
such as fuses, are installed at the points where the individ¬ 
ual service entrances are connected to the main secondary 
circuit, so as to: 

1. Isolate old and faulty instaUations. 

2. Protect ag^st outages from services tlurough buried cable. 

3. ; ISola.te setyices where penmes are inserted behind plug fuses. 


for protection on the whole system. This depends upon 
several factors. A low rated household plug or cartridge 
fuse and/or a high transformation ratio makes available 
a greatCT range for protection at the service entrances. 
It will be readily apparent that a protective device such 
as a fuse, having a time-current characteristic similar in 
shape to the household fuse and the fuse link on the pri¬ 
mary of the transformer permits the closest co-ordination 
and thus requires the least range for its insertion. H 
the introduction of a protective device in the service 
entrance lead necessitates increasing the fusing on the 
primary of the transformer, an analysis may show the ad¬ 
vantages secured for a few consumers have increased the 
average consume minutes outage for the whole system. 

For example, if the insertion of a secondary fuse cut¬ 
out in the service leads to confine outages to individual 
consumers necessitates substituting a 20iV' ampere primary 
fuse link for the 15iV ampere rating, figure &B, it cannot 
be co-ordinated with the 30iV' ampere sectionalizing 
fuse link, figure 8C. Substituting any higher rating for 
the 30iV ampere link, in turn, requires the replacing of 
the 50N ampere rating, figure 8D, with a larger fuse 
link which then cannot be co-ordinated with the relay. 


figure SB. If the relay setting cannot be changed, 
either the 30iV’or the 50i'/amp^e sectiohalizihg fui^ 
The insertion of ah overcurrent protective device at links must be omitted. Then each fault on that portion 
the individual seiydce entrance may or may not necessitate of the primary line will cause an outage to a larger numb^, 
hsing more than a justifiable share of the range available of consumers, totaling a gfreat many times those securing 
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improved service. The average consumer minutes 
outage for the whole system will, therefore, be increased. 

The improved lightning protection afforded by the 
interconnection of the lightning arrester ground with the 
secondary neutral has greatly increased the relative im¬ 



portance of overctirrent protection for distribution trans¬ 
formers. Augmenting this relative importance is the 
desire in ^me places for higher loading of distribution 
transformers. New applications of oVercurrent pro¬ 
tective devices me involved in attempts to meet these 


changing conditions and requirements. Three major 
trends in thinking have developed as a resxilt: 

1. Use of Secondary Protection for 
Higher Loading 

Much attention has been and is being given to the use of a 
secondary protective device supplemented by an overload 
indicator, to serve as a stop gap against excessive decrease 
in the life of the transformer so as to permit increased 
loading at distribution transformers. Such protection 
must be over the complete range of excessive currents. 
These vary from long-time, overload currents which are 
repeated often to the less frequent short-time high short- 
circuit currents. 

In figure 9, the transformer time-load curve G is drawn 
with the corresponding internal secondary breaker H and 
the internal fuse I superimposed on the (shaded) curves 
of figure 8. In studying the effect of time-load curve G 
on the whole protection problem, the important consider¬ 
ation is the flatter slope of the curve, which may make the 
protective devices curves H and I co-ordinated with it, 
occupy too great a portion of the available range for 
protection on the entire distribution system. If pro¬ 
tection is afforded the transformer by a secondary pro¬ 
tective device having a time-current characteristic curve 
identical to or at least closely approximating the trans¬ 
former time-load curve G, the internal primary fuse I' or 7" 
must be rated much higher than the normal fusing practice 
B so the breaker H" will open first and without damage 
to the fuse I' or I”. The attendant decrease in the avail¬ 
able range may prevent any sectionalizing of the primary 
lines as indicated in figure 9. The economics of this 
situation depend wholly upon the degree of protection 
which can be afforded transformers and the actual number 
of transformer burnouts saved thereby. Against this 
must be balanced the increase—or the inability to effect 
future decreases—^in the consumer minutes outage resulting 
from the u tiliz ation of a major portion of the available 
range for protection on the whole distribution system for 
protecting the transformer. 

For example, consider the degree of protection which 
can be afforded transformers using as a basis the recom¬ 
mended transformer time-load characteristic curves, 
figure 101?, E, F, and G (for the 3, 5, 7^/^ and lO-kva 
ratings, respectively). As shown in figure 10, these 
curves cross the curves for the household fuses 
A, B, and C (30-, 45-, and 60-ampere ratings, respectively) 
due to the dissimilarity in the slopes. Thus any attempt 
to secure complete protection involves having the second¬ 
ary protective device interrupt service for all the con¬ 
sumers fed by the transformer for any fault on individual 
consumer’s premises of such magnitude and duration that 
when plotted on figure 10 the point lies to the left of the 
fuse curves A, B, or € and to the right of the transformer 
curves P, JS, F, or G. 

Complete protection involves a further increase in 
consumer minutes outa,ge. Any lesser degree of pro¬ 
tection means some decrease in the life of the transformer. 
Therefore, using the recommended transformer time- 
load curves figure 10 as a basis, it is necessary to strike 
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a. balance between the permissible increase in outages and 
the degree of protection deemed necessary for the trans¬ 
former, just as has been done for years in choosing the 
primary fusing practice. 

There is another factor entering the problem; namely, 
the equipment available and its ability to afford pro¬ 
tection to the transformer. Breakers are trimintpd in¬ 
ternally in transformers below the oil level to obtain a 
portion of the heating characteristic of the transformer. 
However, curve C", figure 11a approaches but does not 
quite equal the flatter transformer time-load curve B, 
figure 11a, at the low current long-time end. The breakers 
are usually set to trip so the curve C"- is well to the 
right of the transformer time-load curve B at the low 
current long-time end. Even the overload indicator 
trips on curve C', to the right of the time-load curve B. 

The primary and secondary fuse links have more inverse 
time-current characteristics D, E, F, figure 116, than the 
transformer curve B, figures 116 and c, and the breaker 
curve C", figures 11a and c. Thus in general the primary 
or secondary fuse link affords a slightly lesser degree of 
protection to the transformer than the breaker at the 
low current long-time end as shown by the shaded portion 
X of figure 11c. An exception to this is shown by the 
shaded portion F, figure 11c, indicating a range where 
the fuse link affords better protection. Comparing the 
curves D and F, figure 116 with the curve B shows that 
the primary and secondary fuse links, respectively, will 
afford an equal degree of protection to the transformer 
assuming both halves of the secondary are equally loaded. 


The secondary fuse link or protective device can be used 
to afford a greater degree of protection without decreas¬ 
ing service continuity only where it can be co-ordinated 
with the household fuse and the primary fuse link with¬ 
out increasing the fusing practice on the primary, 

2. Better Primary Fuse Protection 

With Increased Transformer Capacity 

Some distribution engineers are giving consideration 
to the economics of affording complete, or very nearly 
complete, protection to the transformer by installing 
larger transformers and fusing on the primary at a mini¬ 
mum value which will not cause imnecessary outages 
from overcurrent surges. They are thinking in terms 
of having the improved regulation and the saving due to 
decreased transformer burnouts and the omission of 
extra protective devices pay the interest on the increased 
investment for the greater installed transformer capacity. 

3. Use of Protective Devices and 

Secondary Banring for Higher Doading 

Increasing attention is being given to the protection of 
the transformer with normal low primary fusing practice 
and with the banking of transformers to take advantage 
of the diversity of loads on individual transformers to 
reduce extremes of loading which also improves the 
instantaneous regulation. 

The protective devices are connected in the secondary 
lines at sectionalizing points between adjacent trans¬ 
formers, which are tied solidly to these lines. Outages 










from transformer or secondary faults are isolated to the 
consumers fed by the one transformer. It is not funda¬ 
mentally important to bum off secondary faults in order 
to obtain successful operation. The resulting permissible 
low rating of the secondary and primary protective devices 
affords generally normal overload protection to the trans¬ 
former and no decrease in the range available for protec¬ 
tion on the primary lines. The co-ordination of the house¬ 
hold and secondary fuses can be close since only a maxi¬ 
mum of approximately 50 per cent of the ciurent through 
the household fuse passes through the secondary fuse link. 

In some cases the protective devices are placed in the 
transformer secondary leads and the secondaries of ad¬ 
jacent transformers are tied solidly together to isolate 
faulty transformers without interrupting service. Faulte 
on the secondary lines or service leads then affect all the 
consumers on the particular secondary circuit by causing 
low voltage or the complete loss of service, due to the 
opening of the secondary protective devices on several 
or all of the transformers banked on the circuit, known 
as cascading. The successful operation of banking through 
protective devices in the transformer leads requires that 
the majority of the secondary faults clear themselves. 


.USE RECLOSING 

^ DEVICE xNVvSN 




•USE, FUSES 




4 6 

NUMBER OF BRANCHES' 


Fig. 12. Curves showing dividing line above which 
reclosing equipment/ and below which branch line 
(uses, will reduce consumer minutes o( outage for 
the whole system 


Note 1—Isolating branches on 
which permanent faults predomi¬ 
nate may raise the percentage of 
temporary faults for the remainder 
of: the system, above the curves 


Note 2—;Fusing sub-branches or 
several sectional izing points will 
raise the temporary percentage 
values of the curves 
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Burning a fault clear, demands that secondary and pri¬ 
mary protective devices allow the full use of the trans¬ 
former thermal capacity which involves all of the prob¬ 
lems just discussed as attendant upon the use of secondary 
protection for the higher loading of individual transformer. 
A similar compromise must be made between overload 
protection and service continuity. The higher rating 
of the protective devices reduces the available range for 
the protection on the primary lines. 

The foregoing consideration of the trends in thinking 
on solutions for the overcurrent protection of distribution 
transformers has shown that it evolves into a decision on 
the relative value of protection to the transformer versus 
present and future improvements in service continuity 
for the system as a whole. The success of a;n operating 
practice intended to reduce the number of consumers 
affected by each fault and decrease the length of each 
outage, centers about the ratings of the fuses required on 
the primary of the distribution transformers. Schemes 
for reducing outages due to secondary faults, decreasing 
transformer burn-outs with increased loading, and im¬ 
proving regulation, should be used with caution if they 
require increasing the primary fusing practice. Where 
higher rated fuse links are necessitated in the primary 
leads of the transformer, the available range is decreased 
for existing or future protection on the primary lines 
against the major causes of consumer minutes outage. 

Fusing Transformer Primaries 

Among the various trends in thinking, consideration 
is being given as to whether transformer primaries should 
be fused with nonrenewable fuses mounted inside the 
transformer case or with external renewable fuse cut-outs, 
or whether they should be fused at all. 

Nonrenewable fuses, so called “weak links,” are mounted 
inside transformer cases to permit connecting internal 
gaps on the line side of the fuses and/or to make the trans¬ 
former and its protective apparatus one unit. Because 
they are nonrenewable and in blowing will carbonize the 
insulating oil, the rating of the fuses must be greatly in¬ 
creased, see curves J' or J", figure 9. Internal fuses 
should blow only in the case of a transformer failure. 
Fuse blowing otherwise would damage and necessitate 
the removal of good transformers. The higher primary 
fusing may decrease the range available for protection 
on the primary lines as in figure 9, J', I". The lack of a 
secondary protective device requires ihe moving of the 
curves /' and/" stiff further to the right to prevent un¬ 
necessary blowing. This may even prevent proper co¬ 
ordination with the fuses or breaker relay on the primary 
lines, especially where the fuse ratings dr relay settings 
for line protection are very low on long rural circuits so 
as to interrupt the flasliover of, extenisd gaps installed on 
the transforniiers for Hghtiung protection. In either case, 
a probable increase—or prevention df future decrease- 
in the average consumer minutes piitage shoiild be mi- 
■tidpated.-’ 

Modern distribution fuse outputs and renewable fuse 
links wilb their backgrotuid of over 14 years of intendye 
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^ Household plus and cartridge fuses 
—^30-ampere rating 
—60-ampere rating 

^ Fuses rated at 15 amperes in primary 
leads of distribution transformer 

—^Total clearing time-current charac¬ 
teristic curve 

^—Branch line sectionalizing fuse rated 
at 30 amperes 

—Branch line sectionalizing fuse rated 
at 50 amperes 

^—Feeder oil circuit breaker and relay 
£* —Very Inverse relay (number 1 time 
lever setting) 

—Very inverse relay (number 10 time 
lever setting) 

—Instantaneous attachment on relay 
functions 

^—Protective device on incoming trans¬ 
mission lines 

^'—Very Inverse relay (number 1 time 
lever setting) 

F" —Fuse 

G—^Sectionalizing fuse rated at 45/V 
amperes, to clear fault currents below 
minimum pick-up of recloser 
G'—^Total clearing time 
G"—^Melting time 
H—Recloser 

H'—First opening (should be to the right 
of curve 6"; fuse cut-out or link having me¬ 
chanical means for separating burned ends 
should help to secure successful opera¬ 
tion when curve crosses H' as shown) 

Ft "—Equivalent heating of fuse (factors cooling of fuses while recloser Is open) 

H'"—Equivalent heating of fuse, with 25 per cent factor added to permit direct comparison with melting-time curves for fuse G 
X—Maximum current up to which recloser will lock out before fuse link melts 



Fig. 13. Time-current curves for e recloser protecting part of a long line aiid a fuse cut-out protecting the rest, super¬ 
imposed on the curves for a conventionally co-ordinated system as shown in figure 3, showing the comparative use of 

the rangeavail able for distribution protection 


research and engineering development permit the utility 
engineer to dhoose the lowest primary fusing practice 
with assurance of a successful operating record. This 
cannot be said of some of the earlier designs upon which 
much of the present-day service data are based. The 
primary fuse link rating is usually chosen so as to provide 
a balance between urmecessary fuse blowing and pro¬ 
tection afforded the apparatus, and/or proper co-ordi¬ 
nation with protective devices on the secondary of the 
transformer. A fuse cutout provides an easy means for 
manually disconnecting transformers and for easily and 
quickly locating those which are damaged. 

The prevalence of lightning in some localities makes it 
desirable to linut the size of transformer primary fuse 
links to a pertain minimum in order to take advantage of 
the ability of the larger links to more successfully with¬ 
stand lightning impulses. This is especially true where 
the lightning arrester is connected on the load side of the 
fu^ cutout, A minimum rating of 10 amperes will 
generally eliminate the majority of unnecessary fuse 
blowing and interfere greatly with 

propCT primary co-Ordination. Saving one fuse re- 
placenieht trip will uisually more tiian pay for the in- 
stallatipn of i^condary fuses dni the smaller sizes of trans- 
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formers to provide the same overload protection as would 
be given by the smaller primary fuse link that would 
normally be used. 

The omission of fuses on the primary of distribution 
transformers is virtually the same as adding tnilpg of 
exposure to the primary lines. A service interruption to 
all the consumers on such a line may result from a line 
fault or a transformer flashover or burnout; or a secondary 
line fault if no secondary protective device is employed. 
The cause of each outage must be sought among every 
one of these possibilities, thus greatly increasing the 
length of each interruption. The use pf secondary 
fuses or breakers while affording a degree of protection 
to the transformer, iherely removes the secondary line as 
a possible cause of trouble. Therefore, where primary 
fuses are omiUed, a marked increase in consumer minutes 
outage can be anticipated over that occurring where pro¬ 
tection is afforded the individual transformer by modem 
fuse cut-outs and renewable fuse Unks. 

Primary Line Faults 

With the fuse link on the primary of distribution trsms- 
formers kept as small as possible, the effect of faults oh 
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the primary lines can be reduced by the introduction 
of the properly located protective devices. The choice 
between fuses and automatic reclosing devices is largely 
dependent upon the ratio of temporary faults to permanent 
faults on the whole and each portion of the distribution 
system. Of comrse, there is also the question of economics 
and the importance of loads. Superior service continuity 
qto be secured by the use of fuses at a number of section- 
aiding points on the primary lines especially where a 
fairly high percentage of the faults are permanent. Auto¬ 
matic reclpsing equipment will reduce the average con¬ 
sumer minutes outage where temporary faults predomi¬ 
nate. This equipment may be a breaker or a recloser 
which r^et themselves after interrupting temporary 
fqult currents, or a reclosing fuse cutout which requires 
periodic inspection and renewal of blown fuse links. 

The dividing line between the percentage of temporary 
versus permanent faults above which reclosing equipment 
located either in the station or at branch lines, and below 
which sectionalizing fuses, will reduce the consumer min¬ 
utes outage is shown in figure 12. These values were 
derived u^ing the following formula, with the indicated 
assumptions as to the times required to restore service. 

i i - r a ratio of permanent to total number of faults 
r ^ f =* ratio of temporary to total number of faults 
' P — faults per branch 
a H- « duration of permanent fault 
a = minutes to go to location 
h — minutes to locate fault per branch 
n = number of branches 
e = duration of temporary fault 
N = number of consumers per branch 

Total consumer minutes outage per year with reclosing device = 
Pr (o -f fib) (nN) -|- P« (1 — r) (e) (tiN) 

Total consumer minutes outage per year with sectionalizing fuses at 
each branch or sub-branch — nP (a + b) N 



Fig. 14. Melting time-current characteristic curves 
for fuse links with lines A and B showing time 
required to open the feeder breaker, the limiting fac¬ 
tor for co-ordinating so that the first opening of the 
breaker is ahead of the fuse link 

A —^Tlme required for instantaneous ground relay and breaker 
to open 

B —Factor of 25 per cent added to curve A to permit direct 
comparison with melting-time curves of fuse linb 
X —Maximum current up to which breaker will clear ahead of 
30N ampere fuse link 

Y —Maximum current with 45N ampere fuse link 
Z —Maximum current with 50N ampere fuse link 


minutes outage with reclosing device 

ratio = - 

minutes outage with sectionalizing fuse 

_ n*PN[r e (1 — r)] 

nPN(,a-\-b) 

_ n jra -H rnb + e — er) 
a •\-b 

The lower cost, nonredosing fuse cutout can perform 
a real service for reducing consumer minutes outage both 
as to the effect and the length of outages. The curves 
figure 12 show the advantage of connecting fuse cutouts 
and fuse links in several branch lines. The use of ad¬ 
ditional fuses at sub-branches or in series at various sec¬ 
tionalizing points, will raise the curves figure 12. For 
example, with 3 fused branches each having one fused 
sub-branch, curve a: figure 12 will be raised from 79.1 
per cent to 84.7 per cent and with 2 sub-branches each 
to 89,2 per cent. Connecting one and 2 fuses in series 
with each branch line fuse will raise curve x figure 12 
from 79.1 per cent to 84.7 per cent, respectivdy. In 
addition to those greater benefits due to the confinement 
of the effect of faults to fewer consumers, the time to 
locate the faults will be reduced and the curves figure 12 
raised^ for exaniple, the 89.2 per cent and 84.7 per cent 
values given above will be raised to 91.2 per cent and 


86.9 per cent, respectively, with a proportionate reduction 
in time to the length of line affected. 

The effectiveness of redosing fuse cutouts depends on 
the periodic inspection and replacement of blown fuse 
links before an outage occurs. If they are not refused 
until both or all 3 fuse links have blown, their use should 
tend to raise the curves figure 12 up to which they will 
improve service continuity. If periodically inspected and 
a majority of the blown fuse links are replaced before an 
outage occurs, their performance approximates the re¬ 
dosing devices indicated on the curves, figure 12. 

Both conventional redosing oil circuit breakers and 
the lower cost mechanical breakers known as circuit 
redosers, are available for use at sectionalizing points. 
The rday actuating the conventional oil circuit breaker 
functions with the induction relay characteristics which 
are similar to those for the modera distribution fuse 
links, figure 8B, C, and £>. Thus the introduction of 
this equipment permits rea^nably dose co-ordination 
with the fuse links at transformer installations and at 
any desirable sectionalizing point. 

The instantaneous plunger type relay characteristics 
of the drcuit recloser figure definitdy limit the 
rating of fuse links which will blow before tie first opening 
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of the redoser, to low values (the fuse link curves which are 
to the left of the respective redoser curves figure 7a ). The 
ratings of practically all internal fuses, or “weak links,” 
are too high to blow soon enough to prevent lockout of 
the redoser. If the fuses further out on the system are 
too large to blow before the redoser locks out, a fuse 
cutout can be connected across the redoser to permit 
manually by-pasdng it through a fuse after the redoser locks 
out. The fuse link in the cutout should be large enough 
to allow the internal fuses or sectionalizing fuses beyond 
the redoser to blow first, so as to indicate the location 
of the fault. 

On long lines the redoser can be used for that portion 
where the fault currents will be greater than the minitnnm 
current required to pick up the contact so that it actuates 
the lockout mechanism. A fuse cutout, installed within 
this portion, can be fused, figure ISG, so as to permit the 
redoser to lock out on fault currents above the minimtim 
pick-up. The location of the cutout should be such that 
the maximum fault current available at the point of in¬ 
stallation does not exceed the value at which the mdting 
time current curve 13G' crosses the redoser ciurve, figure 
IZH*", at X. Then the fuse cutouts will afford protection 
for all fault currents bdow the Tninimiim pick-up of the 
redoser; in most cases reaching out to the end of a long 
line. The fuse link can also be co-ordinated with the 
rday on the main feeder breaker, figure IZF' and F". 

Automatic redosing oil circuit breakers are more gen¬ 
erally installed at the substation to improve continuity 
of service to the more important consumers on the main 
feeder and larger branches. By fusing branches of the 
circuit where permanent faults predominate, the per¬ 
centage of temporary faults on the important parts may 
be raised so the redosing breakers will reduce the con- 
stuner minutes outage for the whole system, note 1, 
figure 12, as well as for the important loads. 

Several large utility companies report an improvement 
in service continuity resulting from the combination of 
branch line fusing and automatic redosing breakers at 
the substation. Their scheme is applicable on grounded 
neutral systems where the instantaneous rday, connected 
to operate on ground and/or neutral currents, can be set 
to pick up at very low currents for the initial opening of 
the breaker. A grounding bank can be used to provide 
the neutral on ddta systems. After the first opening, 
the instantaneous rday locks out and the induction rdays, 
connected in the phase wires are automatically switched 
on for the subsequent operations to the lockout of the 
breaker. However, in the case of a permanent fault on 
a branch line the fuse links and induction rdays are co¬ 
ordinated so a time delay is provided and the fuse links 
clear ahead of the second rday operation. The ground 
rday is automatically reconnected in the case of a 
temporary fault or after the fuse disconnects the branch. 
A practical set-up for the fusing of branch lines in this 
way automatically differentiates between temporary and 
permandit faults to neutral and ground. 

The successful functioning of such an arrangement 
depends on the time required for the breaker to open and 
interrupt the fault current, after the instantaneous 


ground rday has dosed the trip circuit. For example, 
a relay and breaker requiring a total time of 15 cydes 
(0.25 second) to dear the circuit, will successfully dear 
temporary faults up to 125 amperes without damaging a 
3SN ampere branch line sectionalizing fuse link of the 
design for which the curves figure 14 are plotted. This 
is indicated by the point X, figure 14, where the melting 
time curve for the fuse link crosses the curve B plotted 
so as to allow a 25 per cent factor for operating and manu¬ 
facturing variables above line A drawn at 0.25 second. 
Under similar conditions, a 45iV^ ampere fuse link will 
not be damaged up to 205 amperes, and a 50JV^ ampere 
fuse link up to 270 amperes (points Y and Z, figure 14, 
respectively). If the short-circuit current available at 
the point of installation for the sectionalizing fuse cut¬ 
out exceeds these values, the fuse link may be partially 
mdted. If it is not replaced subsequent mdting on 
load currents may cause ardng which will not dear and 
will bum the fuse tube of cutouts that provide no me¬ 
chanical means for separating the burned ends of the fuse 
link. 

One utility company reports that it has been their 
esq)erience based on observations of actual operating 
conditions, as well as fidd tests, that those circuits which 
are fused with the SON ampere fuse links usually have 
shorts which range between 100 and 150 ampwes, while 
the circuits on which the 50N (60) ampere fuse links are 
used, run between 200 and 300 amperes. In the cases 
where it is definitdy known a heavy phase short circuit 
has taken place, it is the operating practice to replace 
both fuses. From this it would appear practical to se¬ 
cure the combined advantages of automatic redosing 
for temporary line-to-ground or line-to-neutral faults 
and fused sectionalizing for isolating permanent line-to- 
ground and line-to-neutral and line-to-line faults to 
small areas. Such a practice should afford a marked de¬ 
crease in the consumer minutes of outage. 

Summary 

In the foregoing an attempt has been made to make an 
impartial study of the various trends in thinking with 
respect to the overcurrent protection on distribution 
systems. This has been done from the standpoint of 
the effect of each on the service continuity, the protection 
to apparatus, and the sjrstem economy. Major em¬ 
phasis has been given to service continuity as present-day 
consumer requirements have increased the utility com¬ 
panies’ interest in redudng outages to a minimum. A 
number of pertinent factors have been brought out which 
are generally applicable to any such studies that might 
be made on specific systems. A tabulation of these 
without doubt, will be of value. 

1. Actual operating records on the s]rstem in question are essential. 

2. The data in such records will be enhanced in value if selected to 
diow the differences, 

a. On urban, suburban, and rural sections, 

b. On main feeders, branch feeders, distribution tamsformeirs, and 
secondary lines, 

c. Between causes of faults such as lightning, short circuits, over¬ 
loads, etc.. 
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A. Between types of faults, temporary vs. permanent, 
t. Between modem and old equipment. 

3. Such records will show that one permanent fault on the primary 
lines will cause upward to 100 times as many consumer minutes 
outage as one fault in a transformer or on the secondary lines, and 
that generally a greater percentage of faults occur on the primary 
lines. 

4. Secondary protection to continuity and/or apparatus which can 
be secured without increasing the normal fusing practice on the 
primary of the distribution transformer (generally 2 or 3 times the 
full load current of the transformer) will improve service continuity. 

5. Conversely, any increasing of the normal primary fusing prac¬ 
tice to secure other advantages very likely will increase—or prevent 
future decreases in-<-the average consumer minutes outage for the 
whole syatem. 

6. The Use of the external fuse cutout with renewable fuse litilrs 
enables liie use of the lowest possible fusing practice, spoken of as 
normal. Modem equipment insures an improved service record. 

7. The normal fusing practice while termed short-circuit protec¬ 
tion, affords a fairi^ high degree of protection to the transformer 
as indicated by operating records; such as those where higher 
internal fusing has been employed with no secondary protection. 

8. The use of nonrenewable internal fuses necessitates increasing 
the primary fusing practice, and without a secondary fuse or breaker 
affords no protection to the tran^ormer. 

9. The omission of fuses on the primary virtually adds miles of 
exposure to cause and on which to locate, trouble on the primary 
lines. 

10. The ratio of temporary to permanent faults on the whole and 
various parts of the system governs the benefits in improved con¬ 
tinuity of service rendered by fuse cutouts at sectionalizing points 
and by automatic redoting equipment. 

a. Fusing sectionalizittg points on the primary lines to confine 
the effect of outages to small areas will reduce the average consumer 
minutes outage even with high ratios of temporary to permanent 
faults (see figure 12). 

h. Automatic redosing equipment or redosers at the substation 
or in branch liries will reduce the consumer minutes outage where 
the percentage of temporary faults is high. This percentage in some 
instances can be improved by fusing branches where permanent 
faults predominate. 

c. A practical arrangement for automatically combining sectional¬ 
izing fuse and automatic redosing protection so as to (tifferentiate 
between temporary and permanent faults will produce the best 
results. 
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A New Service Restorer 

{Continued from page 182) 

Film F shows the record of 2 interruptioiis with 12,000 
volts acro^ the terminals, the current being 960 and 880 
aniperes, respectively. Film C ^ows 4 interruptions (3 . 
reclosures and a final lockout) of 400 amperes at 12,000 
volts. Redosure is immediate after each opening, the 
average redosing time from the instant the fault occurs 
until the device redoses being 31 cydes. 

The service restorer was devdoped primarily for low- 
capadty low-revenue lines and it is hoped that it will be 
a real contribution toward the improvement of electric 
power service by providing an econoniical and effident 
automatic redosing device for such applications. It 
should be ideally suited for sectionalizing lines and pro- 
t<5cting feeders in rural and suburban districts as well as 
for use at small isolated industrial and mining properties 
where a continuous powd: supply is important. 
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Expansion Theorems for Ladder Networks 
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T he current-electromotive 
force relations of filter 
circuits, artificial lines, 
and other ladder networks 
lead to difference equations 
whose solutions have been 
given by Pupin,^ Riidenberg,* 

Wagner,^"* Rogowski,’*® Car- 
son,®~^^ Zobel,^^“^* Cauer,®^“®* 

Alford,26and others.®-”-®®*®^*®®*" 

Mathematical work on differ¬ 
ence equations has been going 
on since the days of Newton, 

Laplace, and Gauss (18th cen¬ 
tury). Treatises on difference equations have been 
written by N6rlund,*‘ Batchelder,®® and F. Bleich®® and 
E. Melan.®® 

Although Laplace transformations have been used in die 
treatment of linear difference equations with constant 
coeflBlcients, particularly by Bochner,*® the authors do not 
know of any results which parallel Heaviside’s expansion 
theorem and its extensions for differential equations.^ 
The object of this paper is to develop such expressions 
by the use of Laplace transformations. 

1. Solution of a Difference Equation 

Consider the following linear difference equation of the 
nth order with constant coefiGicients a*; 

«</(*) + <hf(,x -I-1) -I-... -I- orjix -!-»)■* ^(*) (1) 

In equation 1, do 0, ^ 0. This does not detract 

from the generality of equation 1 because if do = 0, then 
substituting « for » -h 1 reduces equation 1 to a difference 
equation of lower order. On the other hand if d„ = 0 
then again the order of equation 1 is reduced. 

Again ^(a:) is a given function which satisfies the fol¬ 
lowing conditions: 

1. ^(ac) is of bounded variation in any finite interval 
2. 4>{?c) s 0 for jc < 0 

3. ^(») = [^(« -H 0) -f — 0)1/2 for every x 

4. ( 1 I dx converges if the real part of «is sufiBciently 

large. 


The well-icnown expansion theorem of Heaviside 
applies to circuits whose current-electromotive 
force relations may be expressed through differ¬ 
ential equations, whereas in some networks such 
as filters and artificial lines, in which the network 
consists of a repeated pattern or mesh, the rela¬ 
tions give what are known as difference equations. 
These are equations involving the mesh number 
of the network. The solutions of such networks 
are given in this paper in the form of expansion 
theorems similar to Heaviside’s expansion theorem 
and ib extensions. 


2. Is equal to the given boundaty 
function for 0 ^ x < » 

Multiply both sides of equa¬ 
tion 1 by f~^dx and integrate 
between zero and infini ty thus: 


X' 


( 2 ) 


It may be here observed that all functions encountered 
in engineering practice do satisfy these conditions. 

In addition to equation 1 certain boundary conditions 
must be given. As botmdary conditions we shall assume 
ihat fipc) is knovm over the interval 0 ^ x < n and that 
in Ttifis intery^ /(«]) is of bounded variation and J{x) 
[/(iic ^ P) 0)1/2. equation 1 

consists in determining 

l^ V^tisfies equarion Lfor 


where u is any complex num¬ 
ber whose real part is positive 
and siifficiently large. 

Consider a typical term of the sum in equation 2. 
Let X + k = y then dx — dy, x >= y — k. When x: = 0, 
y = k and when ac = “, y = <». Substitute these rela¬ 
tions in the left side of equation 2 and obtain: 


“ X’*'*>*' 


*dx 


*-0 


or 




(3a) 


0(»)e'*®®dx(3b) 


Since f{x) is known for 0 ^ ac < » and since k ^ n, 
therefore the second integral in each term of the sum to 
the left of equation Zb is known. Again since ^{x) is 
known the integral to the right of equation Zb is also 
known. Let: 


^(«) 


X 




E 

<&(«) “= jT <l>ix)e~^‘‘dx 

Substitute equation 4 in and obtain: 

n 




or 


X 


/(jc) 6 -“*d« - i?(u) 


where 


F(m) » [$(«) + 



C4a) 


(4b) 


(5a) 


(5b) 


(5c) 
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Equation 56 is a well-known integral equation whose Substitute equations 10 in 9 and obtain: 


solution is: 


m- 

2ir/ Jb —j 00 


F{u)^’^du 


( 6 ) 


m mr 


r-l *-0 

Let: 

mr 


11^ 


where 6 is a sufficiently large positive niunber. 

Equation 6 is the solution of equation 1. It is given in 
the form of a complex integral which may be readily 
evaluated (see section 3). 

2. Solution of a System of Difference Equations 

Substituting equations 12 in equation 11 and remembering 
Consider the following system of linear difference that we have m such equations because I assumes all in¬ 
equations of the wth order with constant coefficients teger valves between 1 and m, we have: 


X* 


= Fr{u) 


= Hn) +^l(«) “ Miiu) (11) 

(12a) 

(12b) 


airkfrix + 6) “ 4>iix) 

m mr 

y y ] (hrkfrix -+■ 6) *= d>iix) 


m 

(7a) 'Y^Arrie^)Fr{u) = M,{u) 

rTl 

m 

(7b) y^^2r(6“)Fr(«) = ilf*(«) 


r-l ft-0 


r-l 


(7m) 


Ar,r{^^)Fr{u) = MM 


(13a) 


(13b) 


(13m) 


r-l 


y^ OmrkfAx + A) = ^(JC) 

Expanding equations 13 we obtain 

where are given functions which satisfy the condi¬ 
tions imposed on ^(x) in section 1; frix) are unknown +-4«(e“)Fs(«) -I-... +.4im(6“)^'B,(a) = Jlfi(«) (14a) 

functions. As to the boundary conditions we shall assume AM)Fi(u) + A 2 a(e*^)Fi(t{) +... -I- 42 m(«“)i^m(«) = Mf(u) (l4b) 

that f(x) is known over the interval 0 ^ x< ntr and that .... 

in this interval /,(«) is of bounded variation and /^(x) = . ^mi(«“)i''i(«)+-< 4 m 2 (e“)J^ 2 (») +. ■ - -h Amm(e”)fmM=Mm(u) (l4m) 

[/r(* H” 0) -h /,(« “ 0)]/2. The problem is to determine Soiyi^g equations 14 simultaneously for Fr(u) we have: 
f,(x) which satisfy the system of difference equations 7 

for all« ^ 0 and the boundary conditions for 0 ^ < w,. -PrCw) = I Air(«“)Afi(») + Atr(e”)Mt(u) +... + Amr(e”)M„(u)J/M«") 

Multiply both sides of each of equations 7 by e' -^^dx (IS) 


equation becomes: 


. m. mr ^ 

5S/.' 


airkSrix -h k)t-*‘*dx 


-f: 


<l>i(,x)e~'‘*dx 


( 8 ) 


where 




^n( 6 “) ^ 12 ( 6 “) . . 

. A,„(««) 

A(*“) = 

^2i(e“) ^22(c“) . . 

. AaM) 


^«i(e“) ^»2(e“) . 

C 

1 


(16) 


where / = 1, 2, 3, . . . w. 


and A^b( 6 *‘) is the minor of A obtained by omitting the 


, , . ,. o j vx • • ^tb row and gth column and multiplying the determinant 

Substitute X k = y m equation 8 and obtain as m ^ , . - * + ^ ® 

equation 36.* so obtamed by ( 1 ) 


y^ “*»■**** |_Jo ” J^Mx)t-^^dx j 

i: 


Substituting equation 15 in 126 we have 

m 

jJ'Mxh-^^dx = Friu) = ^ A,,(e“)Jlf,(«)/A(e“) 


(17) 


;-i 


<t>i{x)e- dx (9) Equation 17 is of the same form as 56. Hence its solution 
is: ■ . 

Since/,(*) is known for 0 ^ < Wr and since in each rb+J«> 

inner sum k ^ m„ therefore the second integral to the Mx) = J^ FMe'^’^du 
left in equation 9 is known. Again, since each <l>i(x) is -/« 

^^theintegraltotherightofeqoaaongisalsoknown. 3 . Evaluation of the Integrals 

of Equations 6 and 18 


(18) 


Let 

m mr 


fMi-'^dx 


*{(«) =J^ 
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r-l *-0 

^j(jc)6~*‘*(/3C 


( 10 a) The complex integrals given in equations 6 and 18 are 
not usable in their present form. They must be evaluated 
^ before the functions/(«) 20 x 6 . fXx) can b^ computed in 
' any engineering problem. These integrals have, accord- 
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ingly been evaluated by us. The actual evaluation is of 
mathematical interest only. We therefore give here the 
results. I 

Referring to the difference equation 1 let: \ 


Hi 

-vWWNA- 


H| 

-AAAAAA- 


Hi 

-VSAAAAr- 


l/UL+l 


i/ui+2 


1fco 

n—s 


(19a) 


Fig. 1. Schematic diagram of a ladder network 


.ku 


ifc-0 


(19b) extension of that theorem to the case of repeated 
^ roots“ of P(6“). 

If the polynomial P(6 ) has distinct (unequal) roots ai, Next referring to the system of difference equations 7 
then by decomposition into partial fractions we obtain: let: 


n 

- .») 


k^l 


n 

(25(6“)/P(e“) = - «*) 


(20a) 


(20b) 


n tlr 

^(«**) = ^ ^ Ai,(6**) = ^ ^ biTus” 


fe-0 


»=0 


ik-1 


where 

Bj, =. 1/P'(a*); 


®Ij)*!****A|j-(6**) = Plrptpt' 


(25a) 


(25b) 




Then the expansion of 1/A(6“) in partial fractions is 
given by equations 20a and 22a respectively where A(e“) 
On the other hand if the polynomial P(6“) has X roots . replaces P(6“). With these notations the integral in 
each repeated times, then decomposition into partial equation 18 becomes: 
fractions gives: ^ 

frix) =^^2[flra(x) +fiTbix)] (26) 

(22a) w 

where 




1/P(*«) “ X] 2 


A-l f-1 

X «* 


0.(«“)/-P(.“) - 2 

kml f.l 

where 

P*r = [i^ifc(*‘-’'>(«*)]/(«it - 0! 

P*r, = [^*/’'‘"'’\«*)]/(»* - r)l 

= [«“ - «*1VP(*“) 

^*.(0 = Q,(«“)[«“ - «*]VP(«“) 

With these notations the 
distinct and repeated roots 

fix) P* ^aMx - C - 1) + 

n n 

— W +5-1) (24a) 

jTl Ih?! 

-A 


(a) Por distinct roots of A(€“) 

«ir » y+M-1 


(22b) 

hraix) = 

(H3a) >» Wy my+^ tr » 

(23b) S gtryw"^Pfc«t^*Vp(a?-[y] +5-1) (27b) 

(23c) 

(23d) 


^ ^ otk4>iiv + * — c — 1) (27a) 

Ifei cTo 

t» wy mr¥% 

V-' ^ vH 


^■>1 s — l 0 * —1 

(d) Por repeated roots of 


^Ir X *» y +[*l- r . 

integral equation 6 l^mea, {or ^ V V' 

ts respectively of P(€): ^ k:rt ^ ^ \ ^ / 


X 


ai!‘’0i(»' + » — r — c) (28a) 


^lr6(*) =» EEi: Plrpsv EE Pfcr X 

r^l 

(■[*] It +^V»>(* - [»] + 5 - 1) ' (28b) 

In equations 27 and 28: 


1 . 


Oif & < 0 


In equations 24: 


1. 


0 if 6 < 0 


2. a is a positive non-integer . 

3. Afe*) has no zero roots 

If A(€“) has a zero root of the Woth order then x in equa¬ 
tions 27 and 28 should be replaced by — «o and ACe") 
in 25, 20a, and 22a should be replaced by Ai(€“) where 

2. X is a positive non-integer 

3. If « is a positive integer then/(af) «* [fix + 0) +/(* — 0)]/2 A(«*) « «"®“Ai(e*) (29) 

and/(0) =/(0 + 0)/2 Equations 26, 27, and 28 correspond to the ext^ions of 

Equation 24a may be termed Heaviside’s expansion Heaviside's expansion theorem** to systems of differential 
theorem for differ^ce equations; while equation 245 is equations. 
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4. Application to Ladder Networks 


Consider the ladder network figure 1. Writing Kirch- 
hoff’s equations for any one element we have: 

— I^) = 0 (dOa) 


Ztlfi — (Zi 4* + Ziln+i = 0 (30b) 

Equation 306 is a difference equation of the second order 
similar to equation 1 where: 

/(*) =» /,»for ju — 1 < » < M (31a) 

“ Zi, ohi “ —SZs), 0] Zj =■ Oo (31b) 
^(«)5 0, »»2 (31c) 

From equations 19 we have 



z 

W) 

2-1 


Oo + + <lj«*** 


Cl + «!«* 


« .*) - 2 


<*(*+ 2)6 


The roots of P{i) are: 

«i = + •y /ffli* 4aoffla ]/2a2; 

«j = ^—ai — "x/ax* 4aoOjJ/2<ia (33) 

We shall assume that ai 9 ^ 0 ^. It must be also noted 
that: 


Equations 21 reduce, in this case, to: 

Bi «» l/(ffi 4* 2ojafi) Bt ■■ l/(ai 4" 2ajaj) (35a) 

B\x “ (ffi 4" <®2«i)/(oi 4" 2aj«i) Bxt — fla/(ox 4* 2os«x) (35b) 

B%i «® (tti 4" ®sia*)/(oi 4" 2asaj) Bu *■ 4" 20*051) (35c) 

Substituting equations 31 to 35 in 24a and remembering 

that 0(«) s 0 and that (see equation 31a) /(a: — [a:] 4- 
j ^ 1) = /, and [a;] = /* — 1 we have: 


Z 


j-lJk-l 

■* (Bull 4-+ (FsiJi 4- (36b) 

Equation 36r is the form generally encountered in engi¬ 
neering literature. 

C)ne more fact might be brought out before leaving this 
illustrative probl^. Quite often the boundary condi¬ 
tions relate not to 2 successive elements but to the 2 
ends of a line (say Ix and Ij, are given). Such cases could 
be readily worked out by the use of equation 366 or equa¬ 
tion 36<;. Thus in equation 366, substitute n .== W and 
solve for Ja tiius reducing the problem to the given boundr 
ary conditions. On the other hand, if we assume both 


^'(M'+O ?2< ^'(M+2) 


H 4 > lap. 24^ ^2(p+l) ^2(ja+2) <£4 

] ---^ I ^ T V-T 

—*■ vyw-1-vww'-1——wvw'-'— 

25 25 Z5 

Fig. 2. Schematic diagram of a ladder network 

Ki and K 2 in equation 36c to be unknown, then by sub¬ 
stituting ju = 1 and ju = W in equation 36c we obtain 2 
equations with 2 unknowns. The latter is the 
mode of procedure. 

In order to illustrate the use of the solution for systems 
of difference equations consider the ladder network 
figure 2. Writing Kirchhoff’s equations we have: 

Zih o»+i) 4- Ztih o«+i) - Ji („+2)) 4- ■2:8 (/i Cm+1) - It (m+d) + 

Ztih o»+i) - hn) = 0 (37a) 

Ztli o,+i) 4 - Zt(It 0,4.1) - I, 0,4-2) 4 - Zz(li 0,4-1) — 7 i o»4l))+ 

Z*{Ii Ot+1) — 7 *m) “ 0 (3^) 

whmice: 

Zthit — (Zt 4 - 2Z* + Za) 7 io» 4 -i) 4- ^sTi (m+ 2 ) + Ztlt o» 41 ) =0 (38a) 
Z4ltii, (Zj 4" 2 Z 4 4" Zi)It (m+ 1 ) "i" Zilt Ot+ 2 ) + Ztli 0 t 4 i) “0 (38b) 

Equations 38 are a system of difference equations of the 
second order similar to equation 7 where 

hn - Mx) for M - 1 < af < M (39a) 

7i^ » ft{x) for M - 1 < » < M (39b) 

4*(*) = 0, Wi « wi - w « 2 (39c) 

In order to obtain a clearer insight into the corre- 
^ondence of equations 38 and the system of diff^ence 
equation 7 we shall write 7 more explicitly for the case 
at hand. Thus: 

Ou(/i(») 4* (hafiijx 4" 1) 4" thitfiix -4 2) -4 amftix) 4* 

dinftix 4^ 1) 4" oujtf 2 (» 4" 2) — 0 (40a) 

Onefiix) 4" Onifiix + 1) 4" Outfiix -4 2) + (hatftix) + 

®i»ifi(* 4" 1) 4“ oi»i/»(ac + 2) ■■ 0 (40b) 
Comparing equations 40 with equations 38 we have: 

Out “ Zt (41a) 0*10 “ OjB = 0 (41a0 

• am » -(Zi + 2Zt + Za) (41b) o*n - Za (41b0 

am “ Z» (41c) 0**0 “ ^4 (41c') 

am *= Ou* = 0 (41d) 0*21 “ — (Za-4 2 Z 4 4" Z*) (41d0 

aui “ Z* (41e) 023 * “ Z 4 ’ (41e0 

Referring to equations 12 we have 

4u(e*) aujfc***'®' Ouo 4" auie* 4" am«^“ (42a) 

■4.B(e”) ^ ^ auit Q 4~ ajai*** -H- 0 ■ .(42b) 
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2 

/ 0 + aaue" + 0 (42c) 

2 

•^22(e ) = ^ = 0220 + tt021<** + 02*2*** (42d) 

Ihro 

The determinant A(6“) equation 16 is: 

A(e ) a= ^ ani€“ + Oll 26 *“)(a 220 + a22l<“ + 0222<*“) — 



02 ii 0 i 2 i«*“ (43a) 

= *0 + ftie" + -f- -J- 64 **“ 

(43b) 

where: 


60 = ^1100220 bi = 01100221 -h O 220 OUI 

(44a) 

62 =* 01100222 + O 111 O 221 -1- 01120220 “ O 211 O 121 

(44b) 

bl = Oiiia232 + 01120221 hi = 01120222 

(44c) 


Moreover: 


The choice between the 2 modes of solution is determined 
by the nature of the problem. The above example simply 
illustrates the applicability of our results and could have 
been solved through elimination. 

5. Extension to Other Boundary Conditions 

Quite often, in ph3rsical problems, the boundary con¬ 
ditions are not what we assumed in sections 1 and 2 of 
this paper. In fact, the boundary conditions are often 
specified at the beginning and end of a network. It 
needs but a slight addition to this theory, as indicated in 
the first illustrative problem, to obtain the solution for 
any boundary conditions whatever. 

Consider equations 24 which are solutions of the differ¬ 
ence equation 1. Let, for distinct and repeated roots, 
respectively: 


i. 

f- 



All — ^27, Ai 2 = —/l21, A 21 *= —A] 


A22 =» All 


Finally the values of fiirp^p in equation 256 are given in 
table I. 


Table I—^Values of fiu 


IrpS pmmQ 


nil.., ,0.. ■ .aiioaut. 
1112.... 0 .... 0 . 
1121. . . .0. . . .<tlM<I121< 
1122....0.... 0 . 

1211_0.... 0 . 

1212 _d.... 0 . 

1221_0.... 0 . 

1222 _0.... 0 . 

2111_0.... 0 . 

2112....0_ 0 . 

2121....0.... 0 . 
2122....0.... 0 

2211.. . .0... .0110atu* 

2212 .. .. 0 .... 0 . 

2221.. . .0... .0110 0311. 

2222.. ..0.... 0 . 


>r2 

1—3 

i»«4 

. . . 0 IM 0U3 H- 0331 0m. 

. .03310113 4- 0333 01U. . 

. .0333 0113 

. . . 0330 0113 

. . 0tU 0113 

. . 0333 0113 

■ . • 0321 0131 

03110in 

.. 0 

0 

0 

.. 0 

... —01U03tl 

.. —0U3 03U 

.. 0 

• * • 0 • 

.. —0113 0311 

.. 0 

... —01310311 

0 

.. 0 

t«( 0 * 

0 

.. 0 

... —01310311 

.. 0 

.. 0 

•«« 0 • 

0 

.. 0 

... —01310331 

.. —01310333 

.. 0 

• • • 0 • 

.. —01310333 

.. 0 

. . . 0U1 0311 . 

.. 01130SU 

.. 0 

• • • 0 • 

.. 0 

.. 0 

. . . 0110 0333 4* 0111 0331. 

. .01U0333 4* 0113 0331. . 

.. 0m 0333 

. . . 0UO 0333 . 

. . 01U 03U . . 

.. 0U3 0333 




Assuming that the roots of A(€“) are distinct and equal 
to aa, at, 04 , and using equation 20a where P(€^ is 
replaced by A(e*‘) we have: 

- a.) (48) 

*-l 

where 

■Bfc “ l/ [&i + 2J2a* + Bbtciie* -h k «* 1,2,3,4 (47) 


■Bfc “ l/[oi+262a* +363a**-l-464«**], 6 «1, 2,3,4 (47) 

y((^ ^ j^) _ 

Substituting equations 39 to 47 in 27 and the result in 26 

and remembering that <l>i(x) ^ 0 and that (see equation 39) Moreover: 

fv(x — [«] + r - 1) = Jy, and that [ac] => — 1 we have: 

^ ^ S ' ^ ^ ^ where f= 1.2 (481 ^ubstitu 


^ / -c-1) (40a) 

X ttk 1 *1—r 

^ (*) = ^ c ~ 0 -r-c) (49b) 

Let, for distinct and repeated roots, respectively: 

n 

Ha{x) (50a) 

"Kith 

(m - ' + 1) «0b) 

Then equations 24 may be written in both ca.ses as follows: 

>3 

/(*) ■= A(x) 4- ^ ^ H, (jx)fix — [af] ^ — 1) ( 51 ) 


- In equation 51, A{x) and £[g(x) are both known func¬ 
tions. fix - M -f s - 1) is the value of fix) in the 
interval s — 1 < »: < j. In our solution/(» — [ac] .y — 1 ), 
1“. is givai for r = 1, 2, .. . n, 

^ ^ It is our object to show that equation 51 gives an ex¬ 
plicit solution even when the boundary Values are not 
given for the first n intervals but for any n arbitrary 
(46) intervals h -l<x<ki; h - 1< x< kt, . . . . < 

In the first place it must be observed that fix — W -h 
J ■— 1) is periodic in one, or: 


/((* + i) — [» + 6] -f 5 — 1) "“/(af — [x] H- 5 -- 1) 


This problem could, of course, have been solved by 
reducing, elimination, the system of difference 

equations to 2 difference equations, each of the fourth 
order, and each involving only one unkno^ fimction. 


X’^x—[x]-\-kr — lifkr — l<x<kT (53) 

£ 2 T, Sabstituti^ior * its value ^ equation 63 in 61 for 

tzi yanous mtervals where/(a?) is kriown and using the 

relation 62 we have: 


fix - [x] + - 1 ) - A(,x [»1 + ki - 1 ) 

n 


““ [*1 + *1 - !)/(» ~ M J - 1) (54a) 
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fix — [«] + — 1) — ^ (ac — [ac] +*, — !) = 

n 

y^Ssix - lx] +k»- l)f (ac -[ac] + ^ - 1) (S4b) 


fix — [aa] +kn — 1) — Aix — [at] + — 1) = 

n 

y^H,ix - [at] + kn - l)/(at - [at] + ^ - 1) (S4n) 

Equations 54 are n equations with n unknowns, the 
unknowns being the values oif{x) for the first n intervals, 
viz.: 

fix - [*]), fix - [at] +1), ... fix - [at] + « - 1) 

The solutions of equations 54 give these values of fix) 
which can now be substituted back in 24. The process 
is the same for each frix) in a system of n difference 
equations. 

It should be here remarked that if, as is generally the 
case, some of the boundary values are given for the first 
|8-intervals then the number of unknowns and therefore 
of equations in 54 is reduced to (« — /3). 

Summary 

We have developed 2 expansion theorems applicable to 
difference equations and to systems of difference equations 
such as occur in ladder networks. These theorems are 
given by equations 24, 26, 27, and 28, respectively. The 
equations presuppose that the boundary conditions are 
given for the values of fix) in the first n successive inter¬ 
vals. As, in physical problems, the boundary conditions 
vary widely, the theorems are adapted to any boundary 
conditions in section 5 of the paper. Finally 2 problems 
are worked out in section 4 to iUustrate the use of these 
theorems. 

Notations 

ajt = constant coefficient in the difference equation 1 
O'lTk “■ constant coefficient in the system of difference 
equations 7 

Air = see equation 12o 
.4 (at) *= a function defined by equations 49 
bk “ coefficient of the jfeth term of the polynomial A(«“) 

birv — coefficient of the vth term in the polynomial see 

equation 25a 

Bit = see equation 21 

Bia » see equation 21 

Bitr = see equation 23a 

Bkrt see equation 23b 

(a\ ^ f o(a - l)(a - 2)( . . . )(a - b + l)/b/ if 6 ^ 0, a S O 

\bj \0if6< 0,a ^ 0 

c «= any non-negative integer 

fix) “ / The unknown function in the difference equation 1 
I See also equations 6 and 24 

I The unknown functions in the system of difference 
frix) =• I equation 7 

I See also equations 18, 26, 27 and 28 ' 

/(«-|-0) = limit/(*4-i), S >0 ♦ 

■ i 0. 

/(a: — 0) =* limit/(af — i), « >0 
*-0 

firaix) » see equations 27a aiid 28a 
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firbix) — see equations 275 and 285 

F(u) = see equations 6 

Friu) = see equations 125 and 16 
Hsix) = a function defined by equations 60 
lit = mesh current in the /ith mesh of the ladder network 
figure 1 

= mesh current in the first row of the /tth mesh of the 
ladder network figure 2 

Itn = mesh current in the second row of the /ith mesh of the 
ladder network figure 2 
k = any positive integer 

Ku Kt = constants defined by equation 36c 
I = any non-negative integer 

m => number of difference equations in the system 7 

«r “ order of the difference equation involving frix) in the 
system of equations 7 
Miiu) =* see equation 11 
n = order of the difference equation 1 

tijt = multiplicity of the root a* of P(«“) (see equation 225) 
and of A(6“) 

P = any non-negative Integer 

P(«“) = see equation 19a 

j = any non-negative integer 

qir =* the degree of the polynomial Aj,(€“) 

(>»(e“) = see equation 195 

Qirpti‘“) = a polynomial defined by equation 255 
r = any non-negative integer 

s = any non-negative integer 

/ = a variable of integration 

a = any complex number whose real part is positive 

* = independent variable in a difference equation or a system 

of difference equations 

[ac] = greatest integer which is equal to or less than x 
y “a variable of integration 

Zit = an impedance in the ladder networks figures 1 and 2 
ocit = roots of the polynomial P(«“) or of the pol]momial A(6“) 
fiirptp = coefficient of the vth term in the polynomial Qirpti*“) 
4(6®) =» see equation 16 

Azr(«“) = the minor of A(e“) obtained by omitting row I and 

column r 

Aj(e“) = a pol 3 momial having no zero roots (see equation 29) 

6 = base of napierian logarithms 

X = any positive integer 

ft = any non-negative integer 

V = any non-negative integer 

4>ix) = given function in the difference equation 11 

^(x) = given function in the system of difference equations 7 

4(x -f 0) - limit 0(x •+• 5), 5 > 0 

4(* — 0) = limit 4>ix — 5), 8 > 0 
s-*-o 

#(«) = see equation 45 

$j(«) = see equation 105 

Pki^) =* see equation 23c 

i'Jai^) = see equation 23d 

'*'(«) = see equation 4a 

%iu) = see equation 10a 
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A New Electrostatic Precipitator 

By G. W. PENNEY 

ASSOCIATE AIEE 


E lectrostatic pre- The cleaning action upon gases of a corona which reduces the size, voltage, 

cipitation has long been discharge has been known since 1824; however, power required, and ozone and 

recognized as the out- the technique of electrostatic precipitation has compound of nitrogen gener- 

standing method of removing been improved slowly because of the inherent ated so that this new device 

very fine particles from gases, difficulties of the process and the somewhat can be applied in fields in which 

especially at elevated tempera- limited field of its application. With accurately electrostatic precipitation was 

tures. controlled industrial processes and delicate labo> not previously practical. 

The cleaning of gases by a ratbry measurements came the necessary incentive 

corona discharge was ob- for improving electrostatic precipitation equip- Generation of Ozone 

served by Hohlfield in 1824. ment, and recently it has been applied in the 

His e3q>eriments were extended field of medicine for the treatment of such mala- In air, the generation of 

by Sir Oliver Lodge who made dies as hay fever. The theory of electrostatic ozone by a given discharge 

a working installation in a precipitation is reviewed briefly in this paper, current depends somewhat up- 

lead smelter in 1884. In 1906 and a new precipitator is desaibed. on the geometry of the elec- 

Dr. Cottrell developed a prac- trodes. By selecting a favor- 

tical form which has been very able design of electrode the 

successful in handling difficult cleaning problems which generation of ozone per unit of current can be limited to a 
could not be accomplished by other cleaning methods, minimum value. The problem then becomes one of dc- 
The application of electrostatic precipitation has, however, signing the precipitator to clean the air with the mini- 
been limited. The most serious factors limiting the use of mum discharge current. The analysis given in this paper 
electrostatic precipitation are as follows: has resulted in a precipitator which gives a generation of 


1. D-c voltages of from 30,000 to 100,000 and appreciable current 
are required. 

2. The space required is large both for the precipitator proper as 
well as the high-voltage transformer and rectifier. 


ozone which is small as compared with that found in out¬ 
door air in bright sunlight and at the same time the 
space, voltage, and power required are small as compared 
to previous practice. 


3. The corona discharge of the conventional precipitator generates 
so much ozone that the cleaned air, although free of dust, is too 
irritating to the nose and throat to be used for ventilation. 

4. First cost and maintenance are both high as compared to other 
types of cleaning equipment. 

In considering the field of gas purification, the larger 
particles (above 10 microns) are readily removed by vari¬ 
ous means, such as centrifugal devices, simple filters, 
washers, or by viscous coated devices which depend on 
impinging the particle onto the coated surface. Some¬ 
what finer particles can be removed by the better grade 
of filters. However, in many cases the dust particles are 
only a fraction of a micron in diameter. Such particles 
approach the resolving power of the ordinary microscope. 
The diameter of these particles is comparable with the 
mean free path of air molecules. Such particles defy 
almost all air cleaning devices except precipitation, al¬ 
though in most cases this could not previously be used for 
the reasons given. 

An analysis of the process of precipitation has pointed 
the way to the development of a new type of precipitator 

A paper recommended for publication by the AIBB committee on electro¬ 
chemistry and electromatalluriEnr. Manuscript submitted November 0, 1936; 
released for publication Oecember 2, 1936. 

G. W. Pbnnby is manager of the dectrophysics division of the research labor- 
atfMries of the Westinghbuse Blectric & Manufacturing Company, Bast 
Pittsburgh, Pa. 

:1. Por all numbered references, see list at end of paper. 


Analysis of Electrostatic Precipitation 

The Corona Discharge 

The conventional process of electrostatic precipitation 
uses a wire or system of points at high potential so that 
there is a corona discharge which carries the dust to the 
opposite electrode. The forces acting on the particles 


Fig. 1. Sketch 
showing how an 
electrostatic field 
is distorted by a 
dust particle 


have been analyzed by R. Ladenburg.^ The primary ef¬ 
fect is an accumulation of charge on each dust particle. 
The particle is then acted upon by the electrostatic field 
which carries it toward the electrode of opposite polarity. 
There is another effect which Ladenburg refers to as the 
electrostatic wind. This electrostatic wind consists of a 
movement of air away from discharge points and carries 
dust toward the collecting electrode. However, the move¬ 
ment of air toward the electrode must also displace air 
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away from the collecting electrode. The net result in¬ 
creases the precipitation of dust but it appears to be a very 
ineflGicient method. In this paper the electrostatic wind 
is ignored and an attempt made to develop the most ef¬ 
ficient device for charging the particles and attracting 
them out of the air. The resulting device accomplishes 
results not considered possible in devices where the elec¬ 
trostatic wind is utilized. 

Effect of the Electrostatic Field 

The particles are charged in the region of a corona dis¬ 
charge. Here a high local electrostatic field is produced by 
impressing a high voltage on points or a fine wire. This 
local voltage gradient is sufficiently high to produce ioni¬ 
zation by collision and a self-maintaining ffischarge. If 
the point or wire is negative, the positive ions generated 
in the discharge are attracted to the negative electrode 
but the electrons are repelled and drift toward the large 
positive electrode. Probably most of the electrons quickly 
become attached to air molecules forming negative ions. 
This space charge forms a high opposing voltage which 
limits the current and produces a stable discharge. 

The electrons or ions drifting through the gas tend to 
follow the electrostatic lines of flux. Dust particles usu¬ 
ally have a dielectric constant greater than one and distort 
the fleld tending to concentrate the flux through the par¬ 
ticle (figure 1). This drives the drifting charges toward 
the particle. Any charge on the particle exerts a force 
tending to repel ions from the particle. The tna^rimutn 
charge which the particle can attain is that at which this 
repulsive force cancels the effect of the main electrostatic 
field, Ladenburg’s equation expressing the balance of 
forces acting on an electron just outside the dust particle 
at this limiting charge is 



Solving for 


This equation gives the maximum number of electrons 
which can be collected by a dust particle of radius r and 
didectric constant ^ in a fidd dxength Eo- Experiments 



Pis* 2. Oo» section of the ionizing unit and 
parallel dust-colleding plates of an electrostatic 
precipitator, showing the path of a dust particle 



Fig. 3. An electrostatic precipitator developed 
for use with a spray booth in a pottery plant 


indicate that this charge is approached in a small fractioni 
of a second as compared to the 2 to 10 seconds ordinarily- 
required for predpitation in conventional practice. 

Effect of Molecular Motion op Electrons or Ions 

In addition to the driving force of the electrostatic fidd! 
the heat or molecular motion of the dectrons or ions tends 
to charge the dust partides. The effect of this heat motion 
becomes increasingly important as the partide size de¬ 
creases. Ladenburg considers this effect to be the con¬ 
trolling factor for partides less than V* micron in diameter.. 
When the dust partide is uncharged, the ion will not be 
repelled but as a charge acciunulates on the partide, this 
charge tends to repd ions so that there will be rdativdy 
few ions having suffident vdodty to overcome the repul¬ 
sive force. This gives a rapid rate of charging the 
partide as long as the ion vdodty required is bdow the 
most probable vdodly but when the charge on the partide 
reaches such a value that only a few ions have suffident 
energy to reach the dust partide, the charging proceeds 
very slowly. The mathematical theory is ratha: long*’*'^’*^ 
to review here but a few values are given in table I which, 
compares the values of n obtained by tins theory with 
that given by equation 2. The partide will, of course,, 
tend to take the maximmn number of charges. 

Separation op Particles From the Gas 


In the conventional precipitator the charging of the* 
partides and their separation from the gas was accom- 
plhhed in one chamber with a discharge taking place 
throughout the length of travd of the gas. Both e^qieri- 


ment and theory indicate that the charging of the partides 
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the plates. The time required to travel the distance L is 
given by 


Fig. 4. The ionizing unit of the precipitator 



Fig. 5. Paraliel-plate dust-collecting assembly 


takes place very rapidly as compared to their separation 
from the gas. Furthermore, the charging process inher¬ 
ently requires a nonuniform field while for most efficient 
separation the field should be uniformly high. It has been 
found possible to make the process much more efficient by 
first ionizing the particles and then separating them from 
the gas in the electrostatic field between parallel charged 
plates. 

Figure 2 is a schematic drawing showing a cross section 
of a precipitator using an ionizing unit and a separate dust 
collector consisting of parallel plates, alternate plates 
being grounded and the remaining plates being connected 
to a source of high d-c potential. 

If we assume any given charge neom. dust particle, in 
an electrostatic field, there will be a force neEfi acting to 
pull the particle toward the opposite electrode. The drift 
of the particle through the gas is opposed by the viscohs 
resistance of the gas ^d can be calculated by Stokes’ Law. 

«*e*jE * (3) 


/ 

' V, 


Equating 


“ TT 


To secure the maximum capacity, Vg should be as large 
as possible. It is evident that Vg is inversely proportional 
to the plate spacing A for a given electrostatic field 
strength. Over a considerable range of plate spacing the 
electrostatic field strength can be greater as the plate spac¬ 
ing is decreased, so that the capacity of a given precipitator 
increases faster than inversely proportional to the plate 
spacing. The lower limit of plate spacing is usually de¬ 
termined by manufacturing limitations and by space re¬ 
quired for tJie collection of dust. 

The arrangement of separate ionization and parallel dust 
collecting plates has been proposed years ago. But the 
use of this construction to obtain a more compact and 
efficient unit for removing low concentrations of dust with 
a very Ipw generation of ozone and oxides of nitrogen does 
not appear to have been appreciated. 

This discussion has been based on the assumption of 
streamline flow between parallel electrodes. Actually 
some turbulence frequently exists but tests have demon¬ 
strated that these relations approximate most of the actual 
conditions and constitute a very valuable guide in the 
general discussion of precipitation. 

Eppbct op Particle Size 

From equation 2 it is evident that the charge collected 
by a particle due to the effect of the electrostatic field is 
proportional to the square of the diameter. While from 
equation 3 the resistance offered by the air is proportional 
to the first power of the dianieter, the allowable velocity is 
according to this theory proportional to the diameter of 
the particle to be removed. As the particle size decreases, 
the heat motion of the ion gives an additional charge 


^INSULATED BAR 


The velocity of a given charged particle will then be pro¬ 
portioned to the field streng^. The time required to 
travel the distance A perpendicular to the air is given by 

A diTfir 

ta = A - - (5) 

Va n-e’JSo ^ ' 

If we assume such a negatively charged particle moving 
between 2 parallel electrodes (figure 2) and starting near 
the negative electrode, the maximum, allowable air veloc¬ 
ity is that at which th.e charged particle will just reach the 
positive electrode before passing out of the region between 
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above that due to the electrostatic field so that actually the 
allowable velocity does not decrease directly with the 
particle size, although the fine particles are more difficult 
to remove than large particles. 

Retention of Particles on Collecting Electrodes 

The electrostatic force exerted by the field on the 
charged particle acts to carry the particle through the air 
toward the oppositely charged electrode. 

But when the particle touches that electrode if the dust is 
conducting the charge leaves the particle and a surface 
charge of opposite sign appears representing the condenser 
charge of the electrodes. This tends to repel the particle 
from the electrode. On the other hand, if the particle could 
be a perfect insulator, at least on the second layer of par¬ 
ticles, the charge would remain on the particle and the at¬ 
traction be maintained. The actual case will be somewhere 
between these extremes. But in any case we cannot rely on 
the electrostatic force to hold the particle on the electrode. 
It must be held by adhesion. Most fine particles normally 
adhere. In special cases the plates may be coated with oil 
or other material which will cause particles to adhere, al¬ 
though in this case they adhere so well that cleaning of the 
plates is very difficult. With some t 3 rpes of dust, it may col¬ 
lect normally but a jar may loosen agglomerations of dust. 


Table I—^Theoretical Maximum Charge on a Dust Particle 


Radius of 
Particle, 
Centimeter 

Diameter 

Microns 

Dielectric 

Constant 

Maximum 
Charge Due 
to Field 

Equation 2, Eo *5 

Charge 
Due to 
Heat Motion 

1 x10-* . 

.20 . 

.1 .... 

. 1.05 X 10* 


1 x10-* . 

..,..20 . 

. 4 .... 

.2.1 xl0«... .. 

....2,100 

1 x10-* . 

.20 . 

. « , • • CD « , « , 

.3.16x10* 


1 x10-*. 

.2 . 

.1 - 

. 106 


1 x10-*. 


.4_ 

. 210 . 

•- 207 

IxIO-* . 

.2 . 

• • • « , CO « « • • 

. 316 


lxl0-» . 

.0.2. 

.1_ 



1 x10-* . 

.0.2. 

. 4 _ 


.... 19 

1 x10-* . 

.0.2. 

• • • • , CO . « . « 




Many cases of this type can be solved by using a simple 
mechanical filter past the precipitator. Such a filter would 
not remove the dust in its original, finely divided state but 
when the dust breaks loose from the plates it tends to do 
so in large pieces or agglomerations which are sufficiently 
large to be caught by the filter. 

Description of the New Precipitator 

Figure 3 shows a photograph of a complete precipitator 
which was built for removing the glaze from the air ex¬ 
hausted from a spray booth in a pottery plant. The high- 
voltage power supply unit consisting of transformer, rec¬ 
tifier tubes, and condensers, is mounted in the case at the 
left of the photograph. The ionizing units are mounted at 
the lower part of the case and the plate asseihblies above. 
The ionizing unit consists of parallel grounded cylinders 
with wires carried on insulated supports spaced between 
the cylinders. The wires are connected to the high- 

162 


potential power source giving 12 to 14 kilovolts 
Figure 4 shows a photograph of an ionizing unit reuxo'^*^^' 
from the case. 

Some dust collects on the grounded cylinders of the 
izing unit. However, most of the dust is deposited in 
dust collection plate assemblies. Figure 5 shows otxG 
these units removed from the case. Alternate plates st.r'*-* 



grounded, being supported from the case. The remaining 
or intermediate plates are supported by insulated bars 
are charged to a lower voltage than the ionizing ui'ii't^* 
Figure 6 shows a wiring diagram. 

Efliciency of Precipitation 

The equations derived on the basis of maximiim chsur^u: 
obtainable would indicate 100 per cent efficiency up to iX 
given critical velocity (equation 8) and a rapid reduction 
in efficiency above this velocity. In practice, this abrni^ t 
transition is not obtained for several reasons. Parti cl crs 
vary greatly in size. All particles of a given size do not 
obtain the same charge because the dielectric constant 
varies, the field is not uniform over the ionizing region, tin- 
shape of the particles vary, and the equations goveminj^ 
the charging of small particles depend on the probat>lc 
movement of ions and in the smaller particles the number's 
involved are too small to give a uniform result. Figure *7 
shows a typical curve obtained by test. This shows tlrat 
we can increase the efficiency of a given unit to almost any 
desired value by merely reducing the volume of g-as 
cleaned. 

The initial development on this precipitator was for -tire 
purpose of removing the dust, mainly black smoke par¬ 
ticles, from air particularly in cities where soft coal is 
burned. In this application we are interested primarily i^;^ 
the tendency of the air to blacken wall paper, draperies, 
merchandise, etc. This characteristic can be measured Tby 
drawing the air to be tested at a measured rate, throug-lx a. 
piece of white cloth. Figure 8 is a photograph of 3 sixob 
samples taken simultaneously. One shows unfiltered a.ir, 
The second sample shows air which had passed throug’lx a. 
common commercial oil-coated filter. On coarse dustts 
tests can be made which will give a weight efficiency of ovaar 
99 per cent for this same coated filter, but when testaci 
using these fine smoke particles, the cleaning effect of 
coated filter was almost negligible. The third samj>l^ 
shows air which had been passed through an electrosta.lti< 2 j 
precipitator. 
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Another method of determining eflSciency is to count the 
number of particles suspended in the air before and after 
passing through the cleaning device, using the Greenburg 
Impinger^ recommended by the Bureau of Public Health. 
A test made using a dust of ground silica rock and count¬ 
ing the particles by this method gave the following results: 

1. Unfiltered air—430 X 10 particles per cubic foot. 

2. Air filtered through the viscous coated filter—^360 X 10’' particles 
per cubic foot or 19 per cent efficiency of cleaning. 

3. Air passed through the electrostatic cleaner—2,3 X 10^ particles 
per cubic foot or 99.5 per cent efficiency. 

Another method of making such particle counts is the elec¬ 
trostatic dust sampler.^ 

The efficiency of a given unit will vary over wide limits 
based on the method of test. Usually a weight test gives a 
high efficiency, since the larger particles are efficiently re¬ 
moved and constitute a large portion of the weight. It is 
possible on filters for instance, to make tests where the 
weight efficiency will be above 95 per cent and yet the 
particle count using the impinger may show an efficiency 
below 20 per cent. The tests used to obtain the curve of 
figure 7 were made using a smoke and air mixture and 
measuring the time required to produce a given blackness 
of a piece of cloth. A condition giving 95 per cent based on 
this test would give well over 99 per cent using a weight 
test. 

Fields of Application 

* ! I I 

This type of precipitator is particularly adapted to re¬ 
moving light concentrations of fine dust. Some of the 
principle fields of application are: 

1. Removal of industrial dusts which constitute a hazard to health 
of employees. 

2. Air cleaning to protect delicate apparatus or processes. 

3. Air cleaning in homes and offices in soft-coal burning cities to 
reduce cleaning of walls, draperies, etc. 

4. Air cleaning for the relief of hay fever and asthma. 

5. Air cleaning in stores to reduce damage to merchandise. 




Fig. 9* A type of electrostatic air cleaner used 
for the relief of hay fever and asthma 


In the operation of delicate relays such as automatic 
telephone switching equipment, considerable trouble may 
be caused by atmospheric dust which is so fine that it is not 
removed by ordinary means. Precipitators are giving 
satisfactory results in such service. 

Experimental electrostatic air cleaners have been opera¬ 
ted in connection with hot air furnaces and have shown a 
remarkable reduction in household cleaning required in 
locations where atmospheric pollution is serious. 

Hay fever has been recognized as a disease caused by 
pollen carried by the air. Some types of asthma are also 
caused by air-bome dust, some of this dust being very fine. 
Early in the experimental work on the precipitator, 2 
hospital rooms were equipped with electrostatic air clean¬ 
ers. Very satisfactory results were obtained on hay fever 
and certain asthma cases. This work has been reported 
by Criep and Green.* Since the publication of this paper 
even more startling results have been obtained in relieving 
certain asthma cases. Figure 9 shows a picture of a pre¬ 
cipitator designed for this service. This unit consists of a 
fan, ionizing unit, dust collection chamber, and high- 
voltage power supply consisting of transformer, 2 rectifier 
tubes and condensers. It is equipped with a small neon 
light which glows when the unit is operating. The dust 
collecting element is easily removed for cleaning and is 
constructed entirely of metal and porcelain so that it can 
be washed out using an ordinary hose and nozzle. The 
time required for precipitating the dust (including ioniza¬ 
tion) is a measure of the size of the unit. In the unit 
shown in figure 9 the precipitation time is Vs second as 
compared to 2 to 10 in older conventional precipitators. 


A B C 

Fig. 8. Results of passing through cloth filters a 
volume of 10,00Q cubic feet of air cleaned by 3 
different methods 

A—Uncleaned air 
8^-Mechanically cleaned air 
C—Electrostatically cleaned air 


Appendix I— Symbols 

ft viscosity of the gas 
e =» charge on the dectron 
n as number of dectrons on a dust particle 
E » dectrostatic fidd strength in volts per centimeter 

{Conclude on page 128) 
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Dielectric Strength of Transformer Insulation 


By P. L BELLASCHi 

MEMBER AIEE 


W. L TEAGUE 
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T he voltage-time charac¬ 
teristic of insulation is of 
great importance in engi¬ 
neering and theoretical dielec¬ 
tric problems. A practical 
case is the early recognition 
that the time of application of 
voltage be reduced when tesb 
ing transformers at industrial 
frequencies higher than the 

normal.^'* Later when the protection of electrical ap¬ 
paratus against lightning received close attention, natu¬ 
rally insulation was studied in considerable detail in the 
impulse region which extends from about 100 micro¬ 
seconds to a fraction of a microsecond.*’^ Recently 
some data**® have been reported to the AIEE to establish 
the voltage-time characteristic of insulation over its 
range up to the order of one minute, but these data are 
limited in scope. More data are therefore required to 
establish adequately the voltage-time characteristics of 
insulation. 

The purpose of this paper is to fulfill this need more 
fully. It presents the data and results of a compre¬ 
hensive investigation on solid and liquid insulations 
(0.066- and 0.12d-mch fullerboard; 0.25-, 0,50-, and 
1.00-inch transformer oil). Some 2,000 tests were made 
and approximately 750 cathode-ray and magnetic oscillo¬ 
grams recorded. These data permit establishing the 
voltage-time characteristics of the insulation tested over 
the entire range from a fraction of a microsecond to 
beyond one minute. Tests were also made on insulation 
structures similar to those in large high-voltage electrical 
apparatiiSi thus enhancing the usefulness of the investiga- 
gation. In the paper the technique and test methods 
developed, always an important factor in fundamental 
work, are given in detail. These methods can be applied 
in similar investigations on other insulation materials. 
Besides the data reported in curve form, other pertinent 
observations and findings (such as corona, character of 
breakdown, etc.) are reported, which should be of guidance 
in the correct interpretation of the mechanism of insula¬ 
tion breakdown. 

Test Methods 

The voltages which appear on electrical systems may 
conveniently be classified according to their duration as 
impulse, STritching, and normal-frequency voltages. 

^ paper recommended for publication by the AIEE committees on electro- 
phystos and electrical machinery. Manuscript submittedOctober 31. 1036’ 
rdeased for publication December 2, 1936i 

P. X. BuLLAncai is development and research engineer, and W. L. Tbaoto is 
iCnginetf, for thn WesUnghouse Electric & Manufacturing Company, Sharon, Pa. ' 
1 . Por all numbered references see list at end of paper. 


This paper presents a summary of the results of 
over 2,000 tests on the dielectric strength of 
transformer oil and insulating material for impulse, 
switching, and 60-cycle voltages. From these 
tests the voltage-time characteristics of the 2 
insulations tested may be established over the 
entire range from a fraction of a microsecond to 
more than one minute. 


Means were therefore provided 
to produce corresponding test¬ 
ing voltages and to measure 
the voltage and its duration. 

Impulse Tests 


These tests were made with 
the standard impulse genera¬ 
tor set up to produce a nominal 
IV 2 X 4 O microsecond wave. 
Voltage and time were measured with a cathode-ray oscillo¬ 
graph connected across the test piece through a capaci¬ 
tance divider which was calibrated against a resistance 
divider. The equipment and general procedure conform 
to the establi^ed practice in impulse testing’"*®. T 3 rpi- 
cal oscillograms of impulse voltages applied to the test 
piece are riiown in figure 8 A, B, and C. 

Switching Surge Tests 

The circuit in figure 1 was devised for these tests. 
The surge generator is arranged for a high capacitance 
(C, = 0.1 microfarad) and supplies a voltage of 360 kv 
or less. The generator discharges into a load capacitance 


L» 1.2 HENRIES 



Fig. 1. Circuit and arrangement for switching-surge 
tests 

Resistances in ohms; capacitances in microfarads 
C—Cathode-ray oscillograph S —^Surge-voltage generator 

0 —Voltage divider T —1,000-lcva 132-kv trans- 

G —‘25-centimeter sphere gap former 


of 0.08 microfarad through an inductance of 1.2 henries. 
The test piece is across the load capacitance. The dura¬ 
tion and wave form of the surge across the test piece is 
fixed by the consta,nts of the circuit and the imgnitude 
can be controlled by the charging voltage appUed to the 
surge generator. A typical osdUogram of the surge 
voltage employed in these tests is given in fij^e SD. 

The method of measuring the voltoge was by means of 
the cathode-ray oscillograph connected through the 
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Fig. 2. Circuit and arrangement 
for short-time 60-cycle tests 

Resistances in ohms 
>4—^Switch 

B —^0-kva single-phase 60-cycle genera¬ 
tor 

C—Circuit-breaker tripout coil 
G—^25-centimeter sphere gap 
M —Release magnet for switch A 
R —SOO-kva step induction regulator 
Rt —Initiating relay operated by magnetic 
oscillograph 
R *—^Time relay 

T —300-lcv 150-kva testing transformer 
Ti —Current transformer, 5 to (so am¬ 
peres 

y —^Voltmeter coil 



capacitance divider as indicated in figure 1. The capaci¬ 
tance divider was calibrated against a resistance divider 
connected across the load. The resistance divider cali¬ 
bration established that the wave form of the surge applied 
to the test object was faithfully recorded at the cathode- 
ray oscillograph with tibie capacitance divider. The test¬ 
ing set was also calibrated against a 25-centimeter sphere 
gap and the relation between the output voltage at the 
load and the charging voltage of the surge generator was 


established. The 2 methods of voltage measurement 
checked within 3 per cent. 

Short-Time 60-Cyclb Tests 

The circuit diagram and test arrangement for the 
short-time 60-^cle tests are shown in figure 2. The 
arrangement is such that a voltage of a desired magnitude 
can be applied for only a ^ort time in the range of 5 to 90 
cycles. The voltage was supplied from a 300-kv 150- 
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Fig. 4. Voltage-time breakdown curve for transformer oil, 0.5-incli spacing 


kva testing transformer excited from a step-induction the secondary of the current transformer. It registers 
regulator by which the voltage could be adjusted. A the number of cycles that the current flows through the 
load resistance of 132,000 ohms was connected across load resistance and hence the timp that the voltage is 
the testing transformer by means of a large air insulated applied to the test piece. Typical oscillograms of the 
smtch A. The test piece was connected directly across voltage-time application are shown in figure 8F and G, 
this load resistance. The test Set was calibrated, meas¬ 
uring the voltage at the test piece with a 25-centimeter Long-Time 60-Cycle Tests 

sph^e gap and the voltage on the voltoeter coil of the The voltage supply for these tests was a 150-kv 75-kya 
testing transformer with the set operating to trip off the testing transformer excited through an induction regulator 
voltage in the same way as when making the actual tests, for voltage control. The voltage measured at the volt- 
The method of controlHng and measuring the time wiU meter coil of the testing transformer was calibrated 
be appwent from a bnef description of the test procedure against a 25-centimeter sphere gap connected across the 
^d retoence to figure 2. The testing transformer is test load. The time in these tests was of sufficient dura- 
^t excited to give the desired voltage. Then the ini- tion for direct measurement with an ordinary watch, 
tiating relay, operated by the magnetic oscillograph, 

energizes the “release magnet” and permits switch A to Testing Technique and Data 
close by gravity, and apply the voltage to the load re¬ 
sistance and the test piece. The fuUerboard samples used in the tests were 12 inches 

The current flowing through the load resistance is by 12 inches for the 0.056-inch thickness and either 12 
stepped up through a 5/50-ampere current transformer inches by 12 inches or 24 inches by 24 inches for the 
and ^er^es the “time relay”. The time relay closes 0.125-inch thickness. The fullerboard was thoroughly 
the circuit that energizes the trip-out coil of the circuit dried out in a heating oven and oil-impregnated under 
breaker m the primary of the regulator and thus the vacuum similar to the ^eatmeht for transformers. In 
voltage across the test piece is removed. The number all the tests standard transformer oil was used. The oil 
of cydes the voltage is applied can be varied by adjusting was at room temperature, 13 to 22 degrees centigrade, 
the timing relay. The time of voltage application is and its strength as tested in the standard AIEE cup was 
measured by the magnetic oscillograph connected across between the limits of 28 to 36 kv (root mean square) 
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which is well above the accepted value for good oil. and the mgyimntn hold values are given on the curves. 

In aU tests the line electrode was a 2 Vs inch diameter, The corona values are also shown. 
iVs-inch thick polished brass disk with square edges 

and the grounded electrode was a 6-inch diameter, Vs- Discussion of Tests and Data 
inch thick smooth brass plate. The electrodes were 

arranged coaxially and supported by a rigid Micarta The breakdown of oil on impulse, switching, and short- 
framework. In the oil tests the electrodes were set and time 60-cycle voltages was somewhat erratic. The varia- 
rigidly clamped at the desired separation and in the tion was reduced to an apparent minimum when proper 
fuUerboard tests they were pressed j&rmly against the precautions were taken in cleaning the electrodes, in re¬ 
test sample. placing burned oil from between the electrodes with 

All tests were started at 60 to 70 per cent of the ex- fresh oil, in removing trapped air from the oil, and in 
pected breakdown value. The voltage was first increased beginning the tests at low voltage and increasing it in 
in steps of about 10 per cent and as breakdown was ap- small steps to failure. Even with these precautions a 
proached the steps were reduced to 2 to 3 per cent. The spread of 20 to 30 per cent is found as shown in figures 
total number of voltage applications on each sample was 3, 4, and 6. 

from a few up to as many as 25 with an average of about One inherent characteristic of oil is the long time-to- 
10. In the impulse tests where the breakdown occurred breakdown on impulses, as illustrated in oscillogram 
on the front of the wave (figure &4), the first test resulted figure 8C. In some cases the time-to-breakdown was as 
in failure. A rest period of 2 minutes or more was allowed great as 25 microseconds, as can be seen in figure 4. 
between repeated voltage applications on a sample. No corona could be observed previous to breakdown 

The minimum corona voltage was determined starting in any of the tests on oil except there appeared to be a 
at a low voltage and increasing it in small increments slight amount just preceding breakdown of the 1-inch 
until corona could just be detected. In the impulse, pacing in the short-time 60-cycle tests. Most of the 
switching, and short-time 60-cycle tests corona was first failures occurred from the edge of the line electrode, 
detected visually, whereas in the long-time 60-cycle tests though for the 1-inch spacing a considerable proportion 
it was first detected audibly. was from the face of the line electrode. 

• From these tests the voltage-time characteristic curves Tests with positive and negative impulse and switching 
for transformer oil and oil-impregnated fuUerboard are voltages were made on the Vs’i’^ch oil g^p. There is no 
plotted in figures 3, 4, 5, 6, and 7. Both the breakdown marked difference in breakdown voltage for the 2 polar- 
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Fig. 5. Voltage-time breakdown curve for transformer oil, 1.0-inch spacing 
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ities, though the negative breakdown values are on the 
average somewhat greater than the positive. In the 
short-time 60-cycle tests the polarity of the 60-cycle 
voltage at failure could be determined from the magnetic 
oscillograms. Of 22 tests, 15 failed on positive polarity. 

The voltage-time characteristic curves for the V4-i*ich, 
Vrinch, and 1-inch oil gaps (figures 3, 4, and 5) are es¬ 
sentially of the same form. They are flat in the region 
between 10 to 1,000 microseconds, rise rapidly for impulse 
voltages shorter than 10 microseconds and fall gradually 
from 1,000 microseconds to one minute. The dose sim¬ 
ilarity of the 3 curves can be seen by comparing the ratios 
of voltage at any time value to the one-minute voltage 
(impulse ratio). For example, the impulse ratios for the 
Vriuch, Vs'inch, and 1-inch oil gaps are respectively 
2.4, 2.6* and 2.6 at 40 microseconds. The relation be¬ 
tween voltage breakdown (V) and oil gap spadngs (d) 
for these curves is dosdy expressed by log F=0.5 log d. 

The voltage-time characteristic curves of oil-impregnated 
fullerboard tested in transformer oil are given in figures 
6 and 7 for 0.056-inch and 0.125-inch thicknesses respec- 
tivdy. In these tests breakdown was definitely preceded 
by corona. In the impulse tests the corona voltage for 
the 2 thi ckn esses appeared at approximatdy 45 per cent 
of breakdown voltage. On increasing the impulse volt¬ 
age above the corona value visible streamers in increasing 
length extended from the edge of the line electrode along 
the surface of the fullerboard reaching a length at break¬ 


down of about 2Vs inches for the 0.056-inch fullerboard 
and 3V2 inches for the 0.126-inch fullerboard. These 
observations of corona were confirmed by the inspection 
of the marking bn the fullerboard after test. The maxi¬ 
mum time-to-breakdown in the impulse tests on fuller¬ 
board occurred near the crest, figures 6 and 7 and oscil¬ 
logram figure 8B, as compared to the long time breakdown 
in oil. It is of interest to note that the corona voltages 
of the 2 thicknesses of fullerboard (60 kv and 95 kv) corre¬ 
spond closely to the estimated breakdown voltage for the 
same spacing of oil gaps. 

An important observation is the nature of breakdown. 
For the positive polarity impulse tests somewhat more 
than 80 per cent of failures for the 2 thicknesses of fuller¬ 
board were from the face of the line electrode and less 
than 20 per cent were from the edge. Whereas for the 
negative polarity tests, which were made on the 0.125- 
inch fullerboard alone, only 35 per cent of the failures were 
from the face of the electrode and 66 per cent occurred at 
the edge. The location of these f^ures indicates the 
grading effect of the positive streamers on the edge of the 
line electrode and also suggests a considerable voltage 
drop along the length of the streamer from the base to the 
tip. Apparently negative impulse streamers are of a 
different character than the positive and do not produce 
the same grading effect on the edge. 

The length of the corona streamers for the switching 
surges (oscillograms, figures 8 D and E) were considerably 
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corona-lime curves for 0.056-inch, oil-impregnated fullerboard tested in transformer oil 
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greater than for the impulse. In fact creepage took of breakdown is given from the 60-cycle tests applied ! j 

place at 160 kv over the edge of the 12-inch by 12-inch for dturations from 5 seconds to one minute. In 80 per iT ; 

samples, 0.125-inch thickness, this making it essential cent of these tests, failure occurred on a streamer Vi to 
to use 24-inch by 24-inch samples. The location of the 1 inch from the electrode and the other 20 per cent were 

breakdown for the positive polarity switching surges was at the edge. The extent of the visible corona from the i' 

in 55 per cent of the tests from about V* to IVj inches electrode was much less pronounced than for short-time lii 

outside the edge of the line electrode. These points of 60-cycle switching and impulse voltages, due undoubtedly 11 ,i 

failure were from a streamer. The other 46 per cent to the lower breakdown voltage. i j; i 

of the failures were either from the edge of the electrode The appearance of the breakdown in the fullerboard !■ 

or from the face near the edge. These observations is illustrated in figure 9. For the impulse voltages the ? I ■ 

for the positive smtching surges suggest that due to the failures are distinctly of a disruptive character with prac- ' j- ; 

relatively long time of application of the voltage the tically no indication of burning. The switching test» 

streamers develop into a more conducting path resulting produced failures similar in appearance to those of the 

frequently in failure from a streamer rather than from the impulse, although the extent of the rupture was greater 

electrode. The points of failure for the negative polarity due to the larger current. The short-time 60-cycle tests 

were at or near the edge of the electrode, thus indicating were somewhat disruptive in character and also showed ^ 

again the difference in nature between positive and nega- considerable bu rning . The 6 seconds to one minute 60- i 

tive breakdown. cycle failures showed a decided burned effect. f j 

In the short-time 60-cycle tests (oscillograms figure An important observation of the fullerboard twts was j, I 

8F and G), 12 out of the 13 failures occurred on the positive in connection with the surface markin g on the test sample. • | [ 

polarity of the 60-cycle wave. The streamers were about Even though as many as 25 repeated impulse or switching ; | ; 

the same length as for the switching surges. One-half of surge voltages were applied to a sample up to breakdown, i Ji j 

the failtures occurred on streamers V4 to 1 inch away from entailing profuse corona discharges, yet the amount of r, l ■ 

the electrode, the others were at the edge. Apparently damage was extremely small and appeared to be confined pi j 

thA nature of breakdown for the short-time 60-cycle to the surface layer. -V 

tests is of the same general character as that for the posi- The form of the voltage-time characteristic for the 2 : | 

tive switching surges. Further evidence on the nature thicknesses of fullerboard (figures 6 and 7) is of the same ^ ;■ 

jAWARy l937^,^^^^:^ . Bellaschif Tmgue-r—TransformerInstdaiim : ij 
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Fig. 8. Typical oscillograms 

A —Impulse tesb/ V«-inch thick fullerbodrd 
8—Impulse tests, 0.056-inch thick Fullerboard 
C— Impulse tests, 1.0-Inch oil gap 
0—^Switching surge tests, 1.0-inch oil gap 
8—Switching surge tests, 1,0-inch oil gap 
F—Short-time 60-cycle tests, 0.25-Inch oil gap 
G—^Short-time 60-cycle tests, 1.0-inch oil gap 


Fig. 9. Typical fullerboard failures 

A —Impulse tests, 0.056-inch thick fullerboard 
8—^Switching surge tests, 0.056-inch thick Fullerboard 
C—^Short-time 60-cycle tests, 0.056-inch thick fullerboard 
^ —One-minute 60-cycle tests, 0.056-inch thick fullerboard 


type. As compared to the characteristic of oil however, 
the fullerboard characteristic is flat for a greater range 
of time in the impulse and switching surge regions. The 
fullerboard curves are flat from 2 to 10,000 microseconds, 
rise for shorter times than 2 microseconds, and fall quite 
rapidly from 10,000 nucroseconds to one minute. The 
corona curves are of similar shape. The data points are 
quite consistent from 6 cycles to one minute. In the 
switching surge region the spread in the points is about 
20 per cent, which is the same as in the impulse region, 
but the values are higher than for the long impulses, ap¬ 
parently due to a better grading effect. 

The impulse ratio for the 2 thicknesses of fullerboard is 
of the same order for the entire range of time and at 2 
microseconds the average is 3.1. 

The relation between voltage strength (F) and thick¬ 
ness over the greater range of the 2 curves for fullerboard 
is expressed by log Y = 0.6 to 0.7 log d. 

Combined Solid and Liquid Insulation 

To further extend the investigation, tests were nigrlp 
on a barrier structure of 2 0.056-inch thick, 36-inch by 
36-inch fullerboard sheets and 3 Vs-inch oil ducts ar¬ 
ranged alternately. A 4-inch disk and a plate were used 
for the line and the ground electrodes, respectively. Im¬ 
pulse tests were made by applying 100 repeated applica¬ 


tions at each voltage setting up to failure. The one- 
minute 60-cycle breakdown strength was also established. 
The average test values were 300, 300, 280, and 130 kv 
for 0.35 microsecond, 2.5 microseconds, full 40 micro¬ 
seconds, and one-minute 60-cycle test (crest), respec¬ 
tively. These results show an average impulse ratio 
of 2.2. These tests for a large number of repeated 
impulses confirm the constant strength over the impulse 
region even down to the very short times, as previously 
established.* For the longer times these values indicate 
the same form of voltage-time characteristic as shown 
for the fullerboard and oil alone. 

Though this barrier and the fullerboard and oil alone 
are elements of electrical apparatus insulation, they do not 
conform to the best design structure used in practice. 
Therefore 2 power transformers, a 132 kv core-type and 
a 132 kv shell-type were tested, as shown in figure 10. 
The impulse tests from 1 microsecond and less were made 
with a 24-inch rod gap chopping the wave on the front. “ 
From about 2.5-microsecond duration to the 40-microsecond 
full wave the tests were made in the same manner as in the 
recommended practice^*’using a test rod gap. Switch¬ 
ing surges limited by a 38V4-inch co-ordinating rod gap 
were made on the core-lype transformer and in a few of 
the tests the gap actually flashed over. Furthermore 
this transformer had previously been used in the switching 
surge tests in the set-up of figure 1 and had been subjected 
to more than 500 of these tests from 350 kv and less. 
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The standard one-minute 60-cycle test had also been 
made. 

• The dotted Une at 860 kv (391 X 2.2) shows the maxi¬ 
mum permissible impulse test level corresponding to the 
standard AIEE 60-cycle test.^-* It will be seen that the 
tests above this line in region E encroach on the margin 
of the insulation impulse strength. The tests in region 
D verify the adequate impulse strength levels of the trans¬ 
formers. The tests in region C represent AIEE recom¬ 
mended impulse tests. ^ 2.18 The highest switching tests 
are indicated at B. These tests on the transformer are 
amply indicative that the voltage-time characteristic 
of this and other apparatus of the kind is similar in shape 
to that for the oil and fuUerboard. These large num¬ 
bers of tests over the entire time range, from a fraction of 
a microsecond to a minute, indicate that impulse and 60- 
cycle tests are sufficient to establish the adequacy of 
a transformer design for practically all conditions of 
service. 

Conclusions 

1. In the oil tests corona and breakdown apparently occurred 
simultaneously. 

2. The impulse ratio at the full impulse wave for the oil tested is 
approximately 2.6. The average strength of the oil is practically 
constant from 1.5 to 1,000 microseconds. 


3. In the fuUerboard tests even though profuse corona preceded 
breakdown, no appreciable damage could be observed on the insu¬ 
lation. 

4. The strength of fuUerboard is practicaUy constant from 2 to 
16,000 microseconds. Over this range the impulse ratio is close to 
3.1. 

5. In the fuUerboard tests a distinct difference was found in the 
nature of breakdown between the positive and the negative polarity 
as indicated by the corona streamers, the faUures and the 60-cycle 
tests. 

6- The character of the breakdown for the impulse, switching, 
short-time 60-cycle, and long-time 60-cycle voltages was progres¬ 
sively from a distinct disruptive character to a burning effect. 

7. The strength of fuUerboard and oU is essentiaUy the same for 
switching surges as for impulse voltages at the fuU 40-microsecond 
wave. This characteristic and the tests on the transformers indi¬ 
cate that 60-cycle and impulse tests are proof of the adequacy of 
design for practical service conditions. 
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Development of a Modern Watt-Hour Meter 
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T he a-c watt-hour meter 
has undergone manystages 
of development and im¬ 
provement since the j&rst ac-dc 
meter designed by Thomson 
in 1889 and the first induction 
watt-homr meter by Shallen- 
berger in 1894. Meters have 
grown smaller, they have be¬ 
come much more accurate under varying load conditions, 
and their cost has been reduced. There has been a 
definite tendency to increase the current range over 
which a meter will operate successfully. Another im¬ 
portant improvement has been the minimizin g of errors 
due to variations in ambient temperature. Both of these 
features are of particular significance when considered 
from the standpoint of modem metering conditions. 

Watt-hour meters as they exist today have built up a 
deserved reputation for accuracy and reliability and at 
first thought it might appear that further attempts to 
improve performance might be unwarranted, if not im¬ 
possible. When carefully analyzed, however, it is evident 
that the “long range accuracy” that has been built into 
recent meters has really been an attempt to reach closer 
to the ideal, which would be a single meter capable of 
measuring all currents encountered in a given class of 
installations. Such a meter would simplify the problem 
of providing for future growth of load on an installation 
and at the same time adequately take care of the very 
small loads that are frequently of importance. It wotdd 
eliminate the uncdiainty of choosing the correct current 
rating for a given job, because there would be only one 
meter to use—one meter for all domestic loads. Such an 
arrangement would obviously be advantageous, particu¬ 
larly from the standpoint of reduction in inventory expense 
of complete meters and parts. 

More general mounting of meters out-of-doors in loca¬ 
tions where extreme high and low temperatures were 
encountered presented new problems. One of these was 
to provide higher accuracy over wider temperature ranges 
than heretofore. 

There appeared, therefore, sufiSdent justification to 
warrant a complete analysis of the ftmdamentals of watt- 
hour meter design wilh the objective of discovering 
means of providing these and other desirable improve¬ 
ments. 

Factors Affecting Meter Performance 

At the outset, the basic design problems with an in¬ 
duction watt-hour meter are: first, to provide suflBlci^t 
torque with a minimum of friction so that the effects of 
friction are minimized; second, to minimize the damping 


A comprehensive discussion of the factors 
affecting the performance of a watt-hour meter 
is presented in this paper, and the general 
discussion is applied to a description of the 
development of a new type of domestic watt- 
hour meter. Design and performance data on 
the new meter also are presented. 


effects of the a-c fluxes in 
order that the performance 
will be good at abnormal 
voltages and at heavy loads; 
third, to decrease the inherent 
lagging angle and the potential 
circuit watts loss in order that 
wave form, frequency, low 
power factor, and class II 
temperature errors will be minimized. The induction 
meter is inherently accurate but it is these details that 
are the main causes of any inaccuracy. A good design 
must incorporate a consideration of all these factors. 

Analysis op Element Driving and Damping Torques 

To analyze the inherent effects of the a-c fluxes in the 
driving element of a watt-hour meter, it is well to consider 
how these fluxes determine the element driving and 
damping torques. At normal conditions of load—^that is, 
rated frequency and voltage, unity power factor, and 
nominal-load current, there will be established definite 
values of flux, and the driving torque at this point is 
commonly known as the nominal or full-load torque. 
For this condition, it may be assumed that the effective 
potential flux crossing the disk lags the applied voltage 
by 90 electrical degrees and that the useful current flux is 
in phase with the load current. For this condition, 
Jimbo^ has shown that the load torque is equal to 


r = 4 t 


where 


stf 


Ga4>e^i' cos 9 10~* 


( 1 ) 


T = load torque in gram-millimeters 
s = conductivity of disk in mhos per centimeter cube 
t = thickness of disk in centimeters 
/ = frequency in cycles per second 

g = gravitational constant 
Ga = driving constant 

= useful potential flux in maxwdb, effective values 
<l>i' = useful current flux in maxwells, effective values 
9 =» phase angle between voltage and current 

Ga is a dimensionless constant which is determined by 
pole shapes and displacements, their position relative to 
the disk, and the size of the disk. For any design, Gg 
may be readily estimated by methods of Jhnbo or by 
methods proposed by Morton.* This driving constant 
is a direct measure of tiie effectiveness of any design in 
producing torque from giv^ amoiints of fl^mc. 

A paper recommend^ for publication by the AIBB rammittee ou instramrats 
and measurements. Manuscript submitted October 30, 1936; released for 
publication December 8,1936. 
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The current and potential fluxes not only produce a 
driving torque but each also provides a damping torque 
which in the case of the current flux is the major cause of 
heavy-load droop, and in the case of the potential flux is 
the major cause of meter voltage errors. These damping 
torques are expressed as follows; 


Equations 1, 2, and 3 have fmrther value for they show 
that: 

1. The a-c damping torques in a meter are proportional to the 
meter speed so it is desirable to make the nominal speed as small 
as possible. This is accomplished by the use of a high-strength 
control magnet. 


= — Gi wy 10 -* 
i 

Te = —Ge iWy 10-» 
i 


( 2 ) 


(3) 


where 

Ti — current flux damping torque in gram-millimeters 
as potential flux damping torque in gram-millimeters 
« — speed of disk in radians per second 
Gt = current damping constant 
Ge = potential damping constant 

These damping constants are also dimensionless and 
depend upon the inherent meter design. The designer’s 
problem is to provide the useful potential and current 
fluxes from appropriate windings, so designing the mag¬ 
netic structure that the driving constant is as large 



POTENTIAL FLUX 



Fig. 1. Distribution of potential and current fluxes 
in a watt-hour meter 
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as possible and the damping constants and are as 
small as possible. By knowing these constants, the in- 
hereht qualities of any element are largdy established 
although l^ere are other features that must be considered. 
Ebr instance, the Structure which gives desirable driving 
and damping constants mhy hot be at all practical in that 
it may be difScUlt to eflfidently pro^de the requhed mag¬ 
nitude-of a-h'fluxes;"^ 


2. For small current damping, the ratio should be small 

and for small potential damping the inverse is true. The final 
choice depends upon the errors and the relative ease of correcting 
for them in the design. 

3. • For given amounts of flux, the driving torque is proportional 
to frequency so that for the higher frequency ratings the damping 


Fig. 2, Perme¬ 
ability curve for 
silicon steel 



Fig. 3. Element assembly of a new 3-wire domestic 
watt-hour meter 


effects of the a-c fluxes are relativdy smaller. The damping torques 
do not depend upon the rated frequency. 

High-conductivity aliiminum is used for the disk be¬ 
cause of the superior torque to weight ratio that results. 

The Voltage Curve 

Since commercial power systems usually hold voltage 
within 10 per cent, it is necessary that a meter be correct 
for only a rather limited voltage range. Because of this 
and since the error is easily corrected in the design, the 
useful potential flux in modem wattihour meters is usually 
4 or 5 times as large as the useful current flux at nominal 
load. This practice gives less current damping torque, 
improving the heavy load registration curve. A common 
method in use today to^^rrect for the voltage damping 
torque or voltage enror is to prbpopition the 
structure so that theneeful potential fluk m 
rapidly than the applied voltage. This has been ac¬ 
complished® without resorting: to saturation. In this 
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Fig. 4. Th« type 
of lamination 
used for all sizes 
of watt - hour 
meters 
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LOAD CURRENT-AMPERES 

Fig. 5. Heavy-load curves of the new domestic 
watt-hour meter and the superseded type of meters 
at unity power factor 

A, B, C, and /D--Super^eded type, rated at 5, 10, 15, and 
25 amperes, respectively 
E—New domestic meter 


scheme, the useful potential flux through sections A — A, 
figure 1, works below the point of maximum permeability 
in the iron and is operated in parallel with the shunt path 
at section B—B which works above the point of mfl-ximuyn 
permeability. 

The Load Curve 

The factors which determine the shape of the speed¬ 
load or meter-accuracy curve, some of which have been 
previously published,^ may be divided into 2 classes: 
(1) those that are significant in affecting the light load 
performance and (2) those that have the most influence 
on heavy load performance. These factors include: 

1. Ratio of friction to load torque. 

2. Variation of iron permeability. 

3. Variation of torque due to anticreep boles. 

These factors affect light-load performance. 

4. Damping effect of current flux. 

6. Torque due to load current alone. 

These factors affect heavy-load performance. 

These 6 factors are the inherent factors in any meter 
that deterhune the load curve. A sixth factor which is 
a powerful tool to correct for error is load compensation 
which will be considered later in this paper. 


Friction. Friction largely determines the reliability of 

sustained performance and its presence is the principal 
reason for a high driving torque which minimizes the 
effect of the friction torque. Friction is essentially 
constant in value at light loads where it is significant and 
provides a constant retarding torque which, unless com¬ 
pensated, will cause a drooping dmracteristic in the reg¬ 
istration curve as light load is approached from nominal 
load. In a meter, this retarding torque is balanced by 
the light-load adjustment torque. At normal voltage, the 
2 torques cancel and the shape of the load curve is not 
affected. It is very desirable to keep the total friction 
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Fig. 6. Light-load curvet 
of the new domestic Watt- 
hour meter and the super¬ 
seded type of meter at unity 
power factor 
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LOAD CURRENT-AMPERES 

A, B, C, and D — ^Superseded type, rated at 5, 10, 15, 
and 25 amperes, respectively 

E—New domestic meter calibrated at 10 per cent of nomi¬ 
nal load 

F — New domestic meter calibrated at 5 per cent of nominal 
load 
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Fig. 7. Components of light-load curve without 

load compensation at unity power factor 

A — Load curve, calibrated at 10 per cent of nominal bad 
S—Load curve, calibrated at 5 per cent of npmihal load 
C—Friction E-^Anticreep hobs 

0 —Iron F—Current damping 
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torque low in order to decrease variations and to reduce 
the compensation required. With latest improvements 
in bearing design which have been described recently,® 
the total bearing and register friction as measured® is ap¬ 
proximately 0.013 gram-millimeter. With a nominal 
load torque of 52 gram-millimeters, the friction represents 
only 0.25 per cent of the torque at 10 per cent nominal 
load. In the earlier days of the metering art, friction 
was a greater limitation, and the introduction of high- 
torque meters was a significant advance. Further re¬ 
finements in bearings which give long life and low friction 
have reduced the effect of friction until other factors at 
light load are equally or more important. 

Iron PermeaMlity. With iron in the element magnetic 
circuit, the current flux is usually more than proportional 
to the load current. This is due to the fact that in most 
designs the current flux magnetic circuit operates below 
the point of maximum permeability. The effect on the 
load curve is often confused with friction since the effect 
of the permeability change is also a drooping characteristic 
as light load is approached, unless it is corrected by mpAtiiB 



of the light-load compensation. Usually the compensation 
required at 10 per cent nominal load, the usual calibration 
point, is more than that required at smaller loads so 
the net result is a rising load curve below 10 per cent 
nominal load. The effect of the iron can be minimized 
by the proper choice of magnetic sections, the use of high- 


Fig. 9. Heavy- 
foad curves, with 
and without load 
compensation, at 
unity power factor 

A —Compensated 
B —Uncompensated 



permeability iron, and by using a large main air gap with 
a large number of ampere-tums in the current coils. 

Anticreep Holes. The anticreep holes in the disk re¬ 
acting with the potential flux cause a small lo cking torque 
which must be overcome by load torque due to both 
current and potential flux before the meter will start. It 
is in this manner that the anticreep holes keep the disk 
from rotating when there is no load current fliowing even 
though the light-load compensation torque has an average 
positive value. At loads just above starting, the meter 
speed vanes due to the anticreep holes and the variation 
causes the average meter speed to be lower than it would 
be without the holes. This influence is present to a signifi¬ 
cant extent only at loads below 5 per cent of nominal 
rating. It may be considered beneficial because it he ps 
to correct for the effect of iron permeability variation. 

Current Flux Damping Torque. The presence of the 
current flux damping torque has been explained with the 
analysis of the element driving and damping torques. 
The current flux damping torque is the largest cause of 
heavy load errors. For any design, this error is approxi¬ 
mately proportional to the square of the load current 
since the current damping torque increases as and 

w whereas the load torque is proportional to (^/. Meter 
speed w is proportional to 4>x neglecting the meter error. 
There has been much progress in design to decrease this 
inherent error. In early meters, the error at 400 per 
cent nominal load amounted to as much as 12 per cent, 
thus limiting the load range for acceptable accuracy within 
150 per cent of nominal rating. This error at 400 per 
cent nominal load had been reduced to less than 2.7 per 
cent by the year 1927.® This was accomplished by de- 
sigmng a meter element to make the best known possible 
use of the a-c fluxes as regards driving and damping 
torques, by using a high useful potential flux and a low 
useful current flux, and by using a strong permanent 
magnet and a low meter speed. This design gave very 
good performance without the use of heavy load compen¬ 
sation, giving satisfactory operation up to 300 per cent 
nominal load and still retaining good operation at light 
loads. 

Current Torque. It is well known by designers and tias 
been experimentally determined that when there is an 
unbalance in the current flux magnetic circuit caused by 
havmg more turns on one current pole than on the other, 
there mil be a driving torque generated in the disk due 
to the current flux alone. By making the proper pole 
have the greater number of turns, this torque will be 
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forward and will tend to correct for heavy load droop. 
This effect may amount to as much as 1 per cent at 400 
per cent nominal load with a 2 to 1 unbalance. This 
torque is present at all power factors so that it is propor¬ 
tionately more effective at the lower power factors. This 
feature is usually not desirable, particularly when heavy 
load compensation is used. In this case, the compensation 
is designed to be satisfactory at unity power factor so that 
with the current circuit unbalance the compensation will be 
too great at lower power factors and the meter will run fast. 

Potential and Current Flux Circuits 

The design of the current flux circuit is determined 
largely by tbe ampere-turns desired, the ratings in which 
a line of meters must be manufactured, and the space 
limitations. Provision must be made to include suffi¬ 
cient section so that temperature rise will be small, and 
the coils must be insulated for abnormal voltages. These 
features, with a consideration of the driving and damping 
constants, establish the current pole shapes and the current 
coil designs. 

The potential coil and core must provide useful Any at 
a phase angle not far from quadrature with the applied 
voltage. The design problem is to provide sufficient 
sections so that the watts loss is low. Furthermore, the 
ratio of resistance to reactance must be as small as possible. 
This is helped by using a coil of small mean length of turn 
and a good space factor. The number of potential coil 
turns should be low, calling for potential air gaps of small 
reluctance. This takes loss from the copper and places 
it in the iron where it is not so effective in determining 
the inherent lagging angle. 

Temperature Errors 

The causes of temperature errors have been considered 
by Einnard and Faus.^ These errors are divided into 2 
classes, depending upon their influence on the meter. 
These 2 classes are; 

Class I. Those errors which affect all loads alike and which are 
equivalent to a change in magnet strength. 

Class II. Those errors caused by a change in phase angle between 
the useful potential and current fluxes. These errors appear only 
at lower power factors. 

The common method of class I temperature compensa¬ 
tion is that described in the paper referred to, in which a 
mataial having a negative permeability-temperature 
characteristic is used to shunt some of the permanent 
magnet flux. With increases in temperature, the shunt 
is less effective and the magnet damping strength is held 
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Fig. 10. Vplhige calibration curve for the new 
domestic watt-hour meter 



within desired limits. Much research has been under¬ 
taken since 1925 to extend the range of compensation to 
wider temperature differences. 

Class II errors should first be minimized by designing 
with a small inherent lagging angle. The error can be 
reduced by using lag plates and lag coils of low resistivity- 
temperature coefficient materials. A common method of 
compensation, described by Brooks,® is to overlag the 
useful potential flux with a low-coefficient material and 
then correspondingly lag the useful current flux with a 
high-coefficient material. With the proper balance, the 
phase angle will remain unchanged with change in tem¬ 
perature. This method has its disadvantages because 
it introduces additional watts loss and in some cases makes 
the low power factor operation poor. A more successful 
method of class II compensation is described later in this 
paper. 

Consideration of a Specific Design 

Inherent Accuracy 

The real criterion of any meter is its performance, but 
the reasons for all characteristic curves are related with 
the above factors affecting meter performance. A funda¬ 
mental method of comparison and analysis is to prepare 



Fig. 11. Interior view of the new domestic watt- 
hour meter, showing the light-load and lag adjust¬ 
ments mounted bn the frame 


a table listing the major design constants for any de¬ 
sign. The choice of any design is then very straight- 
forward^for the various factors can be w'aighed in their 
true sense. In developing the meter described beloW, 
many samples were tested and anal 3 rzed. All designs 
were compared by listing the characteristic constants as 
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shown in table I, which in this instance includes only the 
data for the design finally chosen. 

Table I shows the inherent errors of the latest design 
to be small without compensation. It was found that 
better and more consistent operation was obtained by 
thus reducing inherent errors and appl 3 dng a minimum 
amount of compensation. 

Sufficient amounts of fiux and a large driving constant 
result in a high torque-to-weight ratio. It was necessary 
to keep the watts loss down to a reasonable value in de¬ 
ciding on flux values. 

The slow meter speed and the small damping constants 
Gi and G* result in small inherent errors for abnormal 
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A —Without temperature compensation at 0.5 lasging power 
Factor 

B —^With temperature compensation at 0.5 lagging power 
factor 

C—^With temperature compensation at unity power factor 
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voltages and heavy loads. Improved compensations 
then result in negligible resultant errors due to voltage and 
temperature variations and permit a much longer load 
range than before possible. 

The choice of' current circuit ampere-tums is limited 
on the low side by the required flux and necessary air gap; 
it is limited on the high side by the same factors, also 
heating and volt-ampere burden. The number within 
this range found to be most suitable for all ratings was 
100. This number makes it possible to use an equal num¬ 
ber of turns on each current pole on one iron structure for 
all ratings, 2-wire and 3-wire. This insures most con¬ 
sistent performance and simplifies manufacture and 
stocking due to haying only one iron structure, magnet 
strength, and adjustment mechanism with which to deal. 

IUtings^^ ^ 


Fbrm- 

yroiind current coils are u^d and are readily placed on the 
current poles. Figttre 4 shows the laminations and the 
load shtmt and spacer which are securely atta^ched to the 
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Fig. 14. Typical aging curves for the magnet used 
in the new watt-hour meter 


current laminations and also serve to hold the current 
coils in place. Using this iron structure, 3 self-contained 
sizes are suggested: a long-range domestic meter, a long- 
range commercial meter, and a low-capacity meter. 

The domestic meter is proposed for modem home 
loads, including the latest advances in lighting, appliances, 
cooking, refrigeration, and air conditioning. At the same 
time, this meter should measure small loads such as docks 
and night lights. A 2-wire 116-volt meter of this type 
will start at 4 watts and will measure accurately loads up 
to 6,000 watts. 

The commercial meter is intended to handle heavier 
loads. This meter will start at 16 watts and will measure 
loads accurately up to 150 amperes. 

The low-capacity meter is proposed for use where 
small loads are of primary importance and provision for 
higher loads is not required. 

It will be interesting to compare the performance of the 
domestic meter just described with existing meters rated 
5, 10, 15, and 25 amperes, respectivdy. This is shown in 
figures 5 and 6 where meter accuracy is plotted as a function 
of load current. At heavy currents up to 60 amperes, 
the accuracy of the domestic meter is superior to that of 
any of the 3 lower ratings of the existing meter and about 
equal to that of the 25-ampere rating. At light loads, its 
accuracy is definitely superior to the 10-, 15-, and 25- 
ampere ratings. When the domestic meter is calibrated 
at 5 per cent nominal load, its performance is superior 
to the existing 5-ampere meter except from the standpoint 
of starting watts. Even when calibrated at 10 per emt 
nominal load, the performance is comparable. 

Because of this long load r^ge, the number of ^ential 
self-contained ratings required is reduced from 5 to 2.; 
These 2 ratings, together with the proposed low-capacity 
meter, are shown in table 11 with the nominal and marimiun 


jANUAny 1937 


TfekeU—WcUi-ilour Meter 


177 




I 

i 


t j 


•' i 
■■■. i 


i' : 



%sy _vv._ 







Table I—Analysis Chart of a Watt-Hour Meter 


current ratings, the watt-hour constant, and the balanced 
current coil turns. The nominal rating corresponds to 
what has been known in the past as the fuU-load or name¬ 
plate rating. With improved heavy-load performance, 
the nominal rating represents only a calibration and 
reference point. The maximum rating is determined by 
accuracy and heating limitations so that it does have 
real significance. All 3 ratings have the same speed and 



Fig. 15. Types of the new watt-hour meter 

A — Type A bottom-connected meter 
B —^Type 5 socket meter 


torque obtained by the use of 100 ampere-tums in the 
current circuit at nominal load. 

The domestic meter has a watt-hour constant of 1.5. 
This provides a good compromise between the 2 basic 
meter speed systems in general use today. Assuming 
all meters concerned to be 100 per cent accurate, a given 
even number of revolutions of this domestic meter corre¬ 
sponds to integral numbers of revolutions of all watt- 
hour meter standards now in production. Other possible 
constants do not have this desirable feature. 

The Load Curve 

The load shunt not only compensates for heavy load 
droop but also improves the performance at light loads. 
Figure 7 shows the light-load curve and the relative 
values of all the factors comprising it when no compensa¬ 
tion is used. These curves are plotted on a semiloga- 
rithmic scale in order to expand the extremely light load 
portions. As described previously the curve rises at 
light loads due to the effect of the iron. 

When the load shunt is applied, figure 8, the droop due 
to the iron is reduced because the shunt was desired so 
that its permeability decreases with decrease in load from 
the nominal rating. This reduces the light-load com¬ 
pensation necessary for correct calibration and the re¬ 
sulting load curve is accurate to lower values. 

At heavy loads, compensation for the droop is accom¬ 
plished as a result of the load shunt approaching satura¬ 
tion so that the current flux is more than proportional to 
load current. Figure 9 shows the compensated and un¬ 
compensated hea.vy-load curves at unity power factor. 
The use of balanced amp^e-turns on the current poles and 



Rated voltage. 

Nominal current. 

Frequency. 

Watt-hour per revolution. 
Speed at nominal load..., 

Disk diameter. 

Di^ thickness. 

Disk thickness. 

Disk weight. 

Torque at nominal load.. 
Torqne-to-wdght ratio... 

Friction constantf. 

Potential coil turns. 

Bxdting current. 

Potential coil resistance.. 

Out-of-phase voltage. 

Potential watts loss. 


.V .volts. 

.1 .amperes. 

./.cycles per second. 

K . 

.(0 ...radians per second..., 

D .inches. 

.1 .inches. 

.t .centimeters. 

, W .grams. 

. T.gram-millimeters. 

. T/W . 

T 

.. 

.Nt .turns. 

.Jo.amperes. 

,Ro.ohms.. 

pJolio.volts. 


TF.£.... watts. 


116 

12.6 

60 

1.6 

1.672 

3.6 
0.027 
0.0686 

13.3 

62.6 

3.06 

1.67 

2,400 

0.096 

68 

6.6 

1.26 


Potential ampere-tums. NoI». . 

Total potential flux..... • • 

Useful potential flux.^a'- • • 

Current ampere-turns. A.T. 

Useful current flux. ifii'... 

Current damping torque at nomi¬ 
nal load...TV... 

Potential damping torque at 

nominal load.... Te .. • 

Driving constant. Gd. .. 

Current damping coimtant.£?{... 

Potential damping constant. Ct ... 

Inherent droop at 400 per cent 

nominal load’*’’*'.:. R . 

Inherent voltage error at 120 

per cent rated voltagel^..S. 

Gt/Gd. 

G,/Gd. 


maxwells. 

.maxwdls.. 

maxwells.. 

, gram-millimeters. 

. gram-millimeters. 


. per cent, 
per cent. 


228 

12,700 

2,490 

100 

496 


0.130 

1.17 

0.227 

1.28 

0.466 

3.66 

0.98 

6.63 

2.00 


* Unless otherwise indicated values are given for nominal load, 
t Goss* has shown friction to vary as 


■**R-100 


16 Tj/T 
1 -H6 Ti/T 




Table II—^Self-Contained Ratings 


Nominal Maximum Turns on Current Nominal 

Rating, Rating, K (115 Poles Ampere- 

Meter Amperes Amperes Volts) Right Left Total Turns 

Commerdal.60 .150.6.0. 1. 1. 2.100. 

Domestic.12.6. 60.1.6.4.4.8.100 

Low capadty.. 5 . 20.0,6.10.10.20.100 


the particular design of load shunt result in equivalent 
performance at low power factors. 

The Voltage Curve 

The inherent voltage error at 120 per cent of rated 
voltage is shown in table I to be 0.98 per cent. As pre¬ 
viously described, this error can be compensated for ef¬ 
fectively by the use of the proper sections at B—B and 
A—A in lie magnetic circuit (figure 4). The resulting 
voltage curve obtained is shown in figure 10. It was 
found possible to reduce the actual error to less than 0*2 
per cent for 40 per cent voltage range. 

Light-Load and Lag Adjustment 

The most straightforward and effective method of 
providing light-load and lag adjustment in this design 
was foimd to be modification of a mechanism already in 
general use, as shown in figures 11 and 12. The lag 
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plate is supported in the proper position by a bracket 
made of high-resistivity alloy. For light-load adjustment, 
this support is rotated by the light-load adjusting screw. 
A spring mounted on this screw between the lag plate 
support and the frame prevents backlash. The lag ad¬ 
justment is accomplished by moving the lag plate radially 
with respect to the disk. 

Temperature Compensation 

Class II temperature compensation is accomplished by 
a novel method proposed by Faus.“ The lag plate is 
made with a small core linking it, composed of a material 
having a negative permeability-temperature character¬ 
istic similar to that used for magnet compensation. This 
core imposes an impedance in the lag circuit which be¬ 
comes less effective with increases in temperature so that 
the lag plate becomes more effective. In this manner, 
the necessary increase in lagging is obtained to compensate 
for the shift in flux angles. Figure 13 shows the resulting 
temperature curves with both class I and class II com¬ 
pensation. Improvements in characteristics of the tem¬ 
perature-sensitive material has made possible more ef¬ 
fective compensation of class I errors. 

Control Magnet 

The control or damping magnet is of standard con¬ 
struction that has been used for many years. It is de¬ 
signed to give a high braking torque, making possible the 
slow meter speed which is so desirable for improved ac¬ 
curacy and a long load range. Magnets of this form are 
unusually stable. Figure 14 shows typical aging curves 
on 2 groups of magnets over periods of 6 and 8 years, 
respectively. At no time does the strength vary more 
th^ 0.2 per cent from the initial value. 

Stmimary 

1. It is shown that fundamental analysis of meter theory can be 
used effectively in meter design and provides a basis of accurate 
comparison of inherent characteristics. 

2. Emphasis is laid on the importance of minimizing the inherent 
errors, thereby reducing the magnitude of the required compensa¬ 
tions. This results in improved accuracy and more consistent 
performance. 

3. Slow meter speeds are desirable from the standpoint of higher 
accuracies and greater suitability for operation over a long load 
range. 

4. The meter described with long range performance reduces the 
number of ratings required. It also provides for growth of load 
withput sacrificing light load accuracy. 

6. An improved temperature compensation is described which 
insures accurate registration under conditions of extreme tempera¬ 
ture variations. 

6. With improved performance, “full load” has lost its significance 
and should be replaced by a "nominal” and “maximum” rating. 
Nominal rating aids in comparisons and in calibration, but a maxi¬ 
mum rating, corresponding to both accuracy and thermal limits, is 
the real criterion of a meter's capacity. 
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Synchronous Machines With Solid 
Cylindrical Rotor 

{Continued from page 58) 

By equation 22, assuming that e, also varies as we obtain the 
rotor-coa equation: 


Rlr = er-)rZk I AicosaxEr{x)dx = e, — 


Kp It Ai* cosh og + - AiBiiDe^y -h D 


a (2 cosh ag -|- sinh ag) 


’«^J 


Similarly by equation 24, the voltage equation of stator coU a is 


rJa = ea + Zk J^Bi cos axiEtixi)dxi + eo — 

Jtecosh + sinh I + (P - 

-h [Dip + D'(p - 

2 

[cosh ag + q sinh ag] 1 => r, to) (S3) 


Equation 63 is seen to be composed of 3 components, constant 
terms, terms containing as a factor, and terms containing 
as a factor. By combining this equation with 2 simUar equations for 
coUs b and c it may be separated into its 3 component equations. 
Thus from equations 49 and 53 are formed the 4 final equations 30 
given in the body of the paper. 
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A New Service Restorer 


By E.F. SIXTUS W. R.NODDER 

ASSOQATE ■ NON/vlEMBER 


I N RECENT years there 
has been an increasing de¬ 
mand on the part of operat¬ 
ing companies for equipment 
capable of automatically restor¬ 
ing service after interruptions 
due to momentary or self¬ 
clearing faults on transmis¬ 
sion and distribution systems. 

Where protective equipment 
of high interrupting capacity 
is involved, this demand has 
been met by the use of the 
conventional oil circuit breaker 
in conjunction with protective relays and an adjust¬ 
able timing relay to control the reclosing cycle. This 
equipment has been developed to such an extent that 
immediate reclosing breakers, capable of redosing so 
quickly that in most cases service will be restored before 
synchronous motors can fall out of step, are now available 
for use on systems as high as 115,000 volts. 

Up to the present time little has been done to extend 
the line of automatic iredosing breakers to the lower 
capadties, due mainly to the fact that the cost of such 
equipment could not be justified in the low-revenue field 
where it would be applied. The 7,500-volt breaker with 
an interrupting capadty of 50,000 kva has so far set the 
lower limit at whidi the conventional redosing equipment 
has been economically feasible for outdoor service. 

A study of outages on rural distribution systems has 
shown that from 75 to 90 per cent of the faults are momen¬ 
tary and sdf-dearing, but will blow a fuse and thereby 
cause a long power outage. It is evident, therefore, that a 
low-capadty automatic-redosing breaker, if used in place 
of fuses, would result in a great improvement in service. 
Redosing fuses have, of cotuse, been available but they 
cannot be ejected to give service equivalent to an en- 
dosed high-speed redosing breaker. , 

To be completdy successful a breaker to fill this low- 
capadty requirement must have certain very definite 
characteristics: 

1. It must be low in cost—considerably lower than the conventional 
redosing breakers now on the market. It must be simple to install, 
to keep the labor and cost of installation at a minimum. 


6. It should be multipole with all 
poles opening simultaneously to 
prevent single phase operation of 
three phase equipment. 

7. It should trip on extremely low 
currents, about 10 amperes mini¬ 
mum, to provide dependable over¬ 
load protection for lightly loaded 
lines. 

After giving careful consid¬ 
eration to the above require¬ 
ments it was dedded that con¬ 
ventional designs must be 
discarded and it was on this 
basis that the type AP-^l auto¬ 
matic service restorer illustrated in figure 1 was devdoped. 

One of the first problems to be solved in the design of 
the device was that of securing power to provide 3 auto¬ 
matic redosures. Two types of control were considered; 
one where the operating power is derived from a rdatively 
inexhaustible source such as an auxiliary battery and 
charger unit, or the line voltage or current itself; and the 
other where the actuating power is derived from an ex¬ 
haustible source such as a spring. 

If an inexhaustible power supply were used it would be 
necessary for an attendant to visit the switch every time 
it locked open for the purpose of resetting the lockout 
mechanism. Assuming that 75 per cent of the shorts are 
self dearing, the device would lock out and require 'the 
service of an attendant after every 4 short circuits. 

With an exhaustible power supply, such as a spring 
that could be wound to provide suffident energy for 4 
openings and 3 redosures, the attendant would be re¬ 
quired to reset the lockout mechanism after every lockout 
as above and in addition would be required to restore 
the energy in the spring after every 4 shorts which were 
deared, because the spring would be completely un¬ 
wound. This would result, let us assume, in the attend¬ 
ant making twice as many trips to a device with a spring 
type of power supply as to one with an inexhaustible power 
supply. It is possible, of course, that a carrier current 
control could be used in lieu of an attendant to reset the 
lockout mechanism, although such an arrangement does 
not seem economically advisable at present. 

The inexhaustible power supply could be provided by: 


Equipment capable of restoring service auto¬ 
matically after temporary interruptions on trans¬ 
mission and distribution systems has been de¬ 
veloped to a high degree of effectiveness; how¬ 
ever, most of such equipment is suitable only for 
systems of high capacity, and comparatively little 
attention has been given to systems of low and 
intermediate capacities. An automatic service 
restorer, designed primarily for use on systems 
of low capacity, is desaibed in this paper, and 
some data on its operating characteristics are 
presented. 


2. It inust be simple to operate, so that it can be opened, dosed or !• Th® use of a potential transformer placed in the tank of the de¬ 
reset by an inexp^enced person and thus save trained power connected to a small motor arranged to rewind an operat- 

cpmpanyernployeesfrbni making long trips to isolated installations, iug spring and keep it wound at all times. 


3, It must be suitable for outdoor service and for pole mounting. 

4. ;. It must provide dependable overload and diort circuit protection 
mder all weather conditions with very little maintenMice. 

6. It should provide at least 3 automatic reclosures with the first 


reclosUre immediate if 


180 


so desired. 


2. The use of some sort of capacitance device in place of the poten¬ 
tial transformer to supply energy to the rewinding niotMr.^^ T^ out- 

A paper recommended for pubiicatioin by tbe rAIEB committee on proteii^ive 
devices. Manuscript subndtted October 29, 1036; released for publication 
O^ovembler 20, 1938. 

B. F. Sixtus is vice-president in charge of sales, Padfic Electric Mfg. Corpora¬ 
tion, San Frandseo, CaEf, W. Ri bfoonBKiS'an: engineer for the same company . 
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put of such a device would necessarily be small but rewinding could 
be accomplished over a relatively long period of time, as the spring 
could be designed to provide enough energy for 4 openings without 
rewinding. 

3. The use of a falling weight heavy enough to provide energy for a 
large number, of operations, possibly 20 or 30. 

4. Using the short-circuit current, which causes the device to trip, 
to store sufficient energy for the next closing and opening operation. 

In the design of the type AP-1 the first 2 methods listed 
above were discarded because they added materially to 
the cost of the device, and it was felt that the increased 
expense would not be justified in the majority of installa¬ 



tions. The third alternative, that of using the falling 
weight was considered impractical and was not used 
because of the probable unfavorable reception such con¬ 
struction would receive from prospective users of the de¬ 
vice. The fourth idea, that of using the short-circuit 
current to provide energy for closing and reopening the 
circuit, was not considered favorable because of the high 
current required to trip a device of this kind; a low trip¬ 
ping current being one of the requisites of the design. 

In view of the disadvantages of the inexhaustible power 
supply as applied to this particular device, the AP-1 was 
designed to use, as an operating mechanism, a manually 
wound spring which when fully wound, would store 
enough energy to give 3 closing and 4 opening operations. 
A helical twist spring was selected because its unidirectional' 
motion was most easily adapted to the reciprocating mo¬ 
tion of the switch blades. In actual construction one end 
of the spring is connected to a rewinding lever and the 
other, through a 4-to-l reduction gear, to a crankshaft to 
which the blades are connected. See figure 2. The 
4-to-l reduction gear is used so that a turn on the re¬ 
winding lever will rewind the spring sufficiently for one 
reclosing cycle and a dial has been added to indicate 
to what extent the spring is wound. A stop is provided 
to hold the contacts in the open position upon completion 
of the last opening stroke. 

The crankshaft is fitted with a latch plate engaging a 
latch to hold the breaker closed with the spring wound. 
This latch, which is actuated by a series trip coil in each 
pole, is released on overload permitting the contacts to 
open at high speed under the action of the helical spring. 
There being no latch to hold the switch open, it recloses 
and remains closed until the latch is again released by one 
of the trip coils, except in the case of the last opening 
when it locks in the open position. 

In order to provide a tuning mechanism to control 
the redosing interval a special dashpot was developed. 
Upon attempting to determine the re¬ 
closing interval to use it was found that 


prospective users required different re¬ 
closing cycles. Some required an im¬ 
mediate first redosure and others 3 
redosures at equal time intervals. In 
order to give the device as wide an ap¬ 
plication as possible the dashpot was 
designed so that it could be set to 
provide either 3 redosures at an adjusts 
able time interval, or one immeffiate 
redosure with 2 additional redosures 
at an adjustable time intervali. In each 
case the redosing interval is adjustable 
from i to 10 seconds. 

The design of the arc-rupturing cham¬ 
ber for such a low interriipting capacity 


rps. vross-seciionai View or expuisioi 
contact chamber of the automatic servio 
restorer : ' ■ 
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Fig. 4. Time- 
current curves of 
delayed trip at¬ 
tachment 


device presented 
no problem, as 
previous papers 
have demon¬ 
strated the 
ability of the ex¬ 
pulsion chamber 
contact to easily 
interrupt cur¬ 
rents both 
greater and 
smaller than 
those required 
in this instance. 
The contact 

0 200 400 600 800 1000 design used is 

PER CENT RATED CURRENT 

section in figure 

3. It consists essentially of a moving blade engaging with 
high-pressure full-floating stationary contacts and sepa¬ 
rating at high speed in an enclosed chamber provided with 


baffles and vents to secure the most efficient arc extin¬ 
guishing action. 

The continuous current rating of the service restorer 
was set at 100 amperes in order to include the full cur¬ 
rent range normally covered by fuses. It was felt in¬ 
advisable to provide for larger currents because of the de¬ 
sire to keep the dimensions as small as possible and be¬ 
cause investigation indicated that a 100-ampere capacity 
would be ample for most applications. 

Consideration was, of course, given in the design to the 
need for co-ordinating the series trip coils with the blowing 
characteristics of fuses and the time current characteris¬ 
tics of oil circuit breaker relays. Trip coils for instan¬ 
taneous and inverse time delay action have been de¬ 
veloped. Instantaneous coils are provided with current 
adjustments so that they can be adjusted to operate at 
either 100, 150, or 200 per cent of the coil rating. Time- 
delay coils are provided with current and time adjustments, 
the characteristics of which are shown in figure 4. 

Extensive tests were performed on the service restorer 
to verify its assigned interrupting rating oif 1,200 amperes 
at 12,500 volts. Typical results are shown in figure 5. 

Film A shows the performance during 2 interruptions 
of 1,780 amperes with 2,600 volts across the terminals. 
The total fault time in the first case is 7.0 cycles and in the 
second 7.4 cycles. 

{Concluded on page 152) 
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Fig. 5. Typical oscillograpkic records of th® operation of the type AP-I automatic service restorer 
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Impulse-Generator Voltage Charts for Selecting 

Circuit Constants 


By J. L. THOMASON 

• ASSOOATE AIEE 


P REVIOUSLY published It is suggested in this paper that impulse generator isi?i* = 4Li/C, or transposing, 

articles^"® have indicated voltage waves for commercial testing may be com- Li = Ri^C/4:, where C — 

the need of an accurate pared not only on the basis of wave shape but (CiC 2 )/(Ci + G). By using 

method of comparing impulse also on the basis of relations between circuit con- this relation the oscillations 

voltage waves, and although it stants. The charts and graphs included are are negligible (less than one 

has already been recommended^ intended to show how desirable this is, and they per cent) at the crest. Thus 

that impulse voltage waves may be used to facilitate both front-of-wave and using this relation between 

be designated by the “2 point*’ full-wave testing. various circuit constants, the 


method, that is, 1.5x40, a con¬ 
siderable range for wave shape 

variation is possible even if it is specified that the wave is 
smooth. It seems desirable therefore in those cases 
whd*e more accurate determination of wave shape is re¬ 
quired to specify' the generator circuit constants and to 
compare the wave shapes on some definite basis such 
as on a basis of ratios between the different circuit con¬ 
stants as presented here. 

There are numerous impulse-generator circuits, each 
having its merits, which will produce desirable voltage 
test waves. However, to escape the use of a multiplicity 
of circuits it seems desirable to use one or 2 circuits. Then 
the small differences and oddities in waves produced by 
the different circuits can be eliminated, theoretically at 
least, in comparing test results. 

Circuits Analyzed 


impulse generator applies to 
the test piece a voltage wave 
which has 3 desirable characteristics, considering that 
each is dependent upon the others: 

1. A practically smooth wave 

2. A minimum wave front 

3. A maximum crest voltage 

Relationship Between Circuit Constants 

In analyzing the circuits, the relationship of the con¬ 
stants is considered also from the point of practical im¬ 
portance. The available capacitance of the generator is 
frequently a limiting factor both theoretically and eco¬ 
nomically, and when oscillograms are taken the shunt 
resistance may frequently be the divider resistance only, 
so both Cl and Rz are limiting factors. In making the 


In this paper only 2 impulse-generator circuits are con¬ 
sidered, figures 1 and 2. Such circuits of the impulse 
generator are well enough known and are in such common 
use that they need only a brief explanation. Referring^ 
to figure 2, Ci is the generator capacitance, Li is the total 
series inductance, Ri is the total series resistance, is the 
shunt resistance, and G is the total load capacitance. 
These constants are basic in the impulse generator circuit, 
and although in an actual generator they may be dis¬ 
tributed and have mutual effects on each other, for the 
purpose of this paper they alone are considered. This 
circuit of figure 2 is recommended as basic by the In¬ 
ternational Electrochemical Commission.® 

In the first circuit, figure 1, the inductance is considered 
negligible. 

In the second circuit, figure 2, the inductance is con¬ 
sidered and in the calculations is made of such value that 
neglecting Ri as in figure 3 the series resistance JRi will 
just damp out oscillations. That is, the critical resistance 
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Figs, 1-3. Schematic diagrams of impulse generator 
circuits 


tests the relation of the load to the generator capacitance, 
Cs/Ci, as well as the relation of the series resistance to 
the shunt resistance, Ri/Ri, must be considered if the 
proper voltage aiid wave shape are to be applied to the test 
piece. 

Calculated Charts 

With these relationships in mind the diaracteristics 
of the voltage test waves applied to a capacitance load 
were calculated for a wide range of circuit constants in the 
2 circuits and the characteristics were so expressed m the 
calculated charts, charts I and II. In chart I the impulse 
generator circuit of figure 1 is considered in whidh the inr 
ductance is made equal to zero. At the top of the chart 
Ki shows the ratio between the load and generator ca¬ 
re Gefwmiof ‘ ; 183 
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QC indicates an infinite value. 


pa^tahces. At the of the chart Ki shows the ratio be- Line C expresses as a ratio the crest magnitude of the 
tween the series and shunt resistances. test wave in terms of the initial voltage charge 6n the 

For any particular values, for instance, Ai 0.04 and generator. For the example given, (7 — 0.789 which 
Ki ~ 0.20, line F gives the wave front divided by C 1 R 2 . means that the voltage on the test piece will be 78,9: per 
here 0.0342, times CiJ ?2 equals the; wave front, cent of the initial voltage on the impulse g^erator. 
Likewise D, or here 0.896, times CiFsi gives the duration Line i? is the ratio between the wave front and dura- 
of the wave. As before explained^ the wave front is the tion. For the example, R - 0.0381. For a 1.5x40 wave 
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equation expressing the test wave. See appendix I. 
The values are expressed in terms of CxRi, that is, a = 
m X C\Ri and h = nX CiRt. 

In chart II the inductance is considered and has the 
value previously determined, Li — Ri^C/4:. The symbols 
have meanings similar to those in chart I and there is 
added the term w which equals « X CxRi, as shown in 
appendix II. In chart II there are 3 values of w, indi¬ 
cated by asterisks, which denote that the roots are real 
numbers and that these waves are perfectly smooth. 

Curves and Illustrative Example 

From these 2 charts a set of curves is plotted in figure 4. 
In figures 4a, 4&, and 4c, ii = 0 and in figures 4A, 4B, 
and 4C, Lx “ Ri^C/ 4 where C = (CiCa) /(Cx “H C 2 ) • 

These curves show (1) that with widely different values 
of circuit constants the same wave front, wave shape, and 
crest can be obtained, and (2) that wave shape is to a con¬ 
siderable extent a function of ratios between circuit con¬ 
stants. 


For the smooth wave characteristics shown in figure 4, 
the first thing to do is to choose circuit constants giving 
the same wave fronts (same CxRi values in figures 4a and 
4lA) and the second thing to do is to choose the proper 
charging voltages on the generators to give the same 
crest voltages on the test pieces. The refining stipulation 
would be to have in all circuits, if possible, equal values of 
Lx, Kx, and Ki. 

As an example, suppose figure 2 with series inductance 
was used to get a long wave for test purposes and that 
Cx = 0.02 microfarad, Ci = 0.001 microfarad, Rx = 4,000, 
Ri = 10,000, and the crest voltage = 1,$00 kv. There¬ 
fore Kx = 0.4, Ki = 0.05, and from figure 44, F = 0.063. 
Suppose that only series resistance as in figure 1 was 
available for securing the same rate of voltage rise, given 
Cx = 0.008 microfarad, and as before Ci = 0.001 micro¬ 
farad. Since the wave fronts must be equal {FCxRijx = 
iFCxRi)i = 10.6 microseconds, and Ra = (0.053 X 0.02 X 
10,000)7(0.053 X 0.008) = 25,000. As Ki = 0.001/ 
0.008 = 0.125 and F = 0.053, Kx must equal 0.12 from 


Figure 6 shows the relation between Lx$ Rx, and C and is 
an aid in making tests and calculations. 

For purposes of mathematical interest numerous 
curves could be drawn to show the relation between a, 
b, and w and the wave characteristics but these curves 
will be omitted here for the sake of brevity. However, 
the data are presented in the charts for such use. 

As an example of how to use these charts and curves 
suppose a 1.5x40 wave is desired where Cx *= 0.005 micro¬ 
farad and Ci = 0.001 microfarad. In circuit I neglect the 
inductance and in circuit II consider that the inductance 
has a value determined from figure 5. Then constant by 
constant, 


Constant 

Circuit I 

Circuit II 

Remarks 

Kt . 

0.2 . 

. 0.2 . 

.R* - Cs/Ci 

Ki . 

0.04. 



F . 

.. 0.036. 

. 0.034. 


Rt . 

. .8,600 . 



Ri . 

.. 340 . 


.Ri « Ri/Ra 

Li . 

0 . 

. 58 . 



The procedure is to first determine from figures 46 
and 4B the values of Kx. Then determine from figures 4a 
and 44 the values of F. The values of jR* and Rx can 
then be quickly calculated and the value of Lx can be ob¬ 
tained from figure 5. In case the stipulated values of in¬ 
ductance cannot be obtained, the values of the circuit 
constants will have to be estimated on a straight line 
basis.’^ Thus in circuit II hereinbefore if Xi = 40 micro¬ 
henries, make Ri — 8,700 and jRi = 460. 

Front-of-Wave Testing and Ex^ple 

Charts I and II and figure 4 show how easy it is even 
with widely var 3 dng circuit constants to make front-of- 
wave tests approximating the same rate of voltage rise. 
The main stipulation is to have the waves for the different 
circuits reach the same crest voltage at the same time. 
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1.41 

1.60 

2.91 

10.5 


C.. 

. 0.437 

0.495 

0.461 

0.206 

0.0763 

1.00^ 

R . 

. 0.213 

0.0151 

0.106 

0.303 

0.211 


a . 

. 0.536 

0.490 

0.490 

0.387 

0.0908 


b . 

. 7.46 

252 

26.7 

4.31 

2.20 


w . 


133 

13.5 

1.46 

0.0988 


fF.. 

.. 4.80 

0.143 

0.966 

4.26 

11.9 


D . 

. 26.2 

7.76 

8.60 

12.4 

26.6 


C. . 


0.0900 

0.0856 

0.0728 

0.0394 

10.00 

R . 


0.0184 

0.112 

0.344 

0.447 


a . 


0.0911 

0.0926 

0.1016 

0.0781 


b . 


70.1 

7.16 

0.840 

0.231 


w. 


*22.6 

•1.91 

0.267 

0.0547 


* The asterisics indicate that the roots are real. 
OC indicates an infinite value. 


figure 4a and Rx = 3,000. The charged voltage on the 
second generator must be from figure 4c, 1,600/0.77 *= 
1,950 kv. 

In constructing an impulse generator for wave-front 
testing, adjunct load capacitances as well as series re¬ 
sistances and inductances could be used for increasing tlie 
wave fronts- 


By using the data presented here the slope of the way©- 
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Fig. 4. Curves for wave shape as related to circuit constants 
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front could be calculated between points other than the 
zero and the crest points of the wave. Some laboratories 
may wish to use the slope equal to the tangent at the mid¬ 
point (50 per cent crest) of the front, others may wish to 
use the slope determined by 2 points on the front such as 
the points at 10 and at 90 per cent of crest, and so on. 
After the method of determining the slope had been agreed 


generator capacitors, the effect of stray capacitance, and 
the idiosyncrasies of the divider and oscillograph must be 
considered. In general most of these factors are pretty 
well under control as proved by the fact that cathode-ray 
oscillograms closely duplicate calculations. 

To show this verification, 2 oscillograms are shown in 
figures 6 and 7 and compared with the calculated charts 



10 * 

L IN MICROHENRIES 


Fig. 5. Relations between Inductance, resistance, and capacitance 

Numbers on curves are capacitances fn microfarads L ■» /?*C/4 


upon, the slopes could be determined from a set of calcu¬ 
lated fronts, then tabulated similarly to charts I and II 
and plotted similarly to figure 4 so that any desired time 
rate of voltage rise could be easily applied to a test piece. 

Accuracy of Charts and Curves 

The charts were calculated on the calculating machine 
and on the slide rule with the intent that the third sig¬ 
nificant figure of the F, D, and C values would be ap¬ 
proximately correct. On the curves of figure 4 the second 
significant figure should be approximately correct. 

Oscillograms Verifying Tables and Curves 

Up to this point the paper has been devoted to pre¬ 
senting the desirability of comparing and securing im¬ 
pulse voltage test waves on the basis of ratios between cir¬ 
cuit constants. In practice, isolated, lumped circuit con¬ 
stants cannot be dealt with and the distribution of the 


and curves. In figure 6 a 1.9x40 wave is shown. Ci = 
0.00926 microfarad, Cj = 625 micromicrofarads, Li = 
110 microhenrys, Ri = 1,250 ohms, = 4,250 ohms, the 
charged voltage on the generator = 1,300 kv, and the test- 
piece voltage ^ 932 kv. Therefore the similarity be¬ 
tween the test results and the charts results can be com¬ 
pared as follows: 


Constant 


By Chart 


Ki.... .. 0.30,.... 0.30 

Kt ... 0.067... 0.067 

Front.1.9 microseconds.... 1.0 microseconds 

Duration............ 40 microseconds...30 microseconds 

Crest. ..-72 per cent.71 per cent 

R ... . i 0 . 047 ........... 0.048 

L.'i. .. 110 microhenrys..110 microhenrys 


In figure 7 a 1.4x44 wave is shown. Cx = 0.G0476 micro¬ 
farad, C 2 = 0.00035 microfarad. Lx = 160 microhenry, 
Rx = 1,375 ohms, R^ — 10,700 ohms, the charged voltage 
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on the generator = 550 kv, and the test-piece voltage = paper are accurate enough for practical work and the examples show 
446 kv Then how easily the charts can be used for selecting circuit constants. 


Constant 


By Test 


By Chart 


Appendix I 


Ki . 

Kt . 

Front.... 
Duration. 

Crest. 

R. 


0.128. 0.128 

0.073.... 0.073 

1.4 microseconds. 1.5 microseconds 

44 microseconds. 44 microseconds 

81 per cent. 80 per cent 

0.032 . 0.034 


L .160 microhenrys.154 microhenrys 


The values from these 2 oscillograms check closely the 
values from the charts and ciurves even though the charts 
were calculated for wide ranges of values. 

Thus these charts can be used with a capacitance meter 
to determine the constant of the impulse generator circuit 
for any desired wave shape. These are also conveniently 
used to supplement the electric transient analyzer* in the 
solution of problems involving impulse generator tran¬ 
sients. 

Conclusions 

In conclusion the following observations can be pointed 
out: 

1. With widely different values of circuit constants the same wave 
front, wave shape, and crest can be obtained. 

2. Wave shapes depend upon the ratios between circuit constants 
and may frequently be compared to advantage on this basis. 

3. A comparison with oscillograms shows that the charts in this 



Fig. 6. Oscillogram for 1.9x40 microsecond wave 



Referring to figure 1, the equation^ for voltage across the capaci¬ 
tance load is 


Ed n — m\_ CiEi J 

This may be rewritten 
Ed_ 1 

Ed b -a\_ KiKi J 


where 

Kt = R,/Rt 
Ki * Ci/Ci 
a “ mCiL. 
b — nCiRi 
t TCiRi 


Appendix II 

Referring to figure 2, the equation^ for voltage across the capaci¬ 
tance load is 


^ = Ji 

Kd CiL: 


— e coi 

j L (« — 


, , d — a . ,1 

cos wf H-sm <di 


This may be rewritten 


Ea 

where 


b — a . 

—sm wTf 


(a — &)* -H w* 


Fig. 7. Oscillogram for 1.4x44 microsecond wave 


Li = Ri*C/4 
C =» (CiCa)/(Cx -1- Q) 
Ki =* Ri/Rt 
Ki = CifC\ 

a = aCiRt 
b “ pCiRi 
w “ aCiRt 
t = TCiRi 
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Inductive Co-ordination 

{Contirmed from page 26) 

phone pairs, and the importance, therefore, of suitable telephone- 
circuit transpositions. 

Figure 5 shows exposure conditions such as may be encountered 
in a small community serving a nearby rural area and table IX 
shows the noise conditions at several locations during heavy power 
loads. 

The extent to which various measures of co-ordination could be 
applied to reduce the noise induction or to restrict the extent of 
special arrangements is shown in table X. 

It is evident from table X that, for the conditions assumed, the 
use of reasonably co-ordinated telephone-circuit transpositions will 
be necessary to care for the stations served by open wire. Ordinarily 
the use of such transpositions in combination with such other 
measures as are reasonably effective would serve to take care of the 
stations served by telephone cable and would limit the extent to 
which special telephone-station apparatus might be needed for the 
stations served by the longer open-wire extensions. 
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Lightning Investigation on Transmission Lines 

{Continued from page 106) 

in the tower legs and counterpoise wires on the Gleiil 3 m- 
Roanoke line for 11 cases in which a comparison could be 
obtained. It was assumed that the total counterpoise 
current was twice the current measured in one long and 
one short wire. This comparison shows the summation 
of the tower currents to be 0.95 of the summation of the 
counterpoise currents. 

It is quite important in considering the comparison be¬ 
tween leg currents and counterpoise currents to bear in 
mind that some leg current may pass directly to earth 
through the tower footings without passing through the 
counterpoise wires. Also the counterpoise wires may oc¬ 
casionally carry some current which passes through cross 
members of the tower structure and is not included in the 
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leg measurements. In all cases polarity indicated the 
current to be traveling from the free end of the counter¬ 
poise to the tower and from the bottom of the tower to the 
top. 
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A Review of Overhead Secondary Distribution 

{Continued from page 122) 

panics A and C. Replacements are favored by companies 
By Dy and E but frequently involve re-using transformers 
in new locations. Only one of the companies anticipates 
a general replacement of secondary conductors. This 
company has assumed a 15-year Ihe for triple-braided 
weatherproof conductors, which apparently has influenced 
their choice of the replacement method. 

Biqierience records indicate that conductors remaining 
in service in the same location have been used to a large 
extent for more than 16 years. While it is true that in 
case of replacement, it would generally become neces¬ 
sary to scrap such conductors, this should be avoided, if 
possible, as wires would continue to be serviceable for a 
good many more years if left in place in the same location. 
Some real savings are possible therefore by selecting the 
most economical wire size for the first installation and 
adding or tespacing transformers. 

Replacement costs of transformers should also be 
studied carefully whenever additional capacity is re¬ 
quired. Since overloaded operation is considered per¬ 
missible this should be given first consideration where 
voltage regulation permits. Additional transformers and 
subdividing secondaries with possibly some relocations 
should come next, and finally replacements. A table of 
annual costs for various per cent loadings of transformers 
and the net cost of replacements will prove very helpful 
in selecting the most economical method. Table III 
coni^ns such typical information. While this information 
will v^ somewhat for various companies, due possibly 
to a difference in operating or accounting practices, 
the table is shown here as a typical means of finding the 
best solutions. 

Table IV shows a comparison of accumulated annual 
costs and indicates the economy of using transformers as 
long as possible in the same location. In order to ben^t 
fully through long use of transformers, it is necessary to 
provide hew poles, or poles in good condition, for new 
transformer installations. 
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AIEE Winter Convention Program 
Provides Attractive Features 


I ECHNICAL developments in many 
specialties £ind attractive social functions 
comprise the program for the institute’s 
1937 winter convention, which wdll be held 
in New York, N. Y., January 25-29. 
Headquarters will be in the Engineering 
Societies Building, 33 West 39th Street, 
and registration begin at 10:00 a.m. 
on Monday. Thereafter technical sessions, 
conferences, and committee meetings, to¬ 
gether with the social functions, the smoker, 
Edison medal presentation, dinner-dance, 
and inspection trips in the city and vicinity 
provide ample opportunity for a busy and 
profitable week. In addition, for those 
who would enjoy a few days vacation in a 
mild climate during midwinter a Bermuda 
cruise has been arranged as a post-conven¬ 
tion trip. The women’s entertainment com¬ 
mittee, under the chairmanship of Mrs. 
George Sutherland, also is arran^ng a nlost 
attractive program for the visiting women. 
A summarized schedule of events is i^ven 
in an accompanying tabulation. 

Edison Mbdal Prbsbntation 

The AIEE 1936 Edison Medal will be 
presented to Doctor Alex Dow at a special 
session of the convention to be held in the 
engineering auditorium Wednesday even¬ 
ing, January 27, at 8:16 p.m. Doctor Dow 
was awarded the medal "for outstanding 
leadership in the development of the central 
station industry and its service to the pub¬ 
lic." A biographical sketch of Doctor 
Dow is given on page 197 of this issue. 

Tbcs^cal Program 

The technical program is comprised of 
13 technical sessions at which a wide variety 
of timely technical papers will be presented 
and discussed. The tentative tectmical 
program announced in Electrical Engi¬ 
neering for December 1936, pages 1388-9, 
is complete with the changes which have 
b^ made in the following sessions. These 
sessions, as revised, are repeated for con- 


Seleeted Subjects 

Blbcixonic Tkansibmt Visualizbks; H. J. Reich, 
University of Illinois. 

December issue, pages 1314r-I8 

Stusibs or StABXUTV OP Cable Insolation, 
Herman Halpetin and C. B. Betzer, Commonwealth 
Edison Company. . October issue, pages 1074-82 

PxOPOSBD Tkanspobmbx Stanbabbs, J. B. Clem, 
General Electric Company. 

January isme, pages 32-6 


A Nbw Blbctrostatic Prbcipitatok, G. W. 
Penney, Westinghouse Blectric & Manufacturing 
Company. January issue, pages 159-63 

Induction Machinery 

Induction Motor Rbsistancb Ring Width, 
P. H. Trickey, Diehl Manufacturing Company. 

February 1936 issue, pages 144-60 

Induction Motors Undbr Unbalancbd Condi¬ 
tions, E. O. Lunn, Peterson and Cowan Elevator 
Company, Ltd. April 1936 issue, pages 387-93 

Induction Motors on Unbalancbd Voltaobs, 
H. R. Reed and R. J. W. Roopman, Michigan 
College of Mining and Technology. 

November issue, pages 1206-13 

Capacitor Motors with Windings Not in 
Quadraturb, a. F. Puchstein and T. C. Lloyd, 
Robbins & Myers, Inc. 

November issue, pages 1235-9 

An Analysis or thb Shaded Polb Motor, P. H. 
Trickey, Diehl Manufacturing Company. 

September issue, pages 1007-14 

Synchronous Machinery 

Nboatxvb-Sbqubncb Rbactancb or Synchronous 
Machinbs, W. a. Thomas, Antioch College. 

December issue, pages 1378-84 

Contributions to Syncbronous-Machinb Thb- 
ORY, A. S. Langsdorf, Washington University. 

January issue, pages 41-8 

Opbrational Solution or A-C Machinbs, A. R. 
Miller and W. S. Weil, Lehigh University. 

November issue, pages 1191-1200 

Two-Rbaction Thbory or Synchronous Ma¬ 
chinbs, 8. B. Crary, General Electric Company. 

January issue, pages 27-31 

Synchronous Machinb With Solid Cylindrical 
Rotor, C, Concordia and H. Poritsky, General 
Blectric Company. January issue, pages 49-68 

Electrical Madiinery 

Sblf-Rboulatbd Compound Rbctifibrs, W. M. 
Goodhue and R. B. Power, Harvard University. 

November issue, pages 1200-06 

Abrasion— A . Factor in Elbctrical Brush 
Wbar, V. P. Hessler, Iowa State College. 

January issue, pages 8-12 

Arc Charactbristics Applying to Flashing on 
Commutators, R. B. Hellmund, Westinghouse 
Blectric Sc Manufacturing Company. 

January issue, pages 107—13 

Table I—Issues of "Electrical Engineering" 
Containing 1937 Winter Convention Papers 

February 1036. 1 paper 

April 1036.........,... 1 paper 

August 1936....... ...... 4 papers 

September 1936.... 6 papers 

Octobw 1936. 8 papers 

November 1936. 6 papers 

December 1936. .10 papers 

January 1987....^.,.26 papers 

February 1837. 1 paper 


Contact Drop and Wbar op Sliding Contacts, 
R. M. Baker and G. W. Hewitt, Westinghouse 
Blectric & Manufacturing Company. 

January issue, pages 123-8 

In addition to the technical conferences 
which were announced, an informal tech¬ 
nical conference on the subject of noise will 
be held on Wednesday afternoon. 

Smoker 

Winter convention smokers for the last 
few years have been increasing so in popu¬ 
larity that it has become a difficult problem 
for the committee to meet satisfactorily the 
ticket demand. This year they b^eve 


Summarized Schedule 
of Principal Evenb 

Monday, January 25 
10:00 a.m. Registration 
2:00 p.m. Opening of convention 

2:30 p.m. Parallel technical sessions: 

—Communication 
—Selected subjects 

Tuesday, January 26 

10:00 a.m. Parallel technical sesrions: 
—Power transmission 
—^Tensor analysis 

2:00 p.m. Address 

2:45 p.m. Parallel technical sessions: 

—Power distribution 
—^Tensor analyris (continued) 

6:30 p.m. Smoker at the Commodore 
Hotel 

Wednesday, January 27 

10:00 a.m. Parallel technical sessions: 

—^Induction machinery, 

—^Protective devices 

2:00 p.m. Parallel technical sessions: 

—Synchronous machinery 
—^Electronics 

8:15 p.m. Edison Medal presentation 
Thursday, January 28 

10:00 a.m. Parallel technical sesrions: 

—^Electrical machinery 
—^Electrophysics 

2:00 p.m. Parallel technical sessions: 

—^Instruments and measure¬ 
ments 

-^Electric welding demonstra¬ 
tions 

7:00 p.m. Annual dinner-dance 

Friday, January 29 

All day Inspection trips 

Saturday, January 30 

3:00 p.m. “Monarch of Bermuda’* sails 
on post-convention cruise to 
Berihuda 
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Post-Convention Cruise to Bermuda Offered 



A post-convention cruise to Bermuda will be offered to Institute members and their friends 
attending the AIEE 1937 winter convention. The party will sail on the “Monarch of 
Bermuda,” which is shown above in the Hamilton Harbor, Bermuda, a thoroughly modem 
vessel in every respect. Those taking this cruise will have an opportunity to visit tire engine 
room and the bridge of this quadruple-electric-turbine vessel, and to see the electrical 
equipment in action at sea. 


that problem is solved, as the Grand Ball¬ 
room and West Ballroom at the Hotel 
Commodore have been engaged. The seat¬ 
ing will be at tables of 10 with ample space 
to move around; an excellent supper served 
by the experienced Commodore staff and a 
satisfactory view for all of a full-sized stage 
will insure everyone’s having a pleasant 
evening. The entire West Ballroom will be 
available as a lounge with service bar. 
Those planning to attend are mged to send 
in their reservations to the AIEE Smoker 
Committee, 33 West 39th Street, New 
York, N. Y., at an early date. All tables 
will be reserved. Tickets will be $3.50 per 
person. 

Dinner-Dancb 

Continuing a social activity that has 
proved very popular in the past, a dinner- 
dance has been scheduled for Thursday 
evening, January 28, at the Hotel Astor, 
Broadway between 44th and 45th Streets. 
A combination dinner, dance, and buffet 
supper again wrill be featured. The flexi¬ 
bility of this arrangement will provide a 
very pleasant evening, which may be en¬ 
joyed by all according to their tastes, in 
one of New York’s most popular hotels. 

The Astor has been entirely redecorated 
and refurnished, making the surroundings 
more luxurious than ever. The Grand 
Ballroom and adjacent facilities will be 
reserved for the Institute’s members and 
guests. Music will be furnished by George 
EUner’s Orchestra. 

The program of the evening will be: 

7:00 p<.m.Dinner 

9:00 p.m. to 2:00 a.m..Dancing 

Midnight to 2:00 a.m.Buffet supper 

The rates for tickets will be the same as 
last year: 

Dinner and dance..$5.00 per person 

Dance and buffet supper.3.00 per person 

Dinner, dance, and buffet supper.. 0.50 per person 

The dinner-dance committee requests 
early purchase of tickets. Dinner reserva¬ 
tion requests should indicate names of 
guests and the desired seating arrangement. 
Tables will be set up for 8 or 10 places, and 
every effort wrill be made to comply with the 
requests of members. Reservation requests 
should be sent to the AIEE Dinner-Dance 
Committee, 33 West 39th Streef, New York 
City, N. Y., and checks shotdd be made 
pasrable to H. H. Henline, national secre¬ 
tary. 


Inspection Trips 

A variety of interesting places has been 
included in the inspection trips arranged 
for the convention this year. An attempt 
has been made to arrange some trips during 
the week as complementary to the technical 
sessions. As in previous years, Friday has 
been set aside exclunvely for inspection 
trips. The tentative schedule of inspection 
trips, which is subject to change, follows: 

Monday, January 25 

Sponsored broadcast, RCA Studios 
Edison Wonder House 

Tuesday, January 26 

Public Sendee Biectric and Gas Company—mer¬ 
cury turtnne 

S. H. Kress and Company—^iigbting and air con¬ 
ditioning 

RCA Radiotron Company 

The M. W. Kellogg Company—welding 


Wednesday, January 27 

Weston Electrical Instrument Corporation- 
cable testing equipment 
Columbia Presbyterian Medical Center^—Sloan 
X-ray generator 

Thursday, January 28 
Associated Press 

Third Avenue Railway Company—grid-controlled 
rectifier 

Board of Transportation, New York City—power- 
control board 

Friday, January 29 

Brooklyn Navy Yard 
New York Stock Exchange 
"Monarch of Bermuda" 

Hastings-on-Hudson Mill, Anaconda Wire and 
Cable Company 

Warner Brothers moving picture studio 
National Broadcasting Company studios 

Arrangemeuts have been made to secure 
a very limited number of tickets to the 
Genei^ Electric Company "Hour of 
Charm” radio broadcast featuring Phil 
Spitalny and his all-girl orchestra. This 
program is given in the National Broad¬ 
casting Company studios on Monday after¬ 
noon. It is hoped that interested out-of- 
town members will indicate their desire for 
tickets when they register. 

The Colmnbia Presbyterian Medical 
Center will exhibit the 1,000,000 volt high- 
frequency X-ray generator placed in opera¬ 
tion this year. This generator was seen 
tmder construction by many' members 
during the convention last year. 

Interesting trips to plants of manufac¬ 
turers of thermionic tubes, electrical instru¬ 
ments, welding equipment, and wire and 
cable have been ariranged. A sightseeing 
tour of New York will be arranged for 
interested members if wea.ther conditions 
are favorable. 
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Table II—A Few of the Hotels Available 


Rooms With Private Bath 


Hotel 

Location 

Single 

Double 

Astor. 

Biltmore*. 

Bristol*. 

Commodore. 

Edison. 

Governor Clinton.. 

McAIpin.. 

Montclair*:........... 

.129 W. 48thSt.... 

.228-248 W. 47th St........ 

.$3.00- 6.00... 

. 5.00-10.00... 

. 2.60- 4.00... 

. 3.00- 6.00... 

. 2.60- 6.00... 

. 3.00- 6.00... 

..;.... 3.00 
. 2.60- 5.00... 

.. .$4.60- 7.60 
... 7.00-12.00 
... 3.00- 6.00 
... 4.60- 8.00 
... 4.00- 8.00 
... 4.00- 7.00 
... 4.00- 9.00 
... 4.00- 4.50 
... 3.60- 6.00 

New Yorker... 

Pennsylvania.. 

Plaza.... 

Roosevrit.. 

Vanderbilt:. 

Waldorf-Astoria. 


.. 3.60- 8.00... 

....... 3.60- 6.00... 

.6.00 

. 4.00- 8.00... 

. 3.60- 6.00... 

. 6.00- 8.00... 

... 6.00-10.00 
... 6.00- 9.00 
... 8.00 
... 6.00-12.00 
,.. 6.00- 8.00 
... 9.00-11.00 


* See advertisiag section for further details. 
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In addition to scheduled inspection trips, 
the committee will be pleased to arrange 
special trips for individuals and small 
groups. A list of possible items of interest 
will be available at the committee desk 
during the convention. 

Bermuda Cruise Offered 

For the first time, a post-convention 
cruise, to Bermuda, will be . offered to 
Institute members and their friends. The 
party vrill leave New York on January 30, 
by the "Monarch of Bermuda"—a mag¬ 
nificent hotel on water with the appoint¬ 
ments of an exclusive club. The cruise will 
include 3 days at the Hotel Bermudiana, 
Hamilton, which will give an opportunity 
to visit the near-by caves and submarine 
coral gardens, and to drive, rest, or golf on 
some of Bermuda’s fine courses. Return¬ 
ing, the party will reach New York on the 
morning of February 6. The inclusive 
prices for the entire trip begin at $86.25. 
This includes all necessary expenses of the 
trip except the Bermuda tax of 12 shillings, 
6 pence (about $3.25) which is payable in 
Bermuda. Reduced rates for rooms on 
shipboard are offered, as well as special 
rates at the Hotel Bermudiana, and stop¬ 
over privileges for as long as desired. 
Members wishing to take this cruise are 
urged to make their reservations at once 
to avoid possible disappointment. Reser¬ 
vations may be cancelled later, if necessary. 
Detailed information may be obtained from 
Leon V. Arnold, 36 Washington Square, 
West, New York, N. Y. 

Women’s Entbetainmbnt 

The women attending the convention 
this year are assured of plenty to occupy 
their time. The women’s entertainment 
committee, under the chairmanship of 
Mrs. George Sutherland, is rapidly com¬ 
pleting the details of a most attractive 
program. Monday, January 25, 1937, the 
first day of the Convention, will be devoted 
to registration at the women’s headquarters 
on the lOth floor. On Tuesday several 
novel and interesting tours are schedtfled 
With attendance at a radiobroadcast for 
the evening. On Wednesday there will be 
luncheon and bridge at the Engineering 
Woman’s Club, and the Edison Medal pres¬ 
entation and lectture in the evening. 
Thursday will be devoted to a visit to the 
Edison Wonder House with the Dinner- 
Dance at the Hotel Astor for the evening. 
On Friday a visit is arranged to the Morgan 
Library, This necessarily will be for a 
limited group. If demand warrants, a visit 
to the Hayden Planetarium also will be 
provided. 

Hotel Rat^ 

Reservations for hotel accommodations 
should be made by writing directly to the 
hptd of your preference. In table II is 
included a brief list of some of the leading 
hotels in the vicinity. 

Beoistbr IN Advance 

Monbers in near-by Districts should fill 
m and post prompfly the mail registration 
card whidi vvas included with the mailed 
announcement of the winter convention 
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sent them. This will permit the committee 
to have badges ready and prevent conges¬ 
tion at the registration desk upon arrival. 
There will be a registration fee of $2 for 
non-members with the exception of Enrolled 
Students of the Institute, and the immediate 
families of members. 

The personnel of the 1937 winter conven¬ 
tion committee is as follows: C. R. Beards¬ 
ley, chairman; H. E. Farrer, sectary; 
T. F. Barton, O. B. Blackwell, E. E. Dort- 
ing, A. G. OeUer, C. S. Purnell, S. A. Smith, 
Jr., George Sutherland, and F. P. West. 
The chairmen of the subcommittees com¬ 
pleting the arrangements are: C. M. Gilt, 
dinner-dance; E. S. Banghart, smoker; 
E. R. Thomas, inspection trips; and Mrs. 
George Sutherland, women's entertainment. 

Student Conference Held 
by Middle Eastern District 

The fltinual conference of Branch cotmse- 
lors and chairmen of the Institute’s Middle 
Eastern District (2) was held at Ohio State 
University, Columbus, Friday and Satur¬ 
day, November 13-14, 1936. The official 
attendance at the coherence consisted of 
the 34 delegates listed in table I. The 
meeting was attended also by National 
Secretary H. H. Henline and W. H. Harri¬ 
son, vice-president of the Institute repre¬ 
senting the Middle Eastern District. The 
student attendance at the evening meeting 
Friday night was 75, and at the final joint 
meeting on Saturday, 64. 

Following r^stration, which was held 
from 5 to 7 p.m, Friday, the evening meet¬ 
ing opened with a dinner. After diimer. 
Professor F. C. Caldwell gave the address 
of welcome, following which there were 
several talks. Professors H. W. Bibber 
and W. L. Everett, of Ohio State, outlined 
in detail the course in dectrical engineering 
as it is taught at that institution. Professor 


E. O. Lange spoke on Branch activities, and 
recommended that all Branches consider 
seriously the installation of new officers at 
a much earlier date in the spring. National 
Secretary Henline presented a historical 
outline of student Branches and the na¬ 
tional AIEE organization. Vice-President 
Harrison, who spoke on District activities, 
convinced all present that engineering 
societies offer some exceptional opportuni¬ 
ties to engineers at the present time and 
that all student engineers should associate 
themselves actively with .the engineering 
society' of their choice. Professor E. E. 
Kimberly, chairman of the Institute’s 
Columbus Section, and V. Frederiksen, 
secretary of that Section, outlined the con¬ 
structive work being done between the 
Section and the Ohio State University 
Branch. 

On Saturday morning, November 14, the 
group was taken on an inspection trip of 
the laboratories at Ohio State. This was 
followed by separate meetings of the Branch 
chairmen and counselors. The student 
group with R. P. Stokely, chairman of the 
Ohio State Branch presiding, carried out 
informal discussion of: (1) participation 
by students in meetings; (2) credit for 
attendance; (3) competition for prizes; 
(4) encouragement of attendance of upper¬ 
classmen, sophomores, and freshmen; (5) 
inspection trips; and (6) social activities. 

At the counsdors session, there was some 
discussion concerning the student conven¬ 
tion of the Branches in the east section of 
the District to be hdd at Johns Hopkins 
University, Baltimore, Md., next spring. 
It was dedded that the Branches at George 
Washington University, the University of 
Maryland, and the Catholic University of 
America be invited to participate in this 
convention, since they are situated near 
Baltimore. It was the consensus of opinion 
that Branches situated in a central area 
should work as a unit in holding student 
Branch conventions. 

It was decided that the next District 


Membership— 

Mr, Institute Member: 

Your response to our request for names of prospective members 
has been very helpful so far this year. We need your continued aid 
to reach the soal of 2,000 applications by May. Whether you have 
already sugsested some one or not, send in the name of a good 
prospect now. 

The busy season of the Institute year is now wel| under way. 
Take your fellow engineer who is not a member to your Section 
meetings, to the convention technical sessions, to the dinner-dance 
and the smoker, and show him what we do. When he is interested, 
send his name to your Section membership committee chairman. If 
you start the job he will finish it. 



Vice-Chdirtnan> District No. 3 
National Membership Committee 
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Table I 

Counselor 


Delegate 


Univ. of Akron.J. T. Walther. 

Bucloiell Univ. 

Carnegie Inst, of Tech.M. S. Schonvizner.. 

Case School of Applied Sdence.A. C. Seletzky. 

Catholic Univ. of America. 

Univ. of Cincinnati..L. R. Culver. 

Drexell Inst, of Tech.E. O. Lange. 

George Washington Univ.A. G. Ennis. 

Johns Hopkins Univ.J. H. Lampe. 

Lafayette College.F. W. Smith. 

Lehigh Univ.J. L. Beaver. 

Univ. of Maryland.L. J. Hodgins. 

Ohio Northern Univ.B. P. Wyandt. 

Ohio State Univ.P. C. Caldwell. 

Ohio Univ.A. A. Atkinson. 

Pennsylvania State College.L. A. Doggett. 

Univ. of Pennsylvania. 

Univ. of Pittsburgh...H. B. Dyche. 

Princeton Univ. 

Swarthmore College... 

VlUanova College.H. S. Bueche. 

West Virginia Univ... - A. H. Forman. 


.Ripple Schumaker 
.J. C. Lynch 
. J. A. Harshaw 


.B. Baumzweiger 
.H. W. GrayblU 
. E. W. Thomas 
.H. B. Peck 
.R. S. Baum 
.T. R. Brown 
.W. G. Calder 
.CMen Griffith 
.R. P. Stokely 
.G. M. Kanable 
.H. B. Stockham 
.R. S. Graham 
.E. B. McKinney 


M. W. Henderson 


conference of Braqph counselors and chair¬ 
men should be held at Akron in October 
1937, in conjunction with the District 
meeting to be held there at that time. 
Professor A. G. Ennis of George Washing¬ 
ton University, was elected chairman of the 
conference for the year beginning August 1, 
1937. Professor E. 0. Lange was elected 
as a delegate to the Institute’s 1937 summer 
convention to be held June 21-26, 1937, at 
Milwaukee, Wis. 

At the conclusion of these sessions, the 
counselors and students reconvened for a 
final joint session during which the pro¬ 
ceedings at the separate sessions were sum¬ 
marized. 


Eta Kappa Nu 

Announces Awards 

Frank M. Starr (A’30), central station 
•engineering staff, General Electric Company 
Schenectady, N, Y., has been named by 
Eta Elappa Nu, honorary electrical engi¬ 
neering society, as America’s outstanding 
yotmg electrical engineer for 1936. Mr. 
Starr was selected from 47 nominees, and 
he becomes the fiirst to be so recognized by 
this society in its plan to recognize out¬ 
standing young electrical engineers. (See 
announcement in March 1936 issue of 
Electrical Engineering, pages 306-07.) 
Four other candidates were selected as 
recipients of honorable mention certificates; 
these men are: P. L. Bellaschi (A’28, 
M’34) development and research engineer, 
Westinghouse Electric & Manufacturing 
Company, Sharon, Pa.; E. W. Bodine 
(A’29) engineer, large oil circuit breaks 
engineering department. General Electric 
Company, Philadelphia, Pa.; A. C. Seletzky 
(A’29, M’35) assistant professor of electrical 
.on gineftritig , Case School of Applied Science, 
Cleveland, Ohio; and C. G. Veinott (A’28, 
M’34) electrical engineer, Westinghouse 
Electric & Manufacturing Company, ^ring- 
field, Mass. Biographical sketches of the 
recipients may be found in the "personal” 
•columns of this issue. 

The awards were made by a committee 
•composed of: E. B. Meyer (A’05, F’27, 
past-president) diief engineer, dectric engi¬ 
neering departmerit, Public Service Electric 
and Gas Company, Newark, N. J.; L. W. 
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W. Morrow (A’13, F’25) general manager, 
fiber products division. Coming Glass 
Works, Coming, N. Y.; the late General 
R. I. Rees; C. A. Butcher (M’22) eastern 
engineering manager, Westinghouse Elec¬ 
tric & Manufacturing Company, New York, 
N. Y.; Everett S. Lee (A’20, F’30) engi¬ 
neer, general engineering laboratory, General 
Electric Company, Schenectady, N. Y.; 
and R. I. Wilkinson (A’36) engineer, Bell 
Telephone Laboratories, New York, N. Y.; 
the last 2 men are past-presidents of Eta 
Kappa Nu. 

The recognition plan sponsored by Eta 
Kappa Nu is designed: (1) to assure due 
and appropriate honors to young electrical 
engineers for "meritorious service in the 
interest of their fellowmen”; (2) to give the 
engineering profession concrete examples of 
what young men imder 36 years of age and 
not more than 10 years out of college can 
be expected to achieve; and (3) to inspire 
by these yoimg men’s careers, and furnish 
guides for, undergraduates and new engi¬ 
neering graduates to take up their own 
professional development as soon as possible. 
A very broad range of accomplishments 
from scientific research to civic and political 
activity and artistic creation is recognized, 
the aim being to encourage engineers to 
obtain a truly liberal and humanistic per¬ 
spective at an early point in their careers.' 

Nominations of candidates for the 1936 
recognition were received from heads of 
electrical engineering departments of col- 


Future AIEE Me^ings 

winter Convention 

New York. N. Y., Jan. 26-29,1937 

North Eastern District Meeting 
Buffalo, N. Y., May 6-7,1937 

Summer Convention 
Milwaukee, Wis., Jtme 21-26,1937 

Padfic Coast Convention 
Spokane, Wadi., Date to be deter¬ 
mined 

Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 
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leges and universities throughout the coun¬ 
try, from Sections of the AIEE, and from 
individual members of the Eta Kappa Nu 
Association. Mr. Starr will have the honor 
of being the first to have his name placed 
on a large bronze bowl created by Eta 
Elappa Nu, which will be kept on display 
at the headquarters of the AIEE in the 
Engineering Societies Building in New 
York. Mr. Starr will also be presented 
with a smaller reproduction of the bowl, 
engraved with a brief r4sum4 of his accom¬ 
plishments, at the citation ceremonies to 
be held in New York on the evening of 
January 26, 1937, during the AIEE winter 
convention. 

District and National Prizes 
^or 1936 Technical Papers 

AU who have presented technical papers 
before the Institute during the calendar 
year 1936 are eligible under the AIEE 
paper prize regulations for competitive 
consideration for one or more of the estab¬ 
lished prizes. Papers are eligible for sub¬ 
mission to the prize committees regardless 
of whether presented before a Branch 
meeting, a Section meeting, a District meet¬ 
ing, or a national convention, the several 
classes providing for equitable competition. 
Both District and national prizes are 
awarded each spring for papers presented 
during the preceding calendar year. Rules 
governing the awards were outlined in the 
December 1936 issue of Electrical Engi- 
NEERiNG, pages 1414-16. 

Although all 1936 papers are eligible for 
consideration, every paper for which prize 
consideration is desired must be submitted 
specifically for that purpose (except as 
noted below) not later than February 16, 
1937, through the District secretary for 
consideration for the District prizes, or 
through the national secretary’s office for 
consideration for the national prizes. 
There is no provision for automatic con¬ 
sideration of papers, with the exception 
that those approved by the technical pro¬ 
gram committee and presented at national 
conventions or District meetings, will be 
considered by the national prize committee 
for the national "best paper” and "initial 
paper” prizes without being formally 
offered for competition. 

Executive Committee Meets 
at Institute Headquarters 

A meeting of the executive committee of 
the American Institute of Electrical Engi¬ 
neers was held at Institute headquarters. 
New York, N. Y., December 10, 1936, in 
place of the regffiar meeting of the board of 
directors. 

Present: A. M. MacCutcheon (chair¬ 
man), O, B. Blackwell, Everett S. Lee, 
E. B. Meyer, L. W. W. Morrow, W. I. 
Slichter; National Secretary H. H. Hen- 
line. 

Reports were presented and approved of 
meetings of the board of examiners held 
Octobea: 28 and December 2, 1936. Upon 
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the reconunendation of the board of ex- 
aininers, the following actions were taken: 
3 applicants were transferred to the grade 
of Fellow; 17 applicants were transferred 
and 14 were elected to the grade of 
Member; 76 applicants were elected to the 
grade of Associate; 660 Students were en¬ 
rolled. 

Disbursements in November amounting 
to $20,511.61 were reported by the finance 
committee and approved. 

Report was made and approved of the 
appointment,, upon the nomination of the 
standards committee, of H. W. Samson as 
AIEE representative on the sectional com¬ 
mittee on standardization of graphical sym¬ 
bols and abbreviations (Z32) of the Ameri¬ 
can Standards Association. 

Further consideration was given to the 
subject of broadening Institute activities to 
cover discussions of social and economic sub¬ 
jects. At its October 1936 meeting, the 
board of directors passed a motion concur¬ 
ring in the suggestion that such topics are of 
general interest to electrical engineers, call¬ 
ing attention to the fact that the Institute 
offers opportunity for discussion of such 
questions, and suggesting that papers on 
these subjects be submitted to the proper 
committees of the Institute for considera¬ 
tion for national presentation and publica¬ 
tion. After a discussion of the procedure to 
be followed in this matter, it was voted that 
a special committee on broa dening df Insti¬ 
tute activities be appointed, c onsis tin g of 
the chairman of the te c hnical program com¬ 
mittee as chairman, and the chairmen of the 
committees on code of principles of pro¬ 
fession^ conduct, co-ordination of Institute 
activities, economic status of the enpneer, 
Institute policy, legislation affecting the 
engineering profession, publication, and 
Sections. . 

Other matters were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 

Weston Library Willed to 
Newark Engineering College 

By the terms of the will of the late Doctor 
Edward Weston (A’84, M’84, HM’33, past- 
president) the Newark (N. J.) College of 
Engineering is to receive his general and 
technical library with a sum suflScient to 
provide for housing and maintaining it. 
The library is reported to contain complete 
sets of the proceedings of scientific societies 
not only in America, but from many foreign 
countries. In addition to his library. Doctor 
Weston willed the college the drawings and 
designs for his many patents and discoveries 
and much data accompanying them of great 
general interest and historical value. The 
college is planning to gather together this 
material and arrange it in such manner as to 
form a proper record of Doctor Weston’s 
contribution to sdence and technology. 

Doctor Weston was a member of the 
original board of trustees of the Newark 
Technical School, predecessor of the Newark 
College of Engineering, in which capacity he 
served for many years. Although forced to 
retire from the board because of inorpaging 
business obligations, he maintained an ac¬ 
tive interest in the college until his death. 



which occurred on August 20, 1936. A 
biographical sketch of his career appeared in 
the September 1936 issue of Electrical 
Engineering, page 1049. 

AIEE Officers 
to Be Nominated Soon 

In accordance with the Institute’s by¬ 
laws, the national nominating committee of 
the AIEE will meet dtuing the winter con¬ 
vention, New York, N. Y., January 26-29, 
1937, for the purpose of nominating national 
,ofl&cers to be voted upon by the membership 
in the spring of 1937. Members of the na¬ 
tional nominating committee, named in ac¬ 
cordance with the Institute’s by-laws, are as 
follows: 

Representing the Board of Directors 

O. B. Blackwell A, C. Stevens 

N. E. Funk j. B. Whitehead 

(One additional member to be appointed) 
Representing the 10 Geographical Districts 

1— T. H. Morgan, Worcester Polytechnic Insti¬ 
tute, Mass. 

2— W. E. Wlckenden, Case School of Applied 
Science, Cleveland, Ohio. 

3— E. B. Meyer, Public Service Electric and Gas 
Company, Newark, N. J. 

4— E. E. George, Tennessee Electric Power Co., 
Chattanooga, Tenn. 

5— L. Hansen, Harnischfeger Sales Corpora¬ 
tion, Milwaukee, 'Ms. 

6— ^A. L. I'rnner, Northwestern Bell Telephone 
Company, Omaha, Neb. 

7— ^J. W. Ramsay, University of Texas, A na tin, 

8— ^H. S. Lane, Pacific Gas and Electric Company, 
San Francisco, Calif. 

9— ^R. E. Ristler, Pacific Telephone and Telegraph 
Company, Seattle, Wash. 

iO—C. V . Christie, McGill University, Montreal, 
Quebec, Can. 

The pro-visions of the AIEE constitution 
and by-laws relating to nomination of offi¬ 
cers were given in Electrical Engineering 
for November 1936, page 1278', wherein 
members were in'vited to submit suggestions 
for nominations not later than December 16, 
1936. The methods whereby nominations 
also may be made independent of the nomi¬ 
nating committee were given in that item. 


Briefly, independent nominations may be 
made by a petition of 25 or more members 
sent to the national secretary at Institute 
headquarters, not later than March 25, to 
be placed before the nominating committee 
for inclusion in the ballot of such candi¬ 
dates as are eligible. Petitions for the nomi¬ 
nation of vice-president may be signed only 
by members within the District concerned. 


New York Gathering Honors 
Memory of Rudolph Diesel 

In commemoration of the 40th aimiver- 
sary of the introduction of Diesel power into 
the United States, some 260 or more leaders 
in American business, industry, engineering, 
research, and education gathered at the 
Waldorf-Astoria Hotel in New York City, 
December 2, for a special luncheon which 
coincided with "Diesel Day’’ at the then 
current annual power show in New York. 

Diesel, Paris-bom Bavarian refrigerating 
engineer, had specialized in the study of 
thermodynamics and was much impressed 
with the Carnot theory of a perfect engine, 
the continued study of which subject led 
him toward his ultimate development. 
In 1892 he obtained his first German patent 
covering claims for both simple and com¬ 
pound Diesel engines, the suggested fuel 
being coal dust. Later patents included 
the use of petroleum oils and the employ¬ 
ment of high-pressure air to inject the oil 
charge into the cylinder. Early develop¬ 
ment, however, was slow, and it was Fate’s 
decree that never during the inventor’s 
lifetime did his engine become generally 
recognized as an important source of power. 
Doctor Diesel disappeared from a ship while 
en route from Ciermany to England, during 
September 1913, on the eve of his engine’s 
career. 

In 1896, Adolphus Busch of Anheuser- 
Busch fame acquired the American Diesel 
license, and built in St. Louis, Mp., a 60- 
horsepower 2-cylinder unit, which, placed 
in service in 1898, is said to be the first 
Diesel engine in the world to be put actually 
into industrial service. In the interim, re- 
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search and industrial progress, with their 
by-products of improved knowledge of 
thermodynamics and vastly improved ma¬ 
terials of construction have permitted the 
development and improvement of the Diesel 
engine to a point where the new horsepower 
placed in service during 1936 is estimated at 
2 , 100 , 000 . 

Chairman of the committee of arrange¬ 
ments was Gordon Rentschler, president of 
The National City Bank of New York; 
master of ceremonies was Radio-Commen¬ 
tator John B. Kennedy. Feature speakers, 
each of whom spoke briefly from the point 
of view of his own business activities, in¬ 
cluded: Edward B. Pollister, president, 
Busch-Sulzer Brothers Diesel Engine Com¬ 
pany; Capt. Edward V. Rickenbacker, 
vice-president. Eastern Air Lines; Col. 
Robert H. Morse, president, Fairbanks- 
Morse & Company; Thomas H. Beck, 
president, Crowell Publishing Company; 
C. L. Cummins, president, Cummins En¬ 
gine Company; Edward G. Budd, Edward 
G. Budd Manufacturing Company (stream¬ 
lined trains); R. U. Blasingame, president, 
American Society of Agricultural Engi¬ 
neers; David S. Sarnoff (via radio from 
Chicago) president. Radio Corporation of 
America; B. C. Heacock, president. Cater¬ 
pillar Tractor Company; and Charles F. 
Kettering (via radio from Detroit) vice- 
president in charge of research, General 
Motors Corporation, who emphasized the 
extent of the internal combustion engine 
market in America, by pointing out that 
during 1936 some 200,000,000 horsepower 
in new motors cars had been manufactured. 

Insulation Stability 
Research to Be Extended 

Engineering Foundation, with the spon¬ 
sorship of the AIEE, has appropriated 
$5,000 for an experimental research on the 
stability of impregnated paper insulation. 
The work is to be done in the school of 
engineering of The Johns Hopkins Uni¬ 
versity, Baltimore, Md., under the direction 
of Doctor J. B. Whitehead (A’OO, FT2, past- 
president) professor of electrical engineering. 

This work will be an extension of that 
completed several years ago by Doctor 
Whitehead and associates on the stability 
of impregnated paper as related to the physi¬ 
cal properties of the impregnating oil. The 
new work will include a similar series of 
accelerated life tests as related to variations 
in the physical and chemical properties of 
the paper. 

The present appropriation and plans are 
for a period of a year, but it is expected 
that both will be continued a second year. 

Noble Prize Awarded 
to Institute Member 

The Alfred Noble Prize for 1936 has 
been awarded to Abe Tilles (A’30, M’36) 
instructor in electrical engineering at the 
University of California, Berkeley, for his 
paper “Spark Ias of the Sphere Gap.” 
This paper, which received the Institute’s 
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1936 Pacific District prize for best paper, 
was published in Elbctrical Engineering 
for August 1936, pages 868-76, and was 
presented at the AIEE Pacific Coast con¬ 
vention, Seattle, Wash., August 27 t- 30, 
1936. An item regarding Doctor Tilles is 
given in the personal columns of this issue. 
Presentation of the award will be made 
at the AIEE 1937 winter convention. 


The Alfred Noble Prize was instituted in 
1929 in honor of Alfred Noble, past-presi¬ 
dent of the American Society of Civil Engi¬ 
neers and the Western Society of Engineers, 
and consists of a $600 cash award and an en¬ 
graved certificate. The award is made to a 
member of any grade of either the American 
Society of Civil Engineers, the American 
Institute of M inin g and Metallurgical Bn- 


Ambrose Swasey Receives Hoover and VDI Medals 



A mbrose Swasey (center), “Knight of the Kindly Heart,” Honorary Mem¬ 
ber of the Institute, founder and patron of The Engineering Foundation, as 
he appeared at the Astor Hotel in New York City, December 2, 1936, cele¬ 
brating his ninetieth birthday by receiving simultaneously the Hoover Gold 
Medal, highest American engineering award, and the Gold Medal of the 
Verein Deutscher Ingenieure, outstanding German award. At Mr. Swasey's 
right is Herbert Hoover (HM'29), for whom the medal was named and to 
whom in 1930 its first award was made “for distinguished public service.” 
Mr. Swasey is the second to receive the award. At Mr. Swasey’s left is Dr. 
Gano Dunn, past-president of the Institute, and chairman of the Hoover 
Medal board of award. Other details pertaining to the award and its recipient 
were given in the November 1936 issue of Electrical Engineering, pages 
1278-9 and 1288. 

In connection with the presentation ceremonies, Doctor Dunn outlined 
medallist Swasey’s long and colorful career. Mr. Hoover amplified this in 
his “tribute to Mr. Swasey as an engineer for his 70 years of active service to 
engineers and to humanity,” stating that ihe “sum of Mr. Swasey’s contribu¬ 
tions has brought more comfort and more security to more humain beings than 
have come from any one other individual.’’ Incidentally, Mr. Hoover flung 
an engineer’s challenge to engineers by stating em:piiatically that “the engi¬ 
neer no longer can hold himself to design and administration, but must 
range out into broader Adds if humanity’s problems of today are to be 
solved satisfactorily.” . 
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gineers, The American Society of Mechani¬ 
cal Engineers, the American Institute of 
Electrical Engineers, br the Western Society 
of Engineers, for a technical paper of par¬ 
ticular merit accepted by the publication 
committee of any of the foregoing societies 
for publication, in whole or in abstract in 
any of their respective technical publica¬ 
tions, provided the author, at the time the 
paper is accepted in practically its fina! 


form, is not over 30 years of age. The re¬ 
cipient of the prize is selected by a commit¬ 
tee of 5 members, consisting of one repre¬ 
sentative of each society, the award being 
based upon papers published by the so¬ 
cieties within the 12 months preceding Jtdy 
16 of each year. 

The first award of the Alfred Noble Prize 
was made in 1931, and the second award, in 
1932, was made to F. M. Starr (A’30). 


Lielf ers lo llae Editor 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with techntical 
papers, articles published in previous issues, or other 
subjects of some general interest and profeadonal im¬ 
portance. Electrical Bnoinbbsino will endeavor 
to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly under¬ 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Ensineering Education— 

Opinions and Influencing Factors 

To the Editor: 

In their closing discussion on their paper 
"Engineering Education—Opinions and In¬ 
fluencing Factors” (see Electrical Engi¬ 
neering, October 1936, page 1147), 
Professors King and Eshbach raise certain 
questions that should be answered. One 
of these points was discussed in my paper 
"A New General Engineering Curriculum” 
as presented before the electrical engineer¬ 
ing conference of the Society for the Pro¬ 
motion of Engineering Education in Madi¬ 
son, Wis., in June 1936 (see Journal of 
Engineering Education, volume 26, number 
10, June 1936, page 8M). 

The memb^ of the coinmittee that 
worked out the details of this new gmeral 
engineering curriculum, debated at length 
concerning the dioice of a proper descriptive 
name for this new curriculum. They felt 
that "basic” engineering most nearly de¬ 
scribed the content, but recognized the fact 
that this term had no generally accepted 
meaning in either the engineering world or 
in industry. At the same time, the com¬ 
mittee realized that "general” engineering, 
in its orcUnaty usage, connoted considerable 
emphasis upon managerial studies, and 
usually a wide range of electives in liberal 
amounts. Finally, it was decided that 
perhaps it was best at first to label it, in the 
college catalog, "geneial ei^neering” 
with the subtitle description of "composite 
course induding the basic essentials of. 
civil, dectrical, industrial, and mechanical 
engineering; ” 

It was recognized immediately that pro¬ 


fessional society activities would be a neces¬ 
sary concomitant of the academic program 
of study. A local General Engfineering 
Society was formed and started functioning 
immediatdy after the curriculum was 
opened. Meetings are hdd just as fre¬ 
quently as those of the student branches 
of the various national engineering so¬ 
cieties. Also, the General Enginepr iTi g 
Society participates jointly with the other 
student engineering societies in the activities 
of the local engineering sodety, which in¬ 
dudes in its membership students from all 
engineering departments. Senior students 
in general engineering are encouraged to 
attend in rotation the meetings of the 
student branches of the 4 national sodeties 
sponsored by the 4 co-operating depart¬ 
ments, in addition to the meetings of their 
own General Engineering Sodety. In this 
way they get well acquainted with national 
professional ^gineering sodeties and should 
have every incentive for associating with 
one of the national engineering societies 
as soon as they become placed in industry. 

Respectfully yoiurs, 

Albrecht Naeter (A’23, M’30) 

Professor and Head of Electrical 
Engineering Department, 
Oklahoma Agricultural and 
Mechanical College, Stillwater 


The Measure 
of an Engineer 

To the Editor: 

In his response, in receipt of the Lamme 
medal. Doctor Vannevar Bush stated that 
engineers were respondble and honest peo¬ 
ple, but too often indined to mind their own 
business. ("The Measure of an Engineer,” 
Electrical Engineering, August 1936, 
page 864.) 

Such modesty and a min ditig of his own 
business are very practical guides to the 
engineer’s conduct in his social community. 
Viewing sodo-econpmic matters of the past 
and present he is not so mudt inarticulate as 
incoherent, as would be a medical pemon 
should he presume to ^eak bn sudh mattdrsi 
Let the engineer stick oiit his neck too far, 
he will receive, as descriptive of ^dety’s 
understanding of his stimtdi, such trivia es: 

. . but think of his power. Think of the tempta¬ 
tion of playing irith his switchboard just for the 
fun of it. In his place and at bis age I do not think 
I cbtlid have resisted it,” 


This appeared in an article "Notes on the 
Conventions,” by R. deR. deSales, pub¬ 
lished in Atlantic Monthly, September 1936 
issue. 

There is a wide gulf between the ideas of 
Doctor Bush and those of M. deSales. Re¬ 
member, however, the latter is a journalist. 
He writes for the general public. He thus 
reflects their viewpoint. What he asks us to 
"think” the public in general thinks. Note 
that there is no reference to responsibilities 
on the part of the technician he refers to, 
but merdy to the hilarious effect that 
might capridously be brought about by a 
wholesale confusion. 

To get some further notion of the public 
mind and its relation to any sort of science, 
let us assume M. deSale’s attitude and apply 
the words to one or 2 other classes of per¬ 
sons. First, let us think of medical doctors: 
“. .. but think of his power. Think of the 
temptation of playing with his patient just 
for the fun of it. _ In his place... etc.” "An 
unthinkable and monstrous idea!”—^thus we 
could expect to hear from common men 
filled with a thumping indignation. 

But let us continue with possible other 
changes in the original quotation. Though 
the thought intrigues, we pass charitably 
over the substitution of "plaintiff,” or "de¬ 
fendant” or "witness” for "switchboard.” 
Rather put "printing-press” in its place, 
meantime t hinking "journalist” instead of 
"engineer.” M. deSales himself would 
doubtless be among the most notable in 
rightly professing that inherent responsi¬ 
bility which the true journalist feels. 

Yet it cannot be too clearly stated that 
his original words represent a popular con¬ 
ception of the misdhievous possibilities in¬ 
herent in a position of control and assigned 
as admissible to engineers’ mentalities. It 
represents the popular mind’s notion of the 
mental set of scientists. These are the per¬ 
sons whom the public suspects of being that 
vast impersonal THEY in vexatious control 
of presentrday developments and operations. 

So, in all sincerity, I beg those who are 
capable to give us further encouragement 
along the line of Dr. Bush’s "central func¬ 
tion” thesis. The engineer needs encourage¬ 
ment to apply the principles of scientific 
action to human affairs rather than feeling 
pressure to rush himself uncritically at the 
"success” demands of a business-based social 
order. He needs his backbone stiffened so 
that he may courageously focus back the ills 
of society on itself by applications of science, 
not to try to use it to produce any sort of 
palliatives. In war, physicians attend the 
wounded, even though in their hate of war 
they know that larger mass death would 
sooner terminate hostilities. Such behavior 
is an aspect of scientific method applied to 
human behaviors. The public considers 
such action worthy. 

The proper T61e of an engineer at a politi¬ 
cal convention is likewise a scientific one. 
If the proceedings are consequential, well 
and good. Shotdd they be so much twaddle, 
it is his true office to let that fact appear. 
But in the cheerM disorder of his mind 
johnny Q. Public is a long way from any 
such realization, 

YoUrs very truly, 

j. Andrbut Dottolas (A’lS, M’29) 

Physics itnd Criieral Science Tetusher, 
Murpky High School, 

. ' Mobile, Alabsma 
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Albx Dow (A’93, F’13, member for life) 
president, Detroit (Micb.) Bdisoa Com¬ 
pany, has been awarded the AIEE Edison 
Med^ for 1936 "for outstanding leadership 
in the development of the central station in¬ 
dustry and its service to the public.*’ The 
medal, which was founded by friends and 
associates of the late Thomas A. Edison 
(A’84, M’84, HM’28), and is awarded an¬ 
nually for "meritorious achievonent in elec¬ 
trical science, dectrical engineering, or the 
electrical arts," will be presented to Doctor 
Dow during the Institute’s winter convention 
at New York, N. Y., January 26-29, 1937. 
Doctor Dow was bom in Glasgow, Scotland, 
in 1862, and although he is not a graduate of 
a technical school, he has received the hon¬ 
orary degrees of master of engineering (1911) 
and doctor of engineering (1924) from the 
University of Michigan and doctor of science 
(1936) from the University of Detroit. 
During the period 1874-82, he was em¬ 
ployed as jimior clerk and stenogmpher in a 
railroad office and in the offices of a steam¬ 
ship company in Liverpool, England. In 
1882 he came to the United States, and was 
employed in various departments of the 
Baltimore and Ohio Railroad Company, 
Later he was transferred to the Baltimore 
and Ohio Telegraph Company to take 
charge of local line and instrument mainte¬ 
nance, with some construction and experi¬ 
mental work on telephones. In 1888 he was 
employed by the Brush Electric Company, 
Cleveland, Ohio, as installation electrician 
in the Chicago (Ill.) office, becoming district 
engineer in that office in 1889. In 1893, he 
accepted the opportunity to design and 
supervise the construction of the original 
public lighting plant of the city of Detroit, 
and in 1896 he became vice-president and 
general manager of the Edison Illuminating 
Company of Detroit. This company was 
succeeded by the Detroit Edison Company 
in 1903, and Doctor Dow was retained as 
vice-president until 1913, when he was" made 
president. He became a naturalized citizen 
in 1896. Doctor Dow has been a leading 
pioneer in the United States in the engineer¬ 
ing, rate making, and general operation of 
the electric light and power u^ty, and is 
given credit for both the engineering and 
financial success of his enterprises. He has 
supervised the design and construction of 
several generating stations of the Detroit 
Edison system, and he is called the father of 
the so-called "big” steam boiler in the 
United States, having installed 2,360- 
horsepower boilers at a time when 600- to 
760-horsepower units were commonly con¬ 
sidered large. He was the first to adopt the 
underfeed stoker for large installations, and 
much of the earlier devdopment of this type 
of equipment was made in his power plants. 
In addition to his dectric utility activities, 
Doctor Dow served the dty of Detroit as the 
engine^ member of the Board of Water 
Commissioners from 1916 to 1921, and 
again from 1926 to 1927. He is a member of 
The American Society bf Mechanical Engi¬ 
neers (president 1928), American Sodety of 
Civil Engineers, the Ihstitution of Electrical 
Engineers (Gr^t Britain), and the Detroit 
Engineering Society (charter member arid, 
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past-president). He has recently been 
dected an honorary member of both the 
ASME and the ASCE. For his paper "On 
the Schooling of Engineers" (published in 
the December 1934 issue of Electrical 
Engineering, pages 1689-91), he was 
awarded the AIEE 1935 national prize for 
best paper in public relations. 


0. E. Buckley (M’19, F’29) director of 
research for the Bell Tdephone Labora¬ 
tories, Inc., New York, N. Y., has been 
dected executive vice-president. Doctor 
Buckley was bom at Soan, Iowa, August 8, 
1887, and recdved the degrees of bachdor 
of science from Grinndl College (1909) and 
doctor of philosophy from Com^ Univer¬ 
sity (1914). In 1936 the honorary degree of 
doctor of science was conferred upon him by 
Grinnell College. Doctor Buckley was an 
instructor in physics at Grinnell College 
during 1909-10, an assistant in physics at 
Cornell University 1910-12, and instmctor 
1912-14. He was then employed in the 
engineering department of the Western 
Electric Company until he was given charge 
of the signal corps laboratory of the U. S. 
Army in Paris, France, during 1917-18. 
After he returned to the company (from 
which Bell Tdephone Laboratories, Inc., 
later was derived) he engaged in work on 
continuously loaded cables. In 1927 Doctor 
Buckley was made assistant director of re¬ 
search, and 6 years later became director of 
research, a position in which he had charge 
of fundamental studies in a great variety of 
fidds. Since 1926 Doctor Buckley has been 
a member of the Institute’s committee on 
dectrophysics, and from 1929-31 he was 
its chairman. During the period 1929-31 he 
was a member of the meetings and papers 
conunittee (now technical program) and 
since 1934 he has been a member of the 
committee on research. He is a member of 
the Franklin Institute, American Physical 
Sodety, and American Association for the 
Advancement of Sd«ice. 


O. B. Blackwell (A’08, F’17, vice- 
president) formerly manager of staff de¬ 
partments, Bell Tdephone Laboratories, 
Inc., New York, N. Y., has been dected 


vice-president of the laboratories with re¬ 
sponsibility for the devdopment of com¬ 
munication apparatus and tdephone sys¬ 
tems. Mr. Blackwell was bom at Bourne, 
Mass., August 21, 1884. Recdving the de¬ 
gree of bachdor of sdence from Massachu¬ 
setts Institute of Technolo^ in 1906, he 
immediatdy entered the engineering depart¬ 
ment of the American Tdephone and Tde- 
graph Company. In 1914 he became trans¬ 
mission and protection engineer, and with 
the formation of the department of develop¬ 
ment and research in 1919 he became trans¬ 
mission devdopment engineer. When that 
department was consolidated with Bdl 
Tdephone Laboratories in 1934, Mr. Black- 
well was appointed director of transmission 
devdopment. In 1935 he was made mana¬ 
ger of staff departments. In his new posi¬ 
tion as vice-president he will have charge of 
the apparatus devdopment, systems de¬ 
vdopment, and protection devdopment de¬ 
partments. His individual contributions to 
the commimication art have been to the 
practical theory of transmission and cross¬ 
talk and to many problems which have 
arisen in transmission devdopment. Mr. 
Blackwdl has served on the Institute’s com¬ 
mittee on communication 1918-26 (chair¬ 
man 1922-26) and from 1935 to the present 
time; in 1936 he was dected a vice-president 
representing the New York City District 
and was appointed a member of the stand¬ 
ards committee. He is a member of the 
plant co-ordination committee and the joint 
sub-committee on devdopment and research 
of the Edison Electric Institute and Bdl 
System, and a member of the standards 
council of the American Standards Asso¬ 
ciation. 


E. W. Bobhnb (A’29) engineer in the 
large oil circuit breaker engineering depart¬ 
ment of the General Electric Company, 
P hila delphia, Pa., has recdved honorable 
mention in coimectlon with the sdection by 
Eta Kappa Nu, honorary dectrical engi¬ 
neering society, of America’s outstanding 
young dectricd engineer for 1936 (see page 
193). Mr Bodme was bom at Laramie, 
Wyo., June 2, 1906. Following graduation 
in 1926 from the Agricultural and Mechani¬ 
cal College of Texas, Mr. Bodme entered the 
General Electric Company at Lynn, Mass., 
for a year and then undertook graduate work 
at Massachusetts Institute of Technology, 
recdving the degree of master of science in 
1928. He was one of 2 men from that insti¬ 
tution sdected to take the advanced course 
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in engineering of the General Electric Com¬ 
pany at Schenectady, N. Y. Since 1933 he 
has been in the switchgear plant of that 
company at Philadelphia. He has special¬ 
ized in the protection of electrical equip- 
m^t from surges due to lightning and 
switching, his early work on the caVtilgt i on 
of arrester performance in connection with 
choke coils being notable. He was closely 
associated with the design of 287-kv circuit 
breakers for the Boulder Dam-Los Angdes 
transmission line, and is the author of sev¬ 
eral Institute papers. Mr, Boehne is a 
member of the Franklin. Institute, fln<l is 
interested in the activities of the Roerich 
Society, whose aim is "world peace through 
the arts.” 


M. J. Kelly (M’26, F’31) vacuum tubes 
and transmission instruments director. Bell 
Telephone Laboratories. Inc., New York, 
N. Y., has been appointed director of re¬ 
search. He was bom at Princeton, Mo., 
February 14,1894, and received the degrees 
of bachelor of science (1914) and master of 
scimce (1915) from the University of 
Missouri. In 1919 he received the degree of 
doctor of philosophy from the University of 
Oiicago and in May 1936 he received an 
honorary deg^ree of doctor of engineering 
from the University of Missouri in recogni¬ 
tion of his contributions to cf fmmiimV flti on 
engineering. Doctor Kelly joined the engi¬ 
neering department of the Western Electric 
Company, now Bell Telephone Labora¬ 
tories, in 1919 and since then has been con¬ 
tinuously engaged in researches in elec¬ 
tronics and in the development of ther¬ 
mionic devices of all types. In 1922 he was 
placed in charge of the vacuum-tube de¬ 
velopment of the laboratories. In 1935 in 
addition to that work he was placed in 
charge of the development of transmitters 
and receivers for tdephone instruments. 
Now, as director of research, he is in charge 
of all of the research activities of the labora- 
toaries. Doctor Kdly has served on the In¬ 
stitute’s committees bn communication and 
standards since 1934. 


J. H. Herron (M’35) president. The 
James H. Herron Company, Cleveland, 
Ohio, has been electeid prerident of The 
American Society of Mechanical Engineers 
for the year 1936-37. Mr. Herron was bom 
at Girard, Pa., January 4, 1875, and re¬ 
ceived the degree of bachelor of science in 
electrical engineering at the Univ^sity of 
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Michigan in 1909. Prom 1889 to 1897 he 
was employed in Erie, Pa., and subse¬ 
quently was assistant engineer in charge of 
power for the Cambria Steel Company, 
Johnstown, Pa.; vice-president and chief 
engineer of the Bury Compressor Company, 
Erie; manager of the Mbtch & Merry- 
weather Madbinery Company, Detroit, 
Mich.; and chief engineer and works mana¬ 
ger of the Detroit Steel Products Com¬ 
pany. Since 1909 he has been pre.sident of 
The James H. Herron Company, engineers 
and chemists. He is also president of the 
Paragon Laboratories, director of the Bald¬ 
win Farms Land Company, and secretary of 
the National Engineering Inspection Asso¬ 
ciation. He is the author of articles on 
metallurgical subjects published in technical 
periodicals, and is the inventor of the air- 
compressor inlet-valve tmloader and of 
numerous devices for use with air com¬ 
pressors and metallturgical furnaces. Mr. 
Herron has served The American Society of 
Mechanical Engineers as manager (1922-25) 
and as vice-president (1934-36), and was 
president of the Cleveland Engineering So¬ 
ciety during the year 1917-18. His other 
society affiliations include the American 
Society of Civil Engineers, American Insti¬ 
tute of Mining and Metallurgical Engineers, 
American Chemical Society, American So¬ 
ciety for Testing Materials, British Iron and 
Steel Institute, Society of Automotive Engi¬ 
neers, American Concrete Institute, and 
American Association for the Advancement 
of Science. 


F. M. Starr (A’30) central station engi¬ 
neer, General Electric Company, Schenec¬ 
tady, N. Y,, has been named by Eta Kappa 
Nu, honorary dectrical engineering society, 
as America’s outstanding young electrical 
engineer for 1936. Details of the award are 
given elsewhere in this issue. Mr Starr was 
bom at Fowler, Colo., February 26, 1905, 
and was graduated ydth special honors from 
the University of Colorado in 1928 with the 
degree of badielor of science in electrical 
engineering. He then joined the General 
Electric Company, entering on the test 
course at Schenectady, N. Y. The following 
year he entered the engineering general de¬ 
partment and for the past 5 years has been 
a member of the central station engineering 
department. Mr. Starr’s contributions to 
the electrical art have been chiefly in the 
fidd of central station design and power dis¬ 
tribution, His researches and inventions in 
the devising of equivalent circuits for simu¬ 


lating complex networks resulted in the 
widespread adoption of new and more exact 
methods for calculating system performance 
under both normal and emergency condi¬ 
tions. Efis later work in establishing meth¬ 
ods for detecting faults on ungrounded lines, 
and his study on the design, operation, and 
economics of various types of distribution 
systems, particularly networks, have also 
attracted wide attention. Mr. Starr has 
presented several papers before the Institute 
and received the Alfred Noble prize for his 
paper on equivalent circuits presented in 
1932. The degree of electrical engineer was 
conferred upon him in 1933 by the Univer¬ 
sity of Colorado in recognition of his work. 


L. H. Hill (A’22, M’29) who has been 
assistant engineer in charge of transformer 
design for the AUis-Chalmers Manufactur¬ 
ing Company at Milwaukee, Wis., has been 
appointed engineer-in-charge of the trans¬ 
former division. Mr. Hill was bora at Toms 
River, N. J., March 8, 1899, and received 
the degree of dectrical engineer from Cpr- 
ndl University in 1922. During the period 
1920-22 he served as an instructor at the 
university, and following g;raduation ac¬ 
cepted the position of design engineer in the 
transformer engineering dep^ment of the 
Westinghouse Electric & Manufacturing 
Company. In 1928 he became manager of 
the transformer division of the American 
Brown Boveri Electric Corporation at 
Camden, N. J., having charge of engineering 
and sales for the division. This company 
was absorbed by Allis-Chalmers Manu¬ 
facturing Company in 1931, at which tim<» 
Mr. Hill was made assistant engineer in 
charge of transformer design. Recently Mr. 
Hill was appointed vice-chairman of the 
national convention committee preparing 
for the 1937 summer convention of the 
Institute at Milwaukee. 


Abb Tillbs (A’30, M’36) instructor in 
electrical engineering at the University of 
California, Berkdey, has been awarded the 
Alfred Noble Prize for 1936, as reported 
elsewhere in this issue. The award was 
made for his paper "Spark Lag of the 
Sphere Gap,” which was presented at the 
AIEE Pacific Coast convention, August 
27-30, 1935. Doctor Tilles was born at 
New York, N. Y., March 10, 1907. In 
1928 he received the degree of bachdor of 
science in mechanical engineering and 
electrical engineering with highest honors 
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from the University of California. In 1932 
he received the degree of master of science 
in electrical engineering, and in 1934 that of 
doctor of philosophy in electrical engineer¬ 
ing. During the period 1928-30 he was 
employed in the testing laboratories of the 
Bureau of Power and Light, Los Angeles, 
Calif., and in 1930 was for a time engaged 
in work for the testing and research labora¬ 
tories of the California State Division of 
Highways at Saicramento before joining the 
faculty of the University of California as an 
associate. He was appointed instructor in 
1933, specializing in electric power trans¬ 
mission and telephone transmission lines and 
transmission networks. Doctor Tilles re¬ 
ceived the aimual best paper prize of the 
Pacific District at the 1936 AIEB summer 
convention for the same paper for which he 
now receives the Noble prize. He is coun¬ 
selor of the University of California Branch, 
and a member of Eta Kappa Nu and Sigma 
Xi. 


Roscoe Schaeffer (A’32, M’36) for¬ 
merly resident electrical engineer for the 
Byllesby Engineering and Management 
Corporation, Oklahoma City, Okla., has 
been transferred to the Oklahoma Gas and 
Electric Company, Oklahoma City, as 
superintendent of engineering of that 
company. Mr. Schaeffer was bom at 
Ludlow, Ill., in 1892, and was graduated 
from Iowa State College in 1915, with the 
degree of bachelor of science in electrical 
engineering. Upon graduation he served 
briefly as assistant superintendent of a 
small municipal power plant before entering 
the employ of the General Electric Com¬ 
pany, Mienectady, N. Y., in 1916, serving 
first as a test engineer and subsequently as 
an assistant foreman and an assistant to 
the electrical superintendent of the Sche¬ 
nectady works of that company. In 1919 
Mr. ^haeffer accepted a position as 
assistant engineer on standards with the 
Remy Electric Company, Anderson, Tnd., 
where he remained for one year before 
affiliating himself with the William A. 
Baehr Company, Chicago, Ill., as resident 
engineer in charge of transmission-line con¬ 
struction at Ada, Okla. In 1923 he became 
assistant to the constmction superintendent 
of the Oklahoma Gas and Electric Company, 
and later was made assistant to the general 
superintendent of operation of that company 
before being transferred to the Byllesby 
Engineering and Management Corporation 
in 1926. 


C. G. Veinott (A’28, M’34) electrical 
engineer, Westinghouse Electric & Manu¬ 
facturing Company, Springfield, Mass., has 
received honorable mention in connection 
with the selection by Eta Kappa Nu, hon¬ 
orary electrical engineering society, of 
America’s outstanding young electrical en¬ 
gineer for 1936 (see page 193). Mr. Veinott 
was bora at Somerville, Mass., February 16, 
1905, and received the degree of bachelor of 
science in electrical engineering from the 
University of Vermont in 1926. He then 
entered the student course of the Westing- 
house company at East Pittsburgh, Pa., and 
since then has been engaged chiefly with the 
problems of rotating machinay, making 
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notable contributions. He was transferred 
to the small-motor engineering department 
at Springfield in 1929, and has been asso¬ 
ciated with the development of new methods 
of analysis of losses in single-phase motors, 
noise prevention studies, and new means of 
calculating single phase and pol 3 q>hase in¬ 
duction motors. Mr. Veinott holds patents 
for disk-type thermostatic protection of 
motors, and has actively participated in the 
design and development of fractional-horse¬ 
power motors. Recently he was appointed 
to have charge of sales and engineering on 
all fractional-horsepower motors for fans 
and blowers. Mr. Veinott is the author of a 
number of papers, some of which have been 
presented to the Institute. He has been a 
member of the Institute’s electrical ma¬ 
chinery committee since 1934, and has been 
active in the work of the Springfield Section, 
of which he is now chairman. 


J. M. Todd (M’32) consulting electrical 
engineer. New Orleans, La., has been elected 
a vice-president of The American Society of 
Mechanical Engineers for the year 1936-37. 
He was bora at Franklin, La., May 25, 
1896, and received the degrees of bachelor of 
engineering (1918) and mechanical engineer 
(1930) from Tulane University. He served 
(1918-19) as a lieutenant in the U.S. Army, 
seeing service in England and France, and in 
1919 became chief engineer of the Marrero, 
La., plant of Penick and Ford, Inc. From 
1921 to 1928 he was associated as assistant 
engineer with A. M. Lockert & Company, 
mechanical engineering contractors in New 
Orleans. He has since been retained 
as consultant in mechanical and dectrical 
problems by theOrleansParishSchoolBoard, 
the Board of State Engineers, the dty of 
New Orleans, and Tulane University. Mr. 
Todd has been a member of the Institute’s 
membership committ^ since 1935, and is a 
past-president of the Louisiana Engineering 
Society. 


A. C. Seletzkv (A'29, M’36) assistant 
professor of electrical engineering. Case 
School of Applied Science, Cleveland, Ohio, 
has received honorable mention in connec¬ 
tion with the selection by Eta Kappa Nu, 
honorary electrical engineering society, of 
America’s outstanding young electrical en¬ 
gineer for 1936 (see page 193). Doctor 
Sdetzky was bora at Novostavtzy, Volynia, 
Russia, May 29,1906. In 1927 he received 
the degree of bachelor of engineering and in 
1930 that of doctor of engineering from The 
Johns Hopkins University, and in the latter 
year became an instructor in electrical en¬ 
gineering at Case School of Applied Science. 
He was made assistant professor in 1933. 
Doctor Seletzky is noted for his research 
work, which ranges from new analyses of 
various types of electric circuits and bridges 
to method of magnetic analysis, thermion- 
ics, power transmission circuits, and a-c cir¬ 
cuit theory. Doctor Seletzky is a second 
lieutenant in the Chrdnance Reserve of the 
U.S. Army and has worked at Watertown 
Arsenal. He is the author of a number of 
AIEE papers and of papers published by the 
Franklin Institute. Since 1933 he has been 
a member of the AIEE committee on instru¬ 
ments and measurements, and is now serv- 
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ing as counselor of the Branch at Case 
School of Applied Science and as chairman 
of the membership committee of the Cleve¬ 
land Section. 


E. W. Burbank (A’26, M’30) district 
manager, Allis-Chalmers Manvffacturing 
Company, Dallas, Texas, has been elected 
a manager of The American Society of Me¬ 
chanical Engineers for the year" 1936-37. 
He was bora at Sunbury, Ohio, February 15, 
1889, and received the degree of bachelor of 
engineering from Tulane University in 1911. 
He then entered the employ of the Allis- 
Chahners company as a student apprentice. 
Between 1913 and 1916 he was engaged in 
the experimental design and developm^t of 
hydraulic machinery and in conducting ex¬ 
tensive tests on this type of equipment. In 
1916 he was transferred to the sales depart¬ 
ment and was sent to New Orleans, La., as 
sales engineer becoming district manager at 
Dallas 5 years later. He is a member of the 
American Petroleum Institute and the Dal¬ 
las Technical Club. 


P. L. BblI/ASChi (A’29, M’34) section 
engineer in charge of transformer engineer¬ 
ing, Westinghouse Electric & Manufactur¬ 
ing Company, Sharon, Pa., has received 
honorable mention in connection with the 
selection by Eta Elappa Nu, honorary elec¬ 
trical engineering society, of America’s out¬ 
standing young electrical engineer for 1936 
(see page 193). Mr. Bellaschi was born at 
Piedmont, Italy, February, 13, 1903, and 
came to the United States with his parents 
in 1913. In 1926 he received the degree of 
bachelor of science in electrical engineering 
from Massachusetts Institute of Technology 
and, following a year in the Westinghouse 
student course, received the degree of master 
of science in electrical engineering in 1928. 
Since that time he has been with the West¬ 
inghouse company in various capacities. 
Mr. Bellaschi is well known for his work in 
the field of lightning investigation, and has 
made many important contributions and 
discoveries. Many papers based on his re¬ 
searches have been published, both in the 
United States and in Europe. In 1936 he 
received a Westinghouse award of merit in 
recognition of his work in high-voltage re¬ 
search. Mr. Bellaschi has been active on 
the committees of the Sharon Section of the 
Institute. He is a member of the Associa- 
zione Elettrotecnica Italiana. 


G. H. Dunstan (A’28) formerly as^tant 
professor of general engineering at the 
Univeraty of Southern California, Ix}s 
Angeles, now is enrolled as a graduate 
student at the University of Iowa, Iowa 
City. Mr. Dunstan is specializing in hy¬ 
draulic engineering. 

VmcBNT Hackett (A’36) student engi¬ 
neer, Gener^ Electric Company, Schenec¬ 
tady, N. Y., has been transferred to the 
Philadelphia, Pa., works of that company. 

H. J. Masseard tA’24) formerly with the 
International Paper Company, New York, 
N. Y., now is employed by the Scott Paper 
Company, Chester, Pa. 
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Charles LbGbyt Fortescue (A’03 
F*21) consulting transmission engineer, 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., died De¬ 
cember 4,1936. Doctor Fortescue was bom 
at York Factory, Manitoba, Canada., No¬ 
vember 7,1876, and received his earlier edu?* 
cation at a private school in England. In 
1898 he received the degree of bachelor of 
science from Queen’s University, Kingston, 
Ont., and in that year joined the Westing- 
house Electric & Manufacturing Company 
as an apprentice. The university conferred 
upon him a doctor’s degree in 1931. From 
1901 to 1918 he was in the transformer engi¬ 
neering department, and from 1918 to 1926 
he was manager of the porcelain, insulator, 
and transmission engineering department. 
Since 1926 Doctor Fortescue had been con¬ 
sulting transmission engineer. Perhaps the 
best known of the many contributions to the 
engineering art that are credited to Doctor 
Fortescue is the developm^t of the mathe¬ 
matical system known as "symmetrical co¬ 
ordinates" or "symmetrical components" 
and application of it to the solution of prob¬ 
lems involving polyphase systems. For this 
work he was awarded the gold medal of the 
Franklin Institute in 1931. Other fields of 
his work were studies of stability and light¬ 
ning protection. Doctor Fortescue also is 
credited with many improvements in trans¬ 
former design, advancement of the art of 
measurement of high voltage by the sphere 
spark gap, development of basic principles 
for the form and proportions of insulating 
surfaces, and contributions to the design of 
transmission systems, receiving nearly 200 
patents. He is said to have devdoped the 
first commercial 100,000-volt transformer, 
and advanced the theory that direct strokes 
were the cause of trouble on transmission 
lines. Many papers on various subjects 
were presented by him before the Institute, 
and others were published dsewhere. Doc¬ 
tor Fortescue had been a member of the In¬ 
stitute’s committee on power transmission 
and distribution since 1932, serving pre¬ 
viously from 1925 to 1929. He also had been 
a member of the committees on telegraphy 
and tdephony (now communication) 1914- 
17, and electrophysics 1916-17 andT920-31. 


CniirroN Jbssb Asctell (A’09, M’30) as¬ 
sistant engineer of the control division, 
transportation engineering department of 
the General Electric Company, Erie, Pa., 
died October 16, 1936. ,He was bom at 
Axtell, Kans., April 4, 1883, and was gradu¬ 
ated froin K^sas State College in 1904. 
For a shcxrt time he was employed by the 
Jackson (Mich.) Light and Power Company, 
then entered the testing department of the 
General Electric Company at Lynn, Mass. 
In 1907 he was transferred to Schenectady, 
N. Y., xmainiiigmitil 1910. Between 1910 
and 1913 he was employed by the Common¬ 
wealth Power Company of Michigan, the 
International Railway Company, Buffalo, 
N. Y., and the Cleveland (Ohio) Railway 
Company. He then returned to the General 
Electric Company in the railway depart- 
m^t division, becoming assistant engineer 


of the division in 1930. He made many im¬ 
portant contributions to the development of 
railway equipment and was an authority on 
dectric control for aU types of transporta¬ 
tion vehicles including ships and naval 
equipment. 


A. W. Russell (A’31) chief engineer of 
the Hollywood mill. Buckeye Cotton Oil 
Company, Menphis, Tenn., died recently 
according to word just received at Institute 
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headquarters. Mr. Russell was bom De¬ 
cember 22, 1876, at Little Rock, Ark. 
During the period 1910-19 he was cTiiVf 
engineer of the Little Rock (Ark.) Railway 
and Electric Company. In 1923 he was 
appointed chief engineer of the National 
Cotton Seed Products Corporation, where 
he remmned until he entered the employ 
of the Buckeye Cotton Oil Company in 
1929, as supervisor of power in the Mem¬ 
phis mills of that company. He was ap¬ 
pointed chief engineer of the Hollywood 
mill in 1933. 


Recommended 
for Transfer 

The board of examiners, at its meetins on 
December 2, 1936, recommended the following 
members for transfer to the grade of membership 
mdicated. Any objection to these transfers should 
be filed at once sdth the national secretary. 

To Grade of Pellow 

Bennett, C. B,, electrical engineer. Federal Power 
Commission, Washington, D. C. 

Bossard, ^ G. L,., president and director of engi¬ 
neering research, General Eontrolar Company 
Inc., Dayton, Ohio. 

I.ane, P. B[., manag^, engineering and construc¬ 
tion, Byllesby Engineering and Manag ement 
Corporation, Chicago, Ill. 

MacNaughton, A. H., stmmrvising engineer, The 
Commonwealth and wuthem Corporation of 
New York, Birmingham, AJa. 

Watson, A. B., assotiate professor of electrical 
engineering emeritus. Brown University, 
Providence, R. I. 

5 to Grade of Pellow 

To Grade of Member 

Beck, Lester B., assistant professor of electrical 
engineering, Purdue University, West Lafay¬ 
ette, Ind. 

BodiclQr, A., underground engineer. Union Electric 
Light and Poww Company, SL Louis, Mo. 
Brady, G. B., astistant division superintendent, 
Oklahoma Gas and Electric Company, Bnid, 
Okla. 

Dueland, R., electrical engineer, Parsons, Rlwp, 
BrinckerhoS and Douglas, New York, N. 
Dutton, T. D., district plant etupneer, American 
Telephone and Telegraph Company, Wash¬ 
ington, D. C. 

Gerell, G. W., relay engineer, Union Electric Light 
and Power Company, St. Louis, Mo. 

Hoyle, E. R., electrical engineer, Sinclair Oil and 
Refining Company, Houston, Texas. 

Musgrove, A. M., Jr., assistant engineer, Public 
Service Electric and Gas Company, Engle¬ 
wood, N. J. 

Nuttall, A., tiectrimti engineer, Trinidad Lease¬ 
holds Ltd., Pointe-a-Pierre, B. W. I. 

Stone, E. W., assistant superintendent, electric 
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Tall^, •; 

Telephone and Telegraph Company, Phila¬ 
delphia Pa. 

Watts, P. W., vice-preadent, United Electric Con- 
^ trols Coiporation, Hoboken, N. J. 

Weiser, R. G., asastant engineer, Brooklyn Edison 
Company, Brooldyn, N. Y. 

13 to Grade of Member 

Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to mem¬ 
bership in the Institute. If the applicant has ap¬ 
plied tor direct admission to a grade higher them 
Associate, the grade follows immediately after the 
name. Any member .objecting to the election of 
any of these candidates should so inform tiie na¬ 
tional secretary btiore Jan. 31, 1037, or March 31, 
1937, if the applicant resides outside of the UnitM 
States or Canua. 

Allen, R. T., Jr., Consumers Power Company, 
Jackson, Mich. 
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Andrews, N. R. (Member), National Sugar Refining 
^mpany of New Jersey, Long :^Iand City, 
N.Y. 

Armstrong, D. H., Union Oil Company, Oleum. 
Calif. 

Armstrong, H. R., Detroit (Mich.) Edison Company. 

Barrow, L. G. (Member), Brooklyn (N. Y.) Edison 
Company, Inc. 

Behar, M. P. deM., (Member), Instruments Pub¬ 
lishing Co. Pittsburg, Pa. 

Bose, C. C. (Member), Indiana Bell Telephone 
Company, Indianapolis, 

Bowen, R. E., Jr., City Light 8t Water Division, 
Memphis, Tenn. 

Brandt, T. P., (Member), Ohio Brass Co. Barberton 

Campbell, S. M., Clevtiand Electric Illuminating 
Company, Ohio. 

Capel, C. C., Indiana Bell Telephone Company,. 
Indianapolis. 

Dausman, O. D., Indiana Bell Telephone Company, 
Indianapolis. 

Denison, H. C., Oklahoma Gas and Electric Com¬ 
pany, Oklahoma Ci^. 

Dixon, A. R American Tel. &Tel. Co., New York, 
N. Y. 

Dotterweioh, W. A. (Member), Consumers Power 
Company, Jackson, Mich. 

Dunnewold, L. J,, Indiana Bell Telephone Com¬ 
pany, Indianapolis. 

Dublin, M., Department of Docks, North River, 
New York, N. Y. 

Falk, R. E. (Member), Bendix Products Corpora¬ 
tion, South Bend, Ind. 

Ferguson, B. (Member) 319 Homebuilders Bldg. 
PhoeniiL Ariz. 

Postv, C. D., Portland (Ore.) General Electric 
Company. 

Green, I. V., Indiana Bell Telephone Company, 
Indianapolis. 

Grifiith, H. D^, Westinghouse Electric & Manu¬ 
facturing Company, Springfield, Mass. 

Gruenberg, A. T., Gruenberg Elec. Co. Inc., New 
York, N. Y. 

Heathman, B. J., Southwestern Bell Telephone 
Company, Bristow, Okla. 

Henson, C. A., Pacific Gas and Electric Company, 
Sacramento, Calif. 

Hyland, G. A., Westinghouse Electric and Manufac¬ 
turing Company, Wilkes Barre, Pa. 

Jack, C; R., 715 S. W. Ring Ave., Portland, Ore. 

Johnson, J. E., Philadelphia (Pa.) Electric Com¬ 
pany. 

Johnson, W. C., Allis Chalmers Manufacturing 
Company, Chattanooga, Tenn. 

Jones, D, J. (Member), Vapm Car Heating Com¬ 
pany, Chicago, Ill. 

Ranouse, B. L., Los Angeles (Calif.) Bureau of 
Power & Light 

Rilloran, J. M., The Cleveland (Ohio) Electric 
Illuminating Company. 

Langbauser, G. E. (Member), New York and 
Queens Electric Light and Power Company, 
Flushing, N. Y. 

Larlee, D. H., Brooklyn (N. Y.) Union Gets Com- 

pEiiy, 

Langhus, L., Cenral Electric and Ttiephone Com¬ 
pany, Sioux City, la. 

Lehman, A. J., Freeport SiilphUr Company, Freer 
l>orL Texas. 

cs,. G. F., General Electric Company, Pittsfield, 
Mass. ^ ■ 

Linders, J. R, Clevtiand Electric Illuminating 
Company, Ohio. 

linke, H. M., S^uce Falls Power and Paper Com¬ 
pany Ltd., Rapuskasing, Can, 

Low, A. A. (Member), Brooldyn (N, Y.) Edison 
Co, Inc,. 

Mancib, A. S. (Member). Weston Electric Institute 
Corporation, West Somerville, Mass. 

Markus, H. F., Arsenal Technical Schoolsi In¬ 
dianapolis^ Ind. 

Mascaro, W. O.^ Atlantic Refining Company, 
Pbiladtiphia, Fa. 
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McDowell, J. A., Sherwin Williams Company, 
Dallas, Tex. 

Meyer, J. B., General Laminated Products Inc., 
New York, N. Y. 

Meyer, J. M., Meyer Instrument Company, San 
Francisco, Calif. 

Moody, W. S., General Electric Company, Scbe* 
nectady, N. Y. 

Muehlig, R. E., Westinghouse Electric & Manu¬ 
facturing Company, Boston, Mass. 

O’Brien, E. W. (Member), Southern Power Journal, 
Atlanta, Ga. 

Packer, W., 1826 E. 82nd St., Cleveland, Ohio. 

Pefferly, W. J., Phelps Dodge Copper Products 
Coiporation, Detroit, Mich. 

Personeus, L. H., Puget Sound Power and light 
Company, Seattle, Wash. 

Pierson, W. H., Croft Place, R. F. D. 3, Hunting- 
ton, L. I., N. Y. 

Powers, C. F., C. F. Powers Company, Cleveland, 
Omo. 

Risseeuw, E. J., Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. 

Rivero, A. (Member), New York (N. Y.) Edison 
Compat^. 

Robinson, w. F., Pacific Telephone and Telegraph 
Company, Portland, Ore. 

Rockwell, F. H., United Light and Power Engi¬ 
neering and Construction Company, Kansas 
City, Mo. 

Royal, A. B., Louis-Allis Company, Milwaukee, 
Wis. 

Schoenfeld, S. S., Department of Parks, Bronx, 
N. Y. 

Sessions, A. P. (Member), Southern California 
Edison Conmany, Ltd., Los Angeles, Calif. 

Shepherd, R. BL, R. H. Shepherd Company, 
Vancouver, Ou. 

Snowden, W. H., EUcirical West, San Francisco, 
CaUf. 


Stahl, C. D., Oklahoma Gas and Electric Com¬ 
pany, ixdmore. 

Stanley, L. L., Klein St Saks, New York, N. Y. 

Steinback, B. T., Homestake Mining Company, 
Lead, S. D. 

Stinchcamb, L. M. (Member), H. B. Sherman 
Manufactunng Company, Battle Creek, Mich. 

Stokien, A., Brooklyn (N. Y.) Edison Company, 

i“®- . « 

Swenson, C. R., Indiana Bell Telephone Company, 
Indianapolis. 

Taylor, A. Y., Rural Electrification Admimstration, 
Washington, D. C. . _ 

Thompson, J. K., France Manufacturing Company, 
Cleveland, Ohio. 

Uphouse, W. F. (Member), Southwestern Bell Tele¬ 
phone Co. Louis, Mo. 

Waag, H. B., North Eastern Construction Co. New 
York, N. Y. 

Wald, S., 2715 Webb Avenue, New York, N. Y. 

Williams, H. F., Bussmann Manufacturing Com¬ 
pany, St. Louis, Mo. _ . 

Williams, N. W., CCC-SCS Iowa No. 18, Clariton, 
Iowa. ^ „ 

Wood, A. H., Virginia Electric and Power Com¬ 
pany, Richmond, Va. 
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Lucas, F. N., Bardez Elec. Supply Co. Ltd., Ma- 
puca, Bardez Goa, Portuguese India. 

Robinson, J. E. L. (Member), Ferranti Ltd., 
Hollinwood, Lancashire, England. ^ 
Sitnmonds, J. C., University Couege, Nottmgham, 

Bus* 

Sreeflivastslen^aTg M.* Interactional General Elec¬ 
tric Company (India) Ltd., Bombay, India. 
4 Foreign 
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New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Library, New York, recently, 
are the following which have been selected be¬ 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
In^itute assumes no responsibility^ for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 

SCIENTIFIC BASIS OF ILLUMINATING 
ENGINEERING. (Electrical Engineering Texts). 
By P Moon, N. Y. and Lond., McGraw-Hill 
Book Company, 1936. 608 p., illustrated 10x6 
in., cloth, $5.00. A textbook on the engineermg^of 
lighting. Presents the details of current practice 
and a thorough treatment of the scientific funda¬ 
mentals. The text is based on courses at the 
Massachusetts Institute of Technology. 

Die SCHLAUCHELEKTRODE zur LICHT- 
BOGBNSCHWEISSUNG von KUPFER. By 
W. Lerael. Berlin, VDI-Verlag, 1936. 57 p., 
illustrated, 8x6 in., paper, 3.80 cm. Describe a 
new process for arc wdding copper for which 
several important advantages are claimed. 

RADIO AMATEUR’S HANDBOOK. 14th 
ed. American Radio Relay League, Wert Hwt- 
ford. Conn., 1936. 536 p., illustrated, 10x7 m., 
paper, $1.00 in U.S.A,; cloth, $2.60 in all countries. 
A reference book for amateurs, intended to_provide 
information on the practical design and 
construction of sending and receiving apparatus 

and the operation of amateur radio stations. 

PRINCIPLES of ELECTRICAL ENGINEER¬ 
ING. Theory and Practice. By G. C. Blalock. 
2 ed. N. Y. and Lond., McGraw-HiU Book Com¬ 
pany, 1936. 684 p., illustrated, 9x6 in., cloth, 

SAOO. Provides a course in electrical theory and 
practice adapted to the needs of students who me 
preparius for work as civil; mechanical, or chemical 
ragtneers, but it may also be used by students 
of tiectrical engineering as an introduction. 

Great Britain. Mfines Dept. REPORT OF 
H. M. ELECTRICAL INSPECTOR of MINES 
for the Year 1936. London, His Majesty’s Sta¬ 
tionery Office, 1986. 78 p., illustrated; 10x6 in,, 
paper (obtainable in British Library of Infomia- 
thm. New York, $a46). Presents^ statistics upon 
the use of electrical mining, machinery and upon, 
the accidents resulting from the use of electricity in 
■■ mines. 


ELEMENTS of PROBABILITY. By H. Levy 
and L. Roth. Oxford, England, Clarendon Press; 
N. Y., Oxford University Press, 1936. 200 p., 
illustrated, 9x6 in., cloth, $6.00. Presents an 
elementary treatment of the subject and provides a 
detailed criticism of the various self-contained 
theories of probabiliQr. 

Das ELEKTRISCHE EISENBAHNWESEN 
der GEGENWART. (Elektrische Babnen Er- 
gSuzungsheft, Jahrgang 1936.) Ed. _by W. Wech- 
mann. Berlin, Verlag fflr SozialpoUtik, Wrtschaft 
and Statistik, 1936. 212 p., illustrated, 12x8 in., 
paper, 6 rm. Contains 9 lectures by various au¬ 
thorities on the tiectrical railway. 

EINFOHRUNG in die KLASSISCHE ELEK- 
TRODYNAMIK. By J. Fischer. Berlin, JuUus 
Springer, 1936. 109 p., illustrated, 10x7 m., 
cloth, 13.80 rm. Presents the classic theory of 
electrodynamics, intended for advanced students. 

BEITRAG zur BERECHNUNG von MAST- 
FUNDAMENTEN. By H. FrOhUch. 8 ed. 
Berlin, Wilhtim Ernst and Sohn, 1936. 81 p., 
illustrated, 10x7 in., paper, 7.60 rm. (6.66 rm. in 
U.S.A.). Provides a study of the design of foMda- 
tions for the masts and towers of transmission 
lines. 

INDUSTRIAL DUST. By P. Drinker and T. 
Hatch. N. Y. and Lond., McGraw-Hill Book Co., 
1936. 316 p., illus., 9x6 in., doth,^ $4.00., Dis¬ 
cusses the problem oi dust control in its relation to 
the health of workmen, and presents methods for 
designing and operating dust-control equipment. 

ENGINEERING ALLOYS, Names, Properties, 
Uses. By N. E. Woldman and A. J. Domblatt. 
Cleveland, Ohio, American Society for Metals, 
1936. 622 p., tables, 10x6 in., lea., $10.00. 
Contains the trade names, manufacturers^ composi¬ 
tion, properties, and uses of 8,200 engineermg alloys. 

ELEMENTS of MECHANICS. By H. A. 
Erikson. 3 ed. N. Y. and Lond., McGraw-Hill 
Bdok Co., 1986. 269 p., illus., 8x6 in., cloth, 
$2.25. A text based on a course at the University 
^ Minnesoi^ 

DESCRIPTIVE GEOMETRY PROBLEM 
BOOK. By F. W. Buhb. N. Y., MacmUlan Co., 
1936. Diagrs., 8x11 in., paper, $1.76. Con¬ 
tains 300 problems on detachable sheets of white 
paper.' '■ 

PUBLIC UTILITY INDUSTRIES. By G. L. 
Wiltan, J. M: Herriu, and R. B. Eutsler. N. Y. 
and Lond, McGraw-Hul Book Co., 1936. 412 p., 
illus., 9x6 in., cloth, $3.60. Affords a survey of 
the economic, legal, and social characteristics of 
public utility enterprises.. 
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TEXTBOOK of ILLUM-NATION. By W. 
Kunerth. 2 ed. N, Y., J. Wiley and Sons, 1936. 
276 p., illus., 10x6 in., lea.. $3.00. A short course 
in illumination, intended for undergraduates. 

TELEVISION with CATHODE RAYS. By 
A. H. Halloran. San Francisco, Pacific Radio 
Publishing Co., 1936. Illus., 7x5 in., lea., $2.75. 
The operating prinriples of the cathode-ray tube 
and its application to television are explained in 
terms that can be understood by the amateur radio 
operator and radio service man. 

PHYSIK und TECHNIK der ULTRAKURZEN 
WELLEN, V. 2. By H. E. Hollmann. Berjin, 
Julius Springer, 1936. 306 p., illus., 9x6 in., 
cloth, 33 rm. Describes the practical aj^plications 
of ultaa-short waves, and discusses reception, detec¬ 
tion, and transmission. 

INDUCTIVE CO-ORDINATION of ELEC¬ 
TRIC POWER and COMMUNICATION CIR¬ 
CUITS. By L. J. Corbett. San Francisco, J. H. 
Neblett Pressroom Ltd., 500 Sansome St., 1936. 
161 p., illus., 9x6 in., cloth, $3.00. Discusses 
the factors involved and suggests methods by which 
detrimental effects can be remedied. Written 
from the point of view of the power engineer, but 
considers the problems of the communication engi¬ 
neer also. 


HEAVISIDE’S OPERATIONAL CALCULUS, 
as applied to Engineering and Physics. (Electriral 
Engineering Texts.) ByE.J. Berg, 2 ed. N. Y. 
and Lond., McGraw-uIl Book Co^ 1936. 258 
p., illus., 8x6 in., cloth, $3.00. Contains ap¬ 
pendices in which various numerical problems are 
solved. Additional information on the theory of 


Der ERDSCHLUSS in HOCHSPANNUNGS- 
NBTZEN. By H. Weber. Munich and Berlin, 
R. Oldenbourg, 1936. 107 p., illus., 10x7 in., 

paper, 5.80 rm. Discusses the phenomena ac¬ 
companying grounds in 3-phase distribution sys¬ 
tems and the methods of preventing them. In¬ 
tended for operating engineers and students. 

ELEKTROTECHNIK und WITTERUNG. 
By U. Retzow. Berlin, Julius Springer, 1036. 
121 p., 9x6 in., paper, 6.60 rm. 'Discusses the 
effects of weather in electrical en^eering, includ¬ 
ing the influence of meteorological elenients on 
overhead lines, the use of wind for generating elec¬ 
tricity, influence of altitude on power stations, and 
disturbances of radio transmission. 

Die ELEKTRISCHE KRAFTtiBERTRAQ- 
UNG, V. 3, pt. 1. Bau und Betrieb des Kraft- 
werkes. By H. Kyser. 3 ed. Berlin, Julius 
Springer, 1936, 673 p., illus., 10x6 in., clotR 
45 rm. Devoted to the mechanical eqidpment of 
electric power plants from a practical point of view 
for the designer and operator. 

ELECTRONICS and ELECTRON TUBES. 
By E. D. McArthur. N. Y., John Wiley and Sons, 
1636, 178 p., illus., 9x6 in., $2.60. Describes 
the fundamental principles governing the action of 
all electron tubes; mathematics is used sparingly. 
A chapter is devoted to electron tube construction. 
Much of the book has appeared serially in the 
General Electric Review. 

ELECTRICAL LABORATORY EXPERI¬ 
MENTS, Theory and Practice. By V. KarapetoS 
and B. C. Dennison. N. Y., John Wiley and Sons, 
1636. 487 p., illus., 9x6 m., lea., $4.00. An 
abridgment of Karapetoff’s "Experimental Elec¬ 
trical Engineering,’’ prepared to meet the demand 
for a less comprehennve book with the same general 
method of treatment but better adapted to the 
average underg;raduate course. 
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written application, sublect only to charges suffi¬ 
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available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 

volume, plus transportation charges. 

Many other services are obtaiiiable and an , 
Inquiry to the director of tfie library will bring 
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Coming Glass Expands.—^To meet the in¬ 
creased production demands, plant facilities 
of the fibre products division of the Coming 
Glass Worlm are being enlarged, and work 
is well imder way in the erection of 3 new 
buildings having a total area of 46,000 sq. ft. 
L. W. W. Morrow, formerly editor of the 
"Electrical World,” was recently appointed 
general manager of this division. Principal 
applications of the new glass fibre include 
building insulation, refrigerator linings and 
air conditioning filters. Potential markets 
include wire and cable covering and innu¬ 
merable textile applications to which an in¬ 
organic thread or cloth made of glass can be 
applied. The new glass doth is heat re¬ 
sistant, waterproof, and non-corroding. 

Copperweld Appointment.—^Roy C. Raasch 
has recently been appointed fidd representa¬ 
tive for the Copperwdd Sted Co., with 
headquarters at Chicago, Ill. For the past 
few years he has been in the engineering 
department of a large utility company. 

Tower Order to Blaw-Knox.—^According to 
a recent announcement, the Blaw-Enox 
Co., Pittsburgh, Pa., has received an order 
for approximatdy 2000 tons of transmission 
towers (which wUl number about 250) for a 
220,000 volt line of the Pennsylvania Water 
& Power Co. of Baltimore. 

New Connector.—^Bumdy Engineering Co., 

l nc. , New York City, has announced an ad¬ 
dition to their line of grounding connectors 
"Groundem,” type GH. This low-cost con¬ 
nector is for use in joining a ground lead to a 
driven rod or pipe. Its constmction per¬ 
mits it to be slipped over the top of the rod 
as a one-piece assembly, or, in the event 
that the rod or pipe has been splayed from 
driving, it may be readily disassembled and 
slipped around the conductors. The 
Gioundem is constructed entirely of non- 
corrosive copper alloys, making it resistant 
to tmderground conditions. It is installed 
with an ordinary wrench and is made in 
three sizes, each of which will take a range 
of rod and wire diameters. 

Padfic Electric Now Home Owned.—Ac¬ 
cording to a recent announcement, the in¬ 
terest of the General Electric Co, in the 
Pacific Electric Manufacturing Corp., has 
been purchased by Joseph S. Thompson, 
president of the latter company. Some 
eight years ago General Electric secured a 
virtual half interest in the west coast com¬ 
pany, but with the sale of the stock the latter 
us now an entirely independent organization. 
It operates a factory occupying two city 
bloc^ in San Francisco and a small branch 
maintenance and storage plant at Gary, 

l nd. . Incorporated in 1906, it is engaged in 
the manufacture of high voltage air break 
switches, oil circuit breakers, high voltage 
fuses ahd ihidred apparatus. ; 

Calculating Board Kept Busy.—-With in¬ 
creasing lpa<^ racing toward the capacity 
of equipment, many power compatdes find 
it necessary to ^lye quickly new generation 
and distribution problems. Five companies 
willing to determine accurately the added 


power needed and the load limits and sta¬ 
bility of their ssrstems have recently engaged 
the Westinghouse a-c calculating board to 
analyze their problems. During the past 
year eighteen major system studies, in¬ 
volving plants up to 600,000 kva capacity, 
have been completed on this uniquely effi¬ 
cient board. These systems included eight 
utilities, six government projects, two indus¬ 
trial plants and two foreign power systems. 
This is the largest a-c calculating board built 
to date, and with its 300 circuits it can read¬ 
ily duplicate, by miniature replica, any 
power system in this country. With its 
aid, system stability, power factor correc¬ 
tion, load-voltage regulation studies and the 
best location for new generating, trans¬ 
former and line equipment are readily de¬ 
termined. 



Distribution Capacitors.—Bulletin 3381, 16 
pp. Describes the use of “Permittors” 
(capacitore) for power factor correction in 
^stribution circuits. Products Protection 
Corp., New Haven, Conn. 

Meters.—Catalog Sec. 42-210,16 pp. De¬ 
scribes various types of polyphase detach¬ 
able meters, applications, constmction, 
operation, adjustment, outline dimensions 
and wiring diagrams. Westinghouse Elec¬ 
tric & Mfg. Co., E. Pittsburgh, Pa. 

Stopwatches.—^Folder. Describes and illus¬ 
trates 40 different t 3 rpes of stopwatches for 
industrial and laboratory use. Circular 
describes stopwatch repair service. A. R. 
& J. E. Meylan, 268 W. 40th St,, New York. 

Motor Repair Supplies.—Catalog 49, 48 
pp. Describes insulation, wire, tools and 
supplies for the motor repair shop. Prices 
are included. Reading Electric Co., 227 W. 
Van Buren St., Chicago, HI. 

Circuit Breakers.—Bulletin GEA-2460, 4 
pp. Describes type AE-1 air circuit break¬ 
ers for industrial and central station auxili¬ 
ary service; 250 volts d-c; 600 volts a-c; 
15-600 amperes, 20,000 amperes interrupt¬ 
ing rating. General Electric Co., Schenec¬ 
tady, N. Y. 

Measuring Instruments.—Catalog-type 
broadside "Power Plant Measuring Instm- 
ments. Telemeters, and Automatic Con¬ 
trols.” Specific applications, are illustrated 
in electrical generation and transmission, 
steam generation and distribution, hydro- 
and diesel power generation, in which the 
equipment is used. Leeds & Northrop Co., 
4962 Stenton Ave., Philadelphia, Pa. 

Oilostatic Transmission System.—^Bulletin, 
16 pp. Describes the Bennett Oilostatic 
transmission system, in which the insulated 
power cables are installed in buried metal 


pipe filled with oil maintained under a con¬ 
stant high pressure. Includes details of 
construction, cable design, cable splices, 
terminals, pressure maintaining equipment, 
etc., as well as a detailed outline of all in¬ 
formation required to make a study of an 
Oilostatic application. The Okonite-Cal- 
lender Cable Co., Paterson, N. J. 

Monel Metal.—^Bulletin, 48 pp. The pub¬ 
lication has been prepared primarily as 
a guide book to Monel and other non-ferrous 
nickel alloyrs in the fields of engineering ap¬ 
plications. It also covers the corrosion re¬ 
sistance and other properties of these metals. 
Twenty sub-divisions are included, each de¬ 
voted to specific problems in fields from hy¬ 
droelectric and steam power plants to high¬ 
way maintenance, reMgeration and auto¬ 
mobiles. The booklet also describes some 
of the newer forms of the alloy, including 
"K” and "S” Monel, etc. International 
Nickel Co., 67 Wall St., New York City. 

Synchronous Motors.—^Bulletin 1154A, 28 
pp. Describes the construction and appli- 
catioxis of modern, coupled and engine-type 
symchronous motors that may now be ob¬ 
tained with torque characteristics suitable 
for practically any drive, fifty horse power or 
over, where the squirrel cage induction 
motor could be used. It deals with the in¬ 
creasing usage of this type of motor due to 
its uniform high efficiency, at fractional as 
well as at full loads, and at all speeds, to¬ 
gether with its all important function of 
power factor correction. AUis-Chalmers 
Mfg. Co., Milwaukee, Wis. 

Industrial Wiring Survey.—^Bulletin, 40 
pp. This publication has been designed 
to facilitate investigation of the condition 
of the electrical equipment and wiring in 
industrial plants from the standpoint of 
ability to carry load, surplus or spare ca¬ 
pacity, system defects, safety, deterioration 
and obsolescence. It gives the logical pro¬ 
cedure for making such a survey, provides 
convenient space for recording findings, and 
includes recommendations for plans or plot 
sketches of the existing layout. It is 
stated that such a study will disclose the 
weaknesses, if any, in the electrical sjrstem, 
and become a permanent record for deter¬ 
mining what parts of the system may be 
extended under pressing conditions. Ana¬ 
conda Wire & Cable Co., 25 Broadway, 
New York City. 

New Clip-On Ammeters.—^Bulletin, 4 PP. 
Describes a complete new line of dual range 
clip-on ammeters now available. Origi¬ 
nally introduced some 6 years ago, this in¬ 
strument was at first available only in the 
standard 0-*100/600 ampere combination. 
Recently additioiml low and high range 
combinations have been added to the line 
so that it is now stocked in 4 standard 
low range combinations and 3 high 
range combinations. With these instru¬ 
ments it is possible to measure currdits 
from 1/6 ampere up to 1,000 amperes with¬ 
out opening the circuit or shutting down the 
equipment under test, or removing insula¬ 
tion from the conductors. The instru¬ 
ments are supplied with fully insulated dips 
as well as BakeUte bodies and may be 
used with equal safety on insulated or bare 
conductors. Many minor improvements 
have been incorporated in the new line. 
Ferranti Electric, Inc., 30 Rockefeller 
Plaza, New York City. 


202 


Elecirical Engineering 



























for February 1937 — 

The Challenge of 1937 
Engineers and Economics 
Industrial and Cultural Japan 
Unemployment in the Engineering Profession 
Switchboards for Boulder Power Plant 

Electrical Water-Level Control and Recording 
Equipment for Model of Cape Cod Canal 

Lightning Currents in 132-Kv Lines 

Tooth-Frequency Eddy-Current Loss 

Reactance of End Connections 

First Report of Power System Stability 


.. A. M. MacCutcheon 

...205 

. .M. E. Leeds 

. .206 

. .D. C. Jackson 

...208 


...216 

. .L. N. McClellan, A. J. A. Peterson, 
and C. P. Garman 

...224 

..H. L Hazen 

...237 

. .Philip Sporn and 1. W. Gross 

...245 

. .Paul Narbutovskih 

...253 

.. J. F. H. Douglas 

...257 

. .AIEE Subcommittee Report 

...261 


News.. 



VOLUME 56 NUMBER 2 

Published Monthly by die 

American ftnslitiile of Eledricjal En^ineer^ 

(Founded 1884) 

A. M. MdcCutahcon/President 

H. H. Henline/ Natiohai Secretary Floyd A. Lewls^ Associate Editor 

G. Ross Hennlnger/ Editor . G. A. Graef^ Advertising Manager 

Publication Coihmitter^l. Melville Stein, chairman C. O. Bickelhaiipt J. Barker O. W. Eshbach 

H. H. Henline LW.W.^rrow H.S. Osborne D. M. Simmons WiH.Timbie 
Entered as second class matter at the Post Office, Easton, Pa., April SO, 1932, under the Airt of Congress 
March. 3, 1879. Awepted for mailing at special postage rates provided for In Section 1103, Act of October 
3,1917, authorized on August 3,1918. T Publication Office; SOlh ft Northampton Streets, Easton, Pa. 
,^itorial and Advertising Offices at the headquarters of the Institute, 33 West 39th Street, New Vork 


The Cover 

Coaxial coaimMnlealion cable being 
drawn Into conduit 

Photo courtesy New Jenjey 
Bell Telephone Co. 













IbgLLioW 


Water-Level ControL Control of the water 
level in a model of the Cape Cod (Mass.) 
Canal and the automatic recording of water 
level at several points during studies of 
flow were accomplished electrically by 
utilizing the capacitance between the water 
itself and a plate suspended above it, 
together with suitable vacuum-tube ampli¬ 
fiers, grid-controlled arc-discharge tubes, 
and Selsyn motors {,pages 237-44). 


Engineers and Economics. Successful eco¬ 
nomic planning is most hopefully to be 
looked for if the planners are guided by the 
approach and method diaracteristic of an 
engineer. However, individuals combining 
this with other essential traits are regarded 
as rare {pages 206-07). 

Japanese Progress. The characteristics of 
the Japanese people, their educational 
system, and cultural and industrial develop¬ 
ment are reported by a visitor to Japan 
who finds that country well-equipped tq 
compete with the western world {pages 
208-16). 


Electrical Machinery. Reactance of end 
connections and eddy currents in rotor 
bars are the subjects of 2 papers in this issue. 
In one the use of image conductors in iron, 
of Rayleigh insulating partitions, and of 
images of conductors in these partitions are 
shown to afford an attack on the problem 
of end-connection reactance {pages 257-60). 
The other paper ^ows that from oscillo¬ 
grams of eddy currents in the rotor bars of a 
squirrel-cage induction motor, the magni¬ 
tude of the power loss caused by eddy 
currents, and its variation with load, may 
be determined {pages 253-6). 


Switchboards. The power plant at Boulder 
Dam has been equipped with switchboards 
notable for their size and for the combina¬ 
tion of designs and methods that heretofore 
have been used individually but seldom 
together {pages 224-36). 


Lightning Investigation. Data obtained 
from the measurement of lightning currents 
in tower structures, counterpoises, and 
ground wires on a 132-kv line indicate that 
stroke curmnts rarely exceed 150,000 
amperes and that adequate shielding of 
lines at station entrances is necessary 
{pages 245-52). 


Stability. A comprehensive review of the 
subject of stability of large power sjrstems 
is presented in a report of an AIEE sub¬ 
committee. A summary of the recent prac¬ 
tices regarding stability feattures of many 
power systems throughout the United 
States is included {pages 261-82). 


Tube Nomenclature. A committee of the 
American Standards Association is attempt¬ 
ing to simplify the nomenclature of elec¬ 
tronic tubes, and toward that end has ob¬ 
tained an agreement by 2 large manu¬ 
facturers to abandon trademark rights to 
several names. A tabulation indicating 
the initial step is given in this issue {page 
284). 


Unemployment Among Engineers. Unem¬ 
ployment data from 52,589 engineers 
throughout the United States, obtained in 
the 1935 survey of the engineering profes¬ 
sion conducted by the United States Bureau 
of Labor Statistics shows that more than 
^/s of all engineers reporting w^e unem¬ 
ployed at some time during the years 
1929-34; half of these were unemployed 
for more than a year. The largest pro¬ 
portion unemployed at any one time was 
about 11 per cent {pages 216-23). 
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The Challenge of 1937 



936 is how history. Whatever we have accomplished, 
or failed to accomplish, is written into the records 
and we cannot change it. The engineer is interested 
in history as a guide to the future, but what most intensely 
interests him is that which he may accomplish in the 
future. Every keen-minded member of the American 
Institute of Electrical Engineers is greatly interested in 
the future accomplishments of the organization. 

We are not satisfied with the performance of our 
organization, and I hope that we never will be. The 
greatest stimulus to future accomplishment is a sane and 
healthy dissatisfaction with the past. 

Although not satisfied, we can secure a certain degree 
of comfort through comparison. I think that we will 
not suffer in comparison with other technical societies. 
They too wish to accomplish more than they have in the 
past. In a broader sense, are we entirdy satisfied with 
affairs throughout the world? Are we entirely satisfied 
with affairs in our own country? Yet is it not the best 
country in which we can live? Likewise is not our 
organization the best one available to us for om: profes¬ 
sional advancement? Our problem is to make it the best 
organization possible. 

With privilege comes responsibility. It is the privilege 
of the Institute to represent professionally the dectrical 
engineers of America, and this high privilege implies a 
deep responsibility of which we should ever be consdous. 

During the last year, have we adequatdy represented 
the dectrical engineering profession in our technical 
activities? I think we have, but I know that we can do 
better in 1937. A greater participation of the Sections 
in the national technical activity is desirable. This does 
not mean that each Section must set up a technical com¬ 
mittee corresponding to each of the national tedmical 
committees, but rather that each Section has the privilege 
of sdecting 1, 2, or more technical committees in the work 
of which that Section is particularly interested. This 
dpportunity is a real challenge to each Section for, 1937. 
I would suggest that the Sections start t>y sdecting the 
one tedimcd comhut^ in the work of which they are 


most interested, and organize within the Section a corre¬ 
sponding technical committee. In this way it is possible 
for every Section to contribute to the national technical 
activity. The chairman of such a Section technical com¬ 
mittee would be a very logical nominee by the Section 
for membership on the corresponding national technical 
committee the following year. 

Has the Institute in 1936 effectivdy embraced its 
opportunity in advancing the professional standing of 
its m^bers? Here lies another challenge for 1937. 

Should there be a gradual and intelligent broadening 
of the sphere of Institute activities? This deserves very 
earnest consideration. As one example of what can be 
accomplished, I was very favorably impressed by a paper 
“The Engineer’s Responsibility to Sodely” which was 
presented by a student member at a recent Branch 
conference held in Pittsburgh, Pa. 

Are we satisfied with the 1936 record of members added 
to our rolls? Before answering, let us consider why a 
professional engineering society desires addition to its 
membership. If there be electrical engineers who are 
qualified for membership but who are not members, the 
society will be more truly representative of the electrical 
engineering profession if they were offered the opportunity 
of joining. If they would then participate in ^e activi¬ 
ties of the organization, it is obvious that the organization 
would more nearly measure up to its opportunities. The 
increased financial support from such new members would 
enable the organization more successfiilly to carry on all 
its work. The challenge of 1937 thU not be successfully 
met unless every qualified electrical engineer is offered 
the opportunity of emoUing in our ranks. 

I firmly resolve to do all in my power to meet the 
inspiring challenge of 1937, and I ask every one of our 
more than 15,000 members to tc^e the same resolution.. 



PRESIDENT AIEE 













Engineers and Economics 

By MORRIS E. LEEDS 

FHIOWAIEE 


M any individual engi- The characteristics of engineering that should political economy so as to 

neers undoubtedly feel give the engineer a stronger sense of economic make his other contributions 

a peculiar sense of ob- and social responsibility than is sometimes felt by an unmixed blessing. There 

ligation to make some contri- those in other professions are discussed in this is something in this viewpoint, 

bution to the solution of our article, which suggests that an engineering but responsibility in that sense 

economic difficulties, and I approach should be made to economic problems. belongs also to scientists, in¬ 


think we may safely say that 
engineers collectively in their 

organizations share that feeling. The individual sense 
of responsibility is manifested by numerous wri^^ and 
statements of m^ in the profession. As a result of 
collective efforts we have had the reports of the committee 
of the American Engineering Council on the relation of 
production, distribution and consumption, out of which 
grew a real, though unsuccessful, effort on the part of the 
Engineering Foundation and the American Engineering 
Council to plan for such work under engineering auspices 
with an even broader committee, including representa¬ 
tives of labor and the public. 

Of course, engineers are not the only groups that have 
made such efforts. Many reports addressed to aspects 
of economics have been issued, representing trade organi¬ 
zations, chambers of commerce, etc., but these have 
generally concerned themselves quite narrowly with the 
needs of those for whom they spoke and have assumed, 
if they considered it at all, that the general welfare would 
coincide with their own. They do not show the disinter¬ 
ested breadth of view which led the engineers’ committee 
to state as its objective: 

“The sdection tuid recommendatioa of such governmental, financial, 
and budness policies as will maintain in the United States a standard 
of living that is high, broadly distributed, <uid free from severe 
fluctuations.” 

I wish to disctiss particularly those characteristics of 
engineering which in my judgment should give the engi¬ 
neer a stronger sense of economic and social responsibilify 
than is felt by his brethren of industry and the other pro¬ 
fessions. 

There are those who say that his responsibility is a 
natural consequence of his conspicuous success. Pur¬ 
suing his work along the lines of the definition now more 
than a century old—“the art of directing the great sources 
of power in nature for the use and convenience of man’’— 
the engineer has done his full part in providing us very 
rapidly with such a wealth of machinery for producing 
goods and services and providing transportation and 
communication, that this good, fortune has come on us 
more quickly thhn we have learned to manage it, and, 
lacking that mapageinent skill, has become temporarily 
and in part a misfortune. It is argued that the engineer 
having contributed so largely to this condition now has 
the obligation to extend his art to the fi^d of social and 


ventors, perfecters of manage¬ 
ment, and other innovators. 
To my thinking, the chief reason for the engineer’s re¬ 
sponsibility lies in his possession of an approach and 
method which have been so perfected that they are 
imiquely valuable for producing practical results under 
imperfectly understood and complicated circumstance, 
where, as in the economic realm, traditional methods 
fail and it is not obvious how to proceed. 

The essentials of the engineering approach and method, 
I take it, are these: 

A clear conception and precise statement of the objective to be 
achieved. 

A contideration, as thorough as practicable, of all the factors— 
be they physical, social or psychological—which will influence or 
may be employed in getting the desired results; and on the basis 
of this knowledge— 

The formulation of the most effective plans for achieving results 
that can be developed in the allowable time. 

This may seem to many of you to be little more than 
elementary common sense. Good sense I believe it to be, 
but common I think it is not. 

I have just now referred to this approach and method 
as uniquely characteristic of the engineer, and taking 
these steps all together I believe they are. Others may 
clearly conceive and precisely define their objectives, but 
in practical affairs that is rare. 

Business men for the most part work in fields where 
experience, tradition, and the pressure of circumstances 
serve to guide their plans and policies. 

Scientists weigh the facts pertinent to their subject 
perhaps more thoroughly than do engineers, but they 
seek perfection of classification and description, extension 
of knowledge and theory, rather than the development 
of workable plans—and that is a highly significant dis¬ 
tinction. MoreovCT, they are not hampered by a date 
on which the report is due, while the engineer is almost 
always limited in that respect. I have heard it said 
recently that a recognized authority, who has published 
extensively on the business cycle, has said that he 
needs 6 years more before he will be in a position to 

Written especielly for Blbctbical BNomuBBino, t>ased <m a paper presented 
at tbe corporation dinner of the Brooklyn Polytechnic Institute m June 19, 
1936. Manusqript submitted January 7, 1637; released for publication Janu- 
aty.7,1937. 

Moxsis B. Lbbds is president of the Leeds and Ncuthrup Compray, Phila* 
delphia, Pa.:' 
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talk definitely about controls. Contrast that viewpoint 
with, let us say, a bridge engineer. His plans must be 
ready in a certain time; and if a new material wtiich 
promises lighter and better structure cannot be suffi¬ 
ciently time-tested to be used safely, he must plan a 
heavier one known to be safe. 

I know of no science, trade, or profession other than 
engineering that has perfected an approach and method 
that are so clearly right for de alin g with our muddled 
economics. 

Let me explain at this point that when I speak of 
economic plans I am not talking of something new and 
strange. Any measure for getting an economic result, 
such as a tax bill or a tariff act, is an economic plan; 
and any discussion by which such bills are formulated is 
economic planning of a sort. 

We do not want planning of the Russian type, or except 
for emergencies, even that of our own War Industries 
Board. With us economic plans will become effective 
only as they commend themselves to our people and their 
legislative representatives. Planning for democratic ac¬ 
ceptance is going on continuously in an unorganized way 
through public discussion, in magazines, pamphlets, and 
books, and a great amount of useful educational work is 
being done which ranges in value from the ephemeral 
and trivial to the publications of such men as Ma 3 mard 
Ke 3 mes and those of such bodies as the Brookings Insti¬ 
tution and the National Btureau of Economic Research. 
But in spite of this extensive discussion, we still seem far 
from agreement as to the best means of dealing with 
our very serious unemployment situation, for instance, 
and this is only one of a number of important subjects 
on which we do not have a united or settled opinion. 
Let me illustrate by reminding you of a few of them. 

How can taxes be levied so as to bring in the desired revenue and 
distribute the burden equitably? 

How shall they be>apportioned between the states and the nation? 

Should taxes be used for other purposes than to raise revenue, as 
the import taxeis are used to encourage dome^c production? 

Can they be planned to moderate instead of iritensify the business 
cycle? 

Will prosperity be enhanced by a policy which excludes practically 
everything that we can produce in our own country, or by one that 
encourages a large exchange with other countries; or if by some 
intermediate position, how shall that position be determined? 

How are we to maintain balance between production and consump¬ 
tion; between agriculture and industry, etc.? 

At various stages of national wealth, what proportion of the total 
should be expended publicly by government? 

What about foreign debts, credit and finance? 

It is in connection with this comply situation that 
economic plans are to be developed, and' in order to be 
effective they must have popular democratic acceptance. 
I repeat that success is most hopefully to be looked for if 
the planners ^e guided by the engineer’s approach and 
method. Thus guided : 

1, They would dearly enyi^ge their objective and wo^ probably 
state it in some such language as the engineers did, that is, a levd 
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of national prosperity that is high, widdy and fairly distributed, 
and free from serious interruptions. 

2. They would take into consideration all the factors, be they 
ph37sical, social, or psychological, which will influence or may be 
employed in getting the desired results. This will indude an 
understanding of the conditions necessary for getting popular 
acceptance. 

3. On the basis of the available knowledge they would present the 
best practical plan for achieving the results that the time available 
permitted. The time factor is important. The plan must be one 
that can be put through at some specific time, and one that will 
work after it is enacted, with conditions as they are. 

It may be questioned whether those who have attained 
proficiency in some branch of their profession will thereby 
be best fitted to translate this fundamental engineering 
attitude to such an alien field as economics. An f^-ss^ntial 
condition is that all the pertinent factors, including the 
social and the psychological, be taken into consideration. 
Perhaps the engineer, who has become accustomed to and 
has chiefly dealt with the dependable phenomena of the 
physical world, would thereby be unfitted for dealing 
with economic phenomena in which human will and 
emotion and mass psychology play so large a part. The 
practice of engineering will not in itself familiarize one 
with the vast body of economic fact and theory. 

This is my conception of the kind of men who would 
best qualify for economic planning. They will be men 
who understand the engineering approach and method, 
whether trained in the profession or out of it. They wiU 
be men who have so risen above any particular industry 
or profession, through which they have achieved eminence, 
that they will be able to see society ahd its needs as a 
whole. They should have the steadiness and dependa¬ 
bility which come from successful adjustment of their 
own affairs to practical conditions, and, along with those 
qualities, should be marked by a high degree of social 
idealism. A rare type 1 There are many men who have 
the first of these qualifications; many who have the 
second; few who combine them,,. Of the few men whom 
I know or know about who seem to have these qualifica¬ 
tions, one is an engineer, another was a lawyer and is 
now a judge, and a third is a business man. 

So I conclude, you see, that it is not the vast knowledge 
of the engineer nor the skills and techniques of the pro¬ 
fession, useful as these may be, that put him in position 
to make a uniquely valuable contribution to the art of 
dealing with complex economic situatioks, but I believe 
he can make such a contribution by pacing over into the 
field of economic practice his habitual ^ay of looking at 
and dealing with problems, which leads him to see clearly 
what he weints to accomplish, to take intp accoimt sys¬ 
tematically all the factors and circumstances which 
will influence results, and then plan so tha,t the objective 
may be achieved as nearly as possible by the time wanted 
and under existing conditions. 

It is interesting to consider how the en^eering profes¬ 
sion might make this contribution. Individual engineers 
ca.n emphasize the engineering method in their own dis¬ 
cussion of economic objects and tirge it in connection 

iConcliided m 

207 


Leeds—-Engineers and Economics 




I 


Industrial and Cultural Japan 

By DUGALD C. JACKSON 

PAST-PRESIDENT, AIEE 



J APAN and its industries 
present a picture of in¬ 
terest and significance 
from many angles. The facts 
and opinions outlined in this 
paper were secured in 2 visits 
to Japan 6 years apart and 
each of some weeks’ duration, a considerable part of the 
time of each visit having been spent in observing as a 
matter of personal interest the education and the industry 
in that engaging country. 

Characteristics of the Japanese People 

The population of the Japanese empire is now counted 
as about 95,000,000 people. These are included in the 
islands of Japan proper and in Chosen (Korea), which is 
a peninsula of the Asiatic mainland, the island of Taiwan 
(Formosa), and a few small islands. It is a notably 
literate population, vying with the United States in the 
percentage of literacy. The Japanese people are full of 
sentiment for their ideals in art and literature, for their 
interpretation of heroes and heroism, and for the beauties 
of nature as exhibited in Japan; but they also are realists— 
shrewd and practical. 

Americans generally have heard much of the senti¬ 
mentalism of the Japanese people and have heard little 
of the other side of their nature and habits. The exag¬ 
gerated sentimentality of Pierre Loti’s writings and the 
sympathetic interpretation of Lafcadio Hearn have in¬ 
fluenced American thought on one side only, and we have 
pot secured a balanced view of this people. There is a 
degree of reason in rids. Even the British poet laureate, 
Masefield, mystically traces in glamorous words the lure 
of the broad Orient in his poem describing the stores of 
the Eastern Merchants: 

have been told that in the Bast are things 
Flaine-guarded by the Phoenix’ burning wings, 

The Sunstones of the Bvjerlasting Kings; : 

''The Mooitetones the Womtui of the Sea, 
TheChangestonesthatconipelEtemity '. 

;Tp that which but yet can never be. 

* * ♦ 

’’And silks, that the worm spins and man refines, 

Silk of the East with sunlight in its lines 
That, at eadh turn, with other color shines^" 


over an embarrassing influx 
into California of low-class 
coolies, a third of a century 
ago, and we assumed a pat¬ 
ronizing attitude toward the 
Japanese because some of our 
citizens (in contact with an 
inferior class) confused that class with the entire race 
and dubbed the race inferior. 

The recent strong place in the world of affairs that has 
been assumed by the Japanese nation emphasizes the 
importance of a fuller examination of the facts and a 
better understanding by Americans of the Japanese 
people, their ambitions and their ideals. 

In their original feudal stage the Japanese authorities 
seem to have had neither desire for, nor strong antipathy 
toward, contact with foreigners. However, clashes with 
western traders and western proselytizers, who refused 
to yield to feudal regulations, led to exclusion of foreigners 
from Japanese soil a,nd the prohibition of almost all 
trading contacts or privileges. Lasting several hundred 
years (during which the expostulations of western nations 
were rebuffed), this state of affairs was disturbed by 
Commodore Perry of the United States Navy who, in 
1853, on behalf of our Government, made approaches to 
the Japanese authorities for the purpose of establishing 
mutual relations of friendly nature between the 2 nations 
and their citizens. Contact having been made, he then 
temporarily withdrew. 

Commodore Perry returned to Japan in 1854, and this 
time succeeded in opening restricted diplomatic and com¬ 
mercial relations for the United States. European nations 
joined with America in this opening of Japan anew to 
foreign intercourse. Our earliest ofl&dal commercial 
agent, Townsend Hams, was fortunate in his qualities 
of forbearance in a somewhat hostile setting, tolerance 
toward (to him) strange religious beliefs, and competence 
of imagihation for picturing the points of view of alien 
peoples. The European nations were not so free from 
the arrogance that arose from an assumed superiority of 
intellectual level. Neither have we Americans been at 
all times free from arrogance since the days of Commodore 
Perry and Townsend Harris, but Harris has stood (in the 
' imagination of the Japanese people) as a representative 
of the friendly qualities of the American people. We 


in the fight of such delightful l^nds it was edsy Jdt 
Americans td f«dl under the the 

sentundhtalisi^. It was also easy 
to miss the truth bn the other side* \ in distress 


fikewise have touched the hearts of the Japanese at other 
tfiiles and by other means, of which a notable example 
aip^ through^ manner, as wefi as the magnitude. 

Written espedalljr fcv Bubctsicm. BNOrifBBBiKO. Manuscript sub^ttcri 
Dteember 21,1936; rrieased for publication Jimuary T987. 
nuoaib C, JACKSON is professor emeritus Kud honorary lecturw at Massaphu- 
setts Institute d# Tedinology, Cambrid^ He yrad pr^id^^ .ri the Institute 
I6ia-ll,, rn 1029 he visited Japan as a delegate to the World Hnginewing 
Confereni^ in Tokyo; in the latter part of 1936 he served as lecturer ft the 
invitation of the Institute of Electrical Engineers of Japan under theTIradare 
Foundation.'--''' ’'I 
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Education and industrial development in the 
Japanese Empire are here described as seen by 
the author during his visits to that country, in 
which he recently delivered a series of lectures 
under the Iwadare Foundation. 









of our aid to Japan on the occasion of that cataclysmic 
Yokohama-Tokyo earthquake and conflagration of 1923, 
which destroyed over 100,000 lives and rendered IV 4 
millions of people homeless. The cost to Japan of re¬ 
construction which followed that disaster is estimated at 
more than 5 billion yen. 

Through such relations the informed Japanese feel a 
deep sense of gratitude toward the United States and its 
people. But this is offset by the sense of resentment 
which rests on the whole Japanese population, for what 
they consider our not infrequently patronizing attitude 
toward them due to racial differences. 

Now the Japanese nation has come to vie with the 
western nations in diplomacy, industry, education, and 
international commerce. They started on their career in 
these fields short of 70 years ago. Their progress in 
industrial affairs during the 70 years, while in competition 
with the most active industrial developments of the 
western world, proves them to be a people of intellectual 
power rivaling the intellectual powers of their western 
competitors, as was foreseen by Theodore Roosevelt in 
1906. We of the United States are their most important 
customers in international trade. They are Wgh in 
order of importance among our customers. Our greatest 
commercial importation from them is raw silk. Their 
purchases from us include much cotton, but (although they 
have become great industrialists themselves) also include 
considerable machinery and other products of manufacture. 

Japanese Education 

It is time for the American people to awaken to the 
fact that the Japanese are a highly educated people 
possessing intellectual powers rivaling our own and 
inventive genius in government and industry which has 
become matured and capable by experience. Japan is a 
nation with which (as in the case of other strong nations) 
we are having and will continue to have commercial 
rivalries and causes of friction demanding tactful adjust¬ 
ment; but it is a nation which cannot afford serious 
differences with us, nor can such differences become acute 
without loss to ourselves. 

For satisfactory ac- 


vented from becoming causes of friction. If one knows the 
processes of education of a people, one may, in a sense, 
claim to know the characteristics of that people. The 
writer’s observations in his 2 visits to Japan, 6 years 
apart, each of some weeks’ duration, as already said, 
added to a long life spent in American industry and 
engineering education, indicate a definite lack of under¬ 
standing among the Americans and the Japanese people 
regarding the processes of education in the other nation. 
In each nation there are but few individual exceptions 
to this lack. It is also notably true that the Americans 
lack understanding of the Japanese civilization and that 
the Japanese (except for a relatively few individuals 
among the whole) equally lack a conception of the Ameri¬ 
can land or the lives of its people. Space available gives 
but little opportunity to deal with these features, but the 
importance of the matter justifies as full an outline as 
practicable. 

In 1868 the Japanese Emperor Meiji shook off the con¬ 
trol of the Shogun and took full administrative control 
in the nation. Feudalism was overthrown. The Meiji 
Emperor was a man of force and character with a wUl 
for the betterment of his people. With the advice and 
aid of commissions of able Japanese statesmen sent to 
Europe and America to gather data and formulate 
recommendations, a parliamentary government was 
formed, financial and commercial processes were outlined, 
and education for the masses was established. 

By 1872 a unified plan for elementary, intermediate, 
and higher education was outlined for Japan, following 
rather clearly the Frendi standards in the elementary 
and intermediate processes. By 1880, attendance at 
school by children up to certain ages was made compul¬ 
sory. These educational processes established under the 
Meiji Emperor have reasonably well fulfilled the expecta¬ 
tion for old Japan which is set forth in the Imperial 
Proclamation, which reads: “Henceforward education 
shall be so devised that there shall be no ignorant family 
in the land and no family with an ignorant member.’’ 

The elementary educational processes have been modi¬ 
fied from time to time since the early establishment of 

general education, and 
various later doctrines 


quaintance between the 
peoples of 2 nations it is 
desirable that each of the 
peoples shall know some¬ 
thing of the educational 
processes carried on in the 
other nation. Only 
through sudi knowledge 
can truly friendly relation¬ 
ships grow up and be 
maintained; and only 
through such knowledge 
can misconceptions arising 
from false diplomacy or 
errors of conunercial proc- Edison memorial at Yawata, site of original source of 

esses be avoided, or (if bamboo for incandescent-lamp, filaments; Professor 

occurring) can be pre- : Jackson is.in the center of the group 



which have served well in 
Europe and America have 
been introduced, besides 
modifications which seem 
best suited to the national 
requirements of the Jap¬ 
anese people. In no land 
is the welfare of the school 
children more cherished 
than in Japan, and solici¬ 
tous attention is given to 
their physical welfare as 
well as their intellectual 
welfare. As an evidence 
of the results of care fpr 
the physical welfare, sta¬ 
tistics are given which 
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the symmetries 6f nature and art in their country, besides 
being educated in the usual fashion that we associate with 
literacy. The selection of school teachers is made under 
rigorous requirements relating to preparation for the 
teaching work. 

Secondary education is carried on equally scrupulously 
in Japan, although a much smaller percentage of the 
children transfer from the elementary education into the 
secondary education than we now find in America. That 
is, the compulsory education in Japan only applies (for 

most part) to the elementary 
portion and the age at which 
children are released from the 
compulsion is seyCTal years 
younger than it is in certain 
of our states. In thinking 
of these things, however, we 
must remember that the 
statutes of Japan apply to 
the whole nation, with the 
exception of special pro¬ 
visions made for Chosen and 
Taiwan, while in the United 
States we have requirements 
of different scope in the 
different states. 

For the secondary edu¬ 
cation, one finds schools of 
general education (usually 
referred to as middle schools) 
and also vocational schools, 
all of excellent grade. In 

Ancient flowering cherry tree in Kyoto, said to be 400 years old these schools a foreign 

language is included, which 
is usually English, French, or 

' ■ . German. Since the emphasis 

dress, which is determined by government, those for the is on English, it is possible for an English-speaking visitor 
boys corresjwnding to trousers and jacket suits Such as to Japan to find a considerable competency in English 
we often see in the w©st, and for the girls, to skirt and among the Japanese, and it is almost always easy to 
blouse suits, such as we also see in the w6st. These find an interpreter, The structure of the Japanese 
garments are mudi more convenient for wear during language is so markedly different from English or any 
aetiye exercise or when sitting at the desks than the old- other of the western languages that the usual visitor from 
time kimono garments, although the latter are commonly the west is not quickly tempted to try to learn something 
worn at home on account of their relative comfort. of the native language, as he is when visiting in western 

The elementary education covers a period of a half- countries’which are neighboring on his own. 
dozen years or tnore. The instruction is done in the Among the vocational schools there are very adequate 
Japanese language and no foreign language is taught in groups which deal with the particular problems of agri- 
most of the elementary schools. The children follow culture, industry, and commerce, 
educational processes that are not particularly different The university program of Japan now is quite extensive, 
from those of the western world but much more attention There are in old Japan 6 Imperial universities, and one 
^ given to bringing the pupils in contact with the national each in Chosen and Taiwan. These universities, sup- 
ideals than We usually find m the western schools. In- ported by the government, are all of fine order. They 
deed, the attention which is given to the health of the are reinforced by many other umversities, highd:. scientific 
children and the supervision of their athletic exercises schools, higher commercial schools, research institutes, 
match our best efforts; and the children’s organized visits and other higher institutions which have not yet reached 
to ^ts of great national reputation and natural beauty, (or are not intended for) the scope required for designa- 
and to important shnnes and temples, excel the corre- tion as Imperial universities, which designation is cpn- 
spwdmg procedures which we find in the west. ferred under statute by the Ministry of Education. Some 

processes, the children grow up in of the institutions other, than Imperial universities are 

J^apan wim a wonderful appreciation of the beauties and the result of private endowments, but many are supr 


show that the stature of the children is increasing in 
height compared with earlier groups. The children 
also are taken on visits to beauty centers (which 
are so numerous in Japan), to notable tuples and 
shrines, to museums of art, and to centers of creative 
thought. 

It is now characteristic of the schools that the children 
work at desks, sitting on benches, instead of following 
the old Japanese custom of sitting on the floor with little 
tables before them. The children are usually in uniform 









ported by government funds in a manner similar to the 
support of Imperial universities. Some are sustained for 
limited purposes, such as education and research in the 
fields of medicine, engineering, agriculture, or other fields 
of special import, or as institutes of research in particular 
branches of science. Important research in fields of 
science,* with emphasis on applied science, is also fruit¬ 
fully supported by government ministries and by private 
industrial organizations. An ofOicial organization, which 
is somewhat analogous to our National Research Council, 
is supported by the government. 

While schooling is compulsory through adolescence, 
the admissions to Imperial universities and other govern¬ 
ment-supported institutions of higher education and 
research are usually by competitive examination accom¬ 
panied by rigorous limitation in the numbers of students 
accepted. Consequently the numbers of students in the 
universities and higher professional schools are apparently 
less, proportionally, than we have in America. This 
seems notably true of the engineering classes, medical 
classes, and classes of students in other professional 
branches; but the standards of work in these branches 
are established on an admirably high level. For inter¬ 
mediate work in these 
branches there are available 
a certain proportion of poly¬ 
technic schools, commercial 
schools, schools of practical 
agriculture, and such hke. 

Education in science is 
recognized by the Japanese 
government and people to be 
a feature of great importance 
during the expansion of the 
Japanese industries which 
now is going on. A country 
coming in the last part of 
the nineteenth caitury, as a 
novice, to develop a western 
type of education in science 
and an active participation 
in industrial production, ap¬ 
propriately may give first 
encouragment to rigorous 
education and research in 
improved applications of 
science, and rely at first on 
the already established na¬ 
tions for the production of 
fundamental, new, discoveries 


Japanese Industrial Development 

Japan is deeply affected by the electric forces set up 
by industrialization, which draw people into increasingly 
populous urban areas. Tokyo, the national capital, is 
associated with Yokohama and 2 intervening smaller 
industrial municipalities to make an industrial area of 
continuous urban population, which is the third largest 
continuous urban population in the world, being exceeded 
only by New York and London. This is Japan’s greatest 
center of commerce, finance, industry, and dipolmacy. 
The seat of the Imperial government (with its imperial 
r^dence, its ministries, and parliament house) is located 
in Tokyo. The area is one of great intellectual and 
commercial activity. 

Osaka is another center of great industrial and business 
activity, like Chicago, with several million inhabitants. 
Nagoya is still another large and important industrial 
municipality. In addition, industrial activity is widely 
spread over the home islands of Japan. The continuing 
repute that the Japanese are solely copyists and cannot 
become creative industrialists is belied by the factories 
scattered through a wide area in which are manufactured 


A very oldi Japanese bridge of wood, bronze, and iron^ reputed to have been built in 1673 


on which to build further. 


This is especially true where ready money is not easily a variety of originally designed .products, often made on 
forthcoming for budgets. The wisdom of tie Japanese led Ja,panese machine tools, Japanese looms, and other 
theni originally to that practice, but they are now estab- Japanese madiinery. ' 

lished in full appreciation of the advantages to themselves The Japanese build their own ships and now bid for 
of supporting n suitable part of the world’s work of re- ship construction for other nations. They their 

search in the fundamental aspects Of science. own railroad motive-power and^^^ stnck. They 

lie latter without lessening their attention to further . design and manufacture th^ own eleetrical: m achi n eiyv 
creative work in the usefid appUcariorw of science or They are beginning tie manufacture of automobiles, 
le^ening their enthusiasm for art and Hterature They Uianufacture ^eir own steel, although most of Ihe 



A panoramic view of the Inawashira power development, one of those 
which provide hydroelectric powm* to the Tokyo Electric Company 
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iron ore and much coal must be imported. They are 
rapidly developing in the field of chemical manufacture. 
They are notable in the manufacture of textile goods and 
ceramic goods. And so on it runs through a wide range 
of manufactured commodities and specialties. The 
Japanese are pressing for an increased export trade. 
They are keen competitors, and we must be sagacious as 
well as alert in protecting our trade situation, even in 
our home markets, if we are to succeed in doing so without 
serious friction. 

The Japanese were copyists (indeed, they were assiduous 
copyists) in the early days of their era of industrialization, 
as we also were copyists when we were young in indus¬ 
trialization, and the Germans were cop 3 rists (often to the 
distress of American makers of machine tools and other 
machines) in the early 
days of their industrial¬ 
ization. Like these other 
nations, the Japanese have 
become competent to 
stand, industrially, on 
their own feet although the 
nation woefully lacks pos¬ 
session of sources of many 
needed raw materials. 

It is difficult for 
Americans, living in a 
continental country pos¬ 
sessing sources of raw ma¬ 
terials for alinost the 
gamut of our needs, to 

appr^te the gravity of ^ reeonrtroeted 1 

the Situation for an insular 1 ^. 

nation which lacks in 
essential supplies, and to 
further appreciate the 

pressure for expansion which that situation imposes. In 
fact, it is even difficult for citizens of Great Britain, a 
nation that h^ met such a situation by the development 
of a surpassingly great sea-borne commerce, to view 
sympathetically the efforts of a growing industrial nation 
in seeking to assure its position by gaining a like status. 

The Japanese have demonstrated their ambition and 
their ability, and we must face the fact that they are 
competent, and also insistent, as competitors for world 
trade in manufactured products. They came late into 
this trade as competitors, but they entered it seriously 
and with the intent to stay. For illustration, with one 
exception of a wooden ship, no ship of more than 1,000 
tons had ever been built in Japan before 1895. Now at 
least 4 of their competent group of shipyards and navy 
yards have built ships up to 30,000 tons. 

The Japanese are industrious work^s and very thrifty. 
In the agricultural areas, the farm families live from the 
produce of tiny (in our ideas) farms of from 1 to 3 acres, 
whidi they inteUsivdy cultivate in every available square 
foot. Earnings of daughters and sons who have gone 
into industrial employment bring sonie ready money to 
the pockets Of farmers, and (to the farmers) the profitable 
export of manufactured products , seems a life line. In 


A view in reconstructed Tokyo, showing the Sumida 
River 


their opinion, this life line must be maintained and the 
nation must be strong in military power and in shipping 
in order that the life line shall be maintained. The 
fanners’ families work long hours over their crops, but 
the hours of industrial workers are limited by law to 
weekly hours that compare on all-fours with those in 
American factories. 

Japan is not a nation of great per capita wealth. It is 
difficult to secure reliable estimates of such wealth, but 
the Japanese government has published certain estimates 
which, converted into dollars on the present basis of 
exchange, make a sorry comparison with our estimated 
per capita wealth. However, such a comparison is super¬ 
ficial and inconclusive. A yen (Japan’s principal money 
unit) buys in Japan about as much food, shelter, and 

clothing of the character 
demanded by Japanese as 
a dollar buys in this 
country to meet our needs, 
and on this basis of com¬ 
parison for the yen Japan 
possesses per capita wealth 
which is in keeping with 
that available in several 
of the important European 
countries. Although the 
ratio with our status, even 
on this basis, may still be 
low, the Japanese possess 
a fair amount of working 
capital, and the develop- 

>Icyo, showing «he Sumids of further capiW is 

progressmg with consider¬ 
able speed. 

The exigencies of mili¬ 
tary expansion are absorb¬ 
ing a great deal of money for nonproductive uses, and the 
public debt is expanding. When doubt is expressed of 
the wisdom of this policy, attention is politely directed to 
the extraordinary magnitude of omr “New Deal” expendi¬ 
tures. Pertinent as is this retort, there nevertheless is a 
difference which weakens the analogy. Of the total 
present Japanese funded debt, public and private, per¬ 
haps one-quarter as much has been borrowed abroad as at 
home and the debt service siphons a good deal of wealth 
away from the country. Establishing textile mills and 
other industrial establishments abroad, as the Japanese 
have done in China,-also draws wealth firom its native 
land, and diverts wages from homeland wage earners. 
Increased profits accruing to the homeland may not offset 
these disadvantages in the case of a country which is 
without excess of wealth, but the Japanese have proved 
to be astute in commerce and finance and their wisdom 
may enable them to avoid undue difficulty from the situa¬ 
tion. 

Present Status of Japanese Industry 

The World War had a great influence on Japanese 
industry, and nations meeting Japan in lively competition 
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A scene in Tokyo illustrating the charm of Japanese architecture 


for world’s trade in manufactured products can lay much 
of Japan’s present industrial stature to the impulse arising 
out of the demands of that war. Up to 1^14 the indus¬ 
trial situation in Japan had been for a decade or more in 
a state of expansion at a moderate rate, but during the 
World War, Japanese industries embraced the opportunity 
for very rapidly expanding their world trade, and indus¬ 
trial production bounded upward accompanied by rapid 
expansion of plant and enlargement of the number of 
industrial employees. The principles of mass production, 
guided by scientific management, were adopted in many 
localities. Manufacture of iron and steel, electrical 
machinery, machine tools, textile goods, ceramic goods, 
chemical goods, matches, portland cement, paper, and 
other commodities were all pressed forward, as also was 
the preparation of foodstuiffs. 

The homeland (that is old Japan, which consists of the 
islands of Honshu, Kyushu, Shikoku, Hokkaido, and 
accessory islands), possesses some 48,000 kilometers of 
coast line, indented with some 1,900 harbors, of which 
153 are important. The great industrial cities are lo¬ 
cated on these harbors, and deep water is directly along¬ 
side many factories. A great deal of local transportation 
of goods is therefore by water, and shipping is of large 
importance. Bounties for ship building and subsidies 
for ship operation have been part of government policy. 

Electric power, generated both by fuel and water, has 
been largely developed, and power transmitted at 154 kv 
serves the larger centers. It is estimated that 6 V 4 million 
horseywer in firm power and 13V 2 million horsepower in 
6 -months’ power may be secured from water power when 
the potential hydroelectric plants are all developed. As 
coal is of reasonable price, much fuel-generated power is 
associated with the water power. If any reader desires 
more specific information regarding the Japanese elec¬ 
trical Industries, he may rrfer to my very brief article 


■"1 relating to them which was 
published in Electrical Worlds 
^ July 18, 1936. It is said that 
seven-eighths of the houses of 
the homeland use electricity, 
but the domestic use of kilowatt- 
hours is actually small because 
of the few lamps installed in 
most houses and the low watt¬ 
age of those installed, and 
modest incomes preclude the 
general purchase of electric 
household appliances. 

Mining is a very old art in 
Japan, and a long list of min¬ 
erals are mined; but, of the 
more important mineral ores and 
commodities, the supply from 
Japanese soil is insufficient for 
present industrial demands and 

architecture importation has to be resorted 

to. Nevertheless, Japan now 
is producing most of its own 
requirements in iron and steel, 
using mostly imported iron ore and some imported coal. 

Industrial wages of Japan are small (when converted 
to American money at the rates of international exchange) 
compared with wages in this country, but (as previously 
pointed out) this makes an inconclusive comparison. 
In comparison with cost of food, clothing, and shelter in 
the 2 countries, the Japanese working people are as well 
paid as our working people were some decades ago, and 
in the many plants, of many varieties of production, 
which I have visited, the working people look healthy, 
well fed, contented, and interested in their work. Our 
manufacturers who feel the pinch of Japanese competition 
must come to understand that the Japanese accomplish¬ 
ments are not secured by oppression or exploitation of the 
working people. Acumen and good management, asso¬ 
ciated with an as yet relatively very low cost of living, 
make the combination that has brought the Japanese 
competition to success. Aid to export business given by 
the government has also contributed its advantages to the 
Japanese exporters. 

As to the manufacturing processes of the Japanese, 
they are good. They have been greatly improved during 
the past half-dozen years. Accuracy in mass production 
is secured in the factories. Committees participate in 
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international standards conferences and set standards of 
construction and manufacture for Japan. Refined testing 
machines, measuring instruments, and other instrument 
of precision of Japanese manufacture are now generally 
available. Research laboratories, working devotedly on 
the problems within their respective fields, are a general 
feature of the industries, the government ministries, and 
departments of universities. 

As household industries were developed in feudal times 
and have continued to the present time, many items of 
industry are still produced in this informal manner. 
Such products are likely to be of variable quality, or of 
low grade, and the government is reported to have plans 
for putting all such products through tests and inspec¬ 
tion in case the products are intended for exportation. 
This has already been done, for perhaps a dozen years, 
for raw silk, and may now be in practice for other com¬ 
modities. 

Ethics and Religion of the Japanese 

Shintoism and Buddhism are the religions most influ¬ 
ential in Japan, but Shintoism is easily the first in influ¬ 
ence, being bound up with the cult of the 3 sacred objects 
(the sword, the jewel, and the mirror), and the divine 
paternity of the Emperor. The Japanese are funda¬ 
mentalists on the divine descent of the Emperor, and 
their ethics are bound up with that tenet. This gives an 
aspect to Japanese ethics which is not found in the ethics 
recognized in western nations, or recognized among the 
Chinese whose ethics came down through the illuminating 
interpretation of Confucius. 

Perhaps part of the friction between the Americans 
and the Japanese arises from this component of ethics 
which lacks mutuality. We compose 2 peoples with 
present-day cultural ideals somew^t alike, with ethira 
similar in the main, but with one deeply modifying aspect 
which pertains to the beliefs of the people of one of the 
nations. The highest ideal of a Japanese citizen is sin¬ 
cerely bound up in loyalty to the Emperor and the welfare 
of the nation. The honor of the Japanese individual li^ 
there fiirst. Man-to-man relations and commercial rela¬ 
tions trail after, as a matter of fundamental religion. 

The western world has been in diplomatic and com¬ 
mercial relations with Japan and the Japanese for only 
about tibree-quarters of a century. This is a short time 
within which to secure mutual tmderstanding between 2 
sdf-rehant and ambitious peoples who live in such diverse 
situations and are of such diverse antecedents. Suddenly 
esinbUshed extreme and continuous intimacy requires 
time fqr making adjustments before understanding is 
estabhshed and frictions ^ are pverc^ This situation 
of stiddeji intima<^ bps been imposed on the relations of 
the peoples of the United States: and Japan by the inti- 
maci^ due h) steam-pow^ transportation and new modes 
of quick communica,tion. Sufficient time has not yet 
elapsed for the roughnesses of contact to be smoothed and 
softened by experience and adjustrneht. . 

Can the causes of friclipn, between .oux 2. nations be 
eradicated?'^ V ■ 


In the realm of science, a theory is a statement which is 
equivalent to the explanation of any relationships which 
have been discovered to exist between measured apparent 
facts. This serves as a guide in seeking out additional 
relationships. The situation in international affairs, im- 
happily, is too complex for fi.tting a theory to guide the 
adjustment of relationships. In the example of these 2 
great nations, our differences can only be adjusted by 
continued mutual observation, self-restraint, tolerance, 
and good sense, which lead to mutual respect and appre¬ 
ciation. 


Engineers and Economics 

{Continued from page 207) 

with discussion by others. But the situation is so vast 
and complicated and has so many divisions which interact 
on each other that it seems to be beyond individual effort 
and to call for the kind of mass attack which our great 
industries use in their research and engineering depart¬ 
ments for dealing with their physical problems. The 
telephone industry furnishes outstanding illustration of 
what I mean. Theodore Vail, and the able men who 
succeeded him, appear to have set for themselves the ideal 
goal of producing communication machinery through 
.which anyone gmywhere in the world may talk to anyone 
anywhere else, and they have gone an amazing distance 
toward the realization of that goal. That has involved 
dealing with a vast complexity of subjects which range 
from elementary engineering to advanced and difficult 
mathematics and physics. How far would the art have 
progressed by now if the leaders of the industry had con¬ 
tented themselves with development by the tedious and 
uncertain processes by which we have been satisfied for 
the most part and until recently, to allow our knowledge 
of economics to translate itself into working plans? 
They organized for the attack on their problem great re¬ 
search and engineering establishments, staffed them with 
the ablest men they could command, and backed them 
financially on a magnificent scale. 

A few similfl-r organizations for mass attack on the 
economic problem are already in existence. The National 
Bureau of Economic Research and the Brooking^ Institu¬ 
tion, already referred to, are 2 outstanding illustrations. 
Others, such as the Falk Foundation, The Twentieth 
Century Fund, and the National Industrial Conference 
Board, might be mentioned. In varying degrees numer¬ 
ous other organizations deal with limited areas of applied 
economics. Graduate schools of busmess a dmini stration, 
management societies, trade associations, etc., are in this 
class. It is a common eiqierience of engineers, as they 
rise in their profession, to find themselves drawn moire and 
more into management and. administtation, and through 
these interests into association with organizations of the 
THndj a just mentioned. Here th^ey have an opportunity 
to carry the engineering approach into a field where it is 
TT^' ^ir'h needed, and to .help build on the b^is of economic 
theory and knowledge a socially us^ art of economics. 
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Unemployment in the Engineering Profession 


A S FAR as is known, the Reporting Further upon 

recent depression was survey of the engineei 

unique in its disastrous by the United States E 

repercussions upon professional at the request and v 

groups. Unemployment has American Engineering 

for decades been recognized presents the Bureau's a 

as a major form of insecurity 
affecting wage earners, and 
fairly reliable data concerning 

this have been made available from time to time. Precis 
knowledge as to the extent of the depression’s impact 
upon professional workers, however, has been lacking. 

As a result of a survey of the engineering profession 
ii nHpftakfMi in May 1936 by the United States Bureau of 
Labor Statistics, at the request of American Engineering 
Council, it may now be said that at the end of 1932 more 
than Vio of the engineers were simultaneously unem¬ 
ployed, that at one time or another between the beginning 
of 1930 and the end of 1934 more than V* of the engineers 
had some period of unemployment, and that half of those 
who became unemployed were out of work for more than 
a year. Unfortunately, there are no comparable data 
for the other professions. 

From the 62,589 reports from professional engineers 
throughout the country, the following summary ainalysis 
of unemployment, including work relief and direct relief, 
may be presented: 

1. Between the end of 1929 and 1932, the percentage of engineers 
who were unemployed increased from 0.7 to 10.9. At the end of 
1934 the percentage was 8.9. 

2, At no time was direct relief extensive among engineers, but the 
developm^t of work-relief programs after 1932 became an impor¬ 
tant factor. Although 10.9 per cent of all engineers reporting were 
unemployed on December 31, 1932, less than V» of those unem¬ 
ployed were on work relief. On December 31, 1934, 4.0 per cent 
of all engineers reporting had work relief, that is, almost half the 
total number of engineers unemployed at that time. 

3. The largest number Unemployed at any one time was about 
11 per cent of the total, but more than a third of the engineers had 
some period of unemployment within the 5 years, 1930-34. 

4. Among those who became unemployed at some time during 
these 5 years, half were out of employment (except as they found 
work relief) for more than a year. 

5. This experience with unemployment was common to all pro¬ 
fessional classes of engineers. In 1932 unemployment ranged from 
10.1 per cent among chemical and ceramic engineers to 11.6 per 
cent among dectrical engineers. In 1934 approximatdy 8 per cent 
of the dectrical, mechanical, and industrial and of the mining and 
metallurgical engineers wde unemployed. The percentage of tm- 
employment dropped most among chemical engineers, of whom 6.8 
per emit were unemployed in Decmnber 1934. There was a slight 
increase in unemployment among civil engineers from 1932 to 1934. 

6. The most marked differences as regards tmemplo 3 anent are 
those found ^ong the various age groups. The greatest frequency 
of unemployment was among those Who attempted to enter the 
profession after 1929. Approximatdy half of them were unem¬ 
ployed ait oUe time or another from 1930 to 1934. Older engineers, 
who were already professionally established prior to 1929, were less 
frequently un^nployed, though jeyen among those with 20 ca: more 


Reporting further upon the results of the 1935 
survey of the engineering profession conducted 
by the United States Bureau of Labor Statistics, 
at the request and with the co-operation of 
American Engineering Council, this article* 
presents the Bureau's analysis of the unemploy¬ 
ment data obtained. 


Ih« mulls of Iho 1935 5^ f* “iwieuce >/. had some 

t . j ^ j unemployment, 

ig profession conducted 

mu of Labor StalWics, 7. When the olto enpneers be- 
, , . ( came unemployed, however, un- 

th the co-operation of employment lasted longer than it 
Council, this article* did with the younger engineers, 

ilysis of the unemploy- Thus, the median period of unem- 

obtained. plosunent for engineers graduating 

in 192&-29 was 12.1 months, where¬ 
as the median for those graduating 
prior to 1905 was 23.1 months. 

8. The effect of this longer period of unemployment among older 
engineers was cumulativdy to produce a higher percentage of un- 
emplojmient among older engineers than among younger engineers. 
Thus, in December 1934, 11.5 per cent of the engineers 53 years of 
age or more were unemployed, in contrast to an average of 7.3 per 
cent of the younger engineers who were exposed for the same period 
to the risk of possible unemplosunent. 

9. The type of education the professional engineer had received 
did effect variations on both the incidence and severity of unem¬ 
ployment. These factors were very much less for postgraduates 
than for engineers with other types of education. But as between 
engineers with first degrees in engineering and those whose college 
course was incomplete or who had attended noncollegiate technical 
schools, the differentials were very slight. 

10. The influence of regional location On unemployment was prac¬ 
tically negligible, whether considered from the point of view of 
differentials in incidence or of severity of tmemplosrment. 

The sources of these data are the replies received to a 
questionnaire mailed to 173,151 engineers. One question 
called for employment status on each of 3 dates, thus 
giving a cross section as to employment, unemployment, 
work relief, and direct relief on December 31, 1929, 1932, 
and 1934. From these reports the general trends of 
unemployment have been traced. A second question 
related to the number of months of unemployment over 
the 60-month period January 1, 1930, to December 31, 
1934. Consequently, it is possible to measure the inci¬ 
dence and severity of unemployment, work relief, and 
direct relief for 5 years of the depression, as well as at 
other dates. 

In keeping with the other analyses of this survey, 
these subjects, wherever warranted, are so presented as 
to determine their significance when related to (1) type 
of education, (2) professional cla^, (3) age, and (4) regional 
location. 

Unemployment at End of 1929, 1932, and 1934 

The first part of the discussion will be concamed with 
trends in tmemployment. For the country as a whole 

* Bssential substance of an article prepared bv A. P. S&i^cbs, chief economist, 
and Andrew Fraser, Jr., of the IMvision of Wages, Hoursi and Working Cona¬ 
tions, Bureau of Labor Statistics^ United States Department of Labor, which 
article was publidied in the January issue of the JfoulMy Ziabar Rniw. This 
is the serand of a series of suhunaty articles covering Uie rMillts of this surv^. 
The first article d^lt with the educational qualifications of the engineer, and 
was publiriied in tiie: Monthly Labor Review tor June 1936 (page 1628); al^ 
r^rin^ as Bureau of Labor Staturicis Serial No. IS 400^ The essential sub¬ 
stance of the first article was published in the August 1936 issue of ELBcruciu. 
BKopiBBkiNO, pages 863-^7. A detailed report of the survey will be published 
later in bulletin form by the Bureau of Labor Statistics. 
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there was an appreciable decrease in unemployment 
among professional engineers between December 31, 
1932, and December 31, 1934. Thus, while the propor¬ 
tion unemployed on December 31 rose from 0.7 per cent 
in 1929 to 10.9 per cent in 1932, it had declined to 8.9 
per cent by 1934 (table I). 

The decreases in unemployment among engineers from 
1932 to 1934 must not be thought to imply an increase in 
the proportion engaged in engineering employments. 
While a larger proportion^ of the engineers were employed 
in 1934 than in 1932, the gain, if all professional classes 
are considered in combination, occurred in nonengineering 
work. Increases of nonengineering employment were 
particularly important to electrical engineers. Only in 
the case of mining and metallurgical engineers was there 
a large increase in the percentage reporting engineering 
employment. 

The most striking fact in table I is the narrow range 
in the proportions of unemployment among the various 
professional groups for each of the 3 periods. This is 
especially true for 1932 with a range of from 10.1 per 


ships occurred in 1934, although, for all but civil engineers 
the decrease in unemployment was marked. 

There is no clear evidence in table I of a relationship 
between the ejctent of unemployment among those engi¬ 
neers whose college work was incomplete, or who attended 
noncollegiate technical schools, and those who had first 
degrees. 

Age 

The outstanding feature of table II is that a larger 
proportion of the older engineers remained unemployed 
on December 31, 1934, than was true of those graduating 
from 1905 to 1932. Further inspection of table II shows 
very clearly that by December 1934 many of the older 
engineers were still unable to obtain work; and there is 
a very strong presumption that the preference in new 
hirings was given to the younger man. This is partly 
explicable on the grounds that, first, the older engineers 
probably were in a better position financially to weather 
the continuing depression, and second, that the available 
professional employment opportunities were of such a 


Table I—Per Cent of Engineers of Each Professional Class Unemployed’" on December 31,1929,1932, and 1934, by Type 

of Education 


Per Cent Unemployed on Dec. 31— 

1929 1932 1934 


Others with— 


Non- 

All col- All 

Types First College legiate Types 

of Post- Degree Coarse Tech- of Fost- 

Edu- grada- Oradn- Incom- nlcal Edu- grada- 

Professional Class 1 cation ates ates plete Coarse cation ates 


Others with— Others with— 


Non- Non- 

col- All col- 

First College legiate Types First College legiate 

Degree Coarse Tech- of Post- Degree Course Tech- 

Orada- Incom- nlcal Bda- grada- Grada- Incom- nlcal 

ates plete Coarse cation ates ates plete Course 


All engineers... 

.0.7.. 

. .0.5.. 

. .0.7.. 

..O.9.. 

..1.1... 

...10.9.. 

..8.1.. 

..11.5.. 

..10.4.. 

..11.1... 

.. 8.9.. 

..6.3.. 

.. 9.1.. 

.10.3.. 

.10.0 

Chemical and ceramic. 

.0.5.. 


..0.4.. 

..1.6.. 


...10.1.. 

. .6.5.. 

..11.3.. 

.. 7.9t. 

..25.0t.. 

.. 6.8.. 

..3.2.. 

.. 7.7.. 

. 5.8t. 

.23,8t 

Civil, agricultural, and architectural. 

..O.7.. 

..O.5.. 

..0.7.. 

..O.8.. 

..1.4... 

...10.5.. 

..9.4.. 

..10.8.. 

..10.2. 

..11.7... 

..10.8.. 

..9.6.. 

. .10.9.. 

.11.9.. 

.13.3 

Electrical. 

.0.8.. 

..0.8.. 

..0.3.. 

..O.6.. 

..1.4... 

...11.6.. 

..8.6.. 

..12.6.. 

.. 9.6.. 

..10.3... 

., 8.0.. 

..6.7.. 

.. 8.2.. 

. 9.3.. 

. 8.0 

Mechanical and industrial. 

.0.7.. 

..O.5.. 

..O.8.. 

..0.9.. 

..0.4... 

...11.3.. 

..6.4.. 

..11.8.. 

..11.9.. 

..10.6... 

.. 7.6.. 

..4.6.. 

.. 7.9.. 

. 8.2.. 

. 6.3 

Mining and metallurgical. 

.2.1.. 

..O.7.. 

..2.1.. 

..2.1.. 

..3.8... 

...10.9.. 

. .9.8.. 

..12.0.. 

.. 8.3.. 

.. 9.6... 

.. 8.3.. 

..7.0.. 

.. 8.8.. 

. 8.4.. 

.11.2 


* Including those on direct relief and work relief. * 

t These figures are believed to be without significance. 

t The total numbers of engineers in the various classes reporting tmemployment is not shown in this article, but will become available in a statistical appendix to 
be included in the complete report to be published by the Bureau of Labor Statistics. While the percentage of unemployment was */» lass in 1934 than in 1032 
the ntmber of engineers reporting employment in 1934 was 48,124 as against 40,721 in 1982, due to the entrance of new persons into the profession. The number 
reporting unemployment dropped from 4,448 in 1932 to 4,288 in 1934, a decline of less than 4 per cent. Due to the overrepresentation of recent college graduates 
in the sample and the high percentage of unemployment among them, the total number reporting unemployment in 1934 should not be compared with the total 
number reporting unemployment in 1932. 


cent for the chemical and ceramic engineers group to 
11.6 per cent for the electrical engineers. 

Education 

The type of education the engineer had received 
affected the extent of unemployment (table I). Thus, 
in 1932 the proportion of all postgraduates who were 
unemployed was only Vs that of graduates with a first 
degree in engineering. Among chemical engineers and 
mechanical engineers, the difference in favor of the post¬ 
graduates was greatest. The smallest difference occurred 
among, civil engineers. The same characteristic relation- 

1. It should be emphasized that increases and decreases referred to are with 
reference to a shifting total sample. See footnote to table 
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nature as not to be in keeping with their experience or 
their customary salary status. 

In s,ummary, this analysis of trends shows that : (1) 

there was a distinct improvement in the unemployment 
status of professional engineers between December 31, 
1932, and December 31, 1934; (2) there were but slight 
differences in the incidence of unemployment among the 
various professional classes in 1932 and, except for civil 
engineers in 1934; (3) engineers who had received post¬ 
graduate degrees fared better than engineers with other 
types of training; and (4) as between older and younger 
engineers, the former not only felt the effect of the drop 
in business activity earlier than the latter but unques¬ 
tionably were still lagging, at least until December 31, 
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1934, in the return to professional activity. In general, age varies among the several professional classes. For 
it may be said that in this period of contraction of business civil engineers it was 43 years, whereas for electrical, and 
activity, the inexperienced newcomer had greater diffi- mechanical and industrial engineers it occurs after 33 
culty in securing a professional status than any other years of age. 


class, that those with 5 to 25 years* experience fared best 
as regards unemployment, and that there was little 
difference (except for chemical engineers) in the per¬ 
centages of unemployment at a given date between those 
with less than 6 years’ experience and those with more 
than 25 years’ experience. 

In a period of e^ansion the younger and the more 
inexperienced engineers have a definite advantage. The 
normal method of recruitment at the bottom is followed. 
It is to be noted from table II that by December 31,1934, 
the percentage of unemployment in all professional classes 
showed little variation between the age groups that 
entered the profession as late as 1932 and those with an 
upper limit of 53 years of age. However, there is evi¬ 
dence that in the 4 largest professional classes unemploy¬ 
ment continued to be relatively high among the group of 
engineers who were more than 53 years of age in 1934. 

Incidence and Duration of nnemplo 3 rment 
Among Professional Engineers, 1930-34 

The preceding discussion presented unemplo 3 ment 
data as of given dates, but gave no measure either of the 
number who were unemployed at other times during 
the 5-year period or of the length of unemployment. 
Light is shed on these points by the data obtained as to 
the period of unemployment, that is, the number of 
months during which the engineers were on work relief* 
or were without work of any kiiid. The data in this 
section therefore afford a measure of the gross or over-all 
period of displacement from regular emplo 3 mient, without 
regard to the mitigating effects of various types of relief. 

More than 35 per cent of all the engineers reporting 
were unemployed at one time or another within these 5 
years, as against about 11 per cent who were unemployed 
on December 31, 1932. The percentage who reported 
unemployment at some time during the 5 years, January 
1 , 1930, to December 31, 1934, with a classification by 
age and type of education, is shown in table III. The 
slightly lower incidence of unemployment for the “other” 
engineers is explicable on 2 grounds: (1) As a statistical 
“freak,” arising out of slight differences in the age dis¬ 
tribution of graduates and “other” engineers; and (2) the 
longer experience record of “other” engineers, for the 
graduate sample is especially heavily weighted by new¬ 
comers to the profession during the depression period 
1930-34. For each particular age group shown in the 
table there is a slightly higher percentage of unemploy¬ 
ment. 

It is evident from table III that unemployment was 
greatest among the newcomers to the profession and 
decreased with the age of the engineer. In all prof^- 
sional groups there appeared an age beyond which there 
was apparentiy a common risk of tinemployment. That 

^ proje^ and in nonrelief administrative posi¬ 
tions in the public service; ■ . : 


It may be noted that for the 2 youngest age groups the 
percentages affected by unemployment are practically the 
same for all 3 types of education, with roughly half the 
engineers who entered the profession during the depres¬ 
sion period reporting some period of unemployment. 

These findings seem definitely to extend the conclusions 
reached earlier as regards the influence of educational 
background. Table I showed less unemployment in 
1932 and 1934 among those with post-graduate degrees 
than among those with first degrees, but there were no 


Table II—Per Cent of Engineers in Each Professional Class 
Unemployed* on December 31, 1929, 1932, and 1934, 
by Age or Year of Graduationt 

Per Cent Unemployed on Dec. 31— 

Approxi- Tear ----- 

mate of Civil, 

Age in Gradna- Agricul- Mechani- 

1934 tion tural, cal Minin g 

of of Chemical and and ' and 

"other” Oradnate All and Archi- Blec- Indus- Metal- 
Bttgineers Engineers Classes Ceramic tectural trical trial lurglcal 

1929 

68 and overt Prior to 1905..,. 1.9.,.. 0.7.... 1.7.,.. 2.2.,.. 1.8.... 3.6 


43-62.1906-14. 0.7.... 0.6.... 0.9 ... 0.3.,.. 0.6.... 2.2 

83-42.1916-24. 0.4.,.. 0.6.... 0.4.... 0.8.,.. 0.2.... 1.8 

28-32.1925-29. 0.4.... 0,3.... 0.3,... 0.4.... 0.6 _0.6 

26-27.1930-82. 

23-24.......1938-84. 

1932 


68 and overt Prior to 1906.... 10.9.... 3.9.... 11.2..., 10.0.... 11.3.... 12.8 


43-62-1906-14..... 8.7.... 7.0.... 8.8.... 7.1.... 9.6.... 9.6 

83-42.1916-24. 8.0.... 6.0.... 8.9.... 6.6.... 8.7.... 6.0 

28-82.1926-29..... 10.6 _8.8_10.2.... 9.9....11.9_12.4 

26-27.1930-82.16.6... .16.8... .14.7... .20.2... .16,6... .17.6 

23-24.1983-34. 

1934 

63 and overt Prior to 1906... .11.5.... 6.9... .12.3... .11.4... .10.2.... 14.2 

43-62.1906-14. 8.1.... 4.1.... 9.0.... 7.8.... 7.7.... 7,6 

83-42.1916-24. 7.0 _4.4.... 8,9.... 6.6.... 6.0..., 6.2 

28-32.1926-29 . 7.0 _6.6.... 9.2.... 6.3.... 6.0.... 7.6 

25-27...-1930-82. 8.0.... 4.9_11.6_6.9_6.8_6.1 

23-24.. .1933-84.13.9... ,11.9... .18.0... .14.6... .10.4... .10.7 


* Including those on direct relief and work relief. 

t In order to obtain a datum whereby direct comparisons could be made between 
engineers with and without degrees, the median age of graduation among the 
several professional classes was computed. This was found to be 23 years. 
Consequently, the data were so tabulated to permit of groupings by years of 
gradtuition and corresponding year of birth for each of the pmods 1929,1932, 
and 1934. In this table engineers with college degrees in the years invested 
are combined with "other" engineers of the ages given in the table. 
t The criticism has been made that the percentages of unemployment shown 
here relate to the indefinite group of those "53 stud over." The figures would 
presumably be smaller if the group were closed at 62 years of age. It is quite 
certain hrom the contour of the percentages both in 1932 and 1934 that the 
percentage continues to rise with age. It is also certain that the high per¬ 
centage shown are due to the persistence of unemployment when it occurs, 
rather than to a rising risk of unemployment. 


decisive differences between first-degree graduates and 
“other” engineers. It may npw be stated that this was 
not due to the age composition pf the 2 groups, for when 
is considered (table III) the college graduate does 
appear to have an advantage. 

For further coMideration of uhan- 

plp 3 ^ent by age, the data in table III are shpwn for 2 
distinct groups of engineers, those entering the profes- 
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sion during the depression years 1930-34 and the 4 older 
groups who had entered the profession prior to 1929. 
These 4 older groups had a common experience as regards 
the period during which they were exposed to the risk 
of unemployment. However, the younger engineers 
were exposed to a shorter period of risk, a factor of great 
importance when the length of their employment is 
considered. They were also subjected to the necessity 
of making their way into the profession under singularly 
difficult conditions. Length of exposure appears to have 
been a factor even as regards the general incidence of 
unemployment, for a slightly larger proportion of those 
who graduated in the period 1930-32 were unemployed 
during this 5-year period than was the case for those 
graduating in 1933-34. 

For the 4 older groups, all entering the profession before 
1930, the largest percentage of unemployment occurred 
among those who entered slightly before the beginning 
of the depression. There appears to have been'no greater 
incidence of unemployment among engineers 53 years 
of age and over than there was among those 43 to 52 
years of age. Therefore, relating this analysis to the 
preceding discussion of table II, it can only be concluded 
that the higher percentage of unemployment for the 
oldest age groups as of December 31, 1932, and Decem¬ 
ber 31, 1934, is due not to the more frequent occurrence 
of unemployment but to the greater length of the period 
of unemployment when loss of position occurred. 

These findings as regards the extent of unemployment 
among engineers in general are confirmed by the analysis 
of the separate professional classes of engineers shown in 
table IV. 


Table 111—Percentage Distribution, by Age and Type of 
Education, of All Engineers Reporting a Period of (Gross*) 
Unemployment, 1930-34 


Age 

(in Tears) 
in 1934 


College Graduates: 
Per Cent Reporting 
Unemplosmient 


All graduating classes.37.8 

Entered profession during 1930-34: 

Graduated in— 

1933-34. 23-24.47.1 

1930-32.26-27.63.6 

Entered profession in 1929 or earlier: 

Graduated in— 

1926-29.28-32.36.0 

1916-24.:.83-42.27.1 

1906-14.43-45.23.8 

Prior to 1906. 63+.23.6 


other Engineers With— 


Non- 

College collegiate 
Course Technical 
Incomplete Conrae 


Entered profession during 1930-34: 
Bom in—^ 


1906-09. 

Entered profesrion in 1929 or earlier; 
Bora in— 


in 1934' 

Unamployment 


...35.4... 

...36.6 

.20-24... 

...47.9... 

.. .48.2 

.26-29... 

...49.6... 

.. .49.8 

.30-34... 

...30.0... 

.. .41.4 

.35-39.... 

...33.4... 

.. .34.1 

. 40+ .... 

...30.4... 

... 32.3 


* Includes periods both of direct relief and work relief. 

This table does not show the percentage of unemployment among engineers 
with only a secondary-school Vacation, for their number was too small to 
warrant classification by age. The percentage of unemployment among all 
such engineers was 22.6. 


Periods of Unemployment 

“Gross unemployment” is used in this section to cover 
periods of work relief or periods without work of any kind. 
The figures show the median periods of unemployment.* 

Table V shows the median periods of unemployment, 
by age, education, and professional classes, during the 
5-year period. In connection with the age classifications 
shown it is important to remember the period of exposure 
to Ihe possibility of unemplo 3 nmient. 

There are significant differences in the period of unem¬ 
ployment as between the various age groups of engineers 
and as between engineers with different types of educa¬ 
tional background. There are real differences between 
the several classes of engineers, but professional class had 
a less marked influence on the average period of unem¬ 
ployment than either age or educational background. 

The influence of educational background appears to be 
persistent whether the data are classified for each of the 
professional classes or for all engineers combined. How¬ 
ever, the difference of almost 5 months in the median 
period shown in table V as between all college g^raduates 
trithout regard to age and all those whose college course 
was incomplete exaggerates the spread. It may be that 
there was no spread in the case of the older engineers; 

3. In other words, the middle point, half the engineers having had a longer 
period and half a shorter period of unemployment. 


the impossibility of making identical age groupings pre¬ 
vents any other condusion than that, in the case of older 
engineers, educational background is no longer a deter¬ 
mining factor. Comparison of the median period of 
unemployment in similar brackets beginning with the 
engineers who were approximately 30 years of age in 1934 
indicates that unemplo 3 ment lasted only 1 or 2 months 
longer in the case of tho^ with an incomplete college 
record. Although in the case of the 2 youngest groups 
of engineers the college graduate appears to have had 
some advantage, there is reason to believe that the differ¬ 
ence between an average period of 7 V 2 months for the 
graduates of the dasses 1933-34 and 12V 2 months for 
those 20 to 24 years of age with an incomplete college 
record is due in large part to the fact that the latter 
group had a longer work history and consequently a 
longer period of esqiosure. For dvil engineers dassffied 
on an age basis there was also a persistently longer period 
of unemplo 3 nnent for those with an incomplete college 
record. 

As between the 2 types of “other’' engineers, the differ¬ 
ence of 1 month in the average appears to arise frona the 
experience only pf the younger engineers. For those 
over 35 years of age in 1934, there was no difference. 
In the younger age groups the differences ranged from 
1.3 months to 2.5 months, and in all cases; those with an 
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Tabic IV—Percentage Distribution, by Age and Professional 
Class, of Graduate and College-Incomplete Engineers 
Reporting a Period of Gross Unemployment,’’* 1930-34 

Per Ceat Reporting ITnemployment 
Oradnate Engineers 

CivU, 

Age Agri- Meclumi- 

(in Chemi- cultural, cal Mining 

Years) cal and and and 

Graduating Class or Tear in and Archi- Elec- Indus- Metal- 

of Birth 1934 Ceramic tectural tiical" trial lorgical 


All graduating classes. 


...33.5.. 

..41.8... 

.36.9.. 

..36.0.. 

..33.9 

Entered profession during 
1930-34: 

Graduated in— 

1938-34. 

.23-24. 

...40.3.. 

.. 66 . 1 .... 

.48.9.. 

. .40.7.. 

..45.6 

1980-32.. 

.26-27. 

...44.3.. 

..69.7... 

.64.7.. 

..48.6.. 

..64.7 

Entered profession in 1929 
or earlier: 

Graduated in— 

1925-29. 

.28-32) 

..29.8.. 

41.9.... 

31.3.. 

..34.2... 

.83.7 

1915-24.. 

.33-42) 

••34.4.... 

,19.6.. 

..26.4) 


1905-14. 

.43-52) 

;..18.1.. 

26.8.... 

.17.2.. 

. .24.7) , 

.23.9 

Prior to 1905. 

. 53+ j 

* *27.0... 

.17.1.. 

..23.3) 


All ages... 


Engineers With College Course Incomplete 
....t .39.1. t ....t31.2. t 

Entend profession during 
1930-34: 

Bom in— 

1910-14. 

.20-24. 

....t ... 

..55.9..., 

..t ... 

.|41.8.. 

...t 

1905-09.. 

.26-29. 

....t ... 

..67.3..., 

..t ... 

.*42.0.. 

...t 

Entered profession in 1929 
or earlier; 

Bom in— 

1900-04. 

.3G-34. 

....t ... 

..43.6..., 

..t ... 

.134.4.. 

...t 

1895-99. 

.35-39. 

....t ... 

..37.8..., 

..t ... 

.129.3... 

...t 

Briorto 1895..... 

. 40 + . 

....t ... 

..33.3... 

..t ... 

.t26.3.. 

..it 

* Includes periods both of direct relief and work relief. 





{ Included with mechanical and industrial. 

Includes chemical and ceramic, electrical, and mining and me rallnrg ieni , 
a. The high general average for electrical engineers shown in the table is due 
to an especially high rate among the newcomers to the profession. 

It should be noted that in the case of all graduate engineers, it was necessary 
to make certain combinations of professional classes. Thus, a small number 
of ceratmc engineers were combined with chemical engineers. Civil, agricul- 
ttural and architectural engineers were combined, but the group was dominated 
by civil engineers. Mechanical and industrial engineers were combined, as 
wae also mining and metallurgical engineers. In the case of the "other” 
engineers there were too few cases of noncollegiate technical-school graduates 
to warrant tabulation of the period of unemployment by both age and pro¬ 
fessional class; hence, only the data for those whose college course was incom¬ 
plete are tabulated. This group has beeu divided to distinguish civil, agri* 
cultural, and architectural engineers from mechanical and all other types of 
engineer. Inasmuch as the unemployment experience of civil engineers differed 
from that of all other classes, tt^ grouping into 2 categories makes 
general comparisons between the unemployment exi>erience of graduate engi¬ 
neers and those with sen incomplete college course. The percentages of these 
various profesaonal classes of engineer who reported unemployment at some 
time during the 5-year period. 1030-34, are shown here by the age groupings 
heretofore shown. 


incomplete college course had the shorter period of un¬ 
employment. 

The average length of the period of unemployment 
increased with age. Whether the differential for non¬ 
collegiate technical-school graduates of these ages is real, 
or is due to certain peculiarities of the sample, cannot be 
said; but for all professional classes of engineers there 
was also a sUght increase in the average period of Unem¬ 
ployment among those who graduated before 1925 as 
compared with those who graduated later. By and large, 
however, those engineers who were 30 to 40 years of age 
and became imemployed were unemployed for 12 to 14 
months, but within these limits age was not aii important 
factor. 

It is interesting to note that the engineer who entered 
the profession during the period 1930-32 had an average 


period of unemployment almost identical 
the engineers who had entered just prior to th^ depr 
This was true in spite of the fact that the ^ 

a shorter period of exposure to unemploy*^^^^^ * 
lack of experience obviously militated 
absorption. 

In general, it may be said that the averag^^ Pf’ 
unemployment for graduate engineers tended 
from about 1 year for those who graduat<^^ 
1925-29 to almost 2 years for those who gra<di-xa.1:e< 
to 1905. The older engineer suffered from 
because of its greater length when it occurred X'Q.'tlie 
because of its greater frequency. Although "tlACS p 
tion of those who became unemployed over 
period was only Vs as great for the oldest grortp a.s 
for the youngest group to enter the profession p: 
1930, when unemplo 3 ntnent did occur it tended 1 
twice as long in the case of the older engineer. 

Comparison of the severity of unemploymexil: 
the professional classes is confined to those 4 ng'e , 
that had entered the profession prior to 1930, f ojr slm 
could not be shown for all age classes of clxemic 
ceramic engineers, as the number of those oveir 32 
of age was too small to allow of subdivision. It: is 
ent, however, that the average period of unemplo 
was not more than Vs loJig for chemical a.nd c 
engineers as for the various other classes. 'I'lae 
of unemplo 3 nuent of mining and metaUurgica.1 eii| 
was probably somewhat shorter in the various stgre 
fications than it was for the 3 larger professional cla 

The general averages indicate comparati'V'ely 
difference, as regards the period of unemi>lo] 
between civil engineers and electrical and xnecl 
and industrial engineers. 

Although unemployment occurred more fjreq 
among civil engineers than in any other engineerin| 
its severity was slightly less than for the other class 

The median periods of unemployment cited slxow 
enough the differences among the various groxips. 
as these average periods were, they still fall slxort < 
veying the full picture. This may be gatlacrred 
table VT, which shows the percentage of en^ineei 
reported varying periods of unemployment* It 
only engineers with college degrees received in 1 
earlier years-, without regard to professional clgtss. 

Public Relief Among 
Professional Engineers, 1930-34 

In the majority of cases engineers surviv<ec3L vi 
public assistance their periods of unemployrnenl 
1930 to 1934. This was especially true of -tlxos 
entered the profession prior to 1930. 

The first data to be considered are with ardcre 
direct relief. Fewer than 1 per cent of th.c exi 
reported themselves to have been unemployed on 1 
her 31, 1929. At that time there were no -wor! 
projects and none of the engineers reported filler 
as on direct relief.* Nearly 11 per cent of 
reported themsdves as unemployed on Deiccmb 
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1932; 31 engineers reported themselves as on direct 
relief—^less than Vio of 1 per cent of all the engineers and 
V 2 of 1 per cent of the number reporting unemployment. 

For the 5-year period as a whole, receipt of some direct 
relief was reported by 0.8 per cent of all engineers with 
college degrees and about 2 per cent of those who attended 
noncollegiate technical schools or who did not complete 
their college courses.® 

Engineer's training was required in the administration 
of many of the projects designed to benefit other groups 
in the community. There was also a large increase in 
nonrelief forms of public employment. This was of par¬ 
ticular benefit to civil engineers, of whom 8.5 per cent 
were employed by the Federal Government on December 
31,1929, and 18.6 per cent were so employed on December 
31, 1934. For civil engineers the increase in this form 
of employment was greater than the increase iii work relief. 

Despite the increase in public employment, work-relief 
projects were the main source of assistance to those who 
were unemployed. On December 31, 1932, when nearly 
11 per cent of the engineers were unemployed, only 
0.7 per cent were on work relief. Two years later 4.0 per 
cent of all engineers were on work relief, which was ap¬ 
proximately half of the total number of engineers unem¬ 
ployed at that time. 

The reports for December 31, 1934, show striking 
differences in the extent of work relief as between civil 
engineers and other professional groups. At that time 
6,6 per cent of aU civil, agricultural, and architectural 
engineers were on work relief, as compared with only 2.3 
per cent of all the other professional classes combined. 
The difference probably reflects chiefly the development 
of work programs that called especially for the civil engi¬ 
neer’s training; it also reflects the fact that the total 
amoxmt of imemployment among dvil engineers in their 
normal flelds increased from 1932 to 1934, whereas it 
decreased in the other professional classes. The greater 
amount of work relief among civil engineers balanced 
their more widespread unemployment. There was com¬ 
paratively little difference between civil engineers and 
the other professional groups as regards the net amount 
of unemployment on December 31, 1934; those entirely 
without work (including work relief) formed 4.2 per cent 
of the civil engineers as compared with 5.3 per cent of the 
other types combined. 

Work relief was slightly more common among engineers 
without college degrees than among those who were 
college graduates. The situation with reference to direct 
relief has already been noted. Among the civil engineers 
6.2 per cent of the college graduates, as against 7.9 per 
cent of the others, were on work relief on December 31, 
1934. For the 5 years as a whole, 18.4 per cent of the 

4. In this survey, work relief is defined as emergency employment, usually 
made available on the basis of need, by such agencies as C.W.A., 

and W. P. A. It does not include engineering work on P. W. A. projects, which 
should luive been reported either as a form of private employment or as Govern¬ 
ment employment for those engineers working in the Public Works Adminis¬ 
tration itself. It also does not include engineers hired for strictly administra¬ 
tive work by the various relief administrations. There was some overreporting 
of work relief and a corresponding underreporting of public employment. Direct 
relief refers to direct financial or other assistance from any public authority. 

5. In New York City, direct relief appears to have been more extensive 
through the Professional Engineers Committee on Unemployment than through 
public agencies. 


graduate civil, agricultural, and architectural engineers 
group reported a work-relief experience, whereas 19.6 
per cent of this same group of professional classes vnth 
an incomplete college course so reported. 

Comparison of the proportions receiving work relief at 
the dose of 1932 and 1934 indicates that the older engineers 
were favored prior to 1932, while the more recent graduates 
were being favored in 1934. In 1932 the group graduating 
in the period 1930-32 had a larger proportion of its mem¬ 
bership unemployed than any of the other age dasses, 
but the proportion on work relief (0.6 per cent) was 
slightly less in December 1932 than the proportion among 
the older engineers (0.8 per cent of those graduating 
from 1915-29 and 0.7 per cent of those graduating prior 
to 1915). Among , the dvil, agricultural, and architec¬ 
tural engineers the difference m favor of the older groups 
was marked, work relief being reported for only 0.5 per 
cent of those graduating from 1930 to 1932 as against 
1.0 per cent of those graduating from 1915 to 1929. By 


Table V—^Median Period of Gross Unemployment,* by 
Age, Type of Education, and Professional Class, 1930-34 




Period of Gross Unemployment 




(in Months) of— 





Graduate Engineers 


■ 



Civil, 

Apir 




Age 



Me- 


(in 


cultural 


chanical Mining 

Years) 


Chemi- and 


and 

and 

in 

AU 

cal and Archi- 

Elec- 

In- 

Metal- 

Graduating Class -1934 

Classes 

Ceramic tectural 

trical 

dnstrial lurgical 

All graduating 






classes... 

...11.4.. 

.. 9.4.... 11.8.. 

..11.6.. 

. .11.1.. 

..12.3 

Entered profession 






during 1930-34: 
Graduated in— 






1933-34.23-t24. 

... 7.6.. 

.. 7.0.... 7.9.. 

.. 7.7.. 

.. 7.1.. 

.. 6.0 

1930-32.26-27. 

...11.9.. 

..10,6.... 11.9.. 

..13.2.. 

. .11.1.. 

..11.9 

Entered profession 






in 1929 or earlier: 
Graduated in— 






1926-29.28-32., 

1915-24....... 33-42.. 

...12.11 
...13.4 J ■ 

12.2.. 

..12.4.. 

..14.1.. 

. .12.0) 

.. 16.2 J 

. .11.7 

1906-14.43-62.. 

.. 17.81 
..23.1 J • 

114 17.0.. 

.11.4-22 2 

..20.7... 

.. 18.6) 
,.22.2) 

..17.4 

Prior to 1906.. 63+ .. 

..25.3... 



Period of Gross Unemployment 



(in Months) of— 




Other Engineers 




College Course Incomplete 




Civil, Agri- 





cultural. 

Me- 

Non- 


Age 


and chanical collegiate 


(in Years) All Archi- 

and Technical 

Year of Birth 

in 1934 

Classes tectural 

others 

Coarse 

All ages... 

Entered profession during 


.......10.3..;.. 

16.8.... 

.10.9.. 

...17.3 

1930-34: 

Bom in— 






1910-14..... 

...20-24 

.12.6..... 

13.8.... 

.11,4.. 

...16.0 

1906-09........ 

...25-29 

..14.0. 

13.9.... 

.14.3.. 

...16.3 

Entered profession in 1929 






or earlier: 

Bora in— 






1900-04..... 

...30-34 

.......14.2. 

13.2,... 

.16,1.. 

...16.0 

1896-99...... 

...35-39 

.14,6..... 

14.1.... 

.15.3.. 

...14.7 

Prior to 1895. 

...40+ 

...19.4. 

18.3..., 

..22.0.. 

...19.2 


* Includes periods both of direct relief and work relief. 

No figure is shown in the table for engineers with a secondary-school education, 
for its significance is not certain. The median period for such engineers was 
12.4 months. 
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December 31, 1934, this situation had been reversed and 
there was a larger proportion on work relief among the 
recent college graduates than among those who had 
entered the profession prior to the depression. This was 
especially true of the dvil engineers, for whom work relief 
on December 31, 1934, was reported for 9.4 per cent of 
those graduating in 1933-34 and 8.3 per cent of those 
graduating in 1930-32, in comparison with only 6.5 per 
cent of those graduating in 1915-29 and 4.9 per cent of 
those graduating prior to 1915. In the other professional 
groups no real differences between the early and late 
graduating classes appears. Of the engineers in profes¬ 
sions other than the civil-engineering group, who gradu¬ 
ated during the years 1930-32, 2.2 per cent were on work 
relief, but 3.2 per cent of those graduating in 1933-34 
reported work relief. In this connection it must be re¬ 
called that in 1934 there was a larger proportion of un¬ 
employed among those graduating in 1933-34 than among 
the other age groups. 

Thus far, in this section, the discussion of work relief 
has been confined to the reports for specific dates. For 
the 5-year period as a whole, a larger number of engineers 
had some experience with work relief. For all types of 
engineer, irrespective of background, about Vs reported 
some period of work relief, but very wide differences were 
shown in the extent of work relief for civil engineer and 
for other types of engineers. Thus, among engineers 
with an incomplete college course, 19.6 per cent of the 
civil-engineer group reported some work relief, whereas 


classified by year of graduation in the 3 professional 
groups of civil, electrical, and mechanical engineering. 

The differences in the length of the period between the 
various professional classes are small and show no par¬ 
ticular regularity. Essentially, the periods are the same 
both for civil engineers and for mechanical engineers, 
though the average period was perhaps somewhat shorter 
in the case of electrical engineers. Little difference is 
shown between those who graduated from 1915-29 and 
those who graduated prior to 1915, but apparently those 
who graduated prior to 1930 had a slightly longer period 
of work relief than those who graduated in 1930-32.* 

Thus far in this discussion, those reporting work relief 
have been regarded as unemployed. More than Vs of 
those who reported a period of work relief also reported 
a period of unemployment. However, among the 5,349 
engineers with college degrees who reported a period of 
work relief, 966 reported a period of work relief but no 
period of unemployment. This situation calls for some 
explanation though it does not change the general outline 
of the conclusions reached. There seems to be a slight 
overreporting of work relief and, therefore, a slight 
overestimate of unemployment due to the method of 
adding together periods of unemployment without work 
of any kind and periods of work relief to determine the 
gross frequency and period of unemployment. There is 
also a corresponding underreporting of nonrelief public 
employment. In this discussion, it is necessary to dis¬ 
tinguish 3 age groups, those graduating in 1929 or earlier, 


Table VI—Percentase Distribution of Engineers Graduating From College Prior to 1930, by Period of Unemployment 


Year of Oradvatioa 


Tot^l Reporting 
Unemployment at 
Any Time During 
Total 1930-34 

Reporting -- 

in Surrey number Per Gent 


Per Cent Wbose Reported Unemployment (in Months) Waa— 

6 12 18 24 30 36 42 

and and and and and and and 

Under under under under under under under under 

6 12 18 24 30 36 42 48 


All years prior to 1980. 

..24,863... 

...6,966... 

...100.0... 

...21.0.. 

..21.6.. 

..16.6.. 

..12.8.. 

.. 9.6.. 

. . 7.1.. 

..6.1.. 

..3.2.,. 

.. 3.2 

1926^29.. 

. 6,499.., 

...2,340... 

... 100.0... 

.. .23.9.. 

..26.7.. 

..19.4.. 

..13.4.. 

.. 7.9.. 

.. 4.0.. 

..3.2.. 

..1.6... 

.. 0.9 

1916-24.... 

. 8,298... 

...2,248... 

...100.0... 

.. .23.8,. 

..22.9.. 

..16.1.. 

..11.4.. 

.. 9.4.. 

.. 7.3.. 

..4.4.. 

..3.0... 

.. 2.2 

1906-14......... 

. 6,602... 

...1,670... 

...100.0... 

...17.7.. 

..18.8.. 

..14.0.. 

..13.8.. 

..11.4.. 

.. 8.7.. 

..7.2.. 

..3.7... 

.. 4.7 

Prior to 1906. 

..... 3,484... 

... 810... 

...100.0... 

...12.8.. 

..11.7.. 

..14.4.. 

..13.1.. 

..10.6.. 

..12.0.. 

..8.3.. 

..7.0.. 

..10.1 


only 7.5 per cent of those in the other professions con¬ 
sidered together so reported. Among college graduates 
work relief was reported by 18.3 per cent of the civil en^- 
neers and only 10.9 per cent of the mining and metal¬ 
lurgical engineers. For the other professional classes, the 
percentages were 9.3 for electrical engineers, 8.7 for 
mechanical and industrial engineers, and 6.6 for chemical 
and ceramic engineers. 

In all professional classes, age was an important factor 
in the frequency of work relief. Table VII pves for the 
3 professional Classes civil, electrical, and mechanical 
en^neers, the percentages of those receiving work relief, 
at any time during the 5 years, 1930-34, classified by age. 
The figures relate only to college graduates. 

The median period of work relirf was approximately 5 
months, as Shown jtn table VII for coUege graduates 


those graduating in 1930-32, and those graduating in 
1933-34. Among the more recent graduates little 
difference is found between civil engineers and all other 
types of engineers, as regards work relief without unem¬ 
ployment. Of the 1,138 engineers graduating from college 
in 1933-34 and reporting some work relief, 333 reported 
no period of unemployment, that is, approximately a 
third of them appear to have entered directly into work 
relief. Among those graduating in 1930-32, 281 out. of 
l,747i or somewhat more tiian V«» reported such an 

6. If it is correct to conclude that the . major part of the work-relid experieuM 
came in the years 1033—34, the differences between the cluses gmduating in 
1930-32 and those gmduating earlier are hot to be mplained in/tmms of a 
longer period of eU^bility for work relief.-.' It may be poihted out that a shorty 
period in the case of the classes of 1030H32 is consistent with the earlier conclu¬ 
sion that recruitment was more extensive among this group of engineers thau 
among, the older ones. The still shorter period^ which is ihdicat^ far those 
who graduated in’1983-34, may weU be explained by the fact that they had a 
shorter period of eligibility for work relief. 
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experience. This may merely reflect a need for young 
engineers to staff minor supervisory positions on projects 
conceived to meet the needs of other groups. 

In the case of those civil engineers who graduated in 
1929 or earlier years, 242 of the 1,476 who reported work 
relief did not report a period of unemplo 3 mient. There 
are too few cases in the other professional classes to 
warrant a breakdown, but among all engineers other than 
civil engineers graduating in 1929 or earlier, 110 out of 
988 reported no period of unemployment. Two factors 
lead to the belief that some of those reporting a period of 
work relief but no period of unemployment should be 
separated from the unemployed: (1) It may be noted 
that this situation was commoner among civil engineeis 
than among the other professional classes, undoubtedly 
because the training of civil engineers was more exten¬ 
sively required on work-relief projects than was the 
training of other types of engineer. (2) It seems prob¬ 
able that there was some misunderstanding by engineers 
replying to the questionnaire and that a few reported 

Table VII—Per Cent of Graduate Engineers, by Year of 
Graduation and Professional Class, Reporting Work Relief 
at Any Time, 1930-34, and Median Period of Work Relief 

Per Cent Median Period (in Months) 

Reporting Work Relief of Work Relief 

Year of Civil Electrical Mechanical Civil Electrical Mechanical 

Oradnation____ 


All years. 

..18.3.. 

.... 9.3.. 

.... 8.7... 

...6.O.. 

..4.4... 

...4.9 

1983-84. 

..26.4.. 

....12.5.. 

....10.2... 

...4.1.. 

..8.8... 

.. .4.1 

1930-32. 

..26.2.. 

....12.8.. 

....10.4... 

.. .4.8.. 

..4.8... 

.. .4.6 

1916-29. 

..16.9. 

.... 6.2. 

.... 7.4... 

...6.6.. 

..4.6... 

...5.7 

Prior to 1916. 

..12.4. 

.... 6.8. 

.... 7.6... 

...6.5.. 

..6.8... 

...6.6 


The civil engineers here tabulated do not include architectural and agricultural 
engineers, nor do the mechanical engineers include industrial. 


Table VIII—Per Cent of Unemployed Graduate Engineers on 
Work Relief After Specified Unemployment, 1930-34, by 
Years of Graduation 



Per Cent of Engineers Who Received Work Relief 
After Specified Months of Unemployment 


Less 








Year of Graduation 

than 6 

6-12 

12-18 

18-24 

t 

o 

30-36 

36-42 

42-48 

All classes of engineers.... 

...4.3. 

9.3. 

.12.6. 

.13.7.. 

.14.9. 

.18.4. 

.18.0. 

.18.8 

CUvil engineers.. 

...6.0. 

.11.9. 

.16.7. 

.17.9.. 

.18.1. 

.22.1. 

.21.2. 

.24.6 

1025-29. 

...6.3. 

.13.8. 

.17.4. 

.26.8. 

.25.2. 

.26.0. 

.33.0. 

.63.0 

1915-24. 

.. .7.2. 

.13.6. 

.19.6. 

.20.9.. 

.19.8. 

.36.0. 

.28.0. 

.27.0 

1905-14. 

...6.9. 

.11.0. 

.14.4. 

.16.6.. 

.19.0. 

.15.6. 

.22.0. 

.23.0 

Prior to 1905. 

...1.8. 

6.4. 

. 9.0. 

. 8.6.. 

.10.6. 

.16.8. 

.13.0. 

.18.0 

Other professional classes. 

...2.8. 

7.0. 

. 9.9. 

.10.2.. 

.12.6. 

.16.5. 

.15.5. 

.14.1 

1926-29. 

...2.6. 

7.4. 

.10.6. 

.11.2.. 

.13.5. 

.19.6. 

.20.0. 

.20.0 

1916-24. 

...3.7. 

7.6. 

.12.4. 

.12.7. 

.11.8. 

.19.3. 

.20.0. 

. 8.0 

1906-14.... 

.. .2.8. 

7.1. 

. 8.5. 

. 9.1.. 

.15.2. 

.14.0. 

.10.0. 

.19.0 

Prior to 1905. 

...0.8. 

4.6. 

. 6.4. 

. 6.9.. 

. 8.4. 

. 9.7. 

.14.0. 

.12.0 


projects rose steadily as the period of unemployment was 
lengthened. This increase reflects the actual course of 
events in these 5 years, but the period was not homogene¬ 
ous as regards the availability of work relief, which was 
first inaugurated on a large scale in 1933. Any person 
unemployed for as little as 6 months in 1931 had virtually 
no opportunity to secure work relief. On the other hand, 
a person who became unemployed in July 1931 probably 
would have found C,W.A. work, after the lapse of 30 
months. Therefore, in interpreting the figures shown in 
table VIII, it must be remembered that longer periods of 
unemployment increase the probability of work relief 
merely by carrying over into a period in which work relief 
became available. 

A further and more sigrdficant comparison may be made 
with reference to the availability of work relief to the 
members of the different groups of graduating classes. 
For this purpose, these dasses should be interpreted as 


indicating not particularly differences between yotmger 
and older eng^eers, but more especially probable differ- 
public admimstrative emplo 3 rment in connection with ences in the fingyirigl resources of the different groups, 
work-relief projects as work relief rather than as public jn the aggregate, those engineers who graduated prior 
employment. It is possible that certain engineers re- ^ 1905 probably had substantially larger financial re¬ 
porting a period of work relief neglected to report a period tljoge graduated from 1925 to 1929. 

of unemployment or merged the 2 figures in a single one engineers, the percentage on work relief 

of a period of work relief. highest for those who graduated from 1925 to 1929. 

In general, a period of work relief was associated with the other professional groups, this relationship 

a reported period of unemployment. This was true of maintained, although there appeared to be 

more than 85 per cent of the engineers, without regard to ^ distinct demarcation between those who graduated 


professional classification, graduated in 1929 or earlier 
years, who secured work relief. For this group of college 
graduates, there is a dear relationship between the period 
of unemployment and entrance into work relief.’' The 
percentages in table VIII represent the ratio of the total 
number of individuals receiving work relief after a given 
period of unemployment to the total number of unem¬ 
ployed persons who had at least as much as the shortest 
period of unemployment indicated. Thus, for example, 
6 per cent of all civil engineers who reported any period 
of unemplo 3 mient whatsoever were placed on work-relief 
projects after a period of less than 6 months of unem¬ 
ployment, etc. 

During the 5-year period, placement on work-relief 


prior to and after 1915. The strongest contrast was 
between those who graduated in the period 1925-29 and 
those who graduated prior to 1905. 

7. For the correlation of the period of unemployment that antedates relief, 
the following information is available: The total period of unemployment, 
exclunve of work relief, and the total period of work relief. In ord^ to simplify 
the presentation, the material is presented as though there were in aU cases a 
sequence of an unbroken period of unemployment followed in certain instances 
by work relief. It is quite posrible that in certain instances the total period 
of work relief is broken into several stretches interspefrsed with periods of work 
reli^. In such a case, it would be incorrect to say that work relief followed 
after 12 months of tmemployment if 12 months were the total reported period 
of unemployment exclusive of work relief. To distinguish several periods of 
unemployment would have required a greater refinement than it was possible 
to undertake by the questionnaire method. The extent of the error, wlpch is 
implied in this assumption, is probably not great, but technically all that can 
be shown is a relationship between a certain aggregate period of. uhemploymM^ 
exclusive of work relief , and the existence of some period of work relief: which 
may have preceded a period of unemployment or hove broken into a period of 
■ unemployment^._. ^ 
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Switchboards for Boulder Power Plant 


By L. N. McClellan a. j. a. peterson c. p. garman 

MEMBER AIEE MEMBER AIEE MEMBER AIEE 


T he Boulder Power 
Plant is unusual in 
many respects, and 
these unusual features are 
reflected in the switch¬ 
boards. Mere “bigness” 
would not make the switch¬ 
boards unusual, but other 
features resulting indirectly 
from such bigness introduce 
requirements in the switch¬ 
board design which are 
not commonly encountered, 
features of tins plant are: 


Switchboards for the power plant at Boulder 
Dam are unusual not alone for their size, but 
also for the combination in one plant of 
switchboard designs and methods that have 
been used individually but seldom to¬ 
gether. The plan of the power plant and 
the switchboards and control equipment 
are described in this paper. 


high-voltage side of the 
transformer bank connects 
to a double-bus outdoor 
substation, from which are 
taken the Los Angeles lines. 
Each generator has 2 
breakers in paralld so as 
to permit maintenance 
without interruption of 
service. Provisions are 
made for connecting a spare 


generator to a transfer bus. 
Among the well-known and energizing a transformer therefrom, in order 

to replace any generator that may be out of service. 


Generating units of 3,000,40,000, and 82,000 kva 
Transformer banks up to 165,000 kva and 287.5 kv 

Ultimate capacity of 17 major generating units totaling approxi¬ 
mately 1,300,000 kva 

Among the lesser known or recognized features are: 

The generators are disposed along the opposite sides of the riv» 
so that the power plant is in effect approximately 1,600 feet long, 
with the control room in the center. The farthest generator is 
approximately 700 feet from the control room. 

The 287.5-kv substation or switch yard for the City of Ia)s Angeles 
is approximately 1,500 feet from the control room. 

The complete plant muU involve 4 major systems, with transmission 
voltages from 132 kv up to 287.6 kv. 

The Boulder Power Plant really represents severe 
large generating stations, tying in with sepa¬ 
rate outside systems. The individual requirements 
of these systems must be taken care of with an 
over-all uniformity in operating practice and 
switchboard design. Standard, conventional switch¬ 
board design has been followed wherever possible. 
Neverthdess the very features previously mentioned 
necessitate the combination in one plant of switch¬ 
board designs and methods which have been used 
individually, but sddom together in the same plant. 

The initial installation comprises 4 82,500-kva 
units for the City of Los Angdes, and 1 40,000-kva 
unit for the Southern Sierras Power Company. The 
plan adopted for these units will apply in general to 
the succeeding units. The general plan is to provide 
a separate switchboard or cubicle near each genera¬ 
tor for manual control. There is also a centralized 
main control desk from which all the generators, 
transformers, and their rdated apparatus may be 
controlled automatically and remotdy. 

In brief, the City of Los Angdes system involves 
cormecting 2 generators in paraUd to a transformer 
bank, through suitable low-voltage circuit breakers. 
The tr^sformers are located directly outside the 
generator room, and the low-voltage circuit breakers 
are located in suitable switch rooms, directly outside 
the main building, and as dose to tiie respective 
generators and transformers as is possible. The 


Generator Control Cubicles 

The control system is arranged so that the genera¬ 
tors may be operated from 2 locations, either the 
control room or the generator floor. Eadi generator 
control cubide is located m a recess in the river 
wall of the power plant. It is provided with all the 
manual control and instrumentation usually associ¬ 
ated with a water-wheel generator of like capadty 
such as circuit breaker, fidd, and governor controls. 
At this point the generator can be completdy started 
even to synchronizing and connecting to the bus, 
controlled, and shut down. This permits and fadli- 
tates initial operation, testing, and maintenance, 
and provides emergency operation in case the main 
control desks should be out of service. Control is 
not provided for the high-voltage circuit breakers 
and disconnecting switdhes, but suitable signals 
indicate their connections. The voltap regulator, 
generator protective relays, and various graphic 
instruments are also located on this board, 

This cubicle also serves as the transfer point for 
the control circuits coming from the main desk; 
Therefore, the interposing rdays, interposing cur¬ 
rent transformers, automatic starting relays, and 
thermal converters for load control and totalizing 
are located here. A control-transfer switch deter¬ 
mines whether the unit can be controlled locally or 
from the main control desk and thus prevents con¬ 
flicting, contradictory, or incomplete control. This 
switch is provided with a cylinder lock to prevent 
unauthorized operation. 

Main Control Room 

The contracts for power privileges established 2 

A paper recommended for publication by the AXES committee on power genera¬ 
tion. Manuscript submitted July 11, 1936; released for publication October 
16,1930; revised to January 18, 1937. 
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engineer of derign. Bureau of Power and Light, City of Los Angeles, Calif; 
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principal lessees, the City of Los Angeles and the 
Southern California Edison Company, as the gen¬ 
erating agents for generation of all power at Botdda: 
Dam. The City of Los Angeles generates power 
for itself, the Metropolitan Water District, the cities 
of Pasadena, Glendale, and Burbank, and the states 
of Arizona and Nevada. The Southern California 
Edison Company generates power for itself, and the 
Southern Sierras Power Company. The main con¬ 
trol room is divided into 2 sections to provide 
for separate operation by the 2 lessees. These 
rooms are located in the central portion of the 
power plant at an elevation approximately 70 feet 
above generator floor level. In the control room 
for the City of Los Angeles, the main control 
desk and the station service desk face each other 
from opposite sides of the room. The auxiliary con¬ 
trol room boards are located on the other 2 sides of 
the room. The operator’s desk, supervisory conteol 
benches, etc., are located in the center of the room, 
between the control desks. The equivalent equip¬ 
ment for the Southern Sierras Power Company is 
located in the adjoining room with provision for 
future equipment for the Southern California Edison 
Company. 



Fig. 2. Main control desk, showing 3 panels with 
the control for 5 generators (one future) and 2 
transformer banks 


Main Control Desk 

The main control desk centralizes the control*of 
all the main generators, the power transformer banks, 
and the outgoing feeders. The desk for the City of 



Fig. 1. Complete main control desk 


Los Angeles comprises initially 3 fully equipped sec¬ 
tions for the control of 5 generators, 2 transformer 
banks, and 2 outgoing lines. The initial desk for 
the Southern Sierras Power Company comprises a 
single section, mounted separately, for the control of 
2 generators with their respective transformers and 
transmission lines. On account of the large number 
of units to be controlled, the desks are of the so- 
called “miniature” type, using W^tinghouse type K 
indicating instruments 4 inches wide with scales 3 V 2 
inches long, and control switches of the Minatrol 
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t 3 q)e. With complete control and instrumentation 
including lamp jnchcators, miniature bus, governor 
controls, etc., the length of the Los Angeles section 
for the initial equipment of 5 generators, 2 trans¬ 
formers, and 2 lines is only 6 feet. 

Starting from the main control desk is almost 
completely automatic. The operator selects the 
breaker with which he plans to connect the generator 
to the bus, inserts the key for one of the 2 automatic 
S3mchronizers, and turns the master control switch to 
“start.” Atudliaries such as the bearing oil pressure 
pmnp, cooling water pump, etc., start automatically 
and when these are in operation, the turbine gates 
open. The generator then comes up to full speed, 
taVirig full voltage excitation, mat(^^ speed wi^ 
the system and synchronizes, resulting finally in 
closing the preselected breaker. A synchronizer 
by-pass button is provided for manual synchronizing 
when the bus is dead or when the automatic syn¬ 
chronizer is out of service. This performance^ is 
carried out through a full complement of prevmtiye 
interlocks and relays and continuous operation is 
safeguarded by means of protective relays operating 
as functions of electrical conditions in the main 
circuits, temperature, or in failures of the auxiliary 
devices. With one circuit breaker closed, the paralld 
breaker can be closed by the operator directly and 
immediately. 

The high-voltage transformer or line circuit 
breakers can be handled manually, either after the 
generator has been put on the bus, or preset so that 
line connection is made on the low-voltage side auto¬ 
matically. 

Once on the line, the operator can control the load, 
voltage, or regulated voltage level, etc., as in a con¬ 
ventional power plant. Shutdown can be made by 
^e operator, or result from the Operation of the 
protective relays. Most of the automatic and pro- 
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tective features found only in an unattended station 
have been incorporated in this control in order to 
rdieve the operator as far as possible from routine 
duty. 

The control desk is constructed of “stretdier 
leveled” (smoothly finished) steel, with the back 
fully enclosed and provided with swinging doors. 
The front lower face is inclined toward the rear so 
as to facilitate approach to the desk and manipula¬ 
tion of the various controls thereon. Anothef 
unusual feature of this desk design is the arching of 
aU intomal cross members and corresponding place¬ 
ment of control conductors, so that an inspector can 
walk along the top of the terminal boards on the lower 
floor, and readily observe or adjust the apparatus 
and wiring on the under-inner side of the de^. 


outside sections, toward the Arizona and Nevada 
sides respectivdy, are provided with illuminated 
signals to indicate normal or abnormal conditions 
with respect to the various auxiliary services such 
as control supplies, cooling-water indications, bear¬ 
ing-oil indications, etc. 

All controls from the main desk are at 126 volts 
direct current. These controls operate interposing 
rdays located at their respective generator cubides, 
or at the outdoor substation, translating to the 
heavier currents required for the various devices 
such as governor controls, and also to the 250-volt 
d-c control for the circuit breakers and similar ap¬ 
paratus. 

For the various indicating and graphic instru¬ 
ments, potential is brought from the generator 
cubides at full value of 110 volts. For the current 


Station Service Control Desk 

The station service control desk is similar in 
construction and equipment to the main control 
desk. The 3 central sections are of full hdght, and 
are for the control of the 2 3,000-kva station service 
generators and the station service transformer bank. 
These sections are provided with complete instru¬ 
mentation and control comparable to that provided 
for the main generators. Automatic starting, speed 
matching, and synchronizing are provided for ^ese 
generators as is the case with the larger generators. 

The control desk sections extending from each side 
of the center are of lower hdght, because of the 
rdatively fewer instruments required thereon. These 
sections are for the control of the storage batteries 
and their charging generators, 2,300-volt feeders to 


instruments and similar devices, the normal 5-ampere 
secondary current is stepped down to 0.1 ampere by 
current transformers located at the generator cubides 
or at the switch yard. By this means, the long con¬ 
trol and instrument cables from the control desk to 
the generator cubicles or the switch yard are kept 
to a reasonable size, and excessive current-trans- 
former burdens are avoided. 

Auxiliary Control Board 

There are 2 auxiliary control boards each consisting 
of a double line of vertical panels, arranged back-to- 
back with a passageway between. These panels are 
equipped with the master automatic equipment 
used for the entire plant, that is, speed matdiers and 



Fig. 5. Schematic plan of the station, showing interconnections from control desk to the cubicles and outdoor substation 
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synchronizers and frequency and load controls; with 
recording instruments for generator-armature and 
field-winding temperatures, bearing temperatures, 
nnd transformer temperatures; with frequency, tot^- 
zing, watt, and reactive kilovolt-ampere recording 
instruments; and with voltmeters for automatic re¬ 
cording of high voltage during faults. 



Terminal Boards 

The control and instrument cables from the various 
cubicles, switch yard, station service switchgear, and 
station auxiliary switchgear are brought to terminal 
boards in a room below the main control room and 
located directly beneath the control desks or auxili¬ 
ary boards which they serve. Vertical cables con¬ 
nect directly from the terminal blocks in the terminal 
boards to the terminal blocks in the switchboards 
above. 

The terminal boards for the control desks are 
actually double units, mounted back-to-back, and 
running lengthwise under their respective desks, with 
a passageway between. Terminal blocks and test 
switches are mounted on one side, and small circuit 
breakers for the complete segregation of the 125-volt 
control circuit in the desks are mounted on the other 
side. The terminal boards for the auxiliary boards 
are similar, except that test switches and circuit 
breakers for control segregation are omitted. 

Control Supply 

The control supply for the desks is provided by a 
60-cell 125-volt storage battery, with suitable motor- 
generator charging equipment. The various cir¬ 
cuits to the switchboard desk section are supplied 
through individual circuit breakers. Not only is 
the supply segregated for each main unit, but also 
for each distinct part of the umt. The completeness 
of segregation may be indicated by the fact that 
38 2-pole circuit breakers are required for the 
control circuits of one desk section controlling 2 



Fig. 6. Simplified single-line diagram of present 
equipment 


generators and one transformer. This segregation 
permits of complete isolation automatically in case 
of a fault and manually for maintenance purposes. 
While these circuits are only 125 volts direct current 
their importance and the possibilities of high short- 
circuit currents led to the choice of Westinghbuse 
type AB automatic thermal-trip circuit breakers of 
250-volt d-c rating and 10,000-ampere rupturing 
capacity. 

Oil circuit breakers and similar apparatus are 
operated from 120-cell 250-volt batteries, one for 
each wing of the power plant, and for the switch yard. 
These control circuits are similarly segregated, not 
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Fig. 9. Section of station service control desk 


only for the individual generator or transformer units 
but also for parts of the complete unit controlled. 
A combination of circuits is permitted only where 
multiple operation is required, as for the tripping of 
several circuit breakers from the operation of a 
single set of protective relays. Circuits from the 
2 250-volt batteries are carried completely around 
the plant, so that control supply to the circuit 
breakers and other apparatus is always available. 

^ Obviously, the control desk is of little value if 
either of the batteries is out of commission, so the 
usual circuit-breaker lamp indicators are connected 
so that a failure of either the 125-volt or the 250- 
volt storage battery source will put out the lights. 

High-Speed Differential Protection 


voltages following the clearance of an external fault, 
without introducing any delay in the event of a 
fault within the differential area. 

The transformer differential r^ays will trip out 
all the circuit breakers feeding the transformer on 
both the high-voltage and low-voltage sides. The 
generator dMerentid relays will trip not only the 
generator circuit breakers, but also the neutral and 
field breakers, shut down the water wheel, and release 
carbon dioxide into the generator housing. The 
low-voltage current transformers are located to 
provide overlapping protection zones, leaving no 
section improtected. 

Differential relay operation in one cycle introduces 
hazards of false tripping resulting from faults ex- 
t^nal to the protected zone. The b alancing of dis¬ 
similar current transformers, unequal loading of 
transformers in parallel or divided power circuits, 
high ratio of fault to normal current, or slowly 
decaying d-c component of the external fault cur¬ 
rent may separately or jointly effect a saturation of 
the various cmrent transformers, and thus unbalance 
the secondary currents to cause relay operation when 
no such operation should occur. The importance 
of these factors is evident when it is considered that 
the relays must determine whetker the fault is within 
or beyond the transformer or generator and then 
operate in one cycle for an internal fault. 

If the current transformers for the high-voltage 
side of the transformer are located in the circuit 



Fig. 10. Section of station service control desk 


High-speed clearance of internal transformer and 
gen^ator faults is planned in order to Tnaintgin 
stability at the highest possible level and to limit the 
damaging effect of internal fault currents. Accord- 
m^y, the high-voltage oil circuit breakers on the 
287-kv transformer bank will clear the faxilt in 3 
cycles, and low-voltage breakers for the genera¬ 
tors and^ the transfer bus will dear in 8 cycles. The 
^fferential relays^ for both the transformers and 
the gen^ators will operate in approximately one 
cyde tmder fault conditions. These relays are of 
me bamnced-beam type with low burden characteris- 
The transformer relays are provided with 
self-conteined voltage and timing interlocks so as 
to avoid operation and false tripping on the mag- 
netiziug-current lushes, either when the transformer 
banks are energized or as a result of recovery 



Fig, 11, Section of station seivice control desk 
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breakers of the double bus system, the current 
flowing in any given current transformer may be 
considerably larger or smaller than the current flow¬ 
ing through the transformer bank being protected 
because of current passing from one bus to the 
other. The restraint in the differential relay is very 
closely proportioned to the current flowing through 
the transformer bank, but the current tending to 
produce saturation in any given current transformer 
may be larger than this by the current flowing from 
one bus to the other through the transformer 
breakers. This would result in the current tending 
to produce saturation being much larger than the 
current to prevent the relay from operating. 

The result of the d-c component of tiie short- 
circuit current and its low rate of change is to re¬ 
quire a large total flux in the current transformer 
to transform this component from the primary to 
the secondary. If the flux required exceeds the 
saturation point for the current transformer, the 
latter wiU saturate during part of the short circuit, 
which in turn will cause tiie transformer to draw an 
excessive exciting current both for the d-c component 



Fig. 13. Front view of cubicle of generator N-3 



Fig. 12. Rear view of station service control desk 


and for the a-c component being transformed at 
the same time. This results in a departure from ratio 
which can be very large in the most severe cases. 
Unless aU the current transformers involved in the 
differential protection are affected in the same way 
and to proportionately the same extent, departure 


from ratio of one or more of the current transformers 
will result in current through the differential relay 
with some hazard of incorrect operation. 

Referring particularly to the transformer protection, 
it is recognized that fi^y asymmetrical short circuits 
occur only infrequently, particularly on high-voltage 
faults, and likewise the worst short circuits occur 
only at rare intervals, and therefore the conditions 
which contribute to improper operation may be 
expected only at long intervals. However, the use 
of highly sensitive relays, and the presence of a 
slowly decaying d-c component emphasize the pos¬ 
sibilities of such improper, operation. Considering 
the relative importance to the City of Los Angeles 
of Boulder Dam power, it was desirable to elimi¬ 
nate this hazard as far as practically possible. 

A complete theoretical analysis of the entire 
subject, supplemented by numerous oscillographic 
test data, indicated that the most practical solution 
would be obtained by 3 distinct steps. In the flrst 
place, the amount of iron in both the high-voltage 
and low-voltage current transformers was increased 
several times beyond normal. In the second place, 
the amount of copper in the current-transformer 
secondary windings, and in the connections from 
the transformers to the protective relays, was in¬ 
creased several times beyond normal in order to 
decrease the burdens. Lastly, the differential relays 
for the power transformers were located at the 
switch-yard rather than in the power plant, in order 
to shorten the runs and decrease the burden for high- 
voltage current transformers where the greatest 
unbalance nught exist. All of these steps contribute 
to reduce the dangers of saturating, and thus tend 
to give , proper current transformer performance 
within the limits of the differential relays under 
both steady-state and transient conditions. 

In the case of the generator relays, the same type 
of problem exists, but the situation is more readfly 
taken care of because of the similarity of design of 
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the current transformers co-operating in the differ¬ 
ential protection scheme. 

Load and Frequency Control 

Automatic load and frequency control of t^e most 
advanced and complete type will be provided for 
eadi of the initial power systems. Any of the City 
of Los Angeles generators can be placed on the foUow- 



Fis. 14. Rear view of cubicle of generator N-3 


ing individual t 3 rpes of control regardless of the type 
of operation chosen for the remaining generators: 

1. Frequency control 

2. Adjustable proportionate-load control 

3. Independent base-load control 

This equipment consists generally of a high-grade 
Warren Tdechron type E master pendulum clock, a 
master frequency unit controller which can be 
switched to any generator unit at will, and a load 
controller for each unit. The master dock is sep- 
aratdy mounted and the master frequency controller 
and the unit load controller togeth^ with their 
accessories, are mounted on the auxiliary control 
board. A combined system frequency and time error 
recorder is mounted on the auxiliary board, and a 
time-error indicator is mounted on the control desk. 
The tunt load cont^^ are actuated by direct 
current obtained from “thermal converters” located 
at Ihe generator cubides. 

While completely automatic load and frequency 
control is provided, manual control is also avgtUable, 
with suitable interlocking to prevent contradictory 
or conflicting operation and consequent “hunting” 
of control. In addition, the load and frequency 
control automatically trips off after an adjustable 
time dday on failure of the a-c or d-c supplies or 
when the frequency, unit load, or total load exceeds 
predeteiimined limits. 

Clock Supply Eqtiijpment 

The complete plant will have approximatdy 300 
synchronous motors operating various docks, graphic 


instrument drives, etc. These docks and graphic 
instruments should be kept operating regardless of 
the condition of the main power system, and par¬ 
ticularly to obtain a graphic record imder fault 
conditions and independent of the system under 
fault. Accordingly, a 115-volt 60-cyde frequency- 
regulated single-phase supply is obtained from 2 
7 V 2 -kva generators, each driven by a d-c motor, 
energized from the main control storage battery. 
Either set can carry the milhre load of dock supply. 

The generators are regulated for voltage, which 
varies only under starting conditions, as the clock 
load is uniformly constant. Frequency is regulated 
by fidd control of the motors, taken from a standard 
frequency generator. 

The standard frequency generator comprises an 
dectrically maintained tuning fork, a vacuum-tube 
osdllator, duplicate amplifiers, etc. The tuning 
fork with its assodated oscillator generates a small 


amount of constant- 
frequency current, 
which is amplified 
to operate standard 
clocks, used as moni¬ 
tors, and to energize 
the grids of hot- 
cathode mercury- 
vapor rectifier 
tubes, which serve 
in the fidd control 
of the motors to 
maintflin constant 
speed. 

While there is 
only a single master 
tuning fork and 
standard frequency 
supply, all tubes 
used therdn are in 
parallel so as to in- 
siue continuity of 
operation and the 
field controls of the 
motors are inde¬ 
pendent. 

Fig. 15. Cross 
section showing 
relation of ter¬ 
minal boards to 
control desk with 
their interconnec¬ 
tions 


BENCHBOARD 
LOCATED IN 
ITROLROOIkO 



Suitable docks are provided to check directly the 
output of the standard-frequency tuning-fork con¬ 
trol, as well as the output of the motor genarator set. 

The equipment is e 2 q)ected to maintain a constat 
supply frequency with an error from standard time 
signals of less than one second per day. By checking 
with radio time signals, it should be possible to 
adjust so as to maintain the integrated time error 
very dose to zero. 
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Annunciator System 

A very complete annunciator and signal system is 
required because of the large number of generating 
uni t*}, distances from each other and from the main 
control room, different operating floors, and the 
possibilities of operating the generators either from 
the main control desk or from the generator cubides. 
The prindpal purposes are to provide communica¬ 
tion between the main control room and the genera¬ 
tor and governor floors, to call the operator’s atten¬ 
tion when a unit is being started or shut down, 
and likewise to call attention at the various points 
to any so-called “trouble” operation. 

Dual telephone systems provide for the usual 
vocal communication. 

For trouble indication, each of the gen^ators ^d 
the transformers, induding those for station service, 



Fis. 16. Terminal boards with doors closed 


is provided with an annundator group at each of 
its control points. For instance, for generator N-1 
there are provided an annundator group on the 
maiti control desk, one on its generator cubide, and 
one on the unit auxiliary control board in the gover¬ 
nor gallery. In each of these groups is provided a 
lamp indicator to Show 

1. Low govemor-oii pressure 

2. Hot bearings 

3. Generator-cooler failure 

4. Hot generator windings 

6. Operator cooling-water failure 

6. Differential-rday operation 

7. Overspeed 

8. Overvoltage; direct current and several others 

For each generator or transformer unit, the 
annundator groups are identical, but the groups for 
the transformers and for the station service genera¬ 
tors will differ slightly from those for the main 
generators, according to their respective needs. 
Likewise on the feeder panels of the station service 
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Fig. 17. Front view of terminal boards with doors 
open, showing control distribution circuit breakers 


benchboard, there are similar annundator groups 
to indicate, for instance, among others, 

1. Ground on 250-volt battery number 1 

2. Charger number 1 a-c supply circuit tripped 

3. Nevada wing 260-volt fwder breaker tripped 

4. Nevada canyon wall feeder trip 

5. Feeder A to switchyard tripped 

6. Feeder to N-0 to N-6 600-kva transformer tripped 

In each of the generator rooms there are provided 
large visual indicators on the generator balcony 
and on the governor gallery with numerals on 3 
sides and visible at a distance of 300 feet to incflcate 
at which unit the operator is required. Attention is 
called to these visual indicators by suitable audible 
signals, one to call the operator for standby service 
when starting up the unit, and the other in case of 
trouble. .j j . 

Appropriate audible signals are also provided m 
the maiti control room, with bright lamp indicators 
to show the unit on which trouble occurs. 

The annunciator system is operated by the pro¬ 
tective rd.ay which functions in cases of trouble; 
for instancej differential rdlays, low oil-pressure 
relays, high-tempeirature rdays, etc. The trouble 
relays will usually maintain their contacts until 
the trouble has been corrected. When trouble 
occurs, the audible alarms will sound in the main 
control room and in the generator balcony and the 
governor gallery. These alarms will sound for 
approximatdly 10 seconds. and then will reset 
automatically so as to be ready for the next trouble 
indication. At the same time, the large visual 
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^dicators in the galleries will show the number of 
* on which trouble has occurred. One lamp 

indicator in each of the corresponding groups on the 
control board panel, the generator cubicle, 
unit auxiliary control pand in the governor 
galleries will be illuminated. After the trouble has 
been <deared, the annunciator indicator lamp can 
be extinguished by a reset push button at each 
group, but any attempt to do this before the trouble 
contacts have opened is futile. In addition, the 
operation or resetting of the annunciator indicator 
IS not permitted to interfere with the automatic 
release of the audible alarms and their preparedness 
for further signals. The resetting of the annunciator 
indicator is done independentty in each group, 
without affecting the indicator at another group. 
Likewise, resetting the alarm and annunciator 
indicators for one fault does not interfere in any way 
with the reception of signals and indication for 
subsequent faults. 

On the end panels of the station service control 
desk are provided vertical rows of signal windows, 
to indicate the condition of the auxiliary control 
necessary for the generator units. For instance, for 
each main generator there are provided 10 lamp 
indicators for the a-c auxiliaries, including among 
others: 



Transformer cooling water 
Transformer-oU circulation 
Fan itidication 

Generator cooling-water indication 
Auxiliary control transformer 
Governor oil-pump indication 

and 7 signal windows for the d-c auxiliaries, including 
among others: 

Generator bearing oil-pump indications 
Generator field breakers 
Generator differential-relay pilot lamp 

Kach signal window is about one inch square and 
is covered with a white translucent front on which 
designation of the equipment it represents is lettered 
in black, with a low-brilliancy lamp in back to 
indicate a normal condition. 

It is obviously impossible to go into the detail of 
switchboard circuits and methods for a plant of this 
size. The foregoing description of a few of the prob¬ 
lems gives a measure of the complexity of the over¬ 
all switchboard problem and some clue as to the 
completeness of ^e plans adopted. 

Some further illustration of the problems may be 
obtained by considering that the electrical equipment 
in a plant of this size naturally represents many 
manufacturers. The main purpose of the switch¬ 
board is to control all of these electrical equipments, 
and to do so with a uniformity of methods that will 
facilitate operation and subsequent maintenance. 
For instance, the switchboards control oil circuit 
breakers of 3 manufacturers and air circuit breakers 
of 2 manufacturers. Each oil circuit breaker had 
originally its own control scheme, and while the 
distinctive features of each manufacturer have been 
retained, those different control schemes have been 
molded into ati over-all uniform scheme. 


Fig. 18. Rear view of terminal board with doors 
removed, showing terminal blocks and test switches 


Voltage regulators, load and frequency re^lators, 
and automatic speed matcher and S)nachronizers are 
supplied by 3 different manufacturers. The switch¬ 
boards provide mounting for graphic instruments 
from at least 2 manufacturers. All of these must 
be co-ordinated into a uniform and operating system. 

While considerable emphasis has been given to 
the switchboards for the City of Los Angeles, because 
their 4 generating units are being controlled by the 
initial installation, the same features of design apply 
to the switchboards for the Southern Sierras Power 
Company. 

It has been part of the fundamental plan to provide 
switchboards which will be complete in every detail, 
for every operating requirement of the best t 3 rpe of 
station, yet there is a simplicity, directness, and 
uniformity of design that will make operation and 
its attendant maintenance problems as simple as 
possible. The Boulder Dam switchboards are 
entirely modem and up to date, without departing 
from sound practice. They prove the feasibility 
of conventional switchboard design for a generating 
plant of this size and character. 
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Electrical Water-Level Control and Recording Equipment (or 

Model of Cape Cod Canal 


By H. L. HAZEN 

ASSOOATE AIEE 


Control of water level according to a predeter¬ 
mined cycle and its automatic recording in a 
model of the Cape Cod Gnal have been accom¬ 
plished by electrical means which depend (or 
operation upon the capacitances between the 
surface of the water and metal plates suspended 
above the water. The theory of operation and 
the apparatus are described in this paper. 


C APE COD, which extends Control of water level a< 

southeastward approxi- mined cycle and its au 

mately 40 miles from the model of the Cape Cod ( 

general coast line of Massa- plished by electrical m< 

chusetts, was cut by a canal operation upon the cap 

some years ago to shorten surface of the water and 

coastwise shipping routes. In above the water. The tl 

connection with the enlarge- . the apparatus are desc 
ment of this canal to facilitate 
the passage of large ocean 

vessels, certain problems arose that made it desirable to 
study the flow of water in the canal and in. the adjoming 
portions of Cape Cod Bay and Buzzards Bay, using a 
hydraulic model. These model studies were undertaken 
as a co-operative project by the department of civil and 
sanitary engineering of the Massachusetts Institute of 
Technology, Prof. C. B. Breed in charge, and the Corps 
of Engineers, U.S. Army, Col. John J. Kingman, district 
engineer. The experimental work is being done at the 
River Hydraulic Laboratory at Massachusetts Institute 
of Technology under the direction of Prof. K. C. Re 3 molds. 

Relatively high velocities of flow occur in the Cape 
Cod Canal, caused by the fact that the tidal range m 
Cape Cod Bay is somewhat more than twice that in 
Buzzards Bay, that is, the tides are more than twice as 
high, while the relative time phases are such that high 
water occurs in Buzzards Bay about 3 hours or a quarter- 
period before it occiurs in Cape Cod Bay. In order to 
study by means of a hydraulic model the effect of en¬ 
larging the canal on these velocities, it is evidently neces¬ 
sary to reproduce in miniature the tidal water-level 
variations in the basins at the ends of the model canal. 
This requires automatic water-level control equipment. 
It is also necessary to obtain accurate, water-level records 
at numerous stations along the canal and the adjoining 
waters of the model, as these readings constitute the 
useful data. 

Both the automatic water-level controllers and the 
water-level recorders require a means of measuring the 
average water level over an area of a few square inches. 
Floats of any sort have proved unsatisfactory for this 
purpose because of the rather large and uncertain errors 
introduced by surface tension and by dynatmc hydrauUc 
forces. Floats also introduce an uncertain effect on 
flow in the model. Staff gauge water-level readings are 
subject to error because of surface waves which ^e 
unavoidable in this model. Because of these difficulties 
the electrical methods described in this paper were 
developed. 

The model, built on a horizontal scale of 1 to 600 and 
a vertical scale of 1 to 60, represents the 8-mile canal 


:cording to a predeter- together with IIV 2 square 

omatic recording in a miles of Buzzards Bay at its 

ianal have been accom- southern end and one square 

ans which depend for mile of Cape Cod Bay at its 

Bcitances between the northern end. These areas of 

metal plates suspended bay at either end are sufficient 

leory of operation and to extend to deep water where 

ribed in this paper. the tidal water levels can be 

assumed to be unaffected by 
any flow from the canal. By 
causing the water levels at these 2 deep-water ends of the 
model to follow any desired tidal cycle, the water levels 
and flows throughout the model are made to reproduce in 
miniature and to scale those occurring in nature. In this 
way thp effects that any dredging will have on navigation, 
or the dredging profiles that are necessary to secure given 
depths of water, can be predetermined. 

The water-level control problem is essentially that of 
making the water levels at the deep-water ends of the 
model bay areas rise and fall in accordance with the tides 
previously observed in nature. This water-level control 
is accomplished by 2 simultaneous adjustments. The 
first, or coarse, adjustment is obtained by a time-con¬ 
trolled flow of water into the deep-water end of each 
basin such that the tidal cycle would be reproduced to a 
first approximation without additional control. The 
second, or accurate, water-level adjustment is accom¬ 
plished by automatically controlling the height of a dis¬ 
charge weir located at the deep-water end of each basin 
in accordance with the observed mstantaneous error in 
water level near the weir. 

In a basin covering a few hundred square feet, the rate 
of rise or fall of water level can-be changed only slowly 
without causing serious waves. Therefore, a sensitive 
control device is required which will detect and correct 
an error in water level before it has become large enough 
to require a large change in weir discharge. Conversdy, 
a sensitive control is subject to oscillation or hunting 
iinlpRs special care is taken to avoid it. Thus, the prob¬ 
lem requires a compromise design based on a quantitative 
analysis of the dynamics of the entire system involved. 

Attention is confined in this paper to the electrical 
control and recording eqmpment. The hydraulic aspects 
of the study are presented in an unpublished report by 
Prof. K. C. Reynolds. ___ 

A paper recommended for pubUcation fay the AIEB committee on automatic 
TtaK! Manuscript subiitted June 16. 1986; released for publ.cat.on 
September 3, 1936. 
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Layout of Water-Level Control System 

As stated in the preceding section, the water levels in 
the 2 basins at the ends of the canal must be continuously 
adjusted so that the tidal levels observed in nature are 
correctly reproduced to scale in the model. This is done 
as follows: 

A master “time” unit is used to control the sequence of 
all model tidal phenomena. This consists of an adjustable- 
speed d-c motor which is geared to a so-called Selsyn 
transmitter, and also to a valve-control shaft. The Sel^jni 
transmitter drives 2 Selsyn synchronous motors, one near 
the weir of each basin. Each of these Selsyn motors is 
geared to a disk cam. The gearing and Selsyn units are 
so designed that the valve-control shaft and the 2 disk 
cams revolve synchronously at a speed of one revolution 
per tidal cycle. In nature the period of this cycle is 
about 12.42 hours, which is reduced to 9.63 minutes in 
the model; Bach of the disk cams is essentially a polar 
plot of the tide-level curve for its basin. The problem 
then is to make the water level reproduce the tidal data 
given on the cam. 

This is done by means of the apparatus shown sche¬ 
matically in figure 1. The cam continually adjusts the 
height of the “level unit” through the lever Li. On this 
levd unit is a plate P. Through the amplifier, weir 
motor, and rack and pinion, the weir is so controlled by 
the level unit that the water level tends to remain at a 
constant distance D from plate P. As the cam is driven 
by the master time unit, the water level is made to repro-^ 
duce the tidal curve. Lever Li provides damping in a 
manner explained in detail subsequently. 

Evidently if this scheme alone were used to control the 
water level, enough water would have to be continuously 
supplied to the basin to raise the level at the most rapid 
rate called for by the tidal curve and to provide an excess 
for control by adjustable spillage over the weir. Also the 
weir would have to have a relatively large maximum 
spillage to lower the water at the maximum rate and dis¬ 
charge the inflow at the same time. To reduce the inflow 
of water required, and also to reduce the amount of con¬ 
trolling action imposed upon the weir, the simple e3q)edient 
of controlling the water input to each basin by valves is 
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Fig. 1. Sche¬ 
matic diagram 
of water-level 
control mecha¬ 


nism 



used. Adjustable cranks on the valve-control shaft 
mentioned above operate ordinary gate valves through a 
lever system. Each gate valve controls the water sup¬ 
plied by gravity to one basin from a central constant- 
head tank. By suitably adjusting both the stroke and 
phase angle of these cranks, the amount of water-pump 
and weir capacity can be greatly reduced and the final 
level control made much more accurate. A separate 


ADJUSTABLE 
I K WEIR 

is_^ 



VALVE-CONTROLLED- 
WATER SUPPLY 


Fig. 2. Diagram 
of a portion of a 
basin showing di- Qo- 
mensions used in 
the analysis 


valve-controUed water supply and weir-control unit is of 
course necessary for each of the 2 basins. 

In the following section an analysis of the dynamic 
behavior of this water-level control system developed for 
the purpose of designing a stable and sufficiently accurate 
system is given. 

.^alysis of Control System 

Figure 2 shows schematically a portion of a basin 
representing the bay at one end of the canal for the 
purpose of indicating some of the hydraulic dimensions 
used in the control analysis. Three components of water 
flow affect the water level in this basin: first, the flow 
in and out from the canal; second, the flow in from the 
constant-head tank, controlled by the crank-operated 
gate valve; and third, the flow out over,the weir. When 
the algebraic sum of these 3 components is correctly 
adjusted the water level in the basin will follow the pre¬ 
scribed tide-level curve. The first component is not 
subject to arbitrary control. The second component is 
an adjustable periodic function of time. Preliminary 
analysis showed that it should be such a fimction of time 
that the third component or w^ discharge is approxi¬ 
mately constant. This third component is then adjusted 
from instant to instant by the automatic control of the 
weir height to reduce the residual error in water level to 
a negligible value. . 

The analysis that follows applies to the action of the 
automatic weir-height control device. Let 

ft® = desired height of water at any instant (feet) 

Au, = actual height of water at any instant (feet) 
w . = height of weir crest (feet) 
t = time (seconds) 

Qo net inflow to basin including flow from pump and canal 
(cubic feet per second) 

Q «= weir discharge under head h (cubic feet per second) 

ft != head on weir (feet) =» A® T W 

ho *= avera:ge value 6f ft (a constant) _ ^ 

I length of weir (feet) 

A = area of basin (square feet) 

All heights are measured from Sn arbitrary datum plane 

Two equations describe: the motipfl of the system 
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Fig. 3. Water-level controller cir¬ 
cuit 

Q = 0.01 microfarad 
= 4/000 ohms 
Q “ 0.0001 microfarad 
Ri = 30 megohms 
C* «= 0.17 microfarad 
/?* = 1.0 megohm 
C* «= 0.003 microfarad 
Rt = 50,000 ohms 
Gb = 1.05 microfarad 
Ri 50,000 ohms 
Ri = 1,500 ohms 

Tt s= Audio transformer (Sampson type/) 



The first is the water-level equation 

^ Qo ~ Q ( 1 ) 

* " A 

The second equation describes the control action exerted 
on the weir, which can be arbitrarily specified. Prelimi¬ 
nary analysis indicated that this control system would 
operate properly if the weir speed were made to depend 
linearly on the sum of 2 quantities, the error in water 
level, and the departure of the head on the weir from its 
average value. The weir-height equation is then 

~ - g(he — hie) <«(*» - 111 — ho) (2) 

at 


From equation 6 it may be seen that the average weir 
discharge Cave the constants ho and gi. It also 
fibces the constant term of g^. 

Putting equation 4 in equation 1, 

^ “So - fli(^ -V) - ho) (7) 

at 

Differentiating equation 7 with respect to time, sub- 

d 

Stituting equation 2 in the result, writing p for and 
rearranging gives 

P*hie + QxPhte + mphfo + QxShie — gighe — Pgt = 0 ( 8 ) 

Since the error in water level is desired rather lhan the 


in which g and m are constants. The right-hand term in 
equation 2 introduces required damping, as shown subse¬ 
quently. The coefficients g and m are to be fixed by the 
given, allowable error and the necessity for aperiodic 
operation. 

Before combining equations 1 and 2, Q must be ex¬ 
pressed in terms of the head on the weir. The law assumed 
for the weir discharge was 

Q = 3.BBlh*^* (3) 

which can be put into an approximate linear form in 
{h — ho) for heads near an average head ho by using the 
first 2 terms of a Taylor’s expansion about ho. Thus 

Q ^ 3.33 lho*^* +5.00 lho^^*(Ji-ho) 

within about 5 per cent for 0.7 ho < h < 1.6 ho. Substi¬ 
tuting this approximation in the right-hand term of 
equation 1 gives 



Fig. 4. Diagram of clamping lever 

Vindicates position of Pp for zero alternating potential on grid 
of tube 


^ » ffo — Whu - w - ho) 

in which 

Qo - 3.S3lh//* 

A 

and 


^ - s.oo^ Vk 


constant 


(’*) actual height of water, equation 8 is rewritten using a 
change of variable 

he-hie 

in which 5 = error in water level in feet. Putting equa¬ 
tion 9 in equation 8 and solving for 5 giv^ 

J ip "h gl + w)phe — (g + 

" -F (ffi + w»)p + 2i£ 

In equation 10, and g^ are time functions that cm be 
determined from the tidd-levcd data, ^e valve-crank 
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. Fig. 5. Typical leveUcontroller performance 

Scales A for nature; scales B for model 

Circles are actual tidal data obtained at Cape Cod Bay 
approach to canal. Solid curve is idealization of these data 
for model tide cycle. Other plotted points are typical 
water-level records taken in course of model studies 


adjustments, and the dimensions of the basins; qi is a 
constant fixed by the constant component of weir spillage 
due to the average weir head hg. 

In order to determine m and g, 2 additional conditions 
need to be imposed. The conditions selected are, first, 
that the operation must be aperiodic, and second, that 
the maximum value of the error 8 shall not exceed a pre¬ 
scribed amount. For critical aperiodic operation, the 
denominator of equation 10 must have equal real roots, 
which imposes the condition 

(fit + «)* * 42if (11) 

The error condition is next imposed. A consideration 
of various features of the model study led to the selection 
of 0.0010 foot (equivalent to 0.06 foot in nature) as the 
maximum permissible value of 8 which, preliminary 
calculations indicated, could be attained with reasonable 
apparatus. 

It is subsequently shown that qi << m and that there¬ 
fore the numerator of equation 10 can be written with 
sufficient accuracy as 

Xp + m){phe - fifl) (12) 

But pht — qo is the residual flow per unit of basin area 
which the automatic control must correct by adjustment 
of the weir, and can therefore be approximately described 
as a known function of time for either basin. 

Thus far the analysis has been general, that is, it applies 
to any system of the t 3 rpe described. At this point it is 
desirable to insert actual numerical values, which necessi¬ 
tates considering a specific case. The end representing 
Buzzards Bay is arbitrarily chosen for the numerical 
work that follows. 

Examination of tiie expected flow relations in the model 
of Buzr^ds Bay shows ^t this residual flow wfll impose 
on the automatic control a condition ho more severe than 


that imposed by a sine-wave flow having an amplitude 
of 0.20 cubic foot per second and a period one-third that 
of the main tidal cycle. The main tidal period in the 
model is approximately 9.6 minutes. Therefore, for the 
basin of 900 square feet area the residual level variation 
to be corrected can be assumed for the purpose of design 
to have the form 

27r 

Ph — fio = A sin 3 ~ i (13) 

in which 

T = the period of the tidal cycle in model (seconds) 

A =: amplitude of assumed residual level error to be corrected by 
automatic control (feet) 

Putting in the above numerical values, 

, 0.20 . « 2ir 

phe — fio = -sm 3-:— t 

^ " 900 9.6 X 60 

= 2.22 X 10sin 0.0327f. 

Replacing p in equation 10 by joz where ws is the angular 
velocity of the assumed residual level variation and j — 
\/—1, and remembering that qi << m, gives 

i.- HL+p - (j4) 

A —•«!* -t* tnjiiat -)- Qig 

Using the simplified condition for critical damping 

fiig » j (IS) 

in equation 14 gives 
8 m+Ja, 

Trial shows that ws < < w, when equation 16 becomes 
$ 4 

•— ss — 

Am 

Putting in numerical values gives 


4 X 2.22 X 10~* 
0.0010 


0.89 foot of wdr height per second for one 
foot departure of the weir head from ho 


The quantity qi must now be evaluated. The average 
weir discharge for the conditions under which the autp- 



Fig. 6. Circuit diagram of water-level recorder 

T?! " 30 megohms Ci — 0.0001 microfarad 

rmf ru and r# vary from unit to unit 
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matic control is to work is 0.7 cubic foot per second, Fig. 7. Typical 

which gives a value for the weir 12 feet long of c a I i b r a t ion 

g ^2 z I - curves for 

Oi =« -— = 0.0174 (dimensions same as for»») water** level 

>3^X12 

The assiunptions m << m and qi << m can now be 
checked. Thus 

HV/—High wa- 

b)s ” 0.0327 ter 

qi = 0.0174 , ^ 

tn - 0.89 /t-Recorder a 

narrow channel 

which shows them to be justified within the accuracy section adjacent 
justified by other date. to bridge piers 

The constant g can now be calculated from equation 15. g— Recorder a- 

way from dis- 

g ^ ^ ^ « 11.4 feet of weir hdght per second for turbing structures 


Z 

5I98S99 


4 X 0.0174 Qjjg jjj ^ater level 


This completes the dynamic analysis, as all parameters 
are fibced. 

Design of Apparatus 

Having determined the necessary numerical values of 
t, h<* damping coefiicient w and the level-restoring coeflS.- 
cient g, which are the ,2 important d 3 mamic parameters, 
the problem shifts to the design of apparatus that will be 
characterized by these values. This apparatus includes 
3 essential parts: first, a level-measuring device; second, 
an amplifying device and motor to furnish power to 
operate the weir in accordance with the indications of the 
level indicator; and third, a suitable mechanism for 
inserting the damping described by the coefficient m. 
These parts will be described in order. 

Figure 3 shows schematically the electrical features of 
the level indicator, amplifier, and weir-driving motor. 
The level indicator is essentially an electrostatic potential 
divider consisting of the water surface and the plate Pi 
as its terminals between which the plate Pg picks up 
electrostatically a potential intermediate between that 
of Pi and the water. Plate Pi is maintained at a 60-cycle 
alternating potential of 700 volts, effective value, above 
the potential of the water by the transformer Pi.^ The 
g;rid-to-cathode voltage of a type 6C6 pentode is ihe 
difference between the potential of plate Pg and the mid¬ 
point of the 700-volt winding of Pi. The plates Pi and 
Pg are fixed mechanically with respect to each other and 
are moved as a unit by the water-level cam previously 
described. At some water level, P, and the midtep of 
Pi will be at the same potential, and hence the grid-to- 
cathode voltage will be zero. If the water level is above 
tbifi balance level, the grid will have impressed^ on it a 
60-cycle voltage of a certain phase. If the level is below, 
the phase of the grid voltage will be displaced 180 de¬ 
grees. Parts Pi and Ci constitute a ph^-correcting 
circuit for making the voltage between a and 6 precisely 

in phase with the voltage between 5 and o. This is 

required because the 2 secondaiy halves of Pi are differ- 

entiy loaded. _ 

Although the capacitance between P, ^d Pi or Pg 
and the water is only about 20 micromicrofarads, the 


extending above 
water 
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circuit is very stable and requires practically no shielding. 
This is due in part to the excellent insulation of P„ 
obtained by mounting it directly on the grid cap of the 
tube. 

The amplifier consists of a type 6C6 pentode and 2 
type FG57 th 3 nratrons. The thyratrons are so biased by 
irifianft of the resistance drop in P 7 that they fail to fire 
when no alternating current is present in the plate 
current of the pentode. Both have the same plate voltage 
but the a-c components of their grid voltages differ in 
phase by 180 degrees. The circuits are so adjusted by 
Cs, Pa, and C 4 that their grid and plate voltages are either 
in phase or 180 degrees out of phase. Consequently when 
the water level is above or below balance level, one or the 
other of the thyratrons fires, taking current from the 
230-volt 60-cycle supply through the d-c motor armature 
A and one motor field Pi or P 2 , thus driving the motor in 
one direction. To maintain correct phase relations this 
230-volt supply must necessarily come from the same 
feeders as the 110-volt supply for Ti. If the other thyra- 
tron is fired, current flows through the motor armature 
and the other field, driving the motor in the opposite 
direction. The motor drives the hinpd weir through a 
reduction gear and rack and pinion, as indicated in figure 1. 
Of course connections must be so made that a low water 

level raises the weir, and vice versa. 

One other feature of the circuit will be mentioned. 
The motor (and weir) speed should be proportional to the 
indicated error in water level. The alternating voltage 
on the thyratron grids is proportional to this error. But 
the thyratrons are “on” and “off,” that is, not smoote- 
control devices when used in this way. Howev^, by 
driving an a-c magneto J14’ by the motor, rectifying its 
output, and charging capacitor Cs, which is shunted by 
a leak Ps, an additional d-c bias can be apphed to the 
thyratrons. If this additional bias exceeds the peak 
value of the a-c grid voltage, it will cause the pre^oudy-* 
firing tube to cease firing until Ike motor Speed has de- 
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creased. Thus the average motor speed is kept very 
nearly proportional to the indicated error in water level. 

Thus far no mention has been made of introducing 
damping. This important aspect will now be considered. 
Equation 2 can be written 

dw \ s m n 

— ■=(«-»*) - he-K -(ttf + ho) (17) 

dt \_g — m g — m J 

in which the weir speed (dw)/(dt) is a linear function of 
3 heights—^the desired water height kg, the actual water 
height h„, and the weir-crest height w, being a constant. 
This suggests the linkage shown in figure 4. The weir 
speed is proportional to the distance if x: is small, by 
which the plate system PiP, is removed from its zero 
indication position, that is 

dw 

dt 

Since the water height is a directly additive (with nega¬ 
tive sign) component in x, evidently k — g — m and 

e nt 

X *» - he — hta — - (jo + ho) (18) 

g — m g — m 

or 

e m 

X + Jhe => - he - (jo + ho) (18a) 

g — m g — m ' 

The linkage of figure 4 will produce this result if 


over the basin at a finite rate. The second reason is that 
a lowering or raising of the weir also produces a local 
lowering or raising of the water level due to a changed 
discharge rate. This level change also propagates at a 
finite velocity. 

If the water-level indicator for the controller is not very 
dose to the weir,, there is an appreciable time lag between 
the change in water levd at the weir and the change of 
level at the level indicator. Such time delays in general 



k. = ^ 

lu g-m 

Putting in the numerical values for the design for Buz¬ 
zards Bay gives 


Fig. 8. Level-recorder unit in place over canal 

Plate Pff (fiaure 6) appears immediately above "bridge piers" 
in canal. Plate Pi is the hood immediately above Pg. Tube 
VTi and resistor P» appear above framework 



As mentioned earlier in the paper, all heights are measured 
from any common datum plane. 

Final e:iqperimental adjustments of the constant g were 
made by gear ratios and the values of Ps and Ci (see 
figure 3). 

A similar calculation was made for the Cape Cod Bay 
basin controller which need not be repeated here, since it 
merely involves different numerical values. 


Practical Considerations 


have the effect of introducing negative damping into any 
control system, that is, they tend to set up oscillation. 
In this installation this time lag was appredable, which 
necessitated introducing somewhat more damping than 
that called for by the analysis. Final adjustment of the 
damping was made experimentally under actual operating 
conditions. 

In the analysis it was assumed that the residual flow to 
be controlled by the automatic controller was made small 
by carefully adjusting the gate-valve cranks. In actual 
operation it proved more expedient to adjust these cranks 
only approximately and to make final adjustment of the 
tidal cycle by filing the control cams to a shape slightly 
different from the actual tidal curve. Since each tidal 
cycle is given a considerable amount of sttidy, the time 


required to adjust the cams for each new cycle by filing is 
In the theoretical design given above, certain idealiza- relatively unimportant. The advantage of making final 
tions wore made- that are not realized in practice. One adjustment by filing the cams is that there is a much more 
of the most serious of these is the tacit assumption that (firect and easily-visualized relation between the readual 
the water level changes at the same rate over the entire water-levd error and the change m the cam necessary to 
bashii following an adjustment of the weir height. Actu- correct it than there is between this error and the corre- 
aUy this is. not so for 2 reasons. The first is that the weir spondmg corrective change in valye-crank setting. Once 
displa,ces water when it is inpved. This sets up a wave the cariis are corrected, the tidal cycle repeats accurately 
of lugher or lower level, depending on whether the weir is thereafter, independent of «my minor; (changes m the qana^^ 
rmsed or lowered^ th^t propagates away from the weir flow caused by trial modifications of the model. 
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Controller Performance meters. Plate Pg is 2.5 centimeters or more from the 

high-water level to avoid difficulties resulting from splash- 
After the adjustments described, together with certain ing, while the canal section in some cases is only about 
min or circuit adjustments, were made, the controllers 13 centimeters wide at the top. These conditions made 
were put into operation in November 1935, and they have it difficult to reach the desired accuracy with simple 


operated consistently since then with little attention. 
Errors in the water level of the 2 basins have been within 
the limi t.*; established as satisfactory for the studies to be 
made. Rough tests were made of the dynamic per¬ 
formance of the controller which showed that the device 
was operating in substantial accord with the design calcu¬ 
lations. The significant test, however, is the performance 
of the controllers in accurately controlling the water 
levels under actual operating conditions. Typical per¬ 
formance data are shown in figure 5. In this figure the 
circles represent actual tidal data recorded at the Cape 
Cod Bay approach to the canal. The solid line is the 
slightly-idealized tidal cycle derived from, these data to 
be reproduced in the model. The re mainin g plotted 
points are those obtained on the model during a series of 
typical runs. 

Water-Level Recorder 

Attention is now turned to the other apparatus used 
on the ^atial model which is of interest to electrical engi¬ 
neers, namely, the water-level recorders. 

As in the case of the water-level indicator for the water- 


equipment. 

Proper shaping and placing of plates Pi and Pg are 
important in order to obtain adequate sensitivity at low 
water when the capacitance of Pg to the canal walls is 
nmrTi larger than its capacitance to the water surface, 
and when the rate of change of the latter capacitance 
with respect to water level is small. Conversely, at high 
water the rate of change of this capacitance with water 
level is relatively high. A reasonably linear calibration 
curve was obtained by using the steepest part of the 
curve for grid alternating voltage versus plate direct 
current at low water, and the flatter part at high water. 
Typical calibration curves are shown in figure 7. Because 
some grid alternating voltage is necessary even at low 
water, no phase-correcting circuit was required on the 
350-700-volt half of the a-c high-voltage supply for a 
level-recorder unit. 

Another aspect that must be given careful attention is 
the error resulting from variations hi screen voltage. 
Unless some form of compensation is used, this error can 
easily become as much as 2 or 3 millimeters of water level 
per volt change in screen voltage at 130 volts for the 6C6 
tubes used. By using a second fiCfi tube VTi with fixed 


level controller, floats were barred for level recorders 
because of the serious and uncertain errors introduced by 
surface tension and by dynamic forces caused by water 
currents. The general scheme adopted for the water- 
level recorder is similar to that described hereinbefore, 
that is, the water surface is used as one electrode of an 
electrostatic potential divider from which the grid poten¬ 
tial of a pentode is derived. In the recorder, however, 
the variation in the d-c component of plate current rather 
than in the a-c component is used to indicate the wato 
level. This d-c component is indicated by a d-c milh- 
ammeter. The simultaneous recording of th& indications 
for the 9 water-level stations in the model is done photo¬ 
graphically. 

In figure 6 is shown the circuit of a recorder. The chi^ 
diff^ence between this circuit and that of the first tube in 
figure 3 is the method of utilizing the output. In the 
recorder circuit, the fixed plates P i and P, are so placed, 
and the adjustable plate C so set, that at the lowest 
water level the capacitance between the water and Pg is 
slightly greater than that between P, and Pi, thus im¬ 
pressing sufficient alternating voltage on the grid to reduce 
the plate direct current slightly (about 10 per cent) below 
its value for equal capacitances. As the water level is 
raised, the capacitance unbalance and hence the grid 
alternating voltage become greater, decreasing the plate 
direct current. Thus the plate direct current is a measure 
of the water level. This is the general scheme of opera¬ 
tion. j 

A number of refinements are necessary to reduce the 

errors. The goal for error was set at 0.6 millimet^ 
probable error for level ranges up to about 4.5 centi- 


[model of cape cod canal 

GAG-E HEIGHT METER5 


DATE 
Dacra EB 



FI9. 9. Instru¬ 
ment panel lor 
water-level re¬ 
corder 

The 9 milliammeters 
indicate water levels 
at9 stations in model. 
Water levels are ob¬ 
tained from calibra¬ 
tion curves 


grid voltage (see figure 6), this sensitivity to changes in 
screen voltage is considerably reduced and at the same 
time a convenient means is provided for suppressing the 
zero of the d-c plate milliammeter A. The screens and 
heaters of both tub^ are supplied from the same sources. 
By suitably adjusting the values of Ihe resist^ces 
r„ and Tt hi the milliammet^ m^, the milhammeter 
riding can be made to range over any desired fraction of 
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full scale for any given range of water-level variation. 
By adjusting the resistance Ri, th^ readings can be 
centered on the meter scale. The resistance is made 
large enough so that the temperature error due to copper 
in the milliammeter is made negligible. This feature is 
pertinent because of the rather wide fluctuations in tem¬ 
perature occurring in the building in which the model is 
located. 

The best shape of calibration curve for water level 
versus milliammeter reading is obtained by properly 
shaping and placing the Pi and plates, and finally by 
adjusting the low-water grid alternating voltage with the 
small auxiliary capacitor plate C. 

Both alternating and continuous voltage regulators are 
used in the power-supply circuits because of the high 
degree of consistency required of the tubes and circuits. 
By this means the cathode temperature, the grid alter¬ 
nating voltage, and the screen voltages are maintained 
within the necessary dose limits. 

Fig^e 8 is a view of an assembled level-recorder unit 
in place over a section of the model canal. The instru¬ 
ment panel containing the 9 milliammeters, a clock, and 
a place for data pertaining to a run is shown in figure 9. 
This is photographed at intervals of 20 seconds through¬ 
out a tidal cyde lasting 9.63 minutes by means of a 
35-millimeter motion-picture camera. After the film is 
devdoped the meters and dock are read from the pro¬ 
jected image of the negative. Figure 9, in fact, is repro¬ 
duced from one of the photographs taken in routine 
recording. 

Perfonnance of Water-Level Recorder 

The recorders have been in operation practically con¬ 
tinuously since November 1935. With them levd meas¬ 
urements have been consistently obtained that utilize 
the full hydraulic accuracy of the modd. 

In general the uncertainly of a current reading has been 
found to be of the order of 0.005 milliampere in a recorder- 
cmxent range of about 0.8 milliampere. In terms of 
water levd this represents an uncertainty of from 0.12 to 
0.25 millimeter. Using the vertical scale factor of 1 to 
60 between, model and nature, this uncertainty is seen to 
represent from about 0.025 to 0.05 foot in nature, the 
larger figure being assodated with the larger tidal ranges. 

To achieve this precision requires careful calibration at 
intervals of 2 or 3 weeks. Other operating precautions 
are also necessary, such as careful control of all voltages, 
and allowing a warming-up period of about half an hour 
previous to taking read^gs. As stated hereinbefore, 
both alternating and continuous voltages are automatically 
controlled by voltage regulators whose settings are checked 
by manual adjustment. Good-grade portable voltmeters 
have suffident accuracy for use in this checking and 
adjustment. 

The prihcipail cause for frequent calibration is the 
gradual diange in the mutual conductance of tubes 
Use. Because of this diange it is occasionally necessary 
to readjust the resistance r^, shown in figure 6, in order 
to maintain a working range of 0.8 to 0.9 of full scale on 

2U 


the meter for the working range of water levd. This is 
done before a calibration and occasions little incon¬ 
venience. 


Summary 


The dectrical equipment described in this paper has 
made possible the successful reproduction of tidal cydes 
and accurate recording of water levds in a hydraulic modd. 
The equipment is rdativdy simple and indipensive. 
Although requiring some care in operation, it has proved 
entirdy serviceable and has been in practically continuous 
use since the installation was completed in November 
1935. Ordinary adjustments are made by engineers with 
little dectrical training. The results obtained with this 
dectrical equipment are sufBciently accurate to make 
the hydraulic errors the controlling factor in the over-all 
accuracy of the modd studies. 
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Lightning Currents in 132-Kv Lines 


By PHILIP SPORN I. W. GROSS 

FELLOW AIEE ASSOCIATE AIEE 


Data pertaining to lightning currents actually 
measured in tower structures, counterpoises, and 
ground wires on 132*kv lines during 1933-36 
are presented in this paper. It is concluded that 
stroke currents rarely exceed 150,000 amperes, 
although 220,000 amperes has been indicated, 
and that currents as high as 60,000 amperes 
measured in the oym-head ground wires indicate 
the necessity of adequate shielding of the line at 
station entrances. 


T he organized field and Data pertaining to ligi 

laboratory investigations measured in tower struct 

on the effects of lightning ground wires on 132-kv 

on electric systems and appa- are presented in this pap 

ratus, started some 10 years stroke currents rarely ex 

ago, have uncovered many of although 220,000 ampe 

the mysteries of lightning af- and that currents as hi 

fecting linp performance and measured in the ovwhea 

equipment protection. Volt- the necessity of adequati 

age magnitudes and polarity station ei 

have been measured, wave 
shapes determined with some 

degree of completeness and certainty, and frequency 
and severity of lightning disturbances observed. 

As various theories of the mechanism by which light- 
ning produced its disturbing effect on electric systems 
were put forth, discussed, and checked against the field 
operating experience, it became apparent that a fuller 
knowledge of the currents in the lightning stroke itself, 
and their distribution in the various parts of the electric 
system subject to its influence, were urgently needed to 
help solve the problems of lightning protection to lines 
and equipment. 

Having actively entered into the very early investiga¬ 
tion work mentioned above, and having recognized the 
value of this work in bringing about better service to 
electricity consumers and greater protection to apparatus, 
the authors have continued without interruption the 
field investigation work first started some 10 years ago. 
However, during the past 4 years their research has 
centered about the problem of dete rmin i n g lightning 
currents in strokes themselves, and in various parts of the 
transmission network. This investigation has been con¬ 
ducted on the properties of the American Gas and Electric 
Company and in co-operation with the General Electric 
Company. 

In this paper there will be presented in a summarized 
form the high points of the field data obtained during 
the period 1933 to 1936, inclusive. Particular emphasis 
will be laid on the lightning currents actually measured 
in lightning strokes, tower structures, coimterpoise wires, 
and ground wires. Correlation of line performance with 
these data will be given to the extent warranted by the 
data. However, the authors believe that, in view of the 
large volume of field data secured in this investigation 
of the past 4 years, it will be best to use available space 
to present the maximum amount of pertinent data, inter¬ 
preting and correlating only the most important parts 
of those data. 

The investigation was carried out on 2 132-kv lines 
forming part of the American Gas and Electric Company 
network, and on one line constructed for 132-kv but 
operated at 66-kv. These lines are the Glenlyn-Rpanoke 


tning currents actually in Virginia, Philo-Canton in 

res, counterpoises, and Ohio, and Deepwater-Pleas- 

lines during 1933-36 antviUe in New Jersey, re- 

r. It is concluded that spectively. Their general de- 

eed 150,000 amperes, sign characteristics and past 

has been indicated, performance record have been 

ih as 60,000 amperes previously presented.’^ The 

I ground wires indicate major part of the field 

shielding of the line at measurements was obtained 

trances. on the Glenlyn-Roanoke 

line where instruments were 
located to record lightning 
currents in tower structures, tower arms, counterpoise 
wires, ground wires, and tower-top lightning rods. The 
impulse flashover characteristics of insulator assemblies 
on this line are approximately 910 and 750 kv on the 
1x5 and lV2x40 impulse waves, respectively. On the 
Philo-Canton and Deepwater-Pleasantville lines, measure¬ 
ments were recorded in tower-top lightning rods only. 

To make most effective use of the available equipment, 
measuring instruments were concentrated at line loca¬ 
tions which from past experience appeared to be the most 
heavily lightning-infested sections of the line. The 
degree of instrument coverage in per cent of total line 
length on which investigation was carried out through¬ 
out the 4 years (1933 to 1936) was 7.3 per cent of the 
Philo-Canton line, 5.3 per cent of the Deepwater-Pleas¬ 
antville line, and 100 per cent of the Glenlyn-Roanoke 
line in 1933-34 and 1935, and 23 per cent in 1936. Sum- 
niarizing this on the basis that would have existed if the 
entire work had been carried out in one year, the field 
setup to record lightning currents appears as follows: 

Lengfli of Line Investigated (Miles) 

Tower-top lightning rods..70 

Counterpoises... 28 

Tower arms.. 88 

Tower legs... ..218 

Ground wires. 29 

In evaluating the extent of line covered as shown by 
the above tabulation, it must be remembered the 4-years’ 
work gave a diversity of lightning severity not possible 
with a single-year’s investigation. 

Determination of Lightning Ciirrents 

All li ghtniTig currents reported here were determined by 
surge-crest ammeter in the fidd. The surge-crest 
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Fig. 1. Arrangement of mag¬ 
netic links of surge-crest am¬ 
meter on a typical tower in 
1936 



ammeter* consists essen¬ 
tially of small laminated 
cobalt-iron magnets ap¬ 
proximately 1 Vs inches long 
by 0.1 square inch in cross 
section placed in a definite 
position in the magnetic 
field of the conductor in 
which the current is to be 
measured. By measuring 
the residual magnetism left 
in the magnet after the 
passage of current the crest 
value of the current is de¬ 
termined and in some cases 
its oscillatory characteristics 
as well. 

The field setup of these 
magnetic links on a typical 
tower as installed in 1936 
is shown in figure 1. Simi-r 
lar installations were in 
service during 1933, 1934, 
and 1935, although all 
towers at which field setups 
were made did not provide 
for measurements at all 
points of the tower struc¬ 
ture shown in figure 1. 

The number of surge link 
installations and their loca¬ 
tions for the 4 years herewith reported are shown in table 
I. Previous to 1936 currents were measured in quite a 
few towers.by the use of one surge link installation on 
one leg only of the tower, the total tower current being 
subsequently obtained by multiplying the reading re¬ 
corded in one leg by 4. Although this method of measure¬ 
ment seemed to give reasonably accurate results, the 
more precise method of using separate link installations 
on each tower leg was followed in 1936 when the investi¬ 
gation was concentrated on particularly heavy lightning 
infested line sections. 

In the attempt to determine the flow of lig h tnin g current 
in the tower structure, several cases were encountered in 
the past where the absence of any current indication in 
certain locations caused some doubt as to the interpreta¬ 
tion to be placed on the results. In such cases it is neces¬ 
sary to consider both the maximum and minimum currents 
the surge-crest ammeter, as set up, is capable of measuiii^. 
The range of measur^entslor the different types of field 
installations is shown in table II, these values being for 
unidirectional surges. , Currents of the oscillatory type 
can be measured in a slightly higher range by suitable 
calibration of the surge-crest ammeter. This was done 
insome cases. 

Field Measurements of Cure 

Although the field records are too numerous to present 
^^pl^tely here, some of the outstanding data and a 


summary will be given for currents measured in tower 
legs, tower-top lightning rods, tower arms, counterpoises, 
and ground wires, and the 4-years’ data condensed and 
correlated so far as space permits. 

A knowledge of lightning currents, both in the stroke 
itself and in the tower structures, was early recognized 
as most valuable as an aid to the study of lightning per¬ 
formance of lines. Therefore, the field setup was planned 
to obtain current readings in the lightning stroke by 
various means and in the tower structures by measure¬ 
ments in the tower legs close to the ground line. 

Currents in Tower Legs and Lightning Stroke 

A summary of currents obtained in legs on single towers 
for the 4 years is given in table III. It may be observed 
that over 150 observations of currents in excess of 10,000 
amperes, 14 in excess of 50,000 amperes, and 2 between 
90,000 and 100,000 amperes were made. Such data 
have been used in the past in combination with indi¬ 
vidual tower-footing resistances to indicate the maximnni 
potential of the tower, and from that the possibility of 
flashover under lightning conditions has been predicted 
and in many cases verified. 

In determining the lightning current in the stroke 
itself, 3 different methods of attack have been used. The 
first consisted of a summation of ligh tnin g currents in 


Table I—Number and Location of Surge-Crest Ammeters 


Location 

1933 

1934 

1935 

1934 

Total 

Glenlyn-Roanoke Una 

Ail 4 tower legs. 

..240... 

... 560... 

.. 660... 

.. 868.. 

..1,728 

One tower leg only. 

..212... 

... 182... 

.. 132... 

8.. 

.. 479 

One per crossarm. 

..270.., 

.. 270... 

.. 450... 

.. 450... 

..1.440 

One per counterpoise. 

.. 0... 

... 80... 

.. 40... 

... 0.. 

.. 120 

Two per counterpoise.... 

.. 0... 

0... 

0... 

.. 40... 

40 

Three per counterpoise. 

.. 0... 

0... 

.. 40... 

.. 40... 

80 

Two per ground wire*. 

.. 0... 

0... 

.. 80... 

.. 120... 

.. 200 

Tower-top lightning rodf. 

.. 20... 

.. 20... 

.. 20... 

0... 

60 

Tower-top lightning rodj. 

.. 20... 

.. 20... 

.. 20... 

.. 20... 

80 

Philo-Canton Line 

Tower-top lightning rod. 

.. 80... 

.. 80... 

.. 30... 

.. 30... 

... 120 

Deepwater-Pleassntville Line 

Tower-top lightning rod. 

.. 30... 

.. 30... 

.. 30... 

.. 30... 

.. 120 

Totals.. 

,.822... 

..1,142.,. 

..1,402... 

.1,101... 

..4,467 


* One on each aide of tower, 
t lightning stroke recorder across resistor. 

t Sogge-crest ammeters; at same location as lightning stroke recorders 1933- 
84-86. 


Table II—^Application and Range of Measuring Instruments 


Magnet Spa(dng 
From Conductor 
Centers—Inches 


Unidirecdenid 
Current Range— 
Amperes 


Locatioa 

Inner 

Outer 

Minimum 

Maximam ■ 

Tower arms...;...... 

....2.6 

. ... 2.6 .. 

...,1,600*... 

...16,000* 

Counterpoises.... 

.,..1,26.. 

.... 4.0 .. 

.... 800 ... 

...26,000 

Ground wires........ 

....8.5 .. 

. . . .12.0 .. 

....2,000 ... 

...73,000 

Tower legs, 0-inch... 

....3.36.. 

....9.86.. 

....2,000t... 

...67,000t 

Tower legs, .8-inch.... 

....4.1 .. 

....10.1 

....2,600t... 

.. .ei.ooot 

Lightning ^s....... 

....4.0 .. 

.... 4.0 ... 

...2,600 ... 

...26,000 

Lightning rods. 

....3.6 .. 

....12.0 .. 

....2,000 ... 

.. . 73,000 


f One arm member only; m^Uply by 2 fw total arm cunent. 
t Measurements on one ieg. 
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adjacent towers which appeared to be affected by one 
Ughtning disturbance. A summary of these data for the 
4 years is shown in teble IV. Here 31 stroke currents in 
excess of 50,000 amperes, 12 in excess of 100,000 am¬ 
peres, and a maximum of 220,000 amperes for the 
stroke are indicated. The second method of determin¬ 
ing current in the lightning stroke was by direct 
measurement in the tower-top lightning rod mounted 
at the tower top with suitable measuring instru¬ 
ments. Here the current in the stroke is measured 
directly. Data for the 4 years obtained in this way are 
shown in table V. The currents by this method of 
determination run much lower, the maximum current 
recorded being 50,000 amperes. The third and partially 
direct method, although not carrying with it the certainly 
of the direct measurement in the lightning rod but still 
probably having more justification than the addition of 
currents in the adjacent tower legs, is the method of 
adding current readings in a ground wire section as 
recorded at adjacent towers under conditions where the 
lightning stroke appears to have hit the ground wire in 
mid-span and has flowed in both directions to adjacent 
towers. Adding these currents at each end of the affected 
spans gives a value of the total lightning-stroke current. 
These data are given in table VI. These in a single 
year’s observation on one line show 7 records in excess 
of 50,000 amperes and 1 in excess of IQO.OOO amperes, the 

Table III—Tower Currents Above 5,000 Amperes per Tower 

Number of Tower Years 911 

Amperes 1933 1934 193S 1936 Total 


6 , 000 - 10 , 000 . 
10 , 000 - 20 , 000 . 
20,000- 30,000. 
30,000- 40,000. 
40,000- 60,000. 
60,000- 60,000. 
60,000- 70,000. 
70,000- 80,000. 
80,000- 90,000. 
90,000-100,000. 


10 - 20 .. 
20- 30.. 
30- 40.. 
40- 60.. 
60- 60.. 
60- 70.. 
70- 80.. 
80- 90. . 
90-100.. 
100 - 120 .. 
120-140.. 
140-160.. 
160-180.. 
180-200.. 
200 - 220 .. 


Table V-^Lightning-Stroke Currents by Direct Measurement 
in Tower-Top Lightning Rods 

Number of Tower Years 380 

Kiloamperes 1933 1934 1935 1936 Total 


6-10 . 0 . .0 . 0 . 

10-20 . 8 . 11 . 6 . 

20-30.1. 0. 2. 

30-40.0. 0. 2. 

40-60.0 0 4. 


Total.9. 


Table VI—Lightning-Stroke Currents by Addition of 
Ground-Wire Currents; Glenlyn-Roanoke Line, 1936 


Amperes 


Nttmber of Records 


Table IV—Lightning-Stroke Currents Indicated by Summation 
of Tower-Leg Currents 

Number of Tower Years 911 

Kiloamperes 1933 1934 1935 1936 Total 


10,000- 20,000.. 2 

20,000- 40,000....11 

40,000- 60,000. 6 

60,000- 60,000. 1 

60,000- 7 O 5 OOO. 4 

70,000- 80,000. 1 

100,000-110,000. 1 

110,000 maximum 


maviiTtiim being 110,000 amperes. The stroke currents 
obtained by each of these 3 methods have been plotted 
in curve form in figure 2. A curve representing the 
average of these 3 methods of determining stroke current 
has been plotted here also and another showing the single 
tower currents tabulated in table III. It is particularly 
interesting to compare the last curve with the curve of 
average total stroke current. 

Lightning Currents in Counterpoises 

The indicated benefits of counterpoises both by theory 
and, to some extent, by practice has led to a search for 
actual field data to show what was taking place in these 
buried conductors under lightning conditions. Field 
setups were therefore made to measure currents at various 
points along the counterpoise length. The particular 
counterpoises used on the G-lenlyn-Roanoke line consisted 
of 2 long (150 feet) buried wires parallel to the line and 2 
40-foot buried wires at right angles to the line. Current 
measurements on the long counterpoise were made on 
both ends and in the middle, and on the short counter¬ 
poise at both ends (see figure 1) . The current distribu¬ 
tion in these counterpoises is shown in figure 3, in per¬ 
centage of the current measured in the long counterpoise 
at the point dose to where connected to the tower. 
Figure 3 shows that the long counterpoise carries on the 
average approximately 4 times as much current as the 
short counterpoise as measured at the tower leg. At a 
distance of 40 feet which, in this case, is the end of the 
short counterpoise, the long counterpoise is carrying 6 
times the current measured in the short counteipoise. 
It will also be noted that the current on the end of die 
short counterpoise: is approximately the same, on the 
average, as that at the end of the long 156-fobt cbuntef- 
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poise, although in 3 cases the current at the far end of the 
long counterpoise is in excess of that entering the short 
counterpoise at the tower. The greater effectiveness of 
the long counterpoise in discharging current to ground is 
indicated clearly by the data. 

It was expected in the initial field instrument setup that 
a relation would be found between the currents measured 
in the tower legfs and those measured in counterpoises. 
Currents measured in counterpoises and the tower leg to 
which they were attached have been plotted as fre¬ 
quency-magnitude curves in figure 4. The surprising 
features shown by these data, are, first, that the current 
in the long counterpoise is apparently greater than that 
in its tower leg; the current in the short counterpoise is 
more along the expected lines, being less than that in 
its tower leg. This may be partially explained by the 
fact that measurements in tower legs were madp in the 
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Fig. 2. Magni¬ 
tude and fre¬ 
quency of light¬ 
ning stroke cur¬ 
rents^ 1933-36 

A —By ground-wire 
currents 
B —^Sum of adjacent 
tower currents 
C—By tower - top 
lightning rods 
D —Single tower 

currents 
£—Average of A, 
B, and C 


Fig. 4. Rela¬ 
tion between 
currents in 
tower leg and 
attached 
counterpoise 
on Glenlyn- 
Roanoke line, 
1934-35-36 

A —^Short coun¬ 
terpoise 

B —^Short - coun¬ 
terpoise tower 
leg 

C—Long coun¬ 
terpoise 

D—Long - coun¬ 
terpoise tower 
leg 
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RATIO OF CONDUCTANCE (COUNTERPOISE TO TOWER LEG) 

Fig. 5. Current distribution in counterpoises and 
tower legs on Glenlyn-Roanoke line, 1934-35-36 



Fig. 3. Attenuation of lightning currents in 
counterpoises on Glenlyn>^Roanoke line, 1935-36 

A —Long counterpoise (30 records) 
fi—-Short counterpoise (9 records) 
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A Result of test on long (150-foot) counterpoise; test points 
indicated by circles 

B Result of test on short (40-foot) counterpoise; test points 
indicated by crosses 
C—Calculated on d-c basis 


main legs of the tower and the cross lattice bracing may 
have shunted some appreciable part of the tower current 
past the measuring instrument. If this explanation for 
the larger current in the cotmterpoise than in the tower 
leg is correct then the individual tower leg currents shown 
in figure 2 would be considerably greater than indicated, 
which would bring that curve even closer to the curve of 
average lightning stroke currents in figure 2. 

Typical data on current values in tower legs and counter¬ 
poises are given; in table VII. These data sholv that 
although the ratio of currents in tower legs and counter¬ 
poises is remarka,bly constant in some cases from year to 
year or between one observation and the next one, there 
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are nevertheless many cases where a wide range of ratios 
exists. Thus, the table which gives the records at 9 
towers which were subjected to a lightning disturbance 
from 2 to 4 times in the 3 years during which the observa¬ 
tions were made, it will be seen that at tower ISR, for 
example, the ratio of current in long counterpoise to that 
in tower leg varied only from 1.65 to 1.47. At tower 21G 


the variation was from 1.09 to 1.39. Conversely, at 
tower lOG the variation ran from 0.55 to 2.28. Although 
it may be suggested that counterpoise and even tower leg 
resistances may have changed within a period of 2 years, 
it is, however, significant that ratios of from 2 to 1 for 
the long counterpoise current to tower leg currents, and 
from 3 to 1 for ratios of short counterpoise currents to 
tower leg currents have been obtained in the same year 
at the last mentioned tower, that is, lOG. It is suggested 
that these different ratios of current division between 
tower leg and counterpoise at a given location may be 
due to some extent to the difference of wave shape of the 
initiating lightning surge. 

To aid further, an analysis of the current distribution in 
tower legs and counterpoises the data in figure 5 are pre¬ 
sented. Here the ratio of current in the counterpoise to 
that in its tower leg has been plotted against the ratio 
of conductance of the same counterpoise to the same 
tower leg. The conductance of the tower leg has been 
calculated from the tower footing resistance measured 
before counterpoises were installed, (the tower, of course, 
being disconnected from the ground wire) on the assump¬ 
tion that the resistance of each tower leg footing was 
equal, that is, the resistance of one tower leg was 4 times 
the measured resistance of the 4 legs of the towers. The 
“shotgun” diagram of figure 5 does not permit drawing 
curves with any high degree of certainty. However, a 
characteristic trend is definitely indicated both for the 
long counterpoise and the short counterpoise. 

If it is assumed that the current distribution in the 
ground at the foot of the tower is on the basis of measured 
resistance only, then the current division should be pro¬ 
portional to the conductance of tower leg and counter¬ 
poise. Such a distribution of current is shown by the 
dotted curve in figure 5. An examination of that curve 


Table Vll—Lightning Currents in Counterpoises and Tower Legs/ Glenlyn-Roanoke Line, 1934-35-36 


Tower 

number 


_ Resistances—Ohms _ 

Tower* Long CP Short CP 


Tower Legt 


Currents—^Amperes 
Long CP Tower LogJ 


Current Ratios—Counterpoise 
to Tower Leg 

Short CP Long CP Short CP 


. 21 ... 

. 21 ... 

. 21 ... 
.107... 
.107... 

. 86 ... 

. 86 ... 

. 86 ... 
.250... 
.250... 
.250... 

. 65... 

. 65... 

. 65... 
.161... 
.161... 
.127... 
.127... 
.118. . 
.118... 
.118... 
.118... 
,.347... 
,.347... 
...347... 


.... 90.. 
.... 90.. 
.... 90.. 
....196.. 
....196.. 
....237.. 
....237.. 
....237.. 

.477.. 

.477.. 

_477.. 

_168.. 

.168., 

.168., 

.....442.. 

.442., 

.347., 

.347., 

.223. 

.223. 

.223. 

.223. 

.107. 

.107. 

.....107. 


.10,300.. 
. 4,300.. 
. 6,800.. 
. 9,200.. 
. 7,700.. 
. 2,500.. 
.13,300.. 
. 2,400.. 
, 2 , 000 .. 
. 3,600.. 
. 2,400.. 
, 2,500.. 
. 7,200.. 
,. 9,000.. 
. 4,800.. 
. 9,300.. 
.. 10 , 000 .. 


. 10 , 000 .. 
. 9,400 . 
.19,000.. 
. 10 , 000 .. 
.10,700.. 
. 6 , 200 .. 
.17,500.. 
. 5,600.. 
. 2,900.. 
. 7,700.. 
. 3,600.. 
. 3,500.. 
. 7,500.. 
. 7,300.. 
. 7,900.. 
.13,700.. 
.17,000.. 


.2,900- 

.1,600. 

.3,000. 

.3,900 ..... 
.2,400. 

’.6,800.... 
.1,600. 


. 1,200 . 

.3,600. 

.1,300. 

.3,800. . . 

.3,300. 

. 2 , 200 ..... 

.1,400.... 

.2,600.... 

.3,000.... 

. 2 , 200 .... 

'.' 966 ’.... 

.3,300.... 

.1,600.... 


♦ Tower alone without counterpoise. t Tower leg attached to short counterpoise only. 

t Tower leg attached to long counterpoise only. CP - counterpoise. 


February 1937 


Sporn, Gross—’Lightning Currents 


249 


























TOWER POT. 

1940 KV. 

665 KV. 

OBOO KV. 

Beao KV. 

TOWER N® 

63R 

64 R 

65R 

66 R 


Ffg. 7. Lightning currents measured in towers of l32-kv Glenlyn-Roanoke line, May 4-15,1936 


and of the 2 others in figure 5 seems to indicate that the 
short counterpoise apparently behaves very closely along 
the lines expected from a straight d-c characteristic, but 
that the long counterpoise carries considerably more 
current than can be explained from the standpoint of a 
d-c characteristic. It is recognized that the data shown 
in figure 5 are perhaps too erratic to permit definite con¬ 
clusions, but the general trend seems to be indicated. 

Tower Potential 

In the past in analyzing field records of currents in 
towers, a procedure of multiplying tower current by the 
tower resistance' was frequently employed to indicate 
pot^tials which could be compared with line insulation 
flashover and thus determine whether or not insulator 
assemblies should have been expected to flashover under 
the conditions encountered. In the authors’ investiga¬ 
tion work, in general, high tower potentials obtained in 
this way have almost, without exception, corrdated with 
fl^hdvers at towers carrying these high potentials. 
There are on record, however, a few cases Where flash- 
over marks ha,ve been found on insulator assemblies and 
high tower potentials Wd-e not obtained by the method 
6f calculated JJR drop outlined here. 


With the values of tower footing resistances and 
counterpoise resistances known, it is possible from the 
data obtained to ’ make a comparison between the IR 
drop in the tower footing and the IR drop in long counter¬ 
poise and short counterpoise. This interesting com¬ 
parison is given in table VTII. Columns 9, 10, and 11 
give the voltage comparisons by these 3 methods of 
analysis. It may be noted that there is no regular con¬ 
sistency in the tower voltages indicated, although fre¬ 
quently there is very good agreement between the read¬ 
ings obtained by 2 methods, but the third method is 
distinctly out of line. There are, of course, a number of 
variables which cannot be evaluated readily and it seems 
that some of these will have to be investigated further 
before any general agreement can be reached as to the 
accuracy of determining tower potentials by any of these 
3 methods. 

Tower Arm Currents 

At the start of this work in 1933, m conc^trating on 
the measurement of lightning cutrents, the surge-crest 
anuneter was recognized as a device which, when located 
on tow^ anns, had the po^ibility of ihdicatihg whether 
or not insulator assembly flashover had taken place. 
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_ Tower inguiators 

Resistance^ Flashed Tube 
STumber Ohms Over Operated 


Ground 

Tower* Long Counterpolsef ■vjire 
Current— Current— Resistance— Amperes 
Amperes Amperes Ohms at Tower 


EiloTolts 

- Long Short Short Counterpois et 

Tower Counterpoise Counterpoise Current—Resistance 
IR IR loRo Amperes Ohms 



26G..., 
27G,... 
28G:... 
22R,... 
24G.... 
21G.... 
20G.... 
19G.... 
lOG.... 
7R.... 
28G.... 
18R.... 
HG.... 
lOG,... 
27G.... 
23G.,.. 
18R.... 
20R.... 




.. yes... 
..Yes... 

• « . 

...10,600. 

e 7,000-.. 

...260 .... 


;...ye8,,. 


... N ..... 

. 8,400... 

...168....;. 



. .Yes... 

... 6,200. 

. 3,400... 

...160...... 



...Yes... 

... N .... 

. 2,500... 

... 31.. 



. .Vm, .. 

... N . 

. 1,200... 

... 86. 


... , 

. .Yes... 

... N .... 

. 3,200... 

...107...... 



. ,Yea. .. 

...23,400.,.,. 

.19,000... 

...21. 



. 'Yes. .. 

... 6)800. 

. 6,800... 

... 31...... 



...Yes... 

.. .28)600. 

.12,600... 

...347. 

. 


.. .Yes... 

.. .81,700.... 

. 7,600... 

...65. 



. .Yes... 

...29,000..... 

.11,800... 

...160...... 



.. .Yes... 

...17,900,... 

. 7,900... 

...161...... 

. 


.. . Yes... 

...29)400.... 

. 7,400... 

...132...... 



. .Yes... 

...26,000. 

. 8,600... 

...394...... 

(. 

....Yes... 

,. .Yes.. 

...33,400.... 

.13,600... 

...168.. 

r 


. .Yes.., 

... N .... 

. N ... 

...116. 



.: .Yes.. 

...36,000.... 

.13,700... 

;.,161.- 

i.. 


.. .Yes... 

...22.500.... 

.17,000... 

..:i27...... 


3,894.3,957..... .7,600..-17,000.447 

1,944.2,620..... .3,820.. 10,500.317 

405.■ 474. 220. 1,800.168 

i;219.1,925__ 620.. 1,300..-477 

.i,,,, 671 .... 330. 1,100..300 

' "264 .. 510. 212. 1,000 -212 

.77 . 50...... 1,100...... 46 

,. 103.... 

.. 842... 

,. 899.... 

.. 99..;. 


187 . 899...... 270- 

95__ 99..;-198.... 

772..4,337...... 360- 

602.. .... 487...- 605- 

1,189..1,770 . 805.... 

895.. .... 1,272...... 1,460.... 

823.. 976.;.... 238- 

702.. ....2.984.. 171- 

3,206..... .2,234.-.1,170.... 

1,^6.'.'..^207......1,460.,. . 

900._2,159.,;... 760.. .. 


270 . 3,000. 

198...... 2,200. 


.. 3,300......442 

.. 2,200.-.847 


* Sum of currents in all 4 legs, t Data on counterpoise wire only, t Including counterpoises. 
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Table IX—Lightning Currents^ in Tower Structures for Ground-Wire Currents of 20,000 Amperes and More 

Glcnlyn-Roanoke Line, 1936 


_ Tower _ Tower Tower 

Number Resistance—Ohms $ Legs** Counterpoises*** Armst 


Ti ght-fag _ Ground Wire _ 

Rods Glenlyn Side Roanoke Side 


66R. 


. 34,100.... 

66R. 

.47. 


69R. 

.118. 

. 23.700.... 

60R. 

.172. 

. 26,200.... 

62R. 

.217. 

. 9,600.... 

63R. 

.63. 

. 29,700.... 

662e. 

.267. 

. 88,100.... 

6622. 

.116. 

. 76,800.... 

6AR. 


. 24,300.... 

13C. 

.11. 

. 20,600.... 

26G. 

.116. 

. 10,600.... 

21R. 

.29. 

. 26,400.... 

22G. 

.61. 


lOG. 

.27. 

. 28,600.... 

722. 

.19. 

. 81,700.... 

28G. 

.41. 

.-29,000.... 

14G. 



18R. 

.60. 

. 17,900.... 

60R. 



6822. 

.187. 

. 10,100.... 

69R. 

.37. 

. 11,800.... 

28G. 

.41. 

. 16,600.... 

27G. 

.96. 

. 33,400.... 

18R. 

.60. 

. 36,000.... 

20R. 

.40. 



i 

I 

# 

i 

47.600. 

16.400. 
18,000 
10,000 
14,400 

31.600. 
22,200 

-31,200 

26.600. 

22.400. 
I 

# . 

4,200. 

17.400. 
17,000. 
10 , 200 . 


-21,800. 

. 14,500 

-29,200. 

.-12,800 

-20,800. 

. 2,000 

-16,600. 


— 2,400. 


-80i400. 

.-40,000 

-26,400. 

. 14,000 

-36,400. 

.-22,000 


-12,600. 

- 3,000. 
-19,400. 

- 3,200. 

- 7,800. 
-15,100. 

18,400. 


-28,800. 

-13,400.. 2,000 

- 6,400. 

- 6,800.- 2,000 

-19,400..... 

-17,200. 

- 20,200 .. 

-18,600. 


. -46,000* 

6.700 . 
-30,000*. 

12,000 . 
14,300 . 
-26,600*. 
-44,000*. 
. 31,000 . 
- 22,000 . 
-26,000*. 
-28,000*. 
-26,000*. 

2,400 . 
-33,000*. 
-60,000*. 
-16,700 . 
- 2,200 . 
-38,000*. 
-26,000*. 
-21,600*. 

7,000 . 
-23,000*. 

9.700 . 
-60,000*. 

18,000 . 


. 27,000 
-60,000* 
16,700 
-31,000* 
-29,000* 
-13,200 
19,000 
- 66 , 000 * 
20,000 
1,500 

14.300 
9,700 

-36,000* 

12,000 

10,500 

26,000* 

-24,300* 

12,000 

6,800 

9,800 

-27,300* 

6,000 

-46,000* 

17.300 
-43,000* 


* Probable lightning stroke in mid-span. ** Total of 4 legs. *** Two times current in 2 counterpoises. t Total current in all 6 arms. t Currents toward 
tower top designated as positive, f No counterpoise installed. § Including counterpoise where counterpoise is installed. 


in the top arm. It may also be noted that the solid curve 
of figure 6, which shows arm currents where flashovers of 
insulator assemblies were known to have occurred, ac¬ 
counts for currents as high as 26,000 amperes and as low 
as 4,000 amperes. 

It is definitely known that tower-arm currents as low 
as from 3,000 to 5,000 amperes have been recorded in the 
field both with and without indication of insulator flash- 
over. These can be accounted for even without line 
flashover, on the basis that the tower leg at the arm 
location is shunted by the arm and its hanger bar. This 
consideration leaves somewhat uncertain the interpre¬ 
tation of tower arm currents. High arm currents, in the 
order of from 10,000 to 26,000 amperes, were recorded in 
1936 in only 5 cases, of which 2 instances were on flat-top 
towers without ground wires (of which there were 4 on 
the line). It is believed the remaining 3 cases were caused 
by direct strokes to the line conductors. This interpre¬ 
tation of tower-arm currents indicates a high degree of 
shielding afforded by the single conventional ground wire. 

Grotjnd Wire Currents 

Measurements in the ground wire itself at each side 
of a tower were first obtained this year. Typical readings 
of currents in the ground wire are shown in table VIII, 
column 8. Currents above 20,000 amperes and their 
distribution have been tabulated separately in table IX. 
The highest current measured in the ground wire, it may 
be seen, was 66,000 amperes but there are 25 records of 
currents above 20,000 amperes. If currents of this 
magnitude are to be expected in wires of a transmission 
^stem subject to. lightning, serious consideration must 
be ^ven to keeping currents of sudi magnitude out of 
stations if station apparatus is to be protected. Also, 
considwation must obviously be given to the ability of 
protective devic^ to handle lightning currents of this 


magnitude, since these are considerably in excess of what 
has ordinarily been considered possible to reach a station 
where pre-station voltage limitation is provided for by 
steel tower construction and limited insulation for a 
reasonable distance beyond the station. Again, currents 
of this order, if they are to be taken as traveling waves 
associated with line surge impedance, indicate voltages 
far in excess of values which could exist on the line without 
flashover. There is room, therefore, in this connection 
for further research. 

Typical Field Records 

Typical field records showing currents obtained in tower 
legs, arms, ground wires, lightning rods, etc., have been 
charted in figures 7 and 8, and a close study of these, it is 
believed, will prove fruitful. It is from records of this 
type that the data summarized, presented, and discussed 
in this paper have been obtained. The double-reading 
indications on the ground wires in both figures are ob¬ 
tained from a proper calibration of the surge-crest- 
ammeter records; the reverse directions of current flow 
apparently indicate reflections of current. In general, 
such current oscillations are absent or of small magnitude 
in tower legs, arms, and in coimterpoise readings except 
in the last where they are sometimes encountered in com¬ 
bination with high current values. 

Summary and Conclusions 

Based on the field data obtained on lightning currents 
during the past 4 years, part of which has been presented 
in this papCT, the foUowing conclusions seem definitely 
warranted: ■ 

1. Although lightning stroke currents as high as 220,000 amperes 
have been indicated, it appears that the maximum stroke currents 

{Concluded on pages Z59-60) 
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Tooth-Frequency Eddy-Current Loss 

By PAUL NARBUTOVSKIH 

ASSOCIATE AIEE 


T he eddy currents in a 
squirrel-cage rotor bar 
may be measured by a 
method that occurred to the 
author some time ago; the 
method permits recording 
by means of an oscillograph 
the current flowing at any 
particular point of a conduc¬ 
tor cross section, if the cross 
section and the distribu¬ 
tion of the current density 
in it remain substantially 
uniform throughout the 
portion of the conductor 
length along which the 
current flow is studied. A 
bar of a squirrel-cage rotor 
essentially satisfies these 
requirements, being of a ^ 
uniform cross section, and having a uniform distri¬ 
bution of the current density, at least through the 
stacked-iron length of the bar. 

At normal operating conditions ^e frequency of 
the fundamental worl&ng current in the bar is so 
low that the effect of the fundamental-frequency 
leakage flux upon the distribution of the c^ent 
density throughout the bar cross section is negligible; 
that is, the main current is distributed almost uni¬ 
formly throughout the cross section of the bar. 
This main current, however, is not by any means the 
only current flowing in the bars. Part of the funda¬ 
mental air-gap flux passes through the slots, and 
hence through the conductors, and the pattern of 
this slot leakage flux pulsates at the frequency of the 
passing stator teeth. As a result of this, tooth- 
frequency eddy currents are produced in the rotor 
bars, the amplitudes reaching a very substantial 
value in some parts of the bar cross section, ^ as 
shown by observation. The method of recording 
such currents by means of an oscillograph, to be 
described later, provides a means of studying the 
current distribution in the bars and an experimental 
measurement of the attendant power loss. The 
determination of this power loss, its variation witii 
load, and the study of factors causing its variation 
with load constitute the subject of this paper. 

Resixlts and Conclusions 

The machine used for the experiments was a 
squirrel-cage moto r, rated at 10 horsepower, 220 

A paper recommended for publication by tbe AIBE committee on electric^ 
machinery. Manuscript submitted September 14, 1936; released for publi¬ 
cation November 6,1936. 

Pacl Nahbutovskih is a teaching assistant in electrical engineering at Stanford 
University, Calif. 
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volts, 60 cycles, 1,200 rpm. 
The number of teeth in the 
stator was 72; the number 
of teeth in tiie rotor, 37. 
The shape of the rotor and 
stator pimchings is given 
in figure 1, together with 
the dimensions of the rotor- 
bar section. 

As should have been ex¬ 
pected on the basis of A. B. 
Field’s® and J. J. Thomson’s^ 
theories, the amplitude 
of the eddy currents was 
found to be a maximum 
on the surface of the bar 
(nearest to the air gap), 
decreasing rapidly with dis¬ 
tance from the surface in 
the interior bar. The maxi¬ 
mum amplitude of the tooth-frequency eddy-current 
density on the surface was several times greater 
than the main working current density. In spite 
of this, the power loss caused by the tooth- 
frequency eddy currents was found to be con¬ 
siderably less than the copper loss caused by the 
fundamental working current, because the region of 
the high eddy-current density is limited to a com¬ 
paratively thm surface layer of the conductor facing 
the air gap. 

The actual magnitude of power loss caused by 
tooth-frequency eddy currents, based on oscillo¬ 
graphic records, was 27 watts. The copper loss 
caused by the main current, using the amplitude 
obtained from the oscillographic records, was com¬ 
puted to be 87 watts; as obtmned from slip meas¬ 
urement, it was 85 watts. The values of the funda¬ 
mental current loss were computed as a check upon 
the correctness of results obtained from the oscillo¬ 
grams. 

The magnitudes of the tooth-frequency power loss 
just given remained substantially unchanged as the 
load was applied. If any change with load was 
observed in the particular motor tested, it was a 
decrease instead of an increase. Considering that 
the total power input to the motor at full load was 
approximately 10 kw, the tooth-frequency eddy- 
current loss constituted about 0.3 per cent of the 
power input at full load. Though this quantity 
itself is not entirdy negligible, any observed change 
of it with load was much too small to be of any 
practical importance. The significance of this con¬ 
clusion is obvious, for no convenient method of 
testing a motor for the change of tins itan Ttith 
load is available. A possibility of neglecting it sim¬ 
plifies the problem of testing for the stray-load 16^. 

Though no experimental data on other motors is 
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A method of recording, by means of an 
oscillograph, the eddy currents in various 
parts of the cross section of a squirrel- 
cage-rotor bar is presented in this paper. 
From such records the magnitude of the 
power loss caused by eddy currents, and 
its variation with load, may be determined. 
A series of tests of this nature has been 
made; the results, which the author believes 
to be correct in general, show that the 
change of eddy-current loss with load is 
negligible, thus simplifying the determina¬ 
tion of the composite stray-load loss of a 
squirrel-cage induction motor. 
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available, this conclusion very likely applies to all 
motors in general. There is evei^ reason to believe 
that the tooth-frequency eddy-current loss in other 
motors has a relatively lower value than in the motor 
tested, for the latter had very thin rotor-tooth 
shoulders, and shallow slots, with a consequent 
large area of bar surface facing the air gap, where 
the eddy current density is particularly large. 

Method of Measurement 

The method of recording the current flowing at 
any point of the bar cross section, can be explained 
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ROTATION 


I^TEST CONDUCTORS 



Fi9. 1. Diagram showing dimensions of stator and rotor teeth 
and location of test conductors 

Dimensions arz in inches 


with reference to figure 2. It requires placing an 
insulated test conductor a—b, withm the bar mate¬ 
rial, and at that point of the bar cross section where 
the current to be recorded flows. One end of the 
test conductor a is connected directly to the oscillo¬ 
graph, and the other end is connected to the rotor 
bar at point c. Point d of the bar is the terminal 
of the other lead to the oscillograph. The instan¬ 
taneous voltage appearing between leads a and d 
can be shown to represent correctly the density of 
the instantaneous bar current flowing along path 
a — b, that is. 


where eod is the voltage between leads a and d and 
dab is the instantaneous current density along path 
d—b. This follows from consideration of the equa¬ 
tion giving the total electric potential between 
points a and d 


r . 

sm jS + cos 7 d 

abed Ot 


path along which the integral is taken. This integral 
can be divided into 2 parts: 

Bad = f [X]dl -t- f [X]dl (1) 

in which X denotes the quantity inside the brackets 
in the previous equation. The first term is taken 
along the test conductor and the second along some 
path within the bar. The path c — d, being arbitrary, 
can be taken along the surface of the conductor from 
c to b\ then alongside the test conductor from h' to a', 
and on the surface from a' to d. The end surfaces 
of the bar are outside any magnetic influence and 
the current density along them is zero; therefore, 
all points of these surfaces are at the same magnetic 
potential. Hence, the integral along these surfaces 
will disappear, and 

f [X]dl = f [X\dl 
Jed Jb'a' 

taken in the immediate vicinity of the test conductor 
in the bar material. 

Considering now equation 1 again 

ead= C [W/+ r [X\dl 
Jabe Jb'a' 


C K ^ 

Jabe bt 


sin pdl 4- 


pS cos ydl -1- 


J '* bB C 

Ka— sin fidl -h I pS cos ydl (2) 

h>a' bt Jb'a' 

Since the paths a—b and b' —a' are in the immediate 
vicinity, and neglecting the integral along b — c, 


r bB 

K^-rr sin fi’dl + 

^ab 




sin ^dl 


Also, if the circuit of the test conductor is linear, with 
impedance Z, and current i taken by the oscillograph, 

j pS cos ydl — —iZ (4) 

ab 

The use of equations 4 and 3 reduces equation 2 to 


Bad = —iZ + 


pS cos ydl 


When the distribution of current density is uniform 
along the bar, 8 is constant, t = 0, and this expres¬ 
sion reduces to 

Bad = —iZ -f- p Sb'a'l (5) 

8b'a' being the current density in the bar along the test 
conductor. The condition of uniformity of the 
distribution of current density is fulfilled along the 


whore 

B « nmgnetic fitix density along the path of mtegration 
d angle between the direction of the magnetic flux and the path 
of mtegratioh 

5 « cuixeht density along the path of integration 
ax angle between the direction of current flow and the path of 
:/integration " 

> = resistivity of the material - 

The subscript bdow thb integral si^ indicates the 


Fig. 2. Sketch of 
the device used 
to detect eddy 
currents In various 
parts of thei cross 
section of a rotor 
bar 
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Fig. 4. Oscillograms of tooth-fre¬ 
quency eddy currents in the trailing 
outer corner of a rotor bar for 
various conditions of operation 

A —No load 
B —^Motor load 
C—Generator load 

D—Motor load with bar disconnected 



major part of the bar length. The ends of the bar 
near and beyond the length of stacked iron un¬ 
doubtedly introduce a slight irregularity in the re¬ 
sultant voltage, but the effect of this irregularity 
cannot be important practically. 

The use of a vacuum-tube amplifier was found to 
be necessary to record the voltage a—d on the 
oscillograph. This further simplified equation 5, 
for 1 = 0 and 

ead •“ pSb»a'i 


is doubtful, however, that the effect can be appre¬ 
ciable, for the layers of solder introduced were 
extremely thin. 

With Ihe 14 test conductors a series of oscillograms 
was taken, one set of 3 different conditions of opera¬ 
tion for each of the test conductors. These condi¬ 
tions of operation were: 

1. No load, motor idling on a line at rated voltage. 

2. Approximately full motor load at rated voltage. 

3. Generator load at rated voltage, with the slip the same as for the 
second test. 


This equation merely states that the voltage between 
points a and d is proportional to the current density 
in the bar along a — h. 

For the purpose of the present study 14 conductors 
were placed in one rotor bar, 9 of which were located 
at different points on the surface, and 5 inside of the 
bar. The location of the test conductors is given on 
figure 1. 

To place the conductors inside the bar, slots 25 mils 
wide were milled as indicated by the dotted lines on 
figure 1 to the depth at which the test conductors 
were to be placed. A steel piano wire of a diameter 
slightly larger than number 26 enamel-insulated 
copper wire, used for the test conductors, was then 
placed at the bottom of the slots, and the slots were 
filled with sheet copper, soldered to the walls of the 
slots. After pulling out the steel wire, very fine 
canals were formed parallel to the axis of the bar, 
just large enough to place the test conductors inside 
without injuring the insulation. This method of 
placing the test conductors inside of the bar impares 
somewhat the homogeneity of the bar material. It 


/MOTOR LOAD 

/GENERATOR LOAD 


ROTOR BAR 
14 IN. 


Fig. 3. Diagram 
showing distribu¬ 
tion of the ampli¬ 
tude of tooth-be- 
quency eddy cur¬ 
rents on the sur¬ 
face of a rotor bar 

The scale of ampli¬ 
tude is in hundreddis 
of an inch 


The general character of the eddy current wave can 
be obtained from the reproductions of some of the 
oscillograms given in figure 4. 

Effect of Load 

Before considering the power loss caused by the 
tooth-frequency eddy currents, it seems advisable 
to understand the factors producing a change in this 
loss as the motor is loaded. The only factor pro¬ 
ducing the tooth-frequency flux pulsation in the 
rotor slots at no load is the tooth-frequency com¬ 
ponent in the permeance distribution along the 
stator periphery. When the motor is loaded, the 
load currents produce an additional component of 
the tooth-frequency flux, because of the tootb-fre- 
quency component in the distribution of the mag¬ 
netizing force along the stator periphery. As a re¬ 
sult, the amplitude of the toofh-frequency pulsations 
may be expected to increase with load. 

Actually the situation is considerably complicated 
by the effect of satiuration of the rotor-tooth shoul¬ 
ders, produced by the combined effect of the rotor 
leakage flux and the main air-gap flux of the machine. 
The observed distribution of the eddy-current density 
for different load conditions can be seen from -^e 
oscillograms of figure 4 and also from figure 3, whidi 
gives the distribution of the eddy-current density on 
the surface of the bar, obtained from the oscillograms. 
An almost symmetrical distribution for no load be¬ 
comes greatly distorted when the machine is loaded 
either as a motor or as a generator, but the character 
of (hstortion is different in the 2 cases. For motor 
operation, the amplitude of the tooth-frequency '^ddy 
current is increased in the region of the trailing 
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comer of the bar and greatly decreased in the leading 
comer. For generator operation, the effect is re¬ 
versed: the amplitude is greatly decreased in ^e 
trailing comer of the bar, and increased in the leading 
comer. This difference between motor and gen^a- 
tor operation immediately suggests the explanation 
of the phenomenon, which can be readily understood 
with reference to figure 6. This illustration shows 
the relative direction of the main flux and rotor- 
leakage flux m the rotor-tooth shoulders. As can 
be seen from figure 5a, when the machine is operated 
as a motor the leading (with respect to the center of 
the bar) tooth shoulder operates at a lower flux 
density than does the trailing tooth shoulder, for the 
main and rotor leakage fluxes here oppose each other. 
As a result of this low flux density, the leading tooth 
shoulder acts as an effective magnetic shield, reducing 
the influence of the tooth-harmonic flux in the leading 


of the total eddy-current loss. This result niay be 
expected because the increase of flux density in one 
of the shoulders will not reduce its shielding effect 
appreciably, being small already. On the contrary, 
a decrease in the flux density in the other tooth 
shoulder may bring it to a point of high permeability, 
and hence increase the shidding effect of the shoulder 
more than enough to offset the decreased shielding 
effect in the other shoulder in their common effect 
upon the eddy-current losses. The opposite result 
may be expected, if the main flux alone does not 
saturate the shoulders. The eddy current loss in 
the conductors remains low at all times, if the 
shoidders provide effective shielding at all loads, 
that is, when no saturation is caused even by the 
combined action of the main and the leakage fluxes. 

Method of Computation 


ROTATION! 




Fig. 5. Diagrams 
illustrating the ef¬ 
fect of rotor leak¬ 
age flux and main 
flux upon the mag¬ 
netic saturation in 
the rotor-tooth 
shoulders 

(o)—Machine opera¬ 
ting as a motor 
(fc)—Machine opera¬ 
ting as a generator 
—^Main flux 
<l>Lit — Rotor leakage 
flux 


For the purpose of computing the tooth-frequency 
eddy current loss in the rotor, using the observed 
current amplitude distribution, Fidd’s equation, 
giving the distribution of the eddy current density 
inside of a solid piece of conducting material in 
terms of the current density on the surface, was 
employed: 

Bx* “ sm(«f — mx) (6) 

where 

Bx' — instantaneous current density at a distance x from the surface 
along a normal 

Bs* = current dwisity on the surface 
m = 2 t 10 “* 

yflOfi 

n =» permeability of the material 
/ = frequency of the eddy currents 

p = resistivity of the material 


comer of the bar. The trailing tooth shoulder, on 
the contrary, operates at a high flux density and 
therefore produces little or no shielding effect. 
When the machine is operated as a generator the 
direction of the leakage flux reverses with the result¬ 
ant reversal of the effect in the leading and the 
trailing comers of the bar. A conclusive proof of the 
origin of the redistribution of eddy-current density 
wi^ load is obtained by operating the machine with 
the test bar disconnected from tiie short-circuiting 
ring at one end, thus preventing the main current 
from flowing. Under this condition the effect was 
found to disappear, because the leakage flux had 
been largely eliminated. 

For the particular motor used the effect of satura¬ 
tion in the tooth shoulders was pronounced, as can 
be seen from figures 3 and 4. The net change of 
power loss produced by the effect may be either an 
increase or a decrease, depending upon the design 
of the punchings and the conditions of operation. 
Without att^pting a rigorous analysis, the design 
of the punchings and the conditions of operation may 
be said to affect the eddy-current redistribution in 
the following way: When the shoulders are operated 
at a fairly high fundaniental flux density, so that 
thdr shielding effect is small, the addition of the 
l^age flux may be expected to result in a decrease 


This equation states that the eddy-current density 
distribution along distance x normal to the surface 
has a character of an attenuated wave. For the 
pui^ose of this analysis, only the total amplitude 
variation with x, instead of the instantaneous value 
of 5*' is of importance. This is obtained by drop¬ 
ping the function sin{(at — mx), which reduces equa¬ 
tion 6 to 

8* = Bs c-”* (7) 

where 5* and 8s (ienote the total amplitudes of the 
eddy currents at a depth x, and at the surface, re¬ 
spectively. 

Equation 6 is developed for the following condi¬ 
tions: (1) uniform phase and amplitude of 5 on a 
plane surface; and (2) a piece of material tiiick 
enough to allow the eddy-current wave to disappear 
largely before it reaches another botmdary surface, 
that is, there is an absence of reflections of the wave 
within the conductor. 

The first of these 2 conditions is not realized in the 
actual case observed. This fact is accounted for 
later in the application of equation 6. The second 
condition is sufifiLciently realized for the observed eddy 
current amplitude attenuates with sufiddent rapidity 
to obviate any appredable effect of reflections. In 
{Condtided on page 260) 
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Reactance of End Connections 


By J. F. H. DOUGLAS 

MEMBER AIEE 


T he purpose of this 

paper is to suggest cer¬ 
tain lines of attack 
upon the problem of end- 
connection reactance, which 
it is hoped will lead to more 
accurate formulas than are 
available at present. No 
completed solutions are 
given, because it is felt that 
the proposals should be dis¬ 
cussed thoroughly before 
the details are filled in by 
calculation. In this way 
the path will be clearer for 
further research. 

There are 2 methods of approach at present to the 
subject of end-connection reactance. The first con¬ 
sists in supposing the poles, armature, iron, and slot 
conductors removed, and the end-connections joined. 
On this basis. Ampere’s equation may be applied and 
formulas for the specific permeance of self-induction 
per centimeter of end turn foimd. These expressions 
are of the type 

P' = 0.2 log« ^ + C (1) 


there is a difference of mag¬ 
netic potential across the 
gap thus formed, the gap 
may be closed with a fic¬ 
titious conductor carrying 
current opposite to the 
currents establishing that 
difference of potential. 
The Schwarz - Christoff el 

theorem may be used to 
transform certain known 
fields into other new and 
useful fields with different 
boundary shapes. Ray¬ 
leigh insulating partitions 
may be placed perpendicular to the shaft only so as 
to join the edges of the pole in the interpolar regions. 
Radial Rayleigh insulating partitions may be placed 
at the edges of the poles so as to divide the end zones 
into polar and interpolar regions. 

Inductance and D-C Machines 

Figure 1 shows several examples of conductors near 
iron. The symbol S is used to denote stator iron, R 
rotor iron, P polar iron, Y yoke iron, and A armature 


Use of image conductors in iron, of Ray¬ 
leigh insulating partitions, and of images of 
conductors in these partitions is shown in 
this paper to afford one possible line of at¬ 
tack on the problem of the reactance of the 
end connections of electrical machinery. 
The use of 2 other methods to reduce the 
field in the end zone to a basis where Am- 
pere*s equation may be correctly applied is 
also suggested. 


In this equation D is the diameter of a circular or the 
side of a square end-connection, r is the geometric 
mean radius of the coil, and C is a constant depending 
on the form of the coil and may be approximately 
from —0.06 to —0.10. 

A second line of approach is to assume a potential 
function over the surface of the end-coimections of 
the form 

V “ Af sin (ttx/A) cos {vy/B)e-CM (2) 

In this equation A is the pole pitch, B is the axial 
length of both end connections, and C is chosen to 
satisfy Laplace’s equation. The x co-ordinate is 
measured parallel to the circumference, y parallel to 
the shaft, and z along a radial line. The origin is at 
the intersection of the armature surface, the point of 
reversal of magnetomotive force, and a plane perpen¬ 
dicular to the Siaft and flush with the pole ends. ^ 

It ’prfll appear from the discussion that both of these 
lines of approach are equivalent to an erroneous 
placement of a Rayleigh flux partition peipendicular 
to the shaft and flush with the pole ends. The sec¬ 
ond equation also implies a Rayleigh conducting par¬ 
tition placed perpendicular to the shaft and at the 
ends of the armature winding. 

The assumptions made in this paper are as follows: 
Ampere’s law may be applied to determine end-con¬ 
nection fields, provided image conductors are as¬ 
sumed in certain Rayleigh conducting and insulating 
partitions. When a plane iron surface is slotted, and 
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Fig. 1. Image coils in iron 


iron. The symbol C denotes an armature end con¬ 
ductor, and F a field coil. By placing the image 
conductors I as shown the iron surfaces may be elimi¬ 
nated because of the symmetry. The figure shows 
several important cases. At the left is shown a basis 
for the leakage inductance of an induction motor, in 
the center a basis for the inductance of a coil of a 
d-c machine undergoing commutation, and at the 
right the means in part for estimating open-circuit 
reactance of an induction motor. So far as these 
fields are 2-dimensional, reference may be made to 

A paper recommended for pablication by the AIBB committee on electrical 
machinery. Manuscript submitted July 29, 1936; released for publication 
October 1,1936. 
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Hague, ^ who has developed the idea of image conduc¬ 
tors in a number of cases. 

Several examples of the use of a fictitious conductor 
FC to close an air gap and establish a required po¬ 
tential difference across the gap are shown in figure 2. 
The current must be equal and opposite to lliat in the 
other coil. There are image conductors in this case 
also, but for simplicity they are not shown. They 
are governed by the same rules as in figure 1. At the 
left in figure 2 is a basis, in part, for the estimation of 
the open circuit inductance of an induction motor; 
in the center is a basis for estimating pole-end leak¬ 
age from a d-c machine; and at the right there is 
combined the left-hand picture of figure 2 with the 
right-hand picture of figure 1 as the complete picture 
of 2 coils co-operating to establish 2 iron surfaces at a 
definite difference of potential. 

Figure 3 shows a conductor C in the comer between 
2 perpendicular Rayleigh partitions. The plane RI 
is an insulating plane, while RC is a conducting plane. 
This gives rise to the image conductors as shown, and 
the inductance of this field may be found by Ampere’s 
equation. The Schwarz-Chnstoffel® equation may 
be used to transform the field in the quadrant to that 
in the infinite half plane shown at the right. The 
equations applying to this case are 

iz/dt « S-\/~t tfa “ (z/a)* (3) 

where (a = ac + jy) is the co-ordinates of any point 
in the Z plane or Idt-hand figure, and {t — q js) 
is the co-ordinates of the corresponding point in ^e 
T plane or right-hand figure. The inductances of the 
2 fields are the same. The radius of the conductor is 
doubled, and the angle 6 doubled in the right-hand 
figure. This boimdary condition is useful in esti¬ 
mating inductance of end connections in one of the 
zones into which the field may be divided. 

Figure 4 shows 2 ciurent elements symmetrically 
located on either side of a plane surface. The figure 
shows the elements, a point P on the plane of sym- 




Fig. 5. Image conductors, direct reaction 


metry, the radii vectors from the elements to the 
point P, and the angle between the elenients and the 
radii vectors, all in orthographic projection. Two 
cases are shown estabhshing conditions for the plane 
of symmetry being respectively a Rayleigh ing iilating 
and a Rayleigh conducting plane. It is the basis for 
establishing image conductors for the 3-dimensional 
case. 
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Fig. 2. Fictitious conductor closing gap 



Fig. 3. Rayleigh planes and coriformajly trans- 
forniedHeld 


Synchronous Machines 

In figures 6 and 6 the end connection field of a S 3 m- 
chronous machine is analyzed and methods of com¬ 
puting inductance are established. In figure 5 di¬ 
rectly magnetizing conditions are shown, and in 
figure 6 transversely magnetizing conditions are 
shown. At the left of both figures the poles, the in- 
terpolar spaces, and the armature iron, as wi as the 
field and armature coils, are shown in orthographic 
projection. Also shown are assumed insulating 
Rayleigh partitions, dividing the end connection zone 
from the zone over the armature surface; and cfividing 
the end-zone into 2 regions, namdy a polar zone, 
opposite the polar iron, and an interpolar zone oppo¬ 
site the interpolar regions. Although these assumed 
planes cramp the fluX) it is believed tha,t less wpr 
results from theni than from those used as fihe basis 
of present forrpulas. The insulating Rayleigh planes 
are designated by the symbol Rl. The iron sur¬ 
faces constitute Rayleigh conducting planes. 

In the center and right-hand parts of fig^ 
Rayleigh partitiohs, the cpils of the armature and 
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Fig. 6. Image conductors^ transvene reaction 
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Fig. 7. Experir- 
mental analogue 
for testing end- 
connection react¬ 
ance 


A—^Water trough 

B—Brass rod at trace of armature coll 
C—^Muller brush electrode at trace of field coll/128 wires lead In 
D—Housing Iron 
E—Armature Iron 
F—Field Iron 
G—^Yoke Iron 
H—^Spider Iron 
J—Shaft Iron 

K—Rayleigh Insulatlngplane; made of copper In model 
All Iron surfaces are made of Insulation In model 


field designated by C and 7^, and their images are 
shown. In the center figure the image system for the 
polar zone is shown, and in the right-hand figure the 
image system for the interpolar zone. In the eleva¬ 
tion view of the interpolar zone an inconsistency may 
be noted, caused by the vertical plane being in part 
an insulating, and in part a conducting plane. This 
may be resolved in 2 ways. If the line is assumed 
to be drawn adjacent to the armature too small an 
mductance is obtained, but there is the image system 
Ji which can be calculated. On the contrary, if a 
Rayleigh conducting plane i?C 2 is placed just under 
the armature conductors, the image system and 
is obtained which gives an inductance approximately 
twice as great as me former, and which is too large. 
A compromise value will therefore be subject to an 
imcertainty of 33 per cent. It is hoped that discus¬ 
sion may show the way to a better solution of this 
particular zone. 

In figure 6 there is at the left the orthographic 
projection of the machine structure, together with as- 
smned Rayleigh insulating partitions. In the center 
is the image system in the polar zone and in the right 


hand part is the image system in the interpolar zone. 
In this case, in the polar zone, it is necessary to intro¬ 
duce the arti&ce of the fictitious conductor for closing 
the gap and establishing the needed difference of 
potential across the gap, between the polar and arma¬ 
ture iron. In the elevation at the right it may be 
noticed that the image of C is either Ii or I 2 according 
to whether the line B1 or RC is taken for forming the 
image. This case is really the Rieman surface whidi 
was resolved in the discussion of figure 3. 

If the basic assumptions indicated here should 
prove valid, a program of research would include the 
evaluation of 1±.e inductance of single coils, groups of 
coils, and the effect of mutual inductance. This 
would be built up into combined coefficients for the 3 
symmetrical components of cmrent and for both the 
steady and the transient states. 

The effect of variations in the boundary conditions 
such as those caused by the proximity of iron of the 
frame, housing, and shaft may in some cases be re¬ 
solved by the Schwarz-Christoffel transformation, 
but the greatest promise is offered by the use of an 
experimental, method devised by MuUner.^ In 
figure 7 is shown a diagram of a water tank in which 
the conjugate field of end connections may be set up, 
in the form of an eleCtrokinetic analogue. The ex¬ 
perimental arrangements include a brush electrode 
for a field coil, a circular rod for the armature coil, and 
the use of copper on the boimdary for Rayleigh in¬ 
sulating partitions and of insulation on the bound¬ 
ary for Rayleigh conducting partitions. 

A solution of the problem of end connection induc¬ 
tance is to be desired not only for its own sake, but 
also as an aid in estimating of losses caused by such 
fidds in nearby metal. 
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Lightnins Currents in 132-Kv Lines 

(CoiUinued from page 252) 

rarely exceed about 160,000 amperes. Only 10 per cent of the 
measured currents were in the range above 70,000 to 100,000 am¬ 
peres. 

2. Single-tower currents showed 100,000 amperes as a maximum, 
with 10 per cent of them above 45,000 amperes. Apparently fairly 
definite relationships between cuir^t magnitude and frequency of 
occurrence exist. Such data used in combination with tower- 
footing resistances are helpful in predicting the lightning performance 
of transmission lines. 

3. Counterpoises in the order of 40 feet long are far less effective 
in discharging lightning currents to ground than longer counter¬ 
poises of say 150-fopt;lchgth, the ratio of currents bi^g in the 
order of 1 to 4 respectivdy at the point Of attacbmeni to the tower. 

4. The short coiwterpoise not coupled mth the line discharges 
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ligfitning cuiT^ts In a manner closely following its expected per¬ 
formance from the standpoint of its ohmic conductance to ground. 
The cotmterpoise, coupled with the line (underlying it), dis¬ 
charges currents of the order of twice this value, on the average. 

6. Currents recorded in tower arms have yielded no conclusive 
data. It would appear that in view of the fact that only 3 records 
of currents were obtained in 1936 in excess of 10,000 amperes, 
conditions attributable to direct strokes to line wires, that 
the present tsrpical construction with one ground wire of the Glenlyn- 
• pnannlfP line is giving a high degree of shielding of the line wires. 
Two attnilur records were obtained at one point on the line, where 
for structural reasons the ground wire was absent. 

6, The high currents measured in the grotmd wires (66,000 am¬ 
peres maximum) indicate the necessity of adequate shielding of the 
litiP at station entrances. They also clearly show the need of 
knowing more definitely the characteristics of lightning-protective 
devices, in view of the possibility of much higher currents through 
these devices than have been considered in the past. 

7. Previous field investigation work on lightning effects on elec¬ 
trical litips and equipment has yielded many valuable data which 
are useful in evaluating the factors affecting the operating per¬ 
formance of such equipment under lightning conditions. 

The breaking down of the over-all picture of lightning 
on a line into its component parts, to determine the 
currents in the various parts of the electric circuit as 
covered by the planned investigation work presented in 
tbifi paper, is beginning to give a clearer understanding 
of what is actually taking place in the various parts of 
the entire lightning circuit. The situation is steadily 
being approached where lightning currents in the elec¬ 
tric system can be predetermined with some degree of 
assurance, which should be of paramount value in pro¬ 
viding protection to lines and equipment and determining 
the duty on protective equipment. However, a great 
deal of the unknown remains to be explored. 
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Tooth-Frequency Eddy-Current Loss 

{Continued from page 256) 


fact, it decays faster than is predicted by equation 6, 
which is probably a result of the phase difference 
between eddy currents at different points of the bar 
surface. It follows from this observation that the 
eddy-current loss computed on the basis of equation 6 
will not be less than the actual value. 

Using equation 7, the power loss per unit area of 
the conductor surface is 




where & and / are the width and length, respectively, 
df the conductor surface at which power loss P takes 
place, and is the effective value of the current 


density at distance x from the surface. This equa¬ 
tion requires 2 modifications before it can be applied 
to this analysis: (1) to accotmt for the variation of 
the eddy-current amplitude that takes place at the 
frequency of the fundamental rotor current and its 
multiples; and (2) to account for the nonuniformity 
of the eddy-current amplitude on the surface of the 
conductor as given by figure 3. 

The first of these conditions can be met approxi¬ 
mately by assuming that the shape of the eddy- 
current wave is a pure sine wave, 100 per cent modu¬ 
lated by a fundamental-frequency sine wave given 
by a ftmction 

J sin utt. (1 — sin art) 

o>t being the angular velocity of the tooth ripple, and 
ov being that of the fimdamental rotor cuirent. 
This assumption introduces a factor into equation 8 
equal to a ratio of power loss with modulated and 
unmodulated waves. The value of this factor is 
then 


— I »rp5w* sin* att (1 — sin art)^dt 
2irJo _ 

at 

— I p5»»* sin attat 


On the assumptions that the value of the ratio <at/ u, 
is large and is an integer, both of which are reason¬ 
able since the value of &></ wr is of the order of 1,000 
or greater, the value of K reduces to 


K ■= 0.113/0.6 

To overcome the difficulty caused by nonuni¬ 
formity of the distribution of current density on the 
surface, as an approximation the distribution of the 
eddy-current amplitude along any normal to the bar 
surface may be assumed to comply with equation 7. 
Measurements show that the amplitude within the 
bar is less than that given by equation 7; hence, 
the actual power loss is less than that computed on the 
basis of equation 7. Equation 8 therefore may be 
written in the form 



The power loss per unit length of the bar will be 

0.113pSm* j^ 

I Jo 0.6 X 16m 

This integral was evaluated by numerical integration, 
using values of 8 «b obtained from figure 3. The result 
obtained, 27 watts for aU the bars in the rotor at 
no load, probably is greater than the true v^ue. 
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First Report of Power System Stability 


S TABILITY, in the sense The AIEE subcommittee on interconnection and the problem ceased to be one 

employed in this report, stability factors* presente herein the first com- of serious importance. The 

is concerned with the prehensive review by an AIEE committee of the principal reason for this change 

successful parallel operation of subject of stability, or successful parallel opera- in the situation was tilie intro- 

a-c machines as aJOfected by tion of a-c machines transmitting large blocks of duction on a large scale of 

the magnitude of power trans- power without loss of synchronism. A summary constant-torque type prime- 

mitted. While this problem of principal installations made during the past movers in hydro-electric and 

has existed since the beginning 10 years which gives data on the various stability steam turbines. The great in- 

of parallel operation, it is only measures employed and a comprehensive bibliog- crease in the size of the power 

within the past 10 to 15 years raphy are included. systems made them inherently 


that it has assumed a position 
of major concern. During this 

period stability has received a great deal of attention in 
papers before the AIEE and in the technical press. The 
development of anal 3 rtical methods for predicting power 
system performance has been followed by methods for 
improving stability. However, during this period the 
general subject of stability has not been comprehensively 
reviewed by any AIEE committee. Hence, this “First 
Report on Power System Stability” has been prepared for 
the purpose of reviewing the developments and of sum¬ 
marizing in so far as appears practicable the present status 
of the art in this field. 

Historical Review 

The early problems of parallel operation were concerned 
principally with the phenomenon known as hunting. 
Prior to 1890 parallel operation of synchronous machines 
was accomplished in isolated instances. The problem 
did not assume importance until after the change from 
belted machines to engine-driven machines and from 
smooth to slotted armature construction. At about this 
titnp the necessity for parallel operation became general 
and the hrmting problem approached serious magnitude. 
The cause was not weU' understood. It was variously 
ascribed to the presence of harmonic circulating currents, 
to the pulsating torque of the prime-movers, to the corre¬ 
spondence of the electro-mechanical poiod of the power 
system and the periodicity of the impulses of the prime- 
movers and to the improper design or functioning of 
prime-mover governors. Considering the complexity of 
these problems, particularly during the transient condi¬ 
tions involved in the hunting phenomena, it is not sur¬ 
prising that the state of the art at the time made exceed¬ 
ingly difidcult the determination of the true cause of 
hunting. Probably the most successful method for mini¬ 
mizing hunting was the introduction of the damper 
winding proposed by LeBlanc in France in connection 
with alternators and independently by Lamme in the 
United States in connection with synchronous converters. 
Gradually the essential factors of the problem were under¬ 
stood and the question of harmonic circulating currents 
eliminated. In the first decade of the present century 


more stable and less subject to 
disturbances arising from the 
peculiar characteristics of an individual machine or appli¬ 
cation. However, the problem still existed in connection 
with special applications, such as those involving gas 
engine prime-movers or s 3 nichronous motor-driven com¬ 
pressors. It was also found that hunting was likely to 
be encountered with synchronous converters if the supply 
lines had a resistance drop of more than 15 per cent. 
During the last 20 years hunting has not been a serious 
problem considering the operation of power systems as a 
whole. 

Another type of the general problem of paralld opera¬ 
tion is one involving the ability to mai nt ai n synchronism 
both during steady-state or normal circuit conditions and 
during transient conditions, such as those arising from 
sudden increase in load, change in circuit condition, or 
occurrence of a short circuit with its subsequent clearing. 
This problem, commonly called the stability problem, is 
concerned with power 'limits and is distinct from the 
hunting problem which is characterized by periodic phe¬ 
nomena. In the early days it was recognized that syn¬ 
chronous and induction motors had very definite power 
limits. However, this was viewed as a machine problem; 
the corresponding system problem did not at this time 
receive consideration. 

The methods for controlling voltage regulation were not 
well developed; the automatic tap changer under load, 
the feeder voltage regulator, the automatic generator 
voltage regulator, the use of synchronous condensers for 
voltage control were either not employed at all or not to 
the degree to which they are today. Consequently, the 
effort was directed to provide systems of good inherent 
regfulation which was obtained generally by making lines 
and apparatus of low impedance. This practice to 
achieve good voltage regulation and the use of multiple 
circuits to minimize interruptions of service resulted in 
sy'stems capable of transmitting relatively large amounts 
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of synchronizing power with corresponding high power Attention was then directed toward methods for im- 
limits under normal operating conditions. proving system stability including consideration of the 

With the advent of the automatic voltage regulator power system layout and operation as well as features of 
and its application to condensers at the receiving end of the apparatus. As a result of this work a number of 
long trans mis sion lines it became possible to obtain good important changes in practice came about, concerning 
local regulation from a system which had high reactance particularly the reactance of synchronous machines, the 
and low s 5 ntichronizing power. Thus it became practical speed of response of excitation systems, and characteristics 
to operate systems much closer to their steady-state sta- of automatic voltage regulators. The most successful 
bility limits. While this combination solved the voltage modification of practice in order to improve stability has 
regulation problem, its exploitation in the course of time been the recent developments of high-speed circuit 
led to the tr ansmis sion of large blocks of power per circuit breakers and relays. Consideration has also been given 
and consequently to the stability problem. to the control of all factors in the problem with a view to 

Parallel with this development of long-distance straight- co-ordinating them to give the maximum improvement 
away transmission, interconnections of large power sys- in stability at a minimum cost, 
terns for economic and emergency purposes led to a differ¬ 
ent form of the stability problem. The character of the Metiiods of Analysis 
operation in this case depended very largely upon the 

properties of the tie line. Frequently these lines operated Parallel with the recognition of the importance of the 
quite satisfactorily for steady-state conditions but in the stability problem the necessity arose for the development 
event of a disturbance on either system, if the tie line of methods for calculation. Thus about 1922 engineers 
i were incapable of transmitting sufficient syndironizing seriously undertook to determine the stability limits of 

power, instability would be inevite-ble. However, it was power systems; they set about the task of predicting the 
found that no difficulty was encountered except during time variation of angle, power, and voltage quantities for 
severe faults if the systems were tied solidly together all types of transient disturbances. Prior to this time the 
through tie lines designed to carry a large amount of load, basic ideas relating title power, angle, and voltages of simple 
j Troubles were for the most part encountered on systems systems were understood but it was necessary to extend 

I which were connected through fringes or through so-called these basic concepts for the more complicated problems 

i “shoe string” lines. Interconnection to reduce cost and under consideration. An example of these extensions is 

j improve service reliability thus became a factor in the the power circle diagram which was developed to include 

ij problem. distributed capacity and general networks. The ana- 

j Concurrently, consideration was being given to the use lytical work back of the circle diagram was extended, 

j of generator and bus reactors for the purpose of limiting covering not only the case of 2 machines but 4 or more 

j the interrupting capacity required of circuit breakers, inachine cases for which the circle diagram is not applicable. 

I These layouts also affect system stability by decreasing The power circle diagram was early found to be of 

\ ■ the synchronizing power under conditions before and ^er considerable value in pointing out maxmum power limits 

I the fault is cleared and by reducing the severity of the and requirements in reactive kilovolt-amperes to maintain 

] disturbances themselves during the fault condition. system voltages. It was also helpful in obtaining power- 

\ About 1920 the work on the power circle diagram in angle relations between 2 ends of a long Une, particularly 

connection with long distance power transmission focused between points of maintained voltage, 
attention to the margin of power between the operating Since the stability problem is so closely related to the 
point and the theoretical stability limit. This led to characteristics of machines the next development was tibe 

exhaustive tests, both in the laboratory and in the field, extension of the Blondel 2-reaction method to include the 

for establishing the characteristics of power systems under transient performance of machines with salient-pole rotor 

Steady-state conditions and during transient distiubances. construction. 

I In 1925: a case of instability occurred on a long-distance Undoubtedly the most important analytical develop- 

high-capacity transrnission system in which the system ment in the general field of unbalanced polyphase prob- 

was op^ting under steady-state conditions while por- lems is that of “symmetrical components.” Applied to 

tions of the paralleling line were out of service for main- the stability problem, it became possible to calculate the 

tenance and repair. While the possibility of pull-out distribution of current and voltage throughout the system 

had been recognized before this experience, its occurrence during periods of unbalanced faults and also to determine 

neverthdess did stimulate further careful investigation of the equivalent balanced positive-sequence impedance 

stability limits of long transmission systems. As a result that should be placed at the point of fault to completely 

of the interest in the subject and the development in the simtdate in its action upon machine performance the 

methods of calculating decirical systems, it was found particular imbalanced fault. In this connection it was 

that system oscillations dining disturbances could be pre- necessary to deydop methods of calculation and of test 

dieted with satisfactory accuracy by step-by-step methods, for the phase-sequence constants of lines and apparatus. 
This has been substantiated by the data on power system An interesting devdbpment of this period was the 
: osciffations obtained during (1) scheduled tests and (2) mechanical analogue, a mechanical equivalent i of the 

normal operation by means of automatic transient re- actual dectro-mechanical system, hi which the principal 

cording apparatus. ; generating units are replaced by small-flywheds and the 

: i C <> nvn ^ ELEctyicAfc Engineering 






system reactances by springs. By properly proportioning 
the elements of this system the angle-time variation of 
this equivalent will exactly duplicate the system per¬ 
formance quantitatively as well as qualitatively, thus indi¬ 
cating stability or instability for different kinds of faults. 
While the mechanical analogue has been used to some 
extent for the purpose of calculating system performance, 
its principal value has been its unique facility for visual¬ 
izing the essential factors in the stability problem. 

A very tedious and irksome part of the early stability 
calculations was the reduction of the actual system into 
an approximately equivalent network of a more manage¬ 
able form, such as 2- or 3-machine problem. The con¬ 
struction and use of ,the network analyzer or a-c calcu¬ 
lating board has eliminated much of this labor. By 
means of the a-c calculating board the entire system 
impedance diagram including the generating sources can 
be set up, thus representing in miniature the equivalent - 
of the actual system. From this duplicate system the 
necessary constants may be obtained which will reduce 
a given system to the simplest number of impedance 
branches. The problem may be solved by a step-by-step 
method, either analytically or by the calculating board, 
using small intervals of time and adjusting by steps the 
phase position and magnitudes of the machine voltages as 
dictated by the simultaneous solution, considering the 
acceleration and inertia of all the machines. Mention 
should also be made of the integraph which has been 
employed in the production of general curves which have 
been used in the solution of specific stability problems. 

The development of automatic recording equipment 
has provided an important source of information on power 
system performance. This equipment, which is of the 
oscillographic type, is capable of recording instantaneous 
variations in voltage, current, power, and phase angle 
quantities—^includmg both phase quantities and their 
sequence components. The data obtained in this manner 
are useful in determining the margins in stability under 
operating conditions. These records are valuable in 
checking rday and circuit-breaker performance, and also 
in determining the character and location of the fault. 

The most recent development affecting methods of 
analysis has to do with the determination of ^e machine 
constants to be used. It has been shown that saturation 
affects transient reactance and also certain other react¬ 
ances used in transient stability calculations. Recently, 
work has also been done toward the determination of the 
appropriate values of reactance to use in steady-state 
stability calculations. The results of this work are being 
reviewed by a subcommittee of the AIEE electrical 
machinery committee. 

In summarizing this review of the methods of analysis,, 
it can be stated that the available methods are now con¬ 
sidered to be satisfactory for determining the stability of 
a system under any assumed set of conditions. It is 
recognized, however, that for certain types of systems 
the present methods require analysis by a. relatively large 
number of independent machines and this requires a 
considerable amount of work to cover a reasonable range 
of operating conditions. 
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General Discussion ^ 

of Factors Affecting Stability 

In this report the stability terms are used in accordance 
with the following definitions:* 

"Stability, when used with reference to a power system, is that 
quality of the system or part of the system which enables it to 
develop restoring forces between these elements equal to or greater 
than the disturbing forces so as to restore a state of equilibrium 
between the dements. 

"Steady-state stability exists in a power system if it operates 
with stability when there is no aperiodic disturbance on the system. 

"Transient stability exists in a power system if, after an aperiodic 
disturbance has taken place, the system regains steady-state stability. 

"If automatic devices are used to aid stability their use should 
be indicated by the following phrases: 

Steady-state stability with automatic devices. 

Transient stability with automatic devices. 

"The term, automatic devices, includes only those devices which 
are operating to increase stability during the period preceding and 
following a disturbance as well as during the disturbance. Thus 
relays and circuit breakers are excluded from this classification and 
all forms of voltage regulators included. Devices for inserting 
and removing shunt or series impedance may or may not come 
within this classification depending upon whether or not they are 
operating during the periods preceding and following the disturb¬ 
ance." 

These definitions of stability tenns recognize a distinc¬ 
tion between stability with, automatic devices, and sta¬ 
bility by inherent action. While the general term includes 
both effects, it is the intention that mention should be 
made of automatic devices when used. 

It is recognized that the definitions of stability are 
based upon viewing the problem as essentially one of 
equilibrium. In each synchronous machine there is a 
problem of equilibrium between the mechanical forces 
acting on machine shafts and the electrical forces acting 
bn the machine windings. Thus in the S 3 mchronous 
generator there are the mechanical forces due to the 
prime-mover tending to accelerate the rotor and the 
dectrical forces due to electrical output and losses tending 
to decelerate the rotor. In the synchronous motor there 
is the corresponding problem of equilibrium between the 
electrical input and the mechanical output and losses. If, 
in the process of maintaining equilibrium, synchronism is 
not lost, stability results. 

The factors affecting the stability problem, therefore, 
include any which will affect the mechanical input (or 
output) and the electrical output (or input). Among the 
mechanical factors are the prime-mover input, the gover¬ 
nor characteristics and inertia of rotating parts, and 
among the electrical factors are the characteristics of 
circuits including switching operations and apparatus 
induding excitation systems and their voltage regulators, 
and load circuits induding induction motors as well as 
static apparatus. 

The above discussion indicates that there are many 
factors entering,into the stability problem. Also, there 
are many ways in which these factors may be controlled 
to secure stability. The extent to yrhich any of these 

K These definitions are taken frbtn the repprt of the subject committee bn 
definitions of terms used in power system studies, presented at the AI£B winter 
convention, New York, N. Y., Janm^ 22,1932. 
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factors are beneficial in improving stability is dependent 
upon the particular system under consideration. 

This report is principally concerned with stability as 
affecting the operation of synchronous machines, such as a 
combination of a generator and a motor or 2 groups of 
synchronous generators with an intervening transmission 
line. The report is also principally concerned with the 
usual type of power system where parallel circuits are em¬ 
ployed and a relatively high standard of service is required. 

In general, the transient stability limit of a system is 
considerably lower than the steady-state stability limit. 
Hence, the transient stability limit is more important for 
the service and layout conditions normally encountered. 
In general, the basis of system design from the stability 
standpoint is predicated on the successful clearing of a 
particular type of fault in any line section. The type of 
fault considered is usually the double line-to-ground fault 
on transmission systems. However, single line-to-ground 
faults are sometimes considered for transmission systems 
and 3-phase faults for metropolitan systems. In a few 
situations single-circuit lines may be employed because 
service conditions permit the interruption of supply to 
the load or because the system layout is such as to permit 
the loss of an entire station, output. In these situations 
the steady-state stability limit, of course, becomes of 
greater importance. However, even in such cases second¬ 
ary circuit faults or abrupt load changes are likely to 
make the controlling stability limit a transient limit. 

Discussion of Specific Factors 
in the Stability Problem 

A discussion will now be made of the effect of various 
specific factors in the stability problem. For convenience 
these will be arranged under 2 principal headings of 
(1) power system layout and operation and (2) character¬ 
istics of apparatus. 

Power System Layout and Operation 

The stability characteristics of power system layouts 
should be analy25ed for the 3 circuit conditions associated 
with the fault, viz.: 

1. Before the fault. 

2. During the fault. 

3. After the fault. 

Some features of layout are beneficial to stability for all 
3 circuit conditions while other features are beneficial 
for one condition and detrimental for another; hence, the 
many features of power system layout must be weighed 
individually in connection with each circuit condition. 

Series Reactance 

The most obvious method of increasing the stability 
limit of a system is to reduce the transfer reactance dr 
“through reactance” between synchronous machines as 
this directly increases the synchronizing power that may 
be inter^anged between them. The reactance of a 
transnussion line may be reduced by reducing the Con¬ 


ductor spacing. Usually, however, the spacing is con¬ 
trolled by other features, such as lightning protection and 
tninimnm clearance to prevent an arc from one phase 
involving another phase. Another method of reducing 
litiP reactance is to increase the conductor diameter by 
using material of low conductivity or by hollow cores. 
Usuily, however, the characteristics of the conductors 
are fixed by economic conditions quite apart from sta¬ 
bility. The split-conductor has been considered for a 
number of cases as a measure for decreasing hne reactance 
but objections from a mechanical point of view have 
prevented its use on any major project. 

The transformer reactance should be kept as low as 
practical. While some variation from normal reactance 
is permissible, economic considerations usually prevent 
much departure from the normal value. 

The series capacitor provides another means for de¬ 
creasing the “series” reactance of transmission systems. 
However, at times of system faults the current through 
the capacitor raises the voltage across it to a value much 
in excess of its normal value. Hence, to protect the 
capacitor against puncture the usual practice is to use a 
normal voltage capacitor with means to short circuit it 
during excess current conditions. The series capacitor 
as proposed is thus rendered ineffective at just the time 
when it is most desired. The alternative is to use capaci¬ 
tors capable of withstanding the high voltages arising 
under fault conditions. In no major project in America 
has the series capacitor received serious consideration. 

The usual ways of reducing transmission circuit re¬ 
actance drops are to use additional parallel lines or circuits 
of higher voltage. Comparisons at times are made 



Fig. 1. Effect of bussing arrangement on stability 
limits; double line-to-ground fault at sending end 


A —Low-voltage bussing B —High-voltage bussing 

System reactance shown in per cent; Inertia constant H « 
ki 16watt-seconds/kl lovol t-a mpere 
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between a larger number of low voltage circuits and a small 
number of lugh voltage circuits. In these cases it must 
be borne in mind that the switching out of a circuit pro¬ 
duces a relatively greater reduction in the power limit of 
the layout with the smaller number of circuits than with 
the larger number. 

Bussing Arrangements 

The method of paralleling lines or apparatus, or the 
bussing arrangements, may have an important bearing 
on system stability. The use of high-voltage busses at 
the ends of transmission lines or at intermediate points 
results in smaller reduction in the “through reactance” at 
the time of the isolation of a faulted transmission line 
section than for the case with low-voltage bussing, since 
the latter involves the loss not only of the line but also of 
the associated transformers. During the faulted condi¬ 
tion the shock to the system is greater with the high- 
voltage bus than with a low-voltage bus. It is impossible 
to generalize on the relative merits of high- and low- 


System reactance shown in 
per cent 


Four 75,000-l<va generators, = 
20 per cent; transformer “ 12 
per cent; 2 lines 280 miles long; 

fault at load end 
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DURATION OF FAULT IN CYCLES ON A 60-CYCLE SYSTEM 

Fig. 3. Effect of grounding methods upon system 
stability 
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DURATION OF FAULT-SECONDS 

Effect of number of switching stations on 
stability limit 

A —^Single line-to-ground fault 
B —Double line-to-ground fault 

.One Intermediate station 

——- Two intermediate stations 
--Bus fault cleared with no loss of line 


voltage bussing arrangements as the result in any par¬ 
ticular case is dependent upon the relative reactance 
proportions of the system, the type and duration of the 
fault, and the character of system grounding. The 
results of calculations on a particular system with alter¬ 
native bussing arrangements are illustrated in figure 1. 
It -mil be observed that for the faults of short duration 
the change in the “through impedance” of the system 
after the fault is cleared is more important than the shock 
to the system during the fault, and, therefore, the high- 
voltage bussing arrangement gives higher stability limits; 
while for faults of longer duration, the shock to the system 
is more important and the converse regarding layout is 
true. By using reactors between the high-voltage busses, 
it is possible to obtain characteristics intermediate be- 


Upper set of curves for fault on high-voltage bus at sending end 
Lower set of curves for fault on high-voltage bus at receiving end 


tween those for high- and low-voltage bussing, approach¬ 
ing either to any degree desired. Figure 2 shows the 
results of the study in a particular case of the effect of 
varying the number of intermediate switching stations on 
a long transmission line. 

Another method of bussing is incorporated in the scheme 
known as “synchronizing at the load” as applied to 
metropolitan type power systems. By metropolitan 
system is meant the type of system that exists in large 
cities and is characterized by large turbogenerating units 
located dose together with short transmission distances. 
With this scheme there are no direct ties between syn¬ 
chronous machine busses but only indirect ties through a 
multiplicity of connections at secondary or utilization 
voltages. With this layout secondary faults will not 
have a severe effect upon the system and can be “burned 
clear.” Faults on a particular generator bus will require 
disconnection of that unit but tiie remaining units while 
subjected to a substantially greater-shock, will accderate 
or decelerate as a uniti Of course, the shock to the 
connected load will be decreased as the speed of circuit 
breakers and rdays is increasedi 

While “synchronizing at the load” was developed for 
supplying power to metropolitan areas, the underlying 
general principle has been considered in connection with 
long-distance trahsmissipn projects. The modification 
of ^e scheme for this application is characterized by the 
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bussing of the system only on the low-voltage side at the 
receiving end. On such a system transmission-line faults 
result in the disconnection of an entire unit consisting of 
a generator, sending transformer, transmission line, and 
receiving transformer. Since the plan of operation con¬ 
templates the disconnection of a unit for every fault on 



A —Sinale line-to-ground fault 
B—Double line-to-ground fault 

Solid curves for generator transient reactance = 30 per 
cent; broken curves for X^' «= 21 per cent 

Fault at load end; 2 lines, 280 miles, 3 sections; transformer 
/< =• 10 per cent; 4 70,000-kva generators 


the transmission line or its associated apparatus, each 
circuit may be operated relatively close to its steady- 
state power limit. Faults on the low-voltage bus at the 
receiving end will probably be controlling, in determining 
the transient power limits. These connections are sitnilar 
to those employed on early systems where transmission 
lines from separate hydroelectric plants were paralleled 
only at the receiver. 

The same general principles of system connection have 
also been employed in circuits employing 2-winding 
generators and 4-winding transformers. These schemes 
improve stability by limiting the severity of short circuit 
and by distributing the stress among the remaining units. 
An important advantage of the double-winding generator 
arises from the fact that in the event of a fault on one 
winding the sound winding can carry load and thus mini¬ 
mize the disturbance to the system which would result 
from the disconnection of the faulted machine and the 
readjustment of load on the remaining units. 

.pother method of bussing is the “loose-linked” system 
which consists of a number of power areas normally 
operated in parallel, being loosely connected for purposes 
of synchronizing and interchange of power. The plan 
of operation is such that in any power area the largest 
gen^ator or the interlinking ties may be lost without 
lea.ving a load in an area in excess of the ability to carry it, 
In the event of a serious disturbance within a* ppw^ area; 
that area including its load and sources of power is 
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lated from other power areas by opening of the ties at 
appropriate points. 

Grounding 

- In America it is common practice on high voltage sys¬ 
tems to ground the neutral solidly and on moderate- 
voltage systems to ground the neutral solidly or through 
a resistance. For certain types of high-voltage systems 
there has been recently an increase in the tendency to 
provide transformers with sufficient insulation in the 
neutral to permit grounding through a moderate imped¬ 
ance. The Petersen scheme of power system grounding 
using reactors tuned with the capacitance to ground at 
fundamental frequency has not been generally accepted 
though it has been used successfully in a few locations. 
These schemes also have arc-suppression characteristics as 
discussed in a subsequent section. The introduction of 
neutral impedances, by limiting the severity of the fault, 
increases the stability limits. Two effects may be present. 
If the impedance is a pure reactance, the current is limited 
and the synchronizing power is increased thereby; if tiie 
impedance is a resistance, power is absorbed in it and the 
gaierator output increased and its acceleration is corre¬ 
spondingly retarded. The effects of these factors are 
illustrated in figure 3, which shows the stability limit as 

Tabic I—Normal Design Values of Reactance Constants of 
Synchronous Machines 


Reactance, Per Cent 
Synchronous"' 

-- Tran- Subtran- Negative- 

Direct Quadrature sient*"' sientf Sequence t 
Axis Xd Axis Xq Xd' Xd* X» 


Turbogenerators 


2 pole. 

4 pole. 

Salient pole genera¬ 
tors and motors 
with dampers. 

..110.... 

..110.... 

..100.... 

....107- 

....108.... 

_66_ 

....14.... 

....23.... 

....36.... 

.... 0.... 
....14.... 

_24,, 

.... 9 
.... 14 

Salient pole genera¬ 
tor without damper.. 

..100.... 

-66_ 

....35.... 

_.^2. ,,, 

45 

Synchronous con¬ 
densers. 

..160.... 

....100_ 

....40.... 

....28.... 

....24 


• Unsaturated values. ♦* Rated current values. f Short circuit values 


Table II—Inertia Constants of Synchronous Machines and 
Acceleration Formula 


Type 

Inertia Constant H"* 

Turbogenerators.. 


Wnterwheel generators. 

Synchronous condensers’""' 
Large...... 


Small. 

. 100 

Synchronous motors... 



lew sec 0.281(WR«)(RPAf)» X IQ-* 


kva leva 

•* Hydrogen cooled, 26 per cent less 

ACCBLBRATION FORMTn.A 
ISQfAP 

a * --— 

kva-H ' 

“ i. ; “ acceleration (or deceleration) in electrical degrees per second oer 
second 

frequency' ■ -i; ^ . 

. “ Klowatts awilabie for acceleration (or deceleration) 

.tmoment'of inertia in pounds per foot" i; 
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a fiinction of the duration of the fault and the connection 
of the neutral impedance for single and double line’-to- 
ground faults oh the high-voltage line at both the sending 
and receiving ends of a t 3 rpical system. These curves 
show conclusively that neutral impedances, preferably 
resistance at the sending end and reactance at the receiving 
end, are beneficial in maintaining stability. The im¬ 
portance of the method of grounding in relation to power 
system stability has been minimized by the development 
of high-speed breakers and relays and the trend in the 
direction of basing system design upon the more severe 
types of faults. In general, however, factors such as 
lightning protection and relaying, and cost affected by 
insulation and interconnection with other systems, rather 
than stability, determine particular methods of grounding 
to be employed. 

Power System Operation 

Power system operation is often as great a factor as 
proper system design to insure system stability. The 
allocation of generator capacity in relation to the system 
load and circuit conditions is of considerable importance, 
particularly under abnormal circuit conditions. The 
stability problem may be accentuated by interconnection 
and is complicated by the related problems which arise 
when frequency control is applied or when the location 
of generating capacity is determined by maximum econ¬ 
omy requirements rather than system load requirements. 

Most power systems are designed for adequate stability 
under steady-state conditions. There are, however, many 
systems where a stability problem is encoimtered as a result 
of a fault and for economic reasons it is not always possible 
to eliminate this condition. 

A consideration of certain basic operating principles will 
prevent exceeding the steady-state limits and insure 
prompt recovery following a fault. 

Adequate spinning reserve capacity either in the form 



Fig. 5. Approximate cost of decreasing the transient 
reactance of salient-pole synchronous generators 


of spare generators or reliable interconnections must be 
available in each load area to insure a steady-state limit 
in excess of the power and reactive kilovolt-ampere 
requir^ents in event of loss of a generating unit or loss 
of excitation. 


The method of supplsdng excitation to a system has an 
important effect on stability. The choice of the value of 
bus voltages to be maintained or compensated for load 
and circuit changes may be of great importance. Voltage 
regulators tend to improve stability conditions by*^ auto- 



Fig. 6. Effect of generator inertia upon system 
stability 

A —^Single llne-to-ground fault 
B —Double line-to-ground fault 


-Minimum WR* (31 X 10® pound-feet*) 

- --50 per cent additional W/?* 

-100 per cent additional W/?* 


matically changing the excitation in accordance with 
loads. They are capable of sustaining system voltages 
within safe limits for the loss of excitation on one of the 
units. They also tend to keep tlie field strength of indi¬ 
vidual units within reasonable limits, thereby preventing 
the cascading of trouble following the initial disturbance. 
Other characteristics of excitation systems and their 
control in relation to stability are discussed in a subse¬ 
quent section. 

The increasing use of automatic devices, such as re¬ 
frigerators, water heaters, water pumps, etc., which are 
not locked out following an outage, results in excess power 
requirements when service is restored. A recent outage 
resulted in a peak following restoration of service whidb 
was approximately 45 per cent in excess of the load inter¬ 
rupted. 

Provision must be made for excess generator capacity 
for a short period following restoration of service or the 
service restored slowly to limit the temporary load until 
its diversity becomes normal. 

The spinning reserve capacity for best results should be 
distributed in the several load areas so that its availability 
is not restricted by tie-line limitations. 

The use of automatic load control on interconnecting 
tie lines has increased the practical load limits of these 
lines by preventing the usual drift in the tie-line load, 
thereby holding the scheduled load well below the tie-line 
limits. These devices are of no value for transiait con¬ 
ditions. 
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Co-ordination of stability studies and operating instruc¬ 
tions for abnormal conditions is a matter of considerable 
importance for insuring the maintenance of stability or 
avoidance of service interruption. 

When synchronism is lost on a system having syn¬ 
chronous condensers, a state of equilibrium may be reached 
under which the system will neither accelerate nor retard 
imtil conditions are changed by switching operations, or 
by removal of S3mchronous condensers. The removal of 
s)?nchronous condensers, either manually or by under¬ 
speed relays, relieves the system of superimposed low 
frequencies, due to condenser excitation, and permits a 
more rapid restoration of service. 

Characteristics of Apparatus 

Synchronous Machines 

The characteristics of S3mchronous machines which 
are important from the standpoint of stability are sub¬ 
stantially the same in the generator, motor, or condenser. 
In general, the characteristics of generators are of much. 
more importance because they constitute the largest per¬ 
centage of the total connected S 3 mchronous capacity and 
because they have such an important bearing on the over¬ 
all system angles. The following discussion will be given 
in terms of synchronous generators with the understanding 


SSSXSSSSSBHSSiSS 

hbssmBSBBIBS 


to some extent by the saturation characteristics of the 
machine. The appropriate value to be used in a stability 
analysis also varies with the location and severity of the 
fault. From the standpoint of calculation it is usually 
impracticable to consider more than one value of transient 
reactance, which value should be selected considering the 
condition both during the fault and immediately after its 
isolation. The effect of decreasing the transient reactance 
of generators upon increasing the stability limits for a 
particular study is shown in the curve of figure 4. The 
normal values of the constants of various types of syn¬ 
chronous machines are shown in table I. The effect of 
decreasing the transient reactance upon the cost of a 
machine is indicated in a general way by the curves of 
figure 5. In a number of installations it has been found 
desirable to employ generators of less than normal tran¬ 
sient reactance. 

For a few present-day systems, steady-state stability 
Mts will be found important. With increased applica¬ 
tion of faster breakers and relays and the logical attempt 
to increase the load carried on these circuits, the steady- 
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GENERATOR RATING—MEGAVOLT-AMPERES 

Fig. 7a. Inertia constants of large turbogeneratore, 
turbine included 

^1/800 rpm condensins 
® ^3,600 rpm condensins 
^ 3,600 rpm noncondensins 


that for synchronous condeusos and motors the eenersl 

coS&m^ f generator performance under 

by “ determined chie^ 

dedgnated M if' Tt. i nnniponent commonly 
«>gnatedasx,. The value of this reactance is affected 
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GENERATOR RATING - MEGAVOLT-AMPERES 

Fig. 7b. Inertia constants of large vertical-type 
water-wheel generators, including allowance of 
15 per cent for water-wheels 

S~pnTInl^ ■'P"* C-138-180 rpm 

S-200-400 rpm 0- 80-120 rpm 


state stability limitations will become increasingly im- 
portant The best criterion of machine performance 
mih. reference to steady-state stability is equivalent syn¬ 
chronous reactance. This reactance differs from the 
ordinary synchronous reactance defiiied by the AIEE 
since It has been adjusted for the operating conditions in 
ord» to mdude the effects of saturation according to the 
load currents and excitation requirements. 

Short-circuit ratio is in itself not diritly a measure 

> the machme from the standpoint 

of stabihty. It IS, however, of value as an approximate 
measure of the size of machine. Its value in this caSe 
d^ends upon the fact that to a considerable extent any 
reduction^of reactanty in a madhine below its norm^ 
value IS obtamed by derating a larger machine ahd modi- 
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fying the (nirrent-canying parts to meet the reduced 
values. 

The inertia of a S 3 Uichronous generator or motor is also 
a factor in the stability problem since it affects the natural 
period of system oscillation, or the time required to reach 
a point beyond which recovery would be impossible. 
Figure 6 shows the results of calculation for various values 
of generator inertia upon the stability limits for a par¬ 
ticular system. The normal values of inertia constants 
of the various types of synchronous machines are indi¬ 
cated in table II. The auves of figure 7 show the inertia 
constants for steam turbine generators and vertical water¬ 
wheel generators. The effect of increasing the inertia of 
generators upon the cost is illustrated by the curves of 



Fig. 8. Approximate cost of increasing the inertia 
of large vertical-type water-wheel generators 


figure 8. In a few cases, where calculations have indi¬ 
cated that a particular system would operate relatively 
dose to the stability limits, generators of higher than 
normal inertia have been installed. 

The severity of unsymmetrical ^tem faults is affected 
by the negative-sequence impedance of the connected 
machines. Amortisseurs or damper windings affect both 
the real and reactive components of this impedance. 
Machines without damper windings possess the highest 
negative-sequence reactance and from this viewpoint are 
the most desirable but on the othdr hand machines with 
high-resistance damper windings possess the highest 
negative-sequence resistance. The curves in figure 9 
show the combined effect of the damper matearial upon 
the stabilily limit of a typical system for line-to-line and 
double line-to-ground faidts on the high-^voltage bus at 
the generator end. It will be observed that the improve¬ 
ment with high-resistance dampers is quite appredable 
for fa,ults of long duration but for faults of a: duration 
comparable with that which can be obtained at present 
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with high-speed breakers, the improvement is very much 
1^. In the event of system oscillations low-resistance 
copper damper windings produce the greatest damping 
of the mechanical movement. However, this effect is 
unimportant during and following a system fault except 
in the rather rare case in which the system is so constituted 
that puU-out takes place as a result of compound oscilla¬ 
tions following a disturbance. To obtain the partial 



Fig. 9. Effect of clamper winding material upon 
stability limits 


System same as Fisure 3C 

A — High resistance 8—No dampers C — Copper 

Upper curves for line-to-line fault 

Lower curves for double line-to-ground fault 

advantage xA the high loss associated with high-resistance 
dampers at times of unbalanced faults and the damping 
of oscillations associated with low-resistance dampers, 
the generators for one installation were supplied with a 
new type of damper winding whidi consists of a double 
cage arrangement in which the outer row of bars is made 
of high-resistance material and the inner row of bars is 
made of a low-resistance material imbedded in the iron. 
For the double frequency associated with negative- 
sequence the copper bars possess a high reactance and, 
therefore, force most of the current through the high- 
re^tance bars, but for the low-frequency associated with 
the system oscillations the current varies inversely with 
the resistance Of the damper bars in which case most of 
the current flows through the copper winding. The 
benefits from high-resistance damper windings will be 
decreased as the fault duration is decreased by the use 
of faster breakers and relays. Damper windings plpn 
have characteristics which tend to suppress spontaneous 
hunting and to reduce system voltages and recovery rates 
arising from short circuits; in these respects, low-resistance 
copper dampers are somewhat more effective than high- 
resistance dampers. 

. With the increase in size of generator units, the greater 
concentration of power on a single bus has increased the 
duly on circuit breakers and the area affected by a fault 
on or near the bus. These effects have been greatly 
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mmimized by the advent of the 2-wmcling generators in 
which the 2 armature windings are connected only through 
their mutual coupling which may be controlled by suit¬ 
able design. Generators of this character lend themselves 
to incorporation as units in the system layout known as 
^‘synchronizing at the load” or its variations as described 
previously. 

Excitation Systems 

Control of the excitation system on synchronous ma¬ 
chines provides a means for improving stability limits for 
transient conditions and also for steady-state conditions. 
Such systems operate to increase stability, (1) by over¬ 
coming partially the demagnetizing effect within a ma¬ 
chine or (2) by positively increasing the machine fluxes 
and terminal voltages. Excitation systems that are 
effective from the standpoint of stability are commonly 
termed quick-response excitation systems, the principd 
features of which are: 

1. Exciter of high rate of build up and of high “ceiling** voltage. 

2. A reliable source of power to the exciter. 

8. Qmck-responding regulator. 

Exciter response is the rate of build up or build down 
of the main exciter voltage when resistance is suddenly 
removed from or inserted in the main exciter field circuit 
by the action of the voltage regulator. The response of 
an exciter may be expressed as either volts per second or 
the ratio of the volts per second to some other designated 
value, e.g., the nominal collector ring voltage. In order 
to obtain the benefits of a high rate of response, it is neces¬ 
sary for the exciter to have a high ceiling voltage, i.e., a 
high ratio of maximum to normal operating voltage. 
The actual response depends upon the excitation system 
as a unit, on the initial value of the exciter voltage, and 
on the characteristics of the field and armature circuits 
of the main machine, and in general varies appreciably 
during the build-up and build-down process. Because 
of this variation, it has been found desirable to establish 
a definite basis for discussion, guarantees, and tests as 
defined under nominal exciter response. 

The nominal exciter response is defined as the ratio to the nominal 
collector ring voltage of the slope, in volts per second, of that 
straight line voltage-time curve which begins at nominal collector 
ring voltage and continues for one-half second, under which the 
area is the same as under the no-load voltage time build-up curve 
of the exciter starting at the same initial voltage, and continuing 
for the same length of time. 

Note; Nominal collector ring voltage is the voltage across the 
collector rings required to generate rated kilovolt-amperes in the 
main machine, at rated voltage, speed, frequency, and power 
fsLctor with the field winding at a temperature of 76 degrees centi¬ 
grade. 


resistance in series with the field circuits of inaiarx 

exciter so that the short-circuiting of these jresistanctis 
will quickly apply increased voltage to the ma.i^ ixiac 
field. This combination is of further advantag"® ^ 
nating the necessity for main field rheostats. T'tL^ j-equire;- 


Fig. 10. Determination 
of nominal exciter re¬ 
sponse 


A —^Actual build-up curve 
B —Nominal col lector-ring 
voltage 

Area abc >= area afedb 



Nominal response 


slope of straight line ac in volts per second ^ 2bc 
nominal collector-ring voltage 


Figure 10 illustrates how exciter response is determined. 

The exciters for quick-response excitation systems are 
built so that the field circuits have low time constants 


usually 


obtained by subdividing the fields and using 


external resistances in series with them together with other 
changes in design proportions. Generally, it is found 
most practicable to provide a pilot exciter opiating with 

270 


ment for a high ceiling voltage makes it necessapry i:c> sup¬ 
ply exciters of more liberal design than was the casse witli 
slow-response excitation systems heretofore in. common. 

With quick-response excitation systems it: is more 
important than with previous excitation systems tio have 
a reliable source of power for the exciter, snlliciently 
ample to supply the heavy demands that are areciuired. 
when a fault occurs. 

The voltage regulator characteristics desirable witlx 
quick-response excitation systems do not differ radically 
from some of the types heretofore available. Tiie princi¬ 
pal feature of the new regulator has been the in-trodtiction 
of means which make the regulator respond to a sort of 
average voltage of the different phases instead of from a 
single phase which was prior practice. This clxan^e was 
made because of the fact that on the occurrence of certain 
types of imbalanced faults the voltage of a particular 
phase may rise though the voltage on the remaining- 
phases drops. Thus the old type of regulator connected 
to this phase would introduce a change in the cxicitation 
in the wrong direction from the standpoint of system 
stability. This feature has been incorporated, ijtx com¬ 
mercial regulators in several different forms operating 
from different quantities. The original form nsed a. 
network for supplying positive-sequence voltage -to the 
regulator. Subsequently, this result was Q-Pproacimated 
by the substitution of a torque motor, a polyphase motor 
which develops a torque proportional to the diffier-ence of 
the squares of the positive- and negative-sequence volt¬ 
age. More recently rectifying means giving tbe a"veraae 
of the 3 phase-voltages have been employed to gi-ve conre- 
spending action. 

Quickrresponse excitation systems today are comutnonly 
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controlled by the exciter rheostatic type regulator pro¬ 
vided with special auxiliacy means for momentarily in¬ 
creasing the excitation in case a severe ^stem disturbance 
is indicated. The exciter rheostatic regulator has the 
advantage over the vibrating type of being “at rest” for 
a large percentage of the time in comparison with the 
vibrating type, which principle will result in reduced 
maintenance. 

Quick-response excitation systems tend to improve 
stability limits of power systems in 3 ways. 

1. Maintaining or increasing machine flux against demagnetizing 
action of fault currents. 

2. Suppl 3 ring deficiency in system excitation due to loss of other 
sources of excitation. 

'3. Increasing steady-state stability limits. 

Quick-response excitation provided one of the earliest 
methods used for improving the transient stability limits 
of systems. Its importance in this respect has, however, 
been minimized by the developments of high-speed circuit 
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24 28 32 36 40 44 

DURATION OF FAULT IN CYCLES OF 60-CYCLE SYSTEM ' 

Fig. 11. Effect of duration of fault on power limits 
for different kinds of faults 

A —^Single line-to-ground fault C—Double line-to-ground fault 

B —Line-to-line fault D —^Three-phase fault 

System reactance shown in per cent 


breakers and relays which limit the duration of fault 
currents and their demagnetizing effects. 

Another feature of quick-response excitation systems is 
the ability to increase the excitation to meet the require¬ 
ments of a system arising from the loss of other sources 
of excitation as from the disconnection of a generator or 
condenser. Tins feature cannot, of course, be supplied 
by means of high-speed circuit breakers. In order to be 
effective in this respect a quick-response excitation system 
must have a relatively high ratio of ceiling to normal 


operating voltage and the regulating equipment must be 
such as to permit operation under these conditions for the 
length of time necessary for some readjustment in the 
system to be brought about. 

Quick-response excitation systems also provide means 
for increasing the steady-state stability limi ts. Labora¬ 
tory tests on miniature systems have indicated that quite 
large increases in the steady-state limits over the values 
possible with fixed excitation can be secured by the 
application of a suitable regulator and exciter. These 
increases vary from 300 per cent for a generator and a 
synchronous motor directly connected down to 26 per 
cent for the condition simulating the tr ansmissi on power 
over a 200-mile line at 220 kv. The effect of the excita¬ 
tion system in this connection may be viewed as tending 
to make the steady-state stability limits, depend upon 
transient instead of S3mchronous reactances. In general, 
however, since the steady-state limits are higher than the 
transient limits the use of a regulator to increase the 
steady-state limits has been without real significance. 
There is also a question as to the desirability of having the 
operation of a station at its rated load being dependent 
upon the functioning of a regulator. Consequently, the 
choice of regulator has been determined from its per¬ 
formance under transient conditions and its maintenance 
under ordinary operation. In these respects the exciter 
rheostatic regulator possesses advantage over the vibra- 
ting t 3 rpe though the latter would appear to be superior in 
improving dynamic steady-state limit s. 

High-Speed Circuit Breakers and Relays 

The duration of a fault condition has a very important 
effect on the stability of a system. The fault condition 
reduces synchronizing power (1) directly by altering the 
equivalent circuit constants and (2) indirectly by reducing 
the effective machine voltages through the demagnetizing 
action of fault currents. The stability limits as affected 
by the speed of breaker and relay operation vary through 
a wide range from (1) the limits corresponding to sustained 
faults to (2) a mere switching operation assuming ex¬ 
tremely fast fault isolation. High-speed circuit breakers 
and relays are capable of covering most of this range and 
thus constitute a very important measure for increasing 
the stability limits, particularly for transmission systems. 

The relation between the speed of fault isolation and 
the transient stability limits for a typical transmission 
system is indicated in figure 11 which also gives the im¬ 
pedance constants of the various system elements. The 
system is assumed to be subjected to a fault on one line 
near the high-voltage bus at the sending end and is cleared 
by the opening of the 2 breakers simultaneously. The 
curves assume hydroelectric-type generators, and receiv¬ 
ing-end machines of relatively high inertia. The calcu¬ 
lations were made for the 4 different types of faults shown 
on the curves, which are plotted in terms of the time 
required for the isolation of the fault and the ratio of the 
power that can be transmitted to the power limit corre¬ 
sponding to the switching out of one section of the trans¬ 
mission line. The dotted lines ^ow the loads which can 
be carried with sustained short circuits of the various 
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types assuming quick-response excitation systems capable 
of preventing demagnetization of the machines. 

The curves in figure 11 just discussed apply to a system 
subjected to a fault at the sending end. The relative 
stability conditions for the fault at sending and receiving 
ends of a somewhat different system were given in figure 
3 which has been discussed previously in connection with 
the use of neutral impedances. It will be noted that a 
moderate value of neutral resistance at the sending end 
may make the fault at the receiving end on a grounded 
neutral system relatively more severe than at the sending 
end. However, the gains in stability due to the use of 
high-speed circuit breakers are of the same order for 
faults at the sending or receiving ends of the transmisaon 
system. 

On metropolitan type systems the permissible time for 
isolating the fault will be relatively longer than for trans¬ 
mission systems since the latter are usually operated 
closer to the stability limits. Thus in the metropolitan 
systems it is possible to introduce reactance in the system 
in such a way as to limit the duty on circuit breaka*s. 
This problem: can conveniently be studied by means of 
curves characteristic of the type of system equivalent to 
the “2-machine problem” using reactances as defined in 
the insert on figure 12. These curves indicate that by 
taking advantage of the faster speeds made possible by the 
recent developments of circuit breakers, increased amounts 
of reactance may be introduced in the system which may 
be used to either reduce the duty on circuit breakers or 
increase the continuity of power supply or reliability of 
this service to the customer. 

The speed of circuit breakers and relays in relation to 
power system stability may conveniently be analyzed 
under 3 headings as follows: 

1. Conventional or slow-speed breakers and relays for fatdt isola¬ 
tion. 

2. High-speed breakers and relays capable of isolating fault in 
time to improve Stability limit. 

3. High-speed breakers and relays with redosure in time to im¬ 
prove stability limit. 

Examination of the curves of figures 11 and 12 will 
show that conventional slow-speed circuit breakers and 
relays of the type commonly in use prior to 1929 were so 
slow from the stability point of view that the limits cor¬ 
responded to sustained faults. In this connection it may 
be observed also that the power limit for the 3-phase fault 
is almost negligible with the conventional slow-speed 
breakers formerly in use. The benefits which arise from 
the use of high-speed circuit breakers and relays in main¬ 
taining stability depend upon isolating the fault in an 
interval of time which is short in respect to the period 
of system psdllation. The preceding discussion has been 
based on the isolation of the fault in a single step. For 
sequential operation the individual breaker times will be 
less than that shoym but need not be reduced to half 
value. This is, of course, due to the fact that the stability 
conditions are generally much improved upon the opera¬ 
tion of the first circuit breaker. 


it is now possible to obtain speeds of operation of 8 cycles 
for the full range of transmission voltages. In addition 
for special cases still faster speeds of operation, such as 
3-cycle breakers, have been developed to meet the par¬ 
ticular situation. 

With composite systems involving long transmission 
lines from a source of power with interconnecting lines 
between various parts of the receiver, system studies will 
frequently show the desirability of using high-speed 
circuit breakers and relays in order to increase the sta¬ 
bility limits. In a number of such cases it will be im¬ 
portant to extend the application of the high-speed break¬ 
ers to interconnecting lines of the receiver system. Other¬ 
wise, the stability limits will be determined not by faults 
on the main transmission line but by faults on the re¬ 
ceiving system evm though it is operating at lower voltage 
with transformers between it and the transmission line. 

This development in the speed of drcuit breakers has 
brought about important changes in the rela)dng of 
transmission lines. With fast circuit breakers it is no 
longer feasible to contemplate relay operating times of 
V* second to 3 seconds or the use of time intervals as the 
basis of discrimination. This has led to the use of dis¬ 
tance or current balance t 3 rpes of relays which are capable 
of simultaneous action for the middle section of a trans¬ 
mission line with high-speed sequential tripping for the 
end sections. , 

In cases where the transmission system will be operated 
relatively dose to the stability limits there is considerable 
advantage in providing simultaneous breaker operation. 
In general, such rday operation can be obtained only 
through the use of fundamental frequency rdays operating 
in conjunction with a signal transmitted by pilot "wires or 
carrier current between the ends of the line section. This 
has brought about an important development in the ap¬ 
plication of high-speed rdaying -with superposed carrier 
frequency. Various proposals have been considered as 
to the type of carrier signal to be transmitted. The rday 
indication to be transmitted by carrier frequency was 
considered first as some dectrical indication, such as 
direction of the flow of power, but more recently as "the 
position of various fundamental frequency rday dements 
which indicates the existence of a fault on the system 
■within predetermined zones. The carrier-current rday 
system also provides opportunity for induding rday 
measures for the prevention of undesired breaker opera¬ 
tions in the event that the system does puU out of step. 

Reclosing Circuit Breakers 

The use of redosing circuit breakers provides a means 
for carrying one st^ further the advantages possible 
with high-speed breakers and rda 3 rs for fault dearing. 
For lower voltage systems and feeder circuits the use of 
automatic redosing breakers makes it possible to main¬ 
tain the stability of a system witii induction motor load. 
Disconnection of the source is required for the suppression 
of the arc in the fault but the total time required for dis¬ 


connection and for redone diould be made suffidently 
, short as to prevent puUout of induction motor load. 
With the devdopm^t of high^ speed circuit break^s Where synduronous machines may maintain the arO, it is 
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necessary to isolate the affected line and to reconnect it 
in a period of time that is relatively short with respect 
to the period of system oscillation if stability is to be 
a,ttained. Hence, if automatic redosing breakers are 
considered for maintaining the stability on a transmission 
system it becomes a practical necessity to use carrier 
current relaying. The existence of multiple or repetitive 
lightning discharges may constitute an important factor 
in limiting the application of redosing breakers for main¬ 
taining stability. 

Single-pole breakers have been proposed at frequent 
intervals as a means for improving the stability of a 
transmission system. This device has been advocated on 
the basis that the remaining phases may be used to trans¬ 
mit power and thus minimize the system disturbance dur¬ 
ing the transition from the condition before the fault to 
the condition after the fault when the faulty line is dis¬ 
connected. Most line interruptions which do not per¬ 
manently ground a transmission conductor are due to 
flashovers which must be isolated to put out the arc-to- 


against the more severe types of faults. To date the 
single-pole breaker scheme has not been installed on any 
transmission system. 

Other Methods of Increasing the 
Practical Operating Power Limits 

Flashover Prevention and Arc Suppression 

Flashover prevention and arc suppression constitute a 
different type of measure for improving system operation. 
It is obvious, of course, that a system rardy subjected to 
faults may be operated rdativdy dose to the stability 
limits. Consequently, under some conditions it is more 
advantageous to spend money for minimizing the likeli¬ 
hood of faults than in increasing the capacity of the system 
to withstand the system disturbances without loss of syn- 
dironism. 

The prindpal cause of flashover on high-voltage lines is 
lightning. Much has been accomplished during the past 5 
years to minimize flashovers resulting not only from in- 


Fjg. 12. Stability 
limits for metro¬ 
politan-type sys¬ 
tems with steam- 
turbine genera¬ 
tors; no voltage 
regulators 

A —^Steam turbine 
under consideration 

B —^System 
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ground. Thus it is usually permissible to redose the duced strokes but particularly from direct strokes. In- 
faulty line and restore the system to its original condition creased transmission line spacing and increased use of in- 
without at any time reducing the power limits to as low a sulation in the form of msulator strings and wood have 
value as would be the case if all three conductors were dis- been generally adopted. On the higher voltage lines 
connected. To mhiimize objection to residual earth the use of ground wires is of great value when suitably 
current from the standpoint of juductive co-ordmatibn, it located wilii respect to the conductors to be protected, 
has been proposed to use breakers which are operated as Special efforts have been made to reduce the tower-footing 
single-pole units for arc suppression and reclosure but resistance to a rdativdy low value in order to prevent a 
which are gahg-opera,ted for sustained faults. The ad- flashover of the insulator string as a result of the building 
vantages of single-pole redosing breakers are minimized up of high potential due to the flow of lightning current 
by the trend in tiie direction of providing protection through the toW^ 
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Table III—Recent Practices 


Los Angeles 
Bureau of Pover 
& Light 

Item I 

Boulder Dam- 
Los Angeles 


Metropolitan 
Water District 
of So. California 

Item I 

Boulder Dam 
Line 


Southern 
California 
Edison Co. 


Item I 
Big Creek 
Une 


Pacific Gas & 
Electric Co. 


Item I 

Tiger Creek- 
Nevark 


Item II 
Bucks Creek- 
Wllson 


Puget Sound 
Power & Light Co. 


Item I 
Baker River 
Nos. 1 & 2 


Item II 
Rock Island 
No. 1 


A. Transmission 

1. Voltage, kilovolts.287.6.230 .220... 

2. Distance, miles.267.237 .2tt... 

3. Frequency, cycles.... 60.60 ...60 ... 

4. Power, kilowatts sent out.240,000.330,000.400,000. 

B. Circuit arrangement 

1. Number of circuits.2.1..3.... 


..220 . 110 .. 

. .185. 67 .. 

.. 60.60 .. 

.120,000.40,000. 


Intermeifiate svntclung sta- 

tions.2.None.4.... 

Load taken off at intermediate 

points, kilowatts.None.. .None.135,000. 

Synchronous condenser, kva 

at intermediate p(^nts.None.None.None.. 


Bussing arrangements 

a. Sending end. 

5. Receiving end. 


.H. T.H. T.... 

.L. T.H.T..., 


.H. T_ 

..H. T. 


6. 

Grounding 

a. Sending end. . 

b. Receiving end. 

.SoUd. 

.SoUd. 


c. 

1. 

Generator 

Kilovolt-amperes. 

.Each 82,500.... 

... .Each 82,600 

2. 

Short drctdt ratio (or syn- 

9 a . 

.2.4. 

3. 

Tran^ent reactance Xd' per 

.17.6. 

.17.6.... 

4. 

5. 

Inertia constant E . 

Damper vtinding. 

....Copper. 


D, 

Excitation system 

.0.6. 

.0.5. 


(figure 10) self- or pilot ezdter 

Pfiot 

PUot 


.15 units, total. 
397.000 


.None. 


.1. 


.None. 




.None. 




None. 




.None. 




.Solid. 




.Solid. 

.Solid. 








.22.27.27..23.30 ... 

...8.74.4.1.4.1,..4.06.4.45.., 

.None.None.None.Copper..'..Copper. 


.1.6.1.5.240 volts/sec.200 volts/sec. 


Breakers and relays 

Breaker speed, cycles.3. 

Relaying type... Carrier current.. 

and cross bal¬ 
anced between I 
circuits—8 cycles 

Total time, cycles*.6.. 


.Instantaneous 

overcorrent 


.8-26 .... 

.Instantaneous 
overcurrent & 
simultaneous 
carrier current 
on some lines 
.8.5-31.,.. 


.12.12.18 . 

. Overload & ... (Same as ... Balanced 

directional item I) current 

residual 


.Highspeed 

distance 


Ughtning protection 

Tower construction.Steel. 


.13-14.18-14. 


.Steel.Steel.Wood pole H 

frame 


2. Ground wires. 


3. Cotmterpoises. 


4. Insulators. 


.2-60' spacing on 1.None.. .2... 

drcuit towers— 

40.5 on 2 circuit 
towers 

.Continuous —2 .None.None. 

wires per tower 
line, cross connect 
to adjacent towers. 

.Susp;Single—^24,... Susp; 13-10' ,..Susp: 12rl0' 
10* X 5'units diam.,6V4'8pac- units 

Deadend: Double, ing Deadend: 13- 

22 lOVi' X 6' Deadend: 16- double, same 

units same 


.None.None. 


. Steel over 
mountains, 
rest is wood 
pole H frame 
.None.... 


.None.None. 


.13 6V»'>inits.. .14 5*//units .. .Susp: 6-10' 
Semi-fog section, units 

14 6Vi'units Deadend: 7- 

Fog section, 20 same 

6Vf' units 


. (Same as 
item I) 


6. Lightning arresters. 


.Yes..,..None. 


.None.None. 


* Note—In certain cases of sequential tripping, time given applies to breaker only. 


The use of the ground wire tends to reduce the zero- 
sequence impedence of the system and thus to increase the 
severity of the shock resulting from a single fault-to- 
ground or a double fault-to-ground. With the improve¬ 
ments in high-speed circuit breakers and relays these 
faults may be cleared promptly; conseqiiently, the use of 
ground wires rekilts in a gain from the stability point of 
view in reducing the number of flashovers which over¬ 
balances any disadvantage from the standpoint of the 
^ock to the system in case fault occurs. 


The fault suppression measures have as their object the 
interruption of the power-arc following a flashover without 
the necessity for isolating the affected drcuit. The use of 
fused arcing rings or spedal tube t 3 rpe protectors in parallel 
with the insulators permits fladiover to take place with 
the subsequent interruption of the power arc. Lightning 
arresters distributed along the line will accomplish this- 
same general objective. 

Arc-suppresdon devices of the Petersen t 3 rpe have re- 
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ReS^ii'ciins Stability Features 


Southern 

Sierras 

Power Co. 

Platte Valley 
Public Power & 
Irrigation Dist. 

Union Electric Idght 
& Power Co. 

The Milwaukee Electric 
Eailway & Light 
Company 

Super Power Co. IlL 
m. North. Utilit. Co. 
& Public Service 
of Northern Ul. 

Super Power Co. of Illinois 
& Public Service Co. of 
Northern Illinois 


Item I 

Boulder Dam 

Line 

Item I 

North Platte- 
Columbus 

Item I 

Osage- 

Cahokia 

Itemll 

Osage- 

Page 

Item I 
Lakeside- 
Granville 

Item n Item I 

Port Washington- Powerton- 

Granville Waukegan 

Item n 
Powerton- 
Waukegan 

Item in 
Powerton- 
State Line 


.132. 

9.99. 

11R 

139 

139 

_132. 

..132_ 


....132. 

..._132 

A 

1 


177 0 

. . ISKfi 

..25. 

.23_ 


... .243.4.. 

.202.4 

2 


9.f; non 

An 

An 

fin. 

.60. 

.60. 

.... 60. 

.60 

3 

QH on^ 

4.R non.. 



.55,000. 

...65,000. 

.60,000 

4 


1 

9 

.1. 

.1. 




, .53 mi: 2 

B 

I 









149.4 mi: 1 



9 



.1. 



.4. 


2 


19 nnn 

90 on^ 





.. .50,000. 

.35,000 

3 



An nnn 





.. .20,000. 

.16,000 

4 


.L. T. 

.H. T. 

... .None. 

....L. T. 

... .None. 

....L. T. 

.L.T. 

.H. T. 

.L. T.... 

.H. T.... 

.H. T. 

... .None. 

....H. T. 

.L. T. 

5 
a 
b 

6 

.Solid. 


.Solid. 





... .Solid. 

... .SoUd. 

.SoUd 

a 

b 


each 14(600 

.. .4 units, 
each 23,888 

...2 units, .. 
each 23,888 

.376,000... 

.94,000... 

.61,766. 

,...61,766.... 


C 

1 



1 1$ 

,,,. ,1,15-.,_ 

..0.87 & 1.24.. 

.0.92.... 


. 120.. 


2 



30 .. t. t 

,.,,, .ao . 

.16. 

.15.6...: 


.23. 

.20 

8 


.....^2.06. 

^. ii.58. 

.3.66. 




....6.75...... 

... .None. 


4 

5 



1 K 

,. IS. 

.Hand.... 



....0.3. 


D 

1 

Pilot 

Pilot 

Pilot 

Pilot 

regulation 

regulation 

Self 

Self 

Pilot 

2 



7 

.a. 

.12. 





B 

1 

. .Phase: Induction. 


,.. Distance 

... Distance 

,. .Induction type...Induction type...Distance 

...Distance 

.. .Distance 

2 


type impedance 
g'nd: direction* 
al induction 





Q . 

.93. 

.39. 







. 120 nd. steel . 
with wood 
arms; 68 mi. 

.. .Wood pole H... 
frame 



.166 tnL: steel .. 



F 

1 


frame 

,.., . 


62 mi.: wood 






steel 

147 mi —2* 




. 186 mi: 2; .. 

.187 mi.: 2; 

... 173 mL: 2; 

2 



31 mi.—1 




34 mi.: 1 

67 m!.: 1 

30 mi.: 1 











3 

..Susp: 9-10*' 
units 

Deadend: 10- 
same 

.. .Susp: 7-10* X 
5V** units 
Deadend: 8- 
same 

,.147 mi.: 11- 
5*A* units 

31 mi: 10- 
4»/«* units 

V«MI. 

.., 11-5*/*' units .. 

..Yes. 

.Susp: 10-4*/4'. . 
units 

Deadend: 12- 
same 

.. (Same as item , 
I) 

,.103.5 mi.: 12-.. 
OB26620 

72.9 mi.: 10- 
3*/*' units 

42.2 mi.: 8- 
JD2601 

. .3 stations—^yes. 

.63 mi.: 12— ,. 

OB25620 

67.4 mi.: 13- 
OB26622 

123 mi.; 8— 
JD2601 

. .3 stations—yes. 

, .53 mi.: 12- 
OB26620 

67.4 mi.: 13- 
OB26622 

82 mi.; 8- 
JD2501 

.. 4 stations—yes 

4 

5 







1 station—no 

3 stations—no 

2 stations—no 



nection with multiple-circuit system of the t 3 rpe in com¬ 
mon use and with recently proposed single-circuit trans¬ 
mission line system. In America, however, little use is 
made of this t^e of arc-suppression device as dependence 
is placed on circuit-breakers and relays for automatically 
isolating a faulty section of line. This can be accom¬ 
plished under favorable conditions even on high voltage 
circuits in about 12 cycles. This scheme has the merit of 
suppressing all types of faults that occur on systems re¬ 
gardless of whether they are of the single line-to-ground or 
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more severe types. In addition it permits grounding the 
system so that the tendency for a single-phase fault to de¬ 
velop into a multiphase fault is minimized. 

High-Voltage Low-Frequency 
A-C AND D-C Transmission 

Low-frequency a-c systems have been proposed fre¬ 
quently for increasing the practical operating stability 
limits of long-distance transmission systems. More re¬ 
cently dic transmission has been proposed as a means for 
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Table III (Continued)—Recent Practices 


Public Service Co. of 
Northern Illinois 

Northern Indiana Public Service Co. 

Public Service Company 
ofludiana 

Detroit 
Edison Co. 

Item I 
Waukegan 
Northwest 

Itemll 

Waukegan 

Northwest 

Item I 

Michigan City- 
State Line 

Item H 

Michigan City- 
South Bend 

Iternm 
Mich. City- 
S. Bend 
Monticello 

Item I Item n 

Dresser- Columbia- 

Lenore Lenore 

Item I 
Marysville 
Nortbeast 


A. Transmission 

1. Voltage, kilovolts.132.182. 

2. Distance, miles.36.88.86.88. 


.132. 


.132. 


.132. 


.132. 


.132. 


120 . 


• • • .50.6.40.6.101.0.74.8.91.68.56.6 . 


4. 

Power, kilowatts sent out.... . , 

. .80,000. 

.80,000. 


B. 

Circuit arrangement 




1. 

Number of circuits. 




2. 

Intermediate switching sta¬ 
tions. 



.1 . 

3. 

Load taken o& at intermediate 
points, kilowatts.... 

>. .None. 



4. 

Synchronous condenser, kva 




at intermediate points. 

. .None. 



5. 

Bussing arrangements 
a. Sending end. 

..H. T. 

.H. T...... 

.H. T.: 


.60. 


.60. 


.60. 


.60. 


.60. 


b. Receiving end.L. T...L. T.L. T.H. T.; L 

Grounding 

o. Sending end...Solid.Solid... .Solid.Solid.Sc 


111 . 








.L. T.. 

.....L. T. 

.H. X- 

.;L. T. 

.L. T. 

.H. X- 






.. .Ungrounded 

26,000 

. .2 units, each., 
78,610 

.. 6 units, total 
196,000 





C. Generator 

1. Kilovolt-amperes.2 units, total.121,000.70,601 

129,525 

2. Short circuit ratio (or syn¬ 
chronous reactance, percent). 1 unit, 152j .161..111. 

1 unit, 154 

8. Transient reactance Xd', per 

.1 unit, 16.3;.18.4.23.9.23.9. .... 23 9 

1 unit, 18.6 

4. Inertia constant H.....1 unit, 4.96 ...4.64.4.09.4.09 . 4 09 

1 unit, 4.14 

6. Damper winding.None.None.None.None.None.None.None. 

D. 

1. uAuvw icavuuaci POT .... . . x.a.II Hxa. n n odj tt_i _ g^jl 


.13.. 

.3.74. 


,.23.4. ... 
.. 6 . 6 ...., 
.None.... 


Excitation system 

Exciter res^nse, per unit.0.6.1.6.0.384. 0.384. 0.384.Unknown. 

(figure 10) self- or pilot exciter Self Pilot Self “ 

Breakers and relays 

Breaker speed, cycles.8. .8.12-25. 

Relaying type.Distance & ... Distance & ... Distance * 


Self Self 

,. 8-12 . 8 - 12 . 


Self 

.6-7. 


.Hsmd regula* 
tion 


.7-13. 


li^tning protection 


Ground wires.. 
Counterpoises. 


4. Insulators. 


. overcurrent 
...10-60. 

overcurrent 

..13-67. 

overcurrent 

overcurrent 

.. .Steel. 










.. .None..;... 





.8-JD2501I,... 

. .8-JD2501.,. 

..8-6 Vs" units .. 

. 8-6 units . 

. .8-6Vs* units 


G’nd: 9-26 G’nd: 12-53 
... .Steel.Steel.... 


.Steel.,.. 


,.l. 


. 1 .., 


.None. 


X 4*/*" units 
Deadend: 11- 
same 


item I) 


units 

Deadend: 10- 
siame 


6. Ughtning arresters.. .None..None.Yes. Yes.Yes........... .Yes...Yes....Yes..... 

■► Note: In certain cases of sequential tripping, time given applies to first breaker only. 


avoiding the stabiKty limits since such a system inher¬ 
ently provides a nonsynchronous tie. In America, 60- 
cycle alternating current is very generally established for 
utilization. Consequently, the proposals to use low- 
frequency a-e and high-voltage d-c transmission schemes 
have included conv^on means at the receiving end. In 
g^eral, the use of the 16w-frequency a-c system involves 
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no new problem in apparatus or application so tiiat its use 
is not hindered on this account, though static apparatus 
may find application in the field of frequency conversion. 
In the case of d^c transmission, however, the conversion 
from a-c generation to the d-c high voltage required for the 
transmission line involves rectifiers for which there is no 
comp^able operating expeiiaice; in the case of the invert- 
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Regarding Stability Studies 


Tennessee Valley 





Consumers Power Company 




Authority 

Item I 

It em n 

Item m 

Item IV 

Item V 

Item VI 

Item Vn 

IternVm 

Item I 

Saginaw- 

Muskegon- 

Croton- 

Jackson- 

Flint- 

Ealamazoo- 

Delhi- 

Toronto- 

Wilson- 

Flint 

Grand Rapids 

Grand Rapids 

Superior 

Delhi 

Battlp Creek 

Jackson 

Akron 

Norris 


A 


.43.3. 

.$0. 

.36.2. 

.BO. 

.47.1. 

.BO. 

.132. 

.28.8. 

.BO. 

.140. 

.19.4. 

.60. 

.140.. 

.14.3. 

.60. 

.140. 

.26.6. 

.60. 

.64.0. 

.60. 

.60 

1 

2 

3 

.100.000_ 





.26,000. 

.66,000. 

.60,000. 

..50,000 

4 

2. 

.1'.. 

.1. 

..1. 

.1. 




.1 

B 

1 










2 










3 










4 

.H. T. 

.H. T. 

.H, T_ 


.H. T. 

.H. T. 

.H. T. 

.H. T. 

.H. T. 

5 

a 




transformer 







.H. T. 

.H. T. 

.H. T. 


.H. T. 

.H. T. 

.H. T. 

..L. T. 

.L. T. 

b 




transformer 







.. Isolated 

...Isolated 

... Isolated 

.. .Isolated 

...Isolated 

...Isolated 

...Isolated 



a 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 

neutral 


(each 36 ohms) 


.. Isolated 

... Isolated 

.. .Isolated 

.SoUd...... 

... .Isolated 

...Isolated 

.. .Isolated 



b 

neutral 

neutral 

. neutral 


neutral 

neutral 

neutral 




140 f)00 . - - 

. - - Ko^nnn , . 

.BO, 000 _ 



.60,000_ 



C 

.. .2 units, each 56.00 1 









(at Norris) 











2 



... in -12 . 

.in-20. 



3 

.. 





4 


Copper 6 
D 


Pilot 

Pilot 

Pilot 



Pilot 


Pilot 


Pilot 


5 90 . 


.. . fl-20. 

.8-20. 





B 

.., .Impedance... 

... step distance . 

. . . 

.. Step distance . 

.. Impedance . 

,:. Impedance . 

,.. Impedance 

... Impedance . 

... High-speed 
step distance 

Simultaneous with 2 
carrier, or sequen¬ 
tial with distance 3 

90—52,,,, 

^ . . . 10—9.9 . . , . 

.10. 

.20-32. 

..20-32. 








.......Steel. 




F 

..Steel except Tenn.l 
R. to Monteagle 
(wood) 









» . a 

.2 2 




















17.5 miles; 4 

Susp; lO-SV*" 
units 

Deadend: 21 same. 







,. .Susp: lO-l’/i' . 

. .Susp: lO-S'/i' .. 


96 miles; 

Susp: 9-6Vi' 
units 

. .Susp: 9-4V4*' 

,. .Susp: 10-6’/4' . 

.. (Same as item . 

. .Susp: lO-S" . 

. .Susp: 10-^5*/**’ • 

. .Susp: 9-4*/4' . 

• , 

Deadend: 11 same. 

units 

units 

ID 

units 

units 

units 

units 

units 


120 miles; 

Susp;. 16-6V** 

9-6*/*''’ units 

Deadend: 11- 

Deadend: 12- 

Deadend: 11- 

Deadend: 12- 

Deadend: 12- 

Deadend;11- 


12-4*/4*' units 

same 


same 

same 

same 

same 

same 


units or 19-5 Vi* 

Deadend; 11- 









units 

6*/4* units 









Deadends: 21- 
units 

..Ym..... 











ers at the receiving still less work has been done. Con- 
sequehtly, d-c transmission has received yeiy little practical 
consideration, although a 5,000-kw experimental d-c 
transmission system.^ which will transmit power 17 miles 
at 30,000 volts, is being built to obtain operating ex- 
periehce.^\r 

At the present time Hie Umitatibhs in 60-cycle systems. 


from the standpoint of system stability, are not of suffi¬ 
cient importance as to justify the adoption of either low- 
frequency a-c or high-voltage d-c transmission. The pos¬ 
sible field for d-c transmission will depend largely on the 
usefulness of its operating characteristics aside from sta- 
bilty and on the future development of conversion a,ppara- 
tus. In this connection it should also be recognized that 
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Table III (Continued)—Recent Practices 

Rega 





Pennsylvania and 

New J 

Pennsylvania Water 
and Power Co. 

Philadelphia 

Electric Co. 

Pennsylvania 
Power A Light 
Co. 

Public Service Electric 

A Gas Company of 

New Jersey 

Penn 

Powei 

< 

Item I 

Safe Harbor- 
Washington 

Item n 

Safe Harbor- 
Perryville 

Item I Item n 

Conowingo- Plymouth Mtg.- 
Plymouth Mtg. Westmoreland 

Item I 
Plymouth- 
Siegfried 

Item I Item n 

Eoseland- Roseland- 

PlymouthMtg. Siegfried 

' it 
Sic 
Ro 


A. 

1 . 

2 . 

3. 

4. 

1 . 

2 . 


3. 


4. 

5. 

6 . 


C. 

1 . 


Transmission 

Voltage, kilovolts. 

Distance, miles. 

....230. 

.92. 

.132. 

.80. 

.220... 

.R7 ft. 

Frequency, cycles. 


. 25—1 phase.... 

.60... 

Power, Idiowatts sent out. 

..168,000. 

_49,400. 


Circuit arrangement 

Number of circtuts. 

....1. 


.2_ 

Intermediate switching sta¬ 
tions.. 

. .None. 

... .None. 


Load taken off at intermediate 
points, kilowatts. 

. .None. 

... .None. 


Synchronous condenser, leva 
at intermediate points. 

. .None. 

... .None. 


Busting arrangements 
a. Sending end. 

. .None. 

... .None. 


b. Receiving end.. 

. .None. 

... .None... 


Grounding 

a. Sending end. 

..Solid. 

Midpoint of .. 

.Solid... 

h. Receiving end. 

..Solid. 

transfs. 


Generator 

Kilovolt-amperes.. 

5 units. 

grounded 
through 330- 
_ ohm resistance 

35,000—Gen... 

.7 units. 


total 155,600 

31,260—Freq. 

total 280,000 



chgr. 


.. .66 . 220 . 220 . 220 ... 

...10.38.8.75.8.83.7. 

...60...60.*60.60... 

212,000.186,000.200,000.200,000. 


3.1.1.1 


. .None. 




. .None. 




.. None. 




..None. 

..None. 




..Solid.. 

..Solid.. 


... Interconnected. 

. .Interconnected vtitb 


with P. E. Co. P.P. & L. Co. 


....1 


2. Short circuit ratio (or ayn- t 

chronous reactance, per cent).■. i 

3. Tran^ent reactance Xd\ per 

cent.26.7-29.0.27.5.26-28. 

4. Inertia constant H .3.31.4.3.2.84-3.69.;.i 

6. Damper Ending...Copper...Copper...None.....,'il 


D. Excitation system 

1. Exciter response, per unit... .225 volts/sec.200 volts/sec... .3.2-3.5 

(figure 10) self- or pilot exciter 


E. Breakers and relays 

1. Breaker speed, cycles . 




. 8......... 

. ,10 ., 

.a K 


2. Relaying type .. 


. Voltage balance . 

. .Phase: Indue- 

.. .Phase: Differ- . 

. .Phase: Distance. 


..Sequential with.. 




tion impedance 

ential g’nd: 

g’nd: Instan- 


distance • 




g’nd: hi-speed 

hi-speed induct 

taneous over- 





diff. & bi-speed 

type directional 

current 






directional 

overcurrent 

overcurrent 




8 . Total time, cycles*... 



. .. .Phase: 9—18.. 

.. .Phase: 20-60-160 

.11-7B. 

10 





G'&d: ©“18 

Gn’d: 9—18—60 




F. Lightning protection 

1. Tower construction. 






... 2 


2. Ground wires . 




... 2 . 

.2 . 

8 . Counterptises . 

... Crowfoot .. 

. Crowfoot 


... Continuous 


. .None except .. 

., (Same as item I) 


system 

system 


type, 8.7 mile 


gndg. cable at 





section 


high res. tower 
footings 


4. Insulators .. 


... 12 - 51 / 4 " units. , 

. .Susp: I 6 - 6 V 4 ' 

...Susp; 8 - 6 V 4 ' .. 

, .Susp: 16-5*/4' . 

. .Snap; 18^»A" . 

... (Same as item I) 




units 

units 

units 

units 




Deadend: 18- 

Deadend: 9- 

Deadend: 18- 

Deadend: 20- 


5. Lightning arresters. 



same 

same 

same 

same 










* Note: In certain cases of sequential tripping, time given applies to first breaker only. 


Phasi 

g’nd: 

tanec 

curre 


Susp 

8«/i* 

Dead 

same 


there is a possibility of an improvement in a-c trans- 
misaon at normal frequencies. 

Recent Practices Regarding Stability Features 

Ih order to summarize the present status of the stability 
problem from tiie practical standpoint of its effect on 
power system design, table III has been prepared. This 


past 10 years and lists the data on the various stability 
measures employed. While the list of installations is ob¬ 
viously incomplete, nevertheless, it is beUeved that the 
list representative of the practice in regard to stability. 

Future Developments 

In concluding this “First Report on Power System 
Stability,” it is natural to turn from consideration of the 

ElJalCTRICAL ENfSINEEIONG 


table gives the principal installations made during the 
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Regardins Stability Studies 


New Jersey Intereonneetioii 


Pennsylvania 
Power & Light 
Co. 


Philadelphia Electric Co. 


Item n Item m Item IV 

Siegfried- New Hope- Towamencin- 

Roseland Plymouth Mtg. Plymouth Mtg. 


Niagara-Hudson Power 
Corporation 


Item I Item n 

Pleasant Valley- Inghams- 

Dunwoodie Rotterdam 


. .220 . 220 . 220 ... 

..37.9.....29.6.9.9... 

...60.60.60... 

. 185,000.40,000. 65,000. 


...132.110... 

,..62.5.47... 

...60.60... 

.160,000.130,000. 



New England 
Power Service 
Company 

Hydro-Electric 
Power Comm, 
of Ontario 

The Shawinigan 
Water & Power 
Co. 


Itemm 

Item I 

Item I 

Item I 


Buffalo- 

Comerford- 

Ottawa River- 

lie Maligne- 


Lockport 

Tewksbury 

Toronto 

Quebec 






A 

....no. 

.230. 

.220. 

.187 

1 

....21. 


.200. 

.136 

2 

_BO.. 

.60. 

.26. 


3 

.. 120,000... 

.166,000. 

.200,000.... 

.160,000 

4 





B 




.2 

1 


.. .1.. 



2 

.. .None.... 




3 

.. .None.... 



.30,000 

4 





6 

...H.T.... 

.H. T. 

.H. T.... 

.L. T. 

a 

. ..L. T_ 

.H. T. 

.H. T.... 

.H. T. 

h 





6 

. ..SoUd.... 

... .30-ohm resistor 



a 

...Solid.... 

... .30-ohm reactor 

.Solid. 


h 


.None.None. 

.None.None. 

.None.None. 


. 1.None. 


.20,000.. .None. 

.None.None. 


, .None.None.. 

. .None.None.. 


.Solid. 

.Solid.Solid...Solid.. 


. .H, T.H. T... 

, .H. T.H. T... 

. .Solid.Solid.. 

. .Solid.Solid.. 


On P. V. On Ingh. 

.1,388,000 979,000 

On Dun. 
1,900.000 


225,000 

...4 units, 
each 30,000 

. .Bach 23,500 to.. 
28,500 

, .11 units, 
each 30,000 

1 

On Rott. 

On Lock. 




2,300,000 

3,000,000 





.81. 

.1.26. 


2 





>3 

.12.2... 12.7... 

.. .45.8.31. 



3 

.6.2... 4.6... 

.. .5.06.2.73. 


.3.03 

4 





6 


outer, Everdur 


Phase: Distance. 
g’nd: instan¬ 
taneous over- 
current 


.Phase: hi-speed ... (Same as item 
imp. directional III) 
relay 

g'nd: directional 
overcurrent 


. Simultaneous ... Overcurrent 
with carrier with instan- 

current taneous & 

differential 


. 8 . 8 .3.6-4. 

(Some—8-10) 

.Differential .. .Sequential with.. .Sequential with, 

current & dis- balanced current impedance dis¬ 
tance & distance tance 


.10-12 1 


.Phase: 9-60 
Gnd: 9-18 or 
60-60 


...Phase: 9-75 
G'nd: 9-86 or 
70-90 


.None...None. 


.in. 

. 12 .. 

.9-11. 





(Some—^20) 

.steel. 

.Steel..... 



.. 2 ... 




None. 





. Parallel line 2 

protection with 
a directional 
impedance 
standby 

.12 up 3 


P 

.Steel 1 

. 2 2 


Susp: 14 or 16 
6 I/ 4 » units 
Deadend: 18- 
same 

.None.... 


.Susp: 16-5»/4' • • • (Same as item 
units ill) 

Deadend: 18- 


.. ' type & part 250' 

on each side of 
tower 

.Susp: 12 units ...Susp: 8 units .Susp:7 units ...Susp: 16-6»/** ...Susp: 18-6' ;..Susp: 10 units 4 
Deadend: 13 Deadend: 9 Deadend: 9 units units Deadend: 12 

uiiits units units Deadend: 17- Deadend: 18- units 

same same 

.Yes.Yes..Yes..Yes.Receiving end .No 6 


past practices and the present status and to contemplate 
the future. Probably the best forecast of the future can 
be made from an examination of the problems which are 
receiving active consideration at the present time. These 
problems include the development of faster breakers and 
relays, particularly of relays to meet the wide range of 
system conditions to be encountered. Flashover-preven- 
tion and arc-suppression measures are receiving a great 
deal of attention, particularly from the standpoint of the 


application of ground wires and lower tower-footing resist¬ 
ance on high-voltage lines, and flashover protector tubes 
for intermediate-voltage lines. Further study is being 
given to the reactances of synchronous machines, par¬ 
ticularly as to the proper equivalent value to be used in 
stability studies. Redosing breakers are receiving favor¬ 
able consideration but much remains to be done to de¬ 
termine the ettent of their proper fidd of application. 
The interconnection of individual power systems, each 


February 1937 


Committee Report—StaHUty 












































































































with automatic frequency control for time-keeping pur¬ 
poses, has introduced problems which are receiving active 
consideration. Stability limits of particular systems are 
being examined from the standpoint of providing better 
instruction for the guidance of system operators during 
unusual or emergency circuit conditions. 

Bibliography 

This is arranged in 2 parts. Part I is intended to give a sub¬ 
stantially complete list of references to stability papers available in 
English, and part II gives a highly selected list of references to 
papers dealing with the solution of network problems which are 
inevitable in stability calculations. Foreign references have not 
been included because of their unav ai lability to the AIBE member¬ 
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requiring additional comment. The references are arranged in 
chronological order by years. However, within each year the 
papers are arranged alphabetically according to the authors’ names. 
The arrangement has been selected for facilitating the search for a 
particular article, whether by author’s name, title, or time of publi¬ 
cation. In addition the character of papers is indicated from the 
standpoint of their present interest by means of the following 
symbols: 

H —^Historical interest 

A —^Analysis including methods at calculation 
M —^Discussion of measures for improving stability 
T —Stability tests in the laboratory or in the field 
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P—Physical explanation of stability phenomena 
R —General review of stability problem 
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A Feature of the AIEE 
1937 Summer Convention 

Opportunity to inspect the new Port 
Washington power plant of The Milwaukee 
Electric Railway and Light Company will 
be among the high spots of the AIEE sum¬ 
mer convention, to be held in Milwaukee, 
Wis., June 21-25,1937. Convention head¬ 
quarters will be in the Schroeder Hotel. 

Since placed in-regular service December 

I, 1935, this modem steam-electric generat¬ 
ing station has achie-ved new world records 
for economy in operation. Latest available 
figures, for the first 10 months of operation, 
show an average coal consumption of 

II, 094 Btu per kilowatt-hour of station 
output. International recognition was given 
this plant recently when it was -visited by 
73 delegates, representing 15 foreign na¬ 
tions, to the Third World Power Confer¬ 
ence (held in Washington, D. C., Septem¬ 
ber 7-12, 1936). 

The plant is designed on the unit plan, 
■with a single boiler for each turbo-generator; 
also one set of transformers, one 132-kv 
transmission line and one set of auxiliaries 
for each unit. The present installation of 
80,000 kw capacity is the first of a probable 
ultimate capacity of 400,000 kw in 5 units. 
Throttle pressure is 1,230 poimds per 
square inch, and steam temperature at 
both throttle and reheat point 825 degrees 
Fahrenheit. Generator voltage is 22 kv. 

The convention transportation committee 
is making plans for transporting AIEE dele¬ 
gates to the plant, which is located at Port 
Washington on the shore of Lake Michigan 
about 28 miles , north of Milwaukee. 


The personnel of the 1937 summer con- 
-vention committee is as follows: Otto H. 
FaUc, hofiorary chairman; K. L. Hansen, 
chairman; L. H. Hill, vice-chairman; C. H. 
Krueger, secretary; W. E. Crawford, treas¬ 
urer; R. R. Benedict, A. G. Dewars, 
C. F. Harding, H. S. Osborne, G. G. Post, 
J. A. Potts, D. L. Smith, and W. H. Timbie. 
Subcommittee chairmen: J. F. H. Douglas, 
technical program; E. W. Seeger, finance; 
L. W. Copeland, entertainment; C. D. 
Brown, transportation; W. O. Helwig, 
registration and housing; W. E. Gundlach, 
publicity; G. F. Crowell, sports; S. H. 
Mortensen, inspection trips, and Mrs. A. C. 
Flory, ladies. 


Washington Award 
for 1937 Announced 

Doctor Frederick Gardener Cottrell, 
Washington, D. G., who perfected the 
process by which the cost of helium gas 
was reduced from $1,700 to 10 cents per 
cubic foot, has been chosen to receive the 
Washington Award for 1937 "for his social 
vision in dedicating to the perpetuation 
of research the rewards of his achie-ve- 
ments in science and engineering.^’ A 
bronze plaque set in marble, the tangible 
symbol of the award, will be presented to 
Doctor Cottrell on February 23. Doctor 
Cottrell is president of Researqh Associates, 
Inc., and is widely kno-wn as a chemist and 
metallurgist, a former director of the 
United States Bureau of Mines, and director 
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of the fixed nitrogen laboratory of the 
United States Department of Agriculture. 
Besides his achievements in the cheap pro¬ 
duction of helium, he is famous for his work 
in nitrogen fixation, for his processes of 
cleansing gases of dust and dirt by elec¬ 
trical precipitation, and for research in 
petroleum technology. 

Doctor Cottrell is the fourteenth noted 
American engineer to receive this coveted 
award since it was founded in 1916 by John 
Watson Alvord of Chicago. The award is 
administered by the Western Society of 
Engineers in co-operation -with the Ameri¬ 
can Society of Civil Engineers, the American 
Institute of Mining and Metallurgical 
Engineers, The American Society of Me¬ 
chanical Engineers, and the AIEE. The 
award is made annually—providing the 
members of the commission agree on a de¬ 
serving candidate—as an honor conferred 
on a brother engineer by his fello-ws for 
accomplishments which pre-eminently pro¬ 
mote the happiness, comfort, and well- 
bemg of humanity. There have been . 
several years when no award was made. 


Winter Convention to Be 
Reported in March Issue 

As this issue goes to press, the Institute’s 
1937 winter convention is under way at 
New York. Marking the resumption of a 
6-day winter convention schedule, the 
meeting has all appearances of being a 
highly successful affair. First day’s regis¬ 
tration was 470, compared with 602 in 
1936, 633 in 1935, and 433 in 1934. On 
the second day 357 registered, compared 
with 444 in 1936, 301 in 1936, and ^3 in 
1934. 

A complete report of the convention and 
its various features is scheduled for inclusion 
in the Mardi issue. 


Columbia University 
Offers E.E. Scholarship 

The go-veming bodies of Columbia Uni¬ 
versity have placed at the disposal of the 
AIEE each year a ^olarship in electrical 
engineering in the school of engineering of 
Columbia University for each class. The 
scholarriiip pays the annual tuition fees of 
$380, Reappointment of the student to 
the scholardrip for the completion of his 
course is conditioned uppn thq niaintenance 
of a good standing in his work. 

To be eligible for the scholarship, the 
candidate recommended -will have to meet 
th& regular admission requirements in, 
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regard to which full ioformation will be 
sent without charge upon application to the 
secretary of the University or to the na¬ 
tional secretary of the Institute. 

In a letter addressed to the national 
secretary of the Institute, an applicant for 
this scholarship should set forth his quali¬ 
fications (age, place of birth, education, 
reference to any other activities, such as 
athletics or working way through college, 
references, and photograph). A committee 
composed of W. I. Shchter, chaiftncM, 
Francis Blossom, and H. C. Carpenter 

the applications and will notify 
the authorities of Columbia University of 
their selection of a candidate. The last 
day for filing of applications for the year 
1937-38 will be June 1,1937. 

The course at the Columbia school of 
engineering is a graduate course which may 
be either dective leading to the degree of 
master of science or prescribed leading to 
the degree of electrical engines. For the 
former, requirement for admission is the 
completion of 4-year course in electrical 
engineering as evidenced by a bachelor’s 
degree from an approved institution. For 
the professional degree, the requirements ^e 
more specific as to course content and in¬ 
clude a considerable proficiency in mathe¬ 
matics, physics, and chemistry, and some 
knowl^ge of the humanities, as well as the 
usual undergraduate technical courses. 
The candidate is admitted on the basis of 
his previous collegiate record ^thout under¬ 
going special examinations. Other quali¬ 
fications being equal, members of the stu- 
ddht Branches of the AIEE will be given 
preference. 

The purpose of this advanced course is 
to produce a high type of en^eer, trained 
in the humanities as well as in the funda¬ 
mentals of his profession. It is hoped that 
Enrolled Students and others qualifi^ will 
show a keen interest in this scholarship. 


Who’s Who 
in Ensineering 

That aU 4ualifieid engineers will be in¬ 
cluded in the fourth (1937) edition of “Who’s 
•^o in Eugineering,’’ is the expressed hope 
of those participating in the preparation of 
that volume. First issued in 1922-23, 
reissued in 1925 and 1931, “Who’s Who in 
Engineering’’ has made a place for itself 
as a reference and record volume. Its 
principal filing has been that many 
qualified engineers have not been included, 
a deficteney that apparently came about 
through the failure of individuals to return 
questionnaires with the data required for 
til Pi preparation of entries. Through the 
active co-operation of American Engineer¬ 
ing fVtuTiril, it is now hoped that this earlier 
d^ciency can be overcome, although the 
final answer still rests with individuals. 

Questiotmaires were mailed some weeks 
ago “to evety engineer for whom a perma¬ 
nent address [was] available, so that none 
m^y . be missedJ’’ Chairman Potter of 
ABC’s committee urges Institute members 
, to cp-pperate by prpmptiy filling and re¬ 
turning these questionnsures. It is pointed 
out that “space in the volume cannot be 
purchased,’’ and that there is no obligation. 
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Electronic Tube Nomenclature Being Studied 


Generic 

Output 

Cbaracter 

Control 

Type 

Names 

Definition 

Term 

Energy 

of Space 

Means 

Cathode 




Thermionic 


None 


High- 


Blectrical 


■^BlecUonic 

Tubes 


(or Tanks) 


Vacuum 


Photoelectric 


Electro* Thermionic 


Gas- 

:^lled 


static 


Electro- 

Thermionic 

magnetic 

Thermionic 


Cold 

None 



Pool 


Photoelectric 


Thermionic 

■ 

Electro¬ 

static 

Cold 

Electrode 

Pool 

Ignition 

Pool 

Electrode 

Electro- 



magnetic 


A high-vacaiim thermionic tube in 
' Kenotroa which no means is provided for con¬ 
trolling the unidirectional current flow 

A vacuum tube in which electron emis¬ 
sion is produced directly by radiation 
falling upon an electrode. A high- 
Phototube vacuum phototube is one that is 
evacuated to such a degree that its 
electrical characteristics are essentially 
unaffected by gaseous ionization 

A high-vacuum thermionic tube in 
which one or more electrodes are em- 
Pliotron ployed to control the unidirectional, 
current flow 

A high-vacuum thermionic tube in 
Magnetron which a magnetic field is employed to 
control the unidirectional current flow 

A hot-cathode gas-discharge tube in 
Phanotron which no means is provided for con¬ 
trolling the unidirectional current flow 

A cold-cathode gas-discharge tube in 
Glow Tube which no means is provided for con¬ 
trolling the unidirectional current flow 

A gas-discharge tube (or tank) vtith a 
Pool Tube pool-type cathode (liquid or solid) in 
(or Tank) which no mestns is provided for con¬ 
trolling ^e unidirectional current flow 

See phototube definition under “high- 
vacuum tubes.” A gas phototube is 
Phototube one into which a quantity of gas has 
been introduced, usually for the pur¬ 
pose of increating its sentitivity 

A hot-cathode gas-discharge tube in 
which one or more electrodes are em- 
Thyratron ployed to control electrostatically the 
starting of the unidirectional current 
flow 

Grid-Glow A cold-cathode gas-discharge tube in 
which one or more electrodes are em¬ 
ployed to control electrostatically the 
starting of the unidirectional current 
flow 

A gas-discharge tube (or tank) with a 
pool-type cathode (liquid or solid) in 
which one or more electrodes are pro¬ 
vided for controlling electrostatically 
the starting of the unidirectional cur¬ 
rent flow 

A gas-discharge tube (or tank) vnth a 
pool-type cathode (liquid or solid) in 
which an ignition electrode is em¬ 
ployed to control the starting of the 
unidirectional current flow in each 
operative cycle 

(Not used at present) 


Grid-Pool 
Tube 
(or Tank) 


Ignitron 


Light 


Ultraviolet 


X-Ray 


Cathode-Ray 


• “Electronic Tube” is a generic term, applied to various detigns of tubes (or tanks) consistmg of 2 or more 
elements in a conttuner, usually of glass, and Imving a high vacuum or filled with gas at reduced pressure. 


An 


important preliminary step toward 
deviation of tke cliaotic tituation that 1ms 
prevail^ in coimection with the multifarious 
names ot electronic tubes has been achieved, 
according to recent advices from the Ameri¬ 
can Standards Association, of which the 
Institute is an active member-body. As a 
tentative basis for the simplification of tube 
nomenclature, both the General Elec^c 
and the Westinghouse Electric & Manu- 


flLTiy trademark rights either comply had in 
the several names indicated in the accom- 

News 


panying tabulation, “in the hope that this 
agreement wiU pave the way for the adop¬ 
tion of these names as American stand¬ 
ards.’’ It is recognized that this is but an 
itiitiflf step, and that its principal tignificance 
is in connection with the names of tubes 
now commonly used for industrial purposes. 
As a forward step, however, this list of 
names is h^ed with satisfaction in many 
quarters, and, until something better b^ 
coines available, has been adopted for use in 
Elbctsxcal Engineering. Comments are 
invited. 
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Committee on Broadening 
of Institute Activities 

To meet the insisteiit and repeated de¬ 
mand for a broadening of the Institute’s 
activities to cover discussions of social and 
economic subjects having engineering as¬ 
pects, the AIEE executive committee, at 
its meeting of December 10, 1936, author¬ 
ized the appointment of a special committee 


Future AIEE Meetings 

North Eastern District Meeting 
Buffalo, N. Y.. May &-7, 1937 

Summer Convention 
Milwaukee, Wis., June 21-25,1937 

Pacific Coast Convention 
Spokane, Wash., Date to be deter¬ 
mined 

Middle Eastern District Meeting 
Akron, Ohio, Fall 1937 


on broadening of Institute activities. The 
committee appointed consists of the foUow- 
iag: 

H. S. OSBOSMB, chairman (chairman, technical 
program committee) 

T. F. Barton (ch^man, committee on legislation 
affecting the engineering profession) 

H. V. Carpbntbr (chairman, committee on code of 
principles of profesdonal conduct) 

L. W. W. Morrow (chairman, committee on co¬ 
ordination of Institute activities) 

R. W. SoRBNSBN (chairman, committee on economic 
status of the engineer) 

I. M. Stein (chairman, publication committee) 

W. H. Timbib (chairman, Sections committee) 

J. B. Whitehead (chairman, committee on Insti¬ 
tute policy) 

Circumstances leading up to this action 
are outlined briefly in the following extract 
from the minutes of the executive com¬ 
mittee: 

"Further consideration was ^ven to the subject of 
broadening Institute activities to cover discussions 
of social and economic subjects that have engineer¬ 
ing aspects. At its October meeting, the board of 
directors passed a motion concurring in the sug¬ 
gestion that such topics are of general interest to 
electrical engineers, calling attention to 'the fact 
that the Institute has always offered facilities and 
organization for discussion of such questions,' 
and suggesting that papers on these subjects be 
submitted to the proper committees of the Insti- 
tue for consideration for national presentation and 
publication. 


“President MacCutcheon reported the impressions 
which be recmved when visiting Sections in the 
West and Middle West, and analyzed the attitude 
of the Institute membership as follows: Approxi¬ 
mately 80 per cent of Institute members are in 
favor of a judicious broadening of Institute activi¬ 
ties, but 60 per cent are strongly opposed to under¬ 
taking anything that would not be in the interest 
of the Institute, and about 20 per cent of them are 
inclined to go so far as to be in danger of damaging 
the profession and the Institute. He met with the 
executive committee of the Chicago Section and 
explained to them the board’s attitude toward the 
suggestions of the group of Chicago members con¬ 
cerning the broadening of Institute activities. So 
far as Institute publications are concerned, it ap¬ 
peared that unquestionably 90 per cent of the 
members with whom he came in contact thoroughly 
agreed that they do.not want to see any of the neces¬ 
sary technical material omitted, but they also de¬ 
sire something more; and that, Mr. MacCutcheon 
pointed out, will be taken care of by the appropria¬ 
tion in the budget for 100 additional pages in Elec¬ 
trical Bnoinbbrino. He then referred to his 
efforts to secure papers on subjects of general in¬ 
terest from certain prominent men, and suggested 
the desirability of eadi member of the board making 
a similar effort, so that in 2 or 3 months such papers 
will be coming in. 

“Then followed a discus^on on the best procedure 
for handling the papers on social and economic sub¬ 
jects which may be submitted, or for procuring such 
papers. It was pointed out that in the Institute 
organizationi there are the technical committees to 
make sure that papers on technical subjects are 
forthcoming, but that there is no one who has par¬ 
ticular jtuisdiction over the papers on economics, 
administration, etc., which the membership seems 
to want. The desirability of setting up a particular 
committee for this purpose was discussed. The 


Westinghouse Commemoration at ASME Convention 



THE ninetieth anniversary of the birthday of George Westinghouse 
was commemorated December 1, 1936, during the 67th ntiniifl.! 
meeting of The American Society of Mechanical Engineers, by a 
Special 2-session program which consisted of an afternoon session at 
which former friends and associates of Mr. Westinghouse brought 
personal testimony of his engineering achievements, and an evening 
session at which formal addresses were delivered. The group on the 
platform during the afternoon session is shown above; they are, 
standing^ left to right; J. F. Miller; vice-chairman of the Westing¬ 
house Air Brake Company, Pittsburgh, Pa.; N, W. Storer (A’96, 
F'13, member for life) retired consulting railway engineer of Westing¬ 
house Electric & Manufacturing Company, East Pittsburgh, Pa.; 
Thomas Campbell, veteran employee of the Westinghouse Air 
Brake Company; Francis Hodgkinson (A’02) consulting mechanical 
en^eer and former turbine expert for the Westinghouse company. 
New York,’ N. Y.; A. W. Berresford (A’94, FT4, member for life, 

February 1937 


past-president) New York, N. Y.; C. R. Beardsley (A’08, F’30)' 
superintendent of distribution of the Brooklyn (N. Y.) Edison Com¬ 
pany; Roy V. Wright, editor of Railway Age, New York, N. Y.; 
and Charles F. Scott (A’92, F'25, HM’29, member for life, past- 
president) professor of electrical engineering emeritus of Yale 
University, New Haven, Conn.; seated, left to right: L. B. Still* 
well (A’92, F’12, member for life, past-president) consulting engi¬ 
neer, Princeton, N. J.; W. W. Nichols, assi^ant to the chairman^ 
AUis-Chahners Manufacturing Gompany, New York, N. Y.; Frank 
W. Smith (A’06, M’12) president of the Consolidated Edison Com¬ 
pany, New Y’ork, N. Y.; E. R. Hill (A’99, F’12, member for life) 
consulting engineer, Gibbs and Hifl, New York, N. Y.; J. V. B.. 
Duer (A’16, F’29) diief ^ectrical engineer of lie Peimsylvania R ail- 
road Company, Philadelphia; and Samuel Vauclain, chairman of the 
board of ^e Baldwin Locomotive Works, Philadelphia. W. L. Batt 
and Ralph Budd also took part in the ceremonies. 
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Membership— 

Mr. Institute Member: 

Without your assistance your membership committee Is definitely 
handicapped. Examine the roster of electrically Interested Indi¬ 
viduals In your acquaintance and forward the names of men you 
would choose as Institute members/ who are not now members/ to 
the chairman of your Section membership committee. Personally 
obllsate yourself to secure one new member for the Institute— 
YOUR INSTITUTE—your professional organization. 




suggestion was made that the matter should be 
handled in a positive, rather than a negative, man¬ 
ner, by recognizing the demand on the part of the 
member^p for the type of papers under discussion 
and taking the initiative in procuring such papers 
from the proper sources, so that dependence need 
not be placed entirely upon papers that originate 
s^ntaneously. The thought was expressed that 
diplomatic situations may arise unless there is some 
specifying authority to investigate the 
posribilities before seeking a paper, and that a man 
who is approached to write a paper should be given 
the specifications for such paper. 

"VoiBD that a special committee on broadening of 
Institute activities be appointed, consisting of 
the chairman of the technical program committee 
as chairman, and the chairmen of the committees 
on code of principles of profesrional conduct, co¬ 
ordination of Institute activities, economic 
sUtus of the engineer. Institute policy, Ugiaifi - 
tion affecting the engineering profession, publica¬ 
tion, and Sections.” 


Joh^s Hopkins Eiiglneors to Mark 2Sth 
AnniYorsaiy. The school of engineering of 
The Jo^ Hopkins University, Baltimore, 
Md., will celebrate during the latter part 
of Febru^ 1937, the 25th anniversary of 
its founding. Plans indude an “engineering 
^ow“ t^t will involve displays of engineer- 
mg equipment and prindples, and from 
various sources exhibits are being gathered. 
At the conunmnoration day” exercises to 
be hdd Febru^ 22, Dr. Karl Taylor 
Compton (F’3I) president Of the Massachu¬ 
setts Institute of Technology is scheduled 
to ddivw the prindpal address. During 
the exercises, honorary degrees will be con- 
fert^ upon a small group of prominent 
engmeers. 


A^Wdding Foondatioa Established. In 
orter to stimulate sdentific devdopment. 
ae Xmcoln Hectric Company has com* 
^t^ plans for establishing a fund aid 

and researdr 


Vice-Chairman, District No. 4 
National Memberehip Committee 


Wdding Foundation” in honor of the presi¬ 
dent of the company. Prindpal direction of 
the work of the foundation will be gdven by 
Doctor E. E. Dreese (M'25) chairman of the 
dectrical Mgineering department of Ohio 
State University. Commenting on the 
action, Mr. Lincoln (A’08, M’20) stated 


“. . .. The sole purpose of this new founda¬ 
tion is to challenge the attention of manu¬ 
facturers whose products benefit society; 
and to stimulate the ingenuity of every 
engineer and skilled worker interested in 
extending the frontiers of knowledge and 
achievement.” 


AIEE Members Among 
"12 Greatest Inventors^^ 

Three deceased members of the AIEE 
were named among those chosen recently 
as America’s “12 greatest inventors for the 
past century.” The list of names was pre¬ 
sented dramatically during a dinner held 
in Washington, D. C., to cdebrate the 100th 
anniversary of the institution of the United 
States Patent Office. Those honored and 
their principal achievements were: 

Albxandbr Graham Bbll (A'84, M’84, 

August 2, 1922) the telephone 
Thomas Alva Edison (A’84, M’84, HM'29, de¬ 
ceased October 18, 1931) the electric light and the 
phonograph 

Robbrt Pulton, the first commercial steamboat 

Charlbs Goodyear, the vulcanization process for 
rubber 

Charles Martin Hall, aluminum manufacture 
Elias Howb, the first practical sewing machine 
Cyrus Hall McCormick, the first practieal reaper 
Ottmar Mbrobntbalbr, the linotsrpe 
Samubl F. B. Morsb, the electric telegraph 

Gborob Westinohousb (A’02, deceased March 12. 
1914) the air brake 

Eli WmxNBY, the cotton gin 
Wilbur Wright, the airplane 




erican Cn^meeringr Cloiiiici 


Seventeenth Aniiudl Meeting 
Held in Washington, D. C. 


The AIEE was represented at the 
Mventeenth annual assembly of American 
Engineering Coimcil in Washington D C 
Jani^ 14 to 16, 1937, by its 6 dogates’ 
President A. M. MacCutcheon, William Mc- 
® Bickelhaupt, C. E. Stephens, 
md National Secretary H. H. Henline. 
Many other Institute members were present 
at the several sessions either as members of 
committees, representatives of local clubs 
or ^^ers, among which were included 
T‘ Chesterman, general chairman of the 
pubhc affairs committee of AEC: Thomas 
. chi®f of the power resources di- 
viaon of the Federal Power Commission 
^d secretary of the ALEE Washington 
^tion; ^d Harry W. Osgood, chainnan of 
tte Washmgton Section and member of 
the engmeers diimer committee. Repre¬ 
sentatives ol the 48 national, state, and local 
soaeties which comprise the Council ww 
inesent. A report of the AEC meeting and 
the seventh conference of engineering so¬ 
ciety secretaries, as furnished by Frederick 


M. Feiker, executive secretary follows: 

A session on programs of united action 
for member societies opened the conference 
of secretaries of engineering societies on the 
morning of January 14, 0. L. Angevine, 
secretary of ^e Rochester (N. Y.) Engineers’ 
Club presiding as chairman of the confer¬ 
ence. Aniong the many discussions were 
those by A. A. Potter, president AEC, 
who spoke on interspeiety co-operation, 
Wateon Davis, of Science Service, whose 
subject was publicity, and F. J. Chesterman, 
who talked about pubUc affairs. The con- 
fmence contmued throughout the afternoon 
with discussions on the co-ordination of pro¬ 
grams and meeting dates, the Third World 
Power Coherence, and various programs 
local societies had found to be successful. 

That afternoon Was also the occasion for 
meeting in informal round-table discussion 
of the AEC divisional committees. With 

AEC, 

pri^dmg, A. A. Potter; presidmt, AEC, 
opened the discussion On operaring commit- 
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tees. The session was devoted to a prelimi¬ 
nary discussion of reports of AEC commit¬ 
tees that were presented on January 16. 
Secretary and Mrs. Feiker entertained the 
delegates at a reception and tea at their 
home at the close of the session. 

At a S 3 anposium on public affairs held on 
Thursday evening, F. J. Chesterman, chair¬ 
man, several important questions engaging 
the attention of the administration and the 
nation were disctissed, such as social secu¬ 
rity, old age and unemployment compensa¬ 
tion, industrial co-operation with and with¬ 
out government supervision, conservation 
of natural resources, national, state, and 
local public works activities and rural elec¬ 
trification. The speaker on social security 
was Arthur J. Altmeyers, of the Social 
Security Board. Colonel E. W. Clark, 
executive assistant. Public Works Adminis¬ 
tration, in his address, made a plea for 
greater social-mindedness in engineers. 
In his discussion of natural resources, 
Thomas R. Tate, chief, power resources 
division. Federal Power Commission, dis¬ 
played numerous large-scale maps of power 
systems in the United States, including one 
showing the geographical regions into which 
it is proposed to divide the nation for 
purposes of power production and distribu¬ 
tion. 

Reports op Comiuttees 

At the business session on Friday morning, 
A. A. Potter presiding, a roll call of repre¬ 
sentatives was followed by the president’s 
address, and reports of the executive secre¬ 
tary, treasurer, and numerous operating 
committees. 

President Potter spoke briefiy on the 
efforts Council had made during the year to 
encourage the activities of the committees 
and to co-ordinate the work of engineering, 
societies. He spoke of the need for more 
factual data on the impart of technology on 
social security and urged the active support 
of Cotmcil in efforts to assist in their deter¬ 
mination and dissemination, in the hope 
that the public more generally may come to 
regard engineering and the engineer in their 
true economic and social significance. 

Mr. Feiker i;ead a report which covered 
the varied and important work of Council 
and its numerous committees. Unfortu¬ 
nately, limitations of space forbid even a 
summary of Mr. Feiker’s report, but plans 
are trader consideration to bring Council’s 
activities before the readers of Electrical 
Engineering in later issues. 

The report of the treasurer showed suc¬ 
cessful operation of Council’s finan ci a l 
affairs within the income received and a 
balance of approximately $2,000 to carry 
over into 1937. A budget of estimated 
expenditures for 1937, amounting to $39,- 
431 was adopted. Reports were presented 
on publicity, membership and representa¬ 
tion, regional activities, finance, constitu¬ 
tion and by-laws, and nominations. 

Abel Wolman, chairman of the water 
resources committee, addressed the assembly 
luncheon on the engineer’s opportunities and 
responsibilities in the .conservation of 
natural r^ources. 

Mr. Wolman’s excellently delivered ad¬ 
dress reviewed the steps by which,from the. 
pressure of PWA activities, and the work of 
the Mississippi Valley committee and the 
water planmng board the water resources 
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committee was evolved. He described 
briefly some of the more important prin- 
c^les of action of the water resources com¬ 
mittee. One was the development of co¬ 
ordinated national water plans. Annthpr 
was that national water development con¬ 
cerned people primarily, rather th an merely 
water. It was necessary, he said, to effect 
a centralization of points of view on a river 
basin as a whole in order to obtain a neces¬ 
sary perspective. He then described briefly 
some specific undertakings ol the committee 
and, the work of several subcommittees 
that experience had diown that it was 
necessary to organize. 

Following the luncheon, reports of numer¬ 
ous public-affairs committees of AEC 
were presented. F. J. Chesterman presided. 

Although it is impossible to summarize 
the numerous reports presented, it may be 
stated that extensive discussions followed 
the presentation of the reports on patents, 
R. S. McBride, chairman; public works, 
Alonzo J. Hammond, chairman; rural elec¬ 
trification, L. F. Livingston, chairman; 
conservation and utilization, Leonard J. 
Fletcher, chairman, and surveys and maps, 
John S. Dodds, chairman. These reports 
were Mcepted and referred to the executive 
committee for action. 

Morris L. Cooke, administrator. Rural 
Electrification Administration, spoke on the 
achievements of the REA which he charac¬ 
terized as "rural electrification in spite of 
the experts.’* His 3 levels of interest in the 
work, were, he said, (1) that of "gadgets,” 
the electrical devices themselves, (2) that 
of the "cultural renaissance for agriculture,” 
and (3) national survival as threatened by 
unwise use of soil and water. 

"All Engineers’ Dinner” 

As usual, the high point of the AEC an¬ 
nual assembly was the "all engineers’ din¬ 
ner,” held on the night of January 16 with 
about 460 in attendance and President A. A. 
Potter presiding. A reception preceded the 
di nn er. A feature of the diimer program 
was the presentation of honorary membership 
of the ASME to Admiral Cone, retired, of 
the United States Navy. 

Acting as toastmaster was Colonel D. H. 
Sawy», director. Federal Employment 
Stabilization Board, who introduced Messrs. 
Angevine, Bickelhaupt, MacCutcheoni 
Mead, Coleman, Feiker, and Blasinghame 
and spoke on the construction during the 
depression. 

Admiral Cone was presented by M. X. 
Wilberdmg, chairman of the ASME 
Washington section. In introducing 
Admiral Cone, Mr. Wilberding spoke briefly 
of his naval career. 

In responding to the speech of presenta¬ 
tion by J. H. Herr<m, president of the 
ASME, Admiral Cone e^ressed his appre¬ 
ciation of the honor done him, and said that 
he would maintain the high standeu-ds set 
by those distinguished engineers who had 
previously been elected to honorary mem- 
ber^p in the ASMB. 

The principal addresses at the dinner w;ere 
by Rear-Admiral Harold J. Bowen, engi- 
new-in-chief of the United States Navy, 
who spoke on national defense, by Hon. J. C. 
O’Mahoney, senator from the State of 
Wyoming, on the iaterstate regulation of 
business by federal license, and by C. F. 
Hirshfeld, whose subject was the engineer’s 
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responsibilities in social and economic 
question. Because of Mr. Hirshfeld’s 
illness Ms address was read by R. L. Sackett. 

Admiral Bowen said that a modem navy 
is highly mechanized and depends on the 
engineer for maintenance, and called atten¬ 
tion to the diversity and extent of the 
vessels, Mrcraft, shore establishments, and 
communication systems of wMch it is com¬ 
piled. He gave many examples of the 
stimulation to naval engineering coming 
from industry, as well as that received by 
industry from the Navy. In closing he 
asserted that naval defense is a struggle be¬ 
tween applied science as utilized by the com¬ 
batants and that a navy cannot rise above 
the levM of the engineering development of 
the nation to which it belongs. 

In Ms penetrating and carefully reasoned 
address Mr. Hirshfeld m-ged the engineer to 
enlarge the sphere of his influence by accept¬ 
ing a larger measure of responsibility in 
solvmg social and economic problems re¬ 
sulting from the impacts of applied science. 
He made a plea for a factual study of such 
grave questions as technological unemploy¬ 
ment, relative returns to capital and labor 
of the fruits of industry, and competition. 
As examples of public questions in which 
engineers might interest themselves in their 
own com mun ities as a public service he 
mmtioned traffic regulation, air pollution, 
noise abatement, and public transportation. 
He closed by asking whether or not the engi¬ 
neer would have the fortitude to serve 
humanity in the future in the same grand 
manner in which he had served it on tech¬ 
nological matters in the past. 

Senator O'Mahoney gave numerous ex¬ 
amples of corporation created under the 
laws of a single state wMch do business in 
several or all states and in world trade, and 
ar^ed that there exists a need for the regu¬ 
lation of interstate busing by means of 
federM licenses. He explained some of the 
principal features of a bill before the 
Congress introduced by him as a device for 
the regulation he proposed. 

Session on Engineering Economics 

ContMuing its meeting on Saturday 
morning with a session on engineering 
economics, the assembly listened to further 
reports. Mr. Chesterman made a plea for 
engine^s to take a broader view of their 
profession in line wjth the thoughts ex¬ 
pressed in Mr. Hirdifeld’s address at the 
dinner, and had a discussion on effective 
publicity on engineers and their work. 

C. E. Stephens reported for several of the 
united action committees; and a resolution 
was passed in favor of an extension of the 
merit system. 

In presenting a report of the engineering 
economics committees Ralph E. Flanders 
reviewed the status of the third progress 
report of the committee on consumption, 
economics, and distribution. For the com¬ 
mittee on special surveys and studies -he 
made the proposal, wMch was referred to 
the executive committee by vote of the as¬ 
sembly, that Council bring about co-opera¬ 
tion betwem its engineering economics com¬ 
mittees and social-science groups. 

J. Frederic Dewhurst, Of the committee on 
social ^curity of the Social Science Research 
Council, apoke bri^y on social science and 
engineeting. The engineering profession, 
he said, was in a position to make a con- 
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tribution to the preventive side of sodal 
security. 

Officers elected at the assembly meeting 
were^ for vice-presidents C. O. Bicfcdhaupt, 
and John S. Dodds, represent the state 
and local member organizations. C. E. 
Stephens was elected treasurer. In all 
these were re-diections. The term of 
president is for 2 years, and as Dean Potter 
has served but one, he will continue in that 


office for 1937. Representatives and alter¬ 
nates to the assembly were also dected 
from the 6 geographical districts into whi(^ 
AEG memberdiip organizations are di¬ 
vided. P. M. Feiker was re-elected execu¬ 
tive secretary. Chairmen of committees 
selected were William McClellan, finan ce; 
C. O. Bickdhaupt, membership and repre¬ 
sentation; and F. J. Chesterman, public 
affairs. 


l-ietters lo flae EJitoi* 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be con^e and may deal with technical 
papers, artides published in previous issues, or ^her 
subjects of some general interest and profe^onal 
importance. Elbctkicai. Bnoimbbbin'O will en¬ 
deavor to publish as many letters as posable, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for aU illustrations. 
STATEMENTS in these letters are expressly under¬ 
stood to be made by the writers; publication h«e 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 

An Analysis of 
Electrical Engineering Graduates 

To the Editor: 

In the article, *'An Analysis of Electrical 
Engineering Graduates,'* which appeared 
on pages 952-3 of the September issue of 
Elbcisical Enginbbsing, Brown Univer¬ 
sity, at Providence, R. I., unfortunately 
was omitted from the list of American col¬ 
leges offering a 4-year course in electrical 
engineering, leading to a degree of bachelor 
of science in dectrical eng^eering or its 
equivalent. Since the publication of that 
artide, information from Duke University, 
Durham, N. C.. also has been made avail¬ 
able. 

Students at Brown who spedalize in dec- 
trical engineering recdve the degree of 
bachdor of sdence in engineoing on com¬ 
pletion of the 4-year course. Following 
are the numbers of graduates who spedal- 
ized in dectrical engineering at Brown dur¬ 
ing the period of the survey: 1927-2S—14; 
1928-22—13; 1929-30—11; 1930-31—6; 
1931-32-^; 1932-33—12; 1933-34—11; 
1934-36—9. 

Duke University, which offers a 4-year 
course leading to the degree of bachdor of 
science in dectrical engineering, graduated 
the following numbers of dectrical engi¬ 
neers: 1927-28—2; 1928-29—6; 1929-30 
—3; 1930-31—5; 1931-32—4; 1932-33— 
10; 1933-34r-13; 1934r35—11. 

Very truly yours, 

Clifford A. Faust (A’35) 

President, National Executive Cmmcil, 
Eta Ejippa Ntt Association; 
In Charge of Power Utility 
Diidtion of Advertising, 
Ohio Brass Company, bdaimfield 



Preparation of 
Institute Papers 

To the Editor: 

We note your interest in readers’ com¬ 
ments on the new paper and format of 
Electrical Engineering. The new page 
is indeed pleasing and easier to read. We 
regret, however, that you are now breaking 
up the continuity of artides in the usual 
magazine fashion. The continuation of 
artides on back pages, fostered by editors 
chiefly in order to take the reader into the 
advertising columns of ordinary magazines, 
is a nuisance which is probably unnecessary 
in a publication of this type. 

At various times instructions are issued 
regarding the methods of preparing papers 
for the Institute. We fed that a few com¬ 
ments might be pertinent at this time. 

It might be presumed that Institute 
papers, while of greater interest to the 
spedalist in whose fidd they are written, 
are also to be read by many with a normal 
curiosity and the desire to keep informed in 
related subjects, even though the mathe¬ 
matics may be unfamiliar. Papers might 
better be wnitten with the idea more clearly 
in mind that the reader knows less about the 
subject than the writer, and that the time 
and effort of the former are to be conserved 
as much as possible. Several suggestions 
can be made as an aid to easier reading. 

Even though the aim of the paper might 
be well presented in the introduction, the 
reader can follow the processes much more 
readily if the aim of each step m the de- 
vdopment of the paper is presented in a 
brief statement. I^s, combined with 
shorter paragraphs and more frequent 
subtitles, is a great aid to rapid scanning 
and easier grasp. 

The reader who expects to make use of 
the material presented, would be aided if 
more careful attention were given to the 
following considerations: 

1. More adequate definition of symbols and terms 
used. If they are obscure, a brief background or 
more complete rderences would be tuefid. (Many 
symbols are not adequately defined by the title, as 
for instance, "syndnonous reactance.”) Under¬ 
standing of differential equations is frequently aided 
by identifying the Wpe to whit^ they bdong with 
a brief statement of the manner of solution. 

2. "Word derivations'* of equations are helpful. 
Lack of space nuy firequentiy make complete 
mathematical deyek>pment inadvisable. Yet if 
the eq;uati<m is important to the material at band, 
the primary assumptions on whick it is bas<^ and 
an outline of the steps followed could be ^ven in a 
brief paragraph. Sudr explanations are especially 
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necessary if Amplifying assumptions have been 
made in the development. 

3. Time and wasted effort could be saved the 
reader if more care were taken to indicate (when 
known) the limitations of various data. This is 
especit^y true when the exact process of obtaining 
data is not given and the user has small opportunity 
of determining the inherent limitations. 

4. Many Institute papers would be greatly im¬ 
proved if the author kept more firmly in mind that 
he must avoid the slightest suspicion of aiming 
at a display of his own erudition rather than to 
present the reader with interesting and useful 
information. 

Several years ago Professor KUirapetoff 
.made the prediction that the time wotdd 
come when electrical engineers wotdd con¬ 
cern themselves more with the fundamental 
nature of classical vector theory. Papers 
presented before the Institute for the past 
year indicate that this prediction was 
justified. 

In view of the present growth of such 
application and its probable continuation, 
it might be well through adequate definition, 
to avoid the confusion which may readily 
arise. Classification of a term as a vector 
may no longer be an identification at all, 
when one considers that the vmter may have 
in mind the complex number vector, those 
of classical vector analysis, those based on 
the work of Hamilton, of Gibbs-Wilson, 
or the more modem concepts and variations 
of them associated with certain forms of 
tensor analysb, the complex vector of 
A. Pen-Tung Sah, etc. 

It would be wdl to remember that ex¬ 
periments (and this might hold for mathe¬ 
matical de^opments as well) are accepted 
by science only if they are susceptible to 
reproduction. Hence, while one may have 
no reason to doubt that a writer 1^ ob¬ 
tained the results or made the analyses he 
claims, nevertheless, through inadequate 
definition of symbols, unannounced assump¬ 
tions in his derivations, and a presentation 
not aimed to be of maximum value to the 
reader, the latter may frequently be unable 
to reproduce the work presented. Such 
reproduction is necessary to progressive 
growth and development of a science. 

Very truly yours, 

A. F. PucHSTBm (A'20, M*27) 
Chief Engineer 

T. C. Lloyd (A’31) 

Development Engineer 

Robbins & Myers, Inc., 
Springfield, Ohio 


Electrical Engineering's 
New "Easy-Reading Page" 

To the Editor: 

... You are to be congratulated on the 
makeup of the January 1937 issue of Elec¬ 
trical Engineering. I admit my first 
reaction to the dream-colored paper was 
negative. However, as I sat in my special 
chair Last evening reading your "easy- 
reading pajge” Under our lES lamp, I 
found my technical reading to be a pleasure 
indeed. I hope you do not go back to the 
white paper. I find this paper very much 
more restful, for my eyes are quite soisi- 
tive to glare. Listing the author and title 
at the bottom of each page is an improve¬ 
ment. The 2 pages whidi include the be« 

Blbctrical Enginbbrinq 





giiming of an article always have an un¬ 
canny way of sticking together. The titles 
and page numbers are so much more con¬ 
venient at the bottom than they would.be 
at the top. When this information is given 
at the top, one either must open the maga¬ 
zine wide or lean halfway across the desk. 
I’m sorry that I can’t offer any constructive 
criticism. You are too far ahead of me ... 

Very truly yours, 

V. P, Hesslbr (A’29) 

Instructor in Electrical Engineering, 
Iowa State College, Ames 


To the Editor: 

... The new style paper appeals to me, 
since it seems to hold what was promised, 
elimination of glare. I believe the carrying 
over of the name of author and abbreviated 
title on all pages of the papers will help 
considerably in locating desired references. 

Very truly yours, 

J. H. Hagenguth (A’28) 

Electrical En^neer, High Voltage 
Engineering Laboratory, General Electric 
Company, Pittsfield, Mass. 


To the Editor: 

As one whose eyes are sensitive to glare, 
due undoubtedly to poor lighting and “hard- 
reading pages” in youth, I want to commend 
you most heartily on the adoption of the 
“easy-reading page.” 

Very truly yours, 

Frederick Holhbs (A’22, M’27) 
President, Duncan Electric Manufacturing 
Company, Lafayette, Ind. 


To the Editor: 

... I think that a very great improve¬ 
ment has been made in the general style 
and make-up ... 

Very truly yours, 

A. S. Langsdorp (A’03, F’12) 

Dean of the Schools of Engineering and 
Architecture, Washington Univendly, 
St. Louis, Mo. 

To the Editor: 

I find that the new “easy-reading page” 
is exactly that. I hope that you will con¬ 
tinue to use it. 

Willis W. Snyder (A’35) 

Meter Department, Niagara Alkali Company, 
Niagara Falls, N. Y. 


To the Editor: 

I wish to comment very favorably on the 
change you have just made in the paper on 
which Electrical Engineering is printed. 
The light buff color is far easier on the 
eyes and under artificial light the sdsYo is 
reduced almost to the vanishing point 

Also I like very much your initial page 
entitled “High Lights.” It is an excellent 
idea to have a brief summary of this sort 
given fitrst. One can see at a glance what 
articles are of most interest and will then 
be induced to look them up and read them 
more thoroughly. 

I certainly hope that both of these fea¬ 
tures are continued. 

Yours very truly, 

R. W. Warner (M’28) 

Professor and Head of the 
Department of Electrical Engineering, 
University of Hansas, Lawrence 
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To the Editor: 

I would like to register enthusiastic ap¬ 
proval of the new type and tinted paper 
used in Electrical Enginberino. I 
think the paper color very well chosen since 
the temptation usually is to use too ydlow 
a stock. 

Very truly yours, 

L. J. Buttolph (M’36) 

Electrical Engineer, General Electric 
Vapor Lamp Company, 
Hoboken. N. J. 

To the EdUor: 

May I add my word of approval of your 
continued efforts to make Electrical 
Engineering the best possible kind of pub¬ 
lication? 

The “easy-reading page” which you pre¬ 
sent with the January issue is, in my opinion, 
a significant contribution of the electrical 
engineering profession to human wdfare. 
There is no doubt but what this sort of thing 


has long been needed, and I trust that 
continued efforts may be fruitful along this 
line. 

Sincerely yours, 

M. S. CoovER (A’16, M’32) 
Head of Electrical Engineeriiig 
Department, Iowa State College, Ames 

To the Editor: 

I was very much interested in your easily 
read page which appeared in the January 
1937 issue of Electrical Enginberino. .. 
all comments which I have heard have been 
favorable. . . After I had gotten over my 
first unfavorable impresdon of seeing the 
yellowed edges of the sheets before the book 
was opened, I liked it very much.... 

Very truly yours, 

WnxARD Champs (A’25, M’35) 

Electrical Engineering Department, 
The Commonwealth & Southern 
Corporation, Jackson, Mi<^ 
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Asgbr Vilsirdp <A’20, M’27) chief 
electrical engineer, Britidx Columbia Elec¬ 
tric Railway Company, Ltd., has been 
elected president of the Engineering Rro- 
fession in British Columbia for the year 1937. 
Mr. Vilstrup was bom at Borris, Denmark, 
in 1884, and received his technic^ education 
at the College of Electrical Engineering, in 
Copenhagen, Denmark. Upon completion 
of his studies, he was employed by several 


during the year 1936-86 was acting plant 
manager. He was made diief electrical 
engineer in 1936. He has been active in the 
affairs of the Institute’s Vancouver Section 
for several years (diairman 1925-26) and 
was active in the arrangements and ad¬ 
ministration of the AIEE Pacific Coast 
convention held at Vancouver in 1982. 



ASGER VILSTRUP 


electrical companies in England,* including 
British Insulated and Helsby Cables, Ltd., 
during the period 1903-09. In 1911 Mr. 
Vilstrup went to Canada to become field 
draftstmm and subforeman on hydroelectric 
construction at Lake Buntzen for the Briti^ 
Columbia Electric Railway Company, Ltd. 
Three years later he was made assistant 
engineer in the electrical department of that 
company at Vancouver. In that position 
he was engaged m the deidgn of substations 
and transmission and distribution lines, and 
in the maintenance of the power plant and 
distribution systems. In 1929 Mr. "l^lstrup 
was appointed assistmit plant manager, and 
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P. S. Millar (A’03, M’13) president. 
Electrical Testing Laboratories, Inc., New 
York, N. Y., was elected president of the 
United States National Committee of the 
International Commisdon on Hlumination 
at the recent annual meeting of the Com' 
mittee. Mr. Millar was bom at Andover, 



P. S. MILLAR 


N. J., in 1880, and obtained his formal tech¬ 
nical eduction at Paterson Classical and 
Scientific School and through tffc Inter- 
natiomd Correspondence Sdioote. In 1897 
he entered the employ of the Lamp Testing 
Bureau (now Electrical Testing Labora^ 
tories, Inc.) and in 1899 became assistant 
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manager of that company. He became gen¬ 
eral manager in 1914, and has been presi¬ 
dent since 1930. Mr. MUlar has done much 
original work in illumination research, being 
co-inventor of the Sharp-Miliar photometer, 
and has contributed liberally to the tech¬ 
nical press. He has been a member of the 
Institute’s committees on electrophysics, 
1917-18; meetings and papers (now tech¬ 
nical program), 1925-28; and a member 
since 1924 and chairman from 1925 to 1928 
of the committee on production and ap¬ 
plication of light. Mr. Millar is a fellow of 
the American Physical Society, member of 
the council of the Association of Consulting 
Chemists and Chemical Engineers, secre¬ 
tary-treasurer of the Association of Edison 
Illuminating Companies, member and past- 
president of the Ill umin ating Engineering 
Society, and director of the Thomas Alva 
Edison Foundation. 


William Kelly (F’25) formerly president 
of the Buffalo, Niagara, and Eastern Power 
Corporation, recently was elected president 
of the Niagara, Lockport, and Ontario 
Power Company. Colonel Kelly was bom 
in New York, N. Y., in 1877, attended the 
ShefiSeld Scientific School of Yale Uni¬ 
versity, and was graduated from the United 
States Military Academy in 1899. During 
1902-03 he pursued graduate work in the 
U.S. Army Engineer School of Application. 
Upon graduation in 1899, Colonel Kelly was 
placed in charge of design of dectrical in¬ 
stallations for sea coast defenses. He con¬ 
tinued to serve in that capacity, and con¬ 
currently (1906-10) as assistant engineer 
commissioner of the District of Columbia, 
until 1913. During the World War he 
served as chief engineer of the 42nd Division 
and Fourth Army Corps, and reported for 
the peace conference on several rivers that 
were internationalized. When the Federal 
Power Commission was organized in 1920, 
Colonel Kelly was appointed its chief 
engineer and, while serving in that capadty, 
presented a report on the Colorado River 
as a source of hydrodectric power and irriga¬ 
tion supply. He was also an active member 
of the superpower committee for the 
northeastern area of the United States and 
a member of the American section of the 
International Board of Engineers, investi¬ 
gating the St. Lawrence waterway project. 
In 1925 he was appointed director of engi¬ 
neering of the National Electric Light As¬ 
sociation, and in the following year became 
afSliated with the Buffalo, Niagara, and 


Eastern Power Corporation. Colond Kelly 
became president of that company in 1933. 
He is a member of the Society of American 
Military Engineers and the American 
Society of Civil Engineers; he received the 
James Laurie prize of the latter society in 
1925. 


H. M. Sharp (M’34) superintendent of 
the Huntley stations, Buffalo (^neral Elec¬ 
tric Company, Buffalo, N. Y., has been 
dected a vice-president of the Buffalo, 
Niagara, and Eastern Power Corporation. 
Mr. Sh^ was bom at Buffalo, N. Y., in 
1892, and recdved the degree of mechanical 
engineer at Cornell University in 1915. 
Following his graduation, he served briefly 
as an instmctor in mechanical engineering 
at Comdl University, as an assistant engi¬ 
neer with the Bethl^em Sted Company, 
Lackawanna, N. Y., and with the U.S. 
Army, before becoming efficiency engineer 
at Huntley station in 1919. In 1926 he 
accepted a similar position with the Indiana 
Electric Corporation, Terre Haute, Ind., 
but returned to the Buffalo General Elec¬ 
tric Company in 1928 as assistant chief 
engineer of Huntley station. On comple¬ 
tion of the second Himtley station, Mr. 
Sharp was made assistant superintendent of 
both stations in 1930; in 1931 he became 
superintendent, which position he has.hdd 
for the last 6 yeara. 


N. R. Gibson (M’32) vice-president of 
the Buffalo, Niagara, and Eastern Power 
Corporation, Buffalo, N. Y.,. ha*; been 
appointed vice-president of the Buffalo 
General Electric Company and the Niagara, 
Lockport, and Ontario Power Company, and 
director of the Niagara Electric Se:^ce 
Corporation. Mr. Gibson was bom at 
Guelph, Ont., Canada, in 1880, and was 
graduated from the University of Toronto 
in 1901, with a diploma in mechanical anti 
dectrical engineering; in 1904 he received 
the degree of bachelor of arts and sciences, 
and in 1931 the honorary degree of doctor of 
engineering at the same institution. Fol¬ 
lowing his graduation in 1904 he served 
briefly with several contracting companies 
before becoming assodated (1908) with 
Smith, Kerry, and Chase, consulting engi¬ 
neers^ in Tbronto, Ont., Canada, where he 
was in charge of the dvil and hydraulic 
department. During 1913-15 Mr. Gibson 
served as consulting engineer to the Ontario 
Power Company, Niagara Falls, Ont., and 


the Electric Power Company, Ltd., Toronto; 
later, he served as chief engineer for the 
Ontario Power Company, 1915-16, and 
assistant chief engineer of the Electric 
Power Company, 1916-17. From 1918 to 
1925 he was hydraulic engineer of the Hy¬ 
draulic Power Company (now Niagara 
Falls Power Company), Niagara Falls, N. Y., 
later serving as executive engineer, chief 
engineer, and vice-president and chief 
engineer; concurrently he was vice-presi¬ 
dent and chief engineer of the Buffalo, 
Niagara, and Eastern Power Corporation 
and vice-president of the Niagara Hudson 
Power Corporation, New York, N. Y. Mr. 
Gibson is a member of the American Society 
ol Civil Engineers and The American Society 
of Mechanical Engineers. 


L. T. Blaisdell (A’20, M’22, vice- 
president) southwestern district manager. 
General Electric Company, Dallas, Texas, 
has been elected a commerdal vice-presi¬ 
dent of the company. Mr. Blaisdell was 
bom at Carlisle, Mass., in 1886, and follow¬ 
ing his graduation from the Massachusetts 
Nautical Training School, in 1904, he entered 
the employ of the General Electric Company 
as a student engineer at Lsmn, Mass., where 
he remained until 1907. During the period 
1907-11 he served as constmction engineer, 
in which capacity he supervised the instal¬ 
lation of power-plant equipment on many 
naval vessels built along ihe Atlantic coast 
and served as engineer on many trial trips. 
From 1911 to 1917 he served as commercial 
engineer in the Baltimore, Md., offices of 
the General Electric Company, and in 1917 
was transferred to the Washington, D. C., 
offices to follow various activities of the 
federal government. He served in tliat 
position until 1923 when he was transferred 
to Dallas as southwestern district manager. 
Mr. Blaisdell was chairman of the AIEE 
Washington Section, 1922-23, and of the 
Dallas Section, 1930-31. 


R. B. Howland (A’ll, M’22) formerly 
assistant to the president of United Engi¬ 
neers & Constmctors, Inc., Philadelphia, 
Pa., recently was elected a vice-president 
and director of that company. Mr. Howland 
was bom at Marion, Mass., in 1886, and 
received the degrees of bau:helor of arts 
(1906) and bachelor of science in electrical 
engineering (1910) at Drury College and 
Purdue University, respectively. Following 
his graduation in 1910, he became associated 
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with the Stone and Webster Company, first 
as an electrician and switchboard operator 
for the Pacific Coast Power Company, 
Sumner, Wash., and later as assistant 
general superintendent of the Mississippi 
River Power Company, Keokuk, Iowa. 
In 1917 Mr. Howland accepted a position as 
superintendent of power, and subsequently 
as superintendent of power and utilities, with 
the American International Shipbuilding 
Corporation, Hog Island, Pa. He returned 
briefly to the services of the Mississippi River 
Power Company in 1919, and then became 
afiiliated with Dwight P. Robinson & Co., 
Inc., New York, N. Y., as assistant electrical 
engineer. When Dwight P. Robinson & Co. 
was merged with 3 other engineering organi¬ 
zations to form United Engineers & Con¬ 
structors, Inc., in 1929, Mr. Howland was 
made assistant to the president of the new 
organization, and has held that position 
since. He is a member of Tau Beta Pi. 


M. O. Troy (A’08, MT2) manager of the 
central station department, General Elec¬ 
tric Company, Schenectady, N. Y., has 
been elected a commercial vice-president of 
the company. Mr. Troy was bom at Bur¬ 
lington, N. C., in 1872, and received the 
degree of bachelor of science in electrical 
engineering at the University of Virginia in 
1896, following which he entered the employ 
of the General Electric Company as a test 
engineer. He was transferred to the West 
Lynn works of that company as foreman of 
transformer test in the following year, and 
in 1898 became associated with Prof. 
Elihu Thomson (A’84, M’91, FT3, HM’28, 
Edison Medalist '09, past-president) in 
development work on constant-ciuxent 
transformers. In 1901 Mr. Troy was made 
assistant engineer of the a-c engineering 
department of the West Lynn works and 
was later transferred to the transformer 
sales department. In 1907 he became mana¬ 
ger of sales of transformers, lightning ar¬ 
resters, and voltage regulators, and in 
1923 was appointed executive assistant 
manager of the central station department. 
Mr. Troy became manager of the depart¬ 
ment in 1928. 


P. H. Thomas (A'OO, F’12, past vice- 
president, member for life) formerly chief 
of the power requirements division, National 
Power Survey, Federal Power Commission, 
Wwhington, D. C., has been appointed 
regional director of the Commission, with 


offices at Atlanta, Ga. Mr. Thomas was 
bom at Boston, Mass., in 1872, and received 
the degree of bachelor of science in electrical 
engineering at the Massachusetts Institute of 
Technology in 1893. Following his gradua¬ 
tion, he entered the engineering depart¬ 
ment of the Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa., 
where his work consisted of lightning- 
arrester and high-voltage engineering, and 
remained with that company until 1903, 
when he became chief engineer of the 
Cooper-Hewitt Electric Company. In 1907 
Mr. Thomas established his own consulting 
engineering offices at New York, N. Y., 
and continued his private practice until he 
was appointed consulting electrical engi¬ 
neer to the firm of Guggenheim Brothers, in 
1916. In 1928 he re-established his own 
con^ting engineering offices, continuing 
until he was appointed chief of the power 
requirements division of the National 
Power Survey in 1934. Mr. Thomas was 
manager of the Institute, 1907-10; vice- 
president, 1910-12; and has been a member 
of the committees on electrophysics, meet¬ 
ings and papers (now technical program), 
standards, power transmission and distri¬ 
bution, award of Institute prizes, Lamme 
Medal, and Edison Medal. He is a mem¬ 
ber of The American Society of Mechanical 
Engineers. 


E. D. UHLENDORF (ATS) formerly a 
member of the operating committee, 
Byllesby Engineering and Management 
Corporation, Chicago, HI., has been ap¬ 
pointed executive engineer of Public Utility 
Engineering and Service Corporation, suc¬ 
cessor to the Byllesby company. Mr. 
Uhlendorf was bom at Chicago in 1887, 
and attended the Armour Institute of 
Technologyi specializing in civil engineer¬ 
ing. He has been associated with Public 
Utility Engineering and Service Corpora¬ 
tion and its predecessor continuously since 
. 1911, with the exception of a 3-year period 
during which he was engaged in special 
public utility evaluation work. He has 
had charge of many important appraisal 
projects for rate making and security issues, 
and has appeared as expert witness before 
several commissions and courts. Mr. 
Uhlendorf became a member of the operat¬ 
ing committee of the Byllesby Enginee riTig 
and Management Corporation in 1925. 
He is a member of the American Society of 
Civil Engineers and the Society of Ameri¬ 
can Military Engineers. 


F.^ M. Farmer (A’02, FT3, director) vice- 
president and chief engineer of the Elec¬ 
trical Testing Laboratories, Inc., New York, 
N. Y., has been elected chairman of the 
standards council of the American Stand¬ 
ards Association for the year 1937. Mr. 
Farmer was born at Ilion, N. Y., in 1877i 
and was graduated from Cornell University 
in 1899. In 1903, after spending a year in 
the test department of the General Elec- 
tric Company and 2 V 2 years in the inspec¬ 
tion division of the U.S. Navy at the Brook- 
Ijm (N. Y.) Navy Yard, he joined the staff 
of the Electrical Testing Laboratories, Inc., 
then known as the Lamp Testing Bureau. 
Mr. Farmer has been active in various phases 
of ASA work, as chairman of 2 sectional 
committees and member of 2 others, and as 
a member of the electrical standards com¬ 
mittee and the United States National 
Committee of the International Electro¬ 
technical Coi^ission. In addition, he is 
active in Institute affairs, having been mem¬ 
ber or chairman of many of the 
committees, and is at present a member of 
the board of directors. Since 1936 he has 
been Institute representative on the Engi¬ 
neering Foundation board and on the engp- 
neering* societies monogn*aph committee. 
Mr. Farmer is a past-president of the Ameri¬ 
can Welding Society and of the American 
Society for Testing Materials, a fellow of 
the America Association for the Advance¬ 
ment of Science, and a member of the In¬ 
stitution of Electrical Engineers and The 
American Society of Mechanical Engineers. 


H. J. Mac Leoo (A’23) formerly profes¬ 
sor of electrical engineering. University of 
Alberta, Edmonton, Canada, has been ap¬ 
pointed head of the department of mechani¬ 
cal and electrical engineering at the Uni¬ 
versity of British Columbia, Vancouver. 
Professor MacLeod was bom at New 
London, Prince Edward Island, in 1887, 
and received the degrees of bachelor of 
science (1914) and master of science (1916) 
from McGill University and the University 
of Alberta, respectively. In 1921 he re¬ 
ceived the degrees of master of arts and 
doctor of philosophy at Harvard University. 
Following his graduation from McGill 
University, he served for 2 years as lecturer 
in electrical engineering at that institutioli, 
and after 3 years’ (1916-19) army service, 
entered Harvard University to pmsue grad¬ 
uate work in electrical physics. In 1921 
he was appointed associate professor of 
electrical eng^eering at the University of 
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Alberta and in 1924 professor of electrical 
engineering. He is a member of tbe 
Engineering Institute of Canada. 


T. S. KInight (A’06) New England dis¬ 
trict manager, G^eral Electric Company, 
Boston, Mass., bas been elected a com¬ 
mercial vice-president of the company. Mr. 
Enight was bom in Massachusetts in 1882, 
and was graduated from Tufts College in 
1903, with the degree of bachelor of science 
in electrical engineetihg. Following his 
graduation, he entered the testing depart¬ 
ment of tlie Stanley Electric Company, 
and in the following year was transferred 
to the switchboard en^eering department. 
When the Stanley Electric Company be¬ 
came a part of the General Elecliic <^m-; 
pany, Mr. Elnight was retained in the switch¬ 
board engineering department at the 
Schenectady, N. Y., works of the new 
company. In 1908 he was transferred to the 
Boston, Mass., offices of the General Elec¬ 
tric Company, and placed in charge of 
switchboard engineering there. He has 
been New England district manager since 
1926. 


A. L. JONBS (A’07, M’26) Rocky Moun¬ 
tain district, manager^ Gmeral Electric 
Company, Denver, Colo., has been elected 
a commercial vice-preadent of the company. 
Mr. Jones was bom at Balston, N. Y., in 
1879, and received the degree of mechanical 
engineer in electrical engineering at Cornell 
University in 1904. Upon graduation, he 
entered the testing department of the Gen¬ 
eral Electric Company, at Schenectady, 
N. Y., continuing as a test engineer until 
he was transferred to the power and mining 
engineaing department in 1906. In 1909, 
Mr. Jones was transferred to the Denver 
offices of the General Electric Company as 
district engineer, in which capacity his 
work conned of en^eering supervision 
of constmction and construction contracts. 
He was appointed district manager in 1928. 


J. M. Cos'mi.i.o (A’27) vice-president and 
general manager. The Syracuse Lighting 
Company, Inc., Syracuse, N. Y., has been 
elected a vice-president of the Niagara, 
Lpckport, and Ontario Power Company. 
Mr. Costello was bom at Clyde, N. Y., in 
1891, and has been affiliated with the Ni¬ 
agara, Loc^ort, and Ontario Powa: Com¬ 
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pany, and its associated companies, since 
1911. During his service of more than 25 
years, he has acted as division superinten- 
dentandasdistrictmanager of that company; 
also as district manager and as general mana¬ 
ger of the Livingston-Niagara Power Com¬ 
pany. Mr. Costello was made executive 
manager of the Niagara, Lockport, and 
Ontario Power Company in 1928, and vice- 
president and general manager of The 
Syracuse Lighting Company in 1930. 


E. H. Ginn (A*03) southeastern district 
manage:, General Electric Company, At¬ 
lanta, C^., has been elected a commercial 
vice-president of the company. Mr. Ginn 
was bom at Worcester, Mass., in 1878, 
and was graduated from the Worcester 
Polytechnic Institute in 1900. Following 
a year’s graduate study at the same in¬ 
stitution, he entered the testing depart¬ 
ment of the General Electric Company, 
Schenectady, N. Y., and after a brief 
service as test engineer was transferred to 
the railway engineering department in the 
Atlanta offices of that company. He was 
appointed district sales manager in 1918 
and district manager in 1922. 


Thomas Fitzgerald (A’02) vice-presi¬ 
dent and general manager, Pittsburgh 
(Pa.) Railways Company, has been elected 
a member of the board of directors of the 
Philadelphia Company. Mr. Fitzgerald is 
a native (1878) of Baltimore, Md., and a 
graduate of The Johns Hopkins University 
in the class of 1898. Following his gradua¬ 
tion, he entered the employ of the Balti¬ 
more and Ohio Railroad Company as an 
inspector, and after serving with several 
companies, eventually became general mana¬ 
ger of the Cincinnati (Ohio) Traction Com¬ 
pany in 1913. In 1917 he resigned that 
position to join the U.S. Army, and follow¬ 
ing the World War Mr. Fitzgerald estab¬ 
lished his own consulting engineering offices 
at Pittsburgh, Pa. In 1924 he became vice- 
president of the Pittsburgh Railways Com¬ 
pany, and later vic^-president and general 
manager. 


L. S. Boggs (A’93, M’98, member for 
life) service engineer, Westinghouse Elec¬ 
tric & Manufacturing Company, East 
Pittsburgh, Pa., has retired from active 
service. Mr. Boggs was b<^ at Lafayette, 
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Ind., in 1867, and was graduated from Pur¬ 
due University in 1888 with the degree of 
bachelor of mechanical engineering; in 

1892 he obtained the advanced degree of 

engineer from the same institu¬ 
tion. Following his graduation in 1888, he 
entered the employ of the Sprague Electric 
Railway Company, remaining there until 
1891. After a year of graduate study, Mr. 
Boggswasappointedengineer of powerfor the 
Columbian Exposition at Chicago, HI., in 

1893 and in 1894 he held a similar position 
at the Cotton States and International 
Exposition at Atlanta, Ga. In 1896 he be¬ 
came superintending engineer for the Pioneer 
Electric Power Company, Ogden, Utah, 
where he remained for 4 years before be¬ 
coming associated with Sargent and Lundy, 
Inc., Chicago, HI. Mr. Boggs has been 
associated with the Westinghouse company 
since 1904, having started as a construction 
enpneer. He took an active part in many 
major railway electrification projects, both 
in the United States and in South America. 


E. W. Jtjdy (A’26) vice-president of the 
Duquesne Light Company, Pittsburgh, Pa., 
recently was dected a member of the board 
of directors of the Philadelphia Company. 
Following a 3-year preliminary training, 
Mr. Judy became associated with the Stone 
and Webster Company at Seattle, Wadi., 
in 1909, where he remdned until 1914, 
when he became superintendent of construc¬ 
tion for the Southern Sierras Power Com¬ 
pany, Riverside, Calif.; later he became 
local superintendent and district manager 
for that company. In 1923 he joined the 
Duquesne Light Company as superintendent 
of overhead lines, subsequently becoming 
superintendent of the distribution depart¬ 
ment, operating manager, and vice-presi¬ 
dent. 


E. F. Nubzbl (A’27) forrherly under¬ 
ground transmisdon and distribution engi¬ 
neer, Union Gas and Electric Company, 
Cincumati, Ohio, has become superintend¬ 
ent of the underground department of the 
Cincinnati Gas and Electric Company. 
Mr. Nuezd is a native of Cincinnati, and 
an electrical engineering graduate of the 
University of Cmcinnati. Upon graduation, 
he entered the electrical distribution de¬ 
partment of the Union Gas and Electric 
Company in 1922 as assistant engineer on 
maintenance and construction. In 1927 
he joined the engineering stafi of the Colum- 
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bia Engineering and Management Corpora¬ 
tion as assistant engineer on engineering 
planning, but later returned to the Union 
Gas and Electric Company as underground 
transmission and distribution engineer. 


L. O. Dorpman (A’19, M’28) manager of 
the engineering division, Westinghouse 
Electric & Manufacturing Company, Cin¬ 
cinnati, Ohio, has been made engineering 
manager of the New England district of 
that company, with offices* at Boston, 
Mass. Mr. Dorfman was bom at Pitts¬ 
burg, Texas, in 1892, and received the de¬ 
gree of electrical engineer at the University 
of Texas in 1916. He entered the employ 
of the Westinghouse Electric & Manufactur¬ 
ing Company, East Pittsburgh, Pa., im¬ 
mediately following his graduation, and 
his service with that company has been un¬ 
interrupted, except for a period of service 
with the U.S. Army during the World 
War. He was transferred to the Cinciimati 
offices of the Westinghouse company in 
1927. 


A. H. Morton (A’24) National Broad¬ 
casting Company, New York, N. Y., has 
been appointed manager of the department 
of managed and operated stations of the 
National Broadcasting Company. Mr. 
Morton is a native (1896) of Chicago, Ill., 
and an engineering graduate of the Uni¬ 
versity of Illiuois. During 1917-19 he 
served in the U.S. Army, and following his 
resignation was associated with the General 
Electric Company for 2 years before joining 
the Eadio Corporation of America as 
manager of the Washington, D. C., offices 
of that company. In 1923 Mr. Morton was 
transferred to lie New York, N. Y., offices 
as head of the commercial department of 
RCA Communications, and in 1929 was 
made European manager for the Radio 
Corporation of America. 


D. S. MacCorelb (A'30) has resigned as 
cable engineer in the engineering depart¬ 
ment of the New York and Queens Electric 
Light and Power Company, Flushing, N. Y., 
and is now associated with the Habirshaw 
Cable and Wire Corporation, Yonkers, N. Y., 
as a sales engineer. Mr. MacCorkle is 
a native (1906) of Flushing, N. Y., and an 
electrical engineering graduate of Wfuhing- 
ton and Lee University. Upon graduation, 
he entered the student training course of 
the Westinghouse Electric & Manufactur¬ 
ing Company, East Pittsburgh, Pa., in 
1926. After spending a year as a sales 
engineer for the Westinghouse company, he 
accepted a position as assistant engineer 
for the New York and Queens Electric 
Light and Power Company in 1928. 


J. E. M. MiTcatBix (A’27) formerly 
southern district sales manager, Jeffrey De- 
Witt Insulator Company, Kenova, W. Va., 
has been advanced to the position of general 
^es manager of the company. Mr. Mitch^ 
is a native (1890) of Edisto Island, S. C., and 
an electrical and mechanical engineering 
graduate of Qemson College. Fbllovdng 
his graduation, he entered the employ of 
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the General Electric Company, Schenectady, 
N. Y., as a test engineer, and for a time 
served under Dr. C. P. Steinmetz. Mr. 
Mitchell served briefly with several com¬ 
panies, and with the U.S. Army Corps of 
Engineers, before becoming southern dis¬ 
trict sales manager for the Jeffrey DeWitt 
Insulator Company in 1924. 


H. W. Ealbs (AT7, F’25, past vice- 
president) who has been chief electrical 
engineer of the Byllesby Engineering and 
Management Corporation, Chicago, Ill., 
has been appointed chief electrical p!Ti giTifr<»r 
of the Public Utility Engineering atiH 
Service Corporation, Chicago, successor to 
the Byllesby organization. Mr. Eales has 
been active in Institute affairs, having been 
a member of many of the technical com¬ 
mittees and a vice-president (1921-26) 
representing the South West District. He 
has also been active in committee work of 
the Edison Electric Institute and the 
Association of Edison TUmni-riftfiTig Com¬ 
panies, and is a member of Phi Beta Kappa 
and Sigma Xi. 


G. H. JtJMP (A'18, M’30) engineer in the 
B^alo, N. Y., offices of the General Elec¬ 
tric Company, has been appointed New 
Englmid district engineer for the company, 
with headquarters at Boston, Mass. Mr. 
Jump was bom at Binghamton, N. Y., in 
1888, and received the degree of electrical 
engineer at Syracuse University in 1910. 
Immediately following his graduation, he 
entered the employ of the General Electric 
Company, Schenectady, N. Y., as a student 
engineer and has since been associated with 
that company in various capacities. He 
was transferred to the Buffalo offices in 
1916 and was appointed engineer in charge 
in 1918. 


R. A. Jones (A'20) engineer in the 
S:^acuse, N. Y., offices of the General Elec¬ 
tric Company, has been transferred to the 
Buffalo, N. Y., offices in a similar capacity. 
Mr. Jones is a native (1892) of Wabasha, 
Minn., and an electrical engineering gradu¬ 
ate (1916) of the University of Minnesota. 
Upon his graduation, he imtered the testing 
department of the General Electric Com¬ 
pany, Schenectady, N. Y. In 1917 he was 
transferred to the power and mining engi¬ 
neering department of that company, and 
was appointed to the S 3 rracuse offices in 
1923. 

D. J. DbBobr (a’ 34) formerly assistant 
electrical engineer, Sargent and Lundy, Inc., 
Chicago, Ill., recently was appointed chief 
electrical engineer of the Loup Rivet Pub¬ 
lic Power District, Columbus, Nebr. Mr. 
DeBoer is a native (1897) of Corsica, S. D., 
and an electrical engineering graduate 
(1922) of South Dakota State College. He 
has been associated with the Sargent and 
Lundy firm, directly and indirectly, since 
1927. 


HI., has been appointed assistant manager 
of the engineering division of the Public 
Utility Engineering and Service Corpora¬ 
tion, successor to the Byllesby Engineering 
and Management Corporation. 

F. H. Lanb (M’23) for 19 years manager 
of mgineering and constmction for the 
Byllesby Engineering and Management 
Corporation, Chicago, HI., has been ap¬ 
pointed manager of the engineering division 
of the Public Utility Engineering and Serv¬ 
ice Corporation, successor to the Byllesby 
organization, with which Mr. Lane has 
been associated continuously since 1904. 

H. L. Hazbn (A’26) assistant professor 
of electrical engineering at Massachusetts 
Institute of Technology, Cambridge, re¬ 
cently was made associate professor. Pro¬ 
fessor Hazen, a graduate of that institution, 
was employed by the General Electric 
Company at Schenectady, N. Y., for a year 
prior to joining the faculty in 1926. 

A. B. Berrbspord (A’31) an electrical 
eng^ee^g graduate (1929) of Cornell 
University, recently passed the examinations 
of the National Board of Medical Examiners 
and expects to enter the general practice of 
medicine at Ithaca, N. Y., in the near 
future. 

Pbtbr Fries, Jr. (A’34) an electrical 
engineermg graduate (1933) of the College 
of the City of New York, recently was ad¬ 
mitted to the bar of the State of New 
York, and has opened offices for the g^eral 
practice of law at New York, N. Y. 

G. A. Pricb (A’33) formerly employed 
in the engineering department of the Sus¬ 
quehanna Silk Mills, Sunbury, Pa., now is 
employed as general draft^an for the 
Hygrade Sylvania Corporation, St. Marys, 
Pa. 

H. A. Warrbn (A’36) formerly a drafts¬ 
man for the Florida Mapping Project, 
Gainesville, now is an electrical mainte¬ 
nance engineer for the United Clay 
Corporation, Trenton, N. J. 

G. E. MtnxiN, Jr. (A’36) sales engineer. 
General Electric Company, Indianapolis, 
Ind., has been transferred to the rural electri¬ 
fication section of that company at Sche¬ 
nectady, N. Y. 

T. S. Baker (A*28) formerly chief engi¬ 
neer, Press Timeless, Inc., Hicksville, N. Y., 
recently was appointed superintendent of 
r^io construction for the U.S. Signal Corps, 
with headquarters at Waidungton, D. C. 

L. H. Deb (A’36) has resigned his position 
with Fairbanks, Morse, and Company, New 
York, N. y., to become associated with 
Standard Air Conditioning, Inc., New 
Rochelle, N. Y. 

H. A. Boyce (A*34) formerly division 
transmission engineer, American Telephone 
and Telegraph Company, Cleveland, Ohio, 
has been transferred to the Cincinnati, 
Ohio, offices of that company. 


W. B. RrrxENHOUSB (A’03) for many 
years associated with H. M. Byllesby and 
Company , and the Byllesby Engineering 
and Management Corporation, Chicago, 

News 


G. M. Coffman (A’35) formerly a radio 
engineer for the George W. Taylor Com¬ 
pany, Williamson, W. Va., now is em¬ 
ployed by the American Rolling Mill Com¬ 
pany, Ashland, Ky. 
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C. M. MAcacBY (A’34, M’36) manager 
of the Oklahoma City (01^.) branch of the 
Westinghouse Electric Supply Company, 
has been transferred to the Houston, 
Texas, offices of that company. 

B. P. Rucker (A’03, F’13) engined:. 
Federal Power Commission, Washington, 
D. C., recently was transferred to the 
Atlanta, Ga., regional offices of the Federal 
Power Commission. 

R. D. Goodrich (A*33) formerly an 
dectric dredge engineman, U.S. Engineers, 
Fort Peck, Mont., now is a junior hydraulic 
engineer with the U.S. Geological Survey, 
St. Louis, Mo. 

M. L. Khanna (A’31) formerly a student 
engineer for The Vilter Manufacturing 
Company, Milwaukee, Wis., has been 
transferred to Lahore, India, as a represen¬ 
tative of that company. 

R. W. Rhodes (A’23) who has been an 
dectrical engineer for Charles H. Tenney 
and Company, Boston, Mass., now is with 
the New England Power Service Company, 
Worcester, Mass. 

T. L. Bbrri (A*36) formerly a junior 
engineer. Southwestern Light and Power 
Company, Lawton, Okla., now is employed 
in the relay department of the Public 
Service Company of Colorado, Denver. 

U. N. Halliday (A’28) formerly district 
manager, Padfic Electric Manufacturing 
Corporation, San Francisco, Calif., now is 
employed by the John Roebling’s Sons 
Company, Los Angdes, Calif. 


OLli«»r 


Edward Barnard Meyer, of Newark, 
N. J., junior past-president of the Institute, 
died January 30, 1937, just as these pages 
were going to press. For additional infor-‘ 
mation, see the March issue of Ei-ec2trical 
Engineering. 


Frank Arthur Laws (A’09, M’12, 
F’28) emeritus professor of dectrical meas¬ 
urements, Massachusetts Institute of Tech¬ 
nology, Cambridge, died in November 
1936. Professor Laws was bom May 28, 
1867, at North Bridgewater, Mass., and 
was graduated from Massachusetts Insti¬ 
tute of Tedmology in 1889, with the degree 
of bachdor of sdence, following which he 
was retained on the faculty as an assistant 
in physics. In 1891 he was made an in¬ 
structor in physics, and in 1894 an instructor 
in dectrical measurements. From 1897until 
19Q2 he served as assistant professor of 
phydcs before being appointed assistant 
professor of dectrical testing. In 1906 he 
was apjpointed assodate professor of d«:- 
trical testing; and continued in that capadty 
until 1913, whm he recdved a pirofessbrship 
of d^trical engineering. He was retained 
at that time by the Massachusetts Gas and 
Electric Commission to make tests of elec- 
tric meters, and later performed spedid 




work in dectrical meastirements for the 
Edison Electric Illuminating Company of 
Boston, the General Electric Company, 
and various electric light and power com¬ 
panies throughout New England. He was 
appointed professor of dectrical measure¬ 
ments in 1921. Professor Laws was the 
author of many technical papers dealing 
with the subject of dectrical measurements, 
and on that subject prepared a textbook, 
which became widdy used and acknowl¬ 
edged to be one of the leading textbooks of 
its kind in the English language. He served 
the Institute during 1917-19 and 1920-22 
as a member of the committee on stand¬ 
ards, and during 1929-33 as a member of 
the committee on instruments and measure¬ 
ments. He was a member of the National 
Electric Light Association and a fellow of 
the American Academy of Arts and Sciences. 


William Benjamin Jackson (A’97, 
M’98, F’13, Life Member, past vice- 
president) retired rate consultant to The 
New York Edison Company, New York, 
N. Y,, died January 20, 1937. Colond 
Jackson was born June 23,1870, at Kennett 
Square, Pa., and was graduated from 
Pennsylvania State College in 1890 with the 
degree of bachelor of science; he received 
the degree of mechanical engineer from the 
same institution in 1895. After serving 
with several companies from 1890 to 1894, 
he was employed by The United Electric 
Light and Power Company, New York, 
N. Y,, as an inspector, but shortly there¬ 
after entered the testing department of the 
Stanley Electric Manufacturing Company 
at Pittsfield, Mass., and finally became 
assistant to the chief engineer of that com¬ 
pany. In 1896 Colonel Jackson became 
manager of the Lowell (Mich.) Water and 
Light Company, and in 1897 he accepted a 
similar position with the Peninsular Light 
and Power Company, Grand Rapids, Mich. 
During 1898-99 he was chief engineer and 
superintendent of the New York and 
Staten Island Electric Company and con¬ 
sulting engineer of the Staten Island Elec¬ 
tric Railway Company; from 1899 to 1901 
he served as chief engineer and superin¬ 
tendent of the Colorado Electric Power 
Company, Cripple Creek. Beginning in 
1901, and for 2 years thereafter, he was 
special engineer abroad for the Stanley 
Electric Manufacttuing Company, and 
from 1903 until 1918 Colonel Jackson was 
a member of the consulting engineering firm 
of D. C. and William B, Jackson, of New 
York. He served The New York Edison 
Company from 1919 until his retirement 
in 1933. He presented. many papers be¬ 
fore the Institute and was a member of 
several of the technical committees; in 
addition, he served as the Institute’s 
manager from 1912 to 1915 and as a vice- 
president during 1918-19. He was a mem¬ 
ber of the American Society of Civil Engi¬ 
neers, Society of American Military Engi¬ 
neers, and The American Society of Me¬ 
chanical Engineers. 


Albert T. Perkins (M’25, Life Mmnb^) 
consulting tfanportation enipBeer, St. Louis 
(Mb.) Union Trust Company, died Novem¬ 
ber 22> 1936. Colonel Perkins was bo^ 
October 2, 1866, at Brunswick, Me., and 
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received the degree of bachelor of arts at 
Harvard University in 1887; he also re¬ 
ceived the honorary degree of master of 
arts from Harvard University in 1919. Fol¬ 
lowing his graduation, he entered the employ 
of the Chicago, Burlington, and Quincy 
Railroad Company, and during the period 
1887-96 held various positions in that com¬ 
pany. From 1897 to 1902 he was superin¬ 
tendent of terminals in the St. Louis divi¬ 
sion of that company, and from 1902 until 
1906 held a similar position in the St. 
Joseph division. In 1906 Colonel Perkins 
became consulting engineer and railroad 
adviser to the St. Louis Union Trust Com¬ 
pany, and served in that capacity continu¬ 
ously for 30 years; however, he served at 
the same time as president of the Browns¬ 
ville and Matamoros Bridge Company; 
Marshall and East Texas Railway Company; 
Chicago, Milwaukee, and Gary Railway 
Company; New Iberia and Northern Rail¬ 
way Company; Appalachicola Northern 
Railroad Company; and the West Texas 
Abstract and Guarantee Company. In ad¬ 
dition, he was consulting engineer for the 
Southern Traction Company of Texas and 
manager for the receiver of the United 
Railways Company of St. Louis. Colonel 
Perkins had a brilliant military record dur¬ 
ing the World War and was awarded the 
Distinguished Service Medal and the 
British Order of St. Michael and St. George. 


Thomas Edward Penard (A’08) as¬ 
sistant superintendent, station engineering 
department, Edison Electric Illuminating 
Company of Boston, Mass., died October 
27, 1936. Mr. Penard was bom May 7, 
1878, at Paramaribo, Dutch Guiana, and 
was graduated in electrical engineering at 
the Massachusetts Institute of Technology in 
1900, following which he was engaged briefly 
as a draftsman for 2 structural companies 
before becoming associated with the Edison 
Electric Illuminating Company of Boston 
in 1901. His first position with that com¬ 
pany was as a draftsman, but he later be¬ 
came an electrical engineer, and in that 
capacity was active in the design of the 
company’s electrical systems. He became 
assistant superintendent of the station 
engineering department in 1931. Mr. 
Penard was active in education work, having 
served as instructor and superintendent of 
several evening schools in Boston, and for a 
time was dean of the evening school of 
Northeastern University. He served the 
Institute as a member of the committees 
on industrial and domestic power (now 
general power applications), 1920-21, and 
instruments and measurements, 1927-29. 


Arihur John Ralph (A’22, M’31) tech¬ 
nician in the electrical engineering depart¬ 
ment of Yale University, New Haven, Cohn., 
died February 11, 1936, according to word 
just received at Institute headquarters. 
Mr. Ralph was bom February 23, 1861, 
at Berkshire, England, and received his 
electrical training by serving an apprenticer 
ship in the philosophical instmment trade 
in England. He came to the United States 
in 1889 and entered the instrument depart¬ 
ment of the Schuyler Electric Conipany, 
Middletown, Cmm., in 1890. When the 
General Electric Company absorbed the 

Electric^ Enginebr^ 



Schuyler Electric Company in 1892, Mr. 
Ralph was placed in charge of the experi¬ 
mental laboratory of the Middletown works, 
where he remained until he accepted a posi¬ 
tion as superintendent of the New Haven, 
Conn., plant of The Walker Electric Com¬ 
pany. In 1898 the Walker Electric Com¬ 
pany was absorbed by the Westinghouse 
Electric & Manufacturing Company, and 
Mr. Ralph was retained as assistant in the 
detail department of the New Haven plajat. 
He remained in that position until 1900, 
when he became factory superintendent of 
the Kidder Motor Vehicle Company, New 
Haven. In 1904 he became head of the 
assembling department of the Connecticut 
Computing Machine Company, New Haven, 
and in 1911 a designer of automatic am¬ 
munition machinery for the Winchester 
Rifle Company. He joined the staff of Yale 
University as technician in the electrical 
department in 1916. 


Charles Joyce Russell (A’04, member 
for life) vice-president in charge of rates and 
standard practice of the Philadelphia (Pa.) 
Electric Company, died December 8, 1936. 
Mr. Russell was bom March 10, 1864, at 
Norway, Me., and attended the Lawrence 
Scientific School and Massachusetts Insti¬ 
tute of Technology. In 1886 he became 
associated with the Holtzer Cabot Electric 
Company, where he did general electrical 
installation and storage battery work. 
After serving for one year as superintendent 
of the H. B. Cutter Company, Philadelphia, 
and a similar period as superintendent of the 
electrical department of the Tacony Iron 
and Metal Company, Philadelphia, he be¬ 
came superintendent of the Manufacturers 
Electric Company in 1891. In 1899 Mr. 
Russell became superintendent of the com¬ 
bined Manufacturers and Suburban Elec¬ 
tric Companies, retaining that position until 
the companies were absorbed by the 
Philadelphia Electric Company in 1904, 
when he became district manager. He re¬ 
tained that position until he was appointed 
vice-president in charge of the commercisd 
department in 1925; later he became vice- 
president in charge of rates and standard 
practice. 


Francis Eugene Donohoe (A’06, mem¬ 
ber for life) special representative. General 
Cable Corporation, New York, N. Y., died 
December 2, 1936. Mr. Donohoe was bom 
October 28, 1863, at Lowell, Mass., and 
received his education in the public sdiools 
of Boston, Mass. He started his technical 
career in the experimental laboratories of 
the American Bell Telephone Company, 
Boston, Mass., and after 3 years of service 
with that company, joined the Edison Gen¬ 
eral Electric Company as a salesman in 
1889. In 1891 he became associated with 
the Safety Insulated Wire and Cable Com¬ 
pany, New York, N. Y., where he remained 
for 3 years before accepting the position of 
western manager of the American Electrical 
Works, Chicago, Ill., in 1894. In 1906 Idr. 
Donohoe was appointed eastern sales 
manager of the smne company, and was 
transferred to New York, N. Y., where in 
1913 he became sales manager pf the 
National Conduit and Cable Company; 
In 1926 he returned to the employ of the 
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Safety Insulated Cable and Wire Company 
as special agent, and when that company 
was merged with another to form the 
General Cable Corporation, Mr. Donohoe 
was retained in the same capacity in the 
new company. 


David Henry Kelly (AT7) district 
manager, Allis-Chalmers Manufacturing 
Company, Philadelphia, Pa., died Decem¬ 
ber 7,1936. Mr. Kelly was bom at Steuben¬ 
ville, OMo, July 2, 1883, and attended the 
Univeraty of Illinois, where he was gradu¬ 
ated with the degree of electrical eTigiTif>pr 
in 1904. After a brief period of employment 
with the El Paso Smelting and Refining 
Company, he entered the employ of the 
Bullock Electric Manufactming, Comp any , 
Norwood, Ohio, at about the time that com¬ 
pany became a part of the AUis-Chalmers 
Company. Mr. Kelly served as sales engi¬ 
neer in that company's Qnciimati (Ohio), 
Philadelphia (Pa.), and Washington (D. C.) 
offices, and at the conclusion of his service 
in the World War was transferred to the New . 
York, N. Y., offices. He had been manager 
of the Philadelphia offices since 1920. He 
was active in local Institute affairs, and was 
chairman of the Philadelphia Section dur¬ 
ing 1930-31. 


Lester Robley Sailer (A’31, M’36) 
instructor in electrical engineering, Colum¬ 
bia University, New York, N. Y., died 
December 13, 1936. Mr. Sailer was bom 
July 14, 1906, at New York, N. Y., and 
received the degrees of bachelor of arts 
(1929), bachelor of science in electrical 
engineering (1930), and electrical engineer 
(1936) at Columbia University. Following 
his graduation in electrical engineering, he 
was appointed an instmctor in electrical 
engineering, at Columbia University, and 
was retained in that position continuously; 
he also served as an assistant in physics for 
the 3 scholastic years during 1927-30. In 
addition to his regular teaching duties, Mr. 
Sailer irndwtook consulting pn ginpi»r itig 
assignments from several commercial or¬ 
ganizations in New York, N. Y., and from 
Columbia University. He was a member 
of the Society for the Promotion of Engi¬ 
neering Education. 


Charles V, Woodward (A’24) manager 
of the Baltimore, Md., offices of the West¬ 
inghouse Electric & Manufacturing Com¬ 
pany, died November 19,1936. Mr. Wood¬ 
ward was bom July 23, 1878, and received 
his formal techffical education at Pennsyl¬ 
vania State College. Upon completion of 
hM studies he entered the employ of the 
Westinghouse Electric & Manufacturing 
Company at the East Pittsburgh, Pa., 
works in 1906, but Was transferred in 1909 
to the Philadelphia, Pa., offices, where he 
specialized in transportation and power 
engineering. He was identified with the 
development of several light traction com¬ 
panies in the state of PemisylVania. In 
1923 Mr. Wood,ward was tr^misferred to the 
Baltimore offices of the Westinghouse 
company in the ca^pacity of manager, whidi 
position he retained continuously for 13 
.yws.-; - 

News . 


Albert George Thomas Goodwin 
(A'20) chief electrical engineer. The Broken 
Hill Proprietary Co., Limited, Newcastle, 
N. S. W., Australia, died November 12, 
1936. Mr. Goodwin was bom July 6,1893, 
at,Melbourne, Vic., Australia, and received 
his technical education at Working Men’s 
College (Australia). In 1910 he was ap¬ 
prenticed to the Melbourne Electric Supply 
Company, and after having served in the 
field positions of shift engineer and tech¬ 
nical assistant, was made a station superin¬ 
tendent. In 1917 Mr. Goodwin was em¬ 
ployed by The Broken, Hill Associated 
Smelters, as assistant to the power plant 
erecting engineer, and in the following ysax 
was made power plant engineer in charge 
of plant. Later he was transferred to the 
iron and steel works of The Broken HiU 
Proprietary Co., Limited, and eventually 
became chief electrical engineer. 


Louis Ferdinand Reinhard (A'lO, 
M’13, F'20) sales engineer, Geuder, 

Paescffike &. Frey Co., Milwaukee, Wis., 
died, in June 1936, according to word just 
recdved at Institute headquarters. Mr. 
Reinhard was bom at Milwaukee, October 1, 
1884, and was 'graduated in electrical engi¬ 
neering from the University of Wisconsin in 
1907. Immediately following his gradua¬ 
tion, he entered the engineering department 
of the Mechanical Appliance Company, 
Milwaukee, and was appointed chief engi¬ 
neer of that company in 1909. He remained 
in that position until 1920, when he ac¬ 
cepted a position as engineer with Geuder, 
Paeschke & Frey Co. Later Mr. Reinhard 
was made a sales engineer, and eventually 
became sales manager in the contract stamp¬ 
ing division of that company. 


Francis Raymond Welles (A’87, mem¬ 
ber for life) retired, Altadena, Calif., died 
December 14, 1936, at Veraet-les-Bains, 
France. Mr. Welles was bom at Athens, 
Pa., in 1854, and was graduated from the 
University of Rochester in 1876 with the 
degree of bachelor of arts. During the 6 
years following his graduation, he was as¬ 
sociated in business with E. M. Barton 
(A’87) founder of the Western Electric 
Company, and in 1880 left the United 
States to establish factory branches of that 
company in foreign lands. In 1882’ he 
formed the first branch at Antwerp, Bel- 
giiim, where the first multiple telephone 
switchboard used in Europe was manu¬ 
factured. Mr. Wells served as manager of 
that branch until he retired in 1913. 


John Jenkinson (A’22) superintendent 
of the meter departmmt of the British 
Columbia Electric Railway Company, Ltd,, 
Vancouver, died October 14,1936, according 
to information received at Institute head¬ 
quarters. Mr. Jenkinson was born April 
20, 1870, at Askan, Lancashire, Englmid, 
and received his formal education in that 
country. In 1898 he went to Canada and 
a^epted a position with the British Colum¬ 
bia Electric Railway Company, Ltd., where 
he remained continuoudy for 38 years. He 
was in complete charge of the meter depart¬ 
ment of that company from the time of its 
establishment, 
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Recommended 
(or Transfer 

The board of examiners, at its me^g 

Tanuarr 20. 1937, recommended the followmg 

members for transiW to the grade of 

Any objection to these trMsfers ahotild 

beiflled at once with the national secretary. 

To Grade of Member 

Aiken, E. H.. supervisor of divirion of pg eratlo ns, 
Bbtrict 5, Works Progress Admmistration, 
San Bernardino, Calif. . 

Davis, F. B.. engineer, Commonwealth and 
Southern Corporation, Jackson, Mich. 

Greenfield. E. W., cable research engtoett, Ana¬ 
conda 'VWre and Cable Company, Hastings-on- 

HaU,^Sh^man "m!, assistomt maimger, stati^^ 
burcaui Consolidated Edison Company, New 

Tr««» p ’c.. transmission engineer. Southwestern 
BeU Telephone Company, St. Loum, Mo. 

Isenberg, H. D., vice-president, Federal Insulation 

_ _TT«St«l U,ht 


Company, isLansas sMjt 

Langdell, J. C., engineer, C^mmonw^th and 
Bouthem Corporetion, ^ 

Leslie. J. ©..operating electrical engineer,, B. M. 
(Libert fenglneerlng Corpo»tion, lading. Pa 

Likel, H. C., chief engme^, Pa^t Engineering 
Corporation, New York, N. Y. m ^ 

Mac^U^ay. A. L., telephoM Western 

Electric Company, New York, N. Y. 

McDowell, L. G., assistant en^^. New York 
and Queens^ Electric Light and Power Com- 

Petiti^r’w,*r«^t^ CTglneen Brooklyn Edison 

Platt, a ^T^r.J'supmCntttleat, swlee Inspertion 
bmim^ New York Edison Company, Inc., 

R.^p’.f^taaistant professor of de<^wl 
en^neering, Harvard ifniverrity. Cambridge. 

SmithJ*W. A., consulting engineer, Jacksonville, 

Ela. 

Sommerman, G. M. L., researd^ngpnew, American 
Steel and Y^re Company, Worcml^, M^ 

UndmW, J. E., asristant engineer, Bntoh Colum¬ 
bia fflectric Bailway Company, Vancouver, 

Van sickle. R. C., engineer, switchgear entineeiing 
department, Westinghouse Electnc & Manu¬ 
facturing Company, East Pittsburgh, Pa. 

10 to Grade of Member 


Applications 

(or Election , 

AnpUt^ari tma have been received at headquarters 
from the following candidates for de^ou to mem¬ 
bership in the Institute. If the appluant has ap¬ 
plied for direct admission to a grade Ughw t^ 
Associate, the grade 

Any member objectmg to the de<^on of; 
any of these candidates should m intom the na¬ 
tional secretary before February 28, 19^, or April 
80, 1937, if the applicant resides outride of the 
United States or Canada. 

Abbott, E. G-, General Electric Company^ Chicago. 

And«rs^, J. R. (Member), New York and Querns 
Electric Light and Power Company, Fluslung, 

And«^^,‘ H. C., Oregon State Highway Commis¬ 
sion, Salem, Om. ._ . 

Anderson, N. E., Homestake Mining Company, 
Lead, S. D, __ 


Bobe, C. P. (Member), 1630 OUve Street, St. Louis, 

Boehmtt, F. D.. Louis Allis Company, Mfiwaukee, 

Bos^h. P. N., General Electric Company, Sche¬ 
nectady, N. Y. „. 

Bower G L.. Crane Company, Chicag<^ III. 
Brandenburger, L., Warner Electric Corporation, 

Bright,V w!f^asU^gton Pulp and Paper Com- 

BroiSI^T'j^*^^'^^’s^^e Commission, New 

BiotoTc! ^*, Southern California Tdephone Com- 

Company, 

Bnll ^Sf ^^ ^Federal Power Commission, Atlanta, 

CaoyTp. L., 726 Paulus Street, DallM, Teo^ _ 

CiflMn. A. B., Southern New England Tdephone 
Company, New Haven, „ w 

Carlson. H., Associated Prew, New York, N. Y. 
Casiano, L. J., Carnegie Illinois St^ Corporation, 

aas^sT^^i^w York State Electric and Gas 
Corporation, Brewster, N. Y. 

Clifford, L. V., General Electnc Company, Phila- 

CoUin^*^.’W.‘ Jr., General Electric Company, 

CooM^^!!*^otome^Blectric Power Company, 

Crat^^!*5u*SfempUs light and Water Commis- 

Crav^r’wf^D., New YoA and Queens 

Light and Power Company, .Fishing, N.Y. 
Crod^ W. T.,, Metropolitan Water District, 

Cutl^”L!"J’.,^Am8trong Cork Products, Boston, 

Davimf^M. (Member), Langlw Manufarturing 
Company, Ltd., Vancouver, B. C., Canaito 
Davis, B?W. (Member), 1478 Municipal Build- 

Davi8!*iii^^, Y^^^Men’s Christian Association, 

2^esville, O. . „ _ 

Davis. P. C., Donndly Electnc and Neon Com- 
pimy, Borton. Mass. . ^ ^ „ 

de Anda, E., El Paso Electric Company, El Paso, 

Decb^^^. D., Consolidated Edison Company, 
New York, N. Y. _ . ^ -r • 

Dillon, D. A., 6entury Electnc Co., St. Mo. 

Dorey, F. M., General Electnc Company, Scheneo- 

Dusm^’w' T.’, International Business Machines 

Durs^W.'’j^*a^nn«ti and Suburban Bdl Tde¬ 
phone Company, Ohio. . 

EUis, E. A., Boston and Mrine Railroad, Billerica, 

Bm^^W. L., University of Utah, Salt Lake City, 
Utah. 

Esvi^ O. B., Gyroscope Company, Inc., 

EvaMf*^^’ I^Uc Savice Commission, New 
York, N. Y. 

Evans. L. M., Wortlungton Pump and Machinery 


Griesinger, F. D., Buffalo General Electric Com- 

yToJ?i^) ^ Rfremes^ Valley Authority, Wilson 

p-ammiSl ^ A.j^ University of British Columbia, 

Han^, A. J)^ General Electric Company, Sche- 

Harris,*^^! Fed«al Tdegraph Company, Newark, 

HenSerich, F. J., New York a^ (^eens Bl^c 
Ti ght and Power Company, HushiM, N. Y. 
Hepler. M. M., Textile Machine Works, Re^ing,P& 
Hmtd, R. F., General Electric Company, Schenec- 

Higb^^6^^‘(Member), United States Rubber 
Coi]ipaiiy» New York, N. 

Hillman, E. C., 816 Crotona Park North, New 
Vorfc N Y 

Efine, C. R.,'Pennsylvania Railroad, Wilmington, 

Houie.‘A. U., University of Toronto, Onti, J^n. 
Howdl, j. C., Public Service Electric and Gas Com- 

Huffordr'G.”Yf*^tory’ Electric Company, St* 
Louis, Mo. _ ^___. .._ 


nology, Pittsburgh, F*- ^ _ >, 

Atwood, E. M., Washington Water Power Com¬ 
pany, Troy, Idaho 

Bacon. F. S^, Jr-, Westinghouse Electnc & Manu¬ 
facturing Company,^^ East Pittsbi^h, Pa. 

Baranovsto, C., J. R. Longstaffe, Ltif., Toronto, 
Onti, Canada . _ 

Barrows, W. M., Public Service Electnc and Gas 
Company, Hackensadc, N. J-_ _ • . 

Bennett, R. M., General Electric Co., Schenectady, 
■ ■ N y' ^ ^ 

Bernlwd. G. E., OMo Power Company, Canton, 

Bisdri, A. Jr., 2409 Silver Lake Drive, Los Angdes, 
Calif. . 

Blae^ A. C., Porcdain Products, Int, Chicago, 

Bcmt. W. E.. IdwaState CoiUege, Ames, Iowa. 


Everest,F. A., Oregon State College, Corvallis. 
Eysenbach, H. A., Crouse-Hinds Company, Syra¬ 
cuse N. Y. 

Fein. H..’ Bdyea Company, Inc., New York, N. Y. 
Fettdl, J. T., Brooldyh Edison Company, Brooklyn, 
N. Y. . . 

Finley, A. R., Rdiance Electric and Bngmeenng 
Oimpany, ClevelandiOhio. .... 

Fisher, R. L., Emerson Electrical Manufactunng 
Company, St. Louis, Mo. 

Forsyth, W. H., Florida C^ty, Fla. 

Fowles, G, A., Anaconda \Wre and Cable Company, 
Pawtucket, R. L , 

Fox. B.L., 715 Sanford Street, Peoria, HI. ^ ^ 

Fraser. J. D., Jersey Central Power and Light 
Company, AUenhurst, N. J. . , ^ 

Frieseke, A. H., Southern Line Material Company, 
Birmingham, Ala. _ . . . _ , . 

Frith, J. M., American Tdephone and Tdegraph 
Company, New Yorfc N. Y. . _ , . 

Fuller, J. L., Reliance Electric and Bngineenng 
Company, Cleveland, O. ^ 

Gago, F. J.. University of Florida, C^mvUle, 
^^agher,F. W., Franklin Institute, Pbil^dphia,Pa. 
Ganzar, J. A., Carnegie Illinois Steel Corporation, 

Ge*T» « -.r 

Gaynor, A. M., L GavnorjMn, New York, I^Y. 
Getting, M., Jr., AUi^Chalmers Manufacturing 
Company, Pittsburgh, Pa. ^ ^ 

Gissd, B. A., Central Arizona Light and Power 
Company, Phomux, Ariz. 

Glas, F. J., New York and Queens Electric Light 

and Power Company,Flptog,N.Y. . 

Qordy, T. D., General Electric Company, Pittsfidd, 


Goshey, W. A., Trumbull Electrical Manufacturing 
Company, Ludlow, Ky. . 

Greentre^ C. D., Genmal Electric Company, 
Schenectady, N. Y. 


'^elis River, Vermont . 

Hunt, R. McP., General Electnc Company, Sdie- 

Hutdl^ftr’H. W., Tennessee Valley Authority, 
Wilson Dam, Ala._ _ , _ 

Imle, H. R., Carter Oil Comply, T^sa, OUa. 

Johnson, J. S.,Iowa State College, ^es. 

JoSson’ S. fe.. General Electric Company, Oak- 

JonmL*J. ^^Westinghouse Electric ^d Manufac¬ 
turing Company, Bast Pittsbmgh, Pa. 

Eaup, J. A., Doble Engineering Company, Med¬ 
ford Bfilldde, Mass. 

Kelly. C. M. Jr., Guided Radio Corporation, New 
York N Y 

Kennedy.’L. F.,’General Electric Company, Phila- 

King^'a W.,^ew York (N. Y.) Edison Company, 

Kirb3^*R. N., Doming Ice and Electric Company, 
Deming, N. M. _ , , _ . 

Tr.>ir pa»r;f.lr , p. E., Montreal Enmneerlng Com¬ 
pany, Ltd., Regina, Sask.,CaMda. ^ . 

Kyle, W. D. Jr., Milwaukee, Wisconsm Electric 
Railway and Light Company. 

T,a«i^ W. J., Potomac Electric Power Company, 

Larson, s!°^^*Jadcson and Mordand, Boston, 

LearfT.“j., New York and Queens Blo^c Wght 
and Power Company, ^ag I^nd Wty, N. Y. 
Lester, S. L., Transducer Corporation, New Yorie, 

Leviim,^. J., Westinghouse Eledxic md Manu- 
factu^g Company, Eart Pittsbm ^ , 

Lightfoot, TrC. (Member), General Electric Com¬ 
pany, Philaddphia, Pa. ' . 

LiUybridik C. R., U. S. Bureau of Redamation, 
Boulder City, Nevada. ... 

Lockett, H. E., i^eral Electnc Company, Phila- 

Loganfjlis.’, J^y Central Power and Light Com¬ 
pany, Ailenhurst, NJ. — , 

MacCutOheon, R. H» Western Reserve Univer- 

sity LftwSchools Clcvdjnds O, ^ 

Marsh,^R. H., Southern Califcmjla Edison Com¬ 
pany, Ltd., Los Angdes, Galif. 

Martensf J. J., New York and 

Light and Power Company, Jamaic^ N. ^ 
Mat^^D. L., Jr., 101 Fifth Avenue, New York, 

Mathew,’ M. P., General Electric Company, 

Mai^tef^R^^r^eneral Electric Company, Sche- 

MaxwdirA’ ^^ow), Edison Electric Institute, 

•^^^.f^Pmnsvlvania Power and Light 

McLSn“r^:.®LSSaltate University, Baton 

Md^n^i, Commonwealth Edison Company, 

Mee£S“j!°iir jr., 12-14 West 37thuStreet, New 

Meuddf’A?*?’ Jr.. General Electric Company. 

Millm^^R ^*^“*rican Tdephone and Tdei^ph 

MiseaSf'H'Nyf&S, Telephone 

Mo<^. A. WlKw T^rkltate Transit Commission, 
Moc^fp.^^E^codc Brothers, 

Mun^ O. T* Momana Dakota Utilities Company, 

Nason, ^edinghouse M^ic & Manufac¬ 
turing Company, Chicago, Ill-_ 6«i.« 

Nicholson^ J. R., General Electric Company, Sche- 

Nortottr^^-»^^*®“*^ Controls Company, Mixing- 

A|,ifiriri fR.^!^Member), PubUc Service Commie- 
sion. New York, N. Y. 
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Osenbaugb. c. L., Light and Water Division. City 
of Memphis. Tenn. 

O’Shea, C. L., Curtis Lighting, Inc., New York, 
N. Y. 

Palmer, L. T., Burns and McDonndl TCiig{ni.iMM*T.g 
Company, Kansas City, Mo. 

Parrott, J. A. (Member), American Telephone and 
Telegraph Company, New York, N. Y. 

Partington, R. M., General Electric Company. 
Pittsfield. Mass. 

Pawluk, J., Sarvas Electric Company, Brooklyn, 
N. Y. 

Pipes, L. A., Bice Institute, Houston, Texas. 

Poey, C. p. (Member), New York and Queens 
Electric Light and Power Company, Long 
Island Oty, N. Y. 

Pollyea, M. H., C. J. Tagliabue Manufacturing 
Comiiany, Brooklyn, N. Y. 

Pop^ R., Bell Telephone Laboratories, Inc., New 
York, N, Y. 

Pugh, H. C., Cast Iron Pipe Company, Birming- 
ham, . Al a. 

Ratliff, A. H., Oklahoma Gas and Electric 
pany, Shawnee, Okla. 

Razovsfy, A. M., Laclede Gas Light Company. 
St. Louis, Mo. 

Relsra, M., National Park Service, Washington, 

Rhodes, W.. E., Stone and Webster Engineering 
Company, Richmond, Va. 

Rowe, I„ 662 Lafayette Avenue, Brooklyn, N. Y, 

Roby, P. H., 710 South 3rd Street. ^Iwaukee. 
Wis. 

Roehmann, L. P. (Member), 310 West 113thStreet, 
New York, N. Y. 

Rogers, E. T., Bishop Wire and Cable Corporation. 
New York, N. Y. 

Rutledge, G. A.. Allis-Chalmers Maniifagtnrltig , 
Company, Pittsburgh, Pa. 

Sanders, J. W., Long Island Lighting Company. 
Rori 3 m Heights, N. Y. 

Santiago, P., Aldrich Pump Company, Allentown. 
Pa. 

SchroedeL H. E., Chicago, Milwaukee, St. Paul, and 
Pacific Railroad, Milwaukee, Wis. 

Simmons. H., Georgia Power Company, Atlanta. 

Sitk^ A^ Oe^u^ Lighting Equipment, In&, 

Skoog, A. W., 'iQngsbory Machine Tool Corpora¬ 
tion, Keene, N. H. 

Slusser, J. A,, National Broadcasting Company, 
Inc., Denver, Colo. 

Smith, P. D., Cansfield Electrical Works, Toronto, 
(mt., Canada, 

Sokasits, F. M., Gibbs and Hill, New York, N. Y. 

Sparrow, K. M., Westinghouse Electric & Manu¬ 
facturing Coiwany, East Pittsburgh, Pa. 

Stafford, A. B., Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa, 

Steinmetx, C. L., General Controls Company. 
Minnellis, Minn. 

Stratford, J. P., 821 North Normandie Avenue, 
Los Angeles, Calif. 

Sukava, L., Reno Gold Mines, Ltd., Salmo, B. C., 
Canada. 

Swanson, M. C. W., American Locomotive Com¬ 
pany, Schenectady, N. Y. 

TabortiU, R. V., 612 l4thStreet(XTiiion Ci^, N. J. 

Taylor, O. L., Arrow-Hart and Hegeman raectric 
Company, Hartford, Conn. 

Tyvand, J. A. (Member), Iowa Farm Bureau 
Federation, Des Moines, Iowa. 

Upham, N. C., General Electric Company, Lynn, 

Van V^nkle, E. W., Best Manufacturing Company, 
Inc., Irvingtom N, J. 

von Roeschlaub, P., General Electric Company, 
Schenectady, N. Y. 

Waj^w, B., 0236 West Roosevelt Road, Berwyn, 

Walter, J. H., Milwaukee (Wis.) Electric Railwny 
and Light Company. 

Watkins, D. L., American Steel and Wire Company, 
Worcester, Mass. 

Way, K. J., Bell Telephone Laboratories, Inc., 
New York, N. Y. 

Wells, P. B., Stone and Webster Engineering Cor¬ 
poration, Richmond, Va. 

Wells, R. M., New York and Queens Electric Ught 
and Power Company, Flushing, N. Y. 

West, P. L., Niagara, Lockport, and Ontario 
Power Company, Buffalo, N. Y. 

White, J. C., Air RMuction Sales Company, Com¬ 
ing, N. Y. 

Wficox, H. L. (Member), Electric Controller and 
Manufacturing Company, Cleveland, O. 

Wilke, B. A., 6026 Melrose Avenue, ChicMo, IIL 

Williams, S. B. (Member), Eleetrieal World, New 
York, N. Y. 

Winkelman, H. T., Jr., City of Memphis (Tenn.), 
Water and Light Division. 

Wuerch, L. W., City of Tacoma, (Wash.), Public 
Utilities. 

Wopat, R. M., Iowa Continental Telephone Com¬ 
pany and Interior Tdlephone Company,. Grin- 
nell, Iowa. 

Wyckoff, P. H., California Institute of Technology, 
Pasadena. 

Zimmer, G. S., Bussmann Manufacturing Co., 
St. Louis, Mo. 
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Foreign 

Bedil, S. D., Public Works Department, Elec¬ 
tricity Branch, Lahore, India. 

Bhat, V. D., 60 New Street Vepery, Madras, India, 

Cordero, C. L., Puerto Rico Reconstruction Ad¬ 
ministration, Guayama. 


N. N., c/o AEG India Electric Company, 
Ltd., Bombay, India. 

Fukushima, K., Shibaura Engineering Works, Ltd., 
Yokohama. Japan. 

Jadem, K. K (Member), Nawanagar State Power 
HOUS& Jamna^, India 

Supply Companies, 

Ltd.. Cnttadc, India 

MeneghdU, H. A. 4 Calle Oriente number 88, 
San Sidvadon El Salvador. 

Miyamoti^ c/o S., Shibaura Engineering Works, 
Yokohama, Japan. 

Murray, H. H. Jr., Compafiia Eldctrica de Santo 
Domingo, Ciudad Trqjillo, Dominican Repub- 

UCs 

Napper, R. B. (Member), Booker Brothers, Me- 
Company, Ltd., Georgetown, 
British Guiana. ’ 

Suryabandar^ A V., Government Electrical Under- 
takmgs, Colombo, Ceylon. 

12 Foreign 


Addresses 

Wanted 

A list of members whose mail has been returned 
hy the postal authorities is given below, with the 
addrmses as they now appear on the Institute 
record, ^y member knowing of corrections to 
these addresses will kindly communicate them at 
to the office of the secretary at 38 West 30th 
St, New York, N. Y. 

Burns, Arthur E., 1968 E. 29th St, Brooklyn, N. Y. 
Eilm, E. E., 101 Brookline Court, Upper Darby, Pa. 
Godw, Ernesto R., Cia. Tel. y Tel. Mex., 16 de 
Septiembri No. 13, Mexico, D. P., Mex. 
JoneSj^^Hany^^^Kenneth, 6611 Kenmore Ave., 

Koch, jMephSt^ey, 11 Howe Ave., New Rochelle, 
N. Y. 

Littl^j:.eroy C., 3414—17th St, N., Cherrydale, 

Ludwig, Leon R., 434 Burling Road, Forest Hilla. 
Pittsburgh, Pa. 

Millheisler, Charles A, 1417 Catalpa Ave., Chi¬ 
cago, 111. 

Miyota, Nath 8., 916V* Howell St, Seattle, Wash. 
Moora^Sverett, 821 Sunset Blvd., Los An gclea , 

Peach, Paul 8., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

Sawyer, Fred B., 8ll E. Wisconsin Ave., Milwau- 
k66 Wis. 

Won^^faa^^Y. L., 771 Broadway, West New 
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New Books 

in the Societies Library 

Among the new books rectived at the Engi¬ 
neering Societies Library, New York, recently, 
are tiie following which have been selected be¬ 
cause of their possible interest to the electrical 
enrineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from ue preface of the book in 
question. 

ELECTRICAL ENGINEERING in RADIOL¬ 
OGY. By L, O. H. Sarsfield and V. E. Pullin. 
Pittsburgh, Instruments Publishing Co., 1936. 
284 p.. illus., 9x6 in., cloth, S6.0D. Deals ex- 
clusiviely *rith the electrical engineering aspects of 
K-ray equipment for engineers not fsmil&r with 
the work. 

CONTROL of ELECTRIC MOTORS. By 
P. B. Harwood. N. Y., John Wiley and Sons, 
1936. 390 p.. illus., 9x6 in., lea., 84.60. De¬ 
scribes the characteristics of various types of motors 
and explains how they are used for purposes of con¬ 
trol, Discusses the dengn, construction, and oper¬ 
ating characteristics of controllers. 

PHYSICAL CONSTANTS of PURE MBTALR 
Ed, by National Phyrical Laboratory. Lond.,His 
Majesty’s Stationery Office, 1936. 27 ,p., tables, 


Engineering Societies Library 

29 West 39th Street/ New York/ N. y. 

M aintained es a public reference library 
of engineering and the allied sciences, this 
library Is a co-operative activity of the national 
societies of civil, electrical, metiianical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modern technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


_ NATURE of PHYSICAL THEORY. By P. W. 
JMdgmM. Princeton (N. J.) University Press, 
1936. 138 p., 9x6 in,, cloth, 82.00. Presents s 

critical analysis of the points of view and methods 
m trying to understand the simpler asi>ecta taken 
to be within the domain of physics. 

TELEVISION RECEPTION, Construction and 
Operation of a Cathode R^ Tube Receiver for the 
Reception of Ultra-Short Wave Televirion Broad¬ 
casting. By M. von Ardenne, translated by O. S. 
Pttckle. Lond., Chapman and Hall, 1936. 121 p., 
illus., 9x6 in., cloth, 10s. 6d. Intended to stimu¬ 
late the interest of amateurs in experimentation 
with television. 

TELECOMMUNICATIONS, Economics and 
Regulation. By J. M. Herring and Q. C. Gross. 
N, Y. and l,ond., McGraw-Hill Book Company, 
1986. 644 p., illus., 9x6 in., cloth. 85.00. Deals 
with the economic and public service aspects of the 
telegraph and telephone industries. Presents the 
background of development of these industries, 
drals with the sources of revenue and the factors 
affecting costs and rate structures. Includes a 
detuled analyris of the Communications Act of 
1934. 

ORGANIZATION and MANAGEMENT in 
Industry and Business. By W. B. Cornell. N. Y., 
Ronald Press Conwany, 1936. 802 p., illus., 

8x6 in., cloth, 84.60. Aims to proride a course 
of training in the organization, management, and 
operation of every department of a buriness con¬ 
cern. 

OLD WIRES and NEW WAVES, the History of 
the Telegraph, Telephone, and Wireless. By A. F. 


lOxO in., paper, Od. (obtainable from British 
Library of Information, New York, 80.20.) Pre¬ 
sents results prepared by the National. Physical 
XAboTatory.' 


Harlows N* V* ana Lond^p D* Appleton-Cfentuiy 
Conmny, 1936. 648 p., illus., 9x6 in., cloth, 
85.00. A popular history of the ori^s and de¬ 
velopment of the telegraph and telephone systems 
of America. The human side of the story is empha- 
rized. 

LESSONS and PROBLEMS in ELEC¬ 
TRICITY. By N. C. Page. N. Y., Macmillan 
Company, 1936. 366 p., illus., 9x6 in., cloth, 

82.76. Based upon a course in the fundamentals of 
electriciW which has been given to sophomore 
students at Massachusetts Inratute of Technology. 
Flanned for students with some training in me¬ 
chanics and calculus. 

HANDBOOK of CHEMISTRY and PHYSICS, 
21 ed. Cleveland, Ohio, Chemical Rubber Pub¬ 
lishing Company, 1936. 2023 p., 7x4 in., lea., 
86.00. The latest annual edition of a well-known 
reference book. 

ELECTRICITY: For Use or for Profit. By B. 
Ostrolenk. N. Y. and Lond., ^uper Brothers, 
1986. 211 p., tables. 8x6 in., cloth, 82.00. Dis¬ 
cusses one aspect of the power problem: the influ¬ 
ence of private utility companies on the standard of 
living. Considers the social and economic signifi¬ 
cance of present rate policies. 

AUTOMATIC VOLUME CONTROL, ed. and 
published by J. F. Rider. N. Y., 1936. 94 p., 
illus., 8x6 in., cardboard, 80.60. Affords a des¬ 
cription of tile general principles of automatic 
volume control in radio recrivers and of thrir use in 
current commercial sets. 

ELECTRICAL ENGINEERS’ HANDBOOK. 
2 volumes (Vtil^ Engineering Handbook Soicl, 
volumes 4 and 6J ed. by H. Pender, W. A. Del 
Mar and K, Mcllwain. B ed. N. Y..and I^nd., 
John Wiley and Sons, 1936. illus., 9x6 in., lea. 
(volume 1, 86.001 volume 2,86.00). A new emtion 
m 2 volumes: one on power, the other on communi¬ 
cations, which may be purdhased separately. 
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General Electric Report for 1936.—Orders 
received by General Electric Co. during the 
year 1936 amounted to $296,748,219, com¬ 
pared with $217,361,587 during 1935, an 
increase of 37 per cent. Orders for the 
quarter ended December 31 amounted to 
$84,857,181, compared with $58,417,822 for 
the last quarter of 1935, an increase of 
45 per cent. 

Reward for “Lost” Meter Socket.—re¬ 
ward of $50.00 has been offered by the 
Westinghouse Elec. & Mfg. Co., for the 
return of the two-millionth type S meter 
socket. It is properly marked and identi¬ 
fied as the twd-millionth socket. The 
finder will be rewarded upon return of the 
socket to the company at Newark, N. J. 

New Cable Accessory.—To meet a wide¬ 
spread demand for a simple and effective 
device for interconnecting single conductor 
secondary insulated cables in manholes and 
vaults, the G & W Electric Specialty Co., 
Chicago, has developed the '‘Multitap’* 
which eliminates the use of tape and solder. 
This splicing device is suitable for cables 
with or without lead sheath. The copper 
bus is covered with molded G & W 
“Resistoyl" oil and moisture resistant 
rubber compound. The coimectors and 
cable ends are covered with a molded 
Bakelite insulator sealed at the ends by 
means of a Resistoyl bushing compressed 
on the cable with a gland nut. Cable heads 
are interchangeable and made for all con¬ 
ductor sizes up to 500 mcm. A wrench is 
the only tool required for installation. 

General Electric Expands in Texas .—A 
3-story, concrete and brick addition to the 
General Electric building at Dallas is under 
construction, adjoining the present office 
and warehouse building and will provide all 
departments of the company with per¬ 
manent headquarters in Dallas; It is ex¬ 
pected construction will be completed 
about June 1. The annex wfll front 80 ft 
on Lamar Street and extend 174 ft on 
Corbin Street. - A new $ 200,000 building 
in Houston, located on the block recently 
purchased by the company, bounded by 
Polk, St. Charles, Clay, and Live Oak 
Streets, is being erected. The building, 
of bride and steel construction, will be 2 
stories in height and will be used to house 
the offices, warehouses, and service shops 
of the General Electric Co., the General 
Electric Supply Corp., and the General 
Electric XrRay Corp. 

Eactq^ Built Switchgear Units.—A stand¬ 
ard ime of factory-built, inetal enclosed 
switchgear, for shipment as a complete 
assembly, has been announced by the 
Westinghouse Eled & Mfg. Co, Suiteble 
for small industrial installafions or auxiliary 
circuits in steam powm stations, the units 
are factory assembled jmd tested so that 
orom dopnections do riot hade to be made 
^ 1 -he fidd. This/merid endosed switch- 
geax consists of cubides ‘ in which are 


mounted circuit breakers, buses, discon¬ 
necting switches, instrument transformers 
and similar auxiliaries. On the hront panels, 
which are hinged, are mounted required 
relay and meter equipment. 

New Electric Flow Meters.—The Bristol 
Co., Waterbury, Conn., announces the 
addition of a complete line of electric flow 
meters for steam, liquids, and gases to its 
line of mechanical flow meters. These flow 
meters operate on the Bristol Metameter 
principle of telemetering, which the com¬ 
pany has used for several years in instru¬ 
ments to transmit readings of pressure, 
liquid level, temperature, and motion from 
the point of measmement to a distant point 
where they are recorded or indicated on a 
dial. The electric flow meters can be fur¬ 
nished for recording, integrating, and indi¬ 
cating flow. The readings are transmitted 
over a simple 2 -wire circuit, telephone 
circuits included, which does not enter into 
the calibration of the instruments. 

Condit Now AUis-Chalmers Unit.—^The 
Allis-Chalmers Mfg. Co., Milwaukee, an¬ 
nounces that its subsidiary company, 
Condit Electrical Mfg. Corp., of Boston, is 
now operating as a company unit and 
known as AUis-Chalmers Mfg. Co.—Condit 
Works. It wiU continue to specialize in 
the manufacture of switchgear products as 
a division of the electrical department under 
R. S. Fleshiem, manager. The personnel, 
with headquarters at Hyde Park, will be as 
foUows: George A. Burnham, assistant 
manager of the electrical department in 
charge of sales and engineering of the 
switdhgear divirion; W. S. EdsaU, manager 
of sales, switchgear division; and H. V. 
Nye, engineer in charge of the switchgear 
division, with headquarters at Milwaukee. 
Frank W. Young is works manager. 


TraJ. Liiterature 


Motors.—BuUetin 2 - 1 , 8 pp. Describes 
single phase motors, repulsion start induc¬ 
tion, brush lifting. Vs to 40 horsepower. 
Century Electric Co., 1806 Pine St., St. 
Louis, Mo. 

Connectors.—The "Bumdy News,” 16 pp., 
in the form of a tabloid newspaper, pro- 
fusriy illustrated, describes numerous appli¬ 
cations of vMious forms of electrical con¬ 
nectors. Bumdy Engineering Co., Inc., 
469 East 133rd St , New York City. 

Network Equipment-^Builetin 1184, 8 pp. 
Describes a complete line of low-voltage; 
a-c network apparatus, comp rising transr 
formers of both mult and Subway types, 
disconnecting and ground switches, ■ and 


network protectors for all applications. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Motors.—Illustrated folder, “Making Com¬ 
mutators,” describes methods for manu¬ 
facture, testing and inspection of commu¬ 
tators for d-c motors and generators. 
Folder, “Making Bobbin-Type Field Coils,” 
illustrates manufacture of field coils for 
the same apparatus. • The Reliance Electric 
& Engg. Co., 1086 Ivanhoe Road, Cleve¬ 
land, O. 

Insulator Tester.—Catalog 11, Sec. 2, 6 pp. 
Describes a new device, the “Hipot” insu¬ 
lator tester, a portable outfit for live line 
testing of individual porcelain insulators in 
a string or pin tspe msulator assembly; 
for operating voltages of 11,000 to 132,000 
volts and higher. The equipment consists 
of three Bakelite sections and a handle 
section which screw together, an indicating 
instrument, a ground prod and the neces¬ 
sary cable and connectors. Roller-Smith Co., 
233 Broadway, New York City. 

Time Delay Relay.—^Bulletin 362, 2 pp. 
Describes a new motor driven time delay 
relay, in which time ranges start with a 
maximum of 35 seconds and include I*/*, 
6 V 4 , 12 ^/ 4 ,26V 4 ,42 and 63 minutes. Differ¬ 
ential gearing eliminates the use of trouble¬ 
some clutches and a magnetically operated 
brake has been designed for the differential 
gear train. A standard midget relay, built 
into the device, provides various load con¬ 
tact combinations including double pole, 
double throw. The relay is designed for 
110 and 220 volt a-c operation, and is im¬ 
mediately recycling. Quick make-and- 
break contacts are furnished with all con¬ 
tact combinations. Ward Leonard Electric 
Co., Mt. Vernon, N. Y. 

Electrostatic Voltmeters.—Bulletin, 4 pp. 
Describes a new line of electrostatic volt¬ 
meters for a-c and d-c measurements, 
available in full scales ranging from 150 
to 25,000 volts. The instruments are suit¬ 
able for direct coimection on either alter¬ 
nating or direct current for readings up to 
3600 volts and are entirely independent of 
wave form, frequency and temperature. 
Flush, projecting and portable types may 
be had in all ranges up to 3500 volts. 
Applications include cable testing, deter¬ 
mining insulator leakage, insulation testing, 
measuring high impeeWee circuits, etc. 
Ferranti Electric, Inc., 30 Rockefeller Plaza, 
New York City. 

Equipment Depreciation Analysis.—A 176- 
page bulletin on the deterinination of the 
probable lives of various types of railroad, 
public utility and other physical equipment 
has been published by the Iowa Enginppring 
Experiment Station as Bulletin 126, “Sta¬ 
tistical Analyse of Industrial Property 
Retirements” by Robley Winfrey, research 
engineer, and wiU be sent free of charge on 
request to the Station at Iowa State College, 
Ames, loWa. Five methods of constructing 
survivor curves for the determination of 
probable life are explained and compared 
with the “turnover” method.; The method 
of comparison with type curves is simple, 
accurate, and quicMy applied, aU in con¬ 
trast to involved mathen^tical methods. 
The bulletin; will be helpful to ^ose engaged 
in depredation studies. 
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HigLlioU 


Induction-Motor Constants. The constants 
of single-phase induction motors usually are 
computed by means of polyphase formulas, 
with special adaptations to single-phase 
motor construction. A method of calcu¬ 
lating electrical constants has been de¬ 
veloped specifically for the single-phase 
capacitor motor, but is equally applicable 
to other types of single-phase motors {pages 
333-8'). 

Flux Locus. A concept for the locus of rotor 
flux in a single-phase induction motor has 
been suggested in which the flux is referred 
. to axes fixed with respect to the rotor; this 
concept is said to be less involved tban 
either the cross-field or revolving-field theo¬ 
ries although it does not lend itself to quan¬ 
titative mathematical treatment {pages 
331-2). 

Inductance of Solenoids. A paper in this 
issue presents the derivation of series ex¬ 
pansion formulas for calculating the mutu al 
inductance of solenoids. The new formulas 
are derived from basic formulas of the 
National Bureau of Standards, and replace 
some of the older absolute formulas that re¬ 
quire exacting numerical computations 
{pages 347-53). 

Train Heating. Weather conditions have 
marked effects on the electrical energy re¬ 
quirements for traction and heating of 
trains, cold weather causing considerable 
increase in operating expense when power is 
purchased. A study of the relations of en¬ 
ergy and temperature is reported in this 
issue {pages 361-2). 

Rectifier Circuit. Measurement of tran¬ 
sient oscillations of small angular swing in 
synchronous machines, when made by the 
method employing a pilot alternator con¬ 
nected to the main machine, may be simpli¬ 
fied by a circuit employing rectifier tubes 
that enables the oscillograph to plot the 
actual displacement curve directly {pages 
339-40). 

Copper-Oxide Rectifiers. An equivalent, 
circuit has been developed for representing 
copper-oxide rectifiers by replacing the rec¬ 
tifier element with 2 constant resistances 
effective during'the 2 directions of current 
fiowi Circuits are analyzed and the com¬ 
puted results obtained by this method are 
compared'with oscfflbgrams {pages 354-60), 

Carbon Arcs. Low-intensity, high-inten- 
aty, and flame arcs, 3 distinct t 3 T)es of car¬ 
bon arcs, have individual characteristics, 
and eadi is affected differently by variations 
in arc conditions. Effective application re¬ 
quires consideration of these characteristics, 

: and adaptation of operating conditions' to 
them {pages 3197^24) . } 

Statements and o^nions .given in articles and papers i 
no r^onsibility. Correp^ndence is invited on all c< 
PbiUppine Islands, Central and South America, Haiti, 
be. received by the fifteenth of the month to be eflecti 
out charge. T BLBcrsioAt, ENOiinsBRiNO is indexed 
abstracted monthly by Scietiu Abstracts (London). ' 



Railway-Motor Standards. Advancements 
in railway motor design, and the develop¬ 
ment of new t 3 rpes of equipment for which no 
standards have existed, have made neces¬ 
sary a revision of the AIEB standards in 
this field; the new standards have been 
adopted as “American Tentative Stand¬ 
ards” {pages 312-13). 

Lightning Protection. Some 75 per cent of 
all interruptions oh ov^head electric power 
transmission circuits ath attributed to light¬ 
ning. To reduce these interruptions and 
thus improve service, several methods of 
protecting power lines against lightning 
have been developed {pages 314-18). 

Committee Meetini^. During the Insti¬ 
tute’s 1937 winter convention, meetings of 
many Institute committees and subcommit¬ 
tees were held {pages 380-2). Four tech¬ 
nical conferences also were held at the con¬ 
vention under auspices of Institute commit¬ 
tees {pages 383-4). 

Nominations for Mstitute Officers. In ac¬ 
cordance with the AIEE by-laws, the 
national nominating committee met during 
the recent winter convention. At that 
meeting, nominees for Institute offices for 
the year 1937-38, were designated {page 
375), 

Report on Dues. The final report of the 
special committee appointed several years 
ago to consider dues and related matters 
was presented to the Institute’s board of di¬ 
rectors at its meeting held during the recent 
winter convention; the committee recom¬ 
mended no change in dues {pages 388-9). 


Lamme Medal Awarded. The Institute’s 
Lamme Medal for 1936 has been awarded to 
Frank Conrad of the Westinghouse com¬ 
pany, for “his pioneering and basic develop¬ 
ments in the fields of electric metering and 
protective systems” {page 388). 


Edison Medal Presented. The 1936 Edison 
Medal, highest award of the AIEE, was pre¬ 
sented to Alex Dow, president, Detroit 
Edison Company, at a special session of the 
Institute’s recent winter convention {pages 
378-80). 

Institute Members Honored. Five Insti¬ 
tute members were honored recently by Eta 
Kappa Nu, honorary electrical engineering 
society, in coimection with the tiaming of 
America’s outstanding young electrical engi¬ 
neer for 1936 {pages 389-90). 

Capacitance. Calculation of the capaci¬ 
tance of a parallel-plate air capacitor may be 
made exact by a method that takes into ac¬ 
count the fringing of the flux; several ap¬ 
proximate formulas are also useful {pages 
363-6). 


Power and People. Social relations of tech¬ 
nical ad'vances, considered hrom the aspect 
of the arts of energy production and distri¬ 
bution, are discussed in an address delivered 
upon the occasion of the presentation of the 
Edison Medal for 1936 {pages 305-11). 


Winter Convention. Reports of the various 
activities at the Institute’s 1937 winter 
convention held during the last week in 
January are given in this issue {pages 371- 
87). 


Vehicle Lighting. Railroad cars, trolley 
cars, and motor coaches are now being 
equipped with decorative and highly effec¬ 
tive lighting installations that greatly im¬ 
prove reading conditions for passengers; il¬ 
lumination levels are from 10 to 20 foot- 
candles at the reading plane {pages 3Q2-04). 

Core Loss. The magnitude of intersheet 
eddy-current loss in laminated cores, which 
may be important in large cores and with 
high clamping pressure, has been investi¬ 
gated, and a more rigorous formula for eddy 
currents in rectangular sections has been de- 
ri-ved {pages 344-6). 

Cturent Loci. The variation of currents 
and voltages in a general linear a-c network 
connected to a sinile adjustable branch in 
which the current is adjusted under some 
given restriction is considered in a paper in 
this issue; the Various loci are shown {pages 
325-30). 

Circular Loci. The method of circular loci 
may be conveni^tly applied in the calcula¬ 
tion of the variation of currents and voltages 
when self impedances are. changed in various 
types of cirouts operated at constant fre¬ 
quency. This method has been applied to 
the delta-star connection {^ges 341-3). , ; 


Directors Meet. For the first time, the 
AIEE board of directors met on 2 successive 
afternoons during the 1937 winter conven¬ 
tion; many matters of importance to the 
Institute were acted upon {^ges 374-5). 

Nordi Eastern District Meeting. Plans for 
the Institute’s North Eastern District meet¬ 
ing to be held in Buffalo, N. Y., May 6-7, 
1937, are progressing (/ngs 390). 

Discussions. Some of the papers presented 
at the AIEE South West District meeting at 
Dallas, Texas, in October 1936 are dis¬ 
cussed in this issue {pages 367-70). 


DISCUSSIONS 

, Appearins In this Issue are discussions 
of the following papers: 

A DMurbane* Duniion Recerdtr-^Frler . . . 367 
ElccMcal FcatwM of the T*xai Centennial Ceninl 
ExpoalBon— Fies . . .. . . . , . / 368 

Experieneea With a Modem Relay Systcm-rGerell 369 
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Speal<in9 of Conventions — 


A Message From the President 


A n almost tmiversal characteristic of 
the human family is the desire "to 
come together”--"c/)» "con¬ 

vene." Twice in the last month have I 
se«a this demonstrated: once in New York 
at the winter convention of the AIEE; and 

again in a far different way at Colon, Pan¬ 
ama, where the picturesque natives of the 
Isthmus dropped every regular occupation 
that they might fittingly celebrate the an¬ 
nual carnival just prior to the beginning of 
Lent. I am told that the term "carnival" 
is derived from 2 Latin words, vale (farewell) 
and carnus (meat). In gay, picturesque, 
and sometimes ludicrous costumes, by 
parades through colorfully decorated streets, 
and enhvened by bands, the throng bade a 
merry farewell to meat. 

With the convention closing January 29, 
and an Institute trip through the South 
scheduled to begin at Miami, Fla., on.Feb- 

ruary 12, Mrs. MacCutcheon and I fed that 

Providence must have arranged that the 
French liner "Lafayette" should sail at 11 
p.m. on the 29th, and touch at Havana on 
the morning of the 12th. The Pan Ameri¬ 
can Airways ship at 3 p.m. should have de¬ 
livered us at Miami in ample time for the 
Florida Section meeting in the evening, but 
a storm prevented this. On the trip the 
ship touched at Martinique, Trinidad, 
Grenada, La Guayras, Caracas, and the 
Canal Zone. Of course, we trayded in an 
dectrically equipped ship and at each port 
we found that the dectrical engineer had 
preceded us and provided lights, railways, 
pumping stations, and refrigeration. 

As the delightful cruise drew to a close we 
thought of the mmiy Institute conventions 
we have been privileged to attend, the 1937 
New York convention in partlcukr; and 
the conventions of the future, the 1937 
Milwaukee convention in particular. 

The 1937 winter convention seemed one 
of the busiest, most stimulating, and most 
interesting that we have attdided. Our 
oidy regret is that eve^ member of the or- 
gaiiization could hot be there. The out¬ 
standing feature was the presentetion of 
papers at the 14 techxucal scions. There 
is a mental stimulus through the authors’ 
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personal presentation, which cannot be 
realized by reading alone; and the resulting 
discussion is sometimes more valuable than 
the paper itself. Frequently the discussions 
were continued outside the meeting long 
afttt it had dosed. Next was the oppor- 
tumty offered, through the many inspec¬ 
tion trips, for observing the most modem 
electrical installations. The presentation of 
the Edison Medal to Doctor Alex Dow, out¬ 
standing pioneer and president of the De¬ 
troit Edison Company, was a memorable 
and impressive occasion fittingly climaxed 
by an inspiring address from Doctor John C. 
Parker, vice-president of the Consolidated 
Edison Company of New York, Inc. 

During the convention an xmusual number 
of committee meetings filled every available 
room at headquarters. Carefully arranged, 
these committee meetings appeared to stimu- 
^te rather than detract from the interest 
in the technical sessions. Becatise of the 
•committee meetings many were present who 
otherwise would not have been able to at¬ 
tend. Some committees met on the first 
day, presented their reco mme ndations to 
the board of dirwtors at its meeting on 
Tuesday, and at a second meeting late in 
the week took steps to initiate the activity 
which had received the board’s approval. 

It has become customary to hold the 
meeting of the national nominating com¬ 
mittee during the convention week. This 
plan brings to the convention a prominent, 
enthusiastic, and active Institute member 
from every District. Opportunity is alcn 
offered to each member of the nominating 
committee to consult many other Institute 
members relative to the most important 
work of the nominating committee. 

Fot the first time in our history, the board 
of directors devoted 2 afternoons in a single 
week to the affairs of the Institute. 

Those who attend a New York convention 
see our efficient headquarters’ staff in opera¬ 
tion arid realize what a busy place head¬ 
quarters is. 


E^ day I overheard or took part in dis¬ 
cussions relative to Section activities. Sec¬ 
tion membership. Section management. 
Plans were discussed and final details com¬ 
pleted as to visits by national officers to the 
various S^tions. Ideas were exchanged 
and enthusiasm given and received. 

Last and not least acquaintances were 
formed and strengthened, friendships re¬ 
newed, new friendships started. The elec¬ 
trical engineers were meeting on a common 
ground and with a common purpose. 

Great credit is due Chairman C. R. 
Beardsley, and all his committee chair¬ 
men, and the members of the committees for 
the excellent handling of all of the tremen¬ 
dous amount of planning and detail so es¬ 
sential to a successful convention. 

The members of the AIEE enjoy and 
profit by convening. This year 4 invita¬ 
tions were received for the 1938 summer 
convention and one for 1939. It was in¬ 
deed difficult to choose between these invi¬ 
tations, but Washington, D. C., was 
finally selected since the Section there is 
very active, has riot previously been our 
host, can offer unusually adequate accommo¬ 
dations, and is located in a city we would all 
like to visit. 

The next national convention will be at 
Milwaukee, Wis., next June, cooled by the 
breezes from Lake Michigan. In last De¬ 
cember^ I visited the hotel that has been 
selected for convention headquarters and 
saw one of the finest convention floors to be 
found m this country, witii every provision 
for assembly and meeting rooms. The 
Milwaukee committee was organized over, 

7 months ago and has plaimed an unusual 
convention of broad general interest. In 
spite of a recent story m Saturday Evening 
PosM believe in conventibns of the type we 
hold and ^h the author of that story 
might be with us in Milwaukee and observe 
how a real engineering convention is carried 
on. I hope to meelt a large number of you 
at Milwaukee. 











Improved Lishting in Passenser Vehicles 


T he science of seeing differs somewhat from 
the science of vision with which most of us are gen¬ 
erally familiar. The science of vision is a relatively 
old subject and deals with the eyes, their functions and 
limitations. The science of seeing, however, treats the 
human being as a seeing machine, particularly as regards 
its behavior, efificiency, and welfare. 

Years of research, from which grew this new science, 
definitely prove that lighting values and conditions of the 
past, and especially in the realm of transportation, are 
totally inadequate for what may be termed comfortable 
or easy seeing. Such ideas or beliefs as that 4, 6, or even 
8 footcandles represent adequate lighting have been 
literally blasted. 

It is obvious that of those passengers who attempt to 
read while patronizing transportation systems today, all 
but a very small percentage are 20 years of age or more. 
A recent survey indicates that of those at the age of 20 
years 23 per cent have defective eyesight; at age 30, 39 
per cent; at age 40, 48 per cent; at age 50, 71 per cent; 
while at 70 years of age 95 per cent have impaired eyes. 
Furthermore, investiga- 


begun to give serious thought to this subject of lighting. 

The modem day coach shown in figure 1 is indicative of 
the strides being made by the more progressive railroads. 
It is lighted by means of a combination indirect and direct 
louvered system. The indirect, which provides a low 
general illumination, is delivered from a single row of 
lamps spaced along the center line of the ceiling. Direct 
view of these lamps is prevented by the unique baflfte 
which not only directs their light toward the ceiling but 
also serves as the duct for air conditioning. 

This system is supplemented by individual seat-lighting 
fixtures of the direct type properly louvered, which are 
incorporated within the rolled edge of the continuous 
basket or baggage rack. Approximately 12 footcandles 
are obtained at the reading plane. About 5 watts per 
square foot of fioor area are provided. 

No discussion of rail transportation would be complete 
-without presenting some of the lighting treatments which 
are being incorporated in the new Diesel-electric stream¬ 
line trains. Figure 2 shows a portion of a truly modern 
observation lounge car. The lighting here is delivered 

from a semi-indirect open- 


tioiM covering several oc¬ 
cupational groups show 
that in the farmer and la¬ 
borer class, where work is 
usually carried out under 
dayUght conditions only 
(500 to 8,000 footcandles), 
less than 20 per cent have 
defective eyes. In the car¬ 
penter and painter groups, 
a percentage of from 20 to 
40 is noted; the machinist 
and printing occupation 
from 40 to 60; housewife 
and textile worker from 60 
to 80; ahd in the drafting 
and stenographic field from 
80 to 100. 

The foregoing is men¬ 
tioned for the purpose of 
bringing out the great need 
for more and better light¬ 
ing, not only for the pur¬ 
pose of aiding those eyes 
that are already defective 
but also to serve to protect 
those millions of eyes that 
are as ye-t unimpaired. 

It is encouraging to note 
that recently the several 
transportation agencies, in 
their earnest efforts to serve 
the needs of the public, have 



Indirect lighting system consists of 15-watt 6Ci-y6lt lamps 
located above air-conditioning baffle; individual seat light¬ 
ing is from 60-watt 60-volt tubular lamps located above trans¬ 
verse louvers In edge of bag rack 


Fig. 1. Combination indirect and direct louvered 
lighting systems in a modern stream-lined day coach 


top louvered-bottom alumi¬ 
num trough containing 
small-wattage lamps located 
on approximately 7-inch 
centers. The general il¬ 
lumination is secured by 
light reflected from the ceil¬ 
ing and the reading-plane 
illumination derived mainly 
from the direct light from 
the lamps. The front edge 
of the trough and the trans¬ 
verse louvers in the bottom 
of the trough protect the 
eyes of those seated from 
direct -view of the lamps. 
Approximately 12 foot¬ 
candles of illumination are 
provided at the reading 
plane. 

Another example of mod¬ 
em train lighting which is 
quite worthy of note is that 
of a recently built Pullman 
sleeping car shown in figure 
3. The general illumination 

An artide written especially for Bi.bc- 
TKiCAi. ENoncBBUNO, based upon an 
address by H. H. Helmbrigbt of the 
incandescent lamp department of the 
General Electric Coihpany , bTela Park, 
Clevdand, Ohio, before a meeting of 
the transportation ^oiip of the NOw 
York Section, April 9, 1036; recom¬ 
mended for publication by the'AIEB 
committee oh production and appli¬ 
cation of light. 
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Fig. 2 (above). Semi-indirect louvered-trough lighting 
observation lounge 


Each trough contains 10-watt 32-volt lamps spaced 7 inches apart 


Fig. 3. A modern Pullman sleeping car lighted by 
central lighting system and new berth-lighting fix¬ 
tures; night-lighting circuits are incorporated 
within fixtures 

The ceiling fixture of the continuous direct type contains 
10-watt 32-voit lamps on approximately 7-inch centers above 
semicylindrical flashed opal glass; small 6-watt blue-coated 


is furnished from a continuous trough of the direct lighting 
type, in which are also incorporated the air-conditioning 
outlets. The semicylindrical glass sections diffuse the 
light from the single row of lamps which are mounted 
within a reflector recessed into the ceiling, A night light¬ 
ing circuit consisting of low-wattage blue-colored lamps is 
also included to facilitate reading the section numbers and 
also to insure safe passage along the aisle after berth sec¬ 
tions are “made up” for occupancy. 


A new type of berth-lighting fixture furnishing approxi- 


lamps are provided for night-lighting use 


mately 10 footcandles is installed at both ends of the 


section. This fixture is also equipped with the blue night¬ 
lighting feature. 

Train-lighting systems of the totally indirect type, 
although possessing many virtues, are rapidly being aban¬ 
doned, partly because of their extremely low efficiency 
(from 8 to 16 per cent) and the rapid depreciation of their 
reflecting surfaces under railroading conditions. Further¬ 
more, a totally indirect system that would produce foot- 
candles in keeping with modem standards would prob¬ 
ably produce uncomfortable ceiling brightness that would 
be annoying to the eyes. 

Strange as it may seem, the electric street-railway 
industry, which until recently seemed doomed to be re¬ 
placed by the motor bus, has taken a “new lease on life.” 
The industry has joined with the various manufacturers 
of electric railway equipment in staging a “comeback.” 
A distinctly new type of vehicle has been developed that 
differs in many respects from the general conception of 
the street car. Lighting, consisting of a relativ^y large 
number of bare lamps studded throughout the car ceiling. 


has been replaced by more efficient and less glaring 
systems giving the passenger from 10 to 20 footcandles of 
lighting. Figure 4 shows one type of street car that has 
been equipped with the semi-indirect louvered trough 
producing an average of 18 footcandles throughout tie 
car. This replaced a direct system delivering from. 8 to 10 
footcandles at the reading plane. 

Another continuous louvered system in which the 
greater portion of the light is directed toward the reading 
plane has been produced and installed in trolley busses 
(figure 5). This design also delivers approximately 18 
footcandles at the reading plane, but permits a spacing of 
lamps 60 per cent greater than in the semi-indirect trough 
shown in the street car (figure 4). 

Other modem and efficient types of lighting systems 
recently produced have fixtures of the direct type placed 
directly above each transverse seat. In general, the 
design is such that accurate control is obtained, thus 
preventing direct glare from reaching the reader’s eyes. 
This control may be secured by means of lenses or by glass- 
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enclosed reflectors. The 
lighting eflOiciency of these 
systems, in terms of foot- 
candles at the reading plane, 
is slightly greater than that 
obtained from either the 
semi-indirect or direct lou¬ 
vered trough. 

The gasoline-motor-coach 
field, desiring to maintain its 
position in city transit and also 
pete successfully with the n< 
street car and the electric troUej 
is maiking rapid progress in 1 
of lighting. Power supply ha 
increased from approximate] 
watts to 760 watts and in t 
instances to 1,200 and 1,500 
Present day practice results 
fixture containing a 21-cand] 
lamp being placed above eacl 
verse seat or its equivalent. 


louvered trough for lighting 


Trough contains 30-volt 1-ampere 
automatic-cutout lamps spaced on 
approximately 15-inch centers 


recently, one fixture containing a 15- 
candlepower lamp and in some cases 
only a 6-candlepower lamp, placed 
above each alternate seat, was con¬ 
sidered adequate. 

Here again the lens or the reflector 
design is used to obtain high output 
efficiency and to avoid objectionable 
glare. By the use of the 21-candle 
power lamp as mentioned, it is possible 
to obtain approxiniately 10 footcandles 
at the reading plane. In figure 6 a 
good example of modem motor coach 
lighting is shown. 

Judging from the intense interest in 
illumination that is being 
displayed by transporta¬ 
tion oflScials, it is believed 
that the time is not far 
distant when transporta¬ 
tion lighting conditions 
^ will be quite in keeping 
with those obtaining in 
I other fields where usual 
seeing tasks are per¬ 
formed. Lighting still 
remains one of the most 
important tools available 
to thetransportationfield 
in furthering the develop¬ 
ment of passenger travel. 


Fig. 6 (below). Modern 
lighting in a motor coach 

Open louvered-typefixturesare 
used with a 12-16-volt 21- 
candlepower lamp in each 
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Power and People 


By JOHN C. PARKER 


FELLOW AIEE 


B ecause I know a Uttle The application of teci 

more about power engi- fare of mankind is held 

neenng than about any ■ of engineering to civil 
of the other varied aspects of vances themselves; p< 

our profession, it seems suit- use it, and not powe 

able in large part, in attempt- industrial developmeni 

ing an inquiry into the social availability of large am 

relations of our more mechani- in order that standard: 

cal performances, to use some and m 

aspects of the arts of energy 
production and distribution as 
typical rather than as the exclusive subject 
matter of our discussion. I suspect that 
we are in essential agreement as to all 
that will be said here this evening. Cer¬ 
tainly I do not believe that I shall be 
bringing any new ideas to you, nor is what 
I have to say any recently inspired prod¬ 
uct of the vigorous or violent sequence of 
events in this decade. I hope to suggest 
for your reconsideration thing s already 
well known to you, but which, under the 
pressure of necessity in material things, 
all'of us are likely to get into a wrong 
perspective or even entirely to forget, 

I approach a discussion of the relation of technology to 
humanity with a greater hesitation because today it 
seems increasingly convenient to seek implications behind 
explicit terms. Will you accept my assurance that no 
suggestions are intended beyond the things actually dis¬ 
cussed? Whatever applications to engineering conduct 
may be suggested, it would be most improper before a 
society of professional engineers to attempt to preach at 
oth^ elements in society. I think it may fairly be said 
that however vivid our professional imagination and how¬ 
ever sound our socisil conduct, we engineers are not charac¬ 
teristically possessed of ati extraordinary degree of social 
imagination. 

This comes about through the very nature of our train¬ 
ing and more particularly of our engagements, Probably 
there is no calling more definitely sddal in its character 
than is that of the engineer. The engineer does not live 
a life of isolation but on the contrary works with and 
through other men. His work, whether it be in research 
or design or construction or production or commercial 
distribution, involves understanding of, and adjustment 
to and co-operation with other men. A commimity of 
effort is necessary to the complete realization of his under¬ 
taking^. He has tiien a high reality of contact within a 
dpsdy articulated social In this his work is defi¬ 
nitely more social than that of the physician or of the 
lawyer or of the minister of souls or of the exponent of the 
creative arts, eaidi of whom, in a large degree^ works as an 


The application of technical advances to the wel¬ 
fare of mankind is held to be the true contribution 
of engineering to civilization, rather than the ad¬ 
vances themselves; power together with tools to 
use It, and not power alone, led to American 
industrial development. More than merely the 
availability of large amounts of power is necessary 
In order that standards of living may be raised, 
and maintained. 



inical advances to the wel- individual. In that very fact, 
to be the true contribution however, the engineer has 

zation, rather than the ad- at once a satisfaction and a 

wer together with tools to limitation of his social con- 

alone, led to American tacts. With other men, largely 

More than merely the of identical or at least of 

>unts of power is necessary closely related interests and 

of living may be raised, limitations, he finds satis- 

lintained. faction for his desires for hu¬ 

man contact and such satis¬ 
faction easily enough so pre¬ 
occupies his time that he can easily fail 
of social understanding of the people whom 
his profession serves or of the social signi¬ 
ficances of his own works. 

The profession perhaps is not unlike 
the cloistered monastic orders, living their 
intensdy intimate and interrelated lives, 
out of touch with the world immediately 
about them. The physician or the lawyer, 
on the other hand, canying on an individual 
practice even with people in their less nor- 
Doclor Parker temper or physical state, does have of 

necessity a vividness and reality of con¬ 
tact with people other than his coprof essors, 
and properly to do his work must have the imagination 
broadly to interpret their lives, their needs, and the 
significance of his professional efforts in their behalf. 

These individual service professions do come closer to 
the people served than do we. 

In consequence of engineering remoteness, we perhaps 
become obsessed with the technical beauties and interests 
of our work and with the human problem of co-ordination 
with our fellows in creation and miss some perspective of 
how our works touch on the larger interests of society. 
Not infrequently, it seems to me, we have missed entirely 
the large significances of engineering and perhaps as fre^ 
quently, in the fadiion so common among self-deprecatory 
people, we have put up a certain defensive insistence on 
importances which simply do not exist. 

If at both es^emes the world has taken us at oUr ©wn 
depredated valuation, there can be little complaint on our 
part, nor can there be any great surprise if the less ponder¬ 
able and less obvious values in lis and in our works are not 
spontaneously accepted. Of course, it hurts our finer 
professional sense if people think of us as mere technicians 
of unimportant arts, whether the niceties of sound engi¬ 
neering analyds are appraised merely as necessary con¬ 
tributions to a sbcially unimportant technique, or, as, 
might be infeired from lay references in the: news columns 

An address presented January 27,1937, upon the occasion bf tha presentation 
of the Edison Kedal, during the AIEE nwter convention. New Yorh,. N. Yv 
Josh C. Pakkbr is vice-president of the Consbli^ted Edison Company of 
. New York, Inc.'' 
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and in the advertising space, the engineer is esteemed as 
only a ^ghtly sublimated form of mechanical hand3nnan. 

On the other hand, when laymen, editorial writers, and 
public officials agree with us in adulation of our works and 
hail engineering achievement as the be-all and the end-all of 
social progress, it is easy for us smugly to agree with what 
is at once too narrow a conception of the value of bur work 
and too great an emphasis on ite place in a world of human 
beings. When such a philosophy becomes characteristic 
of a nation or of a period, we may well be in desperate 
danger. 

There is not exaggeration in the belief that a dispro¬ 
portionate acclaim is given to mere mechanical achieve¬ 
ment. 

A few days ago an eminent traveler expressed his belief 
that the hazards of life were great in this country because 
we were the most highly civilized, the cause or the evidence 
of our civilization being, in his mind, the fact that we have 
so many machinesl The extraordinary thing is that that 
remark did, not produce any comment in disclaimer of 
mechanisms as either an origin or an evidence of civiliza¬ 
tion, though in all truth an essentially barbaric people 
might produce as great engineering works as did the un¬ 
civilized Romans in their crudest period of material well¬ 
being. s 

The truth is that our engineering activities are not 


necessarily evid.ences of civilization, nor, although they are 
almost essential, are they by themsdves the means to 
civilization. On the contrary, when pursued too narrowly 
they can be destructive of the real values in living. 

The engineer does not need to arrogate to his works an 
undue or an undeserved importance in order to find a 
splendid justification for his calling. Reasonable social 
awareness will disclose paramount reasons for a fine pro¬ 
fessional pride. 

These lie in 2 categories, of which the first, and the one 
which can be a most extraordinary contribution to the 
welfare of the race and to the progress of our times, lies 
in the engineer himself. I need not develop at great 
length all those characteristics which most mark the men 
who have been the pride of our profession. 

The engineer who is an engineer approaches his work 
without bias and with a mind freely open to conviction. 
He cannot be a special advocate and remain in any pro¬ 
fessional sense an engineer. Whatever may be the limits 
of his vision, he does at least possess a fime objectivity in 
his imagining. For him no sentimentality or wishful 
thinking will conjmre up visions different from the world of 
things as they are. His creative thinking is the finer 
ability to project the observed facts of today into princi¬ 
ples and rules of conduct and a clear picture of possi¬ 
bilities that are certainties because their origins are actual. 



'Extra hours .re<jeemecl from darkness" 
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pi Bwing Galloway 

^ pure lines of the catenaries spanning the Golden Gate and the rhythmic proportions of their supporting towers are ar 
^*“*0115 outward expression symbolic of the courage and dignity of the conception and of the long period of painstalcins 

and anxious preparation" 


J^Gcause of his freedom from bias and the objectivity of 
s 'thinking, he must of necessity be possessed of integrity, 
hecause he is intellectually honest and open-minded 
i is tolerant of judgments that do not conform with his 
vn, while courageous and firm when he gets out of the 
jldL of opinion and into that of fact. 

If as a profession we can gain acceptance by the world 
the personal qualities of the engineer as freely as it has 
ten. willing to accept his works, society’s debt to us will 
• enormously greater. 

Secondly, the works as well as the. character of the 
ig-ineer give him a right to claim a great place in the 
teem of mankind, not for the things themselves but 
r these things in their relation to civilized living and 
irxlcing. There is a profound and important difference 
f e and one which in practical effect needs the most pains- 
king care to avoid damaging, if not fatal, error. The 


stinction is that between sterile virtuosity and a vital 
j-£^try which reaches into the very fibers of men, or again 
not much, different from the contrast which exists 


a flippant self-indulgence in metaphysical acro- 
and the beneficent philosophy which gives us God, 
and immortality. 

down to cases, the production of the electric 
development of an industry about it means 
Or less than nothing except as it may be related 
over-all improvement in the welfare of mankind. 
■ly' this art has enabled men of good purpose to live 
lives in greater security and nobly to employ extra 
" ^0 redeemed from darkness. I think it is not at all 
^^sonable to claim that the writing and the wide 
^ ^jeation of fine literature have tremendously been 
^ .i;tlated by the possibilities created by this one art of 
*^^gineer. 


The important thing to recognize, however, is that the 
technical achievement has gained much of its significance 
as an adjunct to the arts. The production of a minute 
lighting unit is only a slightly more advanced form, of 
achievement than that of the man who writes the liord’s 
Prayer within the space of a postage stamp, but the pro¬ 
duction and adaptation of such a luminant for the nicety 
of a surgical operation becomes a service very real indeed,. 

What is important here is, of course, how people use the 
power that we place in their hands. Quite as easily, if 
humanness of feeling and cultivation of mind do not go 
along with our technical possibilities, these can become 
curses rather than beneficences. 

So, if we please, the telephone and the telegraph, inter¬ 
esting inventions, marvelous expressions of research and 
energy and co-operation and faith, still remain things of 
little importance except as they bring people into more 
familiar intercourse and doser understanding one of 
another, except as they remove the narrowness of isolation 
and contribute to the genuine happiness and vyelfare of 
men. 

Our great railroad systems would not be worthy of the 
sacrifices that have gone into creating them were it not 
for what they have done in enabling men to push out into 
freer and more intelligent lives and to grow, and them¬ 
selves, through the agencies of transportation, to be of 
service to other men in distant parts of the world. The 
automobile merely as a device for speed and restlessness 
would be a wonderful mechanical achievement and a curse 
to the race, but men have been able to rdate themselves 
to, and to appropriate, these engineering achievements 
for a more decent living and as aids to somethuig more 
than merdy material happiness. In all these real values 
our engineering works have gained their significance be- 
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“The power ensineers of this country have done, as the engineers have done 
in practically every field of American endeavor, a glorious job“ 


cause of uses ancillary to other fimctions of living, and 
doing so have become vastly greater even than the engi¬ 
neers conceived. 

I would not be thought for one moment to be depreca¬ 
tory of the intrinsic romance of engineering achievement, 
nor would I concede that engineering structures are 
deficient in beauty and in nobility. The pure lines of the 
catenaries spanning the Golden Gate and the rhythmic 
proportions of their supporting towers are a glorious out¬ 
ward expression symbolic of the courage and dignity of 
the conception and of the long period of painstaking and 
anxious preparation. The spiritual qualities of such an 
engineering work may be different from those appearing 
in a work of poetry, art, or music, but because of difference 
they are no less present. All one would say is that in both 
the engineering and the less rigorously scientific fields of 
the other arts the real beauty, the real romance, the real 
nobility come from interrelation with life. 


avoided by recognition of that. A spe¬ 
cific instance may illustrate the way in 
which absence of realistic social aware¬ 
ness may lead to dangerous implications. 

There is a general public interest in 
the problems of power production and 
distribution that is way out of proportion 
to any significance even so important an 
art has in the affairs of men. This would 
be puzzling if it were only a recent phe¬ 
nomenon. It is not the less disturbing 
because of the fact that it has been devel¬ 
oped over a.period of years by an ill-con¬ 
sidered but perfectly honest enthusiasm 
which has mistaken simultaneity of oc¬ 
currence for a relation of cause and effect. 

When in the middle and late ’20’s the 
rest of the world was suffering the eco¬ 
nomic aftermaths of war and we in this 
country were riding on the full tide of 
what we believed to be prosperity, we 
explained to ourselves that we had so 
many horsepower back of the elbow of 
every American working man. The Daily 
Mail sent an English commission to dis¬ 
cover that mechanically devdoped power 
was the great secret of American pros¬ 
perity; the Soviet Union initiated its 
series of 5-year plans with an emulation 
of the great American dectrical industry, 
while Fascist Italy sought to devdop 
the backbone of the peninsula through 
a superpower system. I have no quar¬ 
rel with these things, but I had then 
and have today a profound disagreement with a wrong 
emphasis. 

The power engineers of this country have done, as the 
engineers have done in practically every fidd of American 
endeavor, a glorious job and they continue to do so. We 
have produced and distributed a superlative quality of 
service at extraordinarily low prices. It has been made 
available to the largest feasible percentage of the popula¬ 
tion and is used in a degree almost unrivaled throughout 
the world. Yet this much vaunted power use did not 
suffice to keep us from plunging headlong and with Charac¬ 
teristic American vigor into the world depression. There 
is no reasonable basis for believing that power devdop- 
ment on an even greater scale in this country is going to 
pull us into the prosperity which the secret of American 
well-being a dozen years ago was not able to preserve for 
us. Claiming all the territory in sight at that titno was 


ladeed such things as we have spoken of—the service 
which engineering works render to life, and the spirit and 
the ch^acter with which the engineer approaches his 
profession—are the stuff of which the arts and philosophy 
axe made. 

Even in the narrowly technical sense, our portions of the 
arts are portions and not the whole, and a great deal of 
disappointment and some social disturbance can be 


a resmx oi ratner supernciai tnmking. Power digineers 
today would be foolish if they accepted the respionsibility 
implied in the theory that dynamic development is a 
thing precedent to social or economic uplift. Acceptance 
of any such idea will simply find the power people again 
discredited. 

Let us see what the actual fact is in regard to the place 
of power developm^t in the Am^can industrial picture 
of the predepression days. There was more pow^ at the 
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command of the worker in industry than anywhere 

else in the world. It is so rudimentary as to be almost 
trite to say that the factory worker did not take x kilo¬ 
watts into his hands and apply them directly to a bunch 
of steel ingots and have a freight car emerge from the 
process. Not only that, but American industry did not 
set out with the idea of trying to apply power to industrial 
production and thereafter discover the means for utilizing 
power. Ingenuity, energy, and the courage of conviction 
produced the machine tool, the turret-lathe, the auto¬ 
matic screw machine, punch presses, and drop hammers. 
These called for power and for power in ever increasing 
quantities. Without an ample supply of dependable 
power at modest prices we ^ould have had carefully to 
restrict the use of power in manufacture and the liand 
processes would have persisted here as they have else¬ 
where. 

The power industry saw a commercial opportunity 
observed a social responsibility. Its place in the picture 
is sufficiently great in that it did supply that which was 
necessary to the operation of the machine tool. 

Neither power nor the machine tool without the other 
could have established the American methods in industry, 
nor could both of them together have done very much 
without the development of elemental metals and of alloys 
and plastics which should lend themselves to the processes 
of quantity production. These again would have been of 
little use had it not been for the development of design 
directed quite as much to the working of modem materials 
through the power driven machine tool as to the function¬ 
ing of the product after it was made. An entirely new 
technique of design was called for, a technique superb in 
its philosophic simplicity, in its intellectual straightfor¬ 
wardness, in its impatience with artifice or dissimulation. 
But neither design for production, nor modem materials, 
nor machine tools, nor the power to drive them, or any of 
them in combination would have been of the slightest use 
without one of the greatest contributions that America 
has made to industrial progress. That contribution may 
be described in any one of its aspects as the use of tolerance 
limits, interchangeability of parts, standardization, the 
use of limit gauges. Again there is a whole philosophy 
of moral conduct suggested in the conception of units 
interchangeably and excellently adapted to correlation 
with other units for the production of a whole, no one 
being required to be perfect but each one being limited to 
a tolerable excess or deficiency from a working ideal. 

When all of this is said and done we have not yet quite 
approached the full story of the place of power in the busi¬ 
ness of satisfying the needs of the people. , Engineers well 
understand that the process of industrial production, 
whether it be in machines or tex,tiles, in meats or maga¬ 
zines, is a function of quantity. Bdow a rather large 
mini mum an enterprise cannot develop tte methods of 
interchangeability which make the machine tool tolerable 
or wluCh bring power into the service of the workman. 
Enterprise and courage and a reasonable assurance of 
success are necessary as inducements to the people who 
risk their savings in enterprises which may become obso¬ 
lete on a whimsical turn of fadiion or impotent through a 


major economic disturbance. This is the part of the 
entrepreneur who, in a very real sense and working outside 
the fields of power development, has been necessary to the 
development of the industrial uses of power in this 
country. 

All these elements put together might have accomplished 
nothing had it not been for the superb achievements in 
distribution which have brought the end results of indus¬ 
try to the final user. 

Some engineers and a certain sentimental type of social 
scientist occasionally deprecate the function of commer¬ 
cial distribution and find it quite without use. I am not 
at all sure that advertisers and merchants are perfect or 
even intelligent in their processes, but I do know that it is 
something to have persuaded several millions of people 
to want a new agency of transportation and to promote 
such construction of roads as would make it possible for 
those milhons to reorganize their living about an auto¬ 
mobile, and to persuade those same millions to accept an 
at least currently standard type of tna.chinp rather than 
individualistically to insist on going without through de¬ 
votion to the fetish of tailor-made cars. 

I am not permitting my enthusiasm to enlarge the im¬ 
portance of the nonengineer in this whole sequence of 
development. I know perfectly well that salesmpn and 
capitalists did not in the first instance plan all that they 
have produced any more than the power engineer, when 
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he developed his induction motor, had any idea of apply¬ 
ing it to the gargantuan rolls of a steel mill, I am simply 
saying that these people, like ourselves, recognized facts 
as they Came along and had imagination to build from 
them a little at a time until from gradual progress there 
developed a philosophy of commercial existence. Indeed, 
had they tried to devise an economic or industrial system 
out of their own imaginings they would probably have 
come off very badly. 

The machine tool itself was a product of necessity. It 
probably never would have come into at all substantial use 
had it not been that the cost of supporting the tjrpical 
American workman made necessary some means tre¬ 
mendously of increasing his produddvity. 

Note well that every one of these elements which we 
have sketdied has been essential to modem industrial life 
as we know it; even more than that, has been essential to 
modem nonindustrial living. Our enthusiasm for one of 
these elements in which we may happen to be particularly 
interested—let us say power—should not run away with 
our sense of proportion. On the contrary, it seems to 
me that our pride in our own service becomes greater if 
we have an adequate picture of where it fits in as an essen¬ 
tial and considerable element of something enormously 
bigger than itself. 

We need not be at all deprecatory of the importance of 
our power developments as service to the home or to the 
farm merely because we may be realistic in our appr^en- 
sion of the fact that many other things enter into life and 
that the life is more than meat and the body more than 
raiment. It is understandable, though not by virtue of 



''Neither power hpr the maph tool without the 
other could have established American methods in 
industry’* 


that at all defensible, that the specialist should develop 
an unrestrained enthusiasm for his particular field of 
human endeavor and that his extreme loyalty might com¬ 
municate his zeal to others. What is not perhaps quite so 
clear is that economic, social, and political injuries may 
result from these widespread and exaggerated enthusi¬ 
asms. Not alone as a matter of humane consideration, 
but in self-ddense against the reactions of disappointed 
hope, we must be at pains not to arouse desires thait we 
cannot gratify or which, gratified, will be found not all 
that the body or the soul can crave. 

Energy available as a contribution to carrying on the 
amenities of domestic life is, beyond question, almost, but 
not quite, indispensible and a long, long way from being 
all-sufficient. Let me qualify this a bit. Energy in some 
form or otiier is, of course, completely necessary to human 
existence. For all of the necessities of life there are sub¬ 
stitutes for those forms of energy with which you and I, as 
electrical engineers, are most concerned, and in some 
applications these other and more ancient forms may come 
very close to. the excellences that we can offer, if indeed in 
some respects they may not offer facility or charm rather 
greater than can be developed by electric power. With 
this qualification, may I return to the statement that our 
special form of power is almost indispensible to the con¬ 
venience of modem living. 

Unfortunately the ultraenthusiast paints so vivid a 
picture of the domestic comfort created through the power 
agency that people in all simplicity but in no less great 
sincerity come to believe that dectric power is at once 
necessary to living and a solution of all the mechanical 
problems of the home. I have even read claims not dis¬ 
similar to those on behalf of the x horsepower at the 
worker’s elbow—^namely, that electricity can take all the 
guess work out of cooking and the drudgery out of domes¬ 
tic life. 

It is perhaps reasonable to suspect that a good deal of 
the current abnormal interest of the people in power prob¬ 
lems may be due to their persuasion that this, that, or the 
other overly exploited device is essential to civilized living 
if not a sure cure for all of the difficulties thereof, instead 
of being, as in many cases it is, a most remarkably adept 
contribution thereto. 

So, if you please, a profound conviction of the value of 
extending to the farm the power use which has been so 
common in industry may run away with itself. 

More than 25 years ago, as chairman of the committee 
on electricity on the farm of the association of the industry 
with which I was identified, I had occasion to know those 
early efforts at a broadened use for power. My own com¬ 
ply in the rich farm country of western New York dis¬ 
covered at once the values, the difficulties, and the limita¬ 
tions of farm supply from contiguous distribution circuits. 
Prom such a realistic backgroimd, I have observed with 
much satisfaction the various well-planned efforts which, 
in this country of vast subeconomic areas, have saturated 
every section whose intrinsic economy at all approadies 
the productivity or the population density of western 
Europe. 

On the other hand, I note a marked parallel between 
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Here "rural electrification is feasible and highly developed" 


power use and the human relations. Farm use is least in as they need many other things closely at hand but still 
those states where farm tenancy is common and progres- frightfully difficult of attainment within a farm income 
sively greater until we reach an extraordinary saturation restricted so narrowly as to make impossible many of the 
in the lean, rock-ribbed, stubborn, but user-owned farm mere decencies of life. I even have a suspicion that when 
country of New Hampshire. a good job has been done in the way of aiding and advising 

This and similar human factors make it important that in an improved agricultural technique and when the 
we note certain limitations in this as in other desirable intimacy of human understanding offered by education 
fields of power development. and the means of communication and the means of trans- 

In the first instance, the farm is not a quantity-produc- portation has itself ameliorated farm living as a result of 
tion factory. Its functions are biologic and not mechani- the economic and social improvements, power linps will 
cal, and the conditions are not repetitive nor even pre- almost automatically have become extended to every 
casely cyclic. The economic contribution which power part of the farm community intrinsically capable of sup- 
makes in industry cannot reasonably be expected to have porting the purchase of the devices necessary to the utiK- 
any parallel in farming. The economic welfare of the zation of power. 

rural regions is much more intimately concerned with soil Failing of these things, whidi seem to me to. be funda- 
quality and selection of strains and with plant and animal mental, there is grave danger than when experience shows 
pathology and with market problems and transportation electric service to be imattainable in vast stretches of this 
than with the application of mechanical power. country, as it must for a long time continue to be, or when 

Success of our endeavors in industry does not neces- the farmer along the electric right-of-way finds his eco- 
sarily indicate that we can contribute equally richly to nomic lot and his social outlook not essentially differeht 
agriculture. than formerly, disappointed hopes will vent themselves at 

Rural electricity, of course, can contribute markedly to the expense of those who encouraged them, 
ameliorating the conditions of rural life, but here, as in A too-great desire to electrify a type of countryside 
claiming too much for the economic values of farm electri- unknown in those sections where rural electrification is 
fication, we must be reasonably careful that we do not feasible and highly developed has painted a picture of 
arouse hopes that can only result in frustration. Strangely blessings enjoyed by the city dwdler and believed by one 
enough, it seems not to be popularly recognized, nor all too aware of his hard lot to be denied iiim as a result of 
even to be realized by those better informed technically, deliberate mischief. Thus group suspicion and aloofness 
that the refinement of running water in the home is not, have tmnecessarily and tmjustifiably been strengthened, 
excepting in the least degree, related to electric wires What I have been trying to say is that important as is 
along the highway. Yet a thumbing of the pages of any power as an adjunct to factory, farm, and home, it, in and 
mail-order catalog will bring vivid conviction of the fact of itself, will not revolutionize life. We are, in our most 
that pumps, piping, and fixtures not only are the essence profound relations, biologic creatures and all the conscious 
of that particular evidence of civilization but that they are mechanical and technical efforts in tiie world are small 
somewhat easily to be had. Until the essentials of sound factors in determining the essential well-being of pur lives, 
sanitation are sought by the rural population one wonders To the extent that we have made oiu: lives in their super- 
at times about the value of the electric circuits. ficial details depart from our biologic ori^s, we find ihe 

The most distressingly backward of our rural communi- mechanisms of living important. They ■will be the more 
ties do not in all conscience need electric power, either important if our perspective keeps them in the proper 
economically or as adjuncts to living, one-tenth as much relation to the other elements of li'Ting and to life itself. 

3U 


March 1937 


Parker—Power arid People 













1 ' ! 



Revision of Standards for Railway Motors 

By NORMAN W. STORER 

FELLOW AIEE 


T he standards of the 

AIEE for railway mo¬ 
tors, which for many 
years have been accepted in 
the United States as the “last 
word” and have had an envi¬ 
able reputation in all other 
parts of the civilized world, 
have been completely revised 
and have advanced to the 
status of a tentative American 
Standard. They will be published shortly by the AIEE as 
“Rotating Electrical Equipment for Rail Cars and Loco¬ 
motives.” Approval of this further revision was given by 
the AIEE board of directors at a meeting held at Pasa¬ 
dena, Calif., on June 24, 1936, upon recommendation of 
the AIEE standards committee. 

Compiled by sectional committee C-35 of the American 
Standards Association under the sponsorship of the AIEE, 
these standards are based on many years of experience in 
the design and operation of railway motors and generators. 
They are necessary at this time not only to bring the AIEE 
standards for railway motors up to date, but especially to 
develop standards for gas and Diesel-electric equipments, 
the manufacture of which has grown to large proportions. 

These new standards have been adopted as “American 
Tentative Standards” because the new types of machinery 
covered by them have heretofore had no definite stand¬ 
ards, and such standards must therefore be developed. 
It is also important to leave the door open for changes if 
any are necessary in order to come to an agreement with 
the International Electrotechnical Commission. 

The necessity for bringing the railway motor standards 
up to date will be apparent when the developments of the 
last few years are considered. The motor designers have 
been very active, and have wrought wonderful results. 
The problem has had tlie most intensive study, and ad¬ 
vantage has been t^en of every improvement in ma¬ 
terials, processes, neiw discoveries, and operating experi¬ 
ence, with Uie result that th^ has been a gradual shrink¬ 
age in the dimer^ions and weight of the motor that is 
truly remarkable. 

Reduction in Weight of Motors 

Twenty years ago, the stfeet-car motor weighed in the 
order of frbni 40 to 50 pounds per horsepower at the one- 
hour rating. Today street-ca^ being built 

weighing from 8 to 12 pounds per horsepower at the coh- 
tiimous rating.^^^ ^ : 


to the axle through a single 
train of gears. That practice 
has been practically superseded 
for street-car motors by re¬ 
moving the motor entirely 
from the axle, carrying it on 
separate springs, or mounting 
it rigidly on the truck, and 
driving either through a dou¬ 
ble-reduction gear unit carried 
on the axle, or through a 
“right-angle drive” and a hypoid gear. In either case, 
the motor is relieved of the pounding of the track, and the 
track and special" work are relieved of the pounding caused 
by the dead weight of motor on the axle, both results being 
very desirable. 

These light-weight motors together with the light-weight 
car construction recently developed have given the street 
railway a new lease of life and made possible the high¬ 
speed stream-lined Diesel-electric trains that have re¬ 
cently been so much in the public eye. In the Diesel- 
electric trains, the weight of the power plant and motors, 
with the car to carry them, forms a considerable part of 
the total weight of the train, so that, because the weight 
reductions outlined apply to both motors and generators, 
the total reduction is a very important amount. 

The question arises as to how this great reduction has 
been accomplished. There are 3 important factors that 
are directly responsible: 

1. Higher annature peripheral speeds 

2. Higher permissible temperatures 

3. Better and more veatilation 

The output of a given size of motor with a given current 
capacity increases as the rated voltage and speed increase, 
to a certain point, then more slowly as the torque begins 
to fall as the result of core loss and windage until maxi¬ 
mum voltage or maximum speed is reached. Hence, 
other things being satisfactory, it is desirable to operate 
at as high a speed as is feasible with the gearing available. 
Higher speeds now used were made possible by refine¬ 
ments in the construction of armatures and commutators, 
perfect balance, roller bearings, and improved gears. 

The rise in the temperature of a railway motor has 
always been one of the most important, if not the most 
important, limits. Of course, the motor must be stoong 
enough mechanically and must conunutate satisfactorily. 

Essentially full text of' “Revised Railroad Stendiurd Recogidwa light-Weiglit 
Motors, New Pesigns," published by the American Standards Asso^ation in. the 
February 1937 issue of Industrial Standardization. 


Higher armature peripheral speeds/ better insula¬ 
tion/ and improved ventilation of railway motors, 
together with the rapid development of Diesel- 
electric equipment for railroads, have made 
necessary a revision of the AIEE Standards for 
Railway Motors. The new standards have been 
adopted as ''American Tentative Standards" 
pending further experience with the new types 
of machinery covered by them. 


trhtil very recently, the almost universal practice was 
to mount one side of the street-car motor on the axle, 
supiibiH: tiie other side on the t^ the armature 
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After these features are secured, the rise in temperature 
fixes the rating. Hence, any increase in the permissible 
temperature rise will permit an increased rating. There 
has been a great deal of experience in the last 20 or more 
years with insulation made of incombustible materials 
such as mica and asbestos, known as class B insulation, 
which has convinced the committee that the temperature 
rises given in the AIEE rules can safely be raised for class 
B insulation. It has, therefore, been increased from 105 
up to 120 degrees centigrade rise at the continuous rating, 
measured by the resistance method. This is a conserva¬ 
tive increase based on the large number of motors which 
have been operating for years at such temperature rises. 

Twenty-five years ago, it was the general practice to, 
operate with street-car motors completely enclosed. 
Locomotive motors were in some cases cooled by forcing a 
stream of air through them by motor-driven blowers. 
The use of fans on the armature shafts, inside of the motor 
frames, was just beginning. Both of these methods of 
cooling railway motors have been carried to what appears 
at the moment to be the ultimate limit and have made 
tremendous increases in motor capacity. 


the appendix. A nmnberof schemes have been suggested 
but none has yet had any extensive test. The method 
proposed will add very little to the cost of the usual 
tests and should, if properly used, give a good measure of 
thermal capacity, which is practically the same as over¬ 
load capacity. The committee asks for a fair trial of it 
and the results obtained. 

Altogether these rules represent the best thought of the 
committee that compiled them. The co mmit tee consists 
of 2 members each from 4 national organizations which are 
vitally interested. They are as follows: 

American Transit Association 

H. H. Adams (M’19) supermtendent of shops and equipment, 
Chicago Surface Lines, Chicago, Ill. 

R. H. Dalgleish (A’ll) chief engineer, Capital Transit Company, 
Washington, D. C. 

National Electrical Manufacturers Association 

S. B. Cooper, railway sal^ department, Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, Pa. 

M. R. Ha nn a (A’03) engineer, motor division, transportation 
department. General Electric Company, Erie, Pa. 

American Railway Association 



Increase in Periphieral Speeds 

In no class of railway motors have speed and ventilation 
been carried to greater extremes than in the single-phase 
motors for the Pennsylvania Railroad for multiple-unit 
trains and stream-lined passenger locomotives. There, 
peripheral speeds of armature and commutator are ap¬ 
proximately 12,000 and 9,000 feet per minute, respectively, 
which are about 70 per cent above the speeds of a few 
years ago. A veritable hurricane is blown through the 
motors. The weight per horsepower was brought down 
below that of d-c motors designed only a few years ago, 
which made it entirely practicable 
to equip a single-phase passenger 
locomotive with motive power 
capable of slipping the wheels with 
the maximum permissible weight on 
the drivers and still be able to de¬ 
velop the full motor rating at 90 
miles per hour. 

With such motors as these, the old 
methods of rating fall short of the 
requirements. The continuous rat¬ 
ing becomes practically the same 
as the one-hour rating because of 
the rapid ventilation. The one- 
hour rating is of little, if any, value 
as a measure of the thermal ca¬ 
pacity of the motor, and many 
engineers have advocated dropping 
it, but while admitting its small 
value, the committee feels that it 
should be continued until a better 
measure of thermal capacity is 
agreed upon. 

For these reasons, the committee 
offers a “thermal capacity rating” in 


J. E. Sharpley, electrical engineer, The Wrginian Railroad, 
Princeton, W. Va. 

Sidney Withington (M’20, F’24) electrical engineer. New York, 
New Haven and Hartford Railroad, New Haven, Conn. 

J. V. B. Duer (A’16, F’29) alternate, chief electrical engineer, 
Pennsylvania Railroad, Philadelphia, Pa. 

W. S. H. Hamilton (A’19, M'26) alternate, equipment electrical 
engineer. New York Central Railroad, New York, N. Y. 

American Institute of Electrical Engineers 

E. L. Moreland (A'll, F’21) consulting engineer, Jackson & 
Moreland; also head of department of electrical engineering, 
Massachusetts Institute of Technology, Cambridge. 

N. W. Storer (A’95, F’13, member for life, past vice-president) 
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A passenser train of the Pennsylvania Railroad entering Philadelphia; because of 
their advanced design the single-phase motors with which the streamlined locomotive 
is equipped require new standards for rating 
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Protection of Power Lines Against Lightning 


By W. W. LEWIS 

MEMBER AIEE 


N THESE DAYS of in¬ 
tense public interest in 
electricity, the public utili¬ 
ties are making every effort to 
provide as continuous and de¬ 
pendable service as possible. 

They are interested therefore 
in those types of construction and auxiliary devices that 
will help them maintain a high standard of service. 

It is probable that lightning can be held responsible for 
at least 76 per cent of all interruptions on bare-wire trans¬ 
mission circuits, at least in the eastern part of the United 
States. The other 25 per cent is caused by such things as 
wind, sleet, trees, failure of line insulation or structure, 
failure of apparatus, and mistakes in operation. 

The lightning discharge from doud-to-ground may 
cause induced or direct potentials to appear between con¬ 
ductors and ground. If such potential is sufl&dently high, 
flashover may result; and if the lightning flashover is 
followed by d 3 mamic current, tripout may follow. 

There are several ways in which the effect of lightning 
upon transmission lines may be minimized: by the use of 
(1) overhead ground wires, (2) expulsion protective gaps, 
(3) Petdrsen coils, or (4) immediate initial redostire. In 
the following paragraphs these methods are discussed in 
detail. 

Line Without Overhead Ground Wires 

When lightning strilces a conductor on a line not 
equipped with overhead ground wires, the current divides 
and flows in both directions toward the towers. Only a 
small amount of current passing through the surge imped¬ 
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ance of the conductor is neces¬ 
sary to built up suflScient 
potential to flash over the 
insulator string. 

When lightning strikes a 
tower, the total current passes 
down or up the tower, en¬ 
counters the tower-footing resistance, and raises the 
potential of the tower above ground potential. This 
potential is roughly the product of the current and the 
tower-footing resistance. If this product is high enough, 
an insulator string or strings will flash over. In some 
instances the normal-frequency voltage added to or 
subtracted from the transient voltage may determine 
which strings flash over. Flashover of an insulator string 
places the impedance of the conductor in multiple with 
that of the tower and tends to relieve the potential of the 
tower and thus may prevent other strings from fla^jhin g 
over. 

Where wood poles are used, the resistance to ground is 
so high that flashover between conductors may take place 
instead of flashover to ground. 


One ^ound wire is usually not sufficient to shield the 
conductors effectively from direct strokes, either on single¬ 
circuit horizontal arrangements or double-circuit vertical 
arrangements. Two ground wires placed above and mid- 

Bssential substfuice of a paper presented at a meeting of the AIEE Philadelphia 
(Pa.) Section, January 11,1037. 

W. W. X/BWis is electrical engineer in the central station engineering department 
of the General Electric Company, Schenectady, N- V. He is the author or co¬ 
author of several Institute papers on lightning protection, and is serving on 4 
Institute technical committees. ' . . 

Electrical Engineering 


A brief review of the fundamentals of the light¬ 
ning protection problem, and of the various 
common methods of protecting power trans¬ 
mission lines against lightning, their comparative 
merits, and their relative costs. 


Line With Overhead Ground Wires 
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way between the conductors on horizontal arrangement or 
over the outermost conductors on vertical arrangement 
have proved adequate in practice to shield the conductors. 

When the conductors are properly shielded, a direct 
stroke will strike either' the ground wires or the tower. 
If it strikes the ground wires, the current will divide and 
flow toward the towers at the ends of the span. At the 
tower the current will divide again, part passing down 
the tower and part continuing on the ground we. The 
part passing down the tower will encounter the footing 
resistance, the tower will be raised .in potential by the 
product of current and resistance, and flashover will re¬ 
sult if this product exceeds the strength of the insulation. 
•Coupling between the ground wires 
and conductors and the normal- 
frequency voltage may sometimes 
determine which insulator strings 
flash over. 

When lightning strikes the top of 
a tower, the current di'vides, part 
going down the tower and part go¬ 
ing out on the ground wires in both 
directions. Again, the part going 
down the tower encounters the 
footing resistance, raises the po¬ 
tential of the tower above that of the 
conductor, and may cause flashover 
if the potential is sufficiently high. 

Where wood poles are used with 
overhead ground wires and down 
leads, the action is exactly the same 
as for steel-tower Hnes, except that 
the wood crossarm may add extra 
insulation and allow the potential to 
rise somewhat higher before flash- 
o'ver. Where the insulator hard¬ 
ware is bonded and grounded, the 
action of wood-pole lines is identical 
with that of steel-tower lines. 

Tower-Footing Resistance 


From the previous discussion it 
is apparent that the prevention of 
flashover resulting from direct 
strokes to overhead ground wires or 
towers, depends largely on the 
tower-footing resistance. Assum¬ 
ing a knowledge of the magnitude 
of current in towers due to direct 
strokes and of the strength of the 
line insulation, then it is possible to 
arrive at a limiting value of tower- 
footing resistance for a given line. 
For example, if the highest current 
expected is 100,000 amperes and the 
line insulation is 1,000 kv, then the 
highest permissible footing resist¬ 
ance is 10 ohms. 

Several devices have been used to 



Installation ol expulsion protective gaps 
on 115-lcv H-frame line 


reduce tower-footing resistance, among which are driven 
rods, driven wells, ground plates, and buried conductors 
or counterpoises. Among the questions still to be 
answered are: the relative effectiveness of a given resist¬ 
ance obtained by 2 different methods, such as driven rods 
or counterpoise wires; the relation between resistance 
measured by Megger at low current and voltage and that 
encountered by lightning current of high intensity and at 
high voltage; also the most effective length of counterpoise. 

Evidence gathered during the past few years attests to 
the great effectiveness of the continuous tower-to-tower 
counterpoise wire. A section of line 2.6 miles long 
equipped with tower-to-tower counterpoise has operated 
8 years without flashover, as against 
an average of 10 flashovers per year 
in the 3 years previous to the in¬ 
stallation of the counterpoise wire. 

A continuous coimterpoise is, of 
course, a conductor or conductors 
buried under the transmission line 
from end to end of the line or 
certain sections of the line and con¬ 
nected to all tower feet. Some 
engineers believe that if the same 
amount of conductor were used as 
a radial or crowsfoot counterpoise, 
where several conductors merely 
radiate outward from the foot of 
each tower with no connection be- 
tween towers, it will give more 
1^ effective, protection. 

Short radial counterpoise wires 
also have improved the operation 
of lines. On the Glenlyn-Roauoke 
(Va.) line of the Appalachian 
Electric Power Company certain 
towers are equipped with 160-foot 
counterpoise wires running parallel 
with the line and from diagonally 
opposite legs of the towers, with 
40-foot wires running at right angles 
to the line from the other 2 legs. 
A number of records obtained in 
1935 showed the sum of the current 
readings in the long wires to have 
a ratio of 4.3 times the current in the 
short wires; the ratio of the lengths 
is 3.76. In 1936, a large number of 
readings on this line showed the 
sum of the current readings in the 
long wires to have a ratio of 2.9 
times the current in the short wires. 

On the Wallenpaupack-Siegfried 
line of the Pennsylvania Power and 
Light Company, certain towers were 
equipped, in 1936, with one 260-foot 
and 3 50-foot radial counterpoise 
wires. The summation of readings 
on protective gaps of currents in the long and one 
•frame line short wire gave a ratio of 7.5, as 
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compared with a ratio of lengths of 6. Simultanojus 
readings of current at several different points along the 
150“ and 25G-foot counterpoise wires indicated an almost 
uniform current distribution along the wires, but with 
different rates of current connection or dissipation at 
different current levels. It has been suggested that figures 



Arrangement 
of overhead 
ground wires 
to give good 
shielding 
against direct 
strokes, for 
vertical and 
horizontal 
configuration 
of conductors 


these may be mentioned the Pennsylvania Power and 
Light Company’s 66-kv wood-pole lines, the Carolina 
Power and Light Company’s 115-kv wood-pole lines, and 
the American Gas and Electric Company’s 132-k:v steel- 
tower lines. In the limited time they have been in opera¬ 
tion, such lines have had very good service records. 

Expulsion protective gaps were placed on one circuit of 
the Glenl 3 rn-Roanoke double-circuit line in 1933, and on 
the Roanoke-Danville single-circuit line in 1934. In the 3 
years, 1933, 1934, and 1935, a total of 339 gap operations 
occurred, with 30 cases of incorrect operation. The 
outages on the 2 circuits of the Glenl 3 rn-Roanoke line 
averaged 10 per year during the 3 years of expulsion-gap 
operation, against an average of 18 per year diuring the 
previous 7 years. On the Roanoke-Danville line the out¬ 
ages for the 2 years of gap operation averaged 4.5 per year 
against an average of 19.5 per year for the 7 previous 
years. 

The Pennsylvania Power and Light Company and the 
Pennsylvania Water and Power Company installed, in 
1935, expulsion protective gaps and Deion gaps on about 
98 miles of 66-kv line, consisting of 81 miles of single¬ 
circuit wood H-frame line and 17 miles of double-circuit 
steel-tower line. Out of a total of 944 structures, 543 were 
equipped with gaps. During the 1935 season there were 
374 tube operations, with 8 tube flashovers or failures. 
There were 18 tripouts on these lines during this period. 


of this sort for several different lengths and ratios of 
length might give some indication of the effective mini- 
mtun length of counterpoise wires. 

Expulsion Protective Gaps 

Another way of attacking the problem of continuity of 
service is to direct the flashover through gaps or tubes set 
for a slightly lower flashover potential than the insulators, 
not attempting as in the previously discussed solution to 
prevent flashover altogether. 

The expulsion protective gap is a tube with an internal 
gap, connected to the line through an external gap, the 
. whole having a flashover potential lower than that of the 
insulator string. The tubes are selected for the range of 
short-circuit currents expected. The short-circuit current 
that follows the lightning flashover produces a pressiure 
withiii the tube and the arc is extinguished within a half 
cycle. 

For continuity of service, it has been customary to build 
double-circuit lines. However, even with 2 circuits a 
large proportion of the faults may involve both circuits, 
because when lightning current passes down a tower, the 
tower potential may be raised above tliat of all 6 conduc¬ 
tors, and the probability is that more than one conductor 
will flash over at a time. On wood-pole lines, faults 
frequently spread between circuits because of the high 
resist^ce of the pole, whidi does not relieve the potential 
due to a direct stroke. 

For^ the foregoing reason some power companies now are 

building single-circuit lines equipped with expulsion pro- 
tectiye g^ps, instead of double-circuit lines. Among 


Data given for the lines of the Appalachian Electric 
Power Company indicate that for the Glenl)na-Roanoke 
line the outages on the double-circuit were reduced 
about 45 per cent after the installation of expulsion pro¬ 
tective gaps on one circuit. On the Roanoke-Danville 
single-circuit line the outages were reduced about 75 per 
cent after the installation of the expulsion protective gaps. 
Approximately 9 per cent of the gap operations on both 
lines were incorrect. 

Data at hand for the 66-kv Pennsylvania lines do not 
permit of an evaluation of the improvement in operation 
due to the gaps, except perhaps in case of 2 of the lines. 
On these 2 lines gaps were installed to guyed structures 
only, which comprise about 25 per cent of the structures 
on the Northumberland-Williamsport line and about 14 
per cent on the Berwick-Bloomsburg line. The operating 
record of these lines showed 1 tripout on each line in 1935 
as compared with a yearly average of 7 tripouts on the 
Northumberland-Williamsport line and 5 on the Berwick- 
Bloomsburg line during the previous 4 years. There were 
many correct gap operations (the incorrect gap operations 
were slightly over 2 per cent on these lines). 

It cannot be said that each correct gap operation saves 
a tripout. It must be remembered that the flashover 
potential of the expulsion-gap assembly is considerably 
less than that of the insulation assembly which it is de¬ 
signed to protect (10 to 15 per cent less for the 132-kv 
steel-tower lines and about 40 per cent less for the 66-kv 
wood-pole lines considered in this discussion). It is 
obvious therrfore that the number of expulsion-gap 
operations will be greater than the number of insulator 
flashovers tluit would have oectured if the gaps had not 
been installed. Nevertheless, it is probably true that the 
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gaps saved a large number of tripouts on these lines during 
the period of their operation. 

Petersen Coils 

Briefly, the Petersen coil is a reactance coil connected 
between the system neutral and ground and specially 
proportioned in relation to the capacitance of the system. 
Upon the occurrence of a line-to-ground fault on one 
conductor, a lagging current will flow through the coil 
which is equal in magnitude and opposite in phase to the 
charging current at the fault. Under this condition the 
resultant current at the fault becomes zero and the fault is 
cleared. 

In some instances there is a residual in-phase component 
of current at the fault, which cannot be neutralized by the 
Petersen coil. This current is due to corona on the line 
conductors, leakage over insulators, and other factors. 
If large enough to be important, the in-phase component 
may be neutralized by special auxiliary means. It is 
obvious that the Petersen coil cannot neutralize a line-to- 
line fault. 

The use of the Petersen coil in Germany and other 
European countries has been very extensive. Approxi¬ 
mately 1,000 coils have been installed on systems var 3 ring 
in voltage from 5 to 220 kv. In the United States the 
solidly grounded neutral system has been very popular, 
and therefore Petersen coils and other grounding devices 
have not received wide acceptance. 

At the present time there are 5 coils in operation in the 
United States as follows: an 800-kva continuous-rated 
coil on the 44-kv system of the Georgia Power Company; 
2 10,000-kva 10-minute-rated coils on the 140-kv system 

of the Consumers Power Company, Mich.; a 3,000-kva 


tern mileage had practically doubled and greatly out¬ 
grown the capacity of the coil. The coil was moved to 
the Georgia Power Company’s system and installed on the 
130-mile Marietta section of the 44-kv system, where it 
has been in successful operation for about 6 years. 

The Consumers Power Company’s coils were installed 
late in 1931. The system consists of 276 miles of line on 
steel towers, all but about 40 miles of which is single cir¬ 
cuit. There are no overhead ground wires on this line. 
The coils are rated 10,000 kva for 10 minutes and are 
installed one at Saginaw and one at Alcona. Operation 
on this system shows approximately 70 per cent of all 
faults in about 5 years’ service cleared without oil circuits* 
breaker operation. 

The Central Maine system consists of 560 miles of 33-kv 
line on wood poles with pin insulators and no overhead 
ground wires. The Petersen coil was installed in the fall 
of 1935. In the 14 months from August 1, 1935 to Octo¬ 
ber 1, 1936 the Maine coil operated 54 times and cleared 
all faults that were not permanent, without a service inter¬ 
ruption. In the Gulf Island Station in the 6 years before 
the coil was installed, there were 27 insulator or bushing 
flashovers associated with faults at other points on the 
system. Since the coil has been in service flashovers of 
this type have not occurred. 

It is probable that the majority of faults start as single¬ 
phase-to-ground disturbances and that later other phases 
may become involved. It is also probable that high 
tower-footing resistance, by allowing the tower potential 
to rise above that of the conductors, is responsible for the 
other phases becoming involved. Consequently, a reduc¬ 
tion in tower-footing resistance will decrease the number of 
phase-to-phase faults, and allow the single-phase faults to 
be cleared by Petersen-coil operation. 


30-minute-rated coil on the 33-kv system of the Central 
Maine Power Company; and a coil rated 800 kva for 30 
minutes on the 33-kv system of the Public Service Com¬ 
pany of Indiana. A 10,000-kva 10-minute coil will be 
installed during the spring of 1937 on the 100-kv system of 
the Public Service Company of Colorado. 

The first Petersen coil in the country was an 800-kva 
continuous-rated coil installed on the Lock 12-Vida-Selma- 
Montgomery section of the Alabama Power Comjpany’s 
44-kv system in 1921. This coil operated successfully 
until early^n 1924 when it was removed because the sys- 
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Immediate Initial Reclosure 

During the last few years an operating procedure has 
been developed to itpiprove continuity of service on feed^ 
and tie lines: The practice of immediate initial reclosure 
of a circuit-breaker that has been tripped automatically. 
Many of the causes of short circuits have disappeared 
by the time the controlling breaker can be reclosed. Ex¬ 
perience has demonstrated that immediately returning 
voltage to a circuit not only does no harm, but completely 
neutralizes the effects of interruption on most types of load. 

All motors connected to an immediately reclosed circuit 
must have time delay on their undervoltage releases, if 
full benefit is to be derived from this procedure. Other¬ 
wise the motors having an instantaneous under-voltage 
device will be disconnected during the period of no voltage, 
and it then makes no difference whether the voltage is re¬ 
established immediately or later. Provided under-voltage 
devices, when used, have time-delay 
features, it is possible to open the 
circuit-breaker and unmediately re¬ 
close it with no detrimental effect on 
many kinds of load. The value of 
this procedure increases with the 
prevalence of lightning on a system, 
for then a smaller proportion of faults 
arises from causes that are permanent. 

Some companies, especially in the 
Southeast, have applied immediate 
redosure to their systems with sig¬ 
nificant improvement in their serv¬ 
ice. On one system it has been 
foimd that a circuit can be returned 
immediately to service after nearly 
90 per cent of the tripouts, and re¬ 
main dosed with no loss of load and 
no detriment to service. 

Immediate redosure does not 
benefit all types of loads. Where it 
is applicable, and where many of 
the outages result from transitory 
causes, such as lightning, immediate 
redosure is usually a sunple, inex¬ 
pensive, and very effective means of 
improving the service. In addition, 
immediate redosure reduces service 
interruptions from certain causes 
from which the other protective 
means may not. These indude 
temporary conductor contact from 
vdnd, sleet, or foreign materials on 
the line, such as kite strings, tree 
branches, and birds, which often 
leave the line dear after the first 
tripout. 


Suintnary 

None of the means of lightning pro- 
action considered here has shown a 
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perfect record. In some instances, however, overhead 
ground wires, when properly installed to shidd the con¬ 
ductors from direct strokes and when accompanied by 
adequate insulation and low tower-footing resistance, 
have shown an almost perfect record. 

The e:q)ulsion protective gap has shown good perform¬ 
ance, espedally on wood-pole H-frame lines. Improve¬ 
ments in the tubes may be expected as a result of past 
operating experience. This will tend further to improve; 
the performance of these gaps. There is some evidence 
that equipping one circuit of a double-circuit line is bene¬ 
ficial, and on the Peimsylvania systems equipping only 
the guyed structures was apparently beneficial. 

In the limited experience with Petersen coils in the 
United States, this equiprnent has shown a record of 
suppression of faults of the order of 70 to 80 per cent. 
Low tower footing resistance is of importance here in 
limiting the number of phase-to-phase flashovers, thus 
giving the Petersen coil full op¬ 
portunity of taking care of the 
line-to-ground flashovers for which 
it is adapted. 

Immediate initial reclosure has 
been applied mainly to radial feeders 
and tie lines of medium voltages 
(up to 66 kv), although trial instal¬ 
lations have been made on higher- 
voltage lines (up to 132 kv). A cer¬ 
tain amount of maintenance is in¬ 
volved in the oil circuit-breakers, 
relays, and other equipment. 

It is difiScult to evaluate in gen¬ 
eral terms the cost of applying the 
various methods mentioned, so that 
the following figures should be con¬ 
sidered as only very rough: For a 116- 
or 138-kv double-circuit steel-tower 
line, the cost of 2 overhead ground 
wires plus a continuous tower-to- 
tower counterpoise wire would be 
roughly $1,500 or $1,600 per mile. 
The cost of expulsion protective gaps 
plus installation would be roughly 
$1,200 to $1,400 per mile for both 
circuits or $600 to $700 if only one 
circuit is equipped. The cost of a 
Petersen coil for a 100-mile line plus 
installation would be roughly $10,- 
000, or $100 per mile. Immediate 
initial reclosure is probably the least 
expensive of any of the methods 
mentioned, assuming that suitable 
breakers and relays are already 
available and that only the auto¬ 
matic redosing device is required. 

Each method has its advantages 
and disadvantages, and the best 
method for a particular case can 
be selected only after a study of all 
on a 33-l(v system the circumstances. 
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Further Characteristics of the Carbon Arc 

By W. C. KALB 

MEMBER AIEE 


In this paper the carbon arc is considered in its 3 characteristic 
forms, the low intensity arc, the high intensity arc, and the flame arc. 
The influence of arc current on the energy emission is discussed in 
relation to each of the 3 types, as well as the effects of variation in 
arc voltage. 

The discussion cmers characteristics which should be given con¬ 
sideration in order to make most elective application of the various 
types of arcs. 

I N THE course of a previous paper, which discussed 
the general characteristics of the carbon arc, it was 
pointed out that there are 3 distinct types of carbon 
arcs, the low-intensity neutral-core arc, the flame arc, 
and the high-intensity arc. The characteristic features 
distinguishing these 3 types of arcs were also described. 
Each of these types has its own peculiar characteristics 
and is affected in different manner or degree by varia¬ 
tions in arc conditions. It is the purpose of the present 
paper to present further data on the characteristics of 
these arcs and to consider the effect of certain variables 
on the character and intensity of the light emitted. 

Distribution of Radiant Energy 

The quality of light from the high-intensity arc is in¬ 
herently whiter than that from the low-intensity neutral- 
core arc. This might be anticipated from the much 
higher intrinsic brilliancy of the crater. Spectral energy 
distribution curves for all carbon arcs show 2 character¬ 
istic peaks, one of moderate intensity at about 2,500 
Angstrom units and a dominant band of emission, com¬ 
monly called the “cyanogen peak,” at about 3,800-3,900 
Angstrom units. Except for the influence of this cyano¬ 
gen peak, the energy emission from the d-c low-intensity 
neutral-core arc at full brilliancy tends to follow the 
theoretical black-body radiation curve for 3,810 degrees 
Kelvin, the brightness temperature of carbon at the point 
of vaporization. The emission from the d-c high-intensity 
arc, on the other hand, comes nearer to the black-body 
curve for 6,600 degrees Kelvin. This difference is il¬ 
lustrated in figure 1, in which all curves have been ad¬ 
justed to. a maximum value of 100 (exclusive of cyanogen 
peak) on an arbitrary scale of intensity. It is obvious 
from the energy distribution shown by these curves that 
the light from the high-intensity arc has a substantially 
even balance of all colors and comes close to our concep¬ 
tion of a pxure white light. It is equally obvious that the 
light from the low-intensity arc has a yellowish tiiit re¬ 
sulting from the higher intensity of the longer wave 
lengths within the visible range. 

The distribution of radiant energy from the flame arc 
is dependent largdy ori the composition of the core. 
This is illustrated, for the visible range, by figure 2 where 
the output from a 30-ampere 50-volt a-c arc between 
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neutral-core carbons is compared with that from carbons 
burned under the same conditions and having identical 
outer shells but whose cores contain, respectively, cerium, 
calcium, and strontium. Figure 3 shows the effect of 
variation in core composition on the ultraviolet emission. 
The respective core compositions in this-case contain the 
elements listed below the curves. Many elements, other 
than those whose effects are illustrated in figures 2 anH 
3, have pronounced influence on the quality of emission 
in both the ultraviolet and the visible portions of the 
spectrum. This fact makes the flame arc a highly 
flexible source of radiation, capable of adaptation to a 
wide range of requirements in radiation characteristics. 

Effects of Increasing Arc Current 

In all lypes of arcs, one effect of increasing arc current 

to increase the light oulput. This result, however, is 
subject to certain practical limitations characteristic of 
the various lypes. For a given type and size of trim 
there is a certain range of current within which best re¬ 
sults are obtained. Operation at lower currents allows 
the arc to wander over the face of the carbon with re¬ 
sulting unsteadiness of light. Currents above this op¬ 
timum range likewise produce an unsteady arc due to 
the effects of overloading the carbons. Carbon manu¬ 
facturers have carefully determined the op timum range of 
current for the several types and sizes of carbons, and 
their instructions should be followed. As long as proper 
arc conditions are maintained, operation withhi the 
recommended range of current can be depended on to pro¬ 
duce satisfactory arc performance. 

In the d-c low-intensity arc the light produced is 
largely dependent on the area and intrinsic brilliancy of 
the positive crater. Only a small percentage of the total 
light comes from the arc stream and the less brilliant tip 
of the negative carbon. Mott and Kunzmann (reference 
2) have shown that the relation between arc current and 
crater area may be expressed by an equation of the form 

A « 7 -f- 0.47/*: 

where 

A » crater area in square millimeters 
I = arc current in amperes 
e = 1.4 for Mxbons of large diameter 

=s 1.36 for carbons of small diameter 

More recent observations (reference 3) on positive car¬ 
bons of 10 to 13 millimeters diameter, designed for use in 
low-intensity d-c projection lamps of the reflecting type, 

A paper reopmmended for publication bjr the AIBB committee bn prodnetibn 
and application of light. Itjfanuscript submitted Aagiist 20, 1936; released for 
publication October 22, 1036. 

W. C. Tg*r.iB is employed in the adverting department of the National Carbon 
Company, Inc., Cleveland, Ohio. 
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Table I Influence of Arc Current on Low-Intensity D-C Arc 
at 55 Volts, SRA Trim 


Diameter 

PositiTe 

Carbon, 

Milli¬ 

meters 

Arc 

Current, 

Amperes 

Crater 

Area 

Square 

MUU- 

meters 

Maximum 
Intrinsic 
Brilliancy, 
Candle 
Power per 
Square 
MilU- 
meter 

Candle 
Power Di¬ 
rectly in 
Front of 
Crater 

Candle 
Power 
per Arc 
Watt 

10. 

....21. 

...34.8... 

.174. 

... 6,720. 

_4.96 

10. 

-24. 

...89.2... 

.176. 

... 6,660. 

.6.04 

12. 

...28. 

...49.0... 

.171. 

... 7,900. 

_6.12 

12. 

-84. 

...60.0... 

.17A 



13. 

...82. 

...61.0... 


... 9,100. 

• •»«3«24 

_g.ia 

13. 

...44. 

...77.9... 


..13,200. 

....6.46 


candle power measurements given in table I are closely- 
approximated by the equation CP = 164.0 
In the d-c high-intensity arc, increase of current in¬ 
creases both the area and the depth of the positive crater. 
The increase in crater area with increasing current is 
shown by the curves in figure 4. It is apparent from 
these curves that, at the same current, 2 carbons of 
different diameters will show a substantially larger crater 
on the larger carbon. The influence of arc current on the 
intrinsic brilliancy of the positive crater is shown by the 
curves in figure 5. Here it is apparent that, of 2 carbons 
•of different diameters operated at the same current, the 


Table II Influence of Arc Current on High-Intensity D-C 
Arc With Rotating Positive 


Diameter 

ot 

PosltiTe 

Carbon, 

MiUi- 

meters 


Are Arerage 
Currant, Arc 
Amperes Voltage 


Crater 

Area, 

Square 

Milll- 

metera 


Intrinsic 

Brilliancy, 

Candle 

Power 

per 

Square 

MilU- 

meter 


Candle 

Power 

of 

Crater 

Light 


Candie 

Power 

per 

Arc Watt 


0 .. 

... 60... 

...44... 

.. 29.3.. 

...430. 

.... 12,600... 

.... 26,000 

9 .. 
11 .. 
13.6.. 
13.6.. 
16 .. 
16 .. 

... 76... 

...64... 

.. 36.4.. 

...706.; 

... 90.., 
...100... 
...126... 
...136... 
...166... 

...60... 

...63... 

.. 66.0.. 
.. 73.8... 

...760.. 

...636.. 

.... 42,000... 
.... 39,000 

...68... 

...70... 

...72... 

.. 92.0... 
..132.0... 
..146.7... 

...816.. 

...670.. 

...696.. 

.... 76,ooo;;; 
.... 76,000... 
....101,000... 


...6.68 

...6.17 

...7.78 

... 6.20 

...8.82' 

....7.94 

...9.05 


support the substantial accuracy of this formula. The 
measured values of crater area represent values of e 
ranging from 1.32 to 1.35. 

The vaporizing temperature of carbon having been 
approached in the low-intensity arc, further increase in 
arc current results in Uttle increase in intrinsic briUiancy 
of the positive crater. The increase in crater area, how- 

doesresult m an increase of totd Hgh^ emission. 

The ^tical systems used in most projection lamps and 
projectors place limitations on the area of the positive 

^ effectively focused 
the dimenswns of the aperture plate and projected 

reason, when a projector carbon 
^ been raised to its maximum intrinsic brilliancy, 
fmrther mcrease m current produces little, if any, increase 
in screen illumination. Table I shows the Muence of 
^c ^ent on^the crater characteristics and light output 
-c With the type of c^on^iw 
^ively used m reflectmg type projection lamps. 

Mott ^d Eunzmann (2) found that the candle poZr 

^ the range of 

CP m 61.41^* " ^ 

higher efficxen(y in 
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Fig. 1. Spectral energy distribution curves 

>4--13.6.mllllmeter d-c hlgh-fntenslty arc, 125 amperes, 63 
I volts 

r I 30 amperes, 55 volts 

^ W 5,600 degrees Kelvin 

Theoretical black-body radiation at 3,810 degrees Kelvin 


30 00 '^^^^4000^^^ I N^^NGSTROM UNITS 


RED 


7000 


320 


Fig. 2. Effects of 
core composition 
on near ultraviolet 
and visible radia- 
tion^BOamper^ 
50 volb, a-c 



Kalbr^Carion Arc 


^SJRONTIUM^toREDCARBOtT^REDFLAMi^ 

^QUARE represents 250 MICROWATTS PPR 
SQ CM AT ONE METER "roKrC- 

EijacnsticxAL 



































smaller will have the higher intrinsic brilliancy. This is 
the natural result of concentrating the energy of the arc 
within a smaller area. It is evident, from a comparison 
of these curves with the data given in table I, that much 
higher intrinsic brilliancies are available from the high- 
intensity arc than are possible to obtain from the low- 
intensity arc. 

Table II shows the effect of arc current on the crater 
light from the d-c high-intensity arc with rotating posi¬ 
tive electrode and also shows the arc-voltage representa¬ 
tive of average operating conditions at the specified arc 
currents. The figures in this table do not include the 
light from the tail flame of the arc, which represents about 
32 per cent of the total light output but cannot be properly 
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Fig. 4. Crater area versus arc current—d-c high- 
intensity arc 
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Fig. 6. Effect of arc current on energy distribution 
d-c high-intensity arc—^-millimeter positive 


focused by the optical system of projection lamps and 
therefore does not add to the screen illumination. 

Increasing current does not greatly affect the quality 
of light emitted by the high-intensity arc. This is shown 
in figure 6 by the energy-distribution curves for a high- 
intensity arc with 9-millimeter positive operated in a 
reflecting type projection lamp at arc currents of 70, 75, 
80, and 90 amperes. Over this ran^ of current the 
increase in arc watts and the increase in radiant energy 
are in approximately the same ratio, the effect of increas¬ 
ing current being slightly more pronounced in the blpe 
and green bands of the spectrum than in other portions. 

With flame arcs the i^ects of increasing arc current 
are decidedly complex. They vary with the composition 
of the flame supporting core, with the range of current 
in which comparison is made and with the portion of iiie 
spectrum in which inteiisity of radiation is ot^erved. 
i few examples are cited to illustrate the effects of arc 
cture^ imder specific cond^^ y ^ 

The increase in intensily of ultraviolet radiatiop, be¬ 
tween the limits of 2,900—3,100 Angstrom units, whidi 
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results from increasing arc current, with voltage constant, 
is shown by the curves in figure 7. The upper curve 
shows the effect on a carbon having iron, nickel, and 
aluminum in the core and the lower curve the effect on 
one containing cerium. The curves in figure 8 show the 
corresponding effects on total radiation over a broad 
band of the spectrum, from 1,700 to 6,500 Angstrom units. 
This includes practically all ultraviolet emission from 
the arc and a major portion of the visible light. In this 
case, the upper curve represents the cerium-cored carbon 
and the lower curve the carbon containing iron, nickel, 
and aluminum. 

The effect of current increase at different wave lengths 
can be illustrated by curves showing the variation in 
mean exponential relation between changes in arc current 
and resulting changes in intensity of radiation. These 
curves, presented in figure 9, are based on the equation 

m ^ fli\ 
where 

W ■= intensity of radiant energy 
I 1 = arc current in amperes 

e *= exponential relation between current and intensity 

Curves are drawn for 2 ranges of arc current, 30-60 
and 60-90 amperes, and for the 2 types of carbons sho wn 
in figures 7 and 8. The complexity of the relationship 
between arc current and resulting energy emission at 
different" wave lengths is evident from these curves. 

A series of observations of more practical application, 
relating to the light output of the flmne arc under varied 


light output than with upper carbon negative; and, 
the d-c arc with cerium-cored negative gives higher light 
output than with neutral-cored negative. 

While the foregoing figures show a decided advantage 
for the d-c arc over the a-c arc on the basis of candle 
power per arc watt, this advantage is more than offset 
when the comparison is made on a basis of candle power 
per line watt between a single d-c arc on a 115-volt cir¬ 
cuit and a transformer-operated a-c arc. It is common 
practice, however, particularly in twin-arc lamps, to oper¬ 
ate 2 d-c arcs in series from ^e standard-voltage d-c cir¬ 
cuit at a somewhat lower arc voltage than that used in 
obtaining the data given in table III. Under these condi¬ 
tions comparison on the basis of candle power per line 
watt favors the d-c arc when no reflectors are used. 
This was the condition under which data was obtained 
for the comparison given in table IV. 

The use of reflectors may and, in most designs, does 
more than offset the primary advantage of the d-c twin 
arc over the single, transformer-operated a-c arc. This 
is because higher efficiency in reflector design is possible 
with the single arc which can be centered in a reflector 
of symmetrical form. 

Effects of Arc Voltage 

The d-c low-intensity arc with neutral-cored carbons 
gives optimum performance over a rather limite d range 
of arc length and arc voltage. For this reason it is cus¬ 
tomary to maintain approximately constant arc voltage 
and to vary the light output by adjustment of arc current. 



Table III—Light Output of Cerium-Cored Flame Arc at 55 Volts 


Upper Carbon 


lower Carbon 


>/*- by 12-inch cerium cored . Va- by 12-inch cerium cored 

•/i- by 12-inch cerium cored .»/a- by 12.inch cerium cored 

V«- by 12-inch copper coated, 

cerium cored ..•/,- by 12-inch copper coated, 

cerium cored 

Upper Carbon Positive lower Carbon Nefative 

*/f- by 12.mch cerium cored .i/,. by 12-inch ceriunx cored 

•/i- by 12-inch cerium cored . V*- by 12-inch cerium cored 

*/•- by 12-inch copper coated, 

cerium cored .•/*- by 12-inch copper coated, 

- cerium cored 

Upper Carbon Negative lower Carbon Positive 

i/»- by 12-inch cerium cored .»/»- by 12-inch cerium cored 

Vf by 12-inch cerium cored .»/*- by 12-inch cerium cored 

VI-by 12-inch copper coated, 

cerium cored ..i/,- by 12-inch copper coated, 

cerium cored 

v»- by 12-inch neutral cored.i/i- by 12-inch cerium cored . 

Jr neutral cored.i/,- by 12-inch cerium cored , 

•/i- by 12-mch copper coated,..Vi- by 12-inch copper coated 

neutral cored 


Power 

Arc 

Corrent, 

Amperes 

Mean 

Spherical 

Candle 

Power 

Mean 

Spherical Candle 
Power per 

Arc Watt 

.A-C. 

.30. 

... 6,085.... 

.4 a.'i 

.A-C...... 

.45. 

.... o'isoo.... 



A-C.60.13,500..4.09 


D-C. 

.30. 

.10,110. 


D-C. 

.45. 

.13,520. 



D-C..... .60.21,120..6.40 


D-C. 

.30. 

.... 7,640. 

.4.67 

D-C. 

.46. 

....11,840. 

.4.78 

D-C. 

.60. 

....15,970. 

.4.84 

D-C- 

.30. 

.... 6,985. 


D-C. 

.46. 

.... 8(710. 

.3.52 

D-C. 

.60. 

....11,410. 

.3.46 


conditions of operation is given in table III. These ob- The d-c low-intensity reflecting arc is usually operated with 
seryations were made^ with white flame (cerium cored) 54-57 volts at arc. Curve A in figure 10 is representative 
photographic carbons in the lamp mechanism of a photo- of the average relationship between arc voltage and cur- 
engtaving lamp of standard make. rent in other lypes of lamps using the d-c low-intensity arc. 

The data in table III disclose that, under the same The d-c high-intensity arc, under given conditions of 
^ncfltions of arc yoltage and current, the d-c arc between trim and arc current, should also be operated at essentially 
n^e carbons gives higher light ouiput than the a-c constant arc voltage. In fact, arc voltage is often used 
arc, the d-c arc wi^ tipper carbon positive gives lugher as the control factor for operating the carbon-feeding 
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mechanism. Nevertheless, arc voltage alone does not 
afford a sufficient basis for adjustment of the carbons in 
the high-intensity arc. Joy and Downes (reference 4) 
have published the results of a thorough investigation of 
this subject. They have shown that it is possible to 
operate a high-intensity arc at 120 amperes with 70 volts 
drop across the arc at arc lengths ranging from Vs inch 
to iVs inches. However, widely divergent results as to 
steadiness and quantity of crater light are encountered 
over this range of arc lengths. Relative position of 
positive and negative carbons is probably a factor of 
greater importance than arc voltage in maintaining 


Tabic IV—Comparison Between D-C Twin-Arc and 
Transformer-Operated A-C Arc; All Carbons Cerium 

Cored 


Arc 

Current, 

Amperes 

2 4S-Volt, D-C Arcs in 
Series on llS-Volt Line, 
Upper Positive 

SS-Volt A-C Arc, Transformer 
Operated; 3 Per Cent Loss 
Allowance 

Mean 
Spherical 
Candle Power 

Mean 
Spherical 
Candle 
Power per 
Line Watt 

Mean 
Spherical 
Candle Power 

Mean 

Spherical 

Candle 

Power per 

Line Watt 

30.... 

.16,540... 

.4.80... 

.6,985_ 

...,4.10 

45.... 


.4.28... 


....3.84 

60..., 

..34,600.... 

.5.01... 

.13,500_ 

....3.97 



Fig. 7. Variation 
of ultraviolet 
(2,900-3,100 
Angstrom units) 
with current-flame 
arc at 50 volts, a< 

Upper curve—Iron- 
nickel - aluminum 
core 

Lower curve—Ce¬ 
rium core 


correct arc conditions. Without discussing theories of 
the action taldng place within the crater of the high 
intensity arc, it will here suffice to say that steady burning, 
uniform light output and characteristic extreme brh- 
liancy are dependent on the maintenance of uniform 
crater depth and form and uniform conditions within the 
crater. It is obvious that these fa,ctors will be influenced 
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Fig. 9. Mean exponential relation between arc 
current and energy emission at different wave lengths; 

50 volts, a-c 

A —Cerium-cored carbon/ 30-60-amperc range 
B —Cerium-cored carbon; 60-90-ampere range 
C—Iron-nickel-aluminum-cored carbon; 30-60-ampere range 
D—Iron-nickel-aluminum-cored carbon; 60-90-ampere range 


to a marked degree by the manner in which the negative 
arc stream impinges on the positive crater. Detailed 
instructions for obtaining optimum performance are 
contained in a handbook which has been made available 
to projectionists and other users of high-intensity arcs. 
Values representing average arc voltage for the d-c high- 
intensity arc with rotating positive, under correct 
operating conditions, are indicated by curve JB in figure 10. 

There has recently come into extensive use in motion 
picture projection a carbon arc which our pr^ent knowl¬ 
edge indicates to be a true high-intensity arc but which is 
operated at much lower arc voltage than the older types 
of high-intensity arcs. This arc is known in the motion 
picture industry as the Suprex type arc. Among several 
points of difference from the older t37pes is the fact that it 
is operated at a relatively short arc length with a drop of 
31 to 40 volts across the arc. Due to tlus low arc voltage, 
it is desirable that the Suprex arc should be operated from 
a low-voltage source of power. This is necessary to ob¬ 
tain best performance as well as good pow» econotny. 

It has been demonstrated that the cratd: depth of the 
high-intensity positive increases with incre^ of ^c 
current; that the voltage drop in the arc stream is ebni- 
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paratively low and does not materially increase with in¬ 
creased current; and, on the other hand, that the voltage 
drop within the positive crater is comparatively high and 
does increase materially as current and crater depth in¬ 
crease (reference 6). When some disturbance to the 
“high intensity effect” takes place, crater form, depth 
and voltage are affected, as well as light output. Normal 
crater conditions and light output are re-established by 
the increase in current resulting from the drop in arc 
voltage and the time required to restore normal condi¬ 
tions depends on the amount of current increase. When 
this low-voltage arc is operated with heavy ballast on a 
115-volt power circuit, so much of the total energy is 
consumed in the ballast that relatively large changes of 
arc voltage produce only slight changes in arc current. 
It therefore takes considerable time for restoration of 
normal crater conditions to be effected. On the other 
hand, when the voltage of the power source is not greatly 
above that of the arc, and the ballast correspondmgly 
small, much larger fluctuations in arc current occur in 
response to a disturbing mfluence so that normal crater 
conditions and light output are restored more quickly. 


Fig. 12. Ultra- 
violet output z 
(2,900-3,100 
Angstrom units) g 
versus arc voltage; s e 


cerium core 


ft amperes^ 
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40 60 80 100 120 
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Fig. 10. Arc voltage versus arc current 

^—D-c low-in tensity arc 
®~P*c high-intensity arc 
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Fig. 11. Ultra¬ 
violet output 
(2,900 - 3,100 
Angstrom units) 
vwus arc vdltage; 
iron - nicker - 
aluminum core 


^ The operator of a Suprex type of arc, using a low-voltage 
power source, should therefore expect to see wider fiuctua- 
P tions of current than are customary with other types of 
^ arcs. Furthermore, it should be recognized that fluctua- 
^ tion of current is not necessarily associated with corre- 
^ spending fluctuation of Ught but is, rather, a stabilizing 
factor by means of which uniform light output is main¬ 
tained. 

The flame arc can be operated satisfactorily over a 
consid^able range of arc voltage although, under certain 
conditions or in some particular lamp, best results may be 
obtained over a relatively narrow voltage range. The 
effect of changes in arc voltage on ultraviolet output from 
2,900 to 3,100 Angstrom units is shown by the curves-in 
figures 11 and 12. The former is for a carbon containing 
iron, nickel, and aluminum in the core and the latter for a 
cerium-cored carbon. Relative effect of changes in arc 
current and in arc voltage can be observed by comparing 
these curves with those in figure 7. 

Conclusion 

I 

The carbon arc is firmly established as a powerful, 
ef^ent, and highly flexible source of radiation, possessing 
certam advantageous characteristics which make it a 
most useful source of radiant energy for many purposes. 
It is true of the carbon arc, as it is of all types of light 
somces, that effective appKcation requires consideration 
of the inherent characteristics of the source and adapta- 
riom of operating conditions to these characteristics. 

peculiar advantages and 
fields of appheation. The foregoing discussion covers 

^ of arcs to which 

attention should be given in making the initial application 
as well as m subsequent operation. 
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Current Loci in the General Linear A-C Network 


By ALAN HAZELTINE 

FHiOW AIEE 


O UR PROBiLBM is to find the way in which the 
currents and voltages vary in a general linear a-c 
network connected to a single adjustable branch, 
when the current of that branch is adjusted under some 
given restriction. In a general linear network, each 
branch has a fixed impedance; and the impressed voltages 
and currents (of which there may be any number, but 
usually is only one) are also fixed.* The impressed 
voltages and currents are supposed sinusoidal and of the 
same frequency; and we are concerned only with the 
steady state. So all voltages and currents are sinusoidal 
and may be represented analytically by cjomplex numbers 
and graphically by plane vectors. 

If we write for the network a complete set of circuit 
equations, these will be linear in the unknown voltages 
and currents, together writh the cmrrent of the adjust¬ 
able branch. If we are interested in a certain cmrrent 
we may eliminate all other unknown cnurents and voltages 
successively in the usual way, by multiplying the equa¬ 
tions by suitable constants and adding them. At each 
step the resulting equations then remain linear; and we 
shall finally arrive at a linear equation connecting only 
Ijt and /*; 

/jf ■ I in + (/jfo. Kjt are constants) (I) 


voltages and crurrents are removed. If we restrict our¬ 
selves (as we shall) to an adjustable branch connected to 
the network only through 2 terminals (in particular, having 
no mutual inductance to the network), then Zg is the 
impedance looking into the network between these ter¬ 
minals, since —/^ = 1 represents the current sent into 
the network by the voltage due to a source in the 
adjustable branch.f 

In place of an open-circuit calculation to determine 
■fjfo (or and or m place of an impedance calcu¬ 
lation to determine (or Zj,) and Zg, we may use a 
short-circuit calculation, in which the adjustable branch is 
short-circuited, making £* = 0. If Ijt, E^, and under 
this condition are denoted by Ijia, and equa¬ 
tions 1, 2, and 3 give 


^MS = ^MO + KulLa 


^Mo “ fua ~ EmIlb 

Eua “ Emo + ZM^ta 

•, whence - 

Emo’“ Emb ~~ zm^lb 

0 = Ezo “ zaiza , 


Ezo ■» zatza 


or 


ATk- 

Zjt - 

Zs = 


^ua — Ijna 
Ijua 

Etts"~lSin 

Ilb 


(4) 


Evidently is the value of Ijt when /^ = 0 and is due 
to the impressed voltages and currents. While fe 
the value of /ji- when 1 and all impressed voltages 
and currents are removed (making — 0): here the 
unit current Ij, must be supplied from a source in its 
branch; and the impressed voltages must be removed by 
short-circuiting them, the impressed currents by opening 
their circuits, so as not to alter the impedances of the 
network. 

If we had been interested in a voltage Ej^, instead of a 
current /j,, a similar equation would have been found: 

Em - Emo + *Mh (Emo, zm are constants) (2) 

Evidently is the value of E„ when 1^, = 0; and Zj^ 
is the value of when /j; = 1 and the impressed voltages 
and currents are removed. In particular, we have for 
the voltage Ez across the adjustable branch 

Ez “ Ezo — zslz (Ezo, zs are constants) (3) 

Here £*£0 is the value of when Jz = 0 (i.e., the op^- 
circuit voltage of the adjustable branch) and is due to the 
impressed voltages and currents of the network. While 
Zb is the vsEdue of Ez when = —1 and the impressed 

1' We do aot exclude amplifiers, wfalcli involve one-way action; so our treatment 
is mote general tliau the usual network theories, in which amplifiers are sup¬ 
posed absOnt, cesulthig in certain symmetries in Ihe circuit relations. Voltages 
and cumnts in ainplifiers which are proportional to other voltages or currents 
are, of course, not cOntid<ured as impressed, even though they are derived from 
separate sdurees of energy ; tor they are t^en into account by transfer imped¬ 
ances. A sindhur eontideration applies to .voltages and currents of negative- 
resistance devices. 


If not restricted, the current Jz would be represented 
by a vector whose extremity could lie anywhere in its 
plane. When, however, is restricted by a single real 
equation, the extremity of its vector will in general lie 
on a curve, called the locus of Iz for this restriction. For 
example, if the restriction is that the apparent power of 
the variable branch be constant, EzJz = the locus 
of Iz will be one of those shown in figure la, according 
to the value of Az** Now multiplying Iz by the complex 
constant Kjf will change its magnitude in a fixed ratio 
and its phase by a fixed angle; so the loci of Kj^ilz will 
be similar to those for Iz and similarly related to one 
another, but will in genera] be changed in scale and rotated, 
as represented in figure Ih, with O' as the origin. Then 
adding the complex constant Jn„, to give Ijg according to 
equation 1, merely shifts the origin to a new point 0, 
figure 1&. That is, mry varial)le current /j«- {and every 
variable voltage Ej^ of the network will have loci similar to 
those of Iz- 
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t. Bqaation 8 together with this statement constitutes Tltevimn’s theorem, 

** These curves'are the orals o/ Casstut, each of which is characterized by the 
property that the product of the distances from any p<fint on it to 2 fixed points 
is a constant. As may be seen from the diset^on immediately following 
(figure 2b), the distance from any point to the "short-circuit point" A reprefitets 
Bl/ss; and (BL/as)IXi ■■ A-L/aa, which is constant, A special case is the 
hsmiseofs, drawn heavily in figure is. 
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Our problem is thus reduced to that of finding the loci 
of under various restrictions. The restrictions that 
we shall consider are that each of the 10 following real 
quantities in the adjustable branch shall in turn remain 
fixed at various values: current, 7^; voltage, Ej,; then- 
phase difference, 0^; active power, Pj^ = cos 4)]j 
reactive power, Qj, = EJj, sin 0^; impedance, = EJI^,; 
resistance, Tj, — Zj, cos 4>i,; reactance, sin ^i,* 

conductance, = O-Zh) cos 4>j,; susceptance, bi, = 
O-Z^jd sin 0^. We shall find that the loci in pacp 
form a set of circles and that all of these sets of circles 
are related to a single framework (figure 2) made up of 4 
fixed points (0, A, B, C) and the 6 straight lines joining 
them, as follow: for fixed 7^, E^,, P^ or the centers 
of the circles lie on one of the 4 points; while for fiv^d 
^Li ^L) in or bi,, the centers of the circles lie on 
one of the 6 straight lines. (Figure 2 is drawn for the 
case where r^ and x^, the rectangular components of Zg, 
are both positive, as is most lusual.) 

The locus for any fixed magnitude 7^ of current 7^ is 
obviously a circle having its center at the origin 0 and 
the radius 7^, figure 2 d. 

The locus for fixed magnitude of voltage is found 
almost as directly: If we write equation 3 in the form, 

En , Er. 

(S) 


circle, as illustrated in figure 3. There the well-known 
“cosine law” of trigonometry gives 

-F a* - d* 


cos (d — a) 


2Ra 


(7) 


This is of the same form as equation 6, the correspondence 
being as follows: 

P 77 

Variables, = R, sa constants, —= a* — d* =* 2a. 

rs rs 

0 = a. 

Hence the locus for fixed is a circle whose center is on 
the vector (a = 0) at the fixed distance 

Elo 


2r, 


and whose radius is 

\ rsj rs) 


( 8 ) 


(9) 


I ss _ fll! 


*5 


r — r 

*L I LS -, 


we ^e that the vectors corresponding to the 3 terms form 
a triangle, as in figure 2d, of which the vertex ^ also is 
fixed, since the short-circuit current, = ErJzo is 
fixed. Th^ if the magnitude is fixed, the magnitude 
of will also be fixed; so the locus will be a circle 

short-circuit point A and the 

radius Ei/zg. 

The active power P^ == E^7^ cos is found by multi¬ 
plying 7i by the projection of upon 7^. If ig the 


Such a set of circles is illustrated in figure 2c, with centers 
at 5. If Pj. is positive (power input into the adjustable 
br^ch), then a > b and the circle does not enclose the 
origin. If P^ is negative (power output), then a < b 
and the circle encloses the origin. If Pj^ « 0, then 
a d and the circle passes through the origin, as shown 
by the heavily drawn circle Cp in figure 2c. There will 
be a maximum possible value of Pjj, corresponding to 
d = 0, which is 


. 4ra 


( 10 ) 




(H) 


^ diffoMce between and 4 and if r, is the teal 
part of Za, this projection is Er,. cos <b - T r oe mi ^ 
ttatedby the nsuaf vector dial^ V 

Pi. iPM - Jura), whence cos via « ^6) 

i. ^hEmlra ^ ' 

Xo show that with fiypfl P 4 -u:^ •• . 

loctjs, we mav «“s gives a circular conent 

"xius, we may dmve the general polar equation of a 
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This corresponds to the common center P, which may 
thus be called the maocvmum-active-power point. 

The loci for fixed reactive power are found in exactly 
similar fashion, being given (figure 2a) by the equa¬ 
tion, ^ 

Ql = 7i(Pio sin Via - whence sin via “ cos ^via “ 

lip + Ql/Xb 
HlEiaZ^s 

where is ^e imaginary part of z^. The loci are again 
concentric circles, their centers being at the distance 

a s= 

2xa ( 12 ) 

on the hne lagging 90 degrees behind E^, and their radii 
bemg 

E^ _ QiV/* 

4 * 5 * Xs) 

w also illustrated in figure 2c, with centers at C. If Qr. 

IS positive (inductive), the circle does not enclose the 
ongm; it it is neptive (capacitive), the cirde does enclose 
e ongm; and if = 0, the drde passes through the 
ongm, as shown by the heavily drawn cirde C<„ figure 2c 
There will be a maximum possible value of a. corre¬ 
sponding tod = 0, which is 

W . ' 

4*5 ■ ■ ■ ■ ■ ■ 




Ql 


(14) 
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This corresponds to the common center C, which may 
thus be called the maximum-reactive-power point. 

The 4 fixed points 0, A, B, C, which we have now 
located, and the 6 straight lines joining them make up 
the framework to which we referred earlier. In the 
subsequent loci (figure 2d, e, f), each of these straight 


fft fit 

cos (-"O' — ct) => — + nR' or cos (6* + a) = nR' + ^ (16) 

which is of the same form as (15) but with a replaced 
by --a: and with m and n interchanged. The locus of 
R' is therefore also a circle, as represented by C', figure 4a. 
(The dotted circle is conveniently found first; it is 



lines will appear as a special locus itself and also as the inverse of C with respect to 0, only the magnitude 
bearing the centers of a set of circular loci. The circles having been changed from R to JR', not the angle 6.) 

Cp and Cq also reappear as loci in each of figures 2d, e, f, If a < b, so that the circle C encloses the origin 0, 

and are heavily drawn throughout. figure 46, equation 7 may be written in the form, 

The remaining sets of loci all depend on the property ^ 

of a circle that its inverse with respect to a point is also a (0 -«) * mR — — (17) 

circle (including the limiting case of a straight line as a 

circle of infinite radius). Let a complex variable, R = where m = l/(2a) and » = (6^ — a*)/(2a) are again posi- 

R^, have a circular locus C, so that i? and 0 are related constants. Then, putting $ - B' and R = 1/J2', 

by equation 7, The reciprocal, R' = R'^^' = ifR = ^ before, we have 

> then has the magnitude R = I/R and the cos (—9 «) = — —nR' or cos (0' + a — x) =» nR' — “ (18) 

phase angle 6' ~ —6. If a > 6, so that the circle C 


does not enclose the origin 0, figure 4a, equation 7 may 
be written in the form, 

cos (0 - a) » w2? 4- ~ (15) 

where w - l/(^) and « ~ (a^ - 62)/(2a) are positive 
constants. 

Putting $ = — 6' and R = 1/JR', we have 


which is of the same form as (17) but with a replaced 
by TT — a and with m and n interchanged. The locus 
of R' is therefore again a circle, as represented by C', 
figure 46. 

If a = 6, so that the circle C passes through the origin 
0, figure 4c, equation (7) becomes 

cos(0-a)=*^ (19) 
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cos — 


R' cos (tf' + «) 


which is evidently the equation of the straight line C', 
figure 4c. 

(The theorem that the inverse of a circle is a drde 
can also be proved by elementary geometry, using the fact 


R/ 


Fig. 3 

that an inscribed angle is measured by its subtended arc 
to prove the similarity of certain triangles.) 

The above theorem can be generalized to show that if 
R has a circular locus, then so has the general linear fraction, 




g are complex constants such that 


"-i) 


infinite radius). The current is ea^ressed in tenns of 
<Pi, and by the equation, 

As Zl varies from 0 to », /l will vary from EiJzg to 0, 
for any <pi,; so all circular loci will pass through the origin 
0 and the short-drcuit point A, as drawn in figure 2d. 
Their centers therefore lie on the line BC, which is 
the perpendicular bisector of OA. For very large Zj,, 
the term Zg becomes vanishingly small in comparison 
with Zi,e^*^; so starts off from 0 at the phase angle 
—tpj,, which is thus the inclination of the tangent to the 
circle at the origin. When <pj^ == 0, we have the zero- 
active-power circle Cp; when = 90 degrees, we have 
the zero-reactive-power circle Cq; and when = <ps 
(the phase angle of Zg), we have the straight line OA. 

If the impedance z^ is fixed and varies, the vector 
will have a circular locus (since is a vector 
of unit length and variable angle). The current, given 
by 25, will then have a circular locus which is most easily 
located by finding its center and radius. Evidently Ip, 
will have its minimum and maximum magnitudes when 
Zi is respectively in phase with, and in opposition to, 
Zs,: it then becomes 


1+^ 


For this equation may be reduced by division to 

d e dgjf 
/ ^ tR^ g 

Thus 07 is derived from R by the following steps, each of 
which turns one circle into another: multiplying by the 
constant / and adding the constant g, thus changing the 
scale, rotating and translating the circle; inverting, 
giving a new circle as proved alx>ve; and multiplying by 
the constant e — dg/f and adding the constant d/f, thus 
changing the scale, rotating and translating the new 
circle. 

Now returning to our problem of finding the loci of Z^, 
we may put in equation 3, giving 

ft - (23> 

where 

“ rt Ar jxj, — . . .^ ■ ' is variable (24) 

gL — JOl 

Evidently is a linear fraction with respect to any of the 
componente Zi, Xi,, rp,, bp,, or gp, when the associated 
component is held fiked. Hence in each case the locus 
of Ip, wifi be a circle, ^ we have just proved. We pro¬ 
ceed to considet each case in turn. 

Tf the phdse difference <pp, is fixed, and Zxr varies, the 
vector Zpji^*^ will have a straight-Une locus (circle of 




The center of the circle is then the extremity of the vector. 

min "H fx max ^ Eia ^ 1/ 1 1 \ ^ Eut 1 

2 1 q. *£ 1 _ !£ I 1 _ fi! 

V eg! Zg* 


so all centers lie on the line OA, which is the vector Epj^/z^ 
produced. And the radius of the circle is the leng^ of 
the vector, 



• V 


4i - 


\ *5 


Zp,/zg 

*3 



1 


For Zp, = 0 and Zi = », respectively, the circles shrink to 
the points A and 0. For Zp, — Zg, the circle has an infinite 
radius and becomes the straight line 
Inspection of figure 2d suggests that the 2 sets of circles 
are orthogonal (cross at right; angles). To prove this, we 
may differentiate (23): 


{zg H- Zl)* 
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Now if dzi, is given in turn 2 values at right angles, dlj, 
will also have 2 values at right angles, since the factor 
is the same for both. But when Zj, 
varies first with <pi, fixed and then with Zj, fixed, dz^, will 
first be radial and then tangential. Hence the corre¬ 
sponding values of dlj, will be at right angles. This 


circles inside Cp, negative values to circles outside. For 
n = -ra, the circle has an infinite radius and becomes 
the straight line OC. 

If the reactance Xj, is fixed and varies, the vector 
+ Jxl will again have a straight-line locus (now 
horizontal). The current, expressed by (30), will have 








relation affords a ready means for locating the constant-Si 
circle passing through any point P in the plane: the 
constant-Vi circle is first drawn (through P, 0, and A) 
and then its tangent is drawn at P; the intersection of 
this tangent with OA is the center of the required circle.* 
If the resistance is fixed and Xx, varies, the vector 
H — ^x. jxi, will have a straight-line locus (vertical). 
The current is expressed in terms of r^ and x^ by the 
equation, 


*a + + i*£ 


__ ^LO 

(fa + /i) + j(xz, + xl) 


where == fa-f 

If aCi = », /ji = 0 for all r^,; so all circular loci will 

pass through the origin O. Evidently will have its 
maximum magnitude when jCi == —aca and is then 


^Lvetax. — 


fa+ f£ 


The center of the circle is then the extremity of the vector, 


■jr fjimax — 


2(ra -f n) 


so all centers lie on the line 0-5, which is the vector Eu 
produced, as drawn in figure 2«. For fj, *= =*= <», the 
circles shrink to the point 0, For ri = 0, the circle is 
the zero-active-power cirde Cp, whose radius was found 
to be jEio/(2ra). Positive values of correspond to 

If we ioiagiiie «£ mttfiped in its plane by drawing nullal lines (fixed and 
concentric cirdes (fixed *L)i tbeM lines aill constitute a figure witii 

the lod of figure Sd. Confcwmal mapping of one figure on another requires that 
all cmresppnding angl» be equal. It always results when corresponding lod 
are drawn for 2 complex variables; one of which is an analytic (differentiable) 
function of the other; for . then differential figures will be siinilat. (Finite 
figures, howevet, uill be sindlar cndy in the spedar Case where the function is 
{fnsur, as in equation l and figure 1.) 


a similar set of circular loci, all passing through 0 (for 
rj, — ^ oo). It will have its maximum magnitude when 
== —ra and is then 

/ _ 

s^tnax ~ \ (33) 

j(Xb -H »£) 

The center of the circle is then the extremity of the vector, 

SO all centers lie on the line OC, which is in quadrature 
with as drawn in figure 2d. For x^, = », the 

cirdes shrink to the point 0. For Xi, ~ 0, the circle is 
the zero-reactive-power cirde Q, whose radius was 
found to be Positive (inductive) values of Xj, 

correspond to cirdes inside Cq, negative (capacitive) 
values to cirdes outside. For Xi, — —Xs, the cirde has 
an infinite radius and becomes the straight lirie OB. 

The 2 sets of circles in figure 2e are orthogonal, for the 
same reason as in figure 2d. Equation 29 still applies; 
and dZi, will first be vertical and then hoiizbntal when 
Zj, is varied first with fixed and then with % fixed. 

K condwtance gi is fixed and varies, the vector 
X/zj, — gi, — fix, will have a straight-line locus (vertical). 
It will now be convenient to temporarily shift our origm 
to A and to consider the locus of the vector (extending 
from A, &gtire 2b), ; 


za za \-^ zi. 
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where Ijzs = gs - A- If = =b oo, - EJz^ = 0 
for all gi^ so all circular loci will pass through A. Evi¬ 
dently —EJzs will have its maximum magnitude when 
&£ = and is then 

Ej^xaax. Eia 1 

*S g8-\- gL ' 

The center of the circle is then the extremity of the vector 
(from A), 

1 Ej^tagx EziO 1 

” 2 “”^*2^7+71) 

This vector evidently lags behind - EjJz^ by the angle 
<Pa; so it lies along the line AB, on which therefore all 
centers lie, as drawn in figure 2f. For = ± 00 , the 


The center of the circle is then the extremity of the vector 
(from A), 

_ i Ei^ 1 

2 zs " i^ 'j2(bs + H) 

This vector is evidently in quadrature with the vector of 
equation 37; so it lies along the line AC (perpendicular 
to AB), on which therefore all centers lie, as drawn in 
figure 2f. For bi, = =«= », the circles shrink to the point 
A, For bi, = 0, the circle is the zero-reactive-power circle 
Cq, since then 

j^Lmax ^ Mi^ Exa 
2 Zb Z8*'2bs " 2xs 

as found for the radius of Cq. Positive (inductive) values 


V ^»=i.o- Pl\14 

f's) 



Eto^EjiO __ 

*5 2 s 2 *j 2 (bs+bL 


( Ql\^’ 



OTcl^hti^ to the point A. For - 0, the cirde is 
the zero-active-power circle Cp since then 

J. Euaax ^ Eut ^ 

2 zs Z3*-2gs^ 2r3 (38) 

as found for the radius nf ■d« < 

outsidr For g, = -g ^ 

nnd becomes ^ strai^^ ^ 1-s an mlinite radius 

l/“ vector 

(now ho^n4^ Md^'T/ locus 

have a shnilaTi ^ 

(for g^ - *„■) It lo^ ail passing through A 

= -gsand isXn ™ 


of it, cmres^nd to circles inside negative (capacitive) 
values to circle outside. For i^ = -i„ the <Lle has 
and becomes the straight line AS. 

The 2 sets of circles in figure 2/ are orthogonal, for the 

aZeT^b” “ ” ®- The ei^tiok wUA 

apphes m this case IS found by differentiating equation 35: 

/ JP, \ V r \ 


I ( bb ^5? . I f ^ \ 

\ '»’7i 

\*isr *i/ 


*«* ^7+71) 


for d(l/*^) 1 ^ first be vertical and then horizontal when 
lAz IS varied first with gs fixed and then with b, fixed. 

fi^ 2) for a particular current vector I. the 10 lod 
which pass through its extremity, values of the radii 
lototions of the centers being indicated, fm »nveS 
mce of rrf^ce. Figure 6i is derived from figure 6o 
^ multiplj^ afl vectom by the constant JCr, andaSw 
eronst^t/rtf, to give /„ in accordance with equation f 
This concludes our general problem. ^ 
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A. Suggested Rotor Flux Locus Concept of Single-Phase 

Induction-Motor Operation 


By C. T. BUnON 

ASSOQATE AIEE 


T he cross field theory and the revolving field theory 
are the 2 commonly accepted bases for analytical 
treatment of the single phase squirrel cage induction 
motor. For the purpose of quantitative analysis as weU 
as to explain why and how the motor runs, the first men¬ 
tioned theory resolves fluxes, voltages, and currents into 
components in 2 axes fixed with reference to the stator; 
whereas the second theory resolves the flux into 2 rotating 
components—one rotating in a positive direction at syn¬ 
chronous speed, and the other rotating in a negative di¬ 
rection at synchronous speed. 

An alternative concept is outlined below which is per¬ 
haps less involved than either of the above theories, al¬ 
though it does not lend itself to quantitative mathematical 
toeatment. In a word, it considers the total flux travers¬ 
ing the air gap, and gives a complete picture of the varia¬ 
tion in magnitude and direction of the total or resultant 
flux. The novelty of the treatment consists in referring 
the flux to axes fixed with reference to the rotor. Once the 
mind of the reader becomes accustomed to thinking of the 
rotor as a fixed basis of reference, the development be¬ 
comes quite clear and rational. (The rotor may be re- 
prded as stationary with the stator rotating about it, or 
if it assists in visualizing one can imagine he is hanging to 
the rotor and turning around with it.) 

Assumptions 

Inasmuch as quantitative results are not attempted, 
stator resistance and leakage reactance will either not be 
involved, or will be considered zero. For purposes of sim¬ 
plifying the diagrams, a 2 pole motor will be considered 
(flg^ure 1). Motor torque will be considered as clockwise. 
The flux crossing the air gap in the axis of the stator wind¬ 
ing poles will be called primary flux. At synchronous 
speed the axis of the primary flux will accordingly be ro- ' 
tating with an angular velocity cpf 2x/ in a counterclockwise 
sense, with respect to axes of reference fixed in relation to 
the rotor. 

Condition at Synchronous Speed 

We may first plot the locus of the primary magnetomo¬ 
tive-force vector with reference to the rotor for the syn¬ 
chronous speed condition, as indicated in figure 2. This 
may also be considered as representing the locus of flux 
through the rotor if there were no rotor conductors; or 
as representing the primary flux as defined above. (If the 
rotor were at stahdstill, the flux locus would of course be 
a straight line, the instantaneous magnitude of the flux 
pulsating sinusoidally positive and negative with respect 
to time.) At s 3 nachronous speeds this primary magneto¬ 




ROTOR 


motive-force or primary flux vector locus would be a circle 
as shown, never going below the horizontal (rotor) axis. 
The maximum primary flux is shown as in figure 2; 
and one-eighth of a cycle later the vector would be in the 
position shown dotted. The locus would be traversed (in 
a C.C.W. sense) by the vector twice per cycle, although 
its angular velocity is only 2'nf, as stated above. 

The effect produced by the rotor conductors may be de¬ 
scribed as follows. The rotor is an inductive body cir¬ 
cularly symmetrical, so to speak. It is evident that the 
effect of rotor inductance (not the leakage reactmiee) will 
be to resist any change in magnitude or direction of the 
total flux through it. In other words, due to change in 
magnitude md direction of the primary flux (figure 3) 
currents will flow in the rotor conductors producing a sec¬ 
ondary flux at right angles to the primary flux; and this 
secondary flux will have a magnitude and direction tending 

to maintain the tot^ 
y resultant rotor flux 

constant at OF. At 
instant when 

/ primary flux is 

/ \ secondary 

.. I °(p ROTOR ^ ^ maxi- 

^ \ olP uo 1 mum, and perpen- 

\ / dicular upward. This 

— of course simply 

means that (to use 

_?kXis OF ordinary terminol- 

r'S* ' y ogy) the cross field is 

maximum when the 
main field is zero. 

The inductive effect of the rotor will not be 100 per cent 
m maintaining constant flux through the rotor at syn¬ 
chronous speed of course, due to the effect of rotor resist¬ 
ance and leakage reactance. The actual total rotor flux 
at synchronous speed in the practical motor will then be 
something like the locus indicated in figure 4. 

The concept which this treatment attempts to visualize 
does not emphasize the components OM md MF of figure 
3; but rather states simply that (to reiterate) the induc¬ 
tive effect of the rotor resists the amount of total flux 
change which would exist in an open-circuited rotor con¬ 
dition for the same rotor speed, constraining th<^ total 
flux to the circular locus of small diameter shown in 
figure 4. 

(It might be mentioned however, that in addition: to 
the main and cross field components, we could also mdi- 
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Fig. 5 


Fig. 6 


Fig. 7 


cate on our diagram the forward and backward rotating 
flux components OX and XF as in figure 5. OX is con¬ 
stant, and XF is constant in magnitude and rotating with 
a velocity of 4^icf , Again, there is no motive for separation 
into components except possibly to tie in our diagrams 
wi^ both of the theories mentioned at the outset.) 

Noimal Motoring Condition 


The magnitude of the main flux will be the radius of the 
outer envelope of the total flux locus; and the quadrature 
flux will be represented by the radius of the inner envelope. 

Conditions Above Synchronous Speed 

In the same way, the total flux locus at a speed above 
synchronism may be drawn as shown by figure 7. 


It is now but a step to the conception of the locus of total 
flux at any particular amount of slip. This is shown by 
figure 6, where the flux vector progresses around the rotor 
in a dockwi^ sense (taking 2 steps forward and one step 
backward, so to speak). 

Torque is produced by change in direction of flux 
^ough the rotor. The instantaneous torque will be a 
function of flux magnitude and angular velocity (torque 
would not be directly proportional to angular velocity of 
course). Inspection of figure 4 will show that at sjm- 
chronous speed there is a pulsating torque with a net or 
average counter dockwise value. In other words, it re- 
quires power input to dnve the motor at synchronous 
speed even with losses neglected. ; Or in still other words, 
tii6 no load point is at some speed slightly below syn- 
'ehroiiism; 

\^th normal sUp, ipspectiou the corresponding flux 
locus (fi^e 6) wfll feve^ the existence and reason for the 
pulsating douWe frequency torque component, and also 
the avera^ motor torque. ^ ^ ^ ^ ^ 


Conclusion 

It is not daimed that the concepts outlined may be of di¬ 
rect use in calculating performance of single phase 
motors. However, it is important to have dear mental 
pictures of just what is going on in any machine under con¬ 
sideration. Such concepts may serve to assist in inter¬ 
preting results obtained from mathematical treatment, and 
they may also serve a purpose in connection with general 
educational work. 

The rotor is conceived of briefly as an inductive “circu¬ 
larly symmetrical” rotating body which tends to 
tptd flux constant in nmgnitude and direction with respect 
to itself. This inductive effect prevents total flitx from 
disappearing at the instant the primary field is zero ; and 
its resistance to change in direction of total flux through 
it produces torque. The rea^n for the pulsating and 
average motor torque components is thus dearly vistual- 
ized, by rderence to the diagrams showing the beha^or 
of the "mutud reactance flux” through sta,tor and rotor. 









Characteristic Constants of Sinsle-Phase induction Motors 

Part I: Air-Gap Reactances 


By WAVNE J. MORRILL 

MEMBBiAIEE 


Synopsis 


This paper is the first of 2 papers dealing with the de¬ 
velopment of equations for determining the characteristic 
constants of single-phase induction motors. It is in¬ 
tended to present in the complete paper a unified tabula¬ 
tion of formulas consistent in symbols with those used in 
the paper which I presented at the midwinter convention 
of the AIEE, New York, January 28-February 1, 1929. 

This particular section of the paper deals with a rigor¬ 
ous development of the reactances of single-phase motors 
which result from fluxes crossing the air gap between the 
stator and rotor. 

Introduction 

S INCE 1929 great strides have been made in the 
design and development of the capacitor motor. 
As evidence of this fact, the capacitor motor is 
now the accepted motor for use on domestic refrigeration 
machines and many other domestic appliances. During 
the last year over 1,000,000 such motors were built in 
the United States. 

It is felt that at this time a further contribution to the 
art can be made by presenting in one paper a systematic 
development consistent within itself, covering the method 
of calculating the electrical characteristic constants of 
single-phase induction motors. 

It is hoped that such a complete and consistent pres¬ 
entation of the matter will be useful in view of the fact 
that most of the previous information on the subject has 
been based upon polyphase formulas adapted to single¬ 
phase construction. 

While the constants as developed in this paper are in¬ 
tended primarily for use in conjunction witii t^^ 
of the capacitor motor and the resistance split-phase 
motor, the point of view of the development is such as 
to furnish calculational methods whidh apply equally 
well to other types of single phase motors as, for example, 
the repulsion-start induction-run single-phase motor. 

Plan of Development 

The plan of the development follows closely that em¬ 
ployed by Chapman for polyphase induction motors and 
Alger for synchronous motors except, that the single- 
phase point of view is niaintained, throughput m 
results apply especially to sihgle-phase motors. 

The development has as its basis the asst^ that 


the rotor and Stator. Harmonic fluxes are assumed to be 


self-inductive to the members producing them and their 
effect is treated as that of self-inductive leakage reactance. 

It is shown that spiraling either member reduces the 
effectiveness of the fundamental flux of one member as 
regards the other member while having no effect upon 
the producing member. It follows that where relative 
spiraling exists between the stator and the rotor the 
mutual reactance is reduced and since the self-inductive 
reactance is unchanged there must be effective in each 
member a component of leakage reactance due to self 
produced flux of fundamental space distribution. Ex¬ 
pressions for exact determination of these effects are 
derived. 

Results of Development 

There results from the development an exact definition 
of 6 primary reactances and 6 secondary reactances. 
Only 3 of each are useful m actual calculation, the others 
being used in the development and for the sake of clarity. 
The constants and their derived formulas are listed in the 
tabulation below and their significance indicated by the 
accompanying equivalent circuits. 

For the primary, the reactances defined are: 

Primary Air-Gap Reactances 

Xfx Bs total primary sdf-mductive reactance due to air-gap flux 
XmJ = total primary sdf-inductive reactance due to fundamental 
flux (both forward and backward) 

Xmi total primary sdf-inductiye reactance due to either funda¬ 
mental field 

XiK ^ total primary self-inductive reactance due to harmonic flux 
Xaj “ total primary self-inductive reactance diie to spiral 
Xm =» primary mutual reactance of either forward or backward 
■ ■ field 

Secondary Air-Gap Reactances 

Xrr total secondary self-inductive reactance to a revolving field 
secondary self-inductive reactance due to fundamental flux 
Xii secondary ^-inductive leakage reactance due to air-gap flux 

Xa “ secondary self-inductive leakage reactance due to spiral 
Xm “ secondary mutual reactance (with primary) to ei^er field 

Nomenclature 

All of the nomen^ture is defined in tihe course of the 
development. For convmence those symbols heeded 
in interpreting the results are listed, belbyr. 
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f = line frequency, cycles per second 

/r = function of primary turns. See remarks preceding (18) 
K ^ 2irfl0-* 

I => axial length of air gap section in inches 
uti = total ntunber of rotor slots 
<? «» A/S 

A =! effective air-gap area per square inch 

S B radial length of air gap in inches 
P B number of fundamental poles 

primary effective turns per pole. See (11) and (12) 

X = fundamental peripheral pole pitch in inches 
X« s= peripheral d i stan c e in inches by which one of spiraled 
member is displaced from its other end. See (40) 

Appendix—Development 

of Expressions for Reactance 

General Assumptions in the Development 
of Equations for Air-Gap Reactances 

The usual assumptions which are made in the exact analysis of 
induction motors and which are listed in the appendix of my 1929 
paper are made in this paper and will not be repeated. 

In determining the air-gap reactances of induction motors, how¬ 
ever, there are certain assumptions in addition to those already 
mentioned which must be made for the sake of establishing a simple 
and exact method of attack. These assumptions are below. 

(«)■ Only air gap flux of fundamental sinusoidal space distribution 
links mutually the rotor and stator minding. 'ITiis is true because 
unless the number of slots in the rotor and stator are made multiples 
of each other, or the stator winding is carelessly proportioned, ex¬ 
perience and theory both show that harmonic fluxes of one winding 



DEVELOPMENT OF A CONCENTRIC WINDING 




Fig. 2. Development of a concentric winding 


generate negligible fundamental voltages in the other winding. 
It is true that the harmonic fluxes of one winding may generate 
voltages of other than fundamental frequency in the ot^*'r winding 
under certain conditions, but the phenomena involved may be 
treated independently of the fundamental theory of the motor, and 
therefore, are not touched upon in the present report. 



(&) Only that portion of the stator fundamental flux which produces 
voltage in the ro^r winding, and only that portion of the rotor funda- 
mental flux which produces voltage in the stator winding, are con^ 
sidered as mutual fluxes. The test for mutual flux is that it must 
generate the same voltage per turn in one member as in the other 
member, and if this condition is not fulfilled the effect of reduction 
in voltage in the second member is that of leakage flux and must be 
so treated. 

(c) Those fluxes which are produced by one member and which do 
not produce fundamental voltage in the other member are treated as 
leakage fluxes. Prom this point of view the difference, between 
the total flux of any winding and that portion of the flux which 
generates fundamental voltage in the opposite winding is defined 
as Iwkage flux. 


Fig. 1. Summary of air-g«p reactances 


Xti =» KtPlKfr 


(18) 


Xtmt = 4 (13) 
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(51) 


(39) 


I—^Air-Gap Leakage . 

Reactance of a Concentric Stator Winding 

primary windings of single-phase induction motors are in 
variably of the concentric type (coaxial coils of varying pitch) a 
shown in flgure 2. 

The total air-gap reactance of one pole of a concentric type wind 
ing can be obtained by taking the summation of the reactance 
corresponding to each stator tooth and the turns surrounding it 
The general equation for the tooth reactance is 


* - 1 


(38) 


Xtn “ X(?l\tn(.2tnT)K 
where 


(1 


(47) 


I 

Xtn 

K 

(p 
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axial length of air gap 
reactance due to "nth” tooth flux 

constant to convert to ohms 
peripheral pitch of "nth” tooth section 
sum of turns kirrounding *’nth” tooth section 
permeance per square inch of air gap (see nomenclature) 

By reference to figure 2 it is possible to write the expression fo 
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the reactance corresponding to the innermost teeth whose total 
peripheral pitch is Xa. 

Xtd “ K<9l'Ka{T(t-\- Te + Ttf + 7*a)* (2) 

On each side of the X® section there are 2 sections of total periph¬ 
eral pitch Xj — Xfl. The reactance due to these sections is: 

Xfb ^(P/(Xj — Xo)( 7 ’j + 7 c + 24 -j- Tc)* (3) 

By the same method of reasoning the remaining reactances may 
be determined and the total reactance becomes: 


^ (Ta -\-n+T^+Ta+ Te)» 


Xj X* 


in i-Tc-{-Ta+ Te)* 


Xt, - K(Pl\ 


Xc *”• Xj 


X<j •— Xc 


X — X<j 


in + n + Tc)* 


in + n)* 


If only the air-gap magnetomotive-force distribution of the nth 
primary coil is considered, a diagram as shown in figure 3 is obtained. 


*"•——*n 


Fig. 3. Air-gap 
magnetomotive 
force of nth pri¬ 
mary coil 


By Fourier anal 3 rsis it is possible to express the amplitude of the 
corresponding fundamental component of magnetomotive-force, On! 


4 _ IT Xjj 

o» » - JTn sin - — 

r 2 X 


B « flux density at point x 

(P =a permeance per square inch of air gap 

The portion of fundamental flux which lining the nth stator coil 
can be obtained by multiplying equation (7) by the axial length in 

inches I and integrating between the limits of — — and -4- — as 

2 2 

indicated in (8). This is the equivalent of finding the flux cross 
hatdied in figure 4. 


I a(Pl cos - xdx 
X 

alPl -fsin -*1 

-L ^ J- 


2a<Pl -sinj - 
T 2 X 


The reactance of the nth stator coil due to the fundamental flux 
which links it may be expressed by multiplying (9) by the number 
of turns in the coil, T^, and by K/I to convert to ohms. 

- 2o(Pi - ^r„sin (10) 

T i 2 X 

The .total reactance of the stator winding due to the self-produced 
fundamental flux is obtained as the sum of Xm for all coils: 


Wr 

IT Xc 
r.sin-- 

r.sm-- 

r.sta-^ 

• 2 X 


Xmit “ 2a(Pl — — 
TT I 


The bracketed member of (6) and (11) is termed the "effective 
turns” per pole of the primary winding and is symboUzed by: 

Effective turns per pole — TpWx (12) 


By the use of (5) the amplitude of the fundamental component 
of magnetomotive-force due to all the coils on a pole may be written: 


. *■ 


I’tt sin T — 


Xb 



-1 r.sta- 


TT Xc Fig. 4. Distribution of fundamental 
flux 

The flux denaty at any point on the air gap periphery corre¬ 
sponding to a magnetomotive-force wave having a maximuni ampli¬ 
tude of a may be expressed: 


Tp »» total turns per pole 

Wx = winding constant to convert to “effective turns” 

If (6) and (12) are substituted in (11) the following is obtained: 

Xna = (Pt)d^inWj,)> (13) 

TT* 

Equation (13) expresses the total reactance of the primary wind¬ 
ing due to pulsating self produced flux of fundamental sinusoidal 
distribution. 

It has long been known that a pulsating wave of sinusoidally 
distributed fliuc may be represented by 2 equal oppositely gliding 
waves of flux each having a constant amplitude equal to half the 
amplitude of the pulsating wave. In my 1929 paper I defined the 
magnetizing reactance of a single-phase motor as that value of 
reactance corresponding to either of the gliding fields of flux. In 
equation (19) of that paper its value was given as: 


- mio-> 


B *■ ofl* cos- « 

A 


In the present case, ance the reactance due to eai^ 'gliding (or 
revolving) wave of flux has the same v£due, the .primary reactance 
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due to either must be equal to half the total primary tnagnfitiy.ing 
reactance: 


^tnt ^ Xpiil 


Xmi » (?l\K(TpWity 

If the following substitutions are made in (14) and (16) the 2 
equations will be found to be identical. 

Cm = “ TpWit (15) 

K = 2TflO-» (17) 

It will be found convenient in the present paper to express as 
many air-gap reactances as possible in terms of per unit of Xp^. 

U the bracketed member of (4) be called fr (function of turns), 
the equation for Xti is: 

Xti = K(Pl\fj> (13) 

Equation (18) expresses the total reactance of the primary winding 
due both to the flux of fundamental sinusoidal distribution and the 
leakage flux which is of other than fundamental distribution. The 
reactance due to air-gap leakage flux may, therefore, be 
as the difference between the total reactance and the total reactance 
due to the fundamental flux: 

Xitt * Xti — Xmit (19) 

Expressed in terms of Xmi the total per-unit leakage reactance 
due to air gap flux is: 


Per unit Xtat 


Per unit Xm 


Xti — Xmif 
Xtni 


~/r 
, 8 


Equation (21) is a i dimensionless formula and because of its 
dimensionless character gives a cleat picture of the relationships 
mvolved. In order to obtain the actual total primary air-gap 
leakage reactance it is necessary to multiply (21) by Xmi 

Leakage Reactance of a Rotor With 
Uniformly Spaced Slots Wound One Phase per Slot 

In the ca» of a motor of the repulsion-start induction-run type, 
tte rotor winding employed during running opaation is a winding 
havmg as many phases as there are slots in the rotor. If the rotor 
has an even number of slots or a number of slots corresponding to 
a multiple of the number of poles, certain of these phases may be 
rqieUtioiw of each other, but the analysis to be presented will be 
found to mdude such special 

^If a rotOT of the type described be acted upon by a revolving field 
of stator flux, the voltages generated in succeeding coils (phases) 
and the cmxents wWch result will have a peripheral distribution in 
tte rotor slots as shown in figure 6. The upper diagram indicates 


the slot distribution of the ampere conductors of the left hand 
sides of the coils and the lower diagram indicates the ampere¬ 
conductor distribution of the right-hand coil sides. The sum of 
these 2 diagrams furnishes the total ampere-conductors distributed 
in each slot. 

Proceeding from the distribution shown in figure 6, it is possible 
to develop 2 magnetomotive-force distribution diagrams as shown 
in figure 6. The sum of these 2 diagrams furnishes the resultant 
magnetomotive-force distribution produced by the rotor winding. 

It is possible to express analytically the ampere-conductor dis¬ 
tribution in the rotor slots due to the left coil sides shown in the 
upper diagram, figure 5. 

IulCc “ lin max Ce COS It (22) 

nti X 


. Cc «» conductors per coil side 
Int = amperes per conductor in left side of nth coil 
^in max = maximum amperes per conductor in rotor coils 
** “ integer indicating the number of the rotor phase under 

consideration, starting with a rotor phase carrying maxi¬ 
mum current as the zero phase and counting in a forward 
direction 

P =» number of fundamental poles 

X ■= pole pitch in inches 

nti number of rotor phases (total) 

The equation for the ampere-conductor distribution in the nth 
slot due to the right-hand coil side is very similar to that of the left- 
hand coil side except displaced by a difference corresponding to the 
coil pitch and reversed in sign. This distribution is given by equa¬ 
tion 23. 

• IurCc — 72» max Ce cos — (n — /-) ~ 
fHi X 

te “ number of rotor teeth included by one rotor coil (23) 

The sum of equation (22) and (23) gives the total ampere-con¬ 
ductor distribution in the nth rotor slot. 

InCe •=■ (/ni + Inn)Ce ~ 

r ^ r -PX ^ p \, 

^ ” I - - « rj (“) 

The sum of the ampere-conductors in each of the slots from the 
"zero” slot to the nth slot is the number of ampere-conductors 
tending to produce flux across the air gap from the face of the nth 
tooth. 

,nax Ce ~ ~ COS ^ (n - f^) J (25) 


cos r- (2n 

I? _ r n ^”*2 

» “ •‘in max -;-- 


+ I — te) sin ~ 

_ 2»*j 


The flux in the nth tooth which will be produced by MMFn may 


LEFT COIL SIDES 


RIGHT COIL SIDE 


I *’'2 ( 


«MpereH:0n(dudbr distribution 


j Ccoil throw) ^nd 

Fig. 6. Rotpr-air-gap magnetomotive force distribu^ 
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be obtained by multiplying MMFn by the permeance per tooth 
It can be expressed as in (27). 


\Pl 

MMFn — (P 

mi 


r 

iin max Cc-vP 

n 




Sin 


Pv 

2ms 


(27) 


r-1 


^Ti ' 


0 
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•‘2n max — (P 
mi 


' . Ptt ' 
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2ms J 
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X**'!**'-/ 

Xp 

— It 
mt 

^MMFn (P 

/ /' r 1 

•» 2 n max vc I ^ sin -— 
\_2 2m, 


MMFn(9 sin ~ xdx 
X 


t i -iS rP 

cos (m -|- 1 ) — cos 
*2 m. 


rP'l 
— » 
m, J 


(29) 


(30) 


(4» + 2 — #c) + 

1 . irP 1 

2 ®“2m, ’ 


xP 

2ms 


tc (31) 


The value of a^bn is the maximum density of the sine component 
of the flux of the nth rotor tooth. To obtain the amplitude of the 
total sine component the summation of a«n across one pole pitch is 
taken: 


a<b 




jr 


4(P 

’ •'2a max Cc 

IT 


mifl . ,xP 1 

P 


(32) 


(33) 


rotm they generate voltages of the same frequency which referred 
to tte stator winding is the fundamental frequency of the motor. 

Since, with a given value of current, the magnitude of reactance 
IS proportional to generated voltage, the total rotor-air-gap react- 
ance (referred to primary ) and the fundamental rotor air gap 
reactance Xmt must be proportional respectively to the total rotor 
air gap flux and the fundamental air gap flux 


The total flux per pole is the sum of the fluxes in each tooth across 
one pole face: 


Zp. 

Xtnt 




(36) 


In the same way that the per-unit air-gap leakage reactance of 
the primary was defined we may write 


(28) 


Per unit Xit 


Xn — Xt, 




*l»l 


(37) 


I » axial length of air gap 

(P = permeance per square inch of air gap 

The amplitude of the fundamental component of the rotor flux 
can be obtained by Fourier analysis. In figure 7 is shown the 
flux of one rotor tooth. The amplitude of the fundamental sme 
component of this flux wiU be derived. (Due to the choice of axis 
the cosine component drops out in taking a summation of the sine 
and cosine components across one pole and the cosine component is 
therefore, being omitted.) ’ 

The amplitude of fundamental sine component of the flux 
shown in figure 7 is given by the expression of equation (29) which 
can be converted to (30) and (31). 


If the values for and be substituted from (28) and (36) 
respectively equation (38) is obtained. 


r 

•*2nmax —* (P 

m. 


Per unit Xu 


. Pt 


sm 


2ms J 


^ 2 n max (P — sin* ~— L 
P 2ms 


Equation (38) simplifies to: 
Per unit Xit » (^V — 


4 sin* 


2ms 


- 1 


(38) 


(39) 


Equation (39) expresses the rotor-air-gap leakage reactance in 
per unit of Xmt but a valuable simplification can be made if it be 
recognized that: 

^mt = Xmi 

This is true because the dimensions of the magnetic circuits of 
Xmt and Xmi are the same and Xmt is "referred to the primary," 
which means that the effective turns are the same. 

The Air-Gap Reactance Due to Spiral 

Thus far in the discussion of the air-gap reactances of single¬ 
phase induction motors only fluxes of other than fundamental dis¬ 
tribution have acted in the r61e of leakage fluxes. We come now 
to a reactance caused by flux of fundamental distribution. 

If one of the members (stator or rotor) of an induction motor 
is spiraled, no change is produced in either the fundamental air- 
gap flux reactance or the total air-gap reactance as far as the spiraled 
member is concerned. There is, however, a change in the effective¬ 
ness of the spiraled flux in inducing voltage in the other member 
and since the proof of mutual flux is that it induce equal volts per 
turn at the same frequency in both members, it must be concluded 
that the reduced effectiveness of the primary flux is a leakage- 
reactance phenomenon. 

The equation for the 3-dimension wave of flux when the producing 
member is spiraled is given by (41). 


The quantity is the maximum amplitude of the fundamental 
flux component produced by the rotor winding. In order to express T / \ \ n 

the value of the flux it is necessary to integrate the wave correspond- P MMFmsx. (P cos — (» — — s ) — orf I 

mg to c# over one pole pitch and for an axial length,/. \ ^ / J 


(41) 


X 


f • . • 2 

fo sm rcdx » - Xo 

X IT 


^ /X(P/s„ aax Cc ^ sin* “ te 
" Jr . 2it9%i 


(34) 


(35) 


X« 


Since all the currents which produce both and *j .2 vary 
sinusoidally with respect to time, and va^ sinusoidally 
with respwt to time and their difference, vmies in the 

same fashion. All of these fluxes completely link each rotor b^, 
and since all of them are of the same frequency with respect to the 


peripheral amount by which one end of the spiraled member 
is displaced from the other end 
z «= axial distance measured from one end of spiraled member 
toward the otiier end 
I a axial length of air gap 

The voltage per conductor generated in the unspiraled member 
is .equal to the integral of the rate of diange of the flux as s varies 
from zero to7. ■ 


Ecu = 


'I . }■■■ '/r A \ 

KtMMFniui -6* T cos 
at 


™ T — (42) 
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Equation (44) indicates the voltage per conductor generated in 
the unspiraled member by the spiraled flux. The voltage which 
would be generated in the same conductor by the same fundamental 
flux if thore were no spiral can be obtained from (44) by allowing 
Xd to approach zero as a limit. This voltage is given by equation 
(46). 


Ec *» KtMM Fmn (Peal sin 




(45) 


The ratio of the mutual fundamental flux to the self-inductive 
funda m en t al flux must be equal to (44) divided by (45) 


^ A * JL 

V Xflj X 2 


The ratio of the leakage flux of fundamental distribution to the 
fundamental flux must, therefore, be: 


— ** 


Ti-isl 
L *”J 


2 X , Xd T 

1-— sm— — 

T Xd X 2 


(47) 


The ratio e^ressed in (47) is also the ratio of the leakage reactance 
to the primary fundamental air-gap reactance. 


(48) 


Per unit Xtt ■■ Fl — — —sin — —1 

L T Xd 2 xj 

In order to obtain either the primary or secondary forward or 
backward field leakage reactance due to spiral it is necessary to 
multiply (48) by Xmv Since each stator phase produces a for¬ 
ward field of flux just equal to its backward field the total primary 
reactance due to spiral is equal to twice the spiral reactance of 
either field: 

X«,-22r.-2jr„.|^l-iisin|^j («)• 

The rotor forward-field flux is not equal to its backward-field 
flux and the value Xen must be introduced separately into the 
equivalent circuit for each field. 

It is obvious from the development that it makes no rfiff^r enc e 
which member is spiraled in so far as the resultant effect upon the 
mutual flux and the lealmge-reactmice fluxes are rnn^emed. 

Mutual Magnetizing Reactance 
Due to Fundamental Huz 

In connection with the reactance due to spiral, it should be 
furthtt noticed that the reduction in fundamental flux effectiveneM 
mentioned at the start of the spiral reactance discussion gtrin^ iTitg 

a reduction in X^, the mutual flux reactance. The reduction 
is precisely the same as the leakage reactance due to spiral for that 


1 

i 



--V ■ - V ^ ^ ~ ^ 1 . 


Fig. 7. Flux dis¬ 
tribution from 
rotor tooth 


is the way the spiral reactance was defined. If there is no spiral: 
(43) Xm " Xmi when there is no spiral (50) 

When relative spiral exists the mutual reactance, Xm is reduced. 
^«i[l “ Per umt Xal (51) 

It will be noticed that when the spiral is equal to twice the pole 
pitch the fundamental mutual magnetizing reactance becomes 
zero and all the fundamental air gap flux produced by the primary 
winding acts as leakage flux. 
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Rectifier Circuit for Measurement of Small 
Power-Angle Oscillations 


By T. A. ROGERS 

ASSOQATEAIEE 

K nowledge of transient osdUations of synchro¬ 
nous machines is of considerable importance because 
of the application of such information to studies on 
system load changes which may lead to loss of synchronism, 
to voltage fluctuations, or to hunting. Although in many 
instances very large angular swings must be taken into 
account, for many investigations only relatively gniaTt 
angular swings are considered. In this latter class are 
problems of determining the effects of saturation on 
load angle, angular variations with attendant currents 
pulsations for variable torque loads, and the prediction 
of stability under large load changes as determined from 
studies of loads causing small displacements. 

Rotor swinging has been observed under stroboscopic 
illumination, and displacement angles have been recorded 
by a motion picture camera taking 30 frames per second 
used in conjunction with the stroboscope.^ A mark on a 
moving field pole may be followed exactly in its oscilla¬ 
tions, a plot of displacements shown on the films yielding 
the time-angle relation of the rotor. Rotor oscillations 
also have been determined by means of a pilot alternator 
direct connected to the shaft of the main machine.^ In 
this case, 2 phases (single-phase line-to-line voltages), 
one from each machine, are tied together at one end, and 
the rotor and voltage of the pilot alternator so adjusted 
that the voltage difference between the other 2 phase 
terminals is zero at the reference angle, which may 1^ for 
zero or any specified load. The voltage difference ap¬ 
pearing under load is a direct measure of the corresponding 
displacement angle, and the voltage carried to an oscil¬ 
lograph results in a wave of line frequency with a varying 
amplitude if the rotor is swinging. 

The first method, although by far the best, because it 
gives the displacement angle directly under all conditions 
of operation, involves apparatus not generally available. 
The second method has the disadvantages of requiring 
an auxiliary alternator and a replot of the test data. Os¬ 
cillations about a reference axis introduce a change of 
phase which may be difficult to determine under some 
conditions. In addition, the difference voltage is not 
proportional to angle outside a region of 60 electrical 
degrees. This last disadvantage, however, is eliminated 
when studies are confined to small angular displacements, 
as many investigations are. 

The Circuit 

It is probable that the second method is more readily 
adaptable to studies undertaken in most laboratories ber 
cause of availability of equipment, in which case it then is 
of convenience to have the oscillograph plot the actual 
dfeplaCement curve directly rather than the wave of 
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system frequency with varying amplitude. The full 
wave rectifier tube is well suited to this problem because 
of the practically linear relationship between the plate 
current and the applied voltage. The addition of a 
filter circuit to reduce the unidirectional pulsations at 
line frequency to an average value greatly simplifies the 
resulting oscillogram. 

With a single rectifier and filter circuit driven by the 
voltage difference between the pilot alternator and the 
i machme under investigation, there results a single trace 
on the osdUogram the amplitude of which is directly pro¬ 
portional to the difference voltage. The magnitude of 



Fig. 1. Rectifier circuit for determination of angular 
oscillations of a synchronous machine 


the difference voltage is proportional to sin (a/2) where 
a is the displacement angle between the machine terminal 
voltage and the pilot alternator voltage. As the sine 
of the angle is almost proportional to the angle itself for 
the range between 0 and 30 degrees, this circuit will give 
practically linear deflections up to torque-angles of 60 
electrical degrees. All of the deflections, however, are 
above the zero axis, those for negative as well as for posi¬ 
tive angles because of the ch^acteristics of the rectifier. 
This difficulty may be overcome if 2 such circuits are used 
in opposition and are driven by 2 such difference voltages 
equal in magnitude at the reference angle. At the zero 
position the currents will balance out, toe current through 
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Figi 3. Oscillograms showing an¬ 
gular oscillations of a synchronous 
motor under sudden load changes 

^ —60-cycle timing wave 
B —Load current 

C-^achlne angle, load applied (20.5 
electrical degrees maximum angle) 
D—Machine angle, load dropped (8.5 
electrical degrees Initial angle) 


the oscillograph element being zero for this rotor posi¬ 
tion. The circuit is shown in figure 1. 

Circuit Action 

The Une voltages of the motor under observation are 
represented by the sides of the triangle ABC. The 
single-phase voltage, B'A', of the pilot alternator repre¬ 
sents the rotor position of the motor. This voltage is 
made equd in magnitude to the line voltage of the motor, 
and is adjusted in phase so that it lies midway between 
^e line voltages BA and BC. The difference voltages, 
CA and AA', are equal and produce equal rectifier cur¬ 
rents, I A and /j 5 , which are in opposition, thus resulting 
in zero current through the instrument. 

If a load is applied to the motor shaft there will be an 
angular displacement between the stator magnetomotive 
force ^d rotor poles which will be indicated by a shift 
in position of the pilot alternator voltage through the 
angle a, i.e„ from 5'A' to B'A''. The new rectifier 
voltages wiU be CA" and AA", resulting in an increased 



voltage on rectifier .B and a decreased voltage on rectifier 
A. Is will increase, will decrease, and the instru¬ 
ment or oscillograph wiU indicate a current equal to the 
new difference. In this discussion it is assumed that the 
machine under investigation is connected to an infinite 
bus. PracticaUy, a drop of 6 per cent in line voltage wiU 
introduce about a 2 per cent error in the difference voltage. 

The characteristic curves of each rectifier, and the 
resulting characteristic, are given in figure 2. It wiU be 
observed that if the displacement angle is greater than 
30 electrical degrees both rectifier voltages wiU increase 
with angle, and the osciUograph current wiU remain con- 
stent, being the diff^ence of 2 increasing currents. This 
circuit eliminates any question on change of phase. The 
filter circuit, with the constants as given in figure 1, may 
be relied upon with an error not over one per cent for 
oscillations of the rotor up to 4.5 cycles per second. This 
is a frequency of rotor swing much higher than normaUy 

would be found for either large or smaU machines. 

The osciUograms of figure 3 iUustrate the appUcation 
of the device just described, and show the angular oscilla¬ 
tions of a synchronous motor as load is thrown on and 
off. The pilot alternator had an adjustable stator, thus 
allowing ready phase adjustment between the 2 
^though a phase shiftmg transformer or a wound rotor 
induction motor with rotor blocked may be employed. 
Angle calibration may be obtained with a stroboscope, 
from a vector diagram for the difference voltages, from a 
c^brated phase shifting device, or perhaps by calcula¬ 
tion from the power-angle relation for the motor. 
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Current and Voltage Loci in 3-Phase Circuits 
Part III: A-Y Connection 

By A. C. SELETZKY K. F. SIBILA 

MEMBER AIEE ENROLLED STUDENT AIEE 


Introduction 

I T HAS been shown that the method of circular loci may 
be conveniently applied to obtain the variation of cur¬ 
rents and voltages when self-impedances are changed in 
various types of circuits operated at constant frequency. 
Part dealt with this problem in a Y-Y connection and 
part II* in a A-A connection. In both of these papers 
current equations were given involving all the imped¬ 
ances and voltages of the most general types of Y-Y and 
A-A circuits and required only the substitution of nu¬ 
merical values to obtain the locus of any current or volt¬ 
age existing in the system. The same treatment will now 
be applied to the A-Y connectiop. 

The A-Y Circuit 

In figure 1 is shown the general A-Y circuit. Internal 
voltages of like frequency are assumed to exist in both 
source and load phases and to have any magnitude and 
phase angle. Self impedances are considered in the inter¬ 
connecting lines as well as in the source and in the load. 
For the sake of generality mutual impedances are assumed 
in the source and load and also between the lines. There 
are no restrictions on the values of any of the self- and 
mutual-impedance elements other than they be linear and 
bilateral. 

Equa,tions will be set up for the 6 phase currents which in 
this case also include the 3 line currents. The voltages in 
the system will be obtained by adding internal voltages to 
appropriate impedance drops. 

Adding the potential differences about meshes a\Q2ha^ 
J203c6, and cSOlflc, and summing up the currents about 
junctions, o, a, and 6 , the requisite equations are: 


ItAi 4“ IiAt 

-f laAa 4" It 

[Zoo 4" IbZab 4" leZae 

=• K\ 

( 1 ) 

IiBi 4- JaBa 

4-/sB, 4- 7« 

Zba 4" IbZbb 4- leZbo 

= B, 

( 2 ) 

hCi+ItCt 

4" IzCa 4" la* 

^ea 4“ IbZcb 4" leZee 

= Ka 

(3) 

h+Ia+l 

t 


= 0 

(4) 

Ii+Ia-2 

c 


SB 0 

(5) 

h — la + h 


= 0 

( 6 ) 

in which 





Ai — Zra — 

Zrr 4" Zia — 

Zu 



Bt Zat 

Zaa 4" Zta ~ 

Ztt 



Ca “ Ztr “ 

Z(t 4- Z 31 — 

Zaa 



At Zac — 

Zar 4" Zaa ”” 

Zti 



Ba — Zu — 

Ztt 4" Zaa — 

Zat 



Cl = ZjT — 

Zrt 4- Zu — 

Zu 



Aa ^ Z%e — 

Ztr At Zaa — 

Zax 


’ (7) 

Bi = Zr% — 

Zft At Zu 

Zu 



Ca « Zer - 

Zat 4" ■2'ai ““ 

Zn . \ ^ ^ ^ . 



Ki " Bot — 

Boa 4" Bob 




» Bea - 

Boa •¥ Bbc 




Ka *• Bn — 

Boi 4* Boc 





By Gramers’ rule the currents may be expressed as 


r A/o 

■*« “ “T“ 


A 

A 


II 

A 

7 

* T 

Here A is 

the general determinant 


( 8 ) 


nominator and AJ„, AZj, etc., are the specific determi¬ 
nants obtained from the general determinant by replacing 
the coefficients of the curr^t desired by the column of ^’s. 

The expansions of the common denominator and the 
numerators follow below. It should be noted that al¬ 
though the mutual elements are bilateral, i.e., Z 24 = Zm, 
both sequences of subscripts are used in order to display 
the cyclicity of terms. 


A = XZaa + Zai, + Zac) { - (F,C, ~ BjQ + (JiGs - B,Ci) - 

(BiGa — jBjCi)}-f 

('2'M "I- Zjc "I” Z(a) { WjCi — AaCa) “ (AiCa “ AaCi) -f* 

{AiC% — 4jCi)} -1- 

(Zee “h Zco Zco) { “ (AtPa ~~ AaB^ (AtSa — AaSi) — 

{AiBi — A^i)] 

iZaaZvb *” Ziii,^){Ci — Cl) -t* 
iZvtZeo ~ Zic^){Ai — At — Zoa) -f* 

(ZeeZaa ~ Zca^){Ba — Bj) -j- 

{ZanZifc ~ Zi)i)Zc<^{Aa — ^1 -h Cl — Cs — Zjc) H- 

(Zb^ea ~ ZceZab)(At — -j- Bi — Ba — Z^b) -H 

{.ZeaZab Za^Zb^iBa — Bi -f* Ca — Cs) (9) 


AJi — (Zoa -|- Zab + Zac) {-STiCCs — Ca) — Ka{Ba —Ba)} -j- 
{Zbb + Zjc + Zba)\Ka{Aa - At) - Ki{Ct - Ca)} -J- 
^Zco 4* Zca 4" Zc6){iri(Bj — Ba) — ^^ 3(^13 — A^] 4" 

Ai (ZhbZee “ Zb^) ~ Ka(.ZaaZbb ~~ Zgjf*) 4“ (J^t — 

Ai)(ZobZjc ZbbZec^ 4" 

i^alCZacZcB ZeeZab) ~ (.ZaeZab — ZaaZeb)] (10) 


AJa — (Zaa 4" Zab 4" Zoc){A 8 (B 3 — Bi) — Ki{Ca — Ci)} 4* 
iZbb 4 - Zjc 4" Zfta) {jTiCCa — Cl) — Ka^Aa — ili)) 4" 

(,Zee 4* Zco 4* Z(t^\Ki{Aa — i4i) — Ki(Ba “* Bi)} 4“ 

Kt (.ZaaZee ~ Zea*) ~ Ai(Z&jZcc Zjc*) 4" 

(JTi K^iZaeZbb ■“ ZcoZab) 4" 

Z^AiZabZae “ ZoaZjc) “ i.Z(tbZbe ~ ZftjZoc)} (11) 


AJa * (Zoo 4" Zoft 4* Za^\K.ti.Ct — Cl) — KaiBa — Bi)} 
iZbb 4* Zbe 4* Zba)\Ki{Aa — Ai) — Ki{Ct — Cl)} *+• 

{Zee 4* Zco 4" Zc6){iri(Ba — Bi) ^ KtiAi ~ Ai)f -f- 
Ka {ZaaZbb ~ Zab*) ~~ Z.i(ZaaZec ~ Zoo) 4" (Aa — Ka) X 
{ZbaZae ZaaZb^ 4" 

Ai { (ZbaZeb “* ZbbZcd) ~~ (BeaZbe ~~ ZeeZbA } (12) 
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in which p is the scalar variable ranging from zero to in¬ 
finity as the variable self-impedance varies from short cir¬ 
cuit to open circuit. 

In the same way, the numerator of any current, such as 
Ma may be divided into 2 sets of terms, the first at being 
the summation of terms free of the variable and the second, 
ft being the summation of terms multiplied by the vari¬ 
able. The numerator may then be expressed as 

A/a = a -f. |8p 

The current then becomes 

r _ « + 

Ifl — —— 

y + 5p 


A/a 


A/j 


=« /:i{ - (Z6jZ« - Za*) + ZcciBi - Bi) -I- 
ZbeiCz — Cj -f — jBj) -|- Zij,(Ca — Cl) — 

(BzCa - BtCi) -I- (BiCi - BtCi) - (5iCa - BaCM -|- 

Ka { (ZcbZae ZceZju^ + Zce(At — Aa) -j- 
ZcMi - Ai) + ZaiiCi - Ca) +Zae(Ci - Ca) + 

{AaCa - AaCa) - (AiCa - AaCi) -f- (AiCa - AaCi)} + 
•^*1“ (ZhaZot — ZbbZae) + Zd^(Ai — Aa) -|- 
ZabCBa - Bi) -f- ZaeCBa - 3a) -f Zic(Aa - Aa) - 
(AaBa - AaBa) + (AiBa - AaBi) - {AiBa - AaBi )} 




a linear fractional transformation. That is, the vector 
la describes a circle as p varies from minus to plus infinity. 

The theorem also states that all voltages follow circular 
loci when any one self-impedance is varied. That this is 
true may be readily shown by mere inspection of any cur¬ 
rent equation. The numerator of any current equation is 
free of all impedance elements through which the current 
flows. Therefore the product of any current and imped¬ 
ance to obtain a potential difference between 2 points will 
remain Hnear with respect to all self-impedances. 

To illustrate this condition, the voltage Fm across 
phase 1 of the load will be considered. This voltage is 

Ftt =• Etn + IiZii -f- laZii + ItZua 

ia A X -Eoi H- A/iZu -f- tlaZn + A/gZn 

— _ 

The mmerator may be separated into a constant portion 
a , w free of the variable and a group of re main ing 
terms p , having p as a factor. 

Then 

„ a' -f- p'p 

St -1- 

y + sp 

Thus the voltage Foi follows a circular locus. 

The equations are not linear with respect to mutual im¬ 
pedances and on this account the variation of seB-imped- 

OT^t. The 3-pomt method is used to determine the loci, 
ant ‘*'*®'* quantity at the 2 invari- 

valne of ’ n i ^ , and some third convenient 

valueofp. Only the current equations are used in analyti- 




{ (ZcaZte — ZeeZfa) -|- Zecifia — ft) + 

Zbd(.Ci — Ca) + Zea(.Ba - ft) + - Ca) - 

{BaCa - BaCa) + (ftC, - ftCi) - (fiiCa - ftCi)} -|- 
■^*1 {ZaaZec — Za^) Zaa{Ca — ft) -|- 
ZcaiAi - Aa-{- Ca - ft) + Z^(Ai - Aa) -1- 

•^*1 ~ (ZiaZae — ZauZ^c) + Zaa(ft — Ba) + 

in\Aa -^x) + ZaoiBi — ft) -I- ZuciAa — Ai) — 
(AaBa - AaBa) + (AiBa - AaBi) - - AaBi )} 


(13) 


“ ft { — (fta^dd ~ ZtbZea) + -^(sjft — ft) + 

ftaCft - ft) -I- Z«,(ft - Ba) + Za,(Bi - ft) - 

f’iT -Ca)^ 

Ur' ~'a a +Za(Aa - Ai) + 

7/*?^" - ^^Cx)} + 

ft I (ZaaZii, - Zai,‘) •+- Zaa(Ba - ft) -|- 

- ft) + Z6i,(Ai - Aa) - 

(AaBa - AaBa) -|- (AiBa - AaBi) - (AiBa - AaBi)} 


(14) 


(IS) 


connection contains passive impedance ele¬ 
ments and smusoidal electromotive forces of the same fre- 

be^Sed^ll* that if any one self-impedance 

^ f voltages and currents wifi foUow circular loci 
accordmg to the following theorem:* 

In a ne^ork consisting of any number of linear and bi¬ 
lateral self- and mutual-impedance elements connected in 
constant sinusoidal electromotive forces 
connected in any arms, all currents and 
voltages e^tog m the system follow circular loci when 

thf ~mpS:^e'““ “ “ 

“umemtor and the denominator of the phase cur¬ 
ate be ejqanded term by term it will be seen that self- 

Amy +Sp 


-yAAAA/^-n^m^ 
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Fig* 2. Circuit for example 

SeU^mm^Currrn h«d.m£s£o« Ei^cmrca,. 
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cal form and once these are reduced to numerical form as 

linear fractional transformations, all voltage loci may be 

computed directly therefrom by operating on the currents 

with impedances. Inasmuch as the denominator of all 

current and voltage expressions is common, it follows 

all summations 

of currents and 

voltagesremain 

in the form of \ 

linear fraction- 

al transforma- \ Jiv »—•—j- 1 -t__i 

\ %\ ° '2P0016,000 

tions. Hence o.ooii ampereT^ 

the loci of all 
symmetrical '\\ %\ 

componentsare 0002 ^ \ 
also circular. V '' 

It IS not an- \ \ \ 

ticipatedthat a \ 

practical prob- \ \ 

lem will involve \ \ 

as many unbal- 

anced dements o.oi\ Z 

as have been 

treated in this x. 

circuit. How- 

ever problems Fig. 3. Locus ^ 

arise in which of li origin-^ ^ab 

anyone section 
of the circuit 

may be heavily unbalanced, as for example, single-phase 
loads. Substitution of such conditions into the equations 
simplifies them considerably, espedally when mutual de¬ 
ments are absent. 

Numerical Example 

The circuit drawn in figure 2 will show the application 
of this method to an actual problem. The source phases 
are assumed to be balanced with respect to both internal 
voltages and impedances. No mutual impedances are 
present in the source phases. The connecting lines have 
equal resistances but unequal reactances. The load is 
enrirdy resistive, 2 arms being equal and the third will be 
considered as the variable self-impedance. The lod of the 
current in the variable load phase Zn and the voltage 
across it will be determined as the variable J!?u varies from 
short circuit to open circuit. The constants of the circuit 
are as follows: 

Zad “ “ Zee “ (0.404 -1*^2.02)10”’* ohms 

Zrr = (0.08-Hil.l31)10”» ohms 


Fig. 3. 
of li 


Locus 


Zu 

* (0.08 -1-7*0.98)10-* ohms 

Zu => ( 6 . 88 ) 10 -* ohms 

Ztt 

- (0.08 + 7*0.764)10-* ohms 

ZfHf ^ Zjfe “ Zen ** 9 

Zrt 

ti0*432)10-* ohms 

Zta “ ■ Xjtt — Zu. “ 0 ohms 

Z,t 

= (7*0.416)10-* ohms 

Ehi Bjg “ iSu — 0 volts 

Ztr 

- 0*0.628)10-* ohms 

Eab — 230 ZO® volts 

Zu 

“ Bu- 1 - 7*0 ohms 

230 Z —120® volts 

Zas 

« ( 6 . 88 ) 10 -* ohms 

Eea - 230 Z120® volts 


0 20 40 60 

VOLTS 


5 

S ^04)01 


Fig. 4. Locus of Vo 


^ORIGIN 
_ Eab 


Bi = (-6.96 -i0.666)10-» 
Ct « (-6.96 -i0.226)10-» 

Ai = (6.96 -l-i0.628)10-* 

B, = (6.96 -hi0.339)10-« 

Ci « (0.08 -1-70.603)10-* 


Bi - (0 -1-70.076)10-* 
Ca « (0 -I-70.037)10-* 

Ki =» 230 -|“70 
Ki - -116 - 7I99.2 
Kt = -116 -1-7*199.2 


From equation (9) the denominator becomes 
A =« (0.134 -70.262)10-* -|- Rn (-1.14 -7*76.6)10-* 

From equation (10) the numerator of Ji is 
All = (8000 -b 713300)10-* 

The current Ix written as a linear fractional transforma¬ 
tion is then 

_ 8000 -I-7I3300 __ 

' (0.134 - 7*0.262) -|- Jeu(-1.14 - 7*76.6) 

Determining the invariant points and using Rn = 0.001 
ohm for the third point the corresponding currents are: 


Rii ohms 
0 

0.001 


h amperes 
64400 Z 121.0® 
44800 Z126.9® 
0 


These 3 points determine the locus of Ii winch is drawn 
in figure 3. 

The voltage Vm. across phase 1 of the load is 


Fot - hZxx 


_ Bu(8000 7*13300) 

(0.134 -7*0.262) -|- ieu(-1.14 - 776 . 6 ) 


Evaluating Foi at the same 3 points gives: 


Bu ohms 
0 

0.001 


Vn. volts 
0 

44.8 Z126.9® 
206 /149.8® 


Substituting in equations (7) -the group constants are: (aiee XRANSActioNs), voii 

8. Circular Loci or Cm 

. / «. ... ... - . A. C. Seletzky. Journal c 

At “ (-^0.08 —70,679)10-* — Ru A$ — (0 — 7U113)10-* August 1986, pages 197-2(M 
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These points determine the locus of 7oi which is plotted 
in figure 4. 
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Intersheet Eddy-Current Loss in Laminated Cores 


By L. V. BEWLEY 

ASSOaATE AIEE 

C ORE LOSS in laminated structures subjected to 
an alternating magnetomotive force is made up 
of a hysteresis loss and an eddy-current loss. 
In modem power transformers the eddy-current loss is 
approximately 1/4 to Va of the total loss. 

In the calculation of the eddy-current loss it is usually 
tacitly assumed that the parasitic currents are confined 
to the individual laminations, and that there is no appre¬ 
ciable cross flow from sheet to sheet. Further, it is 
assiuned for the purposes of calculation that the current 
flow in the individual laminations is everywhere parallel 
to the width of the laminations, and the end effects are 
ignored; and usually, also, the demagnetizing effect is 
not taken into account. 

While those assumptions have always appeared to be 
fully justified for engineering purposes; nevertheless, 
the validity of the assumption that the intersheet eddy- 
current losses are negligible is often questioned. For it 
is evident that as the width of the laminations is in¬ 
creased, the resistance across the packet decreases, 
whereas the 
flux increases; 

very well be, / h©/ / 

therefore, 

that the in- 

tersheet loss I 

is appreciable I I V 

for large cores; / ^ / / I r 

particularlyin / / 

those cases *^ 1 \ § 

where the | •, r-' f 

clamping i y 

pressure is / 

very high, I | / 

because the jL. ^_ f 

resistance ra- A —► 

pidly de¬ 
creases with Rs« 1. Cross section of rectangular core 
the pr e s !• 

/sure." 

The investigation described herein was undertaken to 
determine the magnitude of the intersheet eddy-current 
loss, and incident^y to obtain a more rigorous formula 
for the eddy currents in rectangular sections that gives 
the actual distribution. While such refinements are 
found to be quite unnecessary as fax as transformers are 
cpncerhed, yet they may prove useful in other applica¬ 
tions, particularly in cases where ^e punchihgs are not 
enamel insulated and immersed in insulating oil. More- 
result for the case where the ratio of cohduc- 
ti^d^es IS equ^ to um^^ apply exactly to a solid rectangular 
block, and also indicate the true end-effect correction in 


Fig. 1. Cross section of rectangular core 
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laminations even in the case of perfectly insulated punch- 
ings of finite thickness. 

The cross section of a rectangular core is shown in 
figure 1. Uniform conductivities X,, and Xy along and 
across the sheets are assumed. For definiteness, the 
core is considered as placed inside a long solenoid with 
NI ampere-turns per centimeter length, so that the field 
perpendicular to the core section is given by 
Ho = 0.4jr NI 

For the purposes of analysis, co-ordinates (x, y) are 
chosen with origin at the center of the core. The mathe¬ 
matical derivations are given in the appendix, and are 
briefly as follows: 

a. From Majcwdl’s equations there are obtained the differential 
equations for the field intensity H, and the relationship between H 
and the electric intensity B. 

b. The solution of the differential equation, subject to the boundary 
condition H ^ Ho around the periphery of the core is obtained. 
The process of solution is the conventional method of product 
solutions and sums of these that satisfy the boundary conditions 
(see. for example, chapter IV of Byerly’s “Fourier Series and Spheri- 
cal Harmonics”). 

c. The flux 4> is readily found by integrating H. Using the usual 
representation of sinusoidal quantities by complex numbers, the 
flux 4> is given by either of the formulas: 


£ _ tanh t(oeg)/(2Vf)] 8 V ^ 

(«o)/(2v9) /”j n* Vfl,/ ( 

1 , 8 ,... 

eo 

i » 1 '^l/ tanh(c{na/2) tanh(d»&/2) ) 
^0 n»\ , (ana/2) (Pnb/2) j 


» tanh(|9«6/2) 
W/2) 


(bo “ flux corresponding to the maximum (crest value) of Ho or the 
applied current I 

a* = jw4:7rXxMlO“* 
a = 2rrf 

X* = conductivity along laminations 
Xy “ conductivity across laminations 
r X*/Xy = ratio of conductivities 
M =» permeability of the iron (assumed constant) 
a,b core dimensions 

d. The induced electromotive force in the winding is given by 
■E “ — 

where jV is the number of terms. 

The loss TF may be found from the real part of E, which 
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is in phase with the exciting current, and turns out to be 
given by 

) ^ So 


tivities X* and X^ are different in the 2 orthogonal directions, there 
is (neglecting the displacement currents) 


W 


[ — 5 i<t>/ 0o)] watts per centimeter 


"KtEx 


X«£I« 


( 5 ) 


8 X 10» 

in which 

I e the maximtun (crest value) of the current and J(x +jy) y *■ 
imaginary part of the complex number (« + jy) 

For large values of r (> 1,000) the formula (2) may be 
replaced by its first term: 

^ ^ tanh [(«a)/(2V7)] 

^ (aa)/(2\/?) 


Eliminating **, there is by (10), (11). and (12) 

X* . 


or putting r = 
b*H b»H 

r - -- 

bx* 5y» 


Xa/Xy and a* 
- a*H 


ja>45rXajttlO" 


( 12 ) 


(13) 


(13a) 


( 6 ) 


This identical result is obtained if the currents are assumed 
to flow straight across the laminations and the end effects constants, and similarly for the relation between the magnetic field 


It is of interest to point out that the relations of the form (12) 
exist in crystalline media which are homogeneous but not isotropic, 
though in the general case the 3 current components are expressible 
linearly in each of the fidd components by means of 9 conductivity 


are neglected. 

For small values of [(ci£a)/(2Vf)], (5) may be replaced 
by 

24 


W 


f(j»4>o^ o> 

\io «) I 


watts per centimeter 


(7) 


This latter e3q)ression is also obtained if the currents are 
assumed to flow across the laminations and their de¬ 
magnetizing effect be neglected. 


and flux components. 

Returning to the differential equation 13a, which is the differential 
equation of the problem, a solution S is sought which takes on the 
boundary conditions 

H ^ Ho along *■»«*» a/2 and y - sfe b/2 (14) 

where Ho is given by (1). 

To satisfy the boundary conditions (14) we may try to satisfy 
them first along 2 opposite sides of the rectangular boundary. A 
solution of (13a) independent of y and which satisfies the botmdary 


The calculation of the losses by (5) or (6) is seen to condition (14) along * «* *a/2i8 


hinge on the evaluation of complex functions of the form 

(f + Ja) ^ 

On account of the great differences between the con¬ 
ductivities Xa, and Xy (their ratio may be as great as 10’:1), 
great care must be taken in evaluating these functions 
in order to secure sufficient accuracy. Methods are given 
in the appendix. 

Direct calculations of the losses by integration through¬ 
out the core section is possible, but proves to be quite 
involved. The application of Poynting’s »^ector, how¬ 
ever, leads to the same result for the losses with only 
slightly more labor than the total flux method. 

Appendix 


Ho 


cosh a'x 


a 

yTf 


(15) 


codi a'a/2 ' 

Writing the complete solution 

- Hx + ( 16 ) 

it remains to find Ho such that 

fix “ 0 along *ba/2 (17) 

fix + fii “ fi« along y *5/2 (18) 

Product solutions of (13a) of the form 

mV 
a» 

for » «= 1, 3,... satisfy (17). To satisfy (18), or more e:q>Iicitly 
cosh 


mx 

cos — cosh jS«y, 
Ok 


Ho = Ho 


( cosh a*x X 
cosh a*a/2) 


along y 


b 

^ — 
2 


Maxwell's equations in ceritimeter-gram-second practical units are 
V X fi = OAiri (8) fix = fio 


an infinite series of the product solutions will be used: 


bB 

V X fi “ 

bt 


(S>) 


turx 

1 , 8 ,... 


cosh Pny 


where H is the magnetic field, fi the dielectric field (volts per centi¬ 
meter), i the current density vector, and B the fltix density. Re¬ 
place B by /ifi, and assume the time t to enter as a factor (but 


To satisfy (18a) the constants must be chosen so that 

cosh a'x 


j9«5 nirx 

Cji cosh ^ cos “ 1 — 


cosh a'a/2 


'/(*) 


(18a) 


(19) 


( 20 ) 


omit this factor in subsequent equations). Then supposing the By Fourier's theorem, an arbitrary even function/(3c) in the interval 
only nonvanishing component of the magnetic field to be fi* the com- (—a/2, o/2) can be e^MUided in a series 
ponent along the solenoid axis, while the induced field and current 
components are perpendicular to the s axis; and finally that the 
field aspect is independent of z, there follows from (8) and (9) 


2^^. CO,— 


by ' 

bEy 

bx 


0.4ir*a 

by 


m 


■0.4xrt’y 




( 10 ) 


( 11 ) 


the subscript in fi* having been omitted since this is the only cpm- 
poneut present and there can be no confusion. Since the conduc- 


1 , 8 ,.,. 

and the series converges to f(x) at x = * a/2 only if fix) vanishes 
thtte—this is the case at present. Appljdng the familiar rule for 
the Fourier coefficients to (20), there follows: 

a/2 

T cosh 

r-a/2 


f/ : cosh os'af V j V-jiv 

111 - —;— n::) cos -^dx (2i) 

J \ cosh a'a/2/ a: i 
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To evaluate this integral, write it in the from 

where primes denote differentiations, and integrate by parts twice, 
obtaininir 


Casb II 

Suppose both ^ and 2 small compared to unity. Then 


V+jV 


tanh {p + ifl) 

P +i<z 




j fg^dx = J fgdx + [fg' - fg] * j fgdx 
since at the end points both 

_ A cosh«'« \ - -o» nvx 

/ I ^ ' r f and g —— cos — 

\ cosh a o/2 J fi^ jT* ^ 






Pi 


(26] 


Approxhaations 

In the differential equation (13o) the ratio may be of the 
order of 10^ and the term d*i3/dy* may then be dropped, so that 
(18a) becomes 


vanish in the present case. Also f 
—(aV»*jr*)g', hence 


(«')*(/ — 1) while g *■ 


bx* 




a'V 


or 

P‘‘ 


'dx 


'dx 


_ a'* gg r 

»V J 


fg^dx -- «'* 

1 4- a^*aV»V* 


gdx 


subject to the boundary con d i t ion H 
solution therefore is 


He at X a ^a/2. 




H^He 


cosh a'x 


Carrying out the latter integration, solving for C* and substituting 
in (19), (16) there follows: 


The flux becomes 


H cosh 
He cosh 


^ o'* . ''sin nv/2f a \* 

a'a/2'^.2lt « \In) 

1,8.... 

Prom this, (2) is derived by integration. 
Another form for H is offered by 

H '' sin ft 

Hex 2^4 ~ 

1.3,... 


cosh /?»y nxx 

cosh /3#6/2 a 


( 22 ) 


cosh a'a/2 

which is the first term of (22). 

^ tanh a'a/2 
<l>e a'a/2 

whi<^ will be recogmzed as (6). As pointed out above, this is alsc 
obtained from (2) due to the smallness of the series. The losses art 
given by 


(27] 
The 

(28) 

(29) 


nr/2 ( cosh ctnX 




where 


nry 

"■( —Z - 7X cos — + 

( cosh On a/2 b 

cosh/?ny 
cosh /3a6/2 


a4>He tanh a'a/2~\ 

8t10* oi>a/2 J 


(30] 


cos 


Wirtc ) 

/ 


If the demagnetizing effect of the eddy currents is negligible 
on the right-hand side of (27) put 


(23) bm 


= a>me 






This is obtained by breaking up H into 2 parts, of which one satis- 
Am the boundary conditions (14) along * « dba/2 and vanishes 
along y a *6/2, while the other one satisfies (14) along y « =fa6/2 
and vamshes along » a *a/2, and then solving W each one by 
means of ^ mfinite series of product solutions and Fourier’s theorem. 
From (23) the flux (3) follow by integration. 

As compared with (22), the form (23), while more symmetric, 
mvolves 2 mfinite series and has poorer convergence. This is due 
to ^e fact ttat the former Fourier expansion was for a function 
that vMshed at the end points, whfie such is not the case for the 
expansions in (23). 


d** 

the solution to which is 

^-fi x«\'] 

a L 10> lT"T)J 

The flux is 

he losses 

Xy / ci>0o \* a 
24 \10»/ 6 


, rnw\ya* \ 

3 X lOV 


(31 


(32 


(33 


and the losses become 
W 


(34 

From (2), (3), (5) it is seen that the calculation of the losses ^ approximation is the exact equivalent of assuming the eddi 
L ^. cuCTent to flow straight across the laminations parallel to the Y axis 


u +jV 


hinges on the functions of the form 
tanh (^-t-ig) 

iP+Js) (^) 

But it is only the imaginary component, 7, of this function which 
contnbutes to the loss. In the laminated core problem, it so 
happens, on account of the great differences in conductivity along 
and pe^enchcular to the laminations, that either p is ve^ large 

weSve* ^ 

Case I 

Supple p is v^ large (say of the order of 100). Then 

tanh (/> -}- jq) tanh p -j-jtan g 1 
(P + jg) 


, - - piurauei TO Uie X axi; 

^d neglectmg the demagnetizing effect. Thus on these assumt 

tions, the flux mcluded between —» and -f-# is 
2 buHeX 


u + jV 


1 + i tanh tan q p + jq 


P 

which induces the voltage 

• 2w 

« “ — J — Mflt6» 

The resistance of the diementary path is 
26 

\pdx 

and the losses therefore are (erms “ e/\/S) 
26 jo 


(35 


(36 


(37 


W 


^ + ji />* -H 2* 


- 3 


/>* + 2* P ^ p* 


eidx ± 

24 V 10* / 6 


(25) 


^3L ^ ^ a 


24VlO»/ 6 


(38 
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Some Series Formulas for Mutual Inductance of Solenoids 


By H. B. DWIGHT F. W. GROVER 
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A bsolute formulas for the mutual inductance of 
coaxial solenoids have been derived by Nagaoka, 
Terezawa, and Olshausen. These all give the 
mutual inductance as a combination of 4 integrals —2 
positive and 2 negative—each of which is a function of 
one of the 4 distances measured between an end of one 
solenoid and an end of the other. The expressions for 
these terms involve elliptic integrals of all 3 kinds, and 
numerical computations of their values are exacting. 

Fortunately, it is possible to use in place of the absolute 
formulas series expansions of them involving ratios of 
the dimensions of the cods. However, on account of the 
number of parameters involved, no single series ex¬ 
pansion will sufl&ce for all possible pairs of coils. 

The present paper has for its object the derivation of 
new series formulas suitable for cases not previously 
covered. A survey is also made of the whole field. 

The new formulas here developed are derived from 
certain basic formulas included in the Bureau of Stand¬ 
ards collection of inductance formulas.* For the con¬ 
venience of the reader, there have been here reproduced 
from that collection, in an appendix, those expressions 
to which reference will be made. The formula numbers 
in the original are retained in the appendix with the 
letter A added, in order to avoid confusion with the 
formula numbers of the present paper. 

Formulas for the mutual inductance of solenoids are 
usually obtained by integrating expressions for the mutual 
inductance of circles. For circles comparatively near 
together, a very useful formula (16)A has been given by 
T. H. Havelock,^ which has been extended by E. B. Rosa 
and F. W. Grover.* As the latter authors say in com¬ 
paring it with their equation (14)A, which is an extension 
of a formula given by Clerk Maxwell, equation (16)A re¬ 
quires only half as many terms to be calculated for a 
given degree of convergence. Another fundamental 
formula (66)A for mutual inductance of a solenoid and 
a coaxial circle was given by Rosa, Scientific Paper 169, 
page 101. 

In this paper, the formulas (16)^4 and (56).4, men¬ 
tioned above, will be used to derive some formulas for 
solenoids, and their ranges of application will be inves¬ 
tigated by means of numerical exmnples. 

The mutual inductance of 2 coaxial but unequal 
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solenoids which are not far apart, can be obtained by 
twice integrating the equation (16).4, first over the length 
of one solenoid and second over the length of the other. 
See figure 1. The result is as follows: 


M 

-- P(X 1 ) — P(xi) - Pin) + Pin) abhenries 

«i»s 


( 1 ) 


where and are the turns per centimeter of the coils, 
respectively, and where 


“ g -f" Wl + fftj 

ica “ g -H — »»s 
JC* » g — fWi -f f»i 
«4 “ 5 — f»l — 

ird*\/Dd 


( 2 ) 

(3) 

(4) 

( 5 ) 


„ ird^Vmrj , 

Fi.) -2— 


X 


{ 


logn 


3C*-|- c 


+ 3.il_ 6 ^ 

\d\ 8 Dd 64 DH* 1024 D*d>J f 

V* \ 4 Hi 


fl /^1 B c* 36 c* \ 
Dd>\ “ 8 Hi 64 D*d* J 

V 4 Hi/ 


64H»i< 


16 _£^ 
64 H*i» 


5 «» 

1024 H»i» 


+ 


-b 


I- 


4c*/ I i 1 I I 

iM*“ cjl ^ 2Hi “ 8H*i* 16H>i» j “ 

1 c* 325 c« \ . 
i* V 8 Hi “ 16 H*i* ■*' 3072 H»i»/ ^ 

f 3 £* _ m c* \ 

\ 2 Hi 384 H*i7 


16Hi» 


+ 


48H»i< 


/ 149 c» \ 109 *« 1 , 

\ 64 Hi/ 12288 H»i» J 

where logn denotes natural logarithm. 

If X is large, say greater than the radius a, or if c is 
comparatively large, say greater than a/2, the following 
expression for obtained by integrating equations 
(56)i4, may be used: 

Pisi — 2?r*a*4 I -- — - -h 7—-: — — —;- 

'' \_A 8r> 16r* 64 


5 a‘A 
128 "r^ 
189 
1024 
33 a^A 
2048 . 


where, 

= x^ -h A* 


‘^266 r* "^ 256 r* 1024 


21 a^oA 




1024 2048 r” 


693 a»A‘ , 231 , 

+ .-rr: —+ 


(■' ^ 


1024 
a* , 5 

ml* 1024 !• 


+ 


36 a* 


147 


16384128 X 1024 4» 




(7) 


( 8 ) 
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By grouping together terms of (7) of the same power of 
o, the following alternative form is obtained: 


35 a» 147 

16384 r* * 128 X 1024 7^^ 


4. _L£l 

8i4* 644< 1024 il« 


16384 A* 


147 

128 X 1024 


/- 


where 


^ aV(x* + A*) 


-■(•-IS) 

-’(■•-S-S) 

9/64 143 

6 \ 9 f* ' f* 3 1* J 

■ K" ^ ^f) 

Equations (7) and (9) are equivalent to (6) in all 
respects and they give the same numerical result as (6) 
for any case to which both the formulas can be properly 
applied. The criterion as to whether a series is applicable 
is that the last terms used shall be negligibly small. In 
other words, the series shall be practically convergent in 
the number of terms which are used. 

Equation (6) is given in terms of diameters and (7) and 
(9) in terms of radii so that the numerical coefficients in 
each series will be as small as possible. 

It is to be noted that the 4 values of in (1) need 
not necessarily be computed all by (6) or all by (7) or by 
(9), but some‘can be computed by one egression and 
some by another. This may be necessary in some cases, 
for may be so large that (6)-cannot be used, and for the 
same pair of coils Xi may be so small that only (6) can be 
employed. 

There is an advantage in using (7) or (9) for all 4 
cases of (1), namely, that then the round bracket of (7) 
or (9) need not be computed, for it is like a constant of 
integration and would cancel out when the 2 positive and 
2 negative values were added. 

The round bracket of (7) and (9) was put in for the 
purpose of making (7) and (9) equivalent to (6). All 
these expressions have the same physical interpretation^ 
they are Va thfe mutual inductance of 2 equal and concen¬ 
tric coils of length « and mth one turn per centimeter. 
See equation (11). Thus, (9) is the same, term for term, 
as the well known mutual-inductance formula (36).4, 
(Scientific Paper 169, page 53), multiplied by V,. A 
considerable number of additional terms of (7) and (9) 

can be written down by inspection, from this corresfponding 
formula (36)A . The terms of (7), (9), and (21) are the 
s^e as those in the paper “Mechanical Forces in Trans¬ 


formers,” by J. E. Clem, AIEE Transactions, volume 46, 
1927, page 577. The general term of the rpimd bracket 
of (7) and (9) is given in the paper by T. H. Havelock, 
reference 1, and on page 56 of Scientific Paper 169. (See 
appendix also.) 

Where a is considerably smaller than A, the grouping 
in (9) according to powers of a is convenient, but if x 
and therefore r are relatively large, the grouping according 
powers of r, as in (7) and (22), is convenient. That is, 
in general, (7) is for long coils and (9) for short cods, 
though not as short as those for which (6) is used. How¬ 
ever, there is very little difference between (7) and (9) 
for they contain the same terms and the terms which are 
not negligible must be computed while those that are 
negligible will be omitted. 

When the 2 coils are concentric as well as coaxial, r = 
0. It is to be noted that only even powers of x are in¬ 
volved in (6), (7), and (9), and so 

^(*) “ F(-,) 

Therefore, for concentric coils of unequal length, 

M 

~ 2F {tni-mt) ( 10 ) 

Equation (10), using (6), (7), or (9) as convenient, is 
thus equivalent to Rbiti’s formula, equation (39)^, or 

Searle and Airey’s formula extended, equation (43).4. 

A further simplification results when the 2 concentric 
coils are of equal length, in which case only one eiqpression 
is required. 

M 

— “ (U) 

For (6), (7), and (9), 

F(o) =* 0 (12) 

The round bracket of (7) and (9) was inserted to maVi* 
this so. As previously mentioned, equation (11), using 
(7) or (9) is the same as equation (36)A, It is equivalent 
to equation (38) of Scientific Paper 169 or other for¬ 
mulas which are given for this type of problem. 

Each dimension of the cross section of a coil should be 
taken to be the number of wires in a row along that dimen¬ 
sion, multiplied by the center-to-center distance between 
adjacent wires. 

If the 2 concentric coils of equal length are shorter than 
approximately the radius of the inner one, and if c is 
less than V» the radius, equation (6) used with (11) is 
appropriate to use. It is a mutual-inductance formula 
which it is believed has not pre-vdously been published. 
It is very similar to equation (1) of the paper “Mutual 
Inductance of Short Concentric Solenoids,” by H. B. 
Dwight and P. W. Sayles, Journal of Mathematics and 
Physics, volume 9, 1930, page 162. It is several terms 
shorter, fpr the s^e rapidity of convergence. Equation 
(6) of this paper contains only even powers of c in the seriw 
but equation (1) of the paper referred to contains both odd 
and even powers of c, which increases the number of terms 
in the formula without any advantage. 

A sittiilar shortening of a formtda by using (16)4 in- 
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stead of (14)^, may be made in the case of equation 
(16)i4, for the mutual inductance of 2 circles in the same 
plane. By putting a; = 0 in (16)^, there results 


M 


4tV^ r I I j 1 + ^ 

_ 1. c 1 ( 16 Aa 


15 c* 
1024 4*0* 


35 c« 1575 c» \ c« 

128* A>a> 2xm*A*a*"’ f i6Aa 


31 c* 247 c* 7795 c« 1 
2048 A*a* 6 X 128* A*a* 8 X 128* 2^ “ * 


radius a, and a coaxial circle of radius A in its end plane. 

Equation (51)^4 is derived from the knowledge of the 
properties of mutual and self inductance of coils. A 
corresponding relationship of mutual inductances for 
equation (1) of this paper is of interest since it makes 
clear the physical meaning of the formula. It requires 
the use of the principle.of interchange of lengths, which 
is dependent on (1), and so it is not to be taken as a proof 
of (1). 

Suppose that in addition to the 2 thin solenoids of 
figure 1, there are 4 others as in figure 2, the turns per 
centimeter being the same for all coils of a given radius. 
Since these touch each other end to end, they form longer 
solenoids. For instance, the 3 solenoids P, Q, and R form 
one long solenoid which can be called P + Q + P. 

^(P+Q+H)(.p+a+r) “ ^Pp + ^Pt + Mpr + Mqp + Mqq + 

Mpp + Msq + jM’sr 

Using the principle of interchange of lengths, by which 
= Mpj etc., this becomes 

Mpp + Ar Mjtr + 2Mpq + 2Mqt + 2Mpp 


This contains only even powers of c in the series, and so can 
be said to have Va as many terms as equation (16)^4. 

Another simplification of the probldn of mutual in¬ 
ductance occurs when the 2 coils are not concentric but 
have equal radii. This means that c = 0 and A = a. 
Formula (6) then becomes y* tim es a self-inductance 
formula, namely, (71)i4 (page 117, Scientific Paper 
169). • Formulas (7) and (9) similarly become V* 
times the self-inductance formula (11) published in the 
AIEE Transactions, volume 38,1919, page 1688. Equa¬ 
tion (1) of this paper becomes the same as equation (61)^4. 
When 2 coils have equal radii, their mutual inductan<» 
can be calculated by the above-mentioned equation 
(61)i4, using well-known self-inductance formulas, and 
corrections can be added for the thickness of the winding 
and for the shape and spacing of the conductors. See 
Scientific Paper 169, pages 140-41. 

Equation (51).4 can be used also for 2 concentric coils 
of equal length and of appreciable thickness of winding. 

It is seen from equations (1) to (5) that if in the dimen¬ 
sions of the lengths, 2mi and 27ns axe interchanged, the 
mutual inductance and also the force (see equation 20), 
are not changed. This can be called principle of 
interchange of lengths. It has been pointed out previously 
for the mutual inductance of concentric solenoids. (See 
Scientific Paper 169, page 68,) Since it applies to each 
thin cylindrical element of thick solenoids or coils, it 
applies to the entire coils. 

An inspection of the formulas* shows that the principle 
of interchange of lengths applies also to mutual inductance 


Similarly, 

l^(p+o)(^+ff) “ l^pp + ^Qt + 

and 

Solving these equations simultaneously in such a way 
as to leave only pairs of coils which are concentric and 
of equal length on the right-hand side of the equation, 

2Msp « M{p+Q+s)(pi,q+r) — M(^p+Q)^p+fi) — 

■W (9 + «)(« + r) + Mot ( 14 ) 

The lengths of the concentric coils are evidently Xi, 
xt, Xt, and Xt. 

In a similar way, equation (10) can be treated. 

In the general formula (10) for concentric solenoids the 
mutual inductance is given by the difference of 2 series. 
In the formula of Searle and Airey (formula (43).4) a 
single series of terms suffices for its calculation. Searle 
and Airey’s formula may be derived from (10) and (7) 
by ejqpanding the 2 values of r in powers of the ratios of 
the solenoid lengths to the diagonal drawn from the 
center to the end of the longer solenoid and combining 
terms. 

This formula does not converge wdfi when the solenoids 
are of nearly equal radii and their lengths are small, 
compared with their radii. In such cases formula (6) 
must be used in connection with (10). 

On the other hand, when the lengths of the coils are 
large, compared with their radii, the cpeflficients X,# and 
T.^ may become very large, rendering the use of this 


and force qf unequal coils with parallel axes, 

This principle applies, of course, to the case of a solenoid 
and coaxial circle also. That is, the mutual inductance 


of a solenoid, of length 27» and a radius 4, and a circle • 
of radius a in its end plane, is the same as the mutual 
inductance of a solenoid of Ihe same length 2fn but of 


> ‘'Xhe Force Betvedi XTflequal Reactwce Coils Ha-viiig Parallel A«*,” by FlJ. 2 . 

B. B.'Dwight iand R. W. Purssell, Elecfrie RnieWi volume 88, July mhIahaSA 

1980, page 401, Jormulaa <1>, (2), and (8). lOienoiW 
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The fo^^g formula (17) is presented as an altema- 
Its coefficients X. and J. are always less 
^ “mty and »it k possible to teU by inspection from 
h?/ tr howrapidis the convergence ot the series 
U7;, which B a power series in «/p. The change lowers 

By p'lZ^ “P «■* 


S* « a* + wtj* 

and 

P* * ^2 + Wj2 

we can replace 

V by 5 * - tf* and W by p* - in (43),4 
giving for the concentric coils, 

A>S* . s» 


OS) 


( 16 ) 


cert^n proportions of coils, the coefficients become large 
and It cannot be told by inspection how satisfactory is the 
conv^gence of the series. By making the same type of 
substitution as was used for obtaining (17), the following 

^temative form of Gray’s formula for 2 coils as in figure 
1, IS obtamed; ^ 

(£j + |J_ 

47r2a2«i»aWigi T 425 a f /j \, ' 

(y‘w+...}] (18) 


11^ rfa. W- ■ 

~ 2p< + 


«« a* 1 “I 

-4 + - Xg& + . . .| J , (17) 

where^^i and are the turns per coil of the 2 coils 
respectively, and where * 


where 
ffi ^ s — nti 

2a “ J + Wg 
di* =. 4* + qji 
di* es ^2 ^ 
a* = a» + 7 »i2 


4 a* w 

.. - 9 a* 33 a* 

X^ mrl- L^ri fc 

2 a* ^ 8 “ 

Xe =1- — + 

4 a* 8 a* 64 a* 


4p* 

1 

■"Sp* + 8 p* 


X, -1-13“ + 
a* 


195 o* 
4 a* 


1105 a* 4199 a* 
16 a« 128 ? 


Xio 


1 _I! ^ _ 80^ a« 33915 a* 52003 a" 

4 a* 4 a* 32 a« 128 a* “ liF ^ 


The co^dents f«, etc,, are functions of A^/p^ and can 
be written down by inspection from the dmil.. expres¬ 
sions for X», Xg, etc. ^ 

formi^ (17) and (4a).l are given for the case 
of the muM mductance of a short solenoid and a longer 

et il**l“**’ can be used for the case wS 

tte shorte solenoid is outside, by first applying the prin- 
ciple of interchange of lengths. 

^^y-s^formula (40)4 eqiresses the mutual inductance 
of 2 roaa^ solenoids, not concentric, as the difference of 
2 senra of terms. It may be derived from the general 

1 ® 5 >«®ingthe4distancesrtatoms 

rf the distoc« measured from the center of the coil of 
raffim to tte ends of the winding of the other coil. 
In spite of Its smaller number of teims, however, the con- 

of Grays formula is not so gU as t^t^fffT 
except for coils far apart. ' 

ooefifident as 

( ) . IS subject to the same disadvantage that, for 

169 of the Bureau of Stand^^WE ^bV ^*“4 w 

equation 40 and 400 . * ^ ^- W. Grover, page 69 , 


where Xg, X4, etc., are the same as for (17), where f ' is 
tte same fnn^on of 4/di that X, is of J 

IS the same function of A/d, that X. is of o/S. lie 

quMtitira «, and «, are the numbers of turns per centi- 
meter of the 2 coils, respectively. 

^ “efficients in (18) are less than unity, the 
mpid^ of convergence of the series is evident at once 

“*0 has 

Deen simplified to some extent. 

^ concentric, ^ 0, d, « d. 

and (18) becomes the same as (17) 

The TOnver^ce of (18) may ’be improved by em- 
ptoymg the prmciple of interchange of lengths if, by so 
domg, a smaller value of 5 results. 

f g^^ce of Gray’s formula and the alternative 

t^e h t ’ «s the dis- 

toce tetwren tte 2 solenoids is increased, but for loosely 

OTupled coils this advantage is offset by the difficulty 
^t the mutual mductance is obtained as the smafi 
Merence of much larger terms. Thus each series has to 
b calculated to a much higher accuracy than that re¬ 
quired m the value of the mutual inductance. 

This (Mculty may be avoided by the use of a new 
formula denved from (18). 

Writing 


Si 


^ and dt » ^ 


£» 

ff2> 


360 


and expanding powers of di and in (18) by the bi¬ 
nomial theorem, there results the expression 

as.^' si. 

, 2*>>+8iij(V+3ir + irj-,+ 

^ d- . 35 u4* 35 A0 \ 

S.‘r 4 +8 )x 

fi 4. 7 «*** r »*2*^ , 1 

+ +T.ri + v|^- + ---J a») 


^gW(^ov€r--lnducUinct of Solmoids 


Blectrical Kng^inbbring 





in which JVi and N 2 are the total numbers of turns on 
the coils. 

This formula is simpler and more accurate the looser 
the coupling of the coils, that is, in just those cases where 
formulas (1) and (7) require the greatest care. The 
coefficients of SVsi" are less than unity. 

Here also the principle of interchange of leng^s should 
be employed so that 8 may have the smaller of the 2 
lengths which are possible. 

When the 2 coils are not concentric, a mechanical force 
is exerted by one on the other in the direction of the axis. 
By a well-known proposition, this force is equal to 

hta —r— dynes 


where *1 and 4 are in abamperes. This can be written 
timithlQcn) - Q(„) - Q(a) + Q(„)] dynes (20) 

where Xi to X 4 are given by (2) to (5) and where 


Q(x) = 


h.F(a.) 

dx 


since 
ds dx 


For small values of x, the derivative of (6) may be 
taken from the first step of the integration by which (6) 
was obtained. This gives 


Q(z) “ tjc-v/pS < logn 




16Dd \ f . i il 
+ c* j I ^ 4 


JL 4 . 

64 




31 

256 D»d* ■ 4Dd 
7 fi 


64I?*d» 


fL ^1 _ 1 ii 4 5® g* \ 

tr>d V 8 2?d 64 D*d*) ~ 

V 4 Dij ^ 256 DW ) ( » c( 

/ < i g* g* . g* \ « I g* • 

V 2 p 5 “ SD*d* 16I?»d'*)'*' V 
l®jEl._l®ijL^4f!. (JL - g* \ 

j'^ Dd\A 


64 D*d* 768 DH* 


JJ)d 76SDH»J 


jLfl _ ii ^ 


D*d* V64 266 Dd 


\ 3L ^ 

) “ 768 D*d*’" _ 


( 21 ) 


For larger,values of x the following expression for 
may be obtained by differentiating (7) with respect to 


^ - 2T*a*» r, . 3 a*A* 5 a*A* , 36 a*A* , 

— [1 + 3 —-i^TT+ei—+ 

63 aU* 1166 a*A* 

128 r» 266 " 266 1024 r» 

2079 a*A* 231 a'^^A* 9009 a*A* 3003 

1024 r« 1024 r“ “ 2048 f“ 1024 


429 a^A* 
2048 


( 22 ) 


where 

r* - »* + il* 

It is easy to show that the mutual inductance mix) 
of a solenoid of radius A, winding density ni, length x, 
and a coaxial circle of radius a in its end plane is connected 


with the function Qix) by the relation mix) = niQ(x). 
Thus equation (22), multiplied by ni, gives an expression 
for the mutual inductance of a solenoid and coaxial 
circle which is equivalent to (56)^4 and may in fact be 
derived from the latter by putting x^ = and col¬ 

lecting like terms. This change is similar to that used 
in obtaining (17) and (18), and the formula thus derived 
has the advantage, already noted in these cases also, of 
avoiding the possibility of large values of the coil length 
in the numerators of the terms. In (22) A^/r^ is always 
less than unity. 

Similarly, by multiplying equation (21) by wi, a second 
formula for the mutual inductance of solenoid and coaxial 
circle is found, which is suitable for short coils, and those 
cases where the radii are nearly equal. This formula is 
believed to be new. The fact that (21) is unchanged, 
when d and D are interchanged, furnished a proof of the 
principle of interchange of lengths in the special cases of 
solenoid and circle also. 

The equations for mix), derived from (21) and (22), 
are to be used twice, when the plane of the circle does not 
pass through the end of the solenoid. 

It is desired to make acknowledgment of preliminary 
investigations on this subject done in connection with 
thesis work by T. S. Chen at Massachusetts Institute of 
Technology. 

Example I. A mutual inductance problem where both 

(6) and (7) can be used to check each other. 

A =» 26, w* = 3, o =■ 20,«! ■= 2, j = 30 (centimeter units). 
xi = 35, xt = 29, x» = 31, X 4 = 25 

by (6) = 10,0007r\/i^ [0.0614 -1- 2.6824 - 0.6290 - 
0.7649 + 0.0299 + 0.0068 - 0.0016] = 166700 
P{in) by (7) = 20,000 *•» [1.7206 - 0.0167 + 0.0017 - 0.0007 - 
0.0002 -I- 0.0003 - 0.0001 - 0.0001) -|- 
(-1.0000 -1- 0.0800 + 0.0064 + 0.0013 + 0.0004)] 
» 20,000 T* (1.7067 - 0.9119) 

» 166700 

In a case such as this, where both (6) and (7) are ap¬ 
plicable, not many significant figures can be obtained. 
Howev^, if (6) is used for a much smaller value of x, or 

(7) for a larger value, the last terms may be smaller than 
10“’ and so 7 or more significant figures can be obtained. 
Example II. Q(xi) for the coils of example I, by (21), 

= 36 [3.721 - 0.411 - 1.994 + 0.002 -|- 0.029 - 0.009] 

" 6680 

rN 2 IT* X 400 X 36 ,. , nnnnn . 

By (22), Q(gi) -[1+0.0274—0.0049 + 0.0029 + 

0.0009 - 0.0014 - 0.0002 + 0.0004 + 0.0006 - 
0.0004 - 0.0002] » 6680 

Example III. Two concentric, coaxial coils. 

Inner solenoid, a ^ 2,2mi — 2 
Outer solenoid, il “ 10,2»n «= 6 
(Example 39, page 84, Scientific Paper 169) 

~ = 160 IT* (1.066268 r- 1.006331) - 77.279 by (7). 

»in» 

Equation (43) of Scientific Paper 169 gives 77.27980. It 
is a better series for thte case, in which the coils are too 
short for more than 5 significant figures to be given by 
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(7), and m which = 0.8 is too large for (6) to be c ^ A --a the difference of the radii 

used. However, equation (7) is applicable to coils which * “ distance between their planes 

r and «• - . 

J^xample IV. Two concentric, coaxial solenoids. 

then ‘M'flvnrell’o 


Inner solenoid, a = 10, 2t»i = 20 
Outer solenoid, A = 15, 2nH *» 200 
(Example 43, page 91, Scientific Paper 169) 

®y (7), P(110) = 3000 IT* (7.401200 — 0.000137 + 0.000001) 
« 3000 X 7.401064 

•P'(90) ai 3000 JT* (6.082762 - 0.000247 + 0.000001) 
“ 3000 T* X 6.082616 
M 

~ * 6000 IT® (7.401064 - 6.082616) 

M 

7—— = 6213.61 

Ajenint 


f * *a c» + and a* as — , 

Aa 

then Maxwell’s series formula, extended by Rosa and Cohen, is 

u-ira _fL±iei’ + 

(. r \ 2 a 16a* 32o» 

17c‘+ 42c%f*—16 jc* \ f c 3c*—a:* 

-- + + 

c* - 6caf* 19c< + 634c*«* - 93a:< \ ) 

~Sir + —-Misj-••• )l (i*A) 


C* - 6ci»!* 19c« + 634c*a!* - 93a;« 

48o* 6144a< 


If the circles are in the same plane, x *=> 0, and this becomes 


M as 4ira / log —. ^ ^ JL ^ __ I 17 ^ \ 

This agrees with the values given on page 91 of Sden- ^ c \ 2a 16a* 32a* 1024 a* •" 

tific Paper 169. On page 92, a solution which occupies (■> 1. 8 c* c* 19 c* M 

than a page, is given by means of (45), page 65 of V a. ' 16 a* + 48? eiii ^ ) M’®** 

that paper, which is a formula for 2 coaxial solenoids a a-a..- 

which nmy or may not be concentric. As stated on HavdS^ 
page 91, if a series formula can give the accuracy required 

it is usuaUy preferable to (45). It is evident that, by If- 4 vVA;r(l^ . . 35 

usmg mote terms of (7) of this paper, more than 6 signi- ^884 "*■ (128)* 

Scant figures could be obtained in this case. 1675 . . 'V g.^ / «• ai 

K As an example of the use of formula (19) ^(*88)* • ••)'<« +16 ~ 2048 + 

there may be taken the case where 247 77 gg ^1 

8, A - 8, 2m, - 10, 2 m, - 6, J - 18 6(128)* ~ 8(128)* '/J 

A«u^g further that 10 it follows that the ™*"“ »' * as great as 

coils have 100 turns and 60 turns, respectively degree of convergence it rmpires 

m - 16 m . a. ^ *” “ <»■>“ formula (14)1 


A formula derived from series expansions of certain integrals by 


AW AvrjjsVi 

coils have 100 turns and 60 turns, respectively. 

Si " 16, Si =» 21, «* - 29 
Then (19) gives 
7.776 ir* 10*. 

“ (316)* 0.102368 - 0.002076 - 0.001099 .. ,J 


Mutual Inductance of 
A SoLENonj AND A CiRCLB m Its End Plane 

The mutual inductance of a solenoid of N turns, radius A and 

Idwiemaybef^mnd 


ine mutual inductance is then • t.., -• 

m which fi» ^ x’ + A* 


7.776 IT* 10* 

(299)) “ 0.006865 — 0.004160 + 0.000392 + ...] 

860.19 




3 ** 

If the Solution be carried through by ( 18 ) ilf = o nnil 
^ 10.989447 - 0.978679] = 850ll = 10 ^^^ ,„** ^ 

2m. = 6, and if the lengths be interchanged, “ 2 -*"j. +«J, 

» - 4800 »* (0.991608 -0.973661)- 860.22 .v 86 36 a* , 


y. 86 36 a;* -4 

^•-ii-2j*+81j,-4|. 

Appendix ' + 

Fomi^ Prom ihe Bureau of Standards CoUection for ^ 

the Calculation of Inductance (SdentiflcP^er 169) ir,. - ^ _ H®? il + f;] 166 ** j-'-Kt*' *“ 

a the smaller radius f \^ J 

A *• the linger radius-,' . . • \ * / 

^ ^ 4(- 
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Mutuai. Inductancb op Concentric Coaxial Solenoids 

Let the radius, axial length, and number of turns for the outer 
solenoid be A, 7,m%, and iVj, and the corresponding quantities for 
the inn e r solenoid e, Simi, and N\, (This is a special case of figure 
1 with s = 0.) 

Then, if the length of the outer solenoid be greater tlmti that of 
the inner, the mutual inductance may be calc ulated by Searle and 
Alley’s formula: 


M = 




p 

1 

P^ 


L‘ 


8 p* 32 p* 


32 P« *^■^32 p“ 


XtLt + ... + 


1 /AaV* 

32 ( 7 /■ 


in which p* tn%* + and the quantities Xtn are derived from 
the corresponding coefficients in (56)A, with nh in place of x, and 
the coefficients Ltn from the substitution of i»i in place of x, and 
a for A. in the same equations. Thus 


3-4 


wii* 


Wi 




mi* 


-lO-r + 4- 
a* a 


3 - 
5 


A* 


^‘- 2 - 10 ^, +77 


This formula is very convergent, except for coils of nearly equal 
radii and of lengths which are short, compared with their radii. 

For long coils, the coefficients Xm and La^ oscillate between 
large positive and negative values, rendering it difficult to be sure 
of the degree of convergence attained. 

Rditi*s Formula. With the same nomenclature but with 


Pi 


* »= {ma — mi)* + A* and p»* *= (ma + mi)* + 4* 


this formula may be written 


M = 4ir*a*ni»j 


k- 


pi) + 


a*A* [ 1 


PI 


i)- 




( 


I . 2^ . 1 > J: 

I A* 21 A*JW* pa 


=) 


3003 

16384 


a*A* X 


/ a* 10 a* . 1 a*\f 1 1 \ I 

y + ^ A * 7 A *"^ 14 AvU» P«« j ‘ ’ 'J ^ 

MaxioeU’s Formula for Concentric Solenoids of Egual Lengths. 
Let the common len^ be 2»», and the winding densities, in turns 
per centimeter, »i and ftj. Then, with p* = (2in)* + A* 


i£ — 4ir*a*nina[2m 
in which 

A — p + 2w 

Ct sa " ■■■■’ 

2 A 


2Aa] 


164* V pV 644* V2 P* 

® £lYi _ § d! j. 4 — _ 3 —^ _ 

2 pV 2048 4«V7 7 pf ■ p* p^* J 


63 a*/ 


L d! - 

2(128)* 4»' 

-H 

^ 9^pV: ^ 

231 a« / 

- 7 

128 4^ 

(612)* 4“ \ 

^11 

11 p“ 


4»»\ 
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4” A** j4*i >4*»\ 

3200-— - 6800 — + 6460 - 2261 ~ ) .. . (36A) 

pi* pl» pJl piZ J 

In this expression the general term of the series in powers of a*/A * 
is, as was shown by Havelock, 


(2« - 1) [1.3.6 . . .(2» -3)]* 

2*®+‘»! (» + 1)1 


( 7 )' 


Gray’s Formula. Gray gave the following formula for the mutual 
inductance of coaxial solenoids, not concentric. Wi'^ the notation 
of figure 1 and 


2i “ r — ma, gj= r + ma, di* = 4* + gi*, da* = 4* + g** 
Gray’s formula becomes 
M - v*a*A*nina[Kikt + Kikt + K,ka 
in which 


(40A) 


4« 


• _ sA 

» \da dij 

'■■ife-t) 


ki » 2f»i 


ht => —<l*mi ^3 — 4 


Mutual Inductance by Means op Selp-Inductance Formulas 

The mutual inductance of 2 coils having the same radii and the 
same number of turns per unit length may be calculated from a 
knowledge of several sdf-inductances. 

If the 2 coils be designated as 4 and B, and a coil C, having the 
Sfl-trie radius and winding density, be imagined to exactly fill up 
the space between 4 and Bi the inductance of coils 4, B, and C in 
series will be 

Labc “ L^ + Lb Lc + 2 Ma.c 2Mbo + ^Mjib 

^milarly, the sdf inductance of the coils 4 and C in series, and of 
B and C in series, are given by 

Lao ■“ ix + ic + ^^Iao 
LbO •= is + ic H" 2JlfBO 

wiitnitinting Mao and Mbc in the equation above, we find 
2Mab— (f'A.BOLc) — (Lac ^ I'Bo) 


(51A) 


If the radii of the 2 coils are equal but their winding densities »i 
and na are unequal, the expression (61)4 may first be calculated, 
assuming unit winding density on each coil. The result so found, 
multiplied by »i«t, is the deared mutual inductance. 

The sdf-inductances in (61)4 may, in general, be calcidated by 
Nagaoka’s formula and tables. For a coil of JV turns, whose axial 
length 2m does not exceed its radius a, CoflSn’s extension of the Ray¬ 
leigh and Niven formula is accurate and convenient, 

/ 80 1 , 1 »**Yi j. 

£ - 4»i?» jlog - --J + 7 2 S + 7 /- 

1 w* / 8a 2 A . 8a 109Y_ 

ii7 V ^ j 1024aV\°^ 2m\ W 


>429 


+ 


2(1024)* 4“ \13 ^ 13 p“ P^* 
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36 ml 


16384 a' 


t flog ^ 4- ,. .1 (71A) 

V * 2m 420//^ / 
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An Analysis of Copper-Oxide Rectifier Circuits 


By P. O. HUSS 

ASSOQATE AIEE 


Summary 

T he anal37sis of circuits containing copper-oxide recti¬ 
fiers is based upon the selection of a proper r^re- 
sentation of the variable impedance of tfip rectifier 
element. In this analysis, the element is replaced by 2 
constant resistances effective during the 2 directions of 
current flow through the rectifier. On the basis of this 
representation, an equivalent circuit is developed, which 
is a modification of the usual perfect rectifier circuit. 
The method is illustrated by analyzing circuits in which 
the loads consist of resistance and inductance and of re¬ 
sistance and capacitance. The computed results are 
then compared with observations made by an oscillo¬ 
graph. 

Introduction 

Copper-oxide rectifiers are finding greater use in con¬ 
nection with measurement of alternating voltages and 
currents. This is particularly true in connection with 
special electrical instruments designed to measure physical 
quantities such as motion, pressure, etc. It is often de¬ 
sirable to analyze the circuit in order to predict its opera¬ 
tion, but the usual assumption, neglecting rectifier im¬ 
perfections, is frequently not sufficiently accurate. 

This paper presents an approximate representation 
of the copper-oxide rectifier, taking into account its 
asymmetrical conduction properties. Two constant re¬ 
sistances are introduced, to represent the direct and in¬ 
verse properties of the real rectifier. XJsing thi.s approxi¬ 
mation, an equivalent circuit is established. 

A general discussion of the methods ured to analyze 
circuits, consisting of copper-oxide rectifi^ is given, 
together with a consideration of the circuits for which 
the rectifier conducts durmg only part of the cycle. The 
analysis is made on the assumptions that the applied 
voltage is sinusoidal with a constant maximnTn value, 
and that the successive half-waves are identical. 

Circuits of resistance, resistance and inductance, and 
capacitance in parallel with resistance, are analyzed to 
show ^e application of the method presented in this paper. 
The circuits are also analyzed for the usual idealization of 
perfect rectifiers. The theoretical wave forms computed 
by each of these 2 methods is compared with the results 
obtained by an osdllographic study of an example of 
each type of load mentioned. The measurements in¬ 
cluded in this paper were made on commercial rectifiers 

pabUcation by the AIBE committee on electroohydcs 
Jgn^pt submitted March 10. 1036; released for pubHcationSS 5 

R O. Hubs is research associate at the UniverslW of Michigan, Ann Arbor. 

1 . Pot all numbered inferences see list at end of paper. 


and are included only as illustrations of the method of 
circuit analysis. 

The Rectifier Element 

Grondahl^** has given an excdlent description of the 
copper-oxide rectifier and its construction, together with 
an explanation of some of its properties. The rectifier 
element consists of a disk of copper upon one side of 
which an oxide has been formed by heat treatment. Rec¬ 
tification takes place in the area of contact between the 
copper and its oxide, because the impedance to current 
flow from oxide to copper is low, while the impedance to 
current flow, in the opposite direction, is high. 

The difference in impedance for the 2 directions of 
flow presents a problem which has no simple solution, 
but which is, nevertheless, of much importance. Without 
an anal 3 rtical approach, it would be necessary to malr^ an 
oscillographic study of wave form to determine the be¬ 
havior of each new circuit. It is desirable to obtain a 
method of computing results to be anticipated for a given 
circuit, so that the oscillographic study can be eliminated. 
This is especially true in the design of instruments u sin g 
rectifiers. 

For circuit analysis, the rectifier must be replaced by 
some combination of standard impedances. Deutsch- 
mann and Schottky* presented 4 types of equivalent com¬ 
binations, of which pure resistance is the simplest, yet 
representative for many applications. This resistance 
is a variable depending upon the voltage applied to the 
rectifier element. The t^e of variation is shown in 
figfure 1, but actual values will differ depending upon the 
kind of rectifier and size of disk. 

Since the resistance varies continually during the cyclic 
c^nge of current and voltage, an exact analysis is quite 
difficult. As an approximation, Cremer* replaced the 
changing resistances by 2 constant values, D and 5, where 
D represents an equivalent constant value for current 
flow from oxide to copper, and S an equivalent constant 
value for current flow in the opposite direction. These 
approximations are used in this paper to simplify tb** 
study of rectifier circuits. The term “constant recti¬ 
fier” refers to one in which the approximation of 2 con¬ 
stant resistances is used. A “perfect rectifier” is one in 
which P is zero and ^ is infinite. 

FtiU-Wave Rectifier Circuits • 

There are 2 standard circuits used to obtain full 
wave rectification, the transfonner bridge and the Graetz 
bridge, shown in figure 2. The choice between them de¬ 
pends upon the relative cost of rectifi^ elements and 
transformer, and also on certain conditions peculiar to 
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the special problem. Unless otherwise stated, tTiig paper 
deals with the Graetz bridge only. 

The rectifiers in the bridge of figure 26 may be replaced 
by the approximate equivalent resistances, D and S, for 
direct and inverse impedances, respectively, and an 
alternating voltage of constant maximum value applied. 
When a has a positive potential, current flows from a to 
c. Rectifiers in legs ah and dc are conducting and are 
represented by the constant direct resistance, D. Recti¬ 
fiers in legs be and ad are opposing the flow of current 
and are represented by the constant inverse resistance, 
5. During the next half-cycle, when c is positive, current 
flows from c to a, opposite to the direction in the previous 
half-cycle. Thus rectifiers in legs ah and dc now oppose 
the flow of current and are represented by S, while those 
in legs he and ad are conducting and are represented 
by D. 

If the rectifiers may be assumed to have like character¬ 
istics, the entire behavior can be described by one half- 
cycle. This assumption simplifies the discussion and is 



INVERSE VOLTAGE 0 CONDUCTION VOLTAGE 


Fig. 1. Copper- 
oxide rectifio- 
resistance varia¬ 
tion 


used here. Thus the analysis is confined to the half¬ 
cycle of voltage, where a is positive, the next half-cycle 
assumed identical to it. 

Analysis of the Graetz bridge circuit of circuits g6c, 
ahde, and junction 6 in figure 26, yields the equations 

Dio + Sis “ ® 

2Did "f* “ a 

*£ “ — *5 

Combining the first and third, gives 
, c + Sii, , , t — Diit 

'■>--0 + 8 '‘~TTs 

Substitution of ij, in the second equation above, gives 
the basic Graetz bridge equation 

^ + Pitt . (U 


the constant rectifi^ -problem. A circuit of this kind is 
shown in figure 4c. 

Applying similar analysis to the transformer bridge in 
figure 2 g, the analogous equations become 

2e +Sit' . 2e - P . . 

D-VS ' = + 

where P and 4> are the same as defined above. Thus the 
constant transformer bridge can be represented by a 
perfect rectifier bridge with a series resistance, P/2, and a 
voltage 4 >e applied to the system. 


Determination of Equivalent Resistances 

Even if the curve of d-c values of figure 1 were known, 
the equivalent d 3 aiamic values, D and 5, could not be 
easily established and so some method of direct meas¬ 
urement is desirable. 

These constants may be determined by 2 sets of meas¬ 
urements on the Graetz bridge. Using the assembled 
rectifier bridge, measure the alternating current and volt¬ 
age with effective value meters, for these 2 conditions: 
(a) d-c load terminals open, and (6) d-c load terminals 
shorted. Call the irnpedance from the first measure¬ 
ment, the open-circuit impedance, Zo, and the impedance 
from the second measurement, the short-circuit imped¬ 
ance, Zg, Study of the parallel impedances of figure 
3 shows that 




D + S ^S 
2 2 


and 


„ 2Z>S 


p 


Since S is much greater than D, the following definitions 
hold. 


S - D P 

S«2Zo; D^m -l-j 

Zs = P is concerned primarily with rectifier conduction, 
and so in use depends upon the current, while Zq is con¬ 
cerned primarily with the inverse or leakage character¬ 
istic of the rectifier and in use depends upon the voltage. 

For any given case, the values of P and 5 can be found 
from graphs similar to figure 3, the value of line current 
determining P, and the line voltage determining S. 

Some precautions must be taken in the measurement 
of Zo to obtain consistent and reliable residts. A fairly 
good set of measurements can be obtained by taking t;he 
readings with decreasing voltages, controlling the voltage 
by a tapped transformer rather than with a potentiometer. 


where 


P 


2DS 
D + S 


and 4 > 


S-D 
S + D 


An. equivalent circuit, to represent the constant rec¬ 
tifier with load, can be set up from equation 1. The 
load current, ii, for a constant rectifier, may be found by 
adding a resistance, P, in series with a perfect rectifier, 
having the same load, and applying a voltage ^ to the 
resulting circuit. This substitution is used here to solve 




Fig. 2. Full-wave rectifier circuits 

cr—Transformer bridse b—Graetz bridse 
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Analysis of Rectifier Circuits With D-C Loads 

Now that the equivalent circuit for the constant rec¬ 
tifier has been established, and an experimental means for 
fi n d in g P and 4> has been presented, a few typical cir¬ 
cuits will be analyzed to show the application of equa¬ 
tion 1. Comparison of the wave forms obtained by this 
method will be made with the wave forms obtained by 
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oscillographic study of the circuit. The analysis of these 
loads will also be made assuming a perfect rectifier, for 
the purpose of comparing results with those obtained by 
the constant rectifier method. 

Several studies of perfect rectifier circuits have been 
published. The reader is referred to the series methods 
presented by Wheatcroft* and by Stout.® A filter circuit 
study was made by Lee’ and the equations for a thyratron 
rectMer were given by Cockrell.® 

Distinction must be made, in rectifier work, between 
2 kinds of loads; 

a. Loads for which rectifier conducts during the entire half-cycle, 
M<^ of the loads under this group are resistance and inductance in 
senes or pure resistance, but some arrangements of capacitance in 
parcel \nth series inductance and resistances fall into this group. 
A discussion of a load of resistance and inductance in series is pre¬ 
sented to illustrate this type; 

5. A second group of loads are those having parallel capacitance 
of such magnitude that the load current tends to become negative 
during the half-wave, with the result that the rectifier stops con¬ 
ducting and a cutoff period must be studied in addition to the 
usual Conduction pmod. A discussion of this tj^e of load follows 
and the case of . resistance and capacitance in paralld illustrates 
this kind of load. 

The circuit analyses in this paper axe made with the 
foUoV^g assumptions: 

1. The impressed situating voltage is sinusoidal with a constant 

maxunum value, 4! s sin sin 6. 


2. It is assumed that the system has been in operation for sufficient 
time so that a steady state has been reached. 

3. The successive half-waves are identical. All wave-forms and 
developments are based on the half-cydjs, 6 « 0, to 6 a «•. 

4. Since the successive half-waves are identical, the currents 
must have the same value at 6 » 0 as at 6 « t. 

Load of Resistance and Inductance in Series 

As mentioned above, a load of resistance and inductance 
in series is an example of the group in which the rectifier 
conducts during the entire haJf-qrcle. See figure 4 for 
the circuits for this t 3 q)e of load. 

Perfect Rectifier 

Refer to figure 46 for the equivalent circuit for this 
case. The rectifier impedance is zero and so the current 
solution is obtained by appl)dng the voltage directly to 
the load. The equation for this case is 

Rih + L -T— » sin 0 

at 


which has the solution 
h = + .ST* sin 0 -f iTi cos 0 

where a = Rw/L. Ki is obtained from the condition 
that 4 is the same for 0 = 0 and 0 = t. Kt and K$ 
are known from the steady state of the inductive circuit 
for alternating voltage, so that 

«L-Em 2 H 

<aL 


Ki 


K, 


R* + («L)* 1 - 

RRm „ —uLEm 


Kt 


. . . . R*+ («£)* 

Constant Rectifier 

Refer to figm^ 4c. Equation 1 and its discussion shov 
that the constant rectifier can be represented by a per 
feet rectifier with a series resistance, P, and a modifiec 
voltage, 06. Thus the same equations that were devel' 
oped for the perfect rectifier are valid, except that th( 


Em sine 



(a) 


k- 


_ • Emsine 

rig. 4. Graetz bridge cir¬ 
cuits for resistance and in- ~ — 
ductance In series 

o-<!onvcntional circuit, first lialf- : ^ 

wave 

b—Equivalent circuit for perfect ^msln 6 
rectifier 

c—equivalent circuit for constant -- 

rectifier 
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resistance termi R, is replaced by the term (R + P). 
Thus we can write the coefficients directly 

2 R+P 

(R + Py + 1“ «L 

^ __ (-R + P)* 

(i2+P)* + («L)*’ (P + P)* + (a>i)» 

For resistance only the equations become 

-Ei» 

t'i s= ~ sin 0, for perfect rectifier 

0jSm 

“ ~ p sin d, for constant rectifier 

P + P 


Fig. 5b. Com¬ 
parison with 
typical case of 
resistance load 

A — Osclllosram 

S—Perfect recti¬ 
fier 

C—Constant rec¬ 
tifier 

R “ 400 ohms, 
Em “ 13.7 volts, 
« “ 377 


Figures 5 and 6 show the comparison of wave-forms 
computed from the above formulas, with an observed 
wave-form obtained from loads of resistance and from 
resistance and inductance in series. Figure 5a shows 
that the computed forms differ from the observed, but 
the constant rectifier method gives a much closer approxi¬ 
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mation than the perfect rectifier, the reason being that 
the load is of the same order of magnitude as the direct 
resistance of the rectifier and so the rectifier resistance 
cannot be neglected. A similar discrepancy will be 
found if the load is of the same order of magnitude as the 
inverse resistance of the rectifier, in which case the as¬ 
sumption of infinite resistance is in error. 

Circtiits That Have Cut-Off 

For the group of loads having a cut-off period, the 
load current tends to become negative at some point in 



the cycle. The rectifier does not allow this and so a 
different type of behavior takes place during the rest of 
the cycle. These loads have 2 or more paths in parallel, 
one or more of which contain capacitance. A typical 
circuit of this type is shown in figure 8a, 

Reference to figure 7 will aid the following discussion. 
Begin consideration sometime during the conduction 
period, when the voltage e is the voltage applied to the 
load, and the circuit follows its normal a-c behavior 
until 6i is reached. At that point the current through 
leg D reaches zero due to the fact that the condenser 
discharge becomes sufficient to supply the load. 

After 02, the current through leg D reverses and legs 
ab and dc change their characteristic from D to S. Legs 
be and ad retain their 3 characteristic since they experience 
no change in current direction. The circuit is now that 
for cut-off as shown in figure 8d. This cut-off period 
begins at $ 2 , the cut-off angle. Its significance can be 
most easily seen in the case of a perfect rectifier where 
^ is mfihite. At (9*, the condenser has a charge corre¬ 
sponding to that voltage (g = CEm sm ^ 2 ) which must 
discharge through the resistance path, since the impedance 
m the outer dreuit is infinite, or open circuited. This 
discharge continues until the voltage across it dies down 
to the voltage of the next oncoming sine wave, defined 
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as the cut-in angle at d = di + t. At tins point the 
condenser ceases to discharge and again charges according 
to sine voltage behavior. Thus the conduction period, 
or normal a-c behavior, continues from di to dt, and the 
cut-off period, or discharge of condenser, is from 6^ to 

d\ T. 

The discharge path in the constant rectifier case is 
resistance branch in parallel with an »S combination, shown 
in figure 8/. At di the legs ah and dc change their char¬ 
acteristic behavior from ^ to D and at 6^ change back 
from D to S. Since this change is caused by a reversal 
of the current through these legs, the current must be 
equal to zero at the instant of change. Sut tbig current 
is 4* Therefore and da are defined as the values of 
0 when % equals zero. Since equals zero, it rati be 
seen that e== e' = at ^ and d = da- This is a basic 
fact in solution for the current equations in these circuits. 

, A uniform procedure in problems of this t 3 rpe is given 
below and is further illustrated in the circuits following: 

1. Set up the differential equation of the circuits for conduction 
and cut-off periods to obtain the general form of the currents, as 
well as the exponents of the transient terms. 

2. Deterge the steady state coefficients using the bridge equa¬ 
tion 1 and other usual methods used in circuit analysis, such as 
paiaUel relations between the two load branches. 

3. Determine the cut-off angle, using the definition that tjo « 0. 
t K necessary to assume that the transient term for the 

section IS zero at cut-off to facilitate solution. This assumption is 
^te reenable W is.usually a large dampingT^mwWc^ 
ri»SS to a small quantity by the time $» is 


4. Determine the coeffici^ts for the cut-off period u^iug condi¬ 
tions of continuity, voltage equahty, or others, at (?* and circuit 
relations during the cut-off periodl 

6. From conditions existing at -f- «■ determine the value of the 
cut-in and the values of the transient term constants. It will be 
necessary to solve some of these equations by trial since they involve 
trigonometric and exponential terms. 

6. Now knowing the transient term, check back and revise the 
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cut-off an^e, if necessary. (The new cut-off solution may be a 
taal solution.) Then repeat the steps 4 and 6, using the transient 
t^ as obtained. Continue until the desired accuracy is reached. 
Usually me revision produces but minor changes in the values. For 
simple circuits a graph or table can be set up giving 0, and 0i for 
given load conditions. 
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Fig. 6. Com¬ 
parison with 

typical case of During the cut-off period, 

resistance and 

inductance in s' » where b = 

series 

A —Oscillogram *V " ■* »n " *■ 0 

Wien e equals the cut-off angle, 4 = o and « = «' 

C—Constant rec- tan «• wTJC and he~^ “wC^sind. 
hlier 

R - 122 ohms, the cut-in angle for the next half-cycle, d =* di + ir 

sin(?,-(sin0,)a--»(fc+^-ft) 

« - 377 Knowing the coefficient, A, the cut-off and cut-in angles 

ELBcmcAL EKonmnnn,, 


Load of Resistance and Capacitance in Parallel 

The load of resistance and capacitance in parallel 
IS the simplest kind of load that faUs into the cut-off 

^oup. The me^od of solving this circuit is outlined and 
the main equations given. 

PEItPECT ReCTIPIER 

The equivalent circuits for this case are shown in 
figures 8& and 8e. The circuit equations for the 2 periods 

dTC* 

During the conduction period: 

. -Ew 

* 1 * » —sinff aad fa-«C£„cos^ 









, ” b —Equivalent circuit 

for perfect rectifier, 
during conduction 


■R 

toRCS 






Solving for the coefficients results in 



JSi = ~~oa(iRCRi‘, Si — —ciRCKt’, St “ •~'CiRCKi 

(R+P)il>Ent 


for constant rectifier, p^pt? 

during conduction jr bs — _ tdKLJriLm _ 

* {R + P)* + (6>PC7P)* 
k€~^ »* CSmsm&9 


Assuming that the transient term, Kie is zero at 
6^=^0i, due to high rate of decay as mentioned in the 


d —Cut - off period 
currents 


e—Equivalent cir¬ 
cuits for perfect rec¬ 
tifier, during cut-off 


f—Equivalenttcircult 
for constant rectifier 
during cut-off 



da and the entire circuit behavior is determined for 
the perfect rectifier. 

Constant Rectifier 

Figure 8c again shows the equivalent circuits for this 
case. The bridge equation 1 for this kind of circuit 
becomes: 


2 . 

«£*=*— = Rig e= 0a — Pix, 

during the conduction period. This equation has the 
solutions 


•Hi —0$ Hj a I •H* . * 

q -- € — — cos 9 + — smO 

oaa ta a 

da R4-P 

ia "T ^ -Hie + fia sin fl -|- JET* cos 9, where a « —;r;r;r 
at ■ <aPRC 

ig =» -b Ki ^ 9 Kt cos 9 

During cUt-off period, see figure 8f, the circuit equations 
are, 


Rig' = Sis' 


40 

20 


0 

Fig. 9. Com- 
parison with ^ 
typical case of 
resistance and ^ 
capacitance in ^ @o 
parallel ^ 

A—Oscillogram 40 

B —Perfect recti¬ 
fier 

C—Constant rec- 
tlfier 

R ®* 300 ohmsy 
_ 0 
C " 9.65 micro¬ 
farads, Em •• 

14.1 volts, a *■ 

377 



March 1937 


Huss—Copper-Chcide Rectifiers 


359 









method of solution, the condition that = 0 at 5 = dg, 
becomes 

tan (7s » ^- aRC(,<l>RS) _ 

(« RCPy + (22 + P)s + <f,SiR + P) + ^P(«PC)* 

which reduces to the perfect rectifier form 
tan Ss = —aRC 

for P = 0 and S = co. Hi and Ki can now be deter¬ 
mined from the boundary conditions that exist at the 
cut-in angle, e = Bi v, namely, = 0 and e' = 

= e. Next find Ki(r‘^ to see if further revisions are 
needed, or if that term is negligible as was assumed in 
finding 6 ^. 

Figure 9 shows the relation between the wave-forms 
observed and those obtained from the equations developed 
here. The first solution was satisfactoiy since the tran¬ 
sient term became very small at 0g. 


Load of Capacitance in Parallel 
With Resistance and Inductance in Series 

The solution of more complicated circuits, especially 
those having cut-off, becomes rather difficult when treated 
in general form. In a given numerical case the coefficients 
and exponents can be evaluated as soon as found, thus 
reducing the length and difficulty of the computations. 
A common circuit can be obtained by putting inductance 
in series with the resistance in the previous case. Figure 
8 can be likewise modified to fit this case. i;he method 
of solving this case for a constant rectifier is outlined 
here, and the resulting wave-forms compared with an 
observed waverform obtained from a typical case, see 
figure 10. 

Set up the differential equations for the circuits and 
solve them for the general form of the current equations 
for both conduction and cut-off periods. These will be 
in the form 

*0 *=■ -|- fli sin -H cos 

-I- Ki sin e + KtcosO 

♦V - -H 
*V “‘ifeie’**® + 
where 


2aL 2aPC ^l\2uL 2«PC* ) <o^LC 


Fig. 10. Com¬ 
parison with 
typical case of 
resistance and 
inductance in 
parallel with 
capacitance 

A —Oscillogram 

B —Perfect recti¬ 
fier 

C—Constant rec¬ 
tifier 
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R «■ 322 ohms, 



revised 62 , using the v^ues found above, instead of zero 
first assumed. If necessary, repeat the computation for 
the cut-off currents, revising di and obtaining a second 
value for the transient terms, and then a third value of 
0g, etc. The number of repetitions necessary depends 
upon the accuracy desired. For the comparative curves 
shown in figure 10, 2 revisions were made, but the first 
produced the greatest change. In many problems it is 
possible to stop with the first analysis. 

Conclusion 


n — 


i+_!_ 

2(oi ^ 2«5C 


vf—V- 

l\2<oL 2mSCj 


T 

u*LC 


Assuming the transient terms to be zero at 0 = dt, 
and using the (audition that 4 = 0, the cut-off angle, 
^ 1 , c^ be determined. The other coefficients can be 
fowd by using circuit relations and boundary conditions 
easting for ^th^ problem at hand. Solution of cut-in 
angle <»nditions gives the values of A and the transient 
term coefficients. 

Knowing the transient terms, check back and find a 


This paper has presented a useful method of airalyzing 
the behavior of copper-oxide rectifier circuits^ The vary¬ 
ing resistance characteristic of the rectifier element is 
replaced by 2 constant resistances, D, effective for direct 
flow, and 5, effective for inverse flow. This approximate 
representation of the rectifier is called the “constant 
recrtifier.” 

This approach gives solutions of a highly satisfactory 
degree of accuracy. Under certain load conditions, there 
{Concluded on pages 366-r67) 
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Effect of Varyins Weather Conditions on Energy Required 
for Traction and Heating of Multiple-Unit Trains 

By H. E. PRESTON 

NONMEMBER AIEE 


T he heating of passenger cars electrically to¬ 
gether with the additional energy required for 
traction purposes when cold weather prevails cause 
increases in operating expenses which are of great import¬ 
ance on the Illinois Central Railroad where power is pur¬ 
chased. 

This article deals primarily with the experience of the 
Illinois Central in operating its electrified suburban serv¬ 
ice in Chicago during the past 9 years. 

Before discussing the accompanying curves which are 
based on average conditions a brief summary of weather 
conditions in Chicago and data on the Illinois Central 
equipment follows. 

The daily range of temperature for Chicago is 14 de¬ 
grees between normal maximum and normal minimum 
temperatures. The record minimum is —23 degrees and 
the record maximum is 105 degrees. 

The average temperatures for the past 64 years are as 
follows: 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

24,5 

26.6 

35.7 

47,1 

67.4 

67.6 

72.7 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 


71.6 

66.3 

63.8 

40.2 

29.0 

49.3 



The average hourly velocity of the wind in all directions 
is 11 miles per hour. 

The average number of days during the year when the 
minimiun temperature is 32 degrees or below is 108, 

The average number of days during the year when the 
minimum temperature is 0 degrees or below is 8. 

During the past 9 years there have been approximately 
210 days each year when heating was used on the cars for 
at least a portion of the day. 

There are 280 cars in multiple unit service. All of the 
cars are heated with electric heaters of the enclosed ele¬ 
ment type, operating on 1,500 volts direct current, and 
equipped with thermostatic control set to maintain a tem¬ 
perature of 56 degrees Fahrenheit. The cars have ap¬ 
proximately 4,500 cubic feet of air space and seat 84 pas¬ 
sengers. Each car is equipped with 29,500 watts in heat¬ 
ers located under the rattan-covered seats. The motor- 
man’s cab is equipped with a 3,000-watt heater. The 
cars are insulated with hairfelt under the composition 
floors and 3-ply Salamander applied to the sides and roof 


During the winter season of 1933 a unit of the equip¬ 
ment, comprising a motor car and a trailer car, was 
equipped with graphic meters which recorded the opera¬ 
tions of the heating relay and the current in the traction 
motors. Integrating meters were also installed on this 
unit to measure separately the energy used by the trac¬ 
tion motors, the air compressor motor, the motor gen¬ 
erator set, and the heater circuits. This specially equipped 
unit was operated in regular service similar to any of 
the other equipment and a record kept of the meter 
readings at the conclusion of each trip together with 
other pertinent data such as, the class of service ren¬ 
dered by the train, the weather conditions and the position 
of the cars in the train when consisting of more than 2 
cars. Personal observations were made at various times 
to enable an accurate interpretation of the meter read¬ 
ings to be made. 

The energy used for traction will be considered for tlie 
purposes of this article as including in addition to the en¬ 
ergy used by the motors and their control equipment, the 
total line loss between substations and trains, the energy 
used by the air compressors, the energy used by the motor 
generators on the cars which charge the batteries and sup¬ 
ply the lighting circuits, and all other d-c output from the 
substations excepting energy used for heating of the cars. 

The relation between average kilowatt-hours per car 
mile and temperature is shown in curve A of figure 1 and 
was drawn from the d-c substation output load records 
combined with a daily record of the movement of the cars 
including the car miles operated. 

From the information obtained in the above manner it 
was found that the increase in kilowatt-hours per car mile 
over the summer requirement commenced at approxi¬ 
mately 60 degrees and between 60 and 45 degrees the in¬ 
crease was due entirely to the heating in the cars. In the 
kilowatt-hours per car mile-temperature curve it will be 
noted that at 60 degrees the consumption is 4.30 kilowatt- 
hours per car mile and at 45 degrees it is 4.73 kilowatt- 
hours per car mile. For this range of temperature of 15 
degrees the difference in consumption is 0.43 kilowatt- 
hour per car mile and the curve is a straight line. This 
diff^ence is equiv^ent to an increase of 0.0286 kilowatt- 
hour per car mile per degree due to the heating of the cars. 
Daily records of the train operations included total car 


sheets. Ventilation is provided by monitor sash ventila- miles operated during the morning and evening peak de- 
tors. maiid hours and also the length of time the cars were in 

During the past 9 years there has been an average of service during these hours, which gave the total number of 
496 scheduled trains daily except Sundays and holidays, “car hours’’ in service. From this information it was 

and there hw been operated an average of 824,000 car found that vdih the heaters on continuously the mfl vim iim 

mil es per month. a pap^r recommended for pubUcatioa by the AIBB committee on ttiansportii- 

The average distance between stops including all classes ^g^Manuecript submitted Nbyemb« 4 .^ released for publication May ; 

of SeryiCeTs approtimstely 0.96 mile. . H. E, Prbston is power sujperyispr of the Illinois central Railroad, CWcago. 
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TEMPERATURE—DEGREES FAHRENHEIT 

Fig. 1. Curves showing effect of temperature on 
train heating and traction requirements in suburban 
service of the Illinois Central system 

A ^Average Icilowatt-hours per car mile 

^Average time in minutes elapsed before thermostat opens 
heater circuit when heating a cold car in storage yards 
C—Per cent of time heater circuit is closed for trains in service 
and handling passengers 

D Per cent of the total energy consumption due to heating 
in the cars 


possible heating that can be used would increase the con¬ 
sumption 1.13 kilowatt-hours per car mile over the con¬ 
sumption when no heat was being used. 

Dividing this maximum possible heating of 1.13 kilo¬ 
watt-hours per car mile by the increase of 0.0286 kilo¬ 
watt-hour per degree of temperature obtained above we , - 

get a range of temperature of 40 degrees during which the T I ’^^ow freezing were these doors n 

energy for the heating of the cars increases. TOs iiKrease accotmte for curve C not being a straight line. 

.. tnrsmcrease After a c» has been heated to a maxirnum ac^rding to 

tte prevai^ temperature there is considerable heat 


energy for the heating of the cars increases. This increase 
K at the rate of 0.67 per cent per degree between 60 and 
20 degrees. As the heating of the cars commences at ap- 
proxunately 60 degrees this means that at 20 degrees the 
energy required for heating is constant and at the maxi¬ 
mum amount possible. 

Curve C shows the per cent of the time the heater dr- 

and handling passen- 


Curve B shows the elapsed time in minutes between the 
time the heat is turned on in a cold car standing in the 
storage yards until the thermostat operates to open the 
heater circuit. 

The ventilation provided in the cars affects the energy 
consumption necessary for heating. The number of 
changes of air per hour in the cars is determined by the 
number of ventilators opened together with the frequency 
of stops requiring opening of the car door«. It is cus¬ 
tomary to provide more ventilation in smoking cars than 
in other cars in the train by opening more ventilators. In 
colder weather patrons remain inside the heated shelters 
provided on the elevated platform until the doors of the 
trains are opened causing congestion by not entering 
doors of the train farther away from the shelters. This 
causes longer loading and unloading time at stations which 
increases the length of time the doors are opened and re¬ 
sulting in the heat being dissipated more quickly. 

Considering the heat eimtted by the passengers them¬ 
selves as it affects the energy consumption for heating the 
cars no definite conclusion could be arrived at. The indi¬ 
cations are that the more passengers handled the more 
often the vestibule and diaphragm doors are opened by 
the passengers walking from one car to another which in¬ 
creases the ventilation in the cars and offsets the heat 
gained from the passengers themselves. 

At temperatures below freezing it is noticeable that a 
majority of the passengers wiU close the doors between the 
vestibule and the body of the car, whereas, at more mod- 
^ate temperatures these doors remain opened. This re¬ 
duces sKghtly the percentage of the time the heat would be 
on at temperatures below freezing were these doors not 


stoi^ m the heaters themselves as weH as other metal 
of tte cars. To derive the maidmnm benefit from 
op«rating instructions to the trainmen 
ft ^ *^"6 heater circnit switches in all cars 

-... .......uuiunng passen- traS^t c at"™? at terminals on those 

to^oftnnetooperatethethermostatiftherreathercon- ^ mconvemence is experienced in pulling 

—1..-. . , ' ^^jare was drawn from aie*^X- 16 to 20 minutes before atXal at 


, . . - vixawii irom rnp merpr 

am on the heaters 

in^^™ atatements regarding heating apply to cars 

It has ^ the practice on the Illinois Central to start 
^teg the cars approximately one hour befor^pa^ 

Sr temperature is below 

and when ^ wither is more severe this preh^tSS 

abofT^t iftf “ colder^^To 

oontin^.^ to have the heat on 
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average kflowatt-houmpeT^ 
temperature is below fteLg 
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fa wortt. resulting from this practice 

le especiaUy where it reduces the demand 

reo^S^®. to omve ^ it will be noted that the summer 

Mowatt-hours per car mile 
d St^g at TO degrees the consumption increases in a 
stoght hne at the rate of 0.67 per cent per degree to a 

cS^^er ^ to beatfog in the 

than th t i*® tote of increase is greater 

«totil at.20 degrees 

is 1.3 Ulowatt-hours'^^“^et'iT”“d7“^“* 

1.13^ 

difference of 017 M ”^ 1 . additional increase or 

fact that these I per car mile is due to the 

fact that these lo^ tmperatures are experienced during 
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The Capacitance of a Parallel-Plate Capacitor by the 
Schwartz-Christoffel Transformation 

By HARLAN B. PALMER 

MEMBER AIEE 


A n exact method of calculating the capacitance 
of a parallel-plate air condenser, taking into ac¬ 
count its fringing effect, has been suggested by 
J. J. Thomson^ and more completely worked out by 
A. E. H. Love.* The purpose of this paper is to promote fa¬ 
miliarity with this mathematical technique by making it 
more readily accessible to American engineers. In ad¬ 
dition to the exact method, a number of approximate 
methods are included. 

The capacitance of a condenser consisting of a single 
pair of very long parallel plates in air is usually calculated 
by the formula 

w 

C = statfarads per centimeter ( 1 ) 

This formula neglects the fringing of the flux and the 
flux which passes between the back sides of the plates, and 
consequently the true value may be several thousand per 
cent greater than indicated. An error of this magnitude 
would occur, for example, if equation (1) were applied to 
a pair of very long thin rectan^ar bus bars separated by 
many times their width. 

The Schwartz-Christoflfel Transformation 

The general problem of mapping polygons was first in¬ 
vestigated by Schwartz* and Christoffel.^ Since numer¬ 
ous explanations of this general method are available in 
English,®’® only a brief outline will be included here. 

In the map of any electric field, the flux and potential 
lines intersect each other at right angles and, if the scales 
of flux and potential are made equal, the areas formed by 
the 2 families of intersecting lines are so-called curvilinear 
squares. If the field map, originally plotted in a complex 
plane Z, is replotted in a complex plane W, where W is 
any analytic function of Z, the orthogonal intersections 
and curvilinear squares will be preserved. The Schwartz- 
Christoffel transformation consists of finding that particu¬ 
lar functional relationship between Z and W which makes 
the transformed areas true straight-sided squares. In 
other words, the change of variable has the effect of warp¬ 
ing the original boimdary conditions or electrodes (be¬ 
tween which the flux and potential lines are unknown 
curves) into new boundary conditions (between which 
the flux and potential lines are uniformly spaced straight 
lines) without changing the capacitance. The Schwartz- 
Christoffel transformation does not determine Z = 
fiW) directly, but first determines both Z and W as func¬ 
tions of an auxiliaxy variable T- 
z ( 2 ) 

( 3 ) 


In some cases it is possible to eliminate f between equa¬ 
tions (2) and (3). In other cases the relation between Z 
and W must be kept in parametric form. 

Z Plane 

The (Z = X jy) plane, in which the given boundaries 
of the parallel-plate condenser are plotted, is shown in 
figure la. The Schwartz-Christoffel transformation ap¬ 
plies only to those 2-dimensional field problems whose 
boundaries are the straight sides of a polygon. The 
boundaries of this problem consist of the 2 plates which 
are equipotential surfaces, the zero flux line passing be¬ 
tween the centers of the inside surfaces of the plates, a-nd 
the maximum flux line passing (through «) between the 
centers of the back sides of the plates. This figure, re- 
^mbling a double cross, is virtually a polygon whose sides 
have collapsed until they are contiguous, as examination 
of the slightly expanded view in figure 1& wiU reveal. 

f Plane 

The auxiliary (f » $ + jri) plane is shown in figure 2. 
Due to symmetry, only the right-hand half of the Z plane 
and the upper half of the f plane need be considered. The 
6 vertices of the Z polygon (lettered a, b, c, d, e, f) may be 



transformed into the similarly lettered points on the ^ axis 
of the f plane. Fiuthermore the extremities of the y a-rig 
become the extremities of the $ axis. Thus the problem 
has been resolved into finding the capacitance between 2 
plates (shown by heavy lines a-c-e, and/-fi-& in figure 2) 
lying in the same plane and having widths of {1/k — 1) and 
being separated a distance of (1/fe + 3)i center to Center. 

A paper reconuneaded for publication bjr the AIBB committee on electrophi¬ 
les. Idianuscript submitted August 29, 1936; rdeased for publication Novem- 
berl6,.1936^ ■ 

HaiO/AN B. Faukbr is associate prottssor of. electrical engineering at the XTni- 
verlrity of Colorado, Boulder. 
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W Plane 


Z = 0 when f =* sin ^ = 0; therefore C = 0 


The (W = U + itO plane is shown in figure 3 and has 
co-ordinates U (representing flux) and V (representing po¬ 
tential). The area plotted in this plane is a rectangle 
bounded by the sides (F = Vs). (F = -Vs), {U = UJ, 
and {U — — Un). Thus the problem has been further 
resolved into finding the capacitance of an equivalent 
parallel-plate condenser, (shown by the heavy lines of 
figure 3) in which fringing is absent and all of the flux 


t. PLANE 
a c 


Z =» when f =» sin ^ = *1; therefore A — 


Fig. 2 


■HI 




passes with uniform density between the inside surfaces of 
the plates. Hence equation (1) may be applied. Since 
the capacitance of this equivalent condenser depends only 
upon the ratio i? of plate width to plate separation, the 
separation (equal to potential since the potential gradient 
is uniform) has been arbitrarily chosen as unity, while the 
width or i? (equal to flux) is as yet undetermined. 

Transformation Equations 

The functional relationship transfo rming the vertices 
of any polygon in one complex plane into specified points 
all on one axis of another complex plane may be found by 
solving equation (4). 

2 = - &)”“(f - $c)”'... (f - (4) 

?n s are the co-ordinates of the n points into which the 
» vertices are to be transformed. The exponents (wj 
are given by = (a„/x) — 1, where the a„’s are the 
angles of the polygon to be transformed. See figure 16. 

Transforming from Z to and referring to figures la, 
16, and 2, 


= 1 

€» “ -1 
h =.l/6i 
U = -l/ki 

- 1/6 


‘■A 


(r« -i/kM 


w« = (t/St) -1 = -1/j 

mj, « (x/2ir) -1 = -1/, 

me = (2ir/ir) -1*1 

ma * {2ir/ir) - 1*1 

Me * (ir/2ir) -1 * -Va 

m/ * (T/27r) -1 * -V, 


V“(f» - l/iV(f»-l) 

Tins IS an elliptic integral and may be treated by formula 

669, reference (7) to give the result, 

Z * .4 [6i»E(^,6) - (ii* - 6*) F(^,*)] + c 

Tte constants .1 and C may l» evaluated by in- 

serting the boundary conditions, 

m ^ 


ki»E - (6i* - k^)K 


Z^j 


.ki^E{4,,k) - (6i» - 6*) F{fl>,k) 


kim - (6i* - k^)K 


(S) 


Inserting in equation (5) the additional boundary condi¬ 
tion, 

Z — 0 ^ j when f * sin ^ * =fcl//fe 
the relation, ki^ = K'/E' results. 

For the evaluation of elliptic integrals having upper limits 
greater than 1, see reference (8), page 43. 

Inserting in equation (5) the final boundary condition, 

Z * i? =fc j when f * sin ^ * =bl/6i 
the relation 

K'EW) - E'F(0,k) 


R * 


(£' - K')K + K'E 


«S) 


results 

where 

sin*i3 * 


K' - 

ii:'(l - 6*) 


The combination of complete elliptic integrals in the de¬ 
nominator of equation (6) is identically equal to 7 r/ 2 , being 
the celebrated formula of Legendre. For a given value 
of the ratio R it is impossible to determine k except by 
trial and error. Values of i? have been calculated for 
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many values of k between 0.02365 and 1.0 with the results 
shown graphically in figure 4. 

The transformation equation from Z to f becomes, after 
evaluating all constants except k which can only be ex¬ 
pressed implicitly as in equation (6), 

Z = j2/x - (K’ - E')F(iP.k)] (7) 

Transforming from PF to f and referring to figures 2 and 


ia “ 1 
€6 = -1 
= Uk 
if =* —1/k 

W.B'j 


= (ir/2jr) —1 = —Vs 
nib = (W2ir) —1 = — Vi 
“ (W^ir) —1 = — */j 
fH/ = (ir/2ir) — 1 = —V* 


J V(f* - 'iM(r -1) 

W = BFi<f>,k) -h C 

Inserting the boundary conditions, 

TT =■ 0 when f = sin 0 = 0; therefore, C = 0. 

W - when f = sin 0 = *1; therefore, B = jf2K 

Eliminating (f = sin 4 >) between equations (7) and (8), 

Z = 2/x [2(£' - K')KW ■{‘jK'Eiam - j2KW,k)] (9) 

Calctilation of Capacitance 

Corresponding to the given ratio R of iplate width to 
plate separation, determine the modulus k from figure 4. 
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From a table of elliptic integrals^*® determine the com¬ 
plete elliptic integral K and the complementary elliptic 
integral iT', 

Since the 2 axes dravni through the origin in figure 3 
represent the zero-potential and zero-flux lines respec¬ 
tively, the point e represents half of the total flux and half 
of the potential difference between plates. The value of 
f corresponding to point e is 1/^, and <f> = sin“^ l/k. 
Substituting this value of 0 in equation (8), 

W = 

Urn =K'/2K 
V = v* 

C = U/AirV 

C = K^/^vK (10) 

For example: when 
R =2 

k = 0.02365 = sin 1.365 degrees 
k' = 0.99972 = sin 88.645 degrees 
K = 1.671 
K' = 5.131 

C = 0.2599 statfarad per centimeter 
By equation (1) 

C = 0.1592 statfarad per centimeter 

Approximate Formulas 

1. For very large values of R, there is an approximate 
formula due to Bromwich and given by Love,* as follows: 

C = R/Arll -I- (l/xi?)(l + log 2iri?) ] (11) 

For a value of J? = 2, C = 0.2486 which is only 4.35% low. 

2. Maxwell^ obtained a result which is quite similar 
to equation (11) by using condenser plates of semi-infinite 
extent and investigating the field in the vicinity of the 
finite ends. This siiniplifies the transformation from Z 
to W by eliminating the 4 polygonal right angles at 
a, b, e, and / in figure la and substituting a zero polygonal 
angle where the plates meet at infinity. Maxwell’s result, 
making certain other simplifications which are justified 
for large values of f?, is as follows: 

C = i?/4T{l -h (l/2?x) [1 + log (1 + xJ?)]} (12) 

3. It has been found that for small values of R (less 
than one), the capacitance of a parallel-plate condenser is 
approximately the same as for 2 round conductors having 
diameters of V 2 the plate widths and being separated cen¬ 
ter to center, by the same amoimt as the separation be¬ 
tween the plates. The capacitance in this case is given by 

C=- - —— (13)' 

4 log (4/22) 

Mthough no mathematical justification for equation (13) 
has been discovered, it has been checked against the exact 
equation at many points and found to be surprisingly ac- 

■curate.-'-. .. . 

Capacitances of parhllel-plate condens^, for values of 
R less than 2, have been calculated from equations (1),: 
(10), (ll)r and (13). fheresidts^a^ 
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Field Map 

The Schwaxtz-Christoffel transformation, in addition to 
supplying an exact method for the calculation of the ca¬ 
pacitance of a parallel-plate condenser, makes it possible 
to map the entire electric held. One quadrant of the 
field map, for J? = 2, is shown in figure 6. The points of 
intersection of the fiux and potential lines were cdculated 
from equation (9). The increment for both flux and po¬ 
tential is Vs- There are 4 potential tubes and approxi¬ 
mately 13 flux tubes, making the capacitance 


6. Foundations of Fotbntial Tbbory (a book), O. D. ICelloeg. Verlag 
Von Julius Springer, 1929, page 370. 

6. Elbctricity and Maonbtism (a book), J. H. Jeans. Cambridge Univer¬ 
sity Press, 1911, page 271. 

7. A Short Tablb of Intborals (a book), B. O. Pierce. Ginn and Company, 
1910, pages 66-72, 84-86,121-23. 

8. Eixipnc Intborals (a book), Harris Hancock. Wiley, 1917. 

9. Elliptic Intborals of Larob Moduli, H. B. Dwight. Elbctrical 
Enoinbbrino (AIEE Transactions), volume 54, July 1935, page 709. 

10. Tablbs of Intborals and Othbr Mathematical Data (a book), H. B. 
Dwight. Macmillan, 1934, pages 152-57, 208-10. 

11. Elbctricity and Maonbtism (a book). Clerk Maxwell. Oxford, 1904, 
volume I, 3rd edition, page 309. 


^ ~ (iirjli * 0-2599 statfarad per centimeter. 

Any intersection such as point “a” in figure 6 may be cal¬ 
culated as follows: 

k — 0.02366 (See figure 4) 

k' = 0.99972 

K = 1.671018 

K* = 6.131306 

E = 1.570579 

E' = 1.001296 

U = - 1/8 = K'/2K - 1/8 •= 1.60812 

F = 1/8 

E(4>,k) = 0.3927 — J4.7386 (equation 8) 

F(4>,k) = 0.3927 -f iO.3927 - JK' 

^ ^ (0.3927 +i0.3927) 

sin. ^ « 66.6048 — j50.9732 reference (lO) equation 760.1 
E(4>,k) = 1.5375 — J6.1466 reference (8) pages 33, 34, 83 

Z =» 4.37 -f- j3.99 equation (9) 

S3mibols Used in This Paper 

C = capacitance 

to «= semiplate width 

d semiplate separation 

R — ratio of plate wjidth to plate separation 
Z,W,^ = complex variables 
x,y =s co-ordinates of Z 

U = co-ordinate of W denoting flux 

y = co-ordinate of W denoting potential 

= co-ordinates of f 

= constants of integration 
«» = angle of polygon in Z plane 

a,h,c,d,e,f <= vertices of polygon in Z pigrn* 

= arbitrary constsmt 
k = modulus of eUipitc integrals 

k' s= complementary modulus = •\/1 — 
snii *= elliptic function 

■F(0,*) = dliptic integral of first IritiH 

E(4>,k) = elliptic integral of second kind 

R “ complete elliptic integral of first kind 

■E = complete elliptic integral of second 

R* *= complete complementary integral of first kind 

E' =5 complete complementary integral of second kind. 
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Effect of Weather Conditions on Energy 
Required for Multiple-Unit Trains 

{Continued from page 362) 

the winter months when due to reduced hours of daylight 
an increased amount of lighting is used in the cars, the air 
compressors also do more work as the temperature lowers 
and in addition to this is the fact that inclement weather 
increases the standing time at stations requiring more 
traction energy to be used to main tain schedules. 

Between 45 and 20 degrees the increase in kilowatt- 
hours per car mile due to traction which includes all 
auxiliaries, etc., other than heating appeared to be made 
up entirely of the above mentioned causes and there was 
little indication that increased bearing friction or wheel 
flange resistance entered into it. 

Proceeding along the curve A it may be assumed that at 
temperatures below 20 degrees any further increase in 
kilowatt-hoius per car mile is due to traction and auxili¬ 
aries other than heating. Commencing at 20 degrees and 
colder the traction energy increases at the rate of 0.75 per 
cent per degree expressed as a per cent of the summer re¬ 
quirement. 

Assuming that the energy required for heating increases 
at a uniform rate to the point where it is constant and at a 
maximum, the per cent of the total energy consumed which 
is due te heating may be calculated and this result is 
plotted as curve D. The difference between curve D and 
100 per cent is the percentage of the total energy used for 
traction and auxiliaries other than heating. 


An Analysis of Copper-Oxide Rectifier Circuits 

{Continued from page 360) 

is noticeable departure in wave form between the real 
rectifier and the approximation, as shown by the non- 
sinusoidal shape in figure 5 g. However, in these cases, 
the assumption of a constant rectifier is a decided im¬ 
provement over that of a perfect rectifier. 

An equivalent circuit was established for this constant 
rectifier and its application to various types of loads chs- 
cussed. A few standard circuit analyses were presented 
and the resulting computed wave-fonns compared with 
observations. Thus this paper; presents a method of 
obtaining the current forms present in a rectifier circuit, 
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which 3 rields better results than the perfect rectifier 
idealization and yet is not much more diflficult to use. 
By using the equivalent circuit as developed in equation 
1 and shown in figures 4 and 8, the series method outlined 
by Stout® can be applied to the constant rectifier cir¬ 
cuits. 


List of Symbols 

D = equivalent rectifier resistance to current in the direction CuaO 
to Cu 

5 = equivalent rectifier resistance to inverse currents 
2DS 

P = • analogous circuit constants to replace constant recti¬ 

fier in determining it 
S - D 
^ “ 5 -I- D 

Zu — impedance of bridge with d-c terminals open 
Zs = impedance of bridge with d-c terminals shorted 
e <= JSot sin $, applied voltage, (fl = «/) 
et — load voltage during conduction 
= load voltage during cut-off 
2 =s condenser charge during conduction 
q' — condenser charge during cut-off 
it =* in + io total load current during conduction 


in resistance branch current during conduction 
ic — condenser branch current during conduction 
in^t ic' =* currents during cut-off 
*n “ current through bridge leg acting as D 
is * current through bridge leg acting as 5 
is' = current through bridge legs due to e' 
ia — total line current 
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A Disturbance 
Duration Recorder 

Discunion of a paper by C. H. Frier published 
in the September 1936 issue,'pages 1025-8, 
and presented for oral discussion at the gen¬ 
eral technical session of the AIEE South 
West District meeting, Dallas, Texas, October 
26,1936. 

R. K. EConaman (Bell Telephone Labora¬ 
tories, Inc.^ New York, N; Y.): Mr. Frier’s 
paper off^ an ingenious scheme for making 
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a record of time durations of the order of 
magnitude of those ordinarily involved in 
voltage surges. As the author has pointed 
out, the ability to measure and record in¬ 
tervals of the order of magnitude of a few 
cycles to a few seconds is, particularly in 
certain cases, -very desirable. It may be of 
interest, therefore, to present an alternative 
method for mal^g such records whidi 
engineers interested in this problem might 
find helpful. 

The possibility of initiating the operation 
of the recorder by means of an electron tube 
control instead of the contact-making volt¬ 
meter is one which suggests itself and is 


recognized by the author in the paper. 
Such a device would have the advantage not 
only of additional speed in operation to 
avoid part of the delay of 1 to 3 cycles in¬ 
herent in the contact-making voltmeter, but 
also would be more rugged. 

An arrangement for accomplishing this 
could be set up by means of tubes rectifying 
the 60-cycle current from the power line 
using the d-c output against a bias to trigger 
an electron tube with a relay in the anode 
circuit. Such an arrangement would neces¬ 
sitate the use of a resetting circuit for the 
tube but means of accomplishing this are 
available. A vacuum tube with a margina.1 
relay operating in its plate circuit has also 
been suggested. 

In the recording of the duration itself, 
another scheme, the principle of which has 
been suggested by Mr. L. K. Swart, is worth 
consideration. This depends upon the re¬ 
lationship between the voltage across the 
terminals of a condenser and the time dming 
which the condenser has been charged. 
The practical working out of the suggestion 
is accomplished by having the initiatihg 
device, whether it be a contact-maiking volt¬ 
meter or electron tube trigger arrangement, 
coxmect a capacitor of appropriate size in 
series with a charging battery and a resist- 
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Slice at the beginning of the period whose 
duration is to be measured. The size of the 
capacitor and the resistance and the voltage 
of the battery are so proportioned that the 
condenser ^ not be fully charged for the 
maximum interval to be measured. At the 
end of the interval the capacitor is dis¬ 
connected from this circuit and switched by 
means of a relay to the grid of a high- 
impedance vacuum tube, in the plate of 
which is inserted a graphic voltmeter. The 
leakage can be made sufficiently smgin so 
that the graphic voltmeter swings to a point 
corresponding to the voltage of the capacitor 
which, in turn, bears a definite relation to 
the time interval during which it has been 
charged. Thus the graphic meter can be 
made to indicate the time at which the surge 
took place and by means of its deflection, the 
duration of the disturbance. The deflec¬ 
tion would be calibrated in units of time. 
By means of electron-tube circuits fast 
relays the delay in connecting and dis¬ 
connecting the capacitor and the charging 
circuit can be made as low as the order of 
cycle (0.008 second). 

If, in such an arrangement the charged 
capacitor were left connected to the grid of 
the low-leakage vacuum tube, the graphic 
meter would continue to read for a con¬ 
siderable period, this reading falling off 
slowly as the leakance of the circuit dis¬ 
charged the condenser. This falling off can 
be made so slow that the voltage will be re¬ 
duced only a negligible amount in a minute. 
It is only necessary to maintain the charge 
long enough to permit the graphic meter to 
record the deflection, and relay circuits 
would be arranged to short circuit the 
capacitor after a sufficient interval has 
elapsed to give a satisfactory deflection. 
This interval can be arranged to suit the 
characteristics of the graphic meter itself. 

It should be noted that the ability of this 
mstrument to measure successive surges 
would depend upon the rate at which the 
graphic meter chart is moved. It could not 
differentiate between surges closer together 
than the time interval required to move the 
paper a distance sufficient to separate the 
pen traces. 


Electrical Features of the 

Texas Centennial Central Exposition 

Discussion and author's closure of a paper by 
John Ties published in the October 1936 
P*9«s 1060-74, and presented for oral 
discussion at the general technical session of 
the AIEE South West District meeting, Dallas, 

Texas, October 26,1936. 


C. M. Cutler (nonmember; General Elec¬ 
tric ■ Company, Qeyeland, Ohio): The 
architecture is modem in character but still 
reflects some of the feeling of the old Span¬ 
ish missions of Texas. The texture of the 
wall surfaces is similar; The effect depends 
prindpally upon mass, form, painted decora- 
bon, and sculpture. The fact that the ma¬ 
jority of the buil^gs are to be used for sub¬ 
sequent state fairs and regional expositions 
inade It d^aMe to use a method of illuini- 
^tion which would allow the equipment to 
be removed during the time the exposition 
IS not m use and store it. The lack of main- ’ 
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tenance and protection during the large 
part of the year when the buildings would be 
unoccupied made it rather impractical to 
use many of the newer forms of architec¬ 
tural elements, sudi as recesses, panels of 
translucent material, etc., except in a few 
casM. Consequently, the logical method 
of illumination is principally floodlighting 
vtith the units located in specially dpgignp/f 
pits, concealed behind landscaping, in¬ 
stalled in setbacks, or placed in towers. 
In all cases however, lighting was particu¬ 
larly designed for each building. 

W. E. Folsom (nonmember; Dallas Power 
and Light Company, Dallas, Texas): In¬ 
terior lighting in Centennial areas of im¬ 
portant buildings uses on the average, over 
4 watts per square foot. This is in a com¬ 
bination of indirect and controlled direct 
lighting systems—the latter in the form of 
recessed reflectors with either flush louvers, 
silver-bowl lamps, or diffusing glass panels. 
Louvers are of either concentric or geo¬ 
metric types designed in general with light 
cut-off of about 30 degrees from vertical. 
Silver-bowl lamps are effectively used in 
shallow recessed reflectors with com¬ 
paratively wide openings. The several 
thousand reflectors used in exposition areas 
are for the most part of special design, spun 
of aluminum with etched or specular re¬ 
flecting surfaces made lasting by the 
treatment. Reflector imits are of 6 general 
typM with a large variety of assemblies 
possible and providing desirable inter¬ 
changeability. 

The effectiveness of the many tjrpes of 
interior and exterior lighting units was not 
left to chance—but tested in a ligTiti-tig 
laboratory establMied for the purpose. 
Spectacular effects were experimented with 
thoroughly before final designs were de¬ 
termined. 


G. M. Buchanan (nonmember; General 
Electric Company, Dallas, Texas): The 
absence of windows in the exhibit buildings 
is worthy of comment. An inspection of 
the Centennial in the daytime will reveal 
the desirable artificial lighting in the exhibit 
buildings. A much more pleasing effect is 
secured by all artificial lighting than could 
be secured by a combination of varying day¬ 
light and artificial lighting. 

Mr. Fies stated for interior lig h ting 2 to 
20 watts per square foot is used, giving a 
maximum of 40 foot candle. Some of you, 
not directly concerned with the application 
of good lighting, may not realize what this 
means in view of the fact that most of the 
lighting is indirect. You note the desira¬ 
bility and excellent lighting jobs on the 
interior of the exhibit biuldings. 

I want to call your attention to the 870 
kw of mobile colored lighting on “Esplanade 
of State.” This is an outstanding installa¬ 
tion and the night show place on the Cen- 
tenmal grounds. A national expert in ex¬ 
position lighting remarked as he viewed the 
“Esphmade of State” at night—"this, in 
my opinion, has never been equaled in any 
installation.” I have often been asked how 
it is that the tower on the Federal Building 
is so evenly illuminated from top to bottom. 
The mswer is 8 watts pm" square foot as 
mentioned in Mr. Fies’ paper. The average 
intensity is .60 foot dandle: which is so high 
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for floodlighting that any variation in |j,„ 
tensity from top to bottom is not hoticeabj^*^ 
The parapet on the Ford Building; has jfi 
watts per square foot or approximately 10 f| 
foot candle and is visible a great distane 4 » 
at night. In the Ford Building the day.- 
light effect seemed by the combination bj, 
candescent and meremy lamps used f,,|. 
the interior lighting is very interestiuj^ 
The permanent street li gh t in g system 
installed by the city and exposition is u ir - 
usual in that it is economical to maintain, 
yet has an entirely different appearanci* 
from the conventional street li ghting - stanxl 
ard, and this featme is particularly desira « 
ble in expositions. An opportunity t*» 
view the exposition grounds from a distaiif^,. 
at night will show the desirable effect create-tl 
by the battery of 24 36-inch searchlights. 
These searchlights make the expositioit 
visible from a great distance at night anet 
with the color screens offer a suitable climax 
to the lighting system when viewed from 
inside the grounds. 


R. W. Roessler (Westinghouse Electric 
Manufacturing Company, Dallas, Texas): 
The author is to be commended on his most 
interesting paper on the electrical featurvH 
of the Texas Centennial Central Exposition. 
The ^erior and interior lighting of all t la- 
buildings within the Centennial grouxiclr* 
definitely proves that full co-operation be¬ 
tween the illuminating engini-pr and the 
architect is essential; and in tlifg case, re¬ 
sulted in an outstanding lighting spectacle. 

Illumination of the streets and grounds 
of the expositon indicates that careful study 
was given to provide adequate lighting and 
still blend in with the building architec- 
tme and other surroundings. It is interest¬ 
ing to note the dever manner in which, the 
different street and grounds lighting fixtures 
were designed and placed, eliminating clash¬ 
ing effects. The lighting and power distri¬ 
bution system of the Centennial Exposition 
in itself shows thoughtful planning and 
good engineering. The magnitude of this 
system can only be realized when we note 
that the demand varies from 8,200 to 9,00(1 
kw and that the system handles approxi¬ 
mately 2,600,000 kilowatt-hours per niontli. 
The type of load served, the importance of 
■ uninterrupted service, and all othw demand.^ 
on this system are even more exacting than 
those of a fair sized munidpality requiring 
the same kilowatt demand. 


A. E. Allen (General Electric Company, 
Dallas, Texas): There is one point that 
seems worthy of additional emphasis, and 
that is the figure of 1.6 watts per square foot 
coimected load for the entire exposition. 
This may not seem very much, but it is 
greater than for any previous world’s fair. 
Some of this increase may be attributable 
to the large use of air conditioning by the 
major exhibitors, but lighting did not suffer 
by division of current for air conditioning, 
for this exposition, in miy judgment, is 
outstanding in its lighting effects. Chi¬ 
cago’s Century of Progress was remembered 

for its extensive use of i^ous tube lighting, 
and the Texas Centejonial Exposition may 
be remembered for its large scale of mobile 
color lighting. The combination of the 
electronic v^ve with saturable core reactors 
makes possible a perfect control for blending 
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and changing color effects. The huge 
power loss formerly experienced in the use 
of resistance dimmers is avoided, and the 
control is so flexible that the colors may be 
changed without reducing the intensity of 
light on the building. The colors may be 
mixed to produce lovely pastel shades, and 
blended into innumerable combinations, or 
primary colors used as desired. There is 
little doubt that an even greater use of 
mobile color lighting will be made in the 
expositions planned for New York and for 
San Francisco in 1939. 


M. C. Hughes (Texas Agricultural and 
Mechanical College, College Station): Un¬ 
less I am mistaken, I believe that the in¬ 
candescent electric lamp was not used at 
the Paris Exp«>sition of 1881. I wonder 
whether or nt»t Mr. Fies, in this connection, 
was referring to arc lights as incandescent 
liglitiug rather than the Edison carbon lamp 
which was generaly referred to as incan¬ 
descent lighting. According to my informa¬ 
tion, illumination at the Paris Exposition 
of 1881, in so far as it was electrically lighted, 
WJis produced by the arc lamp. 

If I am mistaken in this matter, I .should 
like very much to be oorrccled, because it 
seems l<i me that (he history of the early 
u.ses of light .should be kept as straight us 
possible. 


John Fies: 'I'hese discu.s.sions, in the 
author's opinion, arc all well founded and 
contribute materially to the value of the 
paper, 'rite author herewith e.xpre.sses his 
appri'ciatitm of all discussions submitted 
and offers the following comments as a 
closure («> the discussions. 

rt. Iti Mr. Cutler’s discussion reasons for 
the types of lighting and architecture are 
meutinned. These reasons should be of 
purtieular interest to those who may be¬ 
come ussociat<*d with this field of lighting. 
We n-grcl tliut space iti the paper did not 
permit details of the interesting engineering 
problems. 

It, In Mr. Folsom's discussion it Is pointed 
out that the lighting as seen at the Expo.si- 
tion has proved to be a definite stimulus to 
the lighting business, particularly within 
the area of less than a day’s ride from Dallas. 
This is ittiportunt. It is a challenge to the 
builders of future fairs to provide lighting 
f»f types that will afford such a definite 
stimuli. 

r. In Mr. Budiunan’.s discussion, reference 
is made to artificial versus natural light. 
We find some natural light on the Natural 
Resource Exhibit in the Transportation 
Building at tlie Expo-sition, litis is an 
excellent exhibit but an inuminatiou man 
in viewing it is well aware of how much more 
effective it would have been had it been 
presented in artificially lighted cases. No 
criticism is offered, as this exhibit is a re¬ 
markable exhibit, assembled quickly, and 
consequently was too late to be incorporated 
in the lighting plans. 

d. In Mr. Roessler'.s discussion, reference 
was made to the importance of uninterrup¬ 
ted service, llie local power company was 
given the responsibility of providing re¬ 
liable electric service to the 38 points of 
delivery. From the beginning of the Fair 
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to date there have been no primary inter¬ 
ruptions of consequence. When we con¬ 
sider that all branch secondary feeders have 
their source at the mentioned points of 
delivery it becomes evident that if primary 
service is reliable then practically all ser¬ 
vice is reliable and troubles are necessarily 
restricted to small circuits and small areas. 
There have been, to date, no complaints 
relative to continuity of electric service. 

e. In Mr. Allen’s discussion, reference is 
made to the figure 1.6 watts per square foot. 
This figure is conservative and is based 
upon gross area. If we exclude from our 
figures certain areas used for stables for 
Cavalcade horses and for storage of mis¬ 
cellaneous material, that is, areas not ac¬ 
cessible to visitors to the Exposition, we 
would have to propose a figure in excess of 
2 watts per square foot for 145 acres. 

/. Professor Hughes is his discussion men¬ 
tioned that my reference to the use of in¬ 
candescent lamps at the Paris Exposition 
in 1881 might be questioned. Tlie author 
agrees with Professor Hughes that such a 
statement should be further supported when 
it pertains to past history and when it may 
not agree with generally accepted informa¬ 
tion on the subject. It may have been bet¬ 
ter had the paper stated that the incan¬ 
descent lamp was “shown on a relatively 
large scale” rather than "used,” yet the 
showing may also have constituted the 
using although the arc light was undoubtedly 
used extensively. The statement used in 
the paper was based upon a paragraph found 
in a very excellent and carefully written 
book "Electricity at the Columbian Exposi¬ 
tion” copyrighted in 1894 and written by 
John P. Barrett, Chief of Department 
(probably electrical), Columbian Exposition, 
Chicago, 1893. It is reasonable to expect 
that Mr. Barrett had assembled by 1893 
considerable authentic information relative 
to the use of electricity at expositions prior 
to that date, hence, we owe him our con¬ 
fidence in the credibility of the statement 
contained in his book as follows: 

"Between 1878 and 1881 so many improvements 
had been tna<lc in the utilization of the electrical 
current for lighting purposes, and so great was the 
public interest in the subject, that the ever memo¬ 
rable electrical exposition of 1881 was held at the 
Palais de I'Industrie. It was then that incandescent 
lighting was first shown on anything like a large 
scale, and formed with the telephone the chief 
element of success for that exposition. Arc lighting 
was also indulged in commcrdalty." 

Experiences With a 
Modern Relay System 

Discussion and author's closure of a paper by 
G. W» Gerell published in the October 1936 
issue, pages 1130-6, and presented for oral 
discussion at the general technical session of 
the AIEE South West Disbict meeting, Dallas, 
Texas, October 28,1936. 


Robert Treat (General Electric Company, 
Schenectady, N. Y.): This paper brings 
out very convincingly the great value of 
records obtained by means of an automatic 
oscillograph to an. operator who is deter¬ 
mined to keep his system in the pink of 
condition, so to speak, without at the same 
time incurring large and unjustifiable ex- 
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penditures. The many ways in which 
oscillographic records of accidental system 
disturbances can be of value to the operator, 
may roughly be classified into 6 groups. 

1. CoNTimnNG Check on the Timing 
AND Correct Operation op Rei.ays and 
Circuit Breakers 

Early in our studies of power system in¬ 
stability, it became apparent that a major 
improvement in stabiUty could be obtained 
at relatively low cost by keeping the dura¬ 
tion of short circuits to a minimum. As a 
result, high-speed clearing of faults began to 
be used on new projects; and many existing 
breakers and rela 3 rs were speeded up in 
order to improve system performance during 
transients caused by short circuits. It was 
realized that if the stable operation of the 
system were to depend on high-speed clear¬ 
ing of faults, it would certainly be very de¬ 
sirable that the operator should have avail¬ 
able a means for knowing absolutely that 
faults were actually being cleared in the ex¬ 
pected times. There was no way of being 
sure that relays and breakers would perform 
in the same way during accidental short 
circuits that they did during periodic tests of 
individual devices. Hence it appeared de¬ 
sirable to secure a check on breaker and 
relay performance during actual operation. 
The time intervals which it was necessary 
to measure were very small, since the entire 
short circuit might last only 6-8 cycles. 
The only solution seemed to be an auto¬ 
matic oscillograph which should be capable 
of starting its record at the very beginning 
of a short circuit. 

With some misgivings on the part of the 
commercial department, the General Elec¬ 
tric Company undertook the development of 
such an oscillograph. The general specifi¬ 
cations were in part as follows: 

a. It must be capable of beins put into operation 
automatically by a system disturbance. 

5. It must furnish a clear, usable record, which 
began within > /s cycle of the incidence of the short 
circuit. 

c. It must run for an adjustable predetermined 
time, but it must continue in operation if the initi¬ 
ating cause still existed at the end of that time. 

d. It must be so designed as to obviate the neces 
sity for changing the film or paper after each record 
was made; but it must also be possible to remove 
each record immediately if desired. 

e. It must be so simple to operate, adjust, and 
maintain that it could be installed in power sta¬ 
tions and substations, and operated and serviced 
by men who had no previous experience with oscil¬ 
lographs. 

/. It must be priced so that operators would feel 
that they could afford to use it. 

All these specifications were met. Al¬ 
though this device was not put on the 
market until early in the depression, nearly 
60 of them made by one manufacturer alone 
are now yielding useful and valuable in¬ 
formation of accidental system disturbances 
such as described by the author of this paper . 

2. Evidbncbs of System Instability, 
AND OP THE APPROPRIATO REMEDY 

Oscillograms of system disturbances are 
helpful in indicating any tendency of the 
system to become unstable during or subse¬ 
quent to accidoital faults. Since the likefi-r 
hood of instability increases with systOT 
load, this should be very important noy^ that 
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utility loads are again increasing so rapidly. 
When it becomes necessary to bolster up the 
system stability, oscillograms of part dis¬ 
turbances will often yield valuable informa¬ 
tion which aids greatly in making an intelli¬ 
gent decision as to which remedial measures 
will be the most effective per dollar of 
expenditure. 

3. Check on Stability Calculations 

Many calculations have been made of the 
probable performance of systems from the 
stability standpoint. Although the back¬ 
ground of this phenomenon is now well 
understood, and the results of stability cal¬ 
culations made today contain little of the 
guess work which entered the computations 
made even as recently as 7 or 8 years ago, it 
is still desirable to obtain a check on the 
assumptions and calculations. Checks ob¬ 
tained by means of staged tests are not 
altogether satisfactory for the reason that it 
is undesirable that these tests should cause 
disturbances to service. This necessitates 
their being made, if at all, under artificial 
conditions (such ps dtuing light load or with 
considerable reserve generating capacity 
coimected) which seldom, if ever, exist dur¬ 
ing normal operation. Ctecillograms of acci¬ 
dental system disturbances, however, yield 
data which serve as a very satisfactory 
check on the results of stability calculations. 
Obviously a complete check caxmot be ob¬ 
tained from any one disturbance and it is 
necessary to accumulate the data over a 
considerable period in order to get a fairly 
complete comparison of predicted with 
actual performance. 

4. Information Concbrnino the Values 
AND Phase Positions op the Voltages 
AND Currents op the 3 Phases, and 
Concbrnino the Sudden or Momentary 
Changes in These VALtms 

Practically every relay engineer is occa¬ 
sionally faced with seemingly inexplicable 
misperformance of his relays. Sometimes 
relays do not trip when they should; more 
frequently they trip when apparently they 
should not. Subsequent tests of the offend¬ 
ing devices frequently reveal no reason for 
their apparent misbehavior. As pointed 
out by the author of this paper, the auto¬ 
matic oscillograph shows that the currents 
and voltages in individual phases sometimes 
jump arotmd in magifitude and phase posi¬ 
tion during faults and subsequent breaker 
operations in a most unexpected and ap¬ 
parently erratic manner. From this infor¬ 
mation it is learned that some of the ap¬ 
parently incorrect relay operations were, in 
reality, absolutely correct under the con¬ 
ditions which existed; but that the conditions 
themselves were entirely different from those 
contemplated when the relay application 
was made. While this may be of only 
academic interest when the relay ehgineer 
has to explain to his boss why the relaying 
went haywire, it is of far more than aca¬ 
demic interest when he has to decide what 
ought to be done about it. 

5 . Reduction in the Time op a Patrol 
Crew in Locating a Flashovbr After 
AN Outage 

Even though a Une successfully rettuns to 
service immediately, some operating com¬ 


panies make a patrol after every outage, in 
order to determine whether the damage is 
sufficient to require maintenance at some 
convenient time. As pointed out by the 
author of this paper, his company and some 
others have found that it is possible from 
the information on the oscillograms to de¬ 
termine very closely where the failure oc¬ 
curred, and thus save much time of the 
patrol crew. Although the author gives no 
indication of the saving in patrol expense 
resulting from this practice, it is suspected 
that this item alone, which was quite un¬ 
foreseen when the development was first 
undertaken, is sufficient to justify an auto¬ 
matic oscillograph. If this be true, all the 
other advantages are obtained for nothing. 

Some companies have found that the dam¬ 
age from any single flashover is so ^ght that 
they do not feel wairanted in patroling a line 
after each interruption; rather, a thorough 
inspection is made at the end of each season. 
It seems entirely probable that if these com¬ 
panies had this means of sending the patrol 
crew right to the point of flashover, they 
would feel justified in availing themselves 
of the additional secmity of an inspection 
after each line outage. 

The prominence given to the value of 
oscillograms of accidental system disturb¬ 
ances in this paper is indeed gratifying to 
one who was partially instrumental in en¬ 
couraging the original development, and 
who has strongly felt that the information 
rielded by an automatic oscillograph was 
worth far more than its cost. Although 
many companies which have not yet in¬ 
stalled automatic oscillographs are inclined 
to look upon them as luxuries, which, how¬ 
ever desirable, can ill be afforded when they 
can hardly get money enough for necessary 
bread and butter, I do not know of a single 


operating company which has ever bought 
an oscillograph, that could be induced to 
part with it for several times the price paid, 
if it could not be replaced. I suppose the 
psychology is the same as with an electric 
refrigerator, or an automobile—^it is a luxury 
until you get your first one; after that, it is a 
necessity which you are ever after at a loss 
to understand how you did without, so long. 


G. W. Gerell: Concerning Mr. Treat’s 
remarks it might be noted that automatic 
oscillographs, as available to^y, are quite 
reliable, and in general do meet the specifica¬ 
tions which he imposed. 

In regard to system instability, records 
obtained from the oscillograph have shown 
definitely that a number of incorrect opera¬ 
tions have resulted from mslnbility and have 
further indicated remedial steps necessary in 
the relay equipment to prevent its repeti¬ 
tion. 

It may be well to mention here that the 
case of trouble described in connection with 
the oscillogram of figure 3 of the paper was 
included, to open up this important subject 
of, “how fast a relay may operate and still 
give a correct tripping impulse." It is sug¬ 
gested that considerable thought should be 
given to this. 

As Mr. Treat mentions, the location of 
line faults from data supplied by the oscil¬ 
lograph has been of great assistance to the 
patrol crews. But, it will not necessarily 
reduce patrol expense, inasmuch as the 
patrol crews cannot be reduced in number. 
In many instances patrol crews have in¬ 
spected a line, finding nothing. Later the 
location was given them from the data 
secured from the oscillograph. A second 
patrol was invariably successful. 


Steinmetz Painting Presented to High School 



oil painting of Doctor Charles P. Steinmetz (A’90, M’91, F’12, past-president, de¬ 
ceased October 26, 1923) has been presented by .the General Electric Company to a new 
$3,000,000 high school in Chicago, HI., that has been named fpr the scientist. The pamtmg 
shows Doctor Steinmetz at his desk about 3 months before death, and is the work of 
H. M. Mott-Smith. It was presented by E. W. Allen (A’03, F’22) vice-presidm^ of the 
General Electric Company, who is shown at the extreme left wth Mayor Edward J.^Kdly 
of Chicago at his side. At the right is Daniel F. O’Hearn, principal of the school, and 
Theodore Luga,a student and son of an immigrant, who accepted the gift for the s(mool. 
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The lnstitute*s 1937 Winter Convention 



H. S. Osborne, chairmen, technical program committee, speaking on the technical sessions at 
the opening session of the convention. Seated on the platform, left to right, are Director 
R. W. Sorensen, of Pasadena, Calif.; President A. M. MacCutcheon of Cleveland, Ohio; 
H. R. Beardsley of Brooklyn, N. Y., chairman of the winter convention committee; and A. G. 
Oehler, chairman of the New York Section 


Termed by President A. M. MacCut¬ 
cheon, "one of the busiest, most stimulating, 
and most interesting" conventions that he 
had ever attended, the Institute’s 1937 
winter convention drew to a close with a 
total registration of 1,166. Perhaps one of 
the busiest attendants at the convention 
was President MacCutcheon himself. An 
unusually large number of committee 
meetings was held, and f<M: the first time the 
board of directors met on 2 successive after¬ 
noons during convention week. 

Details concerning registration and at¬ 
tendance are given in the accompanying 
tabulations. Although the total registra¬ 
tion was somewhat less than last year’s total, 
the attendance at various sessions and 
activities was good and in some cases ex¬ 
ceeded last year’s attendance. The drop 
in registration, as may be noted from an 
accompanying tabulation, was primarily 
among those from the New York Section 
territory for which the registration was 
68 less than last year. Another interesting 
fact, shown by another tabulation is that 
the attendance at the smoker, which is 
believed to have set a new record, was 
higher than the number registered. This 
is evidence of the fact that many attended 
the convention who did not register, so that 
the actual total attendance was somewhat 
higher than the registration figures show. 

Details concerning the various features 
of the convention are given in the following 
paragraphs and on subsequent pages. 

Noble Prize Piubsertted 

AT Opening Session 

The convention was officially opened at 
2 p.m. on Monday, January 26, by C. R. 
Beardsley, chairman of the general winter 
convention committee, who extended a very 
cordial welcome to all those attending. 
Following his remarks, President Mac¬ 
Cutcheon announced that the Alfred Noble 
prize for 1936 had been awarded to Abe 
Tilles, instructor in electrical engine<^g at 
the University of California, Berkeley, and 
counselor of the Institute’s University of 
California Branch. (Details of this award 


and a biographical sketch of Doctor Tilles 
appeared in the news pages of the January 
issue.) President MacCutcheon outlined 
briefly the details of the award and sketched 
the recipient’s career. 

In Doctor Tilles’s absence, the prize was 
presented to R. Wi Sorensen, ^ofessor of 
electrical engineering at the California In¬ 
stitute of Technology, Pasadena, wd a di¬ 
rector of the AIEE, who acc^ted it in be¬ 
half of Doctor Tilles. 

Prbsidei^ MacCutcheon’s Apprbss 

Following presentation of the Noble 
prize. Chairman Beardsley introduced Presi¬ 
dent MacCutcheon, who spoke on the sub¬ 
ject "The Challetige of 19^.” In this ad¬ 
dress, President MacCut^^ amplified his 
message to the membership pubU^ed in the 
February issue. He emphasized particu¬ 
larly the importance of increased activity 
on the part of the Sections and Branches 


during 1937, urging that each Section ap¬ 
point at least one technical committee. 
"Such Section technical committees," he 
said, "can develop subjects of iiTiii.«ainl in¬ 
terest, and recommend authors of unusual 
ability, reporting to the national technical 
committee having jurisdiction. Among our 
membership are many potential authors who 
would be willing to devote their time to the 
preparation of a paper desired by the profes¬ 
sion and asked for by fellow Section mem¬ 
bers. Such papers, when published, would 
be accompanied by proper recognition to the 
Section submitting the pai)er. By this 
means the technical activities could be 
made more widely representative, and more 
fully meet the desires of the memb^ship. 

"I feel tiiat the Institute has reason to 
be truly proud of the fine work being carried 
on through the Branch organization, but 
still more can be accompli^ed in 1937. 
With the young men in the Branches lies 
the future of the profession and the future 
of the Institute. . . . 

Concerning the movement under way to 
broaden the activities of the Institute, Presi¬ 
dent MacCutcheon said; "In 1936, many 
devoted Institute members, several special 
committees, and the board of directors have 
canvassed possibilities in connection with 
broadening the scope of Institute activities. 
Should papers be prepared and presented 
dealing with the relations of the engineer to 
society, with the ^gineer’s relation to war, 
with the engineer’s rdation to the distribu¬ 
tion of electrical products, with the engi- 
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Analysis of Registration at 1937 Winter Convention, New York, N. Y. 


Classifieatioii 

Dlst. 

3 

Hist. 

1 

Diet. 

2 

Dist. 

4 

Diet. 

S 

Diet. 

6 

Dist. 

7 

Dist, 

8 

Dist 

9 

Dist 

10 

Totals 

Members. 

...632.. 

,..190.. 

...178.. 

...17.. 

...35.. 

...2.. 

...10,. 

...7.. 

...1.. 

...14. 

...986 

Men guests...;. 

... 40.. 

.. 9.. 

... 11.. 

... 1... 

... 2.. 


... 1... 



... 1. 

.... 66 

Women guests... 

... 48.. 

.. 21.. 

... 23.. 

... 3... 

,.. 1.. 


... 1... 



2,, 

... 99 

Students... 

... 9.. 

.. 2.. 

... 4.. 




......... 




... 16 

Totals........ 

...629.. 

..222.. 

...216.. 

...21... 

,,.38.. 

... 2 '.., 

...12... 

... 7 .. 

...1.. 

...17. 

. . i,166 
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neer’s relation to unemployment, with the 
engineer’s relation to natural resources? 
Personally, I feel that there should be a sane 
and intelligent broadening of our activities, 
provided that in so doing we are following 
the fundamental principles for which the 
society was organized. ...” 

He closed by urging “each member ... to 
join with the vice-presidents, the other di¬ 
rectors, and myself, in the resolve to do all 
in our power to meet the inspiring challenge 
of 1937.” 

Doctor Osborne’s Remarks 

Following President MacCutcheon’s ad- 
dre^, H. S. Osborne, chairman of the In¬ 
stitute’s technical program committee, 
spoke as follows on the technical sessions of 
the convention: 

“In preparation for such a convention as 
this, the technical committees and the tech¬ 
nical program committee consider the whole 
wide rsmge of the professional activities of 
Institute members. From the various sug¬ 
gestions which are developed by this review 
a program is adopted, based upon the com¬ 
bined judgment of these committees regard¬ 
ing what at the moment will be of greatest 
interest and value. 

“One feature of this convention, as well as 
other recent conventions, to which I should 
like to call your attention is the technical 
conferences. As you will note there are 4 


Analysis of Registration at Recent Winter 
Conventions 


District 

1934 

1935 

1936 1937 

New York City and 
Foreign (3). 

....812. 

.694. 

..697...629 

North Eastern (1).... 

....179. 

.194. 

..219.. 

.222 

Middle Eastern (2)... 

....161. 

.153. 

..222. 

.216 

Great Lakes (6). 

.... 40. 

. 38. 

.. 43.. 

. 38 

Southern (4). 

.... 5. 

. 6. 

.. 15.. 

. 21 

Canada (10). 

.... 16. 

. 21. 

.. 11.. 

. 17 

South West (7). 

.... 11. 

. 5. 

.. 11.. 

. 12 

Pacific (8). 

.... 1. 

. 1. 

.. 4.. 

. 7 

North Central (6). 

.... 2. 

. 1. 

.. 6.. 

. 2 

North Western (9).... 

.... 0. 

.. 1. 

.. 3.. 

. 1 

Totals.... 

.. 1.227. 1.114. 

1,231. 1,165 


of these on the present program. The tech¬ 
nical conference might be defined as a meet¬ 
ing without the publication of papers. 
Since these conferences involve very little 
expenditure, it would be practicable to hold 
a large number of them in connection with 
our conventions if they are desired by the 
membership. Many such conferences 
might lead up to the future publication of 
papers summarizing the outcome of the con¬ 
ference or of a series of conferences. The 
appearance of these conferences on the pro¬ 
gram is an illustration of the fact that the 
technical program committee is experiment¬ 
ing yvith new methods of expanding and en¬ 
riching the technical activities of the Insti¬ 
tute. 

fact is that the field of activity 
which is described in our Constitution as 
the^ theory and practice of electrical engi¬ 
neering and of the alhed arts and sciences” 
is rapidly growing. As a result of this vi- 
tnhty it is natural that there should always 
be a problem of how best to meet, the Varied 


interests and desires of the Institute mem¬ 
bership. It has been suggested that some 
members would like to see more attention 
given in Institute programs to subjects of 
broad general interest, particularly to sub¬ 
jects in which engineering and the social 
sciences are both involved. Also, we know 
that some members would like to have more 
opportunity for discussion at the Institute 
meetings of specific subjects on the frontier 
of technological advance. While such sub¬ 
jects from their nature would often, taken 
individually, be of immediate interest only 
to a relatively small number of members, 
taken in the aggregate they may be of in¬ 
terest to a large number. 

“These considerations illustrate the de¬ 
sirability of a careful review of the Institute 
program having in mind the wide scope of 
interest of the Institute membership and 
also the limitations in the amount of money 
which can be spent. This whole question 
, is being carefxilly studied by the committees 
most directly concerned. I speak of these 
matters here to ask your help as members 
of the Institute. If you have ideas regard¬ 
ing the programs of future meetings which 
you think will help the Institute to meet in 
the broadest and most satisfactory way the 
needs of the membership, please give these 
suggestions to any member of a technical 
committee or of the technical program com¬ 
mittee. I know that these will be helpful 
to them. It may not be possible to apply 
all such suggestions but I assure you that 
they will all be gratefully received and care¬ 
fully considered.” 

Following Doctor Osborne’s remarks, the 
first technical sessions of the convention 
assembled. 

Technical Sessions 

With the exception of the sessions on elec¬ 
tric welding and tensor analysis, reports of 
the technical sessions are not given here since 
all papers presented have been published in 
Electrical Engineering, and since all 
written discussions approved by the tech¬ 
nical program committee will appear in sub¬ 
sequent issues. At the session of welding, 
only one previously published paper was 
presented, the remainder of the program 
including a demonstration lectiure and a spe¬ 
cial address. The tensor sessions, included 
several informal discussions by invited non¬ 
member guests. Brief reports of these 2 
sessions are given on succeeding pages. 

Attendance at the technical sessions, as 
reported by the technical program com¬ 
mittee, is given in ah accompanying tabula¬ 
tion. The count in each case was an in¬ 
stantaneous one taken about IV 2 hours 
after the session began. The total attend¬ 
ance at any one of the ses.sions may have 
been somewhat greater, if those who stayed 
for only a brief interval were included. 

Technical Conferences 

As mentioned by Doctor Osborne in his 
rem^ks at the opening session of the con¬ 
vention, 4 technical conferences were held 
on the following subjects: education; net¬ 
work analysis and synthesis; sound; and 
perfoiTuahce standards and test codes for 
rotating machin»y. All these conferences 
were featured by interesting informal dis¬ 
cussions. At some of them official actions 
were taken by the sponsoring committees. 


Brief reports of these conferences are given 
on succeeding pages. 

Address “Power and People” 

Following the Edison Medal presenta¬ 
tion ceremonies, which took place at a spe¬ 
cial session of the convention on Wednesday 
evening, January 27 (reported in succeeding 
pages), an address entitled “Power and 
People” was delivered by John C. Parker, 
vice - president. 
Consolidated 
Edison Com¬ 
pany of New 
York, Inc., to 
those assembled 
for that occa¬ 
sion. Doctor 
Parker pictured 
the place of 
power, particu¬ 
larly electric 
power, in the 
lives of people. 
Speaking of the 
work of engi¬ 
neers, who pro¬ 
vide the mech¬ 
anisms neces¬ 
sary for the furnishing of power in usable 
forms, he said: “The engineer does not live 
a life of isolation, but on the contrary works 
with and through other men. His work,... 
involves understanding of, and adjustment 
to and co-operation with other men . . . His 
work is definitely more social than that of the 
physician or of the lawyer or of the minister 
of souls or of the exponent of the creative arts, 
each of whom, in a large degree, works as 
an individual. In that very fact, however, 
the engineer has at once a satisfaction and a 
limitation of his social contacts. With 



Doctor Parker speaking 
on “Power and People" 


Attendance at Technical Sessions and 
Conferences 


Attendance 


Monday 

2:00 p.m. Opening of convention 260 

Technical Sessions 

2:30 p.m. Communication 200 

2:30 p.m. Selected subjects 100 

Tuesday 

10:00 a.m. Power transmission 260 

10:00 a.m. Tensor analysis 126 

2:00 p.m. Tensor analysis 116 

2:00 p.m. Power distribution 126 

Wednesday 

10:00 a.m. Induction machinery 50 

10:00 a.m. Protective devices 860 

2; 00 p.m. Synchronous machinery 70 

2:00 p.m. Electronics 100 

Thursday 

10:00 a.m. Electrical machinery 83 

10:00 a.m. Electrophysics 126 

2:00 p.m. Instruments and measurements 100 

2:00 p.m. Electric welding 110 

Technical conferences 
Wednesday 

10:00 a.m. Committee on education 60 

2:00 p.m. Network analysis and synthesis 76 

2:00 p.m. Noise conference 20 


Thursday 

2:00 p.m. The performance standards, 
synchronous machinery, in¬ 
duction machinery, and d-c 
machinery test codes 18 

Total registered convention attendance.1,166 
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other men, largely tif identical or at least of 
closely related interests ami liniitations, he 
finds satisfaction for his desires fur human 
contact anti such satisfaction easily enough 
so preoccupies his time that he ejiii easily 
fail of social umlcrstamling «)f the people 
whom his profession serves t»r t»f the soeiul 
significanecs of his t»\vn wtak. ..." 

"In consequence t)f engineering retuote- 
ness, we perhaps hecouu* ohsc.ssetl with the 
technical In-anties iind interests of tntr wtak 
anti with the 


httnum problem 
<if eo-urdination 
with our fellows 
in creatitin anti 
miss .stinu* per- 
spmive of how 
our works ttmeh 
on the larger in¬ 
terests of stA'i* 
ety.,. 

Confer ning 
the public's in¬ 
terest in powt<i', 
l*arker 
saitl in part: 
••There is a 



general public 

interest in the E. R. Thom«s^ chdirmtin 

profile m s o f of the inspection trips 

power prtHltic committee 

tiem ami distri- 


fiutiou that is 


way out of prt.p»»rii«m to any signiltcaiict! 
that even so important an art hits in the 
affairs of nteti. This would ht* pttz/.Ung if 
it were tmly u recent jthenomemin. It is 
imt the less disturhiiig hetrause of the fact 
that It has been tlevelopetj over a period of 
years by an ill-eon.sideicd tint perfectly 
honest enthuNiusin which htts mistaken .si¬ 
multaneity of recurrence for a relation of 
cause and effect.'* 


Speaking of power in industry, he stiitl; 
"Aineriean imlu.stry rlid not set emt with the 
idea of trying to tipply power to industrial 
prodtietion and therettfter rliseover the 
means for utilizing power. . . , The power 


Attandanea at Spaeiat Faaturas of Racant 
Wintar Convantlons 


9Mt8ra 

193S 

1036 

1037 

Tot»l regintratiun. 

. I.IH , 

. 1,231.. 

. 1,163 

iinioker..,.. 

. .'■•.•Kl, 

. 1,023.. 

. 1,176 

Dinner dance. 

.. 4-12.. 

. 4S«., 

. .'itHI* 

Inepectiun irqts. 

. . Hl/i. , 

. 1.7.VI.. 

, 026 

• RstiinKted. 





Future AIEE Meetings 

North Bastern Biatrict Meeting 
Buffalo, N. Y.. May fr-?, im? 

Suinmer Convention 
Milwaukee. Wis., jnne 21 2'}. 1927 

Pacific Coast Convention 
Fpokane, Wash.. Aug. .W-hept, .'1, 
im? 

Middle Bastern District Meeting 
Akron, Ohio. haU HK17 


industry saw a commercial opportunity and 

< >bservcd a social responsibility_*’ Later, 

he compared the importance of power in 
iiulu.stry with that of design for production, 
modern inateriaLs, machine tools, use of 
tolerance^ limits, interchangeability of parts, 
standardization, the use of limit gauges. 
"All of these elements put together,'* he 
•said, "might have accomplished nothing had 
it not been for the superb achievements of 
tlistrilml ion which have brought the end re- 
.suks of industry to the final user. 

"Note well that every one of these ele¬ 
ments. . . has been essential to modern in¬ 
dustrial life as we know it; even more than 
that, has been es.senlial to modern non- 
industrial living. Our enthusiasm for one 
«)f these elements in which we may happen 
to lie particularly hUcrested--let us say, 
(lower - should not run away with our sense 
of proportion. On the contrary, it seems 
to me that our (wide in our own .service be¬ 
comes greater if we have an adequate pic¬ 
ture of where it fits iu as an essential and 
considerable element of something enor- 
imiusly bigger than itself." 

Rirgartling the place of electricity in home 
and farm life, Doctor Parker said iu part: 
"We need not be at all deprecatory of the 
itii|Kittance of our power developments as 
.sei vi<T to (he home or to the farm merely be- 
etuist- we may l;>e retilislic in our apiirehen- 
sion of ih(‘ fact that many other things enter 
into life and that the life i.s more than meat 
and (he body more than raiment. It is 
understamhihle, though not by virtue of 
that at all defensible, that the specialist 
slmttld <levelop an unrestrained enthusiasm 
for his particular field of httniuu endeavor 
and (hut his extreme loytUly might com¬ 
municate his zeal to others. What is not 
(KTliaiis <itntc so clear is that economic, so¬ 
cial, and (tolitical injuries may result from 
these’ wide.sprcad and exaggerated enthu- 
fiia.sms. Not alone as a matter of humane 
consideration, hut in .self defense against 
the reactions of disappointed hope, we must 
be at pains not to arouse desires that we 
cuimot gratify or which, gratified, will be 
found not all that the body or the soul of 
man craves.'* 

"Important as is power as an adjunct to 
factory, farm and home," he concluded, "it, 
in and of itself, will not revolutionize life. 
W'e are, in our most profound relations, 
Itiologic creature.s aiul all the conscious 
niechanical and technical efforts in the 
world are small factors in determining the 
es.sent ial well-being of our lives. To the ex¬ 
tent (hut we have made our lives in their 
suiH’rficial d«Jtails depart from our biologic 
•irigins, we find the mechanisms of living 
itiiI>ortnnt. They will be the more impor¬ 
tant if our perspective keeps them in the 
proper rehition to the other clement.s of 
living and to life itself," 

Full text of D<K!tor Parker's address ap¬ 
pears on pages 305" 11 «if this issue. 

iNSimcTioN Trips 

As in previous years, the lust day of the 
convention was reserved entirely for inspec¬ 
tion trips. Trips were held also on other 
days of the convention. As a special at¬ 
traction, a post-convention trip to Bermuda 
was offered at special rates. About 28 
people, took advantage of this opportunity 
to enjoy a mid-winter trip to this popular 
n:.soft. With the exi*eption of the trip to 


inspect the mercury turbine of the Public 
Service Electric and Gas Company at 
Kearny, N. J., all trips were held as sched¬ 
uled. Registration for the various trips is 
indicated in an accompanying tabulation. 

The excellent variety of trips, together 
with the orderliness with which arrange¬ 
ments were made and carried out, elicited 
many favorable comments. The success of 
this part of the convention program re¬ 
flected the efforts of the hard-working chair¬ 
man of the committee, E. R. Thomas, and 
of his colleagues: H. C. Anderson, H. M. 
Case, P. T, Coffin, G. E. Dean, Henry 
Kurz, W. J. Quinn, H. O. Siegmund, H. B. 
vSloddard, R. H. Twiss. and W. Y, Vedder. 

Smokbr 

The success of this year's smoker can be 
judged best by the attendance, 1,176, which 
is believed to be a record for winter conven¬ 
tion smokers. The affair was held in the 
Grand Ballroom of the Hotel Commodore. 
An excellent dinner was served, followed by 


Registration for Inspection Trips 



Anneondn Wire & Cable Company, llast- 

ings-on-Hudson mill. 107 

General Klectric Company sponsored broad¬ 
cast, "Hour of Charm," NBC studios... 06 

Warner Bros, moving picture studios. 77 

S.S. "Monarch of Bermuda". 60 

New York Stock Exchange. 66 

The Associated Press. 60 

Brooklyn Navy Yard. 60 

Columbia Presbyterian Medical Center, 

Sloan radio frequency X-ray generator.. 66 

Westinghousc Lamp Works, Bloomfield, 

N. J. 62 

RCA Munufuetturing Company, Inc,, 

Harrison, N. J. 61 

National Broadcasting Company studios.. 46 

Independent Subway System, power control 

board and cable tc.sting equipment. 41 

Weston Electrical In.strument Corporation. 39 

New York Museum of Science and In¬ 
dustry, hull of motion... 34 

Muckay Radio & Telegraph Company, 
ultra high frecjuency transmitter,26 
The M. W, Kellogg Co., Jersey City, N. J., 

electric welding. 21 

S. H. Krc-ss & Company, special lighting and 

ttir conditioning installation. 17 

Edison Wonder House, Brooklyn, N. Y..., 16 

Public Service Electric & Gas Company, 

Kearny generating station, mercury 
turbine.. (Cancelled) 

Total. 926 


a Stage show featuring a pleasing variety of 
entcrtaiiuncnt by well-khown radio and 
motion-picture stars. Ray Perkins, well 
known for his work on the radio, was mas¬ 
ter of ceremonies. 

E. S. Banghart was chairman of the 
smoker committee; he was assisted by W. H. 
Farlinger, H. E. Farrer, P. G. Fredericks, 
W. H. Harden, W. Jordan, J. E. McCor¬ 
mack, E. J, D. Paterson, R. E. Powers, 
T. D. Reimers, T. 0. Rudd, H. C. Schlaikje, 
D. W. Taylor, and E. F. Thrall. 

Dinner-Danoe-Buppbt Supper 

As usual, the dinner-dance proved to be 
the social high light of the convention. It 
was held at the Hotel Astor, and was fol¬ 
lowed by a buffet supper, a feature that has 
become popular in recent years. A total of 
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335 attended the dinner-dance, and 250 the 
dance-buffet supper; some of these at¬ 
tended both, but it is estimated that about 
500 were present at the combined affair. 
Those serving oh the dinner-dance commit¬ 
tee were: C. M. GUt, chairman; F. L. Aime, 
T. S- Bacon, L. W. Codding, H. E. Farrer, 
L. P. Ferris, J. E. Goodale, S. B. Graham, 
Thomas Maxwell, J. A. McHugh, J. H. 
Pilkington, and Tomlinson Fort. 

Women’s Activities 

A program of special entertainment was 
arranged for the women attending the con¬ 
vention. On Tuesday a group of about 50 
visited the Van Gogh Exhibition at the 
Museum of Modem Art, after which the 
group inspected the Pedach Exhibition of 
Decorating Arts and Crafts, at Radio City. 
This was followed by tea at 4:00 p.m. in the 
British Empire Exhibition Room at Radio 
City, after which the group visited the Mu¬ 
seum of Science and Industry. After din¬ 
ner, there was a back-stage tour of the Radio 
City Music Hall, followed by attendance at 
the show in that theater. The most popu¬ 
lar single event on the women’s program 
was the luncheon and bridge held at the En¬ 
gineering Woman’s Club on Wednesday 
afternoon. 

In addition to the foregoing, some of the 
women attended some of the regularly 
scheduled inspection trips, particularly 
those to the New York Stock Exchange atid 
to the Steamship “Monarch of Bermuda.” 
Serving on the women’s committee were: 
Mrs. George Sutherland, chairman; Mrs. 
E. S. Banghart, Mrs. C, R. Beardsley, Mrs. 
O. B. Blackwell, Mrs. H. C. Dean, Mrs. 
Tomlinson Fort, Mrs. C. M. Gilt, M rs. 
H. H. Henline, yixs. A. H. Kehoe, Mrs. E, B. 
Meyer, Mrs. A. Q. Oehler, Mrs. G. S. Rose, 
and Mrs. H. R. Woodrow. 


Directors and Committees Meet 

The Institute's board of directors met dur¬ 
ing the convention, as is the usual custom. 
A meeting of the national nominating com- 



C. M. Gilt (left) chairman of the dinner-dance 
committee, and E. S. Banghart, chairman of the 
smoker committee, comparing notes 


mittM also was held, at which nominees for 
Section to Institute officers for the 3 ^ear 
1937-38 were sdected. Reports of both 
these meetings appear in succeeding pages. 
Many of the Ii^itute’s committees also 
met during the convention; these were as 
follows: technicjJ program; research; 
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power generation; iiroduction and applica¬ 
tion of light; standards; electrochemistry 
and electrometallurgy; automatic stations; 
Sections; dectronk^; dectrophsrsics; mem¬ 
bership ; Group HI of the subcommittee on 
conductors, towers, and wood poles of the 
power transmission and distribution com¬ 
mittee; transformer subcommittee of the 
dectrical machinery committee; and the 
protective devices committee and its sub¬ 
committees on (1) lightning arresters, (2) 
rdays, (3) circuit breakers, switches, and 
fuses, and (4) fault-current-limiting devices. 
A schedule meeting of the committee on 


dectric wdding was not hdd. A luncheon 
meeting of Student Branch counsdors was 
hdd, and the newly appointed special com¬ 
mittee on broadening of Institute activities 
also met. Reports of most of these meet¬ 
ings are presented in succeeding pages. 

Much credit is due the general committee 
for the success of the 1937 winter conven¬ 
tion. C. R. Beardsley was chairmaiirof this 
committee; other members were: T. F. 
Barton, O. B. Blackwell, H. E. Farrer, E. E. 
Dotting, A, G. Oehler, C. S. Purnell, S. A. 
Smith, Jr., George Sutherland, and F. P. 
West. 


AIEE Directors Meet 

During the Winter Convention 


The regular meeting of the board of di- 
r^tors of the American Institute of Elec¬ 
trical Engineers was hdd at Institute Head¬ 
quarters, New York, at 2:00 p.m., on Tues¬ 
day, January 26, 1937, adjourning at 5:35 
p.m. until 2:00 o’dock the following after¬ 
noon, January 27. 

There were present: Presidenlr-^A. M. 
MacCutcheon, Cleveland, Ohio. - Past- 
President —J. B. Whitehead, Baltimore; Md, 
Vice-PresidefUs-—0. B. Blackwell, New 
York, N. Y.; C. V. Christie, Montreal, 
Que.; R. H. Fair, Omaha, Neb.; C. F. 
Harding, Lafayette, Ind.; W. H. Harrison, 
Philaddphia, Pa.; N. B. Hinson, Los An- 
gdes, Calif.; A. C. Stevens, Schenectady, 
N. Y. Diredors—'B. M. Farmer, New York, 
N. Y.; N. E. Funk, Philaddphia, Pa.; H. B. 
Gear, Chicago, Ill.; F. E. Johnson, Co¬ 
lumbia, Mo.; C. R. Jones, New York, N. Y.; 
P. B. Juhnke, Chicago, Hi.; W. B. Kouwen- 
hoven, Baltimore, Md.; Everett S. Lee, 
S^enectady, N. Y.\ K. B. McEachron, 
Pittsfidd, Mass.; L. W. W. Morrow, Com- 
N. Y.; C. A. Powd, East Pittsburgh, 
Pa.; R. W. Sorensen, Pasadena, Calif. 
National Treasurer—"W. 1 . Slichter, New 
York, N. Y. National Secretary—BL. H. 
Henlme, New York, N. Y. 

Minutes of the board of directors meeting 
of^ October 20, 1936, were approved. The 
minutes of the executive committee meeting 
hdd on December 10, 1936, were approved 
with an ^endment changing the name of 
the special committee on broadening of 
Institute activities, which was appointed by 
the executive committee, to "special com¬ 
mittee on Institute activities,” this com¬ 
mittee to prepare for a discussion at the 1937 
summer invention of the subject of desir¬ 
able topics for presentation at Institute 
meetings and for publication, and to be dis- 
c^ged upon presentation to the board of 
directors of its report on this session. 

Actionis of the executive committee under 
date of November 2, 1936, on applications 
were reported and approved, as follows: 

3 applicants tranderred to the grade of 
Fellow; 1 applicant dected to the grade of 
Fellow; 19 applicants transferred and 13 
dected to the grade of Member; 69 appli¬ 
cants dected to the grade Of Associate; 905 
Students enrolled. 

A report of a mdeting of the board of ex¬ 
aminers hdd on January 20,1937, was pre¬ 
sented and approved. Upon the recom^- 
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mendation of the board of examiners, the 
following actions were taken: 1 applicant 
was dected to the grade of Fdlow; 31 ap¬ 
plicants were elected and 5 were transferred 
to the grade of Member; 97 applicants were 
dected to the grade of Associate; 204 Stu- 
deints were enrolled. The finance commit¬ 
tee reported monthly disbursements as 
follows: December, $17,647.61; January, 
$25,368.21; report approved. 

The final report of the special committee 
to consider Assodate dues and rdated mat- 
t^ was submitted, with the recommenda¬ 
tion that the present constitution arid by¬ 
laws be unchanged. The board voted that 
the committee’s report be accepted and 
published in Electrical Enoinebrino, and 
that the committee be discharged. (The 
report appears elsewhere in this issue.) 

Upon the recommendation of the conunit- 
tee on co-ordination of Institute activites, 
the following schedule of meetings in 1938 
was adopted: winter convention. New York, 
N. Y., January 24-28; North Eastern Dis¬ 
trictmeeting, Pittsfield, Mass., in the spring; 
summer convention, Washington, D. C., 
June 20—24; Pacific Coast convention, 
Portland, Ore., dates to be determined 
later. 

Approval was given to the dates of August 
30 or 31 to September 3 for the 1937 Pa¬ 
cific Coast convention, already scheduled 
to be held in Spokane, Wash. 

Upon the recommendation of the com¬ 
mittee on student Branches, the board 
authorized the organization of student 
Branches of the Institute at Columbia Uni- 
ywsity. New York, N. Y., Northwestern 
Umversity at Evanston, HI., and Tulane 
University, New Orleans, La. 

The president was empowered to appoint 
2 representatives of the Institute upon the 
council of the American Association for the 
Advancement of Science for the year 1937. 

G. G. Post was appointed a representative 
of the Institute upon the Commission of 
Washington Award for the unexpired term, 
August 1, 1938, of William B. 
Jackson, deceased. 

The committee on award of Institute 
prizes reported its recom meu da-tio^^s oh 
various suggestions for modifications in the 
rules for the award of Institute prizes. The 
board voted its approval of the recoinmen- 
dations, which involved the following 
changes in the rules and the reprinting of 
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the pamphlet containing the rules: 

(1) Provision that the national prize for branch 
papers will be based upon the student year July 1 
to June 30, inclusive, rather than the o«l 1 l»n/^aT 
year as at present. This is in accordance with the 
recommendation of the conference of officers 
delegates, and members held in Pasadena, Calif. | 
in June 1936. It is recommended that this change 
be brought about by the adoption of the following 
specific changes in the present rules. 

Page 3, paragraph at the bottom of the page begin¬ 
ning <‘Only papers presented. . . ., etc."—Modify 
to read as follows: 

"For the national best paper prize and the national 
prize for initial paper, only papers presented during 
the calendar year shall be considered except 
for the best paper prize in the class of public 
relations and education. In this class all papers 
presented subsequent to those considered at the 
time of the last previous award in this field and 
prior to the end of the last calendar year will 
receive consideration. For the national prize for 
Branch papers only papers presented during the 
preceding academic (college) year shall be con¬ 
sidered. 

"All papers approved by the technical program 
committee . . ., etc." 

Page 6, paragraph 6—Modify to read as follows: 
"Only papers presented during the calendar year 
shall be considered for the prize for best paper 
and for initial paper. Only papers presented 
during the preceding academic (college) year shall 
be considered as eligible for the Branch paper prize. 
They must be submitted in duplicate by authors, 
or by officers, of the Seetion, Branch, or District 
concerned to the District secretary on or before 
the following dates: best paper and initial paper, 
February 16; Branch paper, July 16." 

If this recommendation is adopted, it is understood 
that the committee on award of Institute prizes 
will this year consider for the national Branch 
paper prize only papers presented between Janu¬ 
ary 1 and July 1, 1936. 

(2) ^Provide for a District prize for a graduate 
student paper. This is in accordance with a pre¬ 
vious recommendation of the prize award commit¬ 
tee, approved by the board of directors on May 26, 
1936, but not heretofore incorporated in the rules 
for,national and district prizes. 

At the top of page 6, add item 4, prize for graduate 
student paper. 

"4. The District prize for graduate paper may be 
awarded for the best paper based upon graduate 
work and presented at a national. District, Section, 
or Branch meeting of the Institute. At the time 
of presentation, the author must be a graduate 
student and either a member or an enrolled Student 
of the Institute. In the case of co-authors, the 
graduate requirement applies to all and tbe mem- 
berslup requirement applies to at least one of the 
coauthors." 

Page 6, paragraph 6—^Modify the revision set 
forth under item 1 above to read as follows: 

"Only papers presented daring the calendar year 
shall be considered for the prize for best paper 
and for initial paper. Only papers presented 
during the preceding academic (college) year shall 
be considered for the prize for Branch paper and 
for graduate student paper. They must be sub¬ 
mitted in duplicate by authors, or by officers of the 
Section, Branch, or District concerned to the 
District secretary on or before the following dates: 
best paper and initial paper, February 15; Branch 
paper and graduate student paper, July 16." 

A report of the Itistitute policy commit¬ 
tee on recommendations of the committee 
on safety codes for an expansion of that 
committee’s scope was presented and ap¬ 
proved. The report included the state¬ 
ment: “It is the feeling of this committee 
that there are many types of activity look¬ 
ing to increased safety, which lie beyond 
the normal purposes of the AIEE. It is 
felt that any expansion of the Institute’s 
work on safety should be limited strictly to 
the technical and engineering aspects of 
safety, and particularly should not conflict 
with the safety work of any other organiza¬ 
tion.’’ It recommended that “the chair¬ 
man of the committee on safety codes be 
informed that the board of directors is in¬ 
terested in the possibility that the Institute, 


within its proper scope, may make further 
contributions to the cause of safety than it 
is now doing, and will welcome any specific 
suggestions to this end from the committee 
on safety codes.” 

The publication committee reported that 
it is making a thorough study of publication 
policy, and certain reco TnTnpru lft tm Ti s , in¬ 
cluding increases in the budget for Electri¬ 
cal Engineering for the present year, were 
approved. The committee may submit 
additional recommendations after further 
consideration and discussion of the matter 
at the conference of officers, delegates, nud 
members during the summer convention. 

President MacCutcheon presented ab¬ 
stracts of reports which he had received, 
upon his request, from the technical com¬ 
mittees and several of the general commit¬ 
tees. The board referred these reports to 
the chairman of the committee on co-or¬ 
dination of Institute activities for a survey 
of committee activities and any recommen¬ 
dation he may have for the Board. 

The final report of the special committee 
to revise Section territories was presented. 
The board voted that the committee’s re¬ 
port be accepted, that the actions recom¬ 
mended be adopted, the changes to become 
effective August 1, 1937, and that the com¬ 
mittee be discharged with the .thanks of the 
board. 

Reference was made to the publication in 
the December 1936 issue of Electrical 
Engineering of a report of the committee 
on professional recognition of Engineers’ 
Council for Professional Development, 
which had not yet been approved by ECPD, 
and comments on which were invited. This 
report was referred to the committee on 
economic status of the engineer, with the 
tmderstanding that a notice would be pub¬ 
lished in Electrical Engineering that 
the report had been referred to this com¬ 
mittee, the chairman of which has requested 
that Institute members send to him their 
comments on the subject. (This notice 
appears elsewhere in this issue.) 

Other matters were dianissed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 

Nommatins Committee 
Announces Candidates 

A complete official ticket of candidates for 
the Institute offices that will become vacant 
August 1, 1937, was selected by the na¬ 
tional nominating committee at its meeting 
held at Institute headquarters. New York, 
N. Y., January 26, 1937. This committee, 
in accordance with the constitution and by¬ 
laws, consists of 15 members, one selected by 
the executive committee of each of the 10 
Geographical Districts, and 5 selected by 
the board of directors from its own member¬ 
ship. 

The following members of the committee 
were present: A. W. Berresford, New York, 
N. Y.; O. B. BlackweU, New York, N. Y.; 
C. .V. Christie, Montreal, Canada; N. E. 
Funk, Philadelphia, Fa.; E. E. (^orge, 
Chattanooga, Tenn.; K. L. Hansen, Mil¬ 
waukee, Wis.; R. E. Kistler, Seattle, Wash.; 
H. S. Lane, San Francisco, Calif.; T. H. 
Morgan, Worcester, Mass.; J. W. Ramsay, 


Austin, Tex.; R. W. Sorensen, Pasadena, 
Calif.; A. C. Stevens, Schenectady, N. Y.; 
A. L. Turner, Omaha, Neb.; J. B. White- 
head, Baltimore, Md., and W. E. Wicken- 
den, Cleveland, Ohio; also H. H. Henline, 
New York, N. Y., secretary of the commit¬ 
tee. 

^ The following is a list of the official can¬ 
didates selected by the committee: 

For Prbsidbnt 

W. H. Harrison, assistant vice-president, depart¬ 
ment of operation and engineering, American 
Telephone and Telegraph Company, New York, 
N. Y. 

For Vicb-Prbsidbnts 

I. Melville Stein (Middle Eastern District, 
number 2) director of research, Leeds & Northrap 
Company, Philadelphia, Pa. 

Edwin D. Wood (Southern District, number 4) 
general superintendent, Louisville Gas & Electric 
Company, Louisville, Ky. 

L. N. McClellan (North Central District, num¬ 
ber 6) chief electrical engineer, U.S. Bureau of 
Reclamation, Denver, Colo. 

J. P. Jollyman (Pacific District, number 8) 
hydroelectric and transmission engineer, Pacific 
Gas & Electric Company, San Francisco, Calif. 

M. J. McHenry (Canada District, number 10) 
manager, Toronto, district, Canadian General 
Electric Company, Ltd., Toronto, Ont. 

For Dirbctors 

C. R. Beardsley, superintendent of distribution, 
Brooklyn Edison Company, Inc., Brooklyn, N. Y. 

V. Bush, vice-president and dean of engineering, 
Massachusetts Institute of Technology, Cambridge, 
Mass. 

F. H. Lane, manager, engineering division. 
Public Utility Engineering & Service Corporation, 
Chicago, Ill. 

For National Trbasurbr 

W. I. Slichter, professor of electrical engineer¬ 
ing, Columbia University, New York, N. Y. 

The constitution and by-laws of the In¬ 
stitute provide that the nominations made 
by the national nominating committee shall 
be published in the March issue of Electri¬ 
cal Engineering. Provision is made for 
independent nominations as indicated in the 
following excerpts from the constitution and 
by-laws: 

Constitution 

Sec. 31. Independent nominations may be made 
by a petition of twenty-five (26) or more members 
sent to the National Secretary when and as pro¬ 
vided in the By-Laws; such petitions for the 
nomination of Vice-Presidents shall be signed only 
by members within the District concerned. 

By-Laws 

Sec. 23. Petitions proposing the names of candi¬ 
dates as independent nominations for the various 
offices to be filled at the .ensuing election, in. accord¬ 
ance with Article Vl, Section 31 (Constitution), 
must be received by the secretary of the National 
Nominating Committee not latw than March 
twenty-fifth of i»ch year, to be placed before that 
committee for inclusion in the ballot of such,candi¬ 
dates as are eligible. 

' On the ballot prepared by the National Nomi¬ 
nating Committee in accordance with Article Vl of 
the Constitution and sent by the National Secre¬ 
tary to all qualified voters during the first week in 
April of each year, the names of the (mndidates 
shall be grouped alphabetically under the nathe of 
the office for which each is a candidate. 

(Signed) National Nominating Committee 
by H. H, Henline, Secretory 

Biographies of Nominees 

In order that those not personally ac¬ 
quainted with the nominees may know 
something of them and their qualifications 
for the Institute offices for which they have 
been nominated, brief biographical sketches 
are given in the "Perktn^” columns of this 
issue. 
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Edison Medal for 1936 
Presented to Alex Dow 

For "tnitstaiuling leadership in the 
development of the central stution indtistry 
and its service to the i>ul>lie,’* the l(K,h5 
Edison Medal, highest award of the AIKK, 
wtuJ presentcil to Dwtor Alex Dow, presi¬ 
dent, Detrt»it (Mich.) Edison Company, at 
a special session of the Institute's 11)^7 
winter convention, on the evening of 
January 27. DiJCtor Dow has been a 
tuember of the Institute for 44 years, having 
been elected an Associate in ISUJi, aiwi trans¬ 
ferred to the gratic of l''ellow in lUld. He 
has liecu president of the Detroit Edison 
Company since 

A. M. MacCutcheott, presulent of tine 
Institute, presided over tlie ceremonies, 
introducing first H. P. Cliarlesworth, past- 
president of the Institute, and chairmau t»f 
the Edison Medal committee, who briefly 
outlined the history of the medal and the 
terms of its presentation. Mr. Charles- 
worlh's remarks follow: 


Pasi-Presidenf Cliarlesworth 
Outlines History of Medal 


"The ICdison Medal was founded hy an 
organization of assiKiatcs and friends of 
Thomas A IMison who ilesired to eom- 
memorate the 


achievements of a 
quarter of a cen¬ 
tury in the art of 
electric lighting 
with which lidison 
had been .so promi¬ 
nently identified. 

"It was tlecided 
that the most ef- 
ective means of 
accomplishing this 
object was t>y the 
establishment of u 
gold medal which 
could serve 'as an 
honorable inccn- 



Psti-Preddent Chirlet- 
worth outlining history 
of medal 


tive to scientists, 


engineers, and ar¬ 
tisans to mcuntaln by their works the high 
standard of accomplishment' which had lanm 
set by Edison. The American Institute of 
Electrical Engineers was invited to undertake 
the rcsponsiliility of making the awards. 
The Institute accepted and organized the 
Edison Medal committee, or board of 


award, composed of 24 members. 

"Three of these memlK'rs ore appointed 
each year by the presidmt of the Institute 
to serve for a term of fi years each; 2 are 
elected each year by the board of directors 
from its own membership to serve for a 
term of 2 years each; the other 3 menitiers 
are ex-officio, the pre.sidcnt, the national 
treasurer, and the national secretary of the 
Institute. 


"The by-laws of the committee provide 
for making one award each year, and the 
deed of gift specifics that the award shall Ih; 
made to some one resident in the United 
States or Canada, for meritoriou.s achieve¬ 
ment in electrical science, electrical engineer¬ 
ing, or the electrical arts. 


"The medal was designed by James 


Earle hrasi‘r, ami carries on the oUvcihc the 
portrait of Thoma.s A. Edison, anti tm the 
revi-rse an allegorical conception of the 
genius of electricity cnm’uetl hy fame," 


Louis H. Egan 
Eulogizes Doctor Dow 

Ktillowing Mr. Churlesworth’s remarks, 
I'rcsident MutrCulcheou inirtHhicctl lamis 
11. Egan (A‘08, M'l.'i) presiilcnt, Union 
Electric I.iglrt and l*t»wcr Company, St. 
liouis, Mt>., a hmg'lime frieinl, clttsc asstH-i* 
ate, ami great atlmirer t>f Doet<»r Dow. 
Mr. Egan outliittsl some of Dmdtir Dow's 
accornpUshment.s as president uf the Detroit 
Edisrm Cennpany, and related many inter¬ 
esting anecdotes denitnistrating his fine 
personal eharaetcristies. 

Cl^nng back 33 years, Mr. h'gan told of 
ins first meeting with tire medalist, on which 
tKHjusion he (Mr. Egan) was !as,‘kiug employ¬ 
ment (whieh he obtained). HiH'akrng of 
these early a.sKO(*iutions, he said in part: 
"Mr. Dow was Inryoiid la-Uef in his rnetluHl 
of treatment aiul in the rare privilege timt 
came to Ite mine of tn'ing weh'omed into 
tlu ir home. There I came to understund 
one. of the reasons for his success, and she 
is here tonight; I would indeetl la: rh relict 
if t riidtt't mention awl give full credit to 
the very delightful awl lovely hospitality 
that she offered to me at that time Mrs. 
Dow “ 

"1 am not going to undertake," Mr 
Egan continueil, "to tell yoti here tonight 
very much, if anything, alMiut the hig 
iKiiler.H, or alioui the uiuiHual tranHiiiissiim 
syatetft, and the substations, and the stores 
deimrtment, and how we handled the nietm, 
and all the rest of tbhi, our public relations, 
and JK> forth. You will hear those from 
others, possibly, and if you don't, you eun 
find them out very readily. They have 
been publishtsl tiiany times. 

"I should like to tell you just a little of 
the human side of this gentleman that we 
are honoring here tonight. I will tnention 
just in passing. If I may, something alM)Ut 
this company tfint he runs, and. rather tlmn 
going to one of his intiimite friends, or 
refreshing my own recollection on the sub¬ 
ject, I should like to take a chapter out of 
tlie l>ook of. ..the Pnblie Utilities Com- 
of the State of Michigan. If is 
parnphfaseil a little, itwatwe I think I 
write it better tlmn they do. It may be 
lirlefed in spins, but it is designed to serve 
its purpose lierc and the basis of it can lie 
found in the deeishm of that commission; 
it say.H this: 

'* 'The Detroit Edison Comtnmy was 
organized in 1003 under the laws of the 
state of New York. At that time Michi¬ 
gan did not have corporation laws suitable 
to the operations of the Dctrtfli Edison 
Company, which they iiropoiwd to conduct. 

" 'At the time of its organization, the 
Detroit Edison Company took over the 
Edison lllumiriating Company, Detrtflt 
and Mkhigan corpomtlon, whieh had lieen 
organized under the Michigan laws, and 
also the Peninsula Eteelric Light Company, 


a Miehigan corporation wliitit had bi»-n 
oigaaizcd In IHPH 

" 'The EJasicm Michigau ICdiHini Cum 
puny was incorixuated July '.51, 
under the laws of the state iif New York, sc, 
a subsidiary of the Detroit lolison Cum 
puny, for the pur|«ise of doing vciuini 
classes of hirsiiiess. most of it iinvuirly 
owned. Electrical proinrties in the south' 
ea.stern part of the state have .since hern 
consolidated in the Detroit Eiti'am turn 
puny. Erivfly, it covers ptmtie.dly all t4 
Michigan within of tXl miles of the «iey 
of Ditroit, awl recently it pimha’sed the 
property, plant, and facilities of the Michi 
gtm Electric Power Company, operating m 
what is known as the thumb of Michigan 
The territory .served by the eompawy has a 
poptilation of approsimaiely 
jHfople, 

" 'The growth of the company since ii% 
organization in IIKKI has larvn phiiiomeiial 
At the close of that year it had. mvoriUng in 
its iHHiks, total fixed capital »»f hss Ilian 
At the end of 1033. its total 
fixed capital was something like S~9fl,tkib. 
iHkk ThWH wp see that in 33 years, begin 
ning with llHkt, the total fi«e»l capital of 
this utility was nmltipltrd by moie than 
42 times. 

" 'in addition to sei ving electii*' light tniid 
jwwet in the tetritoiy aliove dp^fiWd, the 
company stifiplirs an exteiitive steam 
heating service, tniiicipally in Deifoit 
The investment with It might pfMt»rrly 
lie aUtH’atetl to the steam hratiiig titisiitet i. 
approxifimte.s firi,UtgM*bd It also has a 
small amoutit of mttmifatiurrtbgas business 

" 'The I'idistm Cotttpauy has gtwwn 
greatly with the growth of the soul In astern 
part of Mk'htgHf). Winn the cMtnpany 
Iwgan Intsitiess in Ilkt3. the faipniai ion of its 
territory was only nlmut 3tgM*MJ. It is 
now aliOUf H times that amount. During 
its existence it has purchased aud taken over 
about fid ehs'lrh* light and |a,iwe» plants 
previmisly owned 



Loult H. Egan ikateMnt 
fiigli llgbli in lilt of 
madtlM 


by rnuftiripalifies 
or fiy small utility 
companies 
" 'It owns and 
«|ieraies some 7 
or H tatber smalt 
water {lowers on 
flip Huron River; 
although most «i( 
its energy is geii 
eraled iir ♦*lram 
fdaiiti imrated in 
the vicinity ol 
Detroit, it has 
one father Isirge 
steam plant tu ar 
its gas tuiliry at 
Murysvilte. 


"'The Cfbfy 
under consirkratkm has always taken me 
of the intcreiiti of the public, ft lias litrn 
a very impmtant factor in the phenome 
nal growth rf the territory it Darves. It 
wan oiie of the first utrUtics in the eoimtiy 
to Iwgin theelrsilfirtcalkai of rntal feirifory, 
and at the pf*^****** titne almut 75 |»er cent 
of the farms in its territory ihal it haitr- 
cupied lor a considerable period of liine 
have been clecirified- 


'* ‘The stock of the company is widely 
distrilntted. It has ahnmt si«*k- 

holder!. There is no doubt alvnit the fact 
that the Detroit Edison Company is one of 
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the outstanding dectric utilities in this 
country. It is not owned by any holding 
company. It is an independent concern. 
Ever since its organization it has been most 
ej£dently managed and operated. Its 
head during its entire history has been 
Alex Dow, one of the foremost dectric 
light and power men in the United States.* 

"I think probably that is the greatest 
tribute that has ever been paid by a regtdat- 
ing body to the dectric light and power 
industry, to the man who headed a company, 
in this whole country, since regulation began. 
It is merited beyond bdief. For over 40 years 
he has been the guiding factor and the prind- 
pal factor in the creation of this company. 
It is recognized both in the United States and 
abroad as a modd example of its kind.” 

Mr. Egan next spoke of Doctor Dow’s 
broad general interests, mentioning specifi¬ 
cally several widely divergent subjects with 
which he is conversant. 

Speaking of Doctor Dow’s achievements 
in the dectric power industry, Mr. Egan 
said: "Would you like to know somebody 
who thought of most of the things that come 
to your min ds about the light and power 
industry today, thought of them 25 years 
ago, and forgot them? If you think that you 
are about to devdop something new in this 
industry, I warn you, because I have made 
the mistake, you had better go back and dig 
up the proceedings of the National Electric 
Light Association, and of the Association of 
Edison Illuminating Companies, and there 
you will find them expounded about a 
quarter of a century ago by Mr. Dow. It 
doesn’t make any difiterence whether it 
deals with customer relations, whether .it 
deals with street lighting, whether it deals 
with the contacts of municipalities, or 
government control; it is all there. I 
have looked them up and read them. 

"What a great treat it must be to all these 
thousands and thousands of young men and 
women, just as it was to me, to come in 
contact with a mind of that kind in this 
business! I can’t begin to tell you the 
thankfulness that is in my heart for the 
things that he did to me, sotmd, true, sane, 
stable principles that he has followed and 
preached since he started. 

"You talk about there being no romance 
in business! Only careless, foolish people 
say that. A young boy in Scotland— 
nobody to help him—an orphan in his early 
years, people to assist; he starts out by 
just sheer industry, perseverance, the will 
to make good, he comes to this country, 
takes half a dozen simple jobs of one kind or 
another, all the time storing up in this 
retentive memory of his the things that are 
going to be to his advantage in the future. 

"Finally he lands in Detroit to put in a 



President MacCutcheon (right) presenting 
medal and certificate to Doctor Dow 


municipal street lighting ssrstem, and. after 
he did it, the local company said: ’There is 
the type man we want.’ 

"He has been there 41 years doing that 
job. Why, it is an inspiration beyond 
belief! It is the kind of thing that is the 
United States of America at its best.” 

Concerning Doctor Dow’s humanitarian 
activities, Mr. Egan said: “What he has 
done for people all over this country will 
never be known.” He then mentioned 
several specific instances in which Doctor 
Dow had rendered personal assistance to 
people in need. 

"His breast is s hin ing with unseen medals 
for the goodness that he has done,” Mr. 
Egan concluded. "I could continue this 
eulogy for a long, long time It has been 
said and said well that a big enterprise is a 
shadow of a man. P^haps those who don’t 
think well imagine it becomes trite, but it is 
true; it never was more fully exemplified 
than it was in this case. 

"But the sun is setting, and the shadow 
becomes long. It isn’t a dark shadow. It 
is a shadow that shines with a roseate light, 
a white shadow, if you will, the kind of 
shadow that will last forever in the district 
where it has first fallen, and that is what his 
shadow will be on his ^osen state and his 
chosen city.” 


Doctor Dow Responds 

Immediately following Mr. Egan’s 
address. President MacCutcheon presented 
the medal and 
certificate to Doc¬ 
tor Dow, who 
responded, in part 
as follows: 

"I asked Louis 
Egan to tell you 
some of my sins 
and I didn’t hear 
all that he said... 
but I suspect that 
he had been hunt¬ 
ing up my some- 
what negative 
virtues and recit¬ 
ing those to you. 

"...I plead 
guilty to having contributed to the de¬ 
velopment of the central station industry. 
I found myself in that industry, to my 
own great surprise, dealing with, to b^ 
gin with and for several years almost 
continuously, properties that had been 
fmlures, trying to put them on their feet, 
succeeding quite a bit; at other times saying 
that in this particular case what was wanted 
was not a diagnosis and medication but 
a postmortem. These things happened, 
and that experience, I know, was exceedingly 
valuable to me in teaching me the things that 
just could not be done in that industry.... 

"By the time that I got through listening 
to the.. .remarks of Louis.. .1 came to the 
conclusion that I must have failed in my 
vocation; instead of being an electric-light 
man doing the day’s work as it came along, 
the best I knew how, glad when the day was 
done, I ought to have been a missioiwry or 
a member of a settlement, preaching the 
gospel... I am glad that that destiny... 
miscarried. I am afraid that I should have 
- been even more weary of it than I have been 
at times of the day’s work as it is. 


“...I wish you would think of me as 
somebody who has just, as I have already 
said, done the day’s work as it came to him, 
looked ahead, saw what could be foreseen, 
sometimes having a vision that was almost 
prophetic... At times it has been given to 
me to see what was coming and to see the 
possibilities of meeting the on-coming event 
in such manner as would conduce to the 
welfare of the service for which I was respon¬ 
sible; that I have taken that service se- 
rioudy I wish you 
would think of as 
being assured of. 

"As far as in¬ 
vestment goes, it 
is rather a serious 
matter to be re- 
sponsible for 
$300,000,000 of 
other people’s 
money. As far as 
the care and wel¬ 
fare of employees 
go, for groups that 
have ranged in the 
last few years, 
even during the 
depression period 
up to about 8,000 
people, and as far 
as service to the public goes, that Mr, Egan 
has stated to you; and it is a service that 
is unusual, exceptionally comprdiensive, 
covering and trying to reach, everybody. 

"We have been able there to have 
accepted by our authorities the doctrine of 
the. economic area, separating out from 
individual municipalities, each insisting 
upon having its own accounting and its own 
particular rate schedule.. .and we have an 
integrated area there that is willing to be 
dealt with as a whole. That is the correct 
theory, we believe. I know that I was one 
of the first to point out that that was how it 
should be, that a serrice such as the central 
station service is, could not be congeries of 
local services, but must be a broad service 
extending over the area which was economi¬ 
cally one area; and that is what has been 
sought by my people and by mysdf. 

"Now.. .1 have by example as wdl as by 
precept shown what may be done, shown 
that it is possible to get along peacefully, 
^own that it is possible to have no labm 
trouble (and I speak for myself personally, 
and I am touching wood when I say that in 
these troublesome days—touching wood and 
making a little prayer that it will continue). 
I began to boss men when I was a 14-year 
old boy. The men never bothered me 
because they were all quite willing to be 
bossed—it saved them from doing any 
thinking; but the boys of my own age, or a 
little older, I had to fight it out with every 
confounded one of them before I could get 
peace. I don’t know any other way to get 
peace either in business or in politics, but to 
fight it out when you have to—to avoid it 
as long as you can but to fight it out when 
you have to. 

"So it has goUe, and, to play fair with 
these divergent interests and interests that 
may become divergent, has been my job in 
life-Hhat much more than any choice in 
engineering matters or any development of 
new principles or any applicatichi of estab¬ 
lished principles. 

"Let me confess here, ..that I have 
almost forgotten what it is to be an dectri- 
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cal engineer.... I have to tdl them [electri¬ 
cal engineers] when they come and talk to 
me about something new: ‘Now that is 
all right, but settle down and tell it to me 
in wor<k of one syllable.’ Usually it is 
possible to do that and I, having no facilities 
whatever in the language of the mathema¬ 
tician and the symbols in which he expresses 
an idea concisely and clearly,,. .am glad to 
revert to the one-syllable plan. 

"... Forty-j&ve or 50 years ago I knew all 
there was to know about telegraphy, but 
now I don’t even know the language. And 
it is so with many, many matters of elec¬ 
trical engineering nowadays... Still, I have 
an understanding mind; still, I am glad 
to have a new problem brought to me, glad 
to hear how it has been solved, and glad 
to settle down and think about it and think 
how that is going to fit into my day’s work, 
into the problem of serving 600,000 custo¬ 
mers scattered over 6,500 square miles, and 
that is what engineering means to me; but 
as for being an electrical engineer—no.... 

"...I found the United States, when I 
came to them, more than 50 years ago, a 
place that welcomed the youngster who was 
willing to take it as he found it, who had no 
call to show it the error of its ways, and was 
not only willing to take things as he found, 
but also willing to work hard at whatever 
work Providence put before him. I turned 
my hand to a good many things. I had a 
oertain facility at mechanical employments. 

“Before I was 20 years old I came to the 
United States, and I ultimately landed... 
into the electric light and power industry, 
and have stayed with it, grown up with it, 
was an early operator in that industry and 
have seen it become what it is. That has 
taken above all things an understanding of 
the American people. It has taken an 
i nfinit e patience. It has taken that fore¬ 
sight with which I thank the Lord He has 
.given me a certain amount of. It has taken 
the judgment as to what should be done 
when one felt what was coming. So far I 
have had good fortune. I hope it will 
continue. I trust it will continue.... 

“Still, after all, in these matters for which 
I have been given much praise tonight, I 
have tried to understand, I have tried to 
make it easier for those who needed help, 
and tried when it was necessary to speak the 
truth without xnalide. I have tried to be 
patient. I have tried even to suffer fools 
Sdadly, although that has been irerhaps the 
most trying thing that I have had to do.... 

“As it is, it is anything but engineering. 

I wouldn’t unless I were an engineer by 
thought and by a certain amount of training 
be where I am, but it is anything but 
engineering in ^e day’s work; it is finance, 
it is management, it is law, it is politics— 
which I don’t approve of at all. You 
know^ you need a big sense of humor to 
keep your patience with politics.. .. 

“As for taking care of my people, well, and 
other people—things that have been wished 

; upcm me: I nevw believed in wdfare 
systems—no .wdfare sjrst^ that I know of, 
and that applies to ^ little bit of an organi¬ 
zation. . .right up, to the wonderful scheme 
for the betterment of 15 or 20 million 
people that we uoyr have bn bur lists, sb 
many of them capitdized with 3 or .4 
initials.,. As to these things, I admit having 
done what came to my hand, and I have 
summed up my philosophy of such matters 
in a very, very few words: .. . Do what you 
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can, what is within your powers, what is 
within your duty, if it may so happen, for 
.. ,the person—man or woman—^who does 
need hdp; do it quietly and kindly, without 
any fuss and botheration. Don’t do it 
mechanically. Do it personally. If you 
cannot do it personally yourself, at least see 
that the job is done. Delegate it to some¬ 
one that is light of hand and will not try to 
make people fed grateful. That kind of 


gratitude I don’t much like. It reminds me 
of that definition of gratitude: 'Gratitude 
is a livdy sense of favors to come.’ Do it 
quietly, as I have said; do it patiently and 
kindly; thank God that you have had the 
chance to do it; and, forever afterward, 
keep your mouth shut about it. 

“I think I have said a plenty. Thank 
you for listening, and this [the medal] I 
am highly honored by.’’ 


Reports of 15 Committee Meetings 
Held During the Winter Convention 


Brief reports of the meetings of 16 
Institute committees and subcommittees 
held dtuing the Institute’s recent winter 
convention are presented herewith, as pre¬ 
pared by the committee chairmen or from 
notes submitted by them. These reports 
cover meetings of 2 general committees, 
6 technical committees, and 7 subcommit¬ 
tees of technical committees. Reports of 
the meetings of 4 subcommittees ■ of the 
protective devices committee have been 
combined with that of the parent com¬ 
mittee. 

No report of the meeting of the committee 
on electrophysics was submitted, but 
according to Chairman R. C. Mason that 
committee “met to consider plans for future 
activities.’’ In addition, no report of the 
standards committee meeting is included 
here, but actions of this conmiittee on items 
of interest to the membership are reported 
in the “Standards” columns elsewhere in 
this issue. A scheduled meeting of the 
committee on electric welding was not held. 

Membership Committee 

By G. A. Kosibky, Chairman 

Some 21 of the members of the national 
membership committee attended the meet¬ 
ing of the committee hdd January 27,1937, 
at national headquarters in New York 
during the recent winter convention. The 
several matters of routine business that 
were discussed have been reported to all 
members of the committee through the 
medium of the minutes of the meeting. 

Special attention was called to the new 
pamphlet containing an article by E. S. 
Lee, former national membership chairman, 
entitled “Membership in the American 
Institute of Electrical Engineers.” This 
^ticle is highly informative concerning 
institute activities, and has been distributed 
by mail to all Institute members. These 
booklets are available from national head¬ 
quarters. 

Sections Committee 

By W. H, Timbic, Chairman 

The Sections committee is unanimous in 
believing that a thoroughgoing survey should 
be undertaken immediatdy of the activiti^ 
of the Sections. Tlie majority bdieves 
that a “field survey” should be made by a 
competent investigator; the rest are of the 
opinion that a questionnaire sinyey is dl 
that is necessary. Consequently, it is ■ 
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proposed that a fecial survey be made, the 
committee sending to the chairman of each 
Section a "self-analysis blank,” by means 
of which each Section chairman, assisted 
by his Section secretary, may analyze the 
activities of his Section stating specifically: 

A. Aims or objectives of the Section. 

B. Activities now carried on to attain these ob¬ 
jectives. 

C. Critical examination of the results of these ac¬ 
tivities. 

Z>. Necessary or desirable chuge in activities. 

The objective of this survey is: first, 
that the Sections examine themselves in 
order to crystallize their objectives and 
reasons for and results of their activities; 
second, from a study of the returns the 
Sections committee hopes to obtain facts 
and data that will enable it to assist the 
several Sections in reaching a clearer under¬ 
standing of the aims and in more effective 
methods of obtaining them. 

It is especially desired that ways may be 
opened up for: (a) further co-operation 
between a Section and other community- 
minded groups that would profit by the 
help of the engiueer; (5) more effective 
co-operation between the Sections com¬ 
mittee and the various Sections; (c) greater 
co-operation between Sections. This pre¬ 
liminary survey should likewise give a fair 
indication as to whether a “field survey” is 
necessary or desirable. 

The committee plans to co-op^ate to the 
fullest extent with the newly appointed 
special conunittee on the broadening of 
Institute activities. 

Automatic Stations Committee 

By M. E. Reasan, Chairman 

Because of the enthusiastic reception that 
has been accorded the subcommittee’s re¬ 
port on supervisory control and telenieter- 
ing, by operating people, it was decided to 
bring this report up-to-date and request its 
publication in Ei/Bctrical Enoxnbbring. 
Ilie subcommittee appointed to follow this 
program is as follows: Chester Wallace, 
American Telephone and Telegraph Com¬ 
pany, New York, N. Y.; P. A. Borden, 
Bristol Company, WaterbUty, Conn. ; M. E. 
R^gan, Westmghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa.; 
and A. E^ AndOTSon^ General Electric 
Company, Philad^phia, Pa. 

It was suggested that the conunittee 
undertake a study of operating practice on 
short-circuiting Or open-circuiting of heUtral- 
grounding resistances in case of circuit 
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breaker failure ou ground faults. It was 
believed, however, that this was a function 
of the committee on power transmission and 
distribution. It was decided to offer the 
assistance of the automatic stations com¬ 
mittee to the committee on power trans¬ 
mission and distribution in co-ordinating 
any inv^tigation of this problem. 

A request for a round-table discussion on 
automatically controlled hydroelectric gener¬ 
ating stations at the Institute’s 1937 smnmer 
convention was discussed at some length. 
It was decided that the committee would 
sponsor such a meeting if the convention 
committee considers that there is enough 
general interest in the subject. At the 
request of the summer convention com¬ 
mittee, the automatic stations committee 
will co-operate in a general discussion on 
"control” to be held at that convention. 

Prdiminary reports were made by 2 sub¬ 
committees on the general subjects of: 

(a) Battery-chargins methods la unattended sta¬ 
tions. 

(b) Recloslng of breakers on bus-diSerential opera¬ 
tion. 

AIBE Standards No. 26, which is now 
undergoing consideration by the American 
Standards Association, was again reviewed. 

Committee on Electrochemistry 
end Electrornetallurgy 

By F. O. Schnure, Chairman 

On the subject of electrol 3 rtics, the com¬ 
mittee is now formulating plans for a round¬ 
table conference to be held in connection 
with the Institute’s forthcoming summer 
convention. It is the committee’s plan.s to 
broaden the scope of the intended discus¬ 
sion by inviting to participate in it, mem¬ 
bers of other technical societies interested 
in the various aspects of the general subject 
of electrolytics. As chairman of the com¬ 
mittee to plan this conference, N. R. Stansel 


of the industrial engineering department. 
General Electric Company, Schenectady, 
N. Y., and former chairman of the com¬ 
mittee on electrochemistry and electro¬ 
metallurgy, was appointed. Looking for¬ 
ward to the 1938 winter convention, the 
committee also is considering the possibility 
of developing for the program of that con¬ 
vention a symposium on the subject of 
electrolytics, or some other subject growing 
out of the intended summer-convention 
round-table conference. 

There was considerable discussion on the 
question of a “definition of the committee’s 
function.” As this is now "defined” or 
understood, the scope of the committee’s 
activities can include either the tbpi-mai 
applications of electricity, the electroljrtic 
applications of electricity, or both. To 
study the subject and report later to the 
committee a recommended definition of 
function and scope of activity, a sub¬ 
committee has been appointed. 

Brought forth during the committee’s 
general discussion were strong suggestions 
to the effect that the Institute membership 
should be "classified according to interests 
and professional work.” 

Committee on Protective Devices 

By J. P. McKearin, Chairman 

Rules were adopted to govern the stand¬ 
ing subcommittees of this committee in the 
preparation of their annual reports. These 
reports are to show the extent of the sub¬ 
committee programs and to give all mem¬ 
bers of the protective devices committee 
and all members of all the subcommittees 
the benefit of a record of the work that has 
been done, so as to maintain the continuity 
of subcommittee work from year to year. 

A resolution was adopted, recommending 
to the Institute’s standards committee that 
the revised AIEE Standards No. 22, on 
"air switches,” be published in report form. 


Arrangements were made to obtain im¬ 
provements in the report on Standard No. 
23, for "relays,” to bring these Standards 
up to date. 

Plans were made for participation by this 
committee with the committees on power 
transmission and distribution and electrical 
machinery in a proposed joint session at the 
Institute’s 1937 summer convention on 
"lightning protective equipment and insu¬ 
lation co-ordination.” Considerable inter¬ 
est has been shown in this type of session. 

Circuit Breakers, Switches, and Fuses 

The subcommittee on circuit breakers, 
switches, and fuses, H. J. Lingal, chair¬ 
man, made further plans for its work on 
recommendation for improvements in AIEE 
Standards No. 19, for "oil circuit breakers,” 
and proposed Standards No. 25, for "fuses 
above 600 volts.” This work is the result 
of suggestions received from the industry at 
large in response to the invitation for opin¬ 
ions, criticisms, and suggestions printed on 
the recently published reports on these 2 
standards. 

Relays 

The subcommittee on relays, E. E. 
George, chairman, reviewed its program, 
which includes: "application of electronics 
to relay protection,” "trend of distribution 
rday protection,” "standardization and 
simplification of rday design and applica¬ 
tion,” and "high-speed protection and 
redosing.” 

Fault-Current-Limiting Devices 

The subcommittee on fault-current-limit¬ 
ing devices, J. O’R. Coleman, chairman, 
reviewed its program and made further 
plans for its work which indudes "a survey 
of grounding practices,” "mutually-coupled 
reactors,” and preparation of new standards 
for "fault current limiting devices for 
neutral founding.” 

Lightning Arresters 

The subcommittee on lightning arresters, 
J. R. North, chairman, gave further con¬ 
sideration to arrangements for the proposed 
joint session at the summer convention and 
discussed its work on other projects whi<^ 
indude: "testing procedure for lightning 
arresters,” "performance diaracteristics of 
li ghtning arresters,” "performance.character- 
istics of the various forms of prdtective 
gaps,” "application of hghtning arresters,” 
"spedfic lightning arrester protection prob¬ 
lems,” and the preparation bf a new stand¬ 
ards for "protective gaps.” 

Chairman North says that the lightning 
arrester subcommittee has a rather exten¬ 
sive program outlined for the year. He 
has prqiared the following report of the. 
meeting of that subcommittee from reports 
presented by the sponsors of each of the 
"sub-coups’’ on the scope and status of 
thdr work. 

Testing Procedure for LigUning Arres¬ 
ters—Herman Hdtp^in^ This group is de¬ 
termining proper me&ods and. test pro¬ 
cedure for ascertaining the condition of 
Tighfning arresters in service and as received 
from the manufacturers. Both station and 
line type arresters are indudedi Suitable : 
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Membership— 

Mr. Institute Member: 

The young engineer looks to the leaders in his profession for 
guidance and inspiration—for leadership. The American Institute 
of Electrical Engineers is leadership in organized form; it represents 
and speaks for all electrical engineers as a group. 

An interested and inclusive membership assures you of a strong, 
representative, and effective organization. You can do yourself 
and your associate engineers, who are not members, a service by 
securing their applications or by sending their names to your member¬ 
ship committee. 



March 1937 News 



test procedtires are being drafted, and 
arrangements are being made for dissemi> 
nating this information. 

Performance Characteristics of Lightning 
Arresters — K. B. McEachron. This group 
is assembling specific and comparative in¬ 
formation regarding the 60-cycle and pro¬ 
tective characteristics of modem lightning 
arresters. Present published data regard¬ 
ing arrester diaracteristics is ;ciot on a uni¬ 
form b^ls and is, therefore, not directly 
comparable. It is planned to have the 
results of this work in shape for submitting 
as a tentative report at the Institute’s 1937 
summer convention. 

Rod Gaps, Exptdsioii Gaps, and Deion 
Gaps — J. /. Torok. The possibility of 
developing AIEE Standards for gaps and 
the performance of different types of pro¬ 
tective gaps was discussed in considerable 
detail, and it was decided that the prepara¬ 
tion of standards should await the results 
of the "Manufacturers’ Inter-Company 
Laboratory Group’’ studies which are now 
in progress. In the meantime, a summary 
outlining the status of protective gaps 
generally is to be prepared so that this in¬ 
formation may be readily available for use. 

Application of Arresters and Influence of 
Station Eguipment—J. R. North. This 
sub-group is dealing particularly with the 
proper application of lightning arresters and 
the standardization of terminology regard¬ 
ing arrester connections as used with dis¬ 
tribution transformers. A memorandum 
covering this work will be sent out to the 
members of the subcommittee for con¬ 
sideration within the next few months. 

Specific Protection Problems — A. JS. Sweet- 
nam. The proper means of protecting 
various equipment, including constant cur¬ 
rent transformers, regulators, line switches 
in open position, etc., is being studied by 
this sub-group and a memorandum sum¬ 
marizing current practices is to be prepared 
and distributed as a matter of information. 

Proposed Institute Papers, ^veral pa¬ 
pers proposed for presentation before the 
Institute were discussed. Three papers 
were proposed as part of a joint symposium 
on the subject of "Protective Equipment 
and Insulation Co-ordination,’’ and it was 
derided that every effort should be made 
to insure the placing of this joint session on 
the program for the 1937 summer conven¬ 
tion. 

Committee on 

Production and Application of Lisht 

By A. L Powell, Chairman 

Following a review of the work of the 
committee for die year to date, the chair¬ 
man pointed out that one technical paper"' 
^d s^eral brief contributionst on recent 
advances in the fidd of iUtuninaribn are now 
awaiting publication in Electrical Engi- 
ireERiNG. Inasmuch as the Institute’s pub¬ 
lication committee has decided that it is 
expedient to publish more items of general 
interest, the comnittee derided to re-estab¬ 
lish its policy of supplying a series of short 
illumination notes so that the editor might 
have these oh hand for use as filler material 
when occasion arises. Membets of the 
committee wtte Urged to prepare such items 
on current advances in illumination that 

* See p»^ 310-24. ' 
t See pages 302-04. 
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come to their attention and submit them 
to the chairman. 

Plans for the session on lighting to be hdd 
during the Institute’s 1937 summo: con¬ 
vention were discussed, and the desira¬ 
bility of avoiding a paralld session was 
emphasized. There was some discussion 
also of the various papers proposed for 
presentation at that session. 

Committee on Power Generation 

By G. M. Armbrust, Chairman 

Recent devdopments in subjects pertain¬ 
ing to the work of the committee were dis¬ 
cussed. 

It is the opinion of the committee that 
suf5.cient new material for papers is avail¬ 
able for a session on power generation at 
the Institute’s 1938 winter and the following 
summer conventions. 

The committee wiU endeavor to arrange 
symposia covering 2 or 3 subjects such as 
"superimposed units, their economic ad¬ 
vantages and justification,’’ and “paralld 
operation of power plants and interchange 
of power over transmission systems.’’ 

Committee on Research 

By W. B. Kouwenhoven, Chdirmsn 

This meeting was attended by 18 mem¬ 
bers. F. M. Farmer reported that funds had 
been raised for carrying on the investigation 
on the "stability of impregnated paper insu¬ 
lation’’ under the direction of Doctor J. B. 
Whitehead of Johns Hopkins Univerrity. 
He also reported that the work had been 
started December 1. The supervisory com¬ 
mittee co-operating in this investigation 
consists of H. H. Race, chairman. General 
Electric Company, Schenectady, N. Y.; 
R. W. Atkinson, General Cable Corpora¬ 
tion, Perth Amboy, N. J.; W. F. Davidson, 
Brooklyn (N. Y.) Edison Company; R. J. 
Wseman, Okonite Company, Passaic, N. J.; 
and K. S. Wyatt, Detroit (Midi.) Edison 
Company. Ihis committee reported that 
it had met with Doctor Whitehead and had 
unanimously agreed to a definite plan of 
procedure in carrying out the investigation. 
Mr. Farmer then reported on the status of 
riie funds for the "investigation in the field 
of electric shock.’’ He stated that the 
necessary funds had not been fully raised 
and that the balance is e3q>ected to be avail¬ 
able within a short time. 

Mr. Farmer also reported on the list of 
research projects that the researrii com¬ 
mittee has circulated in the past, which list 
he is now revising. He especially requested 
the members of the committee to fumirii 
him with suggestions; suggestions from 
others also are wricome. He reported that 
the previous lists had proved very useful. 

A discussion followed of the methods by 
w;hich members of the committee could best 
co-operate with their local Institute Sec¬ 
tions. It was derided that each national 
committee member should offer his services 
to the chairman of his local Section. 

The Comimttee derided to hold a session 
at the Institute’s 1937 summer convention; 
4 papers were proposed for this meeting. 

The committee also discussed the ques¬ 
tion of rural electrification and the problems 
that exist in that field. K. K. Paluev pre¬ 
sented an excellent summary of the eco¬ 
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nomic features of rural electrification. The 
chairman was instructed to present this to 
the newly appointed special committee on 
Institute activities. 

Electronics Subcommittee 

By H. M. Turner, Chairman 

At the meeting of this subcommittee, 
which is a joint subcommittee of several of 
the Institute’s technical committees, further 
consideration was given to plans for the 

1937 summer convention. It is hoped that 
the electronics subcommittee will have at 
least one formal paper (preferably from the 
Milwaukee, Wis., region) and a conference 
on electronics with emphasis on industrial 
applications. The details will be worked 
out with the convention committee in the 
near future. 

Preliminary plans were made looking 
toward a rather ambitious program for the 
AIEE winter convention in 1938. It seems 
likely that 2 sessions will be required to 
cover adequately the various phases of 
electronics, and there probably will be a 
conference which will permit a more com¬ 
plete and informal discussion of points 
brought out in the formal presentation. 
The electronics subcommittee will work with 
other committees in bringing into focus 
electronic developments and applications 
and in unifying them for the benefit of the 
Institute membership. It will continue 
the symposium idea that was so successful 
2 years ago, but on a somewhat different 
basis. 

Several subjects that have been proposed 
were considered from the standpoint of their 
suitability for discussion at the Institute’s 

1938 winter convention. 

Group III of Subcommittee on 
Conductors, Towers, and Wood Poles 

By Edwin Hansson, Chairman 

This was a routine meeting of this group, 
which is one of 3 groups of the subcommittee 
on conductors, towers, and wood poles, of 
the Institute’s power transmission and dis¬ 
tribution committee. Group I is concerned 
with towers; gxoup II with wood poles, and 
group III with conductors. Group III was 
established for the purpose of studying par- 
ticulmly the question of vibration in trans¬ 
mission line conductors, and to establish 
satisfactory endurance limits. This work 
is progressing. 

Transformer Subcommittee 

By I. W. Gross, Chairman 

Transformer standards came up for ex¬ 
tensive discussion at the meeting of this 
group, which is a subcommittee of thp 
Institute’s committee on electrical machin¬ 
ery. The sectional committee on trans¬ 
formers of the American Standards Associa¬ 
tion for some time has been preparing, and 
now is about to issue, a report on a proposed 
American Standard on power transformers 
that is scheduled to embrace the AIEE 
standard "transformers, induction regula¬ 
tors, and reactors (AIEE No. 13), the AIEE 
publication "Recommendations for the 
Operation of Transformers’* (AIEE No. 
100), and the AIEE proposed "Test Code 
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for Transformers.” The AIEE transformer 
subcommittee is keeping closely in touch 
with this development, co-operating with 
the ASA sectional committee on trans¬ 
formers, and expects to keep in touch with 
the situation until such time as the ex¬ 
pected reports shall have run the gamut of 
evolution and emerged in final form. 

With reference to present impulse tests, 
the subcommittee unanimously agreed to 
alter the method of designating impulse 
voltages as used in the impulse testing of 
transformers—^from inches-of-gap to kilo¬ 
volts—^without in any way changing the 
magnitude or character of the tests. This 
is a change in terminology only, leaving 
test procedure unchanged. 

To study and later to recommend prac¬ 
tical methods for the dryiiig out of trans¬ 
formers in the field, a subcommittee group 
has been set up. Recognizing that circum¬ 
stances frequently prevent the shipment of 
damaged apparatus from the field to labora¬ 
tories, repair shops, or other, concentration 
points fully equipped with rehabilitation 
equipment, and recognizing also the limita¬ 
tion of equipment and specially trained 
persormel in the field, the subcommittee’s 


I O PROVIDE opportunity for the in¬ 
formal "round-table” discussion of tech¬ 
nical subjects of a specialized nature, 4 
"technical conferences” were held during 
the Institute’s 1937 winter convention, 
under sponsorship of 3 technical committees 
and 1 subcommittee. Brief reports of these 
conferences are presented here. These re¬ 
ports have been prepared by the presiding 
ofiScers of the respective conferences, except 
for the conference on test codes for rotating 
machines, which was prepared by the chair¬ 
man of the sponsoring technical committee. 


desire is to establish specifications of prac¬ 
tical procedure that will obviate the possi¬ 
bility of damage to transformers that would 
resifit from exceeding safe temperature 
limits during the dry-out period. 

To bring up to date the information con¬ 
cerning impulse strength of transformers, 
a subcommittee twihnical. paper was pro¬ 
posed to give full consideration to this as 
well as to other related phases of the general 
problem of insulation co-ordination. 

Methods of making front-of-wave impulse 
tests on transformers were discussed at some 
length. Consensus of opinion, however, 
was to the effect that further study is 
required before any standard could be 
promulgated. 

The problem of establishing, in terms of 
the normal clearance of the bushing alone, 
minimum limits of acceptable (or safe) 
mechanical clearance between bushing ter¬ 
minals and case or other nearby integral 
parts of a transformer was discussed nnH 
assigned to a sub-group for further study 
and later report. 

Comments and suggestions pertaining to 
any of the foregoing points’are solicited by 
the subcommittee. 


tutes adequate and otherwise acceptable 
“minimum standards” of engineering educa¬ 
tion, the general consensus of opinion was 
that this highly ramified subject presented 
many related aspects such that there can 
be no written specification but the judg¬ 
ment of experienced people must prevail. 

The committee discussed its plans for 
participation in the program of the Insti¬ 
tute’s forthcoming summer convention, and 
laid definite plans for a 1938 convention 
program appointing a “steering committee” 


consisting of O. W. Eshbach, chairman of 
the committee on education; Dean J. W. 
Barker of Columbia University; and Pro¬ 
fessor Robin Beach, head of the department 
of electrical engineering, Brooklyn Poly¬ 
technic Institute. 

Network Analysis and Synthesis 

By Edward L. Bowles, Chairman 

At this conference, which is the second 
of its type to be sponsored by the Institute’s 
committee on communication, the subject 
of special network problems that have 
arisen in connection with the design of radio 
receivers was presented for discussion as 
follows: 

1. SlSBLIOHTS ON TRB MULTIPt.BX ANTBNNAPLBX 
Systbk, by V. D. Landon (this subject deals with 
filters, amplifiers, and transformers involved in the 
operation of an antenna system over a wide range 
of frequencies). 

2. CONBTANT-h Mm.TITKAN8FORMBB FILTERS FOR 
CovBRiKO A Wipe Ranob of Frbquencibs, by 
H. A. Wheeler. 

3. Driviko a Filter From a Rbacttvb Gbnbra- 
TOR, by H. A. Wheeler. 

4. Thb Usb op the Mu-Beta Diagram in the 
Analysis of Feed-Back Circuits, by H. F. 
Mayer. 

5. The Properties of Dirbctivb Mutual 
Reactance Obtained by tbb Use of Vacuum 
Tubbs, by H. A. Wheeler, 

The presentation elicited a very whole¬ 
some discussion which was entered into 
freely by the many individuals whose work 
dealt with problems in or relating to the 
fidd of radio receiver design. From the 
observers point of view, it was gratifying 
to see such freedom of discussion and ap¬ 
parent lack of hesitation in the expression 
of opinion. 

The subject of the {urogram quite natu¬ 
rally led to the conclusion that very soon the 
fidd of network theory will be generally 
recognized to indude active circuit de¬ 
ments, such as vacuiun tubes, and other 
general circuit dements as, for example, the 
already applied piezo-dectric crystal, and 


Reports of 4 Technical Conferences 
Held During the Winter Convention 


Education 

By O. W. Eshbach, Chairman 

This morning-long round-table conference 
sponsored by the Institute’s committee on 
education drew an attendance of more than 
40 committee members and other interested 
persons, taxing the facilities of the lioard 
room where the meeting was hdd. 

Although several different subjects per¬ 
taining to the committee’s work were en¬ 
tered for discussion, the major portion of the 
time was devoted to a general discussion 
concerning some of the many factors in¬ 
volved in the current program of the Engi¬ 
neers’ Council for Professional Devdopment 
mddent to the accrediting of engineering 
curricula in the principal educational institu¬ 
tions in the United States. Recent experi¬ 
ences incident to this accrediting program 
in' die New England and Middle Atlantic 
ardls v^e discussed at length, and special 
attention was given to an informal outline 
ancl explanation presented by Doctor A. B. 
Newman covering the long-established ac¬ 
crediting practice of the American Institute 
of Chemical Engineers. 

Concerning the question of what consti- 



A group of alumni of tfie University of Illinois attended the smoker held during the Institute's 
1937 winter convention, including 11 members of the class of 1909 all of whom had not been 
toflether at one time since graduation. Left to right, seated: H. A. McCrea (A*23, M*30) 

wf% M k. A 0 ^ Wl V . ^ A Uabewro KIaia# VmvLb D kil 0\ 



Lee (A’20, F'30, past-chairman of membership committee) Schenectady, N. Y.; H. O. ^eg- 
mund (A'19, M'27) New York; and H. H. Henline (A'19, M’26, national secretary) New York 
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that future applications of these newer 
circuit elements will lead to great departures 
from what may be termed conventional 
selective network design. 

The substantial attendance at both this 
conference and the one held during the 
1936 winter convention is, it appears, an 
indication of the worth-while nature of 
meetings of this character which, if they are 
continued in a vigorous maimer, should 
serve a very useful purpose in aiding the 
development and application of network 
theory through personal contact and free 
and liberal interchange of ideas. 

Sound Measurement 

By P. L. Alger, Chairman 

Specialists of other organizations, as well 
as Institute members attended this confer¬ 
ence, which was sponsored by the sub¬ 
committee on sound of the Institute’s 
standards committee. A draft of a, pro¬ 
posed test code for the measurement of 
apparatus noise was reviewed and approved 
in jSinal form for submission to interested 
individuals and organizations for approval 
and subsequent printing by the Institute. 
This new code is based upon the already 
published American Standards for acoustic 
terminology, sound measurements, and 
sound level meters (Z24.1, Z24.2, and 
Z24.3). These standards, however, only 
define means of measuring the sound level 
at any single point in space and give no 
information on how to describe the noise 
produced by apparatus, which involves 
taking a number of sound-levdi readings at 
different locations around the apparatus, 
and evaluating the effects of ambient sound 
level, sotmd reflections from walls and other 
parts of the environment, and transmitted 
wibrations. The new code describes both 
factory and field test procedures necessary 
for these purposes, but leaves to the indi¬ 
vidual manufacturer, industry, or user of 
^apparatus the specification of the number 
•of measurements, distances, and other 
factors, which may be most suitable in any 
particular circumstances. 

The code should serve a useful purpose in 
•educating both makers a,nd users of appa¬ 
ratus to their sepatate responsibilities for 
secUr^ quieter living conditions, and in 
•enabling the various causes of unsatisfac¬ 
tory noise conditions to be more quickly 
'traced and remedied. 

Following the discussion on this test 
•code, the^question of further activity of the 
subcommittee on sound was considered 
ibriefly. It was decided that the sub- 
•i^mmittee should continue its work, chiefly 
for the purposes of education and organized 
■discussion of. noise problems. In t.liig .con¬ 
nection, it was suggested that a joint round¬ 
table session might be held with the Insti¬ 
tute’s committee on electrical machinery to 
cUscuss questions related to the use of das- 
tic mountings for electric motors and trans¬ 
mitted mflse problems. 


Test Codes for Roiatins Machinery 




This report gives a brid r6sum6 of the 
devdopment of test codes for rotating 
dectncal machinery, and presents an Out- 
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line of the discussion and action taken at 
this conference, which was sponsored by the 
committee on dectrical machinery. G. A. 
Waters, chairman of the induction machin¬ 
ery subcommittee, presided. Future activi¬ 
ties of the committee in connection with 
each of the codes are indicated. 

In May 1929, the board of directors of 
the Institute approved a proposal of the 
standards committee calling for the de¬ 
velopment of test codes for the principal 
types of dectrical machinery and apparatus. 
The actual formulation of a series of such 
codes was then placed by the standards 
committee in the hands of the committee 
on dectrical machinery. In July 1931 that 
committee made its first report, submitting 
"Test Code for Trandormers.” The "Test 
Code for Synchronous Machines" was the 
second, and "Pol 3 q)hase Induction Ma¬ 
chines" the third of the proposed series. 
A test code for d-c maebinf> g is bdng 
devdoped at the present time. That the 
electrical industry might become fully cog¬ 
nizant of the work that has been under¬ 
taken and at the same time obtain a dear 
picture of the-proposed contents of such 
codes, the standards committee arranged 
for their publication as reports in pamphlet 
form. 

In order to determine the performance 
characteristics of dectrical machines, meth¬ 
ods of testing, or test codes, have been 
devdoped and are in common usage. It is 
the purpose of these test codes to provide in 
convenient reference form the more gener¬ 
ally applicable and accepted methods of 
conducting and reporting tests of a com- 
merdal nature, which apply to the fulfill¬ 
ment of performance guarantees and to 
acceptance tests. It is not intended that 
the codes shall cover all possible tests or 
those of a research nature. It must be 
recognized that the sdection of the most 
suitable test depends upon local conditions 
and the degree of pransion desired. 

The subcommittee on synchronous ma¬ 
chines has prepared another prdiminary 
report on a proposed test code for syn¬ 
chronous miudbiines which was printed 
January 1937 and is available for distribu¬ 
tion. 

The discussion of test codes for syn¬ 
chronous machines developed some sug¬ 
gested changes which werd referred to the 
chairman of the subcominittee on syn¬ 
chronous machines for cdnsideration and 
action. 

The^first preliminary test code on poly¬ 
phase induction machines was printed and 
distributed in Jantmry 1936. Many valu¬ 
able suggestions for changes and improve¬ 
ments in this preliminary code have been 
received and considered j these were in¬ 
corporated in a report by the subcommittee 
on polyphase induction machines and were 
considered at this roimd-table conference. 
The ^coifference approved the releasing for^. 
publication of the code for polyphase in¬ 
duction machines after tiie editing com¬ 
mittee has completed its work. It has not 
yet be^ decided as to whether this test 
code will be recommended to the standards 
committee as a second preliminary report 
or otherwise. 

The work on the test code fOr d-c ma¬ 
chines had developed to the point where a 
few copies of a preliminary report bn the 
proposed code were distributed iii January 
1937 for use at this conference. Suggested 
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improvements in the preliminary report 
were rrferred to the chairman of the sub¬ 
committee for consideration and action. 
The subcommittee’s final report will prob¬ 
ably be printed as a preliminary report on 
a proposed test code for d-c machines. 

The committee on electrical machinery 
takes this occasion to draw attention to 
the value of criticisms based upon experi¬ 
ence. Any suggestions looking toward im¬ 
provement in these codes will be welcome 
for guidance in the preparation of future 
editions. 


ASTM Standards 
on Insulating Materials 

A compilation of all the standards of the 
Am^can Society for Testing Materials per¬ 
taining to electrical insulating materials has 
been issued in a 1936 edition which includes 
a number of revised test methods covering 
the following: varnishes, solid filling and 
treating compounds, sheet and plate ma¬ 
terials, natural mica, untreated paper, insu¬ 
lating oils, and varnished cloths and tapes. 
Revised specifications cover friction tape, 
black bi^-cut varnished tape, and asbestos 
yams, tape, and roiung. 

In addition, standards are given also for 
rubber gloves, mbber matting, electrical 
cotton yarns, silk and cotton tapes, pasted 
mica, and slate; also rubber insulating 
tape, flpdble varnish tubing, and electrical 
porcelain. Test procedures cover thiclmpss 
testing, impact resistance, thermal conduc¬ 
tivity, and resistivity. The 1936 report of 
co mm ittee D-Q on electrical insulating ma¬ 
terials is included; this report outlines the 
extensive research and standardization work 
being carried on by the committee. Copies, 
in heavy paper cover, can be obtained at $2 
each from ASTM headquarters, 260 South 
Broad Street. Philadelphia, Pa. 


Springfield Section 
Offers Electronic Course 

A course of instruction in electron theory, 
tubes, and circuits is being given under 
auspjces of the AIEE Springfield Section 
in order to provide an opportunity for ac¬ 
quiring knowledge of an increasingly im¬ 
portant subject at reasonable cost. Classes 
meet weekly, the course covering approxi¬ 
mately 18 weeks, and each class is limited to 
26. Prefermce is given to members of the 
AIEE, but nonmembers are admitted, upon 
the pasnnent of $1 in addition to the regular 
$10 fee for the course. For the 
fee, nonmembers become local members of 
the Section for the remainder of the Section 
■year. 

The course ^ planned fOr beginners in 
the study of election theory, but students 
are expected to have a working knowledge 
Of a-c and d-c theory and electiicai-engineeir- 
ing terminology. D. E. Noble (A’32) 
assistant professor of mechanical engineer¬ 
ing at Connecticut Agricidtural College, 
has been chosen as instructor for the 


course. 


ELECTRICAt ]^GINBER1NG 


m 



Doctor Elihu Thomson 

Honored at Weldinq Session 


■ RESENTATION and discussion of the 
paper “Resistance Welding Circuits” by 
C. L. Pfeiffer (A’21, M’27) constituted the 
first item on the program of the session on 
electric welding held during the Institute’s 
recent winter convention. This paper was 
published in the August 1936 issue of 
Electrical Engineewng, pages 868-73. 
At the conclusion of the discussion, a demon¬ 
stration lecture entitled “Some Fundamen¬ 
tal Phenomena of the Electric Arc” was 
presented by Doctor C. G. Suits of the re¬ 
search laboratory, General Electric Com¬ 
pany, Schenectady, N. Y. Following 
Doctor Suits’s lecture and the ensiling 
discussion, Herman Lemp (A’89, F’13) con¬ 
sulting engineer of the Ingersoll-Rand Com¬ 
pany, New York, N. Y., presented rem¬ 
iniscences of Professor Elihu Thomson’s 
fundamental invention of electric resistance 
welding. His address was supplemented by 
remarks by Albert L. Rohrer (A’87, M’88) 
retired, Maplewood, N. J., who is said to be 
the only living witness of Professor Thom¬ 
son’s early efforts to develop the resistance¬ 
welding art. H. M. Hobart, chairman of 
the Institute’s committee on electric weld¬ 
ing, presided at the session; he was assisted 
by K. L. Hansen, ex-chairman of the com¬ 
mittee on electric welding, and W. E. 
Crawford, a member of the committee for 
the past 5 years. 

Lecture by Doctor Suits 

Doctor Suits has supplied the following 
abstract of the material used in his demon¬ 
stration lecture: 


are employed. Transient arc stability is 
studied in a very small chamber up to pres¬ 
sure of 60 atmosphere. A second chamber, 
which employs a window, allows measure¬ 
ments of current, current density, and elec¬ 
tric gradient up to 200 atmosphere. A 
third hydraulic-ram chamber allows meas- 
luements of current, voltage, and light 
quality up to 3,600 atmosphere. It has 
actually been used with nitrogen up to 
1,275 atmosphere (18,800 pounds per 
square inch). In general, it is found tha t 
the current density, electric gradient, and 
arc luminosity increase with pressure. 
Probably the most important result of this 
study is the following correlation: Arcs in 
various ^e and at various pressure de¬ 
velop the same current density and electric 
gradient at the pressures for which the heat 
transfer is the same. Thus the arc in hydro- 
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shown in commercially pure nitrogen at a 
pressure of 1 atmosphere. This arc appeared 
to have characteristics quite identical with 
those of the arc in air. 

Experiment 4. For the same electrode 
arrangement and current the arc was burned 
in nitrogen at a pressure of 80 atmospheres. 
At this pressure the arc cross-section de¬ 
creased and the current density was nearly 
as great as in hydrogen at 1 atmosphere. 
When the pressure was reduced from 80 at¬ 
mospheres to 1 atmosphere, the continuous 
increase in arc diameter with decrease in 
pressure was visible. 

In the discussion that followed, the 
opinion was expressed that the results pre¬ 
sented by Doctor Suits are of fundamental 
importance in the study of the electric arc, 
and that a published paper reporting those 
results woidd prove highly valuable • for 
reference purposes. 

Talks by Messrs. Lemp and Rohrer 

The following summary of remarks by 
Herman Lemp and Alfred L: Rohrer was 
prepared by Doctor G. E. Qaussen of The 
Engineering Foundation, who attended the 
session. 

Mr. Lemp referred to the Franklin 
Institute lectures in 1878 by Professor 
Thomson, in which electrical discoveries 
were discussed. It was at this time that 
Professor Thomson commenced experiments 
leading to the development of electric re¬ 
sistance welding. He discharged a Leyden 
jar through the secondary of a Ruhmkorff 
coil. The ends of the primary, being dose 
together, were found to have stuck together 
as a result of the discharge. Following the 
lead provided by this experiment, Professor 
Thomson was able in 1885, to make practical 
applications of dectric resistance welding, 
as it is now known. 


Contemporary Arc Theory. The Compton 
theory of the electric arc serves as the 
foundation for the development of the 
modem thermal concept of the high pres¬ 
sure discharge. Measurements of arc-core 
temperatures made by several methods, such 
as (1) from gas density, by X ray absorption 
(VonEngel and Steenbeck), (2) spectro- 
graphic observations (Omstein), or (3) by 
the velocity of sound waves (Suits), show 
that the arc core is a body of gas ionized to 
a degree determined by its temperatiu’e of 
approximately 5,000 degrees Kdvin. In 
this high-temperature arc core the current 
conduction is by a thermal ionization process 
in quantitative agreement with Compton’s 
theory in cases where the measurables are 
known. On the basis of this picture the 
core of an arc in air has the following prop¬ 
erties: Its temperature lies in the range 
of from 4,000 to 7,000 degrees Kelvin; its 
composition is of the order of 20 per cent 
Ni, 26 per cent O, 55 per cent N; partial 
pressure of dectrons is 10"* atmospheres; 
the mean density is 0.00003 or approxi¬ 
mately */joth that of air at the same pres¬ 
sure and at room temperature; the gas 
viscosity is approximately 0.0016, which is 
nearly as great as that of water at the 
boiling point; the effective ionization poten¬ 
tial lies in the range between 8 and 15 
volts. 

Arcs at Very High Pressures. New arc 
data presented in the practically unexplored 
field of very high gas pressures. To cover 
this range several experimental chambers 


Doctor Thomson 


gen at one atmosphere should have the 
same current dmisity and dectric gradient 
as the arc in nitrogen at approximatdy 100 
atmospheres, in agieemwit with experiment. 
Using this correlation law, arc properties 
can be predicted in a pressure range for 
which the measurements may be difficult or 
impossible. The generality of the theopr 
awaits more complete measurements, biit 
in the cases of nitrogen and hydrogen the 
agreement with experiment is as good as the 
knowledge of heat trtmsfer allows. 

Following his talk, Doctor Suits demon¬ 
strated some of his results by throwing an 
enlarged image of an experimental dectric 
arc onto a ground-glass screen so that those 
in the audience could see. 

Experiment 1. This showed the arc be¬ 
tween pure carbon dectrodes, with an arc 
length of 3 mUlimetors, and an arc current 
of 6 amperes (d-c). From the image pro¬ 
jected on the Screen, the arrangement and 
position of the dectrodes and the dimensions 
of the arc column could be seen for compari¬ 
son with the followmg experiments. 

Experiment 2. : F'or the same dectrodes, 
arc length, and arc cmrent, the arc m hydro¬ 
gen’ at a pressure of 1 atmosphere was shown. 
The much snmller diameter of arc column 
with resultant increase in cmrent density 
appeared from the reduced size of the image. 

Experiment 3. For the same conditions 
as for eameriments 1 and 2, the am was 


Mr. Lemp then interrupted his remarks 
to introduce Mr. Rohrer, another former 
associate of Professor Thomson. Mx. 
Rohrer made a verbal sketch of the qualities 
that characterized all of Professor Thom¬ 
son’s work and made him a supreme ex¬ 
perimentalist and srientist. Professor 
Thomson was among the first to become 
convinced that all metals and alloys are 
wddable by the resistance process. The 
Ruhmkorff coil used by Professor Thomson 
in his early experiments, and having a 
capacity of 2,000 to 3,000 amperes is still 
in existence at Thomson’s laboratory, Lynn. 
Mass. Mr. Rohrer cpnduded his remarks 
by contrasting the eiqjeriBiental equipment 
for resistance wdding used by Professor 
Thomson in the dghties with present-day 
resistance-wdding machines of several types 
used extensivdy in industry . 

After Mr. L^p had shown slides of re¬ 
sistance-welding eqiiipmaBt, he resumed his 
r eminis cences of the early developments of 
the Thomson electric resistance wdding 
concern. He presented brief biographies of 
several engineers who made noteworthy 
contributions, to that devdopment, indud- 
ing the following Institute members: Wal¬ 
ter S. Moody (A’06, F’12), Rtissdl Robb 
(A’93, M’95), G. F. Sever (A’94, F’X2), 
A. R. Everest (A’04, M’04); Messrs. Robb 
and Everest are deceased. Mr. I/emp re¬ 
ferred particularly to several of the out¬ 
standing achievements of the ^omson 
concernin the fidd of transformer ahdrotaxy 
ccmvettor construction. Among other in- 
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teresting anecdotes, he recounted the experi¬ 
ences he had in applying electric resistance 
heating to the local annealing of hardened 
steel, such as armor plate, for the United 
States Navy. The process was first applied 
in the construction of the famous battleship 
“Oregon” shortly prior to the war of 1898. 
Idr.Lemp also made it plain that the scope 
of the activities bf the Thomson concern 
was international. 

At the conclusion of Mr. Lemp’s tgiv, 
those in attendance voted to send the follow¬ 
ing telegram to Professor Thomson: 


V^ITH E. E. Dreese (M’25) chflirtnati, 
electrical engineering department, Ohio 
State University, Columbus, presiding, more 
than 100 attended both the morning and 
afternoon sessions on tensor analysis, hi»ld 
on Tuesday, January 26, during the Insti¬ 
tute’s recent winter convention. The 
following 5 papers, all published in Eubc- 
TRiCAL Enginebsing, Were presented: 

1. Thb Tbnsok —A Nhw SMOiNBBKmo Tool, 
A. Boyajian. April 1936 issue, pages 866-62. 

2. Tbnsor Alobbsa im Transporicbr CiRcniTS, 
L. V. Bewley. November 1936 issue, pages 1214- 
19. 

8. Tbksok An^vsis op Multiblbctrodb Tubb 
Cutoui'is, Gabriel Eron, November 1936 issue, 
pages 1220-42. 

4. Dyadic Algbbka Affubd to 3-Phasb Cir¬ 
cuits, A. Pen-Tung Sah, August 1936 issue, pages 
■ 876-82. 

6 . CouFLBX Vbctors in 3-Fhasb Circuits, A. 
Pen-Tung Sah, December 1936 issue, pages 1356- 
64. 

Following the formal presentation of the 
papers, the sessions were featured by enthxisi- 
astic discussions by members and some guests 
who were invited, because of their particular 
qualifications, to present informal discussions 
on the papers. Among the invited discussers 
was Doctor Banesh Hoffman, of the Institute 
for Advanced Study, Princeton (N. J.) Uni¬ 
versity, who discussed the papers from the 
point of view of the mathematician, show¬ 
ing the simplicity of the tensor method by 
assummg a simple hypothesis in the physics 
of motion and developing it into a tensor 
expression. He pointed out the advantages 
of tensors in distinguishing physical phe¬ 
nomena by avoiding the use of specific co¬ 
ordinate axes and reference frames; how- 
ei^, he caressed the belief that at present 
electrical engineers are not using tensors as 
they are known in the realm of pure mathe¬ 
matics, but are using a modified form of 
tensor theory. 

Doctors Oswold Veblen .and H. W. 
Tucker, also of the Institute* of Advanced 
Stady, Princeton University, continued the 
discussion of the purely mathematical aspect 
of tensors. Doctor Veblen spoke briefly 
about the controversial aspect of tensor 
analysis and its introduction as an engineer¬ 
ing tool, comparing the present controversy 
to the disputations aroused by the intro¬ 
duction of quaternions as an analytical aid. 
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revlevriiig the past, present and future of an art 
created by your vision and perseverance^ send 
greetings to you and the assurance of our appre¬ 
ciation of what your work has meant to industry 
and the arts, and which in the bands of capable 
young engineers is bound to become more valuable 
as time goes by on the foundation laid down by 
you." 

Before the meeting was adjourned. 
President MacCutcheon spoke briefly, stress¬ 
ing especially the importance of resistance 
welding to electrical engineers, first, because 
the process is fundmnentally electrical, and 
second, because the process is very widely 
used in the construction of electrical ma¬ 
chinery. 


ion 


He stated that tensor analysis is very valu¬ 
able to certain branches of science, but that 
it should not be forced upon the engineer 
^ a universal instrument of analysis, for it 
is not the most easily applicable method 
for all tsrpes of problems. Doctor Tucker 
demonstrated the applications of some of 
the abstract processes of topology to the 
analjrsis of electrical circuits. 

Professor Karl L. Wildes (A’21, M’29) 
associate professor of electrical eng itiporiTig 
at Ma^chusetts Institute of Technology, 
Cambridge, compared the methods of sym¬ 
metrical components and dyadic algebra 
in the analysis of unbalanced polyphase 
circuits, pointing out an advantage in the 
use of dyadic algebra for solving 3-phase 



After 2 sessions on tensors: E. E. Dreese 

2*?^ presided, and 

I'- L. Wildes or Cambridge, Mass., one of the 
discussers 


circuits with unbalanced impedances. Pro¬ 
fessor Wildes asserted that engineers should 
not be too eager to adopt the method of 
tensors until its field of usefulness is more 
dearly defined, because the general applica¬ 
tion of method may be more obscure and 
devious than the methods now in use. 

W. E. Byrne, of Vfrginia Military Insti¬ 
tute, ^tlined briefly his experiences in at- 
tempti^ to teach the theory of tensors to 
a spedal class of senior students. He ex¬ 
pressed a need for doser co-operation be- 
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"We, members and guests of the American 
Institute of Blectrical Engineers, hero assembled, in 


Usefulness of Tensors 

Probed at Convention Sess 


tween the teacher of mathematics and the 
practicing engineer. 

W. H. Ingram, New York, N. Y., based 
his discussion upon 2 premises: (1) tensors 
have not been introduced in dectric-circuit 
theory to date; and (2) there is no necessity 
for using tensors in circuit analysis. He 
contended that the term “tensor analysis,” 
as used in dectrical-engineering literature, 
is a misnomer and, moreover, that tensors 
have no direct application in dectrical- 
engineering problems. 

^ofessor M. G. Malti (M’34) of ComeU 
University, Ithaca, N. Y., discussed briefly 
the need for new methods of analysis to 
deal with the complexities of modem dec¬ 
trical-engineering problems and the suit¬ 
ability of tensors in filling that need. He 
predicted that the tensor method will be 
found useful in so many branches of dec- 
trical sdence that its universal adsoption 
is inexorable, although it may be slow in 
finding such acceptance. Professor Malti 
recalled that many engineers bitterly con¬ 
tested Heaviside's operational methods at 
the time of their introduction, but that those 
methods have become so widely useful that 
they can be ignored no longer. 

L. V. Bewley (A’27) in his closing dis- 
c^ion emphasized an opinion expressed in 
his paper: that the tensor method, although 
^remely flexible, is an inefficient engineer¬ 
ing tool, because most problems do not re¬ 
quire the mathematical power obtainable 
by means of tensors. By way of substan¬ 
tiating this assertion, Mr. Bewley described 
the results obtained by a group of advanced 
engineering students in deter mining the best 
me^od of analysis in the solution of a great 
variety of electrical-engineering problems. 
Each problem was first analyzed to deter¬ 
mine the most suitable method of attack, 
solved by the method chosen, and recorded. 
Most problems were found to be most easily 
solved by the conventional vectorial meth¬ 
ods; only a relatively small number were 
advantageously solved by the use of the 
tensor method. 

Following a brief closing talk by P. L. 
Alger (A’17, F’30) of the Greneral Electric 
Company, Schenectady, N. Y., who was 
one of the chief promoters of the tensor 
sessions, the afternoon session was adjourned 
by Chairman Dreese; however, several in¬ 
formal conferences were formed for the 
further pursuit of unfinished problems and 
arguments. According to Chairman Dreese, 
the sessions were notably combined meetings 
of engineers and mathematicians, in which 
the free interchange of ideas served to inform 
the mathematicians of new applications of a 
method of reasoning with which they are 
already familiar, and to suggest to the engi¬ 
neers some further applications of the tensor 
method, some necessary revisions in nomen¬ 
clature and symbols used in 
papers, ^d some improvements to provide 
a more rigorous mathematical treatment of 
problems involving the use of tensors. 


lES Moves Offices. General offices of the 
Uluminating Engineering Society have 
been moved from the Engineering Societies’ 
Building to the New York Life Insurmice 
Company Building, 61 Madison Avenue, 
New York. All communications to the 
society should be sent to room 2100 at the 
new address. 
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Conference Held by 
Student Branches Committee 


Some 40-odd committee members, Student 
Brandi counsdors, and other interested 
persons attended a luncheon conference of 
the Institute’s Student Branches committee, 
hdd at the Town Hall Club in New York, 
N. Y., January 27, 1937, during the recent 
winter convention. Among those present 
were Past-President (1902-03) Charles F. 
Scott of New Haven, Conn.; Past-Vice- 
President W. H. Timbie of Cambridge, 
Mass.; Vice-President C. Francis Harding 
of Lafayette, Ind.; Director R. W. Soren¬ 
sen of Pasadena, Calif.; and Director F. 
Ellis Johnson of Columbia, Mo., who as 
chairman of the Student Branches com¬ 
mittee presided. 

Chairman Johnson reported that the or¬ 
ganization of 3 new Branches had been au¬ 
thorized on January 26, by the Institute’s 
board of directors in accordance with the re¬ 
commendation of the committee on Student 
Branches: Tulane University, New Orleans, 
La.; Northwestern University, Evanston, 
Ill.; and Columbia University, New York 
N. Y. 

With reference to the organization of 
future Student Branches, a question was 
raised concerning the possible influence of 
the current program of the Engineers’ 
Council for Professional Development in 
accrediting engineering curricula. Two 
schools of thought on the subject were 
evident: (a) That the authorization of 
Branches should not be dependent upon the 
accrediting of certain tedinical curricula; 
and (6) that no Branch should be authorized 
in in^itutions where electrical engineering 
curricula had not been accredited. The 
consensus of opinion was to the effect that 
for the present, and until ECPD’s accredit¬ 
ing program has been carried further, there 
would be no change in the committee’s basis 
for considering the organization of new 
Student Branches. 

The perennial subject of student technical 
papers, particularly with reference to Dis¬ 
trict and national prize competition and 
rules governing such competitions, came up 
for extended discussion. The general con¬ 
sensus of opinion seemed to be that the 
question of a proper basis for national 
g;rading of student papers “is not yet satis¬ 
factorily settled.’’ 

Student Branch counselors came in for 
self-discussion, in connection with success¬ 
ful and effective 



conduct of Branch 
activities. Em¬ 
phasized during 
the discussion was 
the fact that the 
Branch counselor- 
ship is “an im¬ 
portant positi<m 
involving certain 
definite responsi¬ 
bilities as well as 
certain privi¬ 
leges,’’ and that 
the office should 


Director F. Ellis John- not be held by any 

son, of the University of one man for any 

Miwouri,' Columbia, g^'ea-t length of 

chairman of Student time, but should 

branches committee be passed around 

presiding among available 



Group at head table at conference of Student Branch counselors; left to right: Past Vice- 
President W. H. Timbie, Massachusetts Institute of Technology, Cambridge; Past-President 
Chas. F. Scott, Yale University, New Haven, Conn.; Director F. Ellis Johnson (chairman) 
University of Missouri, Columbia; W. E. Wickenden, Case School of Applied Science, Cleve¬ 
land, Ohio; Past Vice-President H. V. Carpenter, State College of Washington, Pullman; 
T. F. Ball, University of South Carolina, Columbia; A. B. Newman (member of American 
Institute of Chemical Engineers) Cooper Union, New York, N. Y. In the foreground is W. R. 

Wodc, Carnegie Institute of Technology, Pittsburgh, Pa. 


faculty members so that full benefit might 
be derived from “new blood.*’ 

Student leadership, and the training of 
students for leadership, was believed by 
many to be one of the most important 
functions and opportunities of the Student 
Branch. It was strongly opined that the 
BrftTirli "should be operated as a training 
ground for leadership,’’ and that conse¬ 
quently as many students as possible should 
have the opportunity of serving as Branch 
officers and otherwise activdy participating 
in the development and conduct of Branch 
affairs. 


Executive Committee of 
Southern District Meets 

A meeting of the executive committee of 
the Institute’s Southern District (Number 
4) was held at Chattanooga, Tenh., De¬ 
cember 6, 1936. The following attended: 

W. W. inil, counselor, Alabama Polytechnic 
Institute Branch 

K. L. Dillon, secretary, Alabama Section 
C. W. McCh^en, Birmingham, Ala. 

J. M. Flanigen, seoretary, Atlanta Section 
Stanley Warth, chairman, Louisville Section 
W. A. Smith, chairman, Korida Section 
E. A. Corum, chairman (now past-chairman), 
Memphis Section 

J. E. Jackson, cluurman, l^rginia Section 
A. P. Farrow, secretary, East Tennessee Section 
r } i aa» HutcUnson, chairman. East Tennessee 

Section „ 

E. B. George, vice-chairman. East Tennessee 

Section ^ , 

F. E. Johnson, secretary. New Orleans Section^ 

W. J. Sedey, student counselor, Duke University 

Mwk Eldredge, vice-president, SoutbOT District 
R. F. Crenshaw, secretary. Southern District 

The District co-ordinating committee to 
fimction according to section 33 of the 
y \TT7.TC by-laws was selected as follows: 
Mark Eldredge and R. F. Crenshaw, ex- 
officio; F. W. Russell, Louisville, Ky.; 
H N. Pye, Atlanta, Ga.; W. W. Hill, 
Auburn. Ala.; C. W. Ricker. New Orleans, 
La.; and K. L. Dillon, Birmingham, Ala. 


Activities of the Sections were discussed 
by Vice-President Eldredge, following which 
the delegates representing the various 
Sections in the District gave brief outlines 
of the activities of their respective Sections. 
Mr. Hill summarized the student Branch 
activities, and mentioned that a District 
student conference is to be held in April 
at Auburn, Ala., with representatives from 
other colleges attending. 

Members of the committee next partook 
of a delightful luncheon, arranged by Mr. 
George, as guests of the Tennessee Electric 
Power Company. Following the luncheon, 
Edwin D. Wood, director and general 
superintendent of the Louisville (Ky.) Gas 
and Electric Company, was unanimously 
nominated as the District candidate for 
vice-president to succeed Mr. Eldredge. 
E. E. (Jeorge was chosen to represent the 
District on the national nominating com¬ 
mittee. 

The monthly publication of the In¬ 
stitute, Electrical Engineerinq, was the 
next topic for discussion. After con¬ 
siderable discussion of various phases of 
the publication, it was unanimously voted 
that the committee send the following 
resolution to headquarters: 

That in order to increase interest and value to the 
students and memberships at large, the journal 
should indude a summary of each artide being 
approximately 10 per cent of the length of the 
article and written by the technical staff of the 
journal, which would outline the paper or article 
for most readers without induding the subject 
m a tt"*- in a theoretical nature. Also that more 
illustrations and practical applications be presented 
whenever possible. 

Vice-Presid^t Eldredge gave a brief 
account of the discussion at a recent meeting 
of the Institute’s board of directors on the 
branching out of electrical engineers into 
fields beyond electricsd engineeri^, su<* 
as economics, to encourage electrical en^- 
ne^s' to study and be actively engaged in 
other subjects of world interest. It was 
sugg^ted that every effort be made tp 
stimulate employers to consider an appli- 
camt’s activity in engineering organizations 
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wh^ evaluating his qualifications in 
^d(fition to education and practical ex¬ 
perience. Tlie importance of engineers in 
^ecutive positions in actively en gag ing 
in the affairs of engineering organizations 
was emphasized. 

Following discussion of other routine 
matters, the committee was taken on an 
inspection tour through the dispatching 
headquarters of the Tennessee Electric 
Power Company. 

Acoustical Terminology 
Standard Completed by ASA 

A standard acoustical terminology for 
engineers which is intended to eliminate 
confusion in motion picture, radio, and 
building fields has just been completed, ac¬ 
cording to an announcement by the Ameri¬ 
can Standards Association. This standard 
is the work of engineers, musicians, manu¬ 
facturers, and scientists, and has been 4 
years in development. According to Leo¬ 
pold Stokowski, a member of the committee 
in charge: "In the America of the future 
radio and motion pictures will be important 
in developing our civilization. For this 
we need a complete understanding between 
engineers and musicians.’' The new stand¬ 
ard- is expected to- achieve this "understand¬ 
ing.” 

The committee gives a broader mefttiing 
to the word "noise,” now defined in terms 
of the listener as an "unwanted” sound 
rather than in terms of the sound itself. 
A section of the standard deals with archi¬ 
tectural acoustics. Another section that 
provides standard terms for the measure¬ 
ment of hearing will be useful to the medical 
profession and to manufacturers of aids for 
the partially deaf. Other parts dealing with 
the conversion of sound to electrical energy 
and with acoustic transmission systems will 
be of particular value in motion pictmre and 
radio work. 

A separate section for music brings engi¬ 
neers and acoustical experts into agreement 
with musicians on a basic standard pitch, 
the importance of which can be judged by 
the fact that an increase of only 4.14 per 
cent in pitch carried out through the entire 
keyboard of a piano would throw an addi¬ 
tional strain of approximately half a ton 
on the framework of the instrument. 

Standards for reference and intensity 
levels for sound measurement and for char¬ 
acteristics of measuring instruments have 
already been completed. 

Lamme Medal 
Awarded to Frank Conrad 

Hie 1936 Lamme Medal of the AIEE has 
beoi awarded to Doctor Frank Conrad 
(A’02) assistrat chi^ engineer of the West- 
mghouse Electric Sc Manufacturing Com¬ 
pany, East Pittsburgh, Pa., "for his pioneer¬ 
ing and baac developments in the fields of 
*^cctnc metermg and protective systems.” 
The medal and certificate will be presented 
to him at the annual summer convention 
of the Instibite, to be held in Milwaukee, ^ • 


Wis., June 21-26, 1937. A biographical 
sketch of Doctor Conrad may be found in 
the "personals” columns of this issue. 

The Lamme Medal was founded as the 
result of a bequest of Benjamin G. Lamme, 
chief engineer of the Westinghouse Electric 
& Manufacturing Company, who died on 
July 8, 1934; this bequest provides for the 
award by the Institute of a gold medal (to¬ 
gether with a bronze replica thereof) and a 
certificate annually to a member of the 
AIEE "who has shown meritorious achieve¬ 
ment in the development of electrical ap¬ 
paratus or machinery,” and for the award 
of 2 such medals in some years if the accu¬ 
mulation from the funds warrants. A com¬ 
mittee composed of 9 members of the Insti¬ 
tute awards the medal. Previous recipients 
of the award have been: 1928, A. B. Field 
(A’03, F’13); 1929, R. E. Helhnund (A’05, 
F’13); 1930, W. J. Foster (A’07, F’16); 


1931, Guiseppe Faccioli (A’04, F’12, de¬ 
ceased); 1932, Edward Weston (A’84, 
M’84, past-president, deceased); 1933, 
L. B. Stillwell (A’93, M’92, F’12, member 
for life, past-president); 1934, H. E. War¬ 
ren (A’02), and 1935, Vannevar Bush (A’15, 
F’24). 

Mr. Lamme made similar bequests to the 
Society for the Promotion of En ginei^riTig 
Education and Ohio State University, pro¬ 
viding in the former for the aimual award of 
a medal "for accomplishment in technical 
teaching or actual advancement of the art 
of technical training,” and in the latter for 
the annual award of a medal to a graduate 
of Ohio State University in any branch of 
engineering for meritorious achievement in 
engineering or the technical arts. The 3 
organizations adopted a common obverse 
for their medals, and each prepared a suit¬ 
able reverse. 


Special Committee on Dues 
Recommends No Change 


For several years a special committee of 
the AIEE has studied the matter of dues 
and membership grades with particular 
reference to the dues of Associates. 

A final report was presented to the AIEE 
board of (Sectors on January 26, 1937, 
recommending that no changes be madi* in 
dues or in memberdiip grades at this time. 
The report was acted upon favorably by the 
board at this meeting. 

An intensive study over a long period 
forced the committee to come to this con¬ 
clusion. Any endeavor to place a time pe¬ 
riod in any membership grade with a change 
of dues involved the same fundamental 
criticisms that have been applied to the 
present rules. Any endeavor to make one 
fee for each grade without a time period in¬ 
volves increasing the dues in other grades or 
a penalty on the admission of young engi¬ 
neers. 

An endeavor to get uniformity in grades 
and dues for the founder societies was made 
without success and a study of the accom- 
pan 3 ring tables shows that dues and grades 
for the AIEE are in line with the practices 
of these societies. 


A statistical study of dues and members 
and of the effect of the increase in dues for 
6-year Associates gives no evidence that fhig 
increased fee acts to deprive the Institute 
of members. 

The membership on May 1,1936 (includ¬ 
ing those who were in arrears for only one 
year on that date) developed dues charges 
to a total of $192,085, and the grade classi¬ 
fications were as follows: 


691 Fellows @ S20 S 13,820 

.3,829 Members ® S15 67,436 

6,268 O-year Associates @ $16 78,870 

4,196 less-thaii-6-year Associates ® $10 41,960 


Total $192,086 


To revert to the former practice of charg¬ 
ing all Associates $10 dues would have re¬ 
duced the above total to $165,795, a differ¬ 
ence of $26,290. 

The membership committee of the New 
York Section recently made a recommenda¬ 
tion that the dues of all Associates, without 
regard to length of membership, be fixed at 
$12.60. If this provision had been in effect 
on May 1, 1936, the total dues charges 
would have been $189,430 of $2,655 less 


Table I—Entrance Fee and Dues of Engineering Societies 


Grades 


ASMS 


ASCB. 


AIMS 


AIEE 


Entrance Entrance Entrance Entrance 

Fee Dues Fee Dues Fee Dues Fee Dues 


Fellow.i, 

Member.... 

Associate member...... 

Associate... .. 

AfiSliate.... 

Junior member......... 

Junior foreign afiSliate....... 

Student members.. 


$30. 

26. 

...$26... 
... 20... 

..$ . 
.. 30. 

.. 26. 

...$(6).. 
... 20... 

, .. 20- . 

,..$ ... 
... 20... 

,..$ 

.. 16. 

26. 

... 20... 



.. 20... 

.. 16. 



..30. 

... 20... 



10. 


. . 10. 

.,(c) 10... 


.(«) 10, 






... 6. 


-..$ 20.....$20 


16. 


16 


10 ...(/) 10 


(rf)... 


(al' Dues of junior member grade increased to $20 :after 6 years of membership. 

(6) All m^bers located within district number 1 (i.e., territory within 60 miles of New York City) 

pay $6 more than the amount indicated for each grade. 

(e) Membership Mases at 33 years of age, unless previously transferred to grade of assodate member. 
id) Membership in a student chapter includes privileges! of special subscription rates to societa publi¬ 
cations. 

(«) Dues charge of $10 obtains only for first 6 years after election or until reaching age of 33; there¬ 
after clmrge is $16. 

. (/) . Increased to $15 after, completion of membership term of 6 years. \ 
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Tabl« ll--*Associates Resigned and Dropped 
From May 1,1927 to May 1,1930 


<5-Year 

Associates Associates 


Per Per 

Number Cent Number Cent 


May 1, 1027; . . 
Dropped . 

. .6,101.. 
.. 425. 

. 7.0... 

..8,664 
. . 739 . 

. 8.5 

Resigned .... 

.. 205. 

. 3.3.. 

.. 234. 

. 2.7 

Total. 

.. 630 . 

.10.3.. 

.. 973. 

.11.2 

May 1, 1928: .. 
Dropped. 

. .6,037.. 
.. 395 . 

. 6.5.. 

. .8,401 
. . 707. 

. 8.4 

Resigned .... 

.. 156 . 

. 2.6.. 

.. 173. 

. 2.1 

Total . 

.. 551 . 

. 9.1.. 

00 

00 

o 

.10.5 

May 1,1929: .. 
Dropped . 

. .6,303.. 
.. 295 . 

. 4.7.. 

..7,756 
.. 566. 

. 7.3 

Resign,ed .... 

.. 197 . 

. 3.1.. 

.. 167. 

. 2.1 

Total . 

.. 492 . 

. 7.8.. 

.. 733. 

. 9.4 

May 1, 1030. .. 

. .6,664.. 


..7,069 



Table III—Associates Resigned and Dropped 
From May 1 ,1933 to May 1,1936 


6-Year 

Associates Associates 

Per Per 

Number Cent Number Cent 


May 1, 1033: . 
Dropped.... 

..6,671. 


.6,747 


.. 861. 

.12.9.. 

. 801. 

.13.9 

Resigned... 

.. 315. 

. 4.7.. 

. 188. 

. 3.3 

Total. 

..1,176. 

.17.6.. 

. 989. 

.17.2 

May 1, 1984: . 

. .6,149 . 


.4,659 


Dropped.... 

.. 731. 

.11.9.. 

. 776. 

.16.6 

Resigned... 

.. 174, 

. 2.8.. 

. 88. 

.. 1.9 

Total. 

.. 905. 

.14.7.. 

. 863. 

..18.5 

May 1, 1935: . 

..6,632. 


.4,225 


Dropped.... 

.. 826. 

. 6.8.. 

. 379 

.. 9.0 

Resigned... 

.. 137. 

. 2.4.. 

. 107 

.. 2.5 

Total..... 

.. 463. 

. 8.2.. 

. 486 

..11.5 

May 1, 1936... 

..5,679 . 


.4,299 



than the total actually charged in our rec¬ 
ords. It seems to . the committee that the 
establishment of dues of all Associates at 
$12.50 would materially reduce the number 
of recent graduates applying for admission. 

In table I data are shown regarding the 
dues, and special arrangements applicable to 
them, of the 4 large national engineering so¬ 
cieties. In this tabulation it may be noted 
that the dues of the American Institute of 
Mining and Metallurgical Engineers do not 
differ greatly from those of the AIEE, and 
that the dues of the American Society of 
Civil Engineers and The American Society 
of Mechanical Engineers are materially 
higher. It is also significant to note that 
both the AIME and ASME have adopted 
provisions similar to that of the AIEE, ad¬ 
justing the dues charge to the junior mem¬ 
ber grade after 6 years or after the age of 33 
in the AIME. The ASME no longer ter¬ 
minates membership in the junior grade at 
the age of 35 as was the practice until a few 
years ago. It seems obvious that on the 
basis of any comparison with the dues of the 
othw societies the Institute’s arrangements 
appear favorable. 

In tabjles II and III is information read¬ 
ing the numbers of Associates who resigned 
and who were dropped during 3 fiscal years 
beginning May 1,1927, and in 3 fiscal years 
beginning May 1,1933, in order that the re- 

March 1937 


suits both during and before the depression 
may be noted. 

The percentages of Associates of less than 
6 years standing who were dropped are 
higher in all 6 years than those of Associates 
of more than 6 years s tan din g . The per¬ 
centages of Associates of more than 6 years 
standing who resigned were higher in 5 of 
the years than the percentages of those of 
less than 6 years, but, of course, the figures 
for resignations are far below those of the 
numbers dropped. Hence, the total per¬ 
centages dropped and resigned are higher 
for the less-than-6-year Associates in 5 of 
these 6 years. 

Table IV is included to give some very re¬ 
cent figures regarding Associates who were 
delinquent. These do not indicate any ad¬ 
verse effects of the change in dues. 

The committee has had opportunities to 
study during the past few years a great 
many tables dealing with these matters. 
The tables presented ho’ein seem to be rep¬ 
resentative. After watching with the great¬ 
est care the results of the change in dues of 
Associates since the adoption, the commit¬ 
tee concludes that the increase has had no 
appreciable effect upon the losses from the 
membership. 

It seems essential to offer some reduction 
in dues to recent graduates for a few years. 
Since they constitute a high percentage of 
Associates admitted, it seems unnecessary 
and undesirable to make provisions for 
different dues for 2 groups, one including the 
recent graduates and the other including any 
other Associates admitted. 

Some members have said that on accoimt 
of the psychological effects of the present 
Arr angem ents some kind of a change should 
be made. Any other plan involving a 
change in dues after the lapse of a certain 
period of time would, in the opinion of the 
committee, cause fully as much dissatisfac¬ 
tion as does the present plan. The types of 
members who will be a credit to the Institute 
seldom object, and we should not be unduly 
influenced by the "kicker” class. The com¬ 
mittee has not heard any good reason why 
Associates should not after 6 years pay their 
fair share of the cost of conductmg Institute 
activities. 

A printed sheet has for 6 or 6 years been 
sent to all Associates at the time they reach 
the end of the 6-year period and are called 
upon to pay the dues of $16. Since head¬ 
quarters has been suppl 3 dng this mfonna- 
tion directly to the individuals concerned 


Table IV—Associates Delinquent on July 1, 
1935 and on July 1,1936 



6-Year 

Associates 

Assodates 


Per 

Per 

Membership on 

Number Cent 

Number Cent 

July 1,1935.... 

... .5,499.. 



Ilicluding mem¬ 


bers who owe 


dues to 

May 1, 1934.. 

.. 870. 

. 6.7. 

373.i 8.4 

May 1,1936.. 

.. 562. 

.10.2. 

... 455.. 10.2 

July 1,1936.:.... 

..6,571. 


.. ,4,650 

Induding mem- 




beta who owe 




dues to 




May 1,1635.. 

.. 228. 

. 4,1. 

... 263.. 5.7 

May 1,1936.. 

.. 486. 

. 8,7. 

,,, 4UU • • 8*0 
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there have been fewer complaints than be¬ 
fore. 

It seems to the committee that there are 
obvious advantages in the flexibility of the 
provisions for Associates who are in the 3 
large groups mentioned in paragraph^ 6 
of the printed information. 

In view of the thorough study made of 
the effects of the present system and of all 
possible suggestions for changes, the com¬ 
mittee agreed to the conclusion that no 
changes be made at this time. 

The special committee to consider dues of 
associates and related matters was ap¬ 
pointed in 1932; the following served on the 
committee: L. W. W. Morrow (chairman 
1935-37), H. H. Barnes, Jr. (chairman 1932- 
33), H. Goodwin, Jr., W. H. Harrison, J. 
Allen Johnson (deceased, chairman 1933- 
35), E. S. Lee, and E. B. Meyer (deceased). 

Comments Invited on 
ECPD Recognition Report 

The report of the committee on profes¬ 
sional recognition of Engineers’ Council for 
Professional Development, presented at the 
annual meeting of that org^anization held on 
October 6, 1936, was published in the De¬ 
cember 1936 issue of Electrical Engineer¬ 
ing, pages 1390-92, with a statement that 
official action by ECPD on the recommen¬ 
dations included in the report had been de¬ 
ferred pending further consideration at a 
future meeting, and that comments on these 
recommendations were invited. 

This report was discussed briefly at the 
meeting of the AIEE board of directors held 
during the Institute’s 1937 winter conven¬ 
tion, and was referred to the committee on 
economic status of the engineer for report to 
the board. Professor R. W. Sorensen, 
California Institute of Technology, Pasa¬ 
dena, chairman of that committee, requests 
that AIEE members read the report and 
send their comments directly to him. 


AIEE Members Receive 
Eta Kappa Nu Awards 

Many prominent members of the AIEE 
were present at a meeting of the Eta Kappa 
Nu Association on January 26, 1937, at 
New York, N. Y., when F. M. Starr (A’30) 
central station engineer of the General 
Electric Company, New York, N. Y., 
received the award in the 1936 Eta Kappa 
Nu recognition of "outstanding young 
electrical engineers.” His name will be 
engraved on a trophy to be placed at AIEE 
headquarters; a small replica of the trophy 
was presented to Mr. Starr. Certificates of 
honorable mention were presented to P. L. 
Bellaschi (A’29, M’34) Westinghouse Elec¬ 
tric & Manufacturing Company, Sharon, 
Pa.; E. W. Bodme (A’29) General Electric 
Company, Philaddphia, Pa.; A. C. Sdetzky 
(A’29, M’35) Case School of Applied Science, 
Oevdand, Ohio; and C. G. Vdnott (A 28, 
M’34) Westinghouse Electric & Manufac¬ 
turing Company, Springpfidd, Mass- An 
announcement of the awards and biograph- 
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A sroup at the presentation of the Eta Kappa Nu awards as “outstanding young electrical 
engineers"; from left to right, A. C. Seletzky and E. W. Boehne, 1936 honorable mention; 
F. M. Starr, 1936 winner; C. A. Faust, president of Eta Kappa Nu Association; C. G. Veinott 
and P. L Bellaschi, 1936 honorable mention 


ical sketches of those receiving them were 
published in the January 1937 issue of 
Electrical Enoinbbrino. 

Charles F. Scott (A’92, F’25, HM’29, 
past-president) spoke on “Opportunity and 
Young Engineers,” calling on F. M. 
Feiker (M’34) of American Engineering 
Council for a few words. Vladimir Karape- 
toff (A’03, F’12, Life Member), to illustrate 
his subject “Art and Culture for the Engi¬ 
neer,” pla 3 red selections on the piano. 
Other Institute members taking part in the 
ceremonies were C. A. Faust (A’36) toast¬ 
master, R. I. Wilkinson (A’36), M. S. 
Mason (M’31), E. S. Lee (A’20, F’30, 
director), and Morris Buck (A’06, F’23). 

Mr. Starr delivered an address, “Let's 
Take a Look at Ourselves.” Otiher ad¬ 
dresses were “The Young Engineer and His 
Success” by Mr. Bellaschi, “Engineering 
Appreciation” by Mr. Boehne, “Broken 
Bones” by Doctor Seletzky, and “Achieve¬ 
ment, Perspective, and Balance” by Mr. 
Veinott. Doctor Seletzky described appa¬ 
ratus, developed in collaboration with 
Doctor W. McGaw of Western Reserve 
University, that is intended for use in 
studying the progress of “knitting” or 
healing of fractured bones. An inertia- 
operated crystal vibrator driven by an 
oscillator is applied to one end of the frac¬ 
tured member, and an inertia-operated 
pickup of the crystal type, connected 
through an amplifier to an output meter, is 
applied to the other end of the fractured 
members so that the fracture is between 
them. The sound-intensity measurement 
obtained is compared with the measure¬ 
ment obtained on the “symmetrical mate” 
of the fractured member (that is, the right 
leg if the left leg be the broken member), 
and the ratio indicates the degree of “knit¬ 
ting,” unity being perfect. The method is 
said to be of exceptional value in so-called 
“ddayed unions” where the X ray may not 
reveal the true condition. 


Fedetal Power Commission Report. In the 
sixteenth annual report to Congress, sub¬ 
mitted by Frank R. McNinch, chairman; 
Sosir JIfawly, vice-chairman; Hubert J. 
Drane, Claude L. Draper, and Clyde L. 
Seavey, comm^ioners, the Federal Power 
Commission reports “increased activity in 
the various functions which have been per¬ 
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formed for 16 years, and marked progress in 
the new activities entrusted to the com¬ 
mission by Congress in the Federal Power 
Act of 1936.” The report, which is for the 
fiscal year ended June 30, 1936, and with 
additional activities to December 1936, 
consists of a 68-page paper-covered pam¬ 
phlet, 6 by 9 inches, and may be obtained at 
10 cents per copy from the Superintendent 
of Documents, Washington, D. C. 


North Eastern District 
to Meet in Buffalo May 5-7 

Buffalo, N. Y., will be host to a 3-day 
meeting of the North Eastern District 
with headquarters in the Statler Hotel, 
May 6-7, 1937. Tentative arrang;ements 
indicate that an mteresting program, con¬ 
sisting of 3 or more technical sessions, a 
student technical session, entertainment, 
and inspection trips, will take place. Ar¬ 
rangements are to be made for a dinner on 
Thursday evening with a popular lecture 
afterward; there will also be a dance in 
the hotel on that evening. 

Buffalo and its environs offer oppor¬ 
tunities for many inspection trips among a 
variety of industries. There are the various 
steel mills, the Ford Motor Company, and 
the Huntley station as well as several other 
stations of the Buffalo General Electric 
Company. In addition, arrangements may 
be made for a golf tournament, and the 
city offers many attractive types of amuse¬ 
ment. 

Further details will be announced when 
made available. 


Consulting Engineer Dies. J. F. Max 
Patitz, chief consulting engineer of the Allis- 
Chalmers Manufacttiring Company, Mil¬ 
waukee, Wis., died January 3, 1937. He 
was associated with the company for more 
than 61 years, during nearly 26 of which he 
served as consulting engineer. Mr. Patitz 
was bom at Mugeln, Saxony, in 1866, and 
entered the employ of the E. P. Allis Com¬ 
pany in Milwaukee in 1886. In 1901, when 
that company became part of the Allis- 
Chalmers Company, he was placed ih 

News 


of the building of steam engines and com¬ 
pressors. Mr. Patitz began his studies of 
parallel operation of a-c generators as ^ly 
as 1900. He also made studies of critic^ 
speeds and of vibration in high-speed ma¬ 
chines, and was an authority on intricate 
mathematical calculations connected with 
the design of machinery. Mr. Patitz was 
a member of The American Society of Me¬ 
chanical Engineers, the Society of Automo¬ 
tive Engineers, and the Verein Deutscher 
Ingenieure. 


Tour of European 
Laboratories Planned 

Industrial leaders to the number of 100 
from all parts of the United States are 
expected to participate in a tour of European 
scientific laboratories which is being planned 
by the division of engineering and industrial 
research of the National Research Council. 
An advisory committee to co-operate in 
the planning has been appointed. 

The tour will provide an opportunity 
to observe methods of outstanding research 
laboratories in Europe representing 18 
major fields, under the guidance of such 
organizations as the Department of Scien¬ 
tific and Industrial Research in England, 
Verein Deutscher Ingenieure in Germany, 
the Sorbonne in France, and others. Ac¬ 
cording to present plans, the group is 
scheduled to sail on May 14 from New York 
on the S. S. “Champlain.” The tour 
comes as the culmination of 3 highly 
successful educational tours made to 
industrial and university laboratories in 
the United States in 1930, 1931, and 19.36, 
under the direction of Maurice Holland 
(A’23, M’30) director of the division of 
engineering and industrial research of NRC. 


Prizes for Papers 
on Arc Welding 

The James F. Lincoln Arc Welding Foun¬ 
dation, according to information released 
by that- newly created organization, will 
distribute $200,000 among the winners of 
446 separate prizes for papers dealing with 
arc welding as a primary process of manu¬ 
facture, fabrication, or construction in 11 
major divisions of industry in order to 
stimulate intensive study of the subject. 
The principal prize winner will receive not 
less than $13,700. Other prizes range from 
$7,600 to $100, the latter sum to be awarded 
each of 178 contestants who receive no 
other prize but whose papers are adjudged 
worthy of honorable mention. 

In order to assure equal competitive op¬ 
portunity, similar prizes are offered in t]he 
11 major divisions of industry covered by 
the contest. These divisions are: automo¬ 
tive, aircraft, milroad, watercraft, struc¬ 
tural, furniture^ and fotures, commercial 
welding, containers, welderies, functional 
machinery, and industrial machinety. Wide 
diversification of awards is effected by fur¬ 
ther dividing each major industry into vari¬ 
ous subclassifiCatibns; with entrants re¬ 
quired to select in advsmce tibie particular 
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subclassification to which their papers will 
relate. 

• When accepted by the jury of awards as 
properly classified, each paper will be in 
competition, in its particular subclassifica¬ 
tion, for 6 initial prizes established for that 
group. These are worth, respectively, 
$700, $500, $300, $200, and $100. From 
among these subclassification vrinners 4 
papers will be selected in each major indus¬ 
try to receive additional prizes of $3,000, 
$2,000, $1,000, and $800. Thus these 
44 semifinalists wiU be awarded a total of 
$74,800. In addition, the semifinal win¬ 
ners in the various divisions will be consid¬ 
ered as possible recipients of the 4 main 
prizes. These range from $10,000 to $3,600, 
with the winner of the grand prize receiving 
not less than $13,700 for his paper. 

Contestants, it has been announced, must 
have papers in duplicate on file with the sec¬ 
retary of the foundation at Cleveland, Ohio, 
not later than June 1, 1938. Prospective 
entrants should communicate promptly 
with A. F. Davis, box 5728, Qeveland, for 
complete details of the rules and conditions 
covering awards. 
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Proposed Standards 
for Transformers 

The sectional committee on transformers 
working under the rules of procedure of the 
American Standards Association has prac¬ 
tically completed its work in drawing up 
a new set of standards for transformers, 
regulators, and other induction apparatus, 
according to V. M. Montsinger, chairman 
of the AIEE standards committee. These 
will be submitted to the sectional committee 
for final approval in the near future. 

These new standards, having as their 
basis the present AIEE Standards No. 13, 
have incorporated in them not only the 
latest practices but a considerable amount 
of material from standards of the National 
Electrical Manufacttners Association. In 
the appendixes have been placed a new 
set of guides for the operation of trans¬ 
formers, a development of the AIEE recom¬ 
mendations on operation giving for the 
first time permissible short-time overloads 
for both power and distribution trans¬ 
formers. Also, an enlarged and revised 
test code for transformers will be included 
in an appendix. 

It is planned after approval by the com¬ 
mittee and the ASA to publish these as 
American Tentative Standards for dis¬ 
tribution to all interested societies for 
commmits and suggestions for improve¬ 
ment before they are published as final 
American Standards. It is expected that 
the tentative drafts will be published within 
the next few months. 


Test Code for Synchronous Machines. An 
extensive revision of the “Preliminary 
Report on a Proposed Test Code for Ssm- 
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chronous Machines” came up for general 
discussion at one of the informal conferences 
held during the recent , winter convention 
of the Institute. Copies are now available 
in pamphlet form and <^ti be obtained gratis 
by writing H. E. Farrer, secretary AIEE 
standards committee, 33 West 39th Street, 
New York, N. Y. The AIEE committee 
on electrical machine ry under whose aus¬ 
pices all of the test codes on rotating ma¬ 
chinery are being developed hopes, as a 
. result of the open discussion of the report 
at the conference and possible criticisms 
which may develop through wide circulation 
of the printed pamphlet, to be able shortly 
to malfp available a final approved syn¬ 
chronous code satisfactory to all. 

Test Code for B-C Machines. At the 
samp informal conference at which the 
synchronous code referred to in the pre¬ 
ceding paragraph was discussed, there was 
also presented a preliminary draft of a 
proposed "Test Code for D-C Machines.” 
This has not yet reached the stage where 
it is ready for general distribution in 
printed pamphlet form as several important 
points are still open to argument. As soon 
as these are cleared up, publication will 
taVp place and copies will then be available 
to all for further criticism and suggestion. 


Test Code for Induction Machines. The 
second step toward the development of a 
finally approved "Test Code for Induction 
Machines” was also taken at the winter 
convention conference to which previous 
reference has been made. This code first 
appeared in preliminary report form in 
December 1934. When the revised and 
approved code will become available is 
impossible to predict just at present, but 
it is expected that the electrical machinery 
committee will shortly be in a position to 
ask the approval of the standards com¬ 
mittee of this induction machinery code. 


Test Code for Sound Level Measurements. 
At the meeting on January 25, 1937, of the 
standards committee a report was received 
from P. L. Alger, chainnan of its sub¬ 
committee on sound, advising that the sub¬ 
committee is preparing a “Test Code for 
Sound Level Measurements on Apparatus.” 
It is intended for u^ as a guide in the 
measurement of sound levels and the in¬ 
vestigation of the various elements that 
contribute to the total noise produced. 
The standards committee agreed to issue 
the code in pamphlet form when completed. 


Rotation, Connections, and Terminal Mark¬ 
ings for Electric Power Apparatus. A new 
American Standard for “Rotation, Con¬ 
nections, and Terminal Markings for 
Electric Power Apparatus” has just been 
issued in pamphlet form by the National 
Electrical Manufacturers Association, the 
sponsor organization. This project, known 
as C-6, has been going forward in a sec¬ 
tional committee working under the rules 
of procediure of the American Standards 
Association, the Institute being one of the 
organizations represented on the committee. 
The first edition of the standard received 
approval in 1926 and this revision was 
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approved by American Standards Asso¬ 
ciation in June 1936. Copies of the 
standard may be obtained at 90 cents each 
by addressing National Electrical Manu¬ 
facturers Association, 165 East 44th Street, 
New York, N. Y. 

Revised Dry Cell Standards. A revision 
of “Specifications for Dry Cells and Bat¬ 
teries,” approved as an American Standard 
in 1930 and issued as “Bureau of Standards 
Circular 390,” has just been approved by 
the American Standards Association. The 
new edition will be issued shwrtly by the 
sponsor, the Bureau of Standard, under 
the official designation of C 18-1937. 


Proposed Revision of National Electrical 
Safety Code. The National Bureau of 
Standards, the sponsor tmder ASA pro¬ 
cedure for the sectional committee on 
national electrical safety code, is taking 
the preliminary steps calling for a re¬ 
organization of the committee which when 
completed vrill consider a revision of the 
safety code as approved by ASA in 1927. 


Proposal for International Standardization 
of I^otometric Units. The National 
Bureau of Standards vrill propose in the 
■pof ir future the international adoption of 
fundamental photometric units which, if 
adopted, will involve a slight diange in 
the unittf in use in this coimtry. Essen¬ 
tially the proposal will be as follows: 
That the primary standard of light shall 
be the black body radiator operated at the 
temperature of solidification of pure plati¬ 
num; that the brightness of the primary 
standard shall be taken as 60 candles per 
square centimeter, thus fixing the magnitude 
of the unit of intensity, the candle, for the 
color of light given by the primary st^dard; 
that standards for light of colors different 
from that of the primary standard shall 
be established by applying the “visibility 
factors” which have been adopted by the 
Illuminating Engineering Society, the Ameri¬ 
can Standards Association, the Interr 
ngtintiftl Commission on Illumin ation, and 
the International Committee on Heights 
and Measures. The Institute virill apiwint 
a representative on the subcommittee 
which vrill consider the full proposal and 
its effect upon American practice. 


Power and Rate Terms. There has just 
been issued by the Federal Povrer Com¬ 
mission, Electric Rate Survey, a "Glossary 
of Important Power and Rate Terms, 
Abbreviations, and Units of Measure¬ 
ment.” This pamphlet, which should be 
of considerable interest to those in the 
power generation field, has as its purpose 
the development of a uniform terminology 
for the reports and correspondence of the 
commission. Quite a number of the 
of d^trotechnical terms appear¬ 
ing in the glossary have been developed in 
co-operation vrith the interested subcom¬ 
mittees of the sectional committee bn 
electrical definitions, of which the Institute 
is sponsor. - Copies of the glossary may be 
obtained from the Superintendent of 
Documents, Washington, D, C., at 6 cents 
each. 
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Letters to ibe Editor 


I “ armature current 
b 


R 


sum of constant losses (windage, fric* 
tion, and iron) 

effective armature resistance 


CONTRIBUTIONS to these coluians are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. El-bctricai. Ekoinbbking will en¬ 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish th em in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly under¬ 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Effective Resistance 
of Synchronous Machines 

To the Editor: 

It is well known that the effective re¬ 
sistance of a sjmchronous mftrhin<> is greater 
than the d-c resistance due to eddy current 
and hysteresis losses caused by the arma¬ 
ture leakage flux, proximity effects due to 
armature current, and additional losses due 
to the distortion of flux under load. An 
approximate value of these Iossm may be 
obtained from the short-drcuit loss and the 
armature PRoc loss.i This method gives 
valuM which are too low, since under dead 
short circuit, the flux in the machine is 
smaU. Robertson* gives a complete dis¬ 
cussion of the subject, and his figures 1 and 
2 show the errors to be expected. In com¬ 
puting the machine efladency, it is cus¬ 
tomary to make an approximate correction 
m which the core loss is taken corresponding 
to the internal voltage,^ It is the writer’s 
opmion that more accurate results will be 
obtained using the effective resistance de¬ 


termined from the V-curve test,* and an 
improved method which includes the in¬ 
crease in core loss under load will be de¬ 
scribed in the paragraphs following. 

The effective armature resistance is de¬ 
fined as the ratio of the power per phase 
consumed in the armature windings to the 


With the machine terminal voltage held 
constant, values of total power and arma¬ 
ture current are obtained by varying the 
field current. The curves of figure 1 of 
this letter show tjrpical results obtained 
from a 3-phase 6-pole Id-kva 1,200-rpm 
220-volt 39.4-ampere generator. The power 
was measured by the 2-wattmeter method. 


I 


Fig. 2. DclerniiM- 
llon of effective 
armeture resistance 

TenntMl voltages held 
constant at values shown 
on curves 
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square of tte current. The power (using 
the per umt system throughout) consumed 
With the motor running Ught and all shaft 
load disconnected, may be expressed: 

P =■ I*J2 H- 6 
where 

^ " ngniT machine r unning 


Subscripts will be used to refer to 2 wide 
separated points pa the same power-curre 
curve. 
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Pi « /i*P Jfb Pj 

Solving for the constant losses 

& = (/i*P, -/,*P0/(/i* -/,*) 

Trapesing the original equation a 
taking the square root gives 
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FiSvl* Determina¬ 
tion of effective 
armature resistanca 

Terminal voltages held 
constant at values shown 
■ on curves 


Values of Vp — J and I were plotter 
o. pve straight lines passing through th* 
origin; see figure 2. For a given terminal 
voltage, the effective resistance equals the 
square of the slope of the line. 

, method is simple and effective, a: 

are evaluated without 
difficulty. If the value of b is larger than 
the correct value, the curve will depart from 
a steaight line and be concave downward, 
while if it is smaller than the correct value 
the conver^ wfll be true. The value b can 
be conveniently corrected by plotting 2 
widely separated points on the VP — b 
versus J cu^. A straight line is drawn 
coimectmg the larger value with the origin. 
H the second point does not fall on this 
ime, 6 can be changed slightly to make it do 
. so.. ■ ■ : ^ \ ^ 

The method assumes that the effective 
resistance as constant and indep^dent of 
, correctness of this assump- 
SrS ye^ed by an ex aminatio n of the 
drrft of pomt, from the ^ j 
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curve. The results for 6 independent tests 
at various terminal voltages indicate that 
there is no appreciable variation with 
voltage. The effective resistance was taken 
as the average value, R = 0.044. 

The ohmic resistance of the armatiure 
winding was determined by the d-c volt- 
anuneter method. The average resistance 
was Rde » 0.035. It is apparent that the 
stray losses may be expressed as a resistance. 

If it is desired to determine the machine 
performance at temperatures different from 
test, the corrected effective resistance is 
found as follows: 

Rf sa Rfo — and Ra. ■= Rs + Raeti 

in which 

Rn ss effective resistance at temperature 
to 

Rfi sa effective resistance at temperature 

h 

= ohmic resistance at temperature tO 
Roea ^ ohmic resistance at temperature 
Rf » stray losses expressed as a resist¬ 
ance. 

In using this method, the core loss should 
be taken corresponding to the terminal 
voltage, since the variation in core loss is 
taken into account in the effective resistance. 
It is believed that this method of deter¬ 
mining the effective resistance is more 
accurate than the conventional procedure 
of determining the d-c resistance and the 
stray load losses from a short circuit test, 
since the additional losses due to flux dis¬ 
tortion, and the increase in core loss under 
load, are taken into account. The advan¬ 
tages of the method are that the effective 
resistance may be considered constant for 
most practical cases, and may be inserted 
directly in the vector diagram, hence sim¬ 
plifying the analysis. 

Rbferbncbs 

1. Akbkican Standawbs for Rotatoto Elbc- 
TRiCAL Macsinbry. Appfoved by American 
Standards Association, January 6, 1930. 

2. Tbsts OB Arkaturb Rbsistabcb OF Syn¬ 
chronous Machinhs, B. L. Robertson. Blbc- 
TRiCAL Enoinbbrino (AIBB Transactions) , vol¬ 
ume 64, July 1935, pages 706-09. 

Vay truly yours, 

Charles F. Dalzibl (A'33) 

Instructor in Electrical Engineering, 
University of California, Berkeley 

ASA Formula for 2-Windmg 

Transformer Regulation 

To the Editor: 


I should like to submit the following as a 
derivation for the ASA equation for regu- 



Fig. 1. Viictor diisnin 
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hition of a 2-winding transformer. The 
notation used is the same as that used by 
J. E. Clem, page 466 of the May 1936 issue 
of Electrical Engineering, in the paper 
"An Exact Formula for Transformer 
Regulation.” 

From figure 1 of this letter, 

Ej, = V(Es cos -H IR)* -1- (E, sin 6 + IX)* 

Dividing each side of the equation by E* 
gives 

jE 

^ “ Vcw+f)*+(«+»)* 


where r = IR/Et and x =» IX/Et 
Per cent regulation » 

X loo - [I - l] X 1“ 

= l^'v/(m H" r)® + (« + ff)* — 1J X 100 
Very truly yours, 

John D. Scarborough (Enrolled Student) 
Michigan College of Mining and Technology, 

Houghton 
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W. H. Harrison 
Nominated for Presidency 

William Henry Harrison (A'20, M’30, 
F’31, vice-president) assistant vice-presi¬ 
dent, department of operation and engineer¬ 
ing, American Telephone and Telegraph 
Company, New York, N. Y., has been nomi¬ 
nated for the presidency of the AIEE for the 
1937-38 term. Mr. Harrison was bom 
June 11,1892, at Brooldyn, N. Y., and was 
graduated in industrial electrical engineer¬ 
ing at Pratt Institute in 1915. He mtered 
the employ of the New York Telephone 
Company in 1909, where his work until 1915 
included apparatus inspection, assembling, 
and wiring. From 1915 to 1919 he was en¬ 
gaged in telephone circuit design in the en¬ 
gineering department of the Western Elec¬ 
tric Company, and in 1919 he became a 
member of the engin^ring staff of the 
American Telephone and Tdegraph Com¬ 
pany. In 1924 Mr. Harrison was made 
equipment and building engineer with 
general supervision of the en^eering of 
the,, subscribers station and central office 
plant of the Telephone System, and in 
1929 he became plant en^eer, with broad¬ 
ened responsibilities including general di¬ 
rection of the engineering, design, and lay¬ 
out of all departments of the Bell System 
plant, including system rdations with otho: 
wire-using utilities. In 1933 Mr. Harrison 
was elected Vice-president in charge of 
operations of The Bell Tdephcme Company 
of Pennsylvania and The Diamond State 
Telephone Company of Ddaware, witii 
headquarters in Philaddphia, Pa. He was 
appointed assistant vice-president in the 
department of operation and engineering in 
1937. Mr. Harrison has a long record of 
active service in the Institute; he is at pres¬ 
ent vice-president representing the AIEE 
Middle Eastern District (number 2) and a 
member of the executive committee (1936- 
37) and committees on legislation affecting 
the engineering profession, 1932--37; Edi¬ 
son Medal, 1935-37; and Damme Medal, 
1935-38. In addition, he is a member of 
the special committee to consider Associate 
dues and related matters tod the committee 
on revision of Section territories, and has 
been a member of the following tedmM 
committees: communication, 1935-36; tech- 
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nical program, 1929-36 (chairman 1931-33); 
co-ordination of Institute activities, 1931- 
33; publication, 1931-33; award of Insti¬ 
tute prizes, 1931-34 (chairman 1931--33); 
and popular sdence award, 1931-34 Mr. 
Harrison also was a member of the AIEE 
national nominating committee in 1935, and 
was an AIEE representative on the Alfred 
Noble Prize committee of the American So¬ 
ciety of Civil Engineers (1932--34) and on 
the American committee on markhig of ob¬ 
structions to air navigation during 1932-33. 


Vice-Pretidential Nominees are Jollyman, 

McClellan, Me Henry, Stein, Wood 

JosiAH Pickard Jollyman (A’05, M‘25, 
F’30) chief of the division of hydroelectric 
anil transmission engpuoering. Pacific Gas 
and Electric Company, San Francisco, 
Calif., has been nominated to serve the In¬ 
stitute as mce-president representing the 
Pacific District (number 8). Mr. Jollyman 
was born at Santa Barbara, Calif., October 
29,1879, and received the degree of bache¬ 
lor of arts in dectrical engineering at Stan¬ 
ford University in 1903. From 1903 to 
1909 he was employed by the. California 
Gas and Electric Corporation as an electri¬ 
cian and as superintendent of electrical 
construction. In 1909 he became electrical 
engineer for the Great Western Poyrer Com¬ 
pany of California, where he remained until 
he joined the engineering staff of the Pa¬ 
cific Gas and Electric Company in 1911. 
Since 1920 Mr. Jollyman has beei chief of 
the divirion of hydroelectric and transmis¬ 
sion engineering, in which position he has 
had charge of the electrical and medianical 
iiprign of li hydroelectric pitots and toe 
electrical desig n pf several transmission 
l ines and substations of large capacity. 
Mr. Jollyman has presented before toe In¬ 
stitute several papers on transmission engi¬ 
neering subjects and has been a. member of 
the committees on power stations (now 
power generation), 1923-24; and power 
transhutoon and distribution,. 1915—^7, 
1923-29,1930-37. He has been active in 
toe affair of the San. Ptoncisco Section, 
and was chairman of that Section during 
1920-21. 





Leslie NBmiAN McClellan (A’ 14 , 
M’26) chief electrical engineer. United 
States Bureau of Reclamation, Denver, 
Colo., has been nominated to serve the In¬ 
stitute as vice-president representing the 
North Central District (number 6). He 
was bom at Middletown, Ohio, March 27, 
1^, and received the degree of bachelor of 
science in electrical engineering in 1911 from 
the University of Southern California. He 
was then employed by the United States 
Reclamation Service at Phoenix, Ariz., on 
the Salt River project as electrical assistant, 
1911-13; junior engineer, 1913-14; as¬ 
sistant engineer, 1914—16; and engineer in 
responsible charge of consrinction and op- 
eration of the power system, 1915-17. 
During 1917—18 he served overseas as a 
lieutenant in the United States Army Engi¬ 
neer Corps, upon his return becoming elec¬ 
trical engineer in the office of the chief ea- 
gineer of the Reclamation Service at Den¬ 
ver, where he was engaged in the design of 
power plants, substations, and transmission 
lines. Mr. McClellan was employed by 
the Southern California Edison Company 
as engineer in the transmission department 
during 1923-24. Since 1924 he has held his 
present position as chief electrical engineer 
for the Bureau of Reclamation at Denver, 
where he has responsible charge of design, 
constmction, and operation of power and 
pimping plants, substations, and trans- 
misrion lines on the various reclamation 
projects of the Federal Government. Mr. 
McClellan is the author of papers on the 
B^der Dam project published by the In¬ 
stitute, and was a member of the power 
transmission and distribution committee 
1933—36. 


Mokris Jambs Me Henry (A’ll, M’20) 
district manager of the Canadian General 
Electric Company, Toronto, Ont., Canada, 
been nominated to serve the Institute as 
vice-president representing the 
District (number 10). Mr. Me Henry was 
bom at Catasauqua, Pa., August 7, 1888, 
and rweived the degree of bachelor of sci¬ 
ence in electrical engineering at McGill 
University in 1910. Following his gradua¬ 
tion, and until 1912, he was employed by 
Smith, Kerry, and Chase, consulting engi¬ 
neers, Toronto, in power station design and 
field engineering. In 1912 he was employed 
by the Canadian General Electric Company 
as sales engineer in Toronto, and in 1916 be¬ 
came assistant manager of apparatus sales 
in the Toronto district. In 1918 Mr. 
Me Henry accepted a position as manager 
and secretary-treasurer of the Walkerville 
Hydro-Electric System, and remained as 
chief executive of that system until 1924. 
In that year he became sales mana ger of the 
Ferranti Electric Company, Ltd., which 
positiori he relinquished in 1926 to become 
manager of the United States sales depart¬ 
ment of the Canadian Genmal Electric 
Company. In 1930 he was appointed dis¬ 
trict. manager for Ontmio. Mx. Me Henry 
has saved the Institute as a member of the 
committee on industrial and domestic 
power during 1921-22, and has been active 
in local Institute affairs. In the Toronto 
Section he has served as director (1924) and 
chairman (1936-i36), and as chai rman of the 
^tion committees on membership (1925) 
and papers (1926). Mr. Me Heniy is a 
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past-president of the Association of Munici¬ 
pal Electric Utilities of Ontario and a mem¬ 
ber of the Association of Professional En¬ 
gineers of Ontario, having served as a mem¬ 
ber of the board of govanors of that organi¬ 
zation during 1924 and 1926. He is presi¬ 
dent of the Electric Club of Toronto and 
president of the Electric Service Leagmc of 
Toronto. 


Irving Melville Stein (A’18, M’27) 
director of research for Leeds and Northrup 
Company, Philadelphia, Pa., has K eep 
nominated to serve the Institute as vice- 
prudent representing the Middle Eastern 
District (number 2). Mr. Stein was bom 
at Long Branch, N. J., March 20, 1894, and 
obtained his technical education from the 
New York Edison evening technical school, 
Columbia Univa-sity extension course, and 
Fort Wayne Correspondence School. He 
was employed in the meter department of 
the New York (N. Y.) Edison Company in 
1911, and the following year was transferred 
to the standardizing laboratory. During 
1913 he was in charge of the rehabilitation 
work on instruments damaged in the flood 
at Dayton, Ohio, thai returned to the test 
department of tte Edison company. In 
1916 he was made assistant foreman of the 
standardizing laboratory, and the following 
year was made foreman. During this 
he was also engaged in work on protective 
relays. During 1918 he was senior inspec¬ 
tor in the eastern department of the US. 
Sig^ Corps, and also worked as personal 
assistant to Thomas A. Edison in the de¬ 
velopment of submarine and airplane locat¬ 
ing devices. He was engaged by the Leeds 
tod Northrup Company as sales engineer 
in 1919, tod 2 years later was given charge 
of general division sales. In 1924 he was 
made assistant sales manager and in 1927 
was given charge of devdopment, engineer¬ 
ing, production, publicity, and said; of com¬ 
bustion control apparatus. He is now di¬ 
rector of research and a member of the ex¬ 
ecutive committee of the company. Mr. 
Stein is the author of numerous technical 
articles. He has been a member of the In¬ 
stitute’s publication committee since 1934 
(chairman 1936-37), of the committee on co¬ 
ordination of Institute activities since 1933, 
and of the Sections committee since 1929, 
serving as chairman 1933—36. He served 
on the membership committee 1926-27 and 
1931—33, and for 1936—37 has been ap¬ 
pointed a member of the committees on 
technical program and award of Institute 
prizes. Among other organi z ati o ns of 
which Mr. Stein is a member may be in- 
duded the American Physical Sodety, 
Americm Chemical Society, American Elec¬ 
trochemical Sodety, Illu minating Engi¬ 
neering Sodety, Franklin Institute, and 
American Society for .Testing Materials. 


En^ Dow Wood (A’21, M’26) general 
supointendent of the Louisville Gas & 
Elec^c Company, Louisville, Ky., has been 
nom^ted to serve the Institute as vice- 
president representing the Southern Dis¬ 
trict (number 4). Mr. Wood vras bom at 
Montevideo, Uruguay, April 17, 1878, and 
attended high school at Callao, Peru. In 
1903 he received the degree of bachdor of 
sdence at De Pauw University, Greencastie, 
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Ind., and entered the employ of the Union 
Traction Company of Indiana. During the 
next year he was employed by the Pope- 
Waverly Electric Company of Indianapolis, 
Ind., and the General Electric Company at 
Schenectady, N. Y., for short periods before 
he joined the Empresa Electrica Santa Rosa 
at Lima, Peru, later the Empresas Electricas 
Asociadas. He became assistant chief en¬ 
gineer in charge of power plants for this com¬ 
pany, and was acting chief engineer when he 
resigned in 1909 to become construction de¬ 
partment foreman for the General Electric 
Company at Schenectady, N. Y. In the 
following year he was transferred to the en¬ 
gineering department in the Cincinna ti, 
Ohio, district, where he was engaged in gen¬ 
eral power house and substation cnginf»pring 
work. Mr. Wood accepted the position of 
electrical operating engineer with the Louis¬ 
ville Gas & Electric Company in 1916, 

WM dectrical engineer from 1926 to 1932, 
being appointed general superintendent in 
the latter year. In 1936 he was made a di¬ 
rector of the company. Mr. Wood is a 
past-president of the Engineers and Archi¬ 
tects Club of Louisville and a past-chairman 
of the Louisville Section, and until its dis¬ 
solution was a member of the dectrical 
apparatus committee of the former Na¬ 
tional Electric Light Association. He is 
co-author of an Institute paper published in 


Buih, Beardiley, Lane 

Nominated for Institute Directorships 

Vannevar Bush (A’16, M’19, F’24, 
Lamme Medalist ’36) vice-president of 
Massachusetts Institute of Technology and 
dew of the school of engineering, Cam¬ 
bridge, Mass., has been nominated to serve 
the AIEE as a member of its board of di¬ 
rectors. Doctor Bush was bom at Everett, 
Mass., March 11, 1890. In 1913 he was 
graduated from Tufts College, and in 1916 
■was awarded the degree of doctor of engi- 
gineering from Massachusetts Institute of 
Technology and Harvard University. In 
1932 he received the honorary degree of 
doctor of science from Tufts College, and he 
is now a member of the board of trustees of 
that college. Following graduation from 
Tufts College he entered the testing depart¬ 
ment of the General Electric Company, and 
the next year was an instructor in mathe¬ 
matics at Tufts College. In 1916 he en¬ 
gaged in graduate study at M.I.T., and the 
following year returned to Tufts as assistant 
professor of electrical engineering. • During 
1917—18 Doctor Bush carried on research 
work in submarine detection for the United 
States Navy; then until 1923 was associate 
professor of electric power transmission at 
M.I.T. From 1917 to 1922 he was also con¬ 
sulting engineo: for the American Radio and 
Resemch Corporation. In 1923 he was 
appointed professor of electric power trans¬ 
mission, holding this title until appointed to 
his present position in 1932. Doctor Bush 
long has been interested in the design of 
analyzing instruments tod is internation¬ 
ally knovm for his achieVonents in this field. 
For one development he was awarded the 
Levy Medal of the Franklin Institute in 
1928, tod he received the AIEE t.awTH«> 
Meded for 1936. Doctor Bush is a director 
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of the Spencer Thermostat Company and of 
Raytheon, Inc., and is a member of the 
corporation of Massachusetts Institute of 
Technology. He is the author of many 
technical articles and of “Operational Cir¬ 
cuit Analysis,” and, jointly with W. H. 
Timbie (ATO, F’24), of “Principles of Elec¬ 
trical Engineering.” The Institute com¬ 
mittees on which he has served include re¬ 
search (1924-30); electrophysics (1924-33, 
chairman 1931-33); power transmission 
and distribution (1925-27, 1928-29); edu¬ 
cation (1928-29); and technical program 
(1929-33). He is now a member of the 
Edison Medal and Lamme Medal commit¬ 
tee, and representative on the division of 
engineering and industrial reearch of Na¬ 
tional R.esearch Council. Doctor Bush is a 
fellow of the American Academy of Arts and 
Sciences and American Physical Society, 
and a member of the Society for the Pro¬ 
motion of Engineering Education, National 
Academy of Science, Phi Beta Elappa, 
Alpha Tau Omega, Sigma Xi, and Tau 
Beta Pi. 


Clifford Ray Beardsley (A’08, M’20, 
F’30) superintendent of distribution, Brook¬ 
lyn Edison Company, Brooklyn, N. Y., 
has been nominated to serve the Institute as 
a member of its board of directors. He was 
bom at Bridgeport, Conn., December 19, 
1885, and attended the Sheffield Scientific 
School of Yale University, from which he 
received the degree of bachdor of philosophy 
in electrical engineering in 1905. He then 
entered the testing department of the Gen¬ 
eral Electric Company at Schenectady, 
N. Y., and subsequently was assigned to the 
offices at New York, N. Y., and New Haven, 
Conn. In 1911 he became sales agent for 
the United Illuminating Company at Bridge¬ 
port, where he had charge of sales, construc¬ 
tion, and installation of factory electrifica¬ 
tions. Seven years later he accepted the 
position of electrical engineer with Fred T. 
Ley & Company, Springfield, Mass., in 
which position he had charge of dwign and 
installation of power station and industrial 
electrical work, being concerned mostly 
with hydroelectric and steam plants and 
transmission lines. Mr. Beardsley ac¬ 
cepted in 1923 the position wi* the Brook¬ 
lyn Edison Company of electrical construc¬ 
tion engineer in charge of inside-plant elec¬ 
trical construction in power stations, sub¬ 
stations, and consumer vaults. In 1932 he 
was appointed assistant to the superintend¬ 
ent of distribution, and recently was ad¬ 
vanced to the position of superintendent of 
distribution. During 1928-30 Mr. Beards¬ 
ley was chairman of the accident prevention 
committee of the former National Electric 
Light Association, and he has ^ 

of . the committees for the 1938 
and 1937 winter conventions of the Insti¬ 
tute. He has written numerous articles on 
the relation of engineering to safety. 


Francis Howard Lane (M'23) man^^ 
of the engineering division of the Pubhc 
Utility Engineering and Service Corpwa- 
tion, Chicago, Ill., has been nominated to 
serve theTnstitute as a member of its board 
of directors. He was bora at St. Louis, Mo., 
June 7,1882, and studied electrical engineer¬ 
ing at Lewis Institute, Chicago, Ill., from 
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which he received the degree of mechanical 
engineer in 1904. He then entered the em¬ 
ploy of H. M. Byllesby and Company as 
draftsman, and subsequently was engaged in 
preliminary investigations of projects, and 
construction. From 1910 to 1915 he was 
engaged in general in'i^tigations and ap¬ 
praisals of public-utility properties, and 
during 1915-17 was manager of the depart¬ 
ment of examinations and reports. Mr. 
Lane was made manager of en^eering 
and construction of Byllesby Engineering 
and Management Corporation in 1917, and 
held this position continuously until the 
formation of the successor company. Public 
Utility Engineering and Management Cor¬ 
poration, in 1936, with which he assumed a 
similar position. He is a member of The 
American Society of Mechanical Engineers 
and the Western Society of Engineers. 


W. I. Slichter 

Renominated as Institute Treasurer 


Walter Irvine Suchtbr (A’OO, M’03, 
FT2, national treasurer, member for life) 
professor and head of the department of 
electrical engineering at Columbia Univer¬ 
sity, New York, N. Y., has been nominated 
to succeed himself as treasurer of the Insti¬ 
tute. Professor Slichter was bora at St. 
Paul, Minnesota, May 7, 1873, and was 
graduated at Columbia University in 1896 
with the degree of electrical engineer. He 
entered the raiploy of the General Electric 
Company as a student in July 1896, and the 
following year was transferred to the office of 
Doctor C. P. Steinmetz, where he was en¬ 
gaged for a year in carrying on experimental 
work, tests, and calculations on various sub¬ 
jects. During the following 2 years, he was 
engaged in designing induction motors, al¬ 
ternators, rotary cemverters, transformers, 
and special experimental apparatus. For 
a number of years thereafter he devoted 
most of his time to the design of electrical 
machinery and, more particularly, the 
equipment of electric railways. In 1910 
he was appointed professor of electrical en¬ 
gineering and head of that departnient at 
Columbia University, which position he 
still fills. During the war he was civilim 
director of the Air Service school for radio 
officers at Columbia University. Since 
1914, Professor Sliditer has devoted con¬ 
siderable time to mstruction m electrical 
engineering to naval officers of the post- 
g;raduate school of the United States Navy, 
National treasurer since 1930, he was a 
member of the board of directors of the In¬ 
stitute from 1918 to 1922 and vice-presidrat 
from 1922 and 1924, and served on the fol¬ 
lowing committees: board’s committee on 
technical activities, 1918-20; board of ex¬ 
aminers. 1915-18 and 1924-28; co-ordma- 
tion of Institute activities, 1920-^ Md 
1925-27; editing (later publication) 191^ 
21; education, 1916-20; executive, 1919- 
24; meetings and papers (now technics 
program) 1917-24; industrial and domestic 
power (now general power appheataons) 

1922- 23; finance. 1923-24; standards, 

1923- 26; legislation affecting the engine^- 
ing profession, 1931-36 (chai^ 1933- 
35)* ■ Iwadare foundation, 1931-33; and 
spwial committee on model registration 
law 1933-34. He was also Institute repre¬ 
sentative on the United States National 


Committee of the International Electro¬ 
technical Commission, 1928-32. Profes¬ 
sor Slichter is now serving as chairman of the 
committee on Columbia University scholar¬ 
ships, of which he has been a member since 
1922 and chairman since 1925, and as a 
member of the committees on constitution 
and by-laws (1925-28 and 1930 to the pres¬ 
ent; chairman 1925-27), Edison Medal 
(1918-22 and 1930 to the present), and 
electrical machinery (1934 to the present). 
In addition, he has been a representative on 
the library board of United Eng^ineering 
Trustees, Inc., since 1915, Engineering 
Foundation board since 1930, engineering 
societies monographs committee since 1930, 
and advisory board of the National Bureau 
of Engineering Registration since 1933. 
Professor Slichter is the author of many 
articles on technical subjects, and has pre¬ 
sented several papers aud discussions before 
the Institute. He is a member of The 
American Society of Mechanical Engineers, 
Society for the Promotion of Engineering 
Education, and other organizations. 


Frank Conrad 
to Receive Lamme Medal 

Frank Conrad (A’02, Edison Medalist 
*30) assistant chief engineer of the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., has been awarded 
the Lamme Medal of the AIEE for 1936 
” for his pioneering and basic developments 
in the fields of dectric metering and pro¬ 
tective systems.” Doctor . Conrad was 



born at Pittsburgh, Pa., May 4, 1874, and 
joined the Westin^ouse organization in 
1890. In a short time he was transferred 
to the experimental and testing department, 
and in 1897 designed the so-called round 
type of watt-hour meter, which was smaller 
and more effident than the previous square 
types. He then started the systematic re¬ 
design of all meters and instr^ents, which 
led to improvements in efficiency and 
development of new types, among which 
were the rday-operated recording meter, 
power factor meter, dectrostatic voltmeter, 
and ground detector. In 1904 Doctor 
Comad was appointed general raginefer, 
aud for many years served as ass^ant to 
the vice-president in charge of en^eormg. 
He was appointed assistant chief engineer 
in 1921. About 1910 Doctor Cdmad 
started the devdopment of a Cbmplete dee- 
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trical system for automobiles, including in 
lus designs voltage-regulated generators 
such as have come into tmiversal use in the 
automobile industry in 1937. In 1912 he 
began investigations into radio telegraphy 
and telephony, designing and building radio 
transmitting and receiving equipment. 
Problems of power distribution for a-c rail¬ 
way ^sterns also engaged his attention at 
liiis time. During the World War he aided 
in the production of telephone and tele¬ 
graph equipment for the United States 
Army and Navy, and also designed grenades 
and grenade-throwing devices. Following 
the war he sent programs over the air from 
radio transmitters, and the equipment used 
by KDKA when that station began broad¬ 
casting in 1920 was designed by him. His 
investigations led to improved apparatus, 
and to a study of the short-wave field in 
which he sensed new possibilities. Other 
work in which he has been engaged includes 
units for household refrigerating purposes 
and electric clocks. Doctor Conrad is 
weU-informed in biology, astronomy, and 
botany. In 1928 he was given the honorary 
degree of doctor of science by the University 
of ^ Pittsburgh. Other awards he has re¬ 
ceived are the Morris Liebmann prize of 
the Institute of Radio Engineers in 1925, 
the Edison Medal of the AIEE in 1930, and 
the John Scott Medal of the City of Phila- 
d^phia in 1933. He is a fellow of the In¬ 
stitute of Radio Engineers and a member of 
the Society of Automotive Engineers and 
the American Association for the Advance¬ 
ment of Science, and holds the rank of lieu¬ 
tenant commander in the United States 
Naval Reserve. 


H. H. Bbveraob (A’23, M’34) chief re¬ 
search engineer, R.C,A. Communications, 
Inc., New York, Ni Y., recently was elected 
president of the Institute of Radio Engineers 
for the year 1937. Mr. Beverage was bom 
October 14, 1893, at North Haven, Me., 
and was graduated from the University of 
Maine m 1915 with the degree of bachelor 



charge of radio research on communication 
equipment, and continued there until 1929, 
when he was transferred to. R.C.A. Com- ‘ 
mumcations, Bic., as chief co rnTnuniratin tis 
engineer. He has been chief research engi¬ 
neer since 1932. Mr. Beverage has dis¬ 
tinguished himself in his research on aperi¬ 
odic directive receiving antenna systems 
and receiving systems for reducing the ef¬ 
fects of fading at high frequencies. He is 
the holder of several patents on communi¬ 
cation devices and sjrstems, and in 1923 was 
awarded the Morris Liebmann Memorial 
Prize^ of the Institute of Radio Engineers 
for his research work on directive antenna 
systems. He is author or co-author of many 
papers on communication subjects, includ¬ 
ing 2 papers presented before the Institute, 
and is at present a member of the Institute’s 
committee on communication. Mr. Bev¬ 
erage is a fellow of the Radio Club of 
America. 


J. H. Payne (A’12, M’32) formerly with 
the Westinghouse International Company, 
recently was appointed chief of the electri¬ 
cal di^dsion of the Bureau of Foreign and 
Domestic Commerce, United States De¬ 
partment of Commerce, Washington, D. C. 

Payne was bom June 24,1883, at Titus¬ 
ville, Pa., and was graduated from Armour 
Institute of Technology with the degree of 
bachelor of science in electrical engineering 
in 1906. Immediately foUowing his gradua¬ 
tion, he entered the employ of the Westing- 



H;H. BEVERAGE 

of ^ence iu electrical engineering. Upon 
he was ^ged by the General 
Electnc Comply, Schenectady, N. Y as 

to the jadM Mrotories of that comptoy 
as a^stant to Doctor E. F. W Alexand#/ 
son (A ^,5 F’20). In 1920 
a^pted a portion with the Radio CorporE 
tion of Ammca, where he was placed in 


J. H. PAYNE 

house Electric & Manufacturing Company, 
East Pittsburgh, Pa., being engaged first in 
mgmeering and construction work and later 
m the sales department at New York NY 
From 1915 to 1919 Mr. Payne had charge of 
T ? making sales to mining companies, 
m 1920 he was transferred to the Westing- 
house Intei^tional Company and placed in 
clwge of the selection and appointment of 
all of that Company’s distributors; later, he 
was made manager of the company’s de¬ 
partment of Europe, in which capacity he 
was m charge of the company’s business in 
Europe and the dependencies of European 
countnes In 1929 he was appointed man¬ 
ager of the power department, in charge of 
the TOmpany’s sales of central station and 
distnbution equipment in aU countries ex- 
toPt the United States and Canada. Mr 
Payne’s duties with the Westinghouse In- 
tanational Company required extensive 
toav^g in the United States and in 31 for¬ 
eign countries, 


W. H. Lawrence (A’99, M’12, member 
for life) chief operating engineer. The New 
York, (N. Y.) Edison Company, Inc., has 
retired. Mr. Lawrence was bom Febniary 
28,1870, at Middletown, Ohio. He entered 
the electrical industry in 1886, being em¬ 
ployed as an apprentice for the General Elec¬ 
tric Company, Schenectady, N. Y. After 
one year with that company, he became 
associated with the Edison Manufacturing 
Company at New York and soon thereafter 
filled the position of assistant superintendent 
of construction in the western offices of that 
company at Cincinnati, Ohio. He con¬ 
tinued to serve in that capacity after the 
consolidation of the Edison and Thomson- 
Houston compaffies with the Central Thom- 
son-Houston Company, but in 1889 was 
transferred to the Edison Electric Illumi- 
natmg Company of New York. That com¬ 
pany has since become The New York Edi¬ 
son Company, Inc., and Mr. Lawrence bad 
completed 47 years of continuous service 
with the company at the time of his retire¬ 
ment. He is the author of several articles 
on station operation, including one paper 
presented before the Institute. He served 
the Institute as a member of the committee 
on power generation during the period 1920- 
29. Lawrence is a member of The 
American Society of Mechanical Engineers. 


L. E. Embrich (A’24) who has been dis- 
tnet manager of technical division sales in 
the Chicago, HI., offices of the Leeds & 
Northrup Company, has been transferred to 
the Philadelphia, Pa., offices of that com¬ 
pany as assistant sales manager in the tech¬ 
nics ^es division. Mr.Emerichwasbom 
at Schuylkill Haven, Pa., in 1898, and re- 
ceived ^e de^ee of bachelor of science at 
Carnegie Institute. After serving briefly 
mth the Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa., 
^d the Public Service Electric and Gas 
Comply, Newark, N. J., he entered the 
^es department of the Leeds & Northrup 
(tompany at Philadelphia in 1923 and 
then has been associated with that conipany 
continuously. 


D. G. Evans (A’20) assistant general 
manager of the Wisconsin Gas and Electric 
Company, Racine, has been appointed gen¬ 
ial manager, Mr. Evans was bom at 
Lamed, Kans., in 1887, and received the de¬ 
gree of bachelor of science in electrical engi- 
ne^g at the University of Illinois in 1917. 
Followmg a brief service as transformer test 
mgineer for the Wagner Electrical Manu- 
fMt^g Company, he entered the employ 
of the Wisconsin Gas and Electric Company 
as an engineer in 1919. His service with 
that company has been without interrUo- 
tion. 


J. E. Eead (A’04) who has been districi 
manager for the Canadian Westinghous* 
Company, Ltd., at Ymicouver; B. C., Can., 
has been appointed vice-president of th< 
^pany with headquarters at Hamilton, 
was born October 24,1879, 
m Vurjg^ia.: His early idectrical experience 
^ ^gained with the Westinghouse Eliwitric 
a Mantifacturing Company at East Pitts¬ 
burgh, Pa. In 1901 he was engaged as con- 
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suiting electrician for various gold-dredging 
companies in California, and later he became 
electrical engineer for the Northern Cali¬ 
fornia Power Company at Redding. His 
Canadian experience began in 1904 with his 
engagement as district-of&ce sales engineer 
for the Vancouver district office of the Cana¬ 
dian Westinghouse Company. In 1908 he 
was appointed district manager, and since 
that time has beeti associated with many 
important projects. 

G. G. Post (A’ll, F’33, past vice-presi¬ 
dent) vice-president in charge of power, 
Milwaukee Electric Railway & Light Com¬ 
pany, Milwaukee, Wis., has been appointed 
a representative of the Institute upon the 
Commission of Washington Award to fill an 
unexpired term ending August 1, 1938. 
Mr. Post, who was a vice-president of the 
Institute 1934-36, has been a member of 
the Institute’s committee on power genera¬ 
tion since 1932, and has served on the com¬ 
mittees on power transmission and distribu¬ 
tion (1922-26), protective devices (1934- 
36), and Edison Medal (1935-36). He has 
also been active on technical committees of 
the Association of Edison Illuminating Com¬ 
panies and the Edison Electric Institute. 

B. L. Goodlet (A’26, M’30) research en¬ 
gineer for the Metropolitan-Vickers Elec¬ 
trical Company, Ltd., Manchester, Eng¬ 
land, recently accepted an appointment as 
professor in the department of electrical 
engineering at the University of Capetown, 
South Africa. Professor Goodlet, a gradu¬ 
ate of the Imperial School (Petrograd, 
Russia) and the University of Sheffield 
(Efagland), has been associated with the 
Metropolitan-Vickers company since 1922. 

J. F. Lincoln (A’08, M’20) president of 
the Lincoln Electric Company, Cleveland, 
Ohio, was honored recently by the board of 
directors of the company when a newly 
created fund and foundation for wdding 
research was named “The James F. Lincoln 
Arc Welding Foundation” in recognition 
of his pioneer work in promoting arc welding 
and perfecting and developing arc-welding 
equipment and electrodes. Mr. Lincoffihas 
served on several Institute committees, 
and was a manager 1920-24. 

Nathan Cohn (A’29) for sev^ years 
district manager of technical division sales 
for the Pacific coast, Leeds & Northrup 
Company, San Francisco, Calif., has been 
transferred to the Chicago, Ill., offices of 
that company in a similar capacity. Mr. 
Cohn is a native (1907) of Hartford, Conn., 
and an dectrochemical engineering graduate 
of Massachusetts Institute of Technology. 
He has been associated with the Leeds & 
Northrup Company in its sales departments 
since his graduation. 

C. V. Armstrong (A’36) sales engineer 
for IngersoU-Rand Company, New Y^ork, 
jj. Y., liap been transferred to the Chicago, 
ni., offices of that company. 

H. C. Brown (A’20) formerly employed 
in the U.S. Engineers ofifice, Huntin^on, 
W. Va., now is with the engineering division, 
World’s Fair, Inc., New York, N. Y. 
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A. R. Wellwood (M’22, F’36) former 
director of the regional office of the Federal 
Power Commission, Atlanta, Ga., has been 
appointed supervising engineer and 
placed in charge of all Public Works Ad¬ 
ministration power projects in Nebraska. 
Mr. Wellwood has been identified with the 
Federal Power Commission since 1934, and 
formerly was director of the Commission’s 
electric rate survey, with headquarters at 
Washington, D. C. 

E. E. Drbbse (M’25) chairman of the 
electrical ^gineering department, Ohio 
State University, Columbus, has been ap¬ 
pointed a trustee of “The James F. Lincoln 
Arc Welding Foundation,” created recently 
to aid welding research. Principal direction 
of the foundation’s work will be given by 
him. He has been a member of the Insti¬ 
tute’s committees on education and electro¬ 
physics since 1935, and is a member of the 
committee on student Branches. 

L. M. La F^ver (A’26) formerly an elec¬ 
trical tester for the Westinghouse Electric 
& Manufacturing Company, East Pitts¬ 
burgh, Pa., has been transferred to the New 
York, N. Y., offices of that company as a 
field service engineer. 

S. B. Gaylord (A’36) who has been em¬ 
ployed by the Western Public Service Com¬ 
pany, Broken Bow, Nebr., recently ac¬ 
cepted a position in the test engineering de¬ 
partment of the General Electric Company, 
Schenectady, N. Y. 

P. B. Wahlquist (M'29) formerly mana¬ 
ger of the concessions department, Tele- 
fonaktiebolaget, L. M. Ericksson, St<^- 
holm, Sweden, has accepted an appoint¬ 
ment as general manager, Empre^ de Tele- 
fonos Ericsson, Mexico City, Mexico. 

I. T. Monsbth (A’26) engineering repre¬ 
sentative, Westinghouse Electric & Manu¬ 
facturing Company, Kansas City, Mo., has 
been transferred to the St. l^uis. Mo., 
offices of that company. 

H. A. Stanley (A’07, M’19) plant engi¬ 
neer of the Berkshire Fine Spinning Asso¬ 
ciates, Inc., Fall River, Mass., has been 
transferred to the Providence, R. I., offices 
of that company. 


OLiluary 


Edward Barnard Meyer (A’06, M’13, 
F’27, past vice-president, past-president) 
chief engineer of the Public Service Electric 
and Gas Company, Newark, N. J., died 
January 31,1937. Doctor Meyer was bom 
October 22,1882, at Newark. He received 
his technical education at the Newark Tech¬ 
nical School, from which he was graduated 
in 1901; and at Pratt Institute, Brooldyn, 
N. Y., where he was graduated in the electri¬ 
cal engineering course in 1903; in 1936 he 
received the honorary degree of doctor of 
engineering from the Newark College ^ of 
Engineering. Following his gradns-tion 
from Pratt Institute in 1903, Doctor Meyer 
entered the employ of the Public Service 

News 


Corporation of New Jersey as an engineering 
assistant, and remained with that organiza¬ 
tion and its subsidiary companies continu¬ 
ously until 1922. Dming that period he be¬ 
came, in 1906, field engineer in charge of 
tmderground conduit and cable system; in 
1909, assistant engineer on special engineer¬ 
ing reports, estimates, and construction 
work; in 1912, assistant to the chief engi¬ 
neer; and in 1919 assistant chief engineer. 
When the Public Service Production Com¬ 
pany was formed in 1922, he was made its 
chief engineer. In 1929 Doctor Meyer was 
made a vice-president of the Public Service 
Production Company, and in 1930, on the 
occasion of the merger of that company with 
United Engineers and Constructors, Inc., 
he was appointed a vice-president of the 
latter corporation in the capacity of execu¬ 
tive and engineering head of the Newark 
office. He was appointed chief engineer of 
the Public Service Electric and Gas Com¬ 
pany in 1935. Doctor Meyer was liberal in 
contributing his energy and ability to the 
causes of the Institute; he was a director 
from 1928 to 1931, a vice-president during 
1932-34, and president for the term 1935- 
36. In addition, he served on the following 
committees: executive, 1928^30, 1932-34, 
and 1935-37 (chairman 1935-36); consti¬ 
tution and by-laws, 1929-35 (chairman 1934 
-35); co-ordination of Institute activities, 
192^5 (chairman 1934r-35); Edison 
Medal, 1927-29 and 1930-36; finance, 1927- 
31 and 1932-34 (chairman 1928-30, 1933- 
34); headquarters, 1928-30 and 1933-34; 
Lamme Medal, 1928-30; membership, 
1924-25; award of Institute prizes, 1925- 
28 and 1931-84 (chairman 1925-27); pub¬ 
lication, 1923—35 (chairman 1927—28, 1931— 
34); Sections, 1926-27; technical program 
1918-29, 1932-84 (chairman 1925-27); 
transfers, 1932—35 (chairman 1932-33); 
power generation, 1928-32; code of prin¬ 
ciples of professional conduct, 1936-37: 
and power transmission and distribution, 
1918-24 (chairman 1918-23). Doctor 
Meyer served also on the special committees 
on Institute policies, 1931-33; Associate 
dues and related matters, 1932-37; on re¬ 
vision of Section territories (1935-37); and 
biographies and talking motion pictures, 
1930-33. He served as an Institute repre¬ 
sentative on the U-S. National Committee 
of the International Electrotechnical Com¬ 
mission, 1927 to 1930; the American En¬ 
gineering Council, 1936-86; the Charles A. 
pnARw fellowship and research fund commit¬ 
tee, 1936-36; and on the Engineering So¬ 
cieties monographs committee, 1930-35. 
He was a member of the John Fntz Medal 
board of award for the term 1935-39. D^- 
tor Meyer’s other technical activities in- 
duded participation m the affairs of the 
American Standards Association, the former 
National Electric Light .^odation,. The 
^TT iBrirnti Sodety of Mechauical En^e^. 
His numerous contributions to the techmcal 
press include a book, “Underground Trans¬ 
mission and Distribution. 


Crandall Zachariah Rosbncrans 
(M’ 36) assistant director of Research, Leeds 
& Norlirup Company, Philaddphia, I^., 
died January 7,1937. Mr. Rosencrans was 
bim JaniS i 1897, at Chicago, Bl. He 
received the dejgrees of bachelor of ^ence 
in mechanical engineding (1919), master 
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of science in mechanical engineering (1921), 
and mechanical engineer (1929) at the Uni¬ 
versity of Illinois, and at the time of his 
death had nearly completed the require¬ 
ments for the degree of doctor of philosophy. 
Following his graduation in 1921, he was 
appointed to the staff of the University of 
Illinois Engineering Experiment Station, 
where he became engaged in independent 
research on the thermodynamics of gas and 
oil engines, the mechanism of explosions, 
and gas-engine testing. In 1926 Mr. Rosen- 
crans accepted a position as research engi¬ 
neer with the Leeds & Northrup Company, 
and during the following 2 years was respon¬ 
sible for research and development work on 
electrical methods of gas analysis. From 
1928 to 1934 he served as chief of the me¬ 
chanical division and acting chief of the 
metallurgical division, and for one year 
(1928-29) as chief of the chemical division of 
that company’s research department. He 
was appointed assistant director of research 
in 1934. Mr. Rosencrans was the holder of 
several patents on electrical and mechani¬ 
cal measuring devices, and was the author 
of many scientific papers and articles. He 
was a member of The American Society of 
Mechanical Engineers, American nbpinical 
Society, Franklin Institute, Institute of 
Metals (British), American Society of 
Refrigerating Engineers, American Asso^ 
ciation for the. Advancement of Science, 
Verein Deutscher Ingenieure (German), 
Sigma Xi, and Tau Beta Pi. 


WiLUAM David Ghbrkv (A’96, M’96, 
F’13, member for life) president of the Rail¬ 
way Track-Work Company, Philadelphia, 
Pa., died January 17, 1937. Mr. Gherky 
was bom January 7, 1868, at Portsmouth, 
Ohio. In 1886 and 1887 he was employed 
as a telegraph operator in railway and com¬ 
mercial service, and in 1888 was engaged by 
the Edison Electric Company and placed in 
charge of a 2,400-lamp plant and its asso¬ 
ciated underground system. At the end of 
that year he was transferred to the engi¬ 
neering department of the Edison United 
Manufacturing Company. He remained 
only briefly with the Edison companies, 
however, and after serving with the Field 
Engineering Company, New York, N. Y., 
accepted a position as engineer in charge of 
the underground system of the Philadelphia 
(Pa.) Traction Company in 1893. Later 
Mr. Gherky organized the Railway Track- 
Work Company and in 1917 formed the 
General Grinding Wheel Corporation, of 
which he was chairman of the. board. He 
was a member of the American Association 
for the Advancement of Science. 


John W;lbbrt Purcell (A’13). assistant 
mginetf, Hydro-Electric Power Commis- 
non of Ontario, Toronto, died December 12, 
1936. Mr. Purcell was bom February 29, 
1872, at Listowel, Ont., Canada. In 1890 
he entered the electrical industry and 
worked in various manufacturing plants 
until 1893, when he became superintendent 
and chief inspector of the Detroit Electric 
Light and Power Company, He remained 
in that position until the company was sold 
in 1896. At that time he entered the em¬ 
ploy Of Hiram Walker and Sons, Walker- 
ville, Ont., as superintendent of the light 


and power department. Mr. Purcell joined 
the staff of the Hydro-Electric Commission 
in 1912 as assistant engineer in the munici¬ 
pal engineering department, where his 
duties consisted of developing loads in mban 
municipalities and rural districts, and in the 
search for applications of electricity to agri¬ 
cultural uses. He was a member of the 
Association of Professional Engineers of 
Ontario, and formerly was an active mem¬ 
ber of ^e Canadian Electrical Association. 


Fremont Wilson (A’88, M’88, F’12, 
member for life) retired consulting engineer, 
Albany, N. Y., died October 27, 1936, ac¬ 
cording to word just received at Institute 
headquarters. Mr. Wilson was bom July 
15,1861, at New York, N. Y., and attended 
the College of the City of New York. In 
1882 he was emplosred by the Western Un¬ 
ion Telegraph Company, but in the follow¬ 
ing year became associated with the Ruth 
Electric Company. From 1884 to 1887 he 
was engaged by the Edison Electric Com¬ 
pany, New York, in the development of 
electric illuminating equipment, and from 
1887 until 1892 he was with the Sprague 
Electric Company. Mr. Tilton estab¬ 
lished his own consulting engineering offices 


MeoJ.e».hip 


Recommended 
for Transfer 

The board of examiners, at its meeting on Febru¬ 
ary 17, 1937, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 

To Grade of Fellow 

Curry, Walttf A., assistant professor of electrical 
engineering, Columbia University, New York, 
N. Y. 

Mapes, Leland R.., chief enpmeer, Illinois Bell 
Telephone Company, Chicago, III. 

2 to Grade of Fellow 

To Grade of Member 

Judson, W. G., electrical engineer. Ward Leonard 
Electric Company, Mount Vernon, N. Y. 
Rathbun, H. V., transmission engineer, Kansas 
City Power and Light Company, Kansas City, 
Mo. 

Reznicek, Josef, professor of electrical engineering, 
Techmcal University, Prague, Czechoslovakia. 
Starr, F. M., central station engineering depart- 
me^. General Electric Company, Schenectady, 

Summerfield, S. C., asdstant engineer. New Jersey 
Bell Telephone Comi>any, Newark. 

Trust, F. J., assistant division distribution engineer, 
Pubbc Service Electric and Gas Company, 

“ Jersey CSty, N. J. 

6 to Grade of Member 


Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to mem¬ 
bership in the Institute. If the applicant has ap¬ 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the na¬ 
tional secretary before March 31, 1937 or May 31, 
1937, if the aTOlicant resides outside of the 
United States or Canada. 

Abbott, L. J., Texas Power and Light Co., Decatur , 
Texas. 


in New York in 1892, continuing as con¬ 
sultant to many electrical manufacturers 
until his retirement in 1934. He was par¬ 
ticularly interested in the safety features of 
electrical devices, and was for many years 
consulting electrical engineer to the New 
York City Bureau of Fire Underwriters. 


John Clement Dolph (A’03, member 
for life) president and founder of the John 
C. Dolph Company, Newark, N. J., died 
February 6, 1937. Mr. Dolph was bom 
September 28, 1864, at North East, Pa. 
He entered the electrical industry by ac¬ 
cepting employment as an apprentice elec¬ 
trician with the Short Electric Railway 
Company, Cleveland, Ohio; later, he estab¬ 
lished his own business as a sales representa¬ 
tive in electrical and street railway supplies, 
in New York, N. Y. In 1898 Mr. Dolph be¬ 
came manager of the insulating varnish de¬ 
partment of the Sterling Varnish Company 
Pittsburgh, Pa., and in 1901 accepted a 
similar position with the Standard Varnish 
Company, New York. In 1910 he moved 
to Newark and established his own insulat¬ 
ing varnish company under the name of the 
John C. Dolph Company. He was con¬ 
sidered an authority on insulating varnish. 


Aicher, L. C., Jr., Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. 

Ambrosio, B. F., 336 Linwood Street, Brooklyn. 
N. Y. 

Anderson, R. E., Lonoke, Ark. 

Angelopoulos, N. C., Engineers, United States 
Army, Fort DuPont, Del. 

Askren, LeR., Frigidaire Corporation, Dayton, 
Ohio. 

Bailey, C. W., Schlumberger Well Surveying Cor¬ 
poration, Tyler, Texas. 

Barken, J., Powell and Power Engineers, Dallas, 
Texas. 

Barbara, A., 17 Batavia Place, Harrison, N. Y. 

Barnard, R. B. (Member), U.S. Engineer’s, 623 
Pittock Building, Portland, Ore. 

Barnes, D. P., Southern Utah Power Company, 
Cedar City, Utah. 

Barr, J. M., Jr., 1616 Blanding Street, Columbia, 
S. C. 

Bastedo, E. H., Anaconda Wire and Cable Com- 
pany, Hastings-on-Hudson, N. Y, 

Beahm, E. M., Albuquerque Gas and Electric Com¬ 
pany, Albuquerque, New Mexico. 

Beamer, S., Fireman’s Fund Idemnity Company, 
San Francisco, Calif. 

Beasley, R. R^ Denver and Rio Grande Western 
Railroad Conuiany, Murray, Utah. 

Belding, M. D., Westin^ouse Electric & Manu¬ 
facturing Company, Knoxville, Tenn. 

Bellows, G., Jr., General Electric Company, Sche¬ 
nectady, N, Y. 

Betzer, R. W., Westinghouse Electric & Manufac¬ 
turing Company, Bast Pittsbu^h, Pa. 

Beveridge, A. B., General Electric C5ompany, Sche¬ 
nectady, N. Y. 

Bixler, C. H., Allis-Chalmers Manufacturing Com¬ 
paq, Pittsburgh, Pa. 

Black, K. H., United States Army, Fort Lawton, 
Seattle, Wash. 

Blake, W. J., American Rolling Mills, Middletown, 
Ohio. 

Blair, F. M., Y.M.C.A., Evansville, Ind. 

Bobo, R. A., Phillips Petroleum Company, Okla¬ 
homa City, Okla. 

Bodholt, I. F., Western Electric Company, Kearny, 
N. J. 

Bodme, R. B., General Electric Company. Schenec¬ 
tady, N. Y. 

Bowman, H. J., Consumers Power Company, Kala¬ 
mazoo, Mich. 

Brands, W. H., Buffalo General Electric Company. 
Buffalo, N. Y. 

Brannin, R. S., Jr., West Texas Utilities Company, 
Abilene, Texas. 

Bridges, J. M., New York Telephone Company, 
Brooklyn, N. Y. 
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Brill, E. C., Emerson Electric Manufacturing Com¬ 
pany, St. Louis, Mo. ,, , . 

Brinkerhoff, J. K., Allis-Chalmers Manufacturing 
Company, West Allis, Wis. , . _ 

Brock, H. A., Oklahoma Gas and Electric Company, 
Muskogee, Okla. . . _ 

Brundage, T. W., General Electric Company, 
Pittsfield, Mass. _ * 

Brumfiel, R. W., Tennessee Power Company, t-Hat- 
tanooga, Tenn. . 

Bryan, H. V., Jr., Bethlehem Steel Company, 

Sparrows Point, Md. ttmi- 117:1 

Buchanan, C. H., 431 Avenue D, Forest Hills, Wil- 
kinsburg, Pa. 

Buck, L. L., New Jersey Bell Telephone Company, 

Budington, W. L, Westinghouse Elec^c & Manu¬ 
facturing Company, Chicoi^ Falls, Mass. 
Buckeridge, R. M., Shallcross Controls, Inc., Mil¬ 
waukee, Wis. , 1 ^ 

Burr, L. S., Fibreboard Products, Inc., Stockton, 
Calif. _ 

Burkhardt, N. C., Cutler-Hammer, Inc., Milwau- 

Caldweli, R. J., General Electric Company, Pitts¬ 
field, Mass. . _ _ 

Campbell, S. P., Coleman Lamp and Stove Com¬ 

pany, Wichita, Han. 

■ CfttnpaTii, L. M., United States Gauge Company, 
Sellersville, Pa. _ , „ , 

Carolan, J. G., 68 Holland Avenue, Floral Park, 
N. Y 

Cataldo, V. M., Sears Roebuck and Company, 
New York, N. Y. . 

Chitwood, R. B., Kansas Power and Light Com¬ 
pany, Hiawatha, Elan. , 

Chmielewic^ E. A., Acme Electric md Manufac- 
turing Company, Cleveland, Ohio. ^ 
Cissell, R. F., General Electric Company, Erie, Pa. 
Claris O., Continental Can Company, Oakland, 
Calif. . 

Clin^R. F., Norton Company, Cmppawa, Ont., 

Cole, J. D.,'Schweitzer and Conrad, Chicago, III. 
Coleman, O. EL (Member), American Gas and Elec¬ 
tric Company, New York, N. Y. 

Condren, J M., Jr., Otis Elevator Company, 
NewYork, N. Y. , . « 

Converse, H, D., Fulton Sylphon Company, Knox¬ 
ville, Tenn. . ^ 

Cook, W. L., General Fire Company, Providence, 
R I 

Cornelius, M. P., Officer’s Reserve Corps, Fort 
Bliss, Texas. 

Craib, J. F., Stromberg Carlson Telephone Manu¬ 
facturing Company, Rochester, N. Y 
Cros^ C. B., Narragansett Electric Company, 
Providence, R. I. . ^ , 

Costa, J., Star Fuel Oil Company, Ina, Ridgefield 


Pftiric I'T T 

Culan, D.’ E.', Fibreboard Products, Inc., Antioch, 

Curtis, E. M., American Steel & ^rtre Company, 
Worcester. iMass. 

Oxahatowskii A. W.| 7 Limericlc Stracti Oardncr* 
Idass. • 

Danford, F. E., General Electric Company, Brie, 
Pa. 

Daniel, C. A., General Electric Company, Schenec¬ 
tady, N. Y. ^ ^ 

Danko, J. T., McKeesport Technical High, Mc¬ 
Keesport, Pa. 

Dasburg, A. van C.,_ Baltimore and Ohio Railroad 
Company, Cincinnati, Ohio. 

David, T. H., Jr., General Electric Company, Fort 
Wayne, Ind. . _ _ . 

Davis, G. G., General Electric Company, Schenec- 
tadys N* Y* 

Davis, L. B., Chesapeake and Potomac Telephone 
Company, Washington, D. C. 

Dawson, J. H., Sumter Machinery Company, 
Sumtw, S. C. ^ 

Del Gaizo, C. L., Indiana Bell Telephone Com¬ 
pany, Indianapolis, Ind. 

Dempsey, W. A., New England Power System, 
Lawrence, Mass. - 

Dickinson, W. H., 108 Haven Avenue, New York, 
N. Y. 

Diehl, R. P., (Member). Park City Consolidated 
Mines Company, Park City, Utah. 

Dodson, H. A., Southwestern Light and Power Com¬ 
pany, La'^on, Okla. 

Domby, H. B.., General Electric Company, Fort 
Wayne, Ind. - ... 

Donahue, J., 266 Gifford Avenue, San Jose, Calif. 

Dorsey, J. S., Monroe Calculating Machine Com¬ 
pany, Manchester, N. H. 

Dougherty, C. J., 2122 Cass Street, Fort Wayne, 
Ind. 

Dover, R. S., Fansteel Metallurgical Corporation, 
North Chicago, Ill. 

Draper, H. K., Pacific Lumber Company, Scotia, 
Calif. 

Dueker, K. B., Southern California Edison Com¬ 
pany Ltd., Big Creek, Calif. 

Dunmp, C. W., Jr.,6406 Red Oak Drive, Hollywood, 
Calif. 

Dwyer, J. J., Omega Gold Mines Ltd., Larder Lake, 
Ont., Canada. 

Eager, G. S., Jr., Bell Telephone Laboratories, Inc., 
isfew York, N. Y. 

Earls, H. G., General Electric Company, Schenec¬ 
tady, N. Y. 

Ellis, E. P., 19 Curtis Place, Maplewood, N. J. 

Eichler, W. G., Square D Company, Los Angeles, 
Calif. 

Bisenhut, W. F., Consolidated Edison Company of 
New York Inc., New York, N. Y. 

Ellis, B. B.., Alabama Power Company, Birming¬ 
ham, Ma. 


Elmendorf, C. H., Ill, Bell Telephone Laboratories, ] 
Emb^^,° T?ESri^V-p^id«cts Inc., Baltimore, 1 

Epp^ j’. B., Jr., Chesape^e and Potomac Telephone 
Company, Sevema Park, Md. Los 

Erwin, R. A., Department of Water 8s Poff 

Esay^f*C.*b^Philadelphia Storage Battery Com 
Esch?“&..^^l^i^l'El~tric Company, Bloom- 
Evansf G*. S.'. 8s Manufactur- 

Evais®T““CTJ^deS“power' Commission, 
EvelISi“'‘H H^’New^ork Telephone Company, 
FeenSrK: ^Jear Manufacturing Company, 
Fenlmorer^’A.^^“#t»““;.®®'^ Telephone Com 

Fish?r“^’ C"f24'B^ns'Sn Avenue, Westw^d,N J. 
FlUrlheim; H S., Liebel Flarsheim Company. Gin 

Forsbmg, ^,^o& Moriell and Company. Sioux 
FowS,“r.!‘^‘. New England Power Association, 

Providence, R. L . „f Northern 

Pox J. P., Public Service Company ot i 

’Illinois, Ev^ton, Ill. T>..a;.iess Machine 

Frederick, W., R., Int^atioiml Business 

Corporation. EndiMtt, N. ^ T-cIcgraph and 
Friede, H.. A. (Member), ^o>^,„^*!^ashington. 
Municipal Telephone System, 

Frielf A.^C., 600 Wolverine Building, Ann Arbor, 

Frit^*eW P. G., General Electric Company. Schc- 

Frolichf).'*F:.®P«?i of New York Authority. New 

FugeH^B.f‘Diehl Manufacturing Company, 

GarnS^"aWAIiephone Laboratories, Inc., 

GarlM H^?^ EM?i2th Street, New 
G^ShouM, L. B.. Idaho Power Company, 'Iwin 

GanS)V J^Bo«d 9! Fire Underwriters of the 

Parific. San Francisco, Calit. p,. 

GarrfD, B., SchLec- 

Gee S C., General Electric Company, 

Glb»n D,y Oo~l. Compa».. 

OU. Fb.., 

Gilardi?’A. j., 2662 Haste Street, 

GiR Vli . San Diego ^ns»lidat^ and 
Electric Company, San Diego, Goiu. g . ^ 
fflnti , w. S., General Electric Company, 

Gitefi^’S^; simplex Wire and Cable Company. 

Goud®ete*iu C^adi^ Electrical Mang-^ur- 

Goul^\* 

Gradyrcf216 No. 12 Boulevard, St. Boris, Mo. 
oSnl;, L. IT., Mountain States Telephone and 
Telegraph Company, 0«den, Tomr 

Granvdal, N., American (5ucle Company, g 

Graj^ Sound Power and Bight Co., 

Gray*“ M5lK?^(M4mber). Electrical Testing Labo- 

Greg”rS!"c’N!’jr^‘p&i£driphia Storage Battery 


Tjj. P. R., Southwestern Gas and Electric Cnni- 
Heal^^hy Texarkana, Ark, . 

Shi D. S., Jr., General Electric Company, 
HeatVacnectady, N. Y. . i . 

S; B. F., Brooklyn Edison Company. Inc., 
Hecht .uklyn. New York. , , ,. 

pjjJt. N., 529 Bainbridge Street, IMiilnilclplua, 

E., Sunbeam Electrical Manufacturing 
Hill, s’Upany, Evansville, Ind.. . _ , , 

Ak‘ a.. Western Geophysical Company, I.os 
Hill, ^Scles, Calif. . 

b • P.. General Electric Company, Providence, 
Hill, r f. 

^J., Westinghou.se Electric & Manufacturing 
fliltoJ^bjpany, East Pittsburgh, Pu. 

J,‘p. B., Indiana Bell Telephone Coinpany. 
Hoffh.'jiianapolis, Ind. 

''^>1, F, O., Cutler-Hammer, Inc., Milwaukee, 


UrCKOryy I — 

GrirnTj^-^* IwSnb^,’American^wiwmcciid 

Scheaectady, N. Y. _ >j » 

Grossman, B., 475 Fariison Avenue. FaMWC.N. J. 
^oVeV, W. E., Radio Station KSB, Salt Bake City, 

Gue^rif E, G., 326 Union State Bank Building, 

Haas^^D*!’E.*,***Idaho Power Company, Weiscr, 

Haeg^^^A. J., Guardian Electric Company. 

Halkf^'^’B™ Philco Radio and Television Com- 
pany, Philadelphia, Pa. „„vivn N V 

Halpm, P., Aerovox Corporation, Brooklyn, N. Y. 
Hammond, F. C., S. S. White DentaUManufactur- 
ing Conmany, Staten Island, N. Y. , 

Hammond. / R.. Indiana and Michigan Electric 
Company, South Bend, Ind. . 

Harley, P. C., Western Union Telegraph Company, 
New York, N, Y. . riun-i.. 

Harmon, A. G., 1048 Common Street, Bake Charles, 

HarknesS, J. A.,^ Pacific Scientific Company, Los 

Happ^^“ 6 .?S?,' ConsoUdated.Bdison Company, 
New York, N. Y. Onm 

Harmer, W. R., Canadian General Electric Com¬ 
pany Ltd., Toronto, Ont., Can. 


F. O., Cutler-Hammer, Inc., Milwaukee, 

Hollito's. 

gSnivorth, L. M., 667 Ninth Avenue, San 
Hernf^ncisco, Calif. , 

A. T.. General Electric Company, bohe- 
Horf'*«lndy, N. Y. . , „ 

fjA p., Electric Steam Sterilizing Corapiiny. 
Hott^‘WYork,N. Y. 

^htcin, J. M.. Philco Radio and Television 
HowA®>iipany, Philadelphia, Pa. 

hj, 1-. McL., Saskatchewan Power Com- 
Hucjk'hsion, Saskatoon, Sn.sk., Canada. 

1 ’ A. J., Knapp-Monarcli and Company, St. 
Hulii^is, Mo. 

\ 8 fr, O. M., Line Material Conipuiiy, bo. 
Suii^ilwaukce, Wis. 

?'' 8 , H. R., Western Electric Company, 
Hur^tony, N. J. . 

A C. T., Allis-Chalincrs Manufacturing Com- 
Hyri'^lijr, Seattle, Wu.Hh. 

i! H. L., Carolina Power and Light Company, 
ImmS'le'Kh. N. C. 

T'k. B., Westinghouse Electric fic Mnnufnetur- 
Jcflc^f Company, East Pittsburgh, Pa. 
jenlt^,H. W., 65 Chestnut Street, Cohoen. N. Y 
li'kF. L., Jr,, Duke Power Company, Spencer. 
C. 

C. R., United States Rubber Products 
New York. N. Y. 

B. F., 3427 Norton Street, Everett, Wash 
2**>i H. C., Newton, Abbe and Company, 
Joljohton, Mass. 

1 >l!i W. j., Philadelphia Electric Company, 
JoliulMndelphia, Pa. 

R. W., Commonwealth and Southern 
TP^tation, Jackson, Mich. 

AWijk, Ohio University, Athens, Ohio. 

-r”®* N. A., University of Cincinnati, Cin- 
Kay^iiiati, Ohio. 

. SA W., Western Electric Cotnpniiy, Kearny, 

* J* 

To. Y., Hygmde Sylvunia Corporation, Km- 
Ptt. 

»,R.V., 728 North 14th Street, Milwaukee, 

il!^, E. W., 202>/> Portage Street, Ilibhing, 
Kut^inii. 

. ? 1.. R., 2940 W. 35th Avenue, Vancouver, 
Canada. 

itR, B., Dayton Power and Light Company, 
Kiuj^lrton, Ohio. 

Kltf'H. F., Pure Oil Company, Cincinnati, Ohio. 

N, M., Thompson-Gibb Electric Welding 
Kloj^ipnny, Lynn, Ma.s.s. 

- rliA J., Jr, Orlando Utilities Commission, 
Kis^ando, Fla. 

kV> ”• J-> Southwestern Boil Telephone 
Koo^mpany, Wichita, Kon. 

^.E. M., General Electric Company, Schenec- 
KiJ^y, N. Y.. 

A H. F., Public Service Company of Okla* 
Kt|3ijia, Vinita, Okla. 

J., U.S. Array, 34th Infantry, Ft. George 
KC ltwd. Md. 

1 . t«y* J’' Westinghouse Electric & Manufac- 
Kii3wg Company, East Pittsburgh, Pa. 

F., Square D Company, Detroit, Mich. 
M. H., Otis Elevator Company, New 
I'nSk. N. Y. 

. G. C., General ISlectrle Company, 

la Sfeectady, N. Y, 

^h, J. E., Stewart Warner Corporation, 


/wum, P., Jr., General Electric Company, 
Ulwjltnectaiiy, N. Y, 

A., Burgess Battery Company, Madison, 


‘•'Id"?' 

Tta U"*verHity of Tennessee, Knoxville, 

J. A., Electrical Testing Laboratories, 
UJbrYork.N. Y. 

2 **!, W. K., New England Power Association 
Iti^tlden, Mass. 

. pJ’ Minneapolis Honeywell Regulator 

Uy^pany, Boston, Mass. 

s J. W., Holtzer Cabot Electric Company, 
L||J'»ton, Mass. 

^ R.. L., Underwriters’ Laborutorics Inc., 
York, N. Y. 

^ry, B. P., Postal Telegraph Cable Com- 
lo^y. New York, N. Y. 


. Agricultural and Mechanical 

lnyffllcge, College Station, Texas. 

. pT W. G., Allis-Chalmcrs Manufiicturilie 
laj^?tnpany, West Allis, Wis. 
iSwh, L. R., Recording Devices, Inc., New 
'•rk, N. Y. 
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I#uadberg« M. E« (Member), IHutah P< 

Light Company. Roosevelt, Utah. 

Malone, J. D., Jr., New Orleans Public Service 
Inc., New Orleans, La. 

Malimey. F. V., Jr., California Edison Company. 
Los Angeles, Calif. 

Marw, G. P., 110 Florence Avenue, Highland Park, 
Mich. 

Margrave, H. B., Kansas Gas and Electric Com¬ 
pany, Wichita, Kan. 

Mar^ll. L. E., Jr., Tennessee Valley Authority. 
Chattanooga, Tenn. 

Mason. C. R., General Electric Company, Schenec¬ 
tady, N. Y, 

MasM, J. W., 3 rd, General Electric Company, 
Schenectady, N. Y. ^ ^ 

Mathtf, N. W., Otis Elevator Company. San Fran¬ 
cisco, Calif. 

Mathews, R. B., lUinois Testing Laboratory Inc., 

McGuire, W. O., Magnolia Petroleum Company. 

New Orleans, La. ^ 

McBrearty, J. J., Penn^lvania Power and light 
Company, Hazelton, Pa. 

McC^ndl, V. O., Sinclair Refining Company. 

Houston, Texas. ^ 

McC^y, D, C., Southwestern Light and Power 
Company, Lawton. Okla. 

McGowan, y. B., Commonwealth Edison Com- 
Ill- 

McL^, L. W., Westinghouse Electric & Manufac- 
turing Company, Wichita, Kan. 

Tdephone Laboratories, Inc., 




--“l 

Milwaukee, Wis. * ' ■ 

Mentzer, R. D., Indiana and Michigan Electric 

Company, South Bend, Ind. “«cinc 

Middli^n, H jr., Clinton, Out., Canada. 

SilajfCompany. 

“!!NewYm£.SrNew Yor^!^^^^ 

****N‘ew Ym£. ^bwatories, Inc., 

MiU^^ j^ dou 4 ge’of City of New York. New 
Corporation. Newark. 
*^aevdk^/ 0 Ua° Telephone Company, 

‘NwJfc.N:/““l^ Telephone Company. 

“"“i&b/id^Mif * Street. 

Court. Mil- 

Moe^^E.J.^eral Foods Corporation. Battle 
Telephone Company. 

Chi^io?nr^ Corpora- 

"^p^fpa.^®”^ Electric Company, Phila- 
^ Channing Way, Berkeley, 

^**^Mlli Edison Company, Detodt. ' 

^“'oilif; ^ ®l«««tea Avenue, San Frarwfisco, 

^ezas L, Texas Pipe line Conipany, Houston, 
N% j^l'^S^Stoej^New York. N. Y. 

tadyf N.’tl****^®*®*”® Company, Schenec- 

^*&d?N?y.^“‘*^ Docks. Inc.. Steten 
**N«?Yor^N^Y* Telephone Company. 

_”^re?Mdl’ Electric Company, Baltl- 

l«ai,%l^.’ Coueral Electric Institute, Qeve- 

Ott Company, Scheneo- 

^Yoi^?orS!oS Stool Company. 

iS, ®^™«chfes»r CorporaUon, Milwau- 
jj^Pourfi^^^®^*^«»ufacturing Company, 

'=»»- 

Pkjll^”'R“<l 4 fFa ®“«“oering Cotpora- 
graph'(Sipa^^^j^HTde^ne and tde- 


Rochester, N. Y. * ■’ ’ 

PochkhanawaUa, A. M., General Electric Com 
pany, Schenectady, N. Y. 

Pollack, D., 811 l^oper Street, Camden, N. J. 
PonMtm^ ^ J., Western Electric Company, 

L» Gonois Street, New Or- 

^°^7. liSSS” 

QuroUo, J. J., Jr., Western United Gas and Electric 
^ Company, Aurora. Ill «iojwecmc 

^^^s Street, Milwaukee, 

^'^CoS'anJ. St^^ilou^*^ 

^“ted®'’N°“““‘ Electric*Company, Schenec 

Webster Engineering 

^‘aty^iotiCompany Inc., Sioux 

RkimfnH^T' Absarokee. Mont. 

Xicumaiij S. L«p Westinghouse Electric & Manu* 
l^owark, N. J. 

^*^^dy; N.’ Electric Company, Schenec- 

Company. 

R. M^ Gibbs^and Hill Inc., New York N Y 

CoJSSrcw; 

Petroleum Company, Wichita, 

‘A®* 385 . Ola. Ark. 

^ wiodbu]^; Telephone Company, 

qO^^o, C. C., ^la Plantation, Bdle Rose La. 

A.. a«ir,i, POTO Coapray. ’A^Jiau, 

Cp-W-P. 

® - •» ®*“ “kStrat, Hoppilop, 
Comply, Sphttep. 
Eleptrip Cpmpapy, 

Comply, 

iSS' 

Newark, N^. J. Transformer Company, 
Schwa^b^^, H., Toledo Edison Company, To- 

^‘^tkdy. n: §®“®~1 ®«tric Company. Schenec- 
9 - E^i. General Electric .. 


Sea,S?«o^“P??y* East Pi^bmS Pa"""^^ 
! . ^rtkdy. n! C^oipany. Sche- 

****Sii^ Company, Los Angdes, 

Allen Bradley Com- 
"roJilS. ^/g,^Pl®®l* 8 er Corporation, MU- 
Air Conditioning Inc., 
f*&e^Y otIc, bp*Y^*l*PEone Laboratories, Inc., 
ly&ml!. TobUc Service Company, 

M^**^ Manufacturing 
, ^ew Ymfc! Telephone Company. 

Gearhart Radio Corporation.' 

^ ®™°l“‘'ie Park, Old Green- 

"sssi‘i^p«.y 

sSf 

SmiCT; Electric Com. 

S ^ ElecWc Company, 

Boston.^IiSf Service Com- 


Angianc 

Smi^^’ Mwf. 
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_ . Iw, Mim. Of Minnesota, Minneapo- 

S_*^S*EmpOTiu£;’:§'®^® ®yl'^ania Corpora. 

‘=»'"P»y. SPPU, MU. 
®n» Cpop«,y. Bprbprtp,, 
K-PUPS-vlPp Cpa,„.Mp„, 

JVews 


JNortniieid, Vt. -' 

^^’^^feag^ Ilf •' Corporation, 

Stapp, W. H., Jrr., Colorado State Highway De¬ 
partment, Denver, Colo. ^ 

Stah L^W . H., Jr., Bristol Company, Watcrbuiy, 

Stewart, H. L., Tennessee Valley Authority, Leba¬ 
Stiles, R.G..P.p. Box 254 . Middlebury, Vt. 

®*®^i!oifwaAfaty. n.T"*"* I”®-. 

^°*^viUe^’ ^*’ *““* Company, Oreen- 

Stulmnsk’is,’B: A. (Member), United Engineers & 
Consteuctors, Inc., Philadelphia, Pa. 

*lfeWyorkfN. Y.“*°”“‘‘“ Company. 

®‘“*c 5 hi?kgy*illf'^‘'^‘‘"^®' Company, 

Sudlgv. w. it, Georgia Power Company, Augusta. 

m EttKroad. Chl- 

^"^^Wdll^hfe.'R y” ®*“‘“ 

^“‘SwtefbS* Company, Au- 

Tan^r, D. W., General Electric Company, Erie, 

Avenue, Elmira, N. Y. 

^ WJhi?gtM,“D. Administration, 

'^"‘"sS'uth Plai^el^Tj. Corporation. 

'^"^kny.RkcK.ST' Com- 

Salem,’ S: j!*’ ^^»‘«*«®’City Electric Company. 
DaTlM, Tkxlf “* Company. 

'^In^ <=”■ ’fo'k. 

‘-•‘■"“■'“•I". lAO.. 

l-i.®""** “'«* ComyMy, Tis 

^w :i 3 kdfrfMa 88 “‘^^"‘‘ School. 

3 ”c^v 4 la^a.OWa’'^ Development Company. 
*tS’y^jL Company, Scbeoec- 

Zinameyer Company. Los Angeles. 

tady. N. yC ‘ Electric Company, Schenec- 

^*“tady,%. Company, Schence 

tmiy’, Sj’Electric Company, Schenec- 

Compeny, 

“ idSksf ■’ Electric Company, Pltufleld, 

est^l yf^*' Dental Company, Roeh- 

^|ora%m?a»» “nd Southern 

Ocean ]^krk^ 6 al?L “*'" Company, 

^toey^T^' 41 *’®“' CaUf. 

New Yirk,’]^* * Research Products Inc., 

TW Mki. Erass Company, Port 

* 2 a 2 vorka, T ¥r* ora Fairview K T 

York, Rauldlng Avenue, Bronx, New 
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Rico Railway Light and 
Poww^m^y, San Juan. Porto Rico. 

,9®™P“** Mexicana de Petroleo 
"m Aginla," Tampico. Tamps., Mexico. 
Gmenberg, W. E., Lago Oil and Transport Com- 
_ Paay. Ltd., Aruba, Dutch West Indies. 
Kapm, R. N., British Insulated Cables Ltd.. 
Peshawar, India. 

Rondo, H., Yasukawa Electric Works, Yawata. 
Fukuoka-ken, Japan. 

Moody, H. T. ^ember), Rangoon Elec, Tramway 
& Supp^ Comply, Ltd., Rangoon, Burma. 
Stromberg, T. V., ASEA. Vasteras, Sweden, 

Tiy. C., Lohochat, Yenchenghsien, Honan. China. 
^*^^*S*^*®,*’J^* Ganges Canal Grid Hydro 

_ Electric Scheme, Colombo, Ceylon. 

Uhl, H., Synthetic Carbon and Engineerinsr 
„ , C^pany Ltd., Middlesex, England. 

Velez, R. J., Central Juneos, Porto Rico. 

14 Foreign 


Addresses 

Wanted 

A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addrmses as they now appear on the Institute 
record, ^y member knowing of corrections to 
these addresses will kindly communicate thom at 
once to the office of the secretary at 33 West 39th 
St, New York, N, Y. 

Eiler, E. E., 101 Brookline Court, Upper Darby, Pa 
Godw, Ernesto R., Cia. Tel. y Tel. Mex., 16 de 
«• , Septiembri No. 13, Mexico, D. F., Mex. 

Hale, EdwMd E.. Public Service Commission of 
New Yorl^SO Centre St., New York, N. Y. 
Jones, Haw Kenneth. 5611 Kenmore Ave., Chi¬ 
cago, Ill. 

Littl^J.eroy C., 8414—17th St, N., Cherrydale, 

Miyota, Nath S., 916‘/j Howell St., Seattle. Wash 
Moo^lEverett, 821 Sunset Blvd., Los Xngeles, 

Pe^, Paul S., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

SAwycTj Ee, oil E. Wisconsin Ave., Milwau¬ 
kee, Wis. 

WicM, F. A., Pto 42. Dollar S. S. Lines, San 
Francisco, Calif. * 

^°“l'ork*Srj'^' Bfoadway, West New 

12 Addressed Wanted 


Eo^gplneeringr 

Ijierfiiliire 


New Books 

in the Societies Library 

Among the ^new books received at the Enei- 
neetmg Simeties Library, New York, recratly 
are the following which have been selected be- 
possible interest to the electrical 
raging. Unless otherwise specified, books listed 
have b^ presented gratis by the publishers. The 
responsibility for sUtements 
t ^ . foUowlng outlines, information for 
whu* is taken from the preface of the book in 
Qucstton# ■ 

CONGR]^ INTERNATIONAL des ap pt to a 

TROCMMIQUES, Schdveningue, June 1936 
Recuml des Tmyaux et Compte-Rendu des Sdan^' 
Pubhdsous la direction de I'iustitution Nderlalad^e 
Electrocalorifiques et Electro- 
chimiques. Secrdtariat: Arnhem, NachtegaSspad 
, }• . ^^orman s Periodieke Pers N V 

^ye, September. 1936. 336 p., illus. diairrs’’ 
ch^, tables, 10x6 in., cloth, 6 guilders 
eludes papem on industrial electric hating, electric 
lumaces, and the heat treatment of metals. Some 
gg^are in English, the remainder in F^^ m 


A induction MOTORS. By 

to6* in cIoA^S^^ST’ a®^®' P- .‘““strated, 

*1®*® *3.60. A practical guide to eon.1 
hection and repair of induction motors and in solv 

of inakrng changes to m^r^r^dug 

conditions of voltage, current, and phase. * 

Volume 4 

P'S '“““ktionsmaschlnen. By R. Richter 
cloth, 80 rm. Discusses the theory and design oi 
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1 single-phase and polyphase generators, motors, and 
voltege regulators. A-C commutator machines are 
) oimtted for consideration in a later volume. Use¬ 
ful to the advanced student. 

, MACRAE’S BLUB BOOR with which has been 
’ Commercial Register 

^ ed. 1936/1937. Chicago, MacRae’s Blue Book 
. Company, 3,372 p., 11x8 In., cloth, *16.00 An 
annual directonr following mtablished lines. In¬ 
cludes lists of manufacture of all industrial 
products, trade names, and trade facilities. Pro¬ 
vides information on the make of any product. 

o-TOAP? rOntgen- 

STRAHLEN unter besonderer Berdeksichtigung 
der Rdntgenmetallkunde. By R. docker. 2 ed. 
OvA ?* P- IHuatrated, 

A practical text on the 
^plicattoQ of X rays to the study of metals. 
Discusses the production of X-rays, their properties 
*** Emphasis is placed on practical 

methods of procedure. 

Gill. Lond., Methuen and Comiiany, 1936. 104 o.. 
dlustrated, 7x4 in., cloth, 3s. A brief outline of 
the more important electrical, mechanical, and 
operational features of the mercury arc. Adapted 
vievra^* w**® wish a compact statement of modern 

elektrisches speech 

GERAt ZUR NACHBILDUNO der MEN- 
VOKALE. (Binzelausgabe atis den 
Abhandlungen der Preussischen Akademie der 
Wissenschaften Jahrgang 1936. Phys.-Math. 

Berlin, Verlag 
Wissenschaften in Kommission 
bei Walter de Gruyter & Co., 1936. 44 p., illustra- 
7 ®. • f?*® ***•» P®?®*"* .3 rm. Describes a new elec¬ 
trical instrument for studying and reproducing the 
vowel sounds of the human voice, and gives the 
results obtained by the author, 

motion picture 

PROJEC'nON, PUBLIC ADDRESS SYSTEMS! 

3- C^ero®- Woodmont, Conn., Cameron 
Pubhshmg Company, 1936. 326 p., illustrated. 
8 x6 in., cloth, *5.00. Affords a course of instrue- 
tion in the projection of sound pictures; the con- 
structiou and operation of equipment is described 
in detail. 

VALUE TMORY and BUSINESS CYCLES. 
By L. McCracken. 2 ed. N. Y. and Lond 
McGraw-Hill Book Company. 1986. 269 p.! 

Cham. 0x6 in., cloth, *4.00. Designed to bring 
out the vital and fundamental relationship between 
value theory and business cycles. 

__7J?BATI0N and SOUND. By P. M. Morse, 
loo/’ Lond., McGraw-HUl Book Coi^any, 
1936. 361 p., 9x6 in., cloth. *4.00. IntwidS 

P.''*®®rily for^ students of physics and communica- 
^n engineering, and is based on courses given at 
the Massachusetts Institute of Technology. Alms 
to give a general introduction to the theory of 
vibration and sound. x 

WIRELESS ENGINEERING. By L. S. Pal- 
ioTa kL « Lond., Longmans, Green, and Co., 
1936. 644 p., illustrated, 0x8 in., cloth, *7.60. X 
rewsed and,enl^ed edition of "Wireless Principles 
®®d Practice. Provides information on 'all 
branches of radiotelegraphy and radiotelephony, 
o i thTOiy and practice are combined! 
Suited to graduate students and practicing engi- 
ne^.ln need of a reference book. Contains 
matenal on ultrashort-wave radio, beam-antenna 
systems, iiropagation tluough the Ionosphere, and 
quartz oscillators. 

.^RADIOCHEMISTRY. (George 
Pi*er Baker Nonresident Lectureship in Chem- 
«try at Cornell University.) By O, Hahn. Ithaca, 
S®*?,®*! Umversity Press, 1936. 278 p.. 
illwtrated, 9x6 in.,' cloth, *260. Discusses the 
utilization of radioactive atoms as representatives 
in various lines of chemical 
r^earch. Bas^ upon lectures given at Cornell 
University in 1033. . 

INTERNApONAL, published by t£centa3 
wr *9 FSX®*' Gontoence, Lo^, 

W.C.2, 36 Kingsway, 1936. 66 p., tables, llxlf 

in., paper Ss. 6d, (Gift of Am^can National 
CommittTO, Interior Bldg., Washington, D. C) 
th® national organiza- 
tion of standardization m 33 countries, and of 2 
mteraational bodies. 

■ ASTM STANDARDS on ELECTRICAL TM 
SULKING MATERIALS, prepared by Commit¬ 
tee D-P, Spwifications, Methods of Testing 
Sepjemba 1936.. Philadelphia. Pa., AmSn 
S^ety for Testing Materaols, 1936. 329 p 

illustrated, 9x6 in., paper, *2.00 (*1.60 to mem- 
*^® report of the committee 
Pr®Posed 

6 lECTRICIT6 (Agenda Dunod) bv L n 
Pourcault. 66 ed. 3M p. Park/ DunoS 19w' 

. illustrated, 6x4 in., cloth,^0 frs. 6on^ns 
ical and othw data frequently wanted by electrical 
engineers. Small enough for the pocket. 



COMMUNICATIONS RADIO-6 lECTRI- 
QUES, part 2. By H. de Bellescize. Paris, 
Gauthitt-Villars, 1936. 218 p„ illus., 10x7 in., 
papM, 30 frs. (parts 1 and 2, 60 frs.J. Discusses 
iimwmental problems of radio communication, 
such as the elimination of interference and the 
mcreasmg of certainty of communication. 

.principles for ENGI- 

NEERS. By C. Reitell and C. Van Sickol. 2 ed. 

McGraw-Hill Book Company, 
1936. 618 p., 0x6. in., cloth, *4.00. Sets Wra 

the elementary principles of accounting upon which 
accurate cost findings are based, including account¬ 
ing teimnique, basic principles of valuation, factory 
controls, revenue accounts, and the outline of 
A B®s®d upon a course given 

at the University of Pittsburgh. * 

1036. 2 vohimes. Philadelphia, Pa., American 

&ciety for TMting Materials. Illustrated, 0x6 

Jw’Kfwb' P®rt 2. 1477 p., 

*7.60 (2 parts, *14.) Contains standard specifira- 
,“*«*®®d8i recommended practices, and 
de^mons formally adopted by the society. One 
part covers metallic materials; the other, non- 
metallic materials. 

filr Technisches Messen. Liefer- 
ungen 63-66,^member-December 1036. Munich 
and Berlin, R. Oldcnbourg. Illustrated, 12x8 In,, 
papw, 1.60 rm. Devoted to brief accounts of new 
developments in apparatus and methods for tech- 
mcal measurements. 

n AMERI^N ELECTRICIANS’ HANDBOOK. 
2^ 4th edition revised by C. C. Carr. 

McGraw-Hfll Book Com- 
pany, 1936. 1061 pages, illustrated. 7x4 In 

feather, *4.00. A ha^dgooic for^raSSi, eSnt^ 
tors, linemen, and plant superintendents. 

ANALYSES of BUSINESS CYCLES. By A. B. 
Adams. New York and London, McGraw- Wti i 

Tv®^ P®*®*. illustrated, 
9x6 m., doth, W.OO. Discusses the causes oil 
business fluctuations and suggests reforms in 
bunaess practices that would tend to eitminoS 
extreme cyclm. 

_ CCWN^TING and TESTING DIRECT. 

A^C^ie^ oJd u' Aonett and 

& editjpn. New York and London. 

McGraw-Hill Book Company, 1937. 302 pages 

f« 

^ELECTRIC arc welding PRACTICE. 

Crosby Lockwood and 
to ‘llustrated, 9x6 in., cloth, 

principles and practice of 
arc wdding; intended to assist those who have 
actually to carry out the work. 

^ELECTRICITY. By W. L. Bragg New 
York, Macmillan Company, 1936. 2^' 
mus^ted. 9x6 in., cloth. ^i4.00 PrMenS *the 

rabstance of the senes of lectures delivered at the • 
Royal Institution in 1934. Deals with the S! 
haylor of elrotrical charges, electrical circuits and 
magnets, and with such fundamental apparatus a4 
cells and motors. _ Describes in detail the electrical 

la^Mn.“® “ written fon the 

““1 ARBBITSlMtAS. 

11 Ihff®n»e«rfortbiIdttng, 

Hdt 1.) Bjr F. Moeller and O. Repp. B^n' 

J. Springer 1936. 167. pagni, illustrated, 9x6 im* 
paper, ASd rm. A practical textbook hi electric 
motors: and their use for driying machinery. 







ln<l«xsifrial jVotes 


Luge Motor Standardization.—Electrical 
dnves even for large power requirements 
have been developed to the extent that 
they are rapidly becoming standardized. 
For example, Westinghouse has built 
thirty-two identical steel mill motors rated 
at 1250 hp, 600 volts, 300—600 rpm. In¬ 
stalled in 4 different steel manufacturers' 
plants, each is used for driving cold strip or 
sheet mills. 

New Roebling Branch Manager.—Arthur 
E. Gaynor has been appointed manager 
of the New York branch of John A. Roeb- 
ling’s Sons Co., succeeding William p. 
Bowman, who died on January 22. 


office, subsidiary district offices and head¬ 
quarters offices including executive, legal, 
industrial relations, sales and accounting 
departments, will be centrally located in 
the Union Bank Building to facilitate their 
operations. Formerly the company’s dis¬ 
trict office and subsidiary offices Tia/l been 
in this same building. 


Tr»Je Ijiieraliire 


Cutler-Hammer Appointment.—T. D. Mont¬ 
gomery was recently appointed by Cutler- 
Hammer, Inc., Milwaukee, as manager of 
the foreign sales division. 

Emerson Electric Appointment.—The Emer¬ 
son Electric Mfg. Co., St. Louis, has an¬ 
nounced the appointment of Eugene P, 
Farm as manager of specialty sales, suc¬ 
ceeding H. L. Parker, Jr., resigned. 

Lincoln Electric Appointments.—The Lin¬ 
coln Electric Co., Cleveland, Ohio, an¬ 
nounces the appointment of B. J. Brugge, 
who spent 2 years superintending welding 
operations in the Near East, to the sales 
staff of its Los Angeles office. W. R. 
Smith has likewise been appointed to its 
sales staff. Robert A. Wilson, George 
Mandula, and A. T. Cox, Jr. have been ap¬ 
pointed to the staff of the Chicago office. 

Pole Mounted Capacitors.—A new type 
of weather-proof, steel dad, hermetically 
sealed 15 kva capadtor unit, suitable for 
pole mounting on distribution circuits, is 
announced by Westinghouse Electric & 
Mfg. Co., East Pittsburgh. These units 
contain an internal discharge device and are 
provided with mean s of mounting on 
brackets to crossarms or direct to poles, 
or in groups of four on single angle iron 
racks, making possible inexpensive in¬ 
stallations up to 180 kilovoltamperes on 
one pair of crossarms. 

Marshall Electric Company Sold.—^The 
Ideal Commutator Dresser Co., Sycamore, 
Ill., announces the acquisition of the Mar¬ 
shall Electric Co. of Elkhart, Ind., manu- 
factiuers of automatic regulators for volt¬ 
age, current and speed control of elec¬ 
trical equipment. The operations of the 
acqi^d comply wiU be transferred as 
rapidly as possible to Sycamore and con- 
sohdated with the engineering, research 
and other departrnents of the purchaser. 

Westinghouse Office to Move.—The West- 
ii^house Electric & Mfg. Co. will move its 
Pittsburgh office and some of its general 
offices now located at East Pittsburgh, to 
the Union National Bank Building in Pitts¬ 
burgh about May 1. Occupying niti o 
floors of the building, from the fifth to the 
thirteenth floors, the Pittsburgh district 


Light-Sensitive CelL—Bulletin GEA-2467, 
16 pp. Describes G-E light-sensitive cell, 
induding complete technical and descrip¬ 
tive data. General Electric Co., Schenec¬ 
tady, N. Y. 

Beryllium Copper AUoys.—Folder, 8 pp. 
Describes the properties of these heat- 
tr^table copper alloys; lists electrical ap¬ 
plications, among others, where it may be 
used to advantage. Beryllium Corp. of 
Pennsylvania, Reading, Pa. 

Transformers.—Bulletin GEA-2442A, 8 pp. 
Describes unit-type distribution trans- 
foraers; each tmit completely self-con¬ 
tained, incorporating lightning and overload 
protection, overload indication, etc. Gen¬ 
eral Electric Co., &dienectady, N. Y. 

Tr^sformers.—Catalog 106, 16 pp. De- 
smbw and illustrates the various phases of 
distribution transformer manufacture, show¬ 
ing cut-away models and induding tables of 
voltage ratings, accessories, and price lists. 
R. E. Uptegraff Manufacturing Co.,- 316 
No. Lexington Ave., Pittsburgh, Pa. 

Capacitors.—Bulletin GEA-2494, 20 pp. 
Describes pole type distribution capadtors; 
a detafled presentation of power factor 
correction in distribution circuits and the 
applications and advantages of this type of 
equipment. General Electric Co., Schenec¬ 
tady, N. Y. 

Group Operated Switches.—Bulletin 60, 
Cat. Sec. No. 1, 4 pp. Describes high- 
voltage, group operated switches, 88,000-S 
to 200,000 volts. This type is a rotating 
insulator, vertical break switch for outdoor 
substation and transmission line service. 
Padfic Electric Mfg. Corp., 6816 Third 
St., San Francisco, Calif. 

Outdoor Bus Supports.—Descriptive Data 
36-220, 16 pp. Indudes specifications for 
apparatus insulators for standard and heavy 
duty service, bus supports for various types 
of mountings, and damps for outdoor 
channel buses., Westinghouse Electric & 
Mfg. Co., E. Pittsburgh, Pa. 

Switchboards. Bulletin GEA-2263A, 12 
pp., "Modern Switchboard Styling.” 


Largdy a photographic treatment of the 
subject, illustrating the better appearance 
roade possible by semiflush instrument 
mounting and available with control pands, 
metal-dad gear, cubides, etc. General 
Electric Co., Schenectady, N. Y. 

Transformers.—Bulletin 1186, 12 pp. De¬ 
scribes TYpe "SB” outage free distribution 
transformers. Discusses principles of 
operation, how transient surges are diverted, 
and the methods used to provide protec¬ 
tion, as well as construction details of the 
transformers and protective equipment. 
AUis-Chalmers Mfg. Co., Milwaukee, Wis. 

Control Engineering Service.—^Booklet, 8 
pp. Describes an engineering service for 
adapting leading manufacturers’ apparatus 
to control problems of all kinds in every 
industry, and combining consultation, 
manufacturing, contracting, supervision and 
guaranteed results wherever a control 
problem arises to be solved. General 
Control Co., Cambridge, Mass. 

Motor Bearings.—Bulletin EM-7, 40 pp. 
Describes and'illustrates over 200 electric 
motor beaimgs. Alphabetical, progressive, 
and numerical size listings include bearings 
for any type motor. Sections are incor¬ 
porated on bronze cored and solid bars, 
hexagon bars, lead-base and tin-base babbitt 
Md general purpose phosphor bronze bear¬ 
ings. Johnson Bronze Co., New Castle, Pa. 

Ta^ometer. Bulletin 705, 2 pp. De¬ 
scribes a new, normal rate hand tachbme- 
^represented as about the most accurate 
device made for speed measurements The 
im'^ment has a scale graduated into 40 
divisions. On the 1000 rpm range, tbiq 
means that the instrument is arranged for 
5 rpm per division and is quite easy to read 
to one fifth of a division or 1 rpm in 1000 
Herman H. Sticht & Co., 27 Park PI., New 
York City. 


Power-Factor Correction.—Reference table 
tor calculating necessary capacitor kva to 
correct load to desired power-factor. The 
chart among other functions computes the 
reactive kva required to raise the power- 
factor to any desired percentage. The re- 
v^e side of the chart shows the amount 
of ciment drawn by capacitors and al so 
spe^es tfre sizes of switches to be used 
mth varying sizes of capacitors. Comell- 
Dubilier Corp., South Plainfied, N. J. 


1 “^v^^ismg piece demonstratii 
me Silver-Anmversary Micromax Recorde 
Uit to the actual shape of the recorde 
me door of the case opens and swings out tl 
chart carriage and whole mechanism int 
view, just as may be done with the actuj 
instrument. Inside and out each unit is i 

true perspective, with chart and record i 

?olor. Though its range is that of a typici 
t^perature recorder, the model demoi 
strates^ equally well the automatic indical 
mg and recor^g of any of a wide variety c 
proceM conffitions—not only temperature 
m j^o^centration, pH, per cen 

CO 2 , smoke density, liquid level, speed 
fre^epcy, load, voltage, etc. Leeds t 
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Engineering Education. “American engi¬ 
neering colleges have a great responsibility 
in meeting the demands of the times so that 
their graduates will be capable as engineers 
and will also have . .. well-rounded ethical 
standards and broad interests.. So sa 3 rs 
a recognized authority in outlining current 
practices and trends in engbieering educa¬ 
tion {pages 414-17). Careful consideration 
should be given to that phase of engineering 
education, and professional development, 
which follows the award of the bachelor’s 
degree, according to another well-known 
educator {pages 418-19). Graduate courses 
for engineers are now being offered on a 
part-time basis by several educational insti-. 
tutions in Chicago, HI. {pages 417-18). In 
order that the engineer may learn to write 
and speak with facility, it is suggested that 
the study of English should commence as 
soon as the student enters college and con¬ 
tinue tmtil he graduates {pages 41^20). 


End-Winding Inductance. Formulas for 
calculating the end-winding self-ihductance 
and leakage inductance of a salient-pole 
synchronous machine are given in a paper 
in this issue. An effort has been made to 
indicate the nature and consequences of the 
assumptions involved {pages 3S5-61). 


Magnetic Fluxmeter. To provide mMug 
for continuous measurements of somewhat 
varying magnetic flux in air gaps, a flux- 
meter employing 2 bismuth resistance ele¬ 
ments (the resistance of which changes 
with changes in the flux) has been developed 
{pages 441-5). 


Ground Faults on Power Systems. An ex¬ 
tensive survey of faults to ground on repre¬ 
sentative power systems in different parts 
of the United States is recorded in this issue. 
{pages 421-8). Data on fault resistance ob¬ 
tained in this survey also are given {pages 
428-33). 


An inspection trip to the $375,000,000 
Grand Coulee project on the Columbia 
River, about 92 miles from Spokane, Wash., 
is being included on the program of the In¬ 
stitute's 1937 Pacific Coast convention to be 
held in that city, August 30-September 3. 
It is planned also to include one or more 
papers dealing with the engineering features 
of the project. At the left is reproduced a 
photograph taken J^arch 8 especially for 
Electrical Engineering by the U.S. Bureau 
of Reclamation, showing the status of construc¬ 
tion on that date. In the foreground is the 
completed foundation for one end of the 
dam which will rise to a maximum height of 
550 feet and will contain 11,250,000 cubic 
yards of masonry. The entire project in¬ 
cludes construction of a dam, a 2,700,000" 
horsepower power plant, and a pumping 
station on the Columbia River; a' reservoir In 
Grand Coulee; main irrigation canals; and 
water distribution system on the project lands. 


Voltage Drop. Cotmection of load to only 
2 phases in open star in a delta-star distribu¬ 
tion network may sometimes be necessary; 
voltage regulation requires that the load 
be divided correctly, which may not mean 
equally, on the 2 phases {pages 434-7). 


Elihu Thomson Dead. One of the last of 
the original group of great electrical pio¬ 
neers, Elihu Thomson died March 13,1937. 
He was a charter member of the AIBE and 
its fifth president {pages 482-8). 


District Meeting at Buffalo. An interesting 
program of varied attractions has been 
planned for the North Eastern District 
meeting of the AIEE to be held in Buffalo, 
N. Y., May 6-7,1937 {pages 489-91). 


Summer Convention. Tentative plans for 
the Institute’s 1937 summer convention to 
be held in Milwaukee, Wis., June 21-25, 
include 10 technical sessions and 1 general 
session {page 491). 



Alternator Begulator. A simple electronic 
voltage regulator for alternators, utilizing 2 
mercury-vapor control tubes combined 
with a small inductance, capacitance, and 
resistance has be^ developed. Its sensiti¬ 
vity and operating speed are said to be com¬ 
parable with those existing electronic regu¬ 
lators of more complicated design {pages 
462-4). 


Economics and Business Courses. To 
stimulate the initerest of student engineers in 
economic problems, a brief but fairly com¬ 
prehensive course in industrial economics 
and business methods is advocated in place 
of some of the highly specialized technical 
courses now included in engineering-college 
curricula {pages 446-54). 


Automatic Oscillograph. Analysis of sys¬ 
tem disturbances alone may not justify the 
use of an automatic oscillograph, but this 
instrument may also be used to locate faults 
on transmission circuits, and for testing re¬ 
lays controlled by carrier cmrent {pages 
438-40). 


Ozidatiou in Insulating Oil. A series of 
studies of accelerated oxidation in a highly 
refined paper-cable insulating oil is reported 
in this issue, with particular reference to 
the correlation between oxidation and elec¬ 
trical properties {pages 465-74). 


Electricity on Aircraft The use of electri¬ 
city on aircraft has increased to such an ex¬ 
tent that the wiring diagrams of modem 
planes are beginning to resemble those for 
electric power generating stations {pages 
406-10). 


Auditory Perspective. Reproduction of or¬ 
chestral music in auditory perspective has 
been demonstrated out-of-doors with the 
orchestra present {pages 412-13). 

Prizes for Papers. Rules for the award of 
Institute prizes for technical papers have 
been revised {page 492). 


DISCUSSIONS 

Appearing In this issue are discussions 
of the following papers: 

A-C Chmcttriaia of DielMbiei—II—Bdnos . . 477 

Dltl«cirie Sbonsih of tramfomtr 
liuolatloii—Bdbschl RTeiisue, ... . . 47P 



404 


Elbctrical Enginbbrino 




i 

i 


h 


¥ 










El 


ectrica 


I En 


^neenngr 


Published Monthly by 

.^iLmericaiii Insliliile of Eledrical En^^ineers 


FOUNDED 1884 




APRIL 1937 


The President on Membership 


A t least once each year, the president 
should discuss with the members the 
subject of membership; for without mem¬ 
bers there could be no organization, and 
our fundamental purposes would be im¬ 
possible of accomplishment. The major 
accomplishment of the Institute results 
from the voluntary service so willingly 
rendered by the national and District 
officers and committees, the Section’s of¬ 
ficers and committees, and the authors of 
the t«v»hTitca.l papers—a service much greater 
than, and in addition to, their financial sup¬ 
port. However, a great work cannot be 
accomplished without expense, and funds 
are necessary to meet these expenses. 

The booklet “Membership” by Everett S. 
Lee, chairman of the finance committee and 
past-chairman of the Section and member¬ 
ship committees, gives a dear picture as to 
the advantages of Institute membership, 
the funds provided by the members, and 
how they are wisdy expended to “advance 
the theory and practice of electrical engi* 
tmwing and the dlied arts and sdences, smd 
to ma.ifitfl.m a high professional standing 
fttnong the members.” It is quite uunecw- 
sary for me to endeavor to add to this pic¬ 
ture. 

A society is exactly what its members are, 
a-ntl I shall never be satisfied until eve^ 
qualified and interested dectrical engineer in 
America is a member of the Institute. The 
larger the number of qualified engineers who 
support the organization, by their member- 
diip, the jd^ter is the prestige of the 
sodety and the wider is the opportumty for 
service to the profession through an intelli¬ 
gent direction Of the personnd and use of the 
funds which they provide. 

I have careftilly considered the motiv^ 
which actuate an dectrical engineer in 
appl 3 dng for membership, and it seems to 


me that they can be classified in 2 groups. 

A. Sblvish Intbrbst 

1. A desire to be one of a distinguished group. 

2. An interest in our technical activities. 

8. A desire to advance his professional standing. 

4. A desire to broaden his ability through presenta¬ 
tion of his ideas and discussion of the ideas of others. 

5. The seeking of an opportunity for aicctuaintance 
and fellowship with others in their profession. 

B. UNSBunsa Imtbkbst 

1. A desire to advance the prestige and standing of 
his profession. 

2. The wish to support an organization offering 
to the younger engineers, mth whom he is associ¬ 
ated, opportunities for development and advance¬ 
ment in technical knowledge. 

8. The derire to be associated with and participate 
in the activities of a society devoted to service to 
the profession. 

The membership may possibly be grouped 
in the following classes: 

Class 1— Sustaininz. Those, who in addition to 
thor finanrial support, largdy participate in or¬ 
ganization activity, technical activity, student 
activity, and Swtion activity. 

Class 2:— Participtaing. Those who rive financial 
support and attend the meetings and conventions. 
Class 3—Silent. Those who render financial sup¬ 
port and are interested, but do not participate. 

Class ir-Indifferent. Those who give only finan¬ 
cial support. 

Cl n«M 5— Dissatisfied. Those, who through lack 
of information, la^ of participation, or lack of 
consideration, feel that the organization is not ef¬ 
fectively carrying but its purposes. 

The first group is the most valuable, for 
in this group am the most interested mem¬ 
bers who consider membership in the AIEE 
a real privilege. It is the constant aim 
of the officers to tmnsfer those in groups 3,4, 
and 6 into groups 1 and 2; but the greatest 
factor in this desirable transfer is the mem¬ 
ber himself. Those who contribute most 
and participate most largely are invariably 


the most interested. From a very active 
member I have seldom heard any com¬ 
plaint as to the dues he pays, although he 
may logically suggest how his dues can 
better be expended. 

Membership is one of our most important 
activities. It is not the purpose of the 
membership committee to argue or cajole an 
engineer into applying for membership; 
rather to inform him as to otu: purposes and 
aims, and draw to his attention the privilege 
and duty that is his if he is qualified. 

I feel that the membership committee 
Should give particular attention to the elec¬ 
trical engineers connected with companies 
using, but not manufacturing, electrical 
equipment, and in this they should be 
aided by the technical program committee. 
The fundamental purposes of the Institute 
would be greatly furthered by an increased 
membership in this group. 

Would any engineer desire to see the 
activities of the professional societies dis¬ 
continued? Does he wish others to carry 
on the work of which he Should be a part, or 
does he wish to do his share? If, due to 
circumstances, he cannot be in class 1, how 
muc^ greater is his obligation to be at least 
in class 3. If he feds that the society’s ac¬ 
tivities should be shodified, should he not 
join and within the organization lead the 
way to hi gher accomplishments? 

The most powerful force toward increased 
prestige and increased opportunity for ser¬ 
vice through increased membership, is the 
attitude and co-operation of those who are 
now members. Each individual member 
should do his part. As expressed at the 
recent wintd: convention, our aim for 1937 
diould be to advise every qualified electrical 
engineer as to our mms and purposes, and 
invite his assistance in reaching our objec- 
■'tive. 
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equipped with powerful headlights for lanHing and also 
the familiar red, green, and white running lights. 

. Instrument-board lighting became of first-rate impor¬ 
tance. The boards themselves have become immeasur¬ 
ably more complicated. Pilots must be able to see each 
instrument quickly and clearly. All sorts of direct and 
indirect lighting arrangements have been tried, including 
a development involving ultraviolet radiation. One 
airline has been studying the development of the argon 
light which projects an invisible ultraviolet ray. This 
rs,y is directed at radium-painted instrument dials and 
produces a brilliant glow. In total darkness the “black 
light’’ cannot be seen except for the effect it has on the 
radium dial faces. But even the best so far discovered 
still leaves something to be desired. A further complica¬ 
tion arises from the fact that the intensity of the illumina¬ 
tion must be varied at will by the pilot in order that the 
intensity of light in the cockpit will always match that 
outside so that his eyes do not have to adjust themselves 
when shifting from distant objects to the instruments and 
back again. 

The lighting of passenger cabins is a special problem. 
Not only must general illumination be provided, but also 
individual reading lights, on separate circuits, must be 
installed at every sea,t, or in every berth. Toilets and 
washrooms, galleys, coat closets, mail pits, and baggage 
compartments must all have adequate lighting with 
separate controls. Warning lights in the pilot’s cockpit 
indicate that all passenger and cargo compartment doors 
are properly closed and secured. 

Miscellaneous Devices 

The dictates of passenger comfort have made necessary 
the provision of devices unthought of 15 years ago, as the 
accompanying pictmres show. The galleys on the new 
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ships will be provided with electric ranges for cooking— 
hot plates and grills. Coffee percolators and electric 
refrigerators also will appear. The latest washrooms are 
providing electric razors for the convenience of male 
passengers. Possibly air conditioning is in the ofl&ng. 

Other electrical devices have already appeared and will 
continue to take on new forms as ships become larger. 
For years there has been complete call-buzzer service from 
passenger seats arid from the cockpit to summon steward 
service. It was only one short step beyond that to a 
complete telephone system to all parts of the ship, a con¬ 
venience that has already put in an appearance. The 
illuminated sign to warn of an approaching landing and 
to suggest the use of seat belts is commonplace. Then, 
since pilots are human and might sometimes forget to 
extend the retracted landing gear before settling down on 
a field, automatic warning devices that light red targets 
on instrument boards, or sound a warning horn behind 
the pilots’ heads, or both, are now installed as regular 
equipment. All these are electrically operated and further 
complicate the maze of wiring on the modem airplane. 

Engine Equipment 

The electrical problems connected with the engines 
themselves have become tremendously complicated. 
Ignition is still from magneto, but a much more powerful 
and dependable machine than those fitted on the old 
Curtiss OX~b engines of 15 years ago. But where the war¬ 
time engines generally had only one, each modem aircraft 
engine has a complete dual system—2 magnetos, 2 com¬ 
plete sets of wiring, and 2 spark plugs per cylinder. There 
has been some discussion recently over the advisability of 
having 3 complete units per engine. Apart from duplica¬ 
tion, the ignition has been further complicated electrically 
because of the presence of radio on aircraft. It is obvious 
that an ignition system but a few feet away from a highly 
sensitive radio receiver will cause trouble unless the former 
^ is electrically shielded. Complete metallic enclosure for 
I. j every inch of ignition circuits is the only possible solution. 

This is not as simple as it may sound, and has been a 
1 source of no end of trouble that has not yet been com- 
I pletdy overcome. 

^ Even after many years of development, the spark plug 
3 is still a source of trouble and annoyance. The modem 
1 trend toward taking all possible power out of engine 
1 cylinders at high altitudes has opened new mechanical 
and electrical problems with plugs that were not thought 
of several years ago. New plugs are now coming into the 
market, however, that promise relief from present diffi - 
culties. 

Starting en^es 15 years ago was simply a matter of 
brawn. It was no problem (except to get clear without 
being hit on the head by the propeller) to “swing” a 90- 
horsepower engine. Starting a 1,000-horsepower motor 
is quite a different thing. Inertia starters energized by 
an electric motor, or direct-cranking electric starters are 
to be found on mos|t ships today. The bigger the engines 
become, the larger the starters, and the greater the power 
required to operate them. All this is bad enough when 
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only one engine is involved. Most ships today liave 2 
engines. Tomorrow they will have 4—day after to¬ 
morrow, 6 or 8. Furthermore, the old single engine was 
in the nose of the ship. Multiple engines are commonly 
mounted along the wings where control for starters must 
be remote, connections complicated. 

Because of the remote location of engines there are a 
nmnber of other operations that can best be done elec¬ 
trically. Obvious is the measurement of temperatures 
at various parts of the engines by remote-reading thermo¬ 
couples. Electrical gauges have been devised to show 
the level of fuel in tanks. Electric tachometers measure 
engine speeds in cockpits so far away from engines that 
mechanical drives would be too heavy and impractical. 
Engines may be accurately synchronized electrically, by 
matching up the phases of small alternators directly 
driven by each power plant. Lubricating oil in remote 
tanks may be warmed to operating temperatures before 
starting by immersion heaters permanently fitted. Cer¬ 
tain instruments are kept free from accumulations of ice 
and snow by small electric heaters. 

One of the latest electrical applications is the continuous 
indication of fuel-air mixtures in engine carburetors by 
analysis of the composition of exhaust gases in the exhaust 
manifold. The Cambridge Aero Mixture Indicator (now 
installed as regular equipment by most of the major 
airlines) operates on the thermal conductivity principle 
incorporating a Wheatstone bridge. The electrical char¬ 
acteristics of one leg of the bridge change with changes 
in the thermal conductivity of the surrounding exhaust 
gases, which, in turn, becomes a measure of the quantity 
of carbon dioxide in the gas. The latter, in turn, is a 
function of the fuel-air mixture supplied to the carburettor. 

Every ship today where performance is an element is 
fitted .with controllable-pitch propellers. The most com¬ 
mon type is the hydraulic control developed by Hamilton- 
Standard of Hartford, Conn. Coming onto the market 
now, however, is a new electrically driven type introduced 
by Curtiss-Wright. Changes in blade pitch are made by 
a small electric motor mounted in the propeller hub and 
connected to the blades through gears with a yery high 
reduction ratio. Power is supplied to the motor through 
a pair of slip rings and brushes. An automatic electrical 
governor has just been developed for this propeller ^ 
that it turns at constant speed regardless of power de¬ 
veloped at the shaft. 

Retracting Units 

There are a nxunber of other electrical applications that 
mve been developed through what may be called aero¬ 
dynamic or operational considerations. For high speed 
^d ma^um ^ciency an airplane must be “dean,” that 
IS, nothing mu^ be permitted to project into the air stream 
that can possibly be withdrawn inside the Smooth: con¬ 
tours of the machine when in flight. This accounts for 
tte present practice of retracting the landing wheels, wing 
tip floats (on flying boats), landing lights, ce^^ radio 
^temi^, md other projections while in the air. Today 
the field is divided between hydratdic and eledrical 
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mechanisms to accomplish these retractions, but, as the 
size of airplanes increases (and the trend is all in that 
direction) dectric drives will probably predominate. 
Even if the actual operating elements are hydraulic, the 
pumps supplying the liquid under pressure will undoubt¬ 
edly be dectrically driven. 

Ships that are “dean” require some sort of “air brake” 
to slow them down to a reasonable speed for safe landings. 
The brakes usually take the form of a flap under the 
trailing edge of the wing that may be puUed down at a 
sharp angle to the air stream. Such flaps, on large planes, 
are either hydraulically or dectrically operated; but, as 
with the whed retraction, as size increases, the electrical 
drive will probably predominate. 

“De-icers” are a part of the wmter equipment of modern 
commercial aircraft operating in northern countries. It 
is out of place here to describe their action, but sufficient 
to say that certain necessary control valves and air com¬ 
pressors are dectrically driven. 

The future holds other probabilities. As airplanes 
become very large—and indications are that the limit 
where these changes will have to be made is now approach¬ 
ing—^it will be impossible for a pilot, unaided, to operate 
the flying controls. Some form of relay-operated servo¬ 
mechanism will have to be developed to move the control 
surfaces at the will of the pilot, just as a steering engine 
functions in a large steamship. Again, both hydraulic 
and electrical mechanisms are possibilities, but the proba¬ 
bilities favor the electrical. No ship has yet been built 
incorporating these ideas, but studies have already been 
made looking toward the future. 

Also, as ships get larger, other power auxiliaries will be 
needed. Hoists will be needed for lifting cargo, for engine 
changing, for operating gang planks, for weighing anchors, 
and for a host of other things not yet thought of. For 
all such, the logical drive will be electrical. 

Power-Supply Problem 

Doubtless, the question has already occurred as to 
where the power is to come from to operate these many 
dectrical devices. To date, the standard source of power 
on aircraft has been the ordinary storage battery—not 
exa<^y “ordinary,” however, for the requirements of 
minimum weight, compactness, and high output have 
forced the devdopment of special batteries, The average 
batt^ for transport planes today is I 4 V 2 inches long, 
7 V 4 inches wide, and 11 % inches deep. It can supply 

about 88 ampere-hours at 12 volts and weighs about 70 
pounds. One company has recently placed on the market 
a new battery having the same over-all dimensions and 
said to be capable of supplying 105 ampere-hours. Over¬ 
all dimensions are important because all modem transports 
Imve bem built with a battery compartment of a standard 
si^, and fuiidamental d^ be neces¬ 

sary tp aecommodate larger sizes. 

Genwator?, driven direc^y by tbe ^ 
supply a certain amount of rechm^jng to batteries in 
flight, but tbe demands are usually so high that the drain 

on the battery exceeds the replacement, and it is 
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practice to remove batteries from every airplane at the 
end of every run and send them to the charging room. 
One of the last servicing operations before departure from 
a terminal station is to install a fresh battery in the plane. 

It is good practice, also, in order to relieve the plane’s 
battery of the heavy drains occasioned from starting 
engines to provide independent starting power on the 
ground. This may take the form of mechanical power 
applied from an outside mechanism (electrically driven, 
to be sure) or from providing starting batteries on stnalt 
portable carts that may be connected into the plane’s 
electrical circuits by means of cables and a plug in the 
body of the ship. 

Electrical equipment, however, has been added faster 


than battery design could keep up. Even for present 
requirements, one battery is hard pressed to do the job. 
As soon as it becomes necessary to think in terms of 2 or 
3 batteries on each plane, it becomes worth while to ex¬ 
amine other possibilities to see if something else may not 
be found to yield the required power for the same weight 
carried. One answer is already in sight. It seems not 
unlikely that the large plane of the futmre will carry its 
own independently operated electrical power plant—a 
gasoline-driven motor-generator set delivering 110-volt 
alternating current. 

Equipment already has been designed, ^d shortly will 
be commercially available in the form of small 4-cylinder 
air-cooled gasoline engines, to deliver at least 15 or 20 
horsepower at altitudes up to 20,000 feet 
to drive a-c generators and other auxiliaries. 
These will be completely self-contained, will 
be installed in some convenient out-of-the- 
way place in the airplane (probably in one 
or more of the engine nacelles), and will be 
remotely controlled. Besides driving the 
generators they will also operate a number 
of auxiliaries now mounted on the main 
engines, thus improving over-all reliability 
by removing from the airplane’s power 
plants a number of sources of potential 
failure. In addition, the exhaust heat from 
the small engines will furnish ample heat 
for maintaining proper temperatures in pas- 
senger cabins at high altitudes. 

Another important feature is that such 
independent units may be kept in operation 
when the airplane is standing on the ground. 
Power is required in increasing quantities 
for use on board during stops, and it is 
obviously more economical—and safer—^to 
keep the small plant running than to at¬ 
tempt to keep one of the main engines 
turning over to drive generators. 

One of the first questions that came up in 
the consideration of independent a-c power 
plants was the matter of frequency. There 
would have been some advantages as far as 
operations on the ground were concerned 
in selecting 60 cycles. It would thus have 
been possible to plug into the Circuits at the 
average field when standing in stations or 
in hangars. Weight considerations, how¬ 
ever,. ruled out 60 cycles. Fam^ar, of course, 
are the effects of higher frequencies in reduc¬ 
ing the weight of iron in motors and trans¬ 
formers, so that the preference at the present 
time for equipment operating at 800 cydes 
is immediately clear. Some study has been 
given to intermediate frequencies, but the 
trend seems definitely toward the 800 
■ level,', 


Pilob' coekpib «re becomins incressinsly complicated and present 
difficult lighting problems. This is oh a Douglas DC-3 plane 


Once the break has been made awa} 
from the present 12-volt battery-operatec 
Sl^ein with its lim it is difficuli 
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to predict how far electrically operated auxiliaries on Likewise, mountings cannot be multiplied by 2 or by 
aircraft may go. Once a really adequate source of electric 3 just to be safe. Here, especially is weight control 
power is assured in the form of an independent motor- important- All fittings connecting electrical appliances 
generator set, designers may really begin to explore the to the main structure must be calculated down to the last 
possibilities of the field. They doubtless will find many ounce consistent with safe operation. 


new uses for electricity on airplanes that no one has yet 
dared to think about. 

Some Special Problems 

So far, many points of similarity between the electrical 
problems on aircraft and the problems with which most 
electrical engineers are familiar have been considered. 
In closing, a few of the problems that are distinctly 
special because of the peculiar conditions under which 
aircraft operate may be mentioned. 

First, and ^ways foremost, is the question of weight. 
In other fields of transportation, weight control is a 
secondary consideration. In aircraft design it is all 
important.' All additions to the tare weight of any air¬ 
plane are immediately reflected in reduced range or in 
loss of pay load. The gross weight of an airplane for any 
desired level of safety or performance is fixed. Clearly, 
then, increases in the weight of the ship’s structure or 
auxiliary equipment must come out of the fuel supply or 
out of the cargo. Each electrical unit, then, becomes a 
separate and distinct design problem, and must be treated 
as such. The separate load requirements must be cal¬ 
culated accurately and provided for without margins 
beyond those dictated by good sense for safe operation. 
For example, it will not do to install a Vi-horsepower 
motor simply because it happens to be on hand, when 
allowances, requires Vs horsepower. 
The difference in weight may seem negligible in each case, 
but the cumulative effect may run into many pounds. 

It is thus impossible to stock a few items to use over a 
wide range of requirements as is common industrial 
practice. Each item must be looked upon as distinctly 
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Newark (N.J.) Airport at night 
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The selection of operating speeds for electrical equip¬ 
ment is dictated by weight considerations. In general 
industrial work, speeds are selected that will best fit 
certain desired operations. In aircraft, the highest 
practical operating speeds are selected to save weight. 
For example, an inertia-type engine starter turning at 
speeds up to 3,600 rpm may require a 20-pound flywheel to 
do a certain job. If the speed is increased to 12,000 rpm 
a wheel weighing between 2 and 3 pounds will produce the 
same energy. The same general considerations are true 
for the design of many it ems . 

Because of the inherent characteristics of airplane 
structures, all the equipment mounted on them is con¬ 
stantly exposed to vibration over a wide range of fre¬ 
quencies. The ruggedness of design demanded by this 
type of treatment is not conducive to weight-saving, but 
again, the corners must be cut as closely as possible con¬ 
sistent with satisfactory operation. It is obvious, too, 
that such conveniences as delicately balanced relays and 
automatic switches cannot be used, although they often 
would be very helpful. 

Another difficulty arises from the wide range of tempera¬ 
ture to which aircraft is subject within a relatively short 
time. Thus an airplane may take off from sea level 
under moisture-saturated tropical conditions, and 25 or 
30 minutes later be flying at some subzero condition at an 
dtitude of 15,000 feet. Not only the temperature drop 
but the condensation may cause plenty of trouble in the 
electrical apparatus. 

Then the wiring of aU the electrical equipment is a 
problem in itself. Fifteen years ago, going back to war- 
tune planes, a bit of open wiring on cleats did the job. 
Not so today. Everything must be run in metal conduit. 
AU winng and conduit must be mechanically strong to 
withstand the vibration. It must 
be electrically good to avoid pos¬ 
sible fire hazard and to provide 
adequate radio shielding. In 
many plaaes positive-action 
quick-detachable connecting 
plugs must be provided to permit 
quick replacement of certain units 
such as engines, whole radio sets, 
or individual instruments. 

Space has not permitted more 
than a hasty review of the several 
problems of the electrical equip¬ 
ment on modern aircraft, but it 
is hoped that they have been 
demonstrated to be of vital im¬ 
portance to the development of 
our latest transportation indUs- 
^ try, and that they are worthv 

of the attention of the best elec¬ 
trical talent in the country. 
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an Incinerator 


A new incinerator plant at 
Providence, R. I., uses the 
hot gases from a 5-cell in¬ 
cinerator with a normal ca¬ 
pacity of 160 tons of refuse 
per 24 hours to generate 
steam in a 700-horsepower 
boiler at a pressure of 200 
pounds per square inch. The 
steam is used in a t,250-l<w 
turbogenerator which fur¬ 
nishes power for operating 
the city’s sewage disposal 
plant and will furnish power 
for a sewage pumping station 
now being motorized. A 
duplicate boiler and turbo¬ 
generator assure continuous 
service. The view above 
shows wrapped garbage and 
refuse being dumped into 
the 1,000-cubic-yard storage 
pit. At the right is shown 
the exterior of the building, 
with conveyor and hopper 
for ash removal; below is a 
view of a turbogenerator 
(Westinghouse photos) 


(Above.) An electric crane 
with 1 Vz'^ubic-yard bucket 
lifts refuse from storage pit to 
charging bin 


(Below.) Stoking the fur< 
nace; gates operated pneu* 
matically meter the refuse. 
Air is supplied by a turbine* 
driven forced-draft fan and is 



















Sound Reinforcing System for Hollywood Bowl 



NEW demoiistratitju of the pott'iitkilities of the 

MJL reproduction of orchestral music in audit<»r3’ per- 
# ^ spective was given at the Hollywood Bowl in Cali¬ 

fornia last August, when music reproduced in this manner 
was heard for the lirst time out-of-do(»rs with the orchestra 
present. The occasion was a concert presented l)y Para¬ 
mount Pictures with Leopold ^Stokowski acting as the 
conductor. 

Reproduction in auditory perspective was lirst demtm* 
strated in 1933. Music played in Philadelphia, l*a., was 
picked up by microphones, amplified, and transmitted 
over 3 special telephone circuits to Washington, I). C., 
where it was again amplified and reproduced by means of 
3 huge loud-speakers. The equipment used in this «>riginal 
demonstration was described in a group of papers pub¬ 
lished in the January 19.34 issue of Hluctkicai. ENen- 
NEBRiNG. The characteristics t»f this et|uipmeut were 
such that the entire frequency and volume range of the 
most exacting orchestral and vocal music could be repro¬ 
duced without inqiairment of quality. The spatial 
arrangement of the microplumes and the corresponding 
arrangement of loud-speakers was such tis to provide 
substantially perfect auditory penspective. Both the 
original equipment, and that used in tlie Hollywood 
demonstration wu.s developed by the Bell Telephone 
Laboratories, New York, N. Y. 

The Hollywood Bowl Is a natural amphitheater .situated 
in a hollow surrounded by low hills. Oval in form with 
the stage at the lower end, its tiers of .seats rise in curved 
rows up the sloping hillside at an inclination of alKnil 12 
degrees. It seats 22,500 persons. Tlie orchestra plays 
in a large conical sound-reflecting shell on the stage. 
This shell raises the .sound level effectively in the front 
and central portions of the seat¬ 
ing area but not adequately in the 
side and back sections. 

To correct these inequalities in 
sound distribution and to increa.se 
tlie general level of the music 
throughout the bowl a multi¬ 
channel reproducing system was 
installed. This system also 
offered the additional advantages 
that (1) special effects could be 
obtained by changing the volume 
^d sound quality with manual 
controls and (2) the loudness of 
the singers or solo instruments 
could be increased relative to that 
of the orchestra. 


fur Ihc bowl, cuiuliliuus u«U pn viuu>!y rjii stusu t< 4 
indoor aiulitoriums hud to In- iiul. .Since u * wul! 
coiling wore |>rosont to rollocl s«nmil, uiruuft* uu 55f *. h til f- 
bo malic to direct all tho Itiw us well .is ilw lu>th in s; 
oios toward tho atuUonco. r iukr sit* J. ud 

spoakors had to bo plicod nc.ar tho uroh»i*> *n uf«' ilu 
illusion that the sound all caiiu* from the on h» fra, rao 
had to bo taken to jirovent llu* sound ti<»m the laid 
spoakors fnnn footling back into the wliieh 

would cause singing. Those anti ninniut 4itlivulfi» , wi tv 
ovcrcomo by using neiv cijuipment parlirnltrlv tl ugw it 
for the demonstration. 

Tho goneral plan t*f the systom as rnsbdh 4 was Im f*iM 
vide 3 microplumo jH»sititins in bonl mI the oi*ltr^lru 
one at the loft sido, tmo in tlu* centt'r, au«l oijv at the itghf 
side. A separate amplifier channel of high uvet was 
prtjvided ftir each tif these positions and tht‘ tad put »4 each 
channel was otinneoted to se|j;irale loud spisdu tMUoiinfi 4 
alKiVo tlie oivhostra shell in positions eori»*'d>»aiding to the 
microphones. Six microphones were iiseil on th» A t han 
nels. 'l*wo were coimectod in puraUel tui the left ehaniirl 
to give u satisfacttiry halaiice for the ceUos, harp * and ba-*^ 
viols, becatise tlu‘ microphones had to be |dae» 4 t l.itsi’ Im 
thesi* instruments to avoid feedback. I were l.M ateil 
at the center so that one woiiltl be nv.iilable to swib h in 
instead of tin* regular inicrophom* for vttcal stdoisiH At 
the right, in addition to the regular inicrophone, tin re wan 
an extra one out in front of the shell. This was for 
harp and cidlo solir numbers instead of tin* regular mteio 
phone. The volume rontrols were locateil in tfic tenter 
of the seating anra about 3tHl feet Itack imm the shelf, 
and at this po.Hition the gain of all 3 chaniiefs eoiihl lie 
varied by one control. When the soloist's mieroptione 


In providing such equip ment 
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View of Hollywoocf Bowl sfutr lffitttl«iloii of fourl-tptilttrt 
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was switched to the center channel, how- 
ever, a separate volume control was pro- ^" 
vided for it so that the level of the voice 
could be changed independently of that of 
the orchestra. Quality control made it 
possible to accentuate the low frequencies 
and temper the very high frequencies, and 
an equalizer compensated for the charac¬ 
teristics of the loud-speakers, microphones, 
and air-transmission path. The amplifiers 
were adjusted to keep the system below 
the “singing” point at all times. The 
acoustic power output of the side rhanriply s 
was 200 watts per channel and that of the 
center channel half that capacity. ^ 

The loud-speaker groups on the sides 
consisted of 4 multiple-unit high- 
frequency horns each driven by 2 re¬ 
ceivers. These were mounted above 2 low-frequency 
units, like those used in the Philadelphia-Washington 
demonstration, which were placed one on top of the other 
with a common extension. This extension presented an 
area of 10 by 12 feet at the mouth which made the low- 
frequency units directive down to 50 cycles. The sound 
beam of the horns, both low- and high-frequency, was 
about 85 degrees wide and 50 degrees high. The center 
loud-speaker group comprised 2 high-frequency horns and 
only one low-frequency unit, which was built out to 10 by 
10 feet in mouth area. The .field current supply to each 
side group consisted of 3 power units, while 2 units supplied 
the current for the center group. 

To mount these 2 V 2 tons of loud-speakers above the 
orchestra shell it was necessary to construct a bridge 
structure 112 feet long and 12 feet wide, 45 feet above the 
ground. The center speakers were directly above the 
center of the shell and the side speakers were each 45 feet 
from the center of the bridge. The bridge was artistically 
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Rear of orchestra shell showing bridge structure erected to hold the 
2^/2 tons of loud-speakers 
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A typical "stereophonic” channel; 3 like this were used in the Hollywobd 

demonstration 


draped and lighted, which added not a little to the appear¬ 
ance of the shell. All amplifier and circuit equipment 
was mounted in a room at the stage. 

After the system had been installed, acoustical measure¬ 
ments were made with a high-speed level recorder at vari¬ 
ous places over the seating area and the horizontal angle 
of the high-frequency horns was adjusted to direct 
more of the sound to the back seats than to those in front. 
This resulted in a fairly even distribution of sound; 10 
decibels was about the greatest difference in soimd level 
between any 2 positions. The maximum gain settings 
were found with no audience in the bowl. With an audi¬ 
ence, however, 4 or 5 decibels more gain could be used 
without trouble from “singing.” 

In actual tests with the orchestra present an increase 
in sound power of 40 times (16 decibels) was obtained 
when the gain of the system was set at maximum. Al¬ 
though ordinarily this much amplification was neither 
used nor desirable, it was available to accentuate crescendos. 

Even in the first row of seats 
where the sound of the orches- 
aH^i^w I arrived a fraction of a 

I second before that from the loud¬ 
speakers, the illusion that all the 
I sound was coming from the per- 
I formers was still strong. At the 
I rear of the bowl, Vw fro® 
j the stage, the music level was at 
full volume; and for the first time 
—j vocal soloists could be heard satis¬ 
factorily. 

This demonstration was a good 
NETWORKS ^ illustration of how telephonic re- 
I search can help to expand the 
I horizon of music. The multi¬ 
channel reproducing system de- 
I scribed here gives to an orchestra 
LOW FREQUENCY l a covering power previously un- 
^iwEQUEN(^____—_j g^ttainable and makes possible 
psPEAKER BRIDGE fortissimo ^ects that could, not 

in the Hollywobd be duplicated by the simultauebus 

efforts of hundreds of musK^ns. 
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Ensineering and Engineering Education 

By A. A. POTTER 

President, Americen Ensineerins Council 


E ngineering strives Because it is considered to be timely, informative, ration in basic theory and 

to provide better and and lucid, this article is republished* here so that an appreciation of the work 

easier ways of satisfy- the many members of the Institute who are inter- of other engineers. Actually 

ing human needs. The as- ested In, but not intimately associated with, the the work of the engineer in 

founding improvements which field of engineering education may have the practice has not followed 

the past 50 years have benefit of a reflection of current practices and these branches of special- 

brought about in our stand- trends in engineering education as seen by a ization set up by engineering 

ards of living have gone on recognized authority in that field. colleges and the engineering 

simultaneously with a more societies, but ha s been or- 


general appreciation of engi¬ 
neering education. This type of education, started 
in this country about 110 years ago, received its first impe¬ 
tus by the passage of the Morril Land-Grant Act of 1862, 
which provided means for the rapid extension of engineer¬ 
ing education. From 1862 to 1934 the number of engineer¬ 
ing colleges in this country has increased from 6 to over 
150, and the engineering enrollment from about 1,000 to 
over 60,000. The rapid growth in the number and in the 
enrollment of the engineering colleges of this country 
during the past 70 years is an indication that there has 
been public approval of the type of education offered by 
these institutions. To an increasing extent industries, 
utilities, and public works are dependent upon engineering 
college graduates for the solution of their technological 
problems as well as those of an administrative and execu¬ 
tive character. It is significant, for example, that nearly 
all of the major executives of electrical manufacturing 
industries and of electrical utilities are graduates of engi¬ 
neering colleges. 

Engineering of a c«itury ago was mainly an art. Thus, 
engineering colleges during the earlier years of their exist¬ 
ence stressed manual dexterity; they were concerned 
more with training for the acquirement of skill than with 
education in basic principles; they placed major emphasis 
upon studies which led to usefulness imme^ately after 
graduation and not upon general educational values. De¬ 
velopments in transportatiori, mechanical power, com¬ 
munication, illumination, chemical technology, mining, 
metallurgy, manufactured gas, central heating, mechanicd 
refrigeration, and other new mdustries and public utilities 
have resulted in a demand for special educational prepara¬ 
tion. Engineering colleges attempted to meet these new 
requirements by setting up numerous specialized engineer¬ 
ing curricula. In fact, there developed a tendency to 
magnify the differences between civil, electrical, mining, 
mechanical, and other branches of engineeruig. This has 
resulted in training specialists who are fairly well versed 
in one narrow branch of engiheering but lack prepa- 

* Pull text of an article "Bn^eering and Engineering Education in the United 
States” republished with special permission from the Januuy 1937 issue of 
"The Bent” of Tau Beta Pi. 

Doctor A. A.. Pottbr is dean of engineering, Purdue University, XAfayette, 
Ind.; also,^ premdent of- the American Engineering Counril, past-president of 
The American Sodety bf M^hanical Engineers, and past-president of the 
Society for the Promotioh of Engineering Education. 


ganized largely along the 
functional lines of research, design, production, opera¬ 
tion, and sales. 

Meanwhile the underl 3 nng sciences have been growing 
complex as rapidly as have their applications to industry. 
Mso, organized society has become diversified even more 
rapidly than either. Thus the gap between what the in¬ 
coming freshman student knew and what the ^gineer 
in practice was expected to know became too broad to 
bridge in 4 years. During the past 30 years there has been 
a drfinite trend away from the purely utilitarian and 
specialized in engineering education. The engineering 
colleges have ;^ven up the idea of tr 3 ring to train, in a 4- 
year undergraduate curriculum, specialists for the various 
fields of application. The best of Uiese institutions have 
been tightening their entrance requirements, and have 
been concentrating upon subjects which are basic and 
which the student has difi5culty in acquiring by his own 
efforts. While the scope and range of the engineering 
field has been constantly broadening, increased emphasis 
is now being placed by engineering teachers upon funda¬ 
mentals. Completeness of details is being subordinated 
to thoroughness. The providing of a background of engi¬ 
neering knowledge is not being considered as important 
as development of ability to reason logically and to arrive 
at truth by observation and anal 3 rsis. The time given to 
informational coturses is being greatly reduced and an 
effort is being made to awaken the creative instinct of the 
student, and to stimulate independence of thought and 
sdf-reliance. Specialization is being definitely discouraged 
for undergraduates, but is given a place in connection 
with research in tiie graduate programs of study which 
lead to the higher degrees. 

Contrary to the general impression, undergraduate 
engineering instruction is not purely technical, but has 
been planned so that the undergraduate student devotes 
about one-half of his time to science, mathematics, and 
the humanities. Nearly aU eng^eering undergraduate 
curricula include required purses in English, history, and 
economics. In a number of engineering colleges the under- 
graidUate progr^ of study permits decfives in psychology, 
sociology, accoimtihg, personnel administration, businesss 
law, banking, corporation finance, and other courses 
which are h^pful to. the student in acquiring an under- 
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standing of social and economic problems. To an increas¬ 
ing extent, engineering students are receiving instruction 
in industrial engineering and management. It is the 
general opinion, however, that extended business training 
should not take the place, in an engineering curriculum, 
of basic instruction in science and technology. 

The growth of junior colleges and of lower and upper 
divisions in miiversities has brought to the front the 
rdative advantages of the unified program in which the 
science, technological, and humanitarian studies form 
an orderly whole in an engineering curriculum, as con¬ 
trasted with the divided process having two years of a 
general college or pre-engineering curriculum and a subse¬ 
quent purely technical curriculum corresponding to the 
practice of law, medicine, and dentistry. The conclusions 
of the exhaustive survey made under the direction of the 
Society for the Promotion of Engineering Education 
during 1922-1929 favor the 4-year unified engineering 


SPEE, made the following pertinent statement about 
post-scholastic study: 

The most senous deficiency in engineering education is not so 
much in matter taught or omitted in college, as in allowing the 
orderly process of education to stop, where it often does, at gradua¬ 
tion. To require all engineering students to remain 5 or 6 years 
in college would be an arbitrary solution, but an artificially dmple 
one.—^It se^ns that the most urgent educational task now before 
the engineering profession is to create and direct an effective program 
of continuation education for the first 6 years after graduation from 
college. 

The engineering profession has, in the past, taken little 
active interest in shaping or in directing engineering 
education. What aid has been given to engineering educa¬ 
tion by engineers has been largely individual and unofficial 
and has not represented the concentrated thought or 
the united action of the engineering profession. It is, 
therefore, gratifying that the recently formed Engineers' 
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college undergraduate curriculum with unity of supervision Council for Professional Development, representing as it 
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rather than the divided program under separate ad¬ 
ministration. 

While the soundness of the unified 4-year engineering 
undergraduate curriculum cannot be questioned, concen¬ 
tration on collegiate forms of education seems to have 
resulted in the neglect of other forms of technical educa¬ 
tion. There are no doubt too many institutions in this 
country offering engineering instruction of coUegiate 
grade. Adequate training facilities for trades and crafts 
are also available. However, there is a need for specialized 
technical training which can best be given in a post- 
secondary type of school, recently designated as a “tech¬ 
nical institute." This type of institution is similar to the 
technical middle schools of Continental Europe and trains 
for callings and functions between the skilled crafts and 
the scientific professions. Industry apparently needs for 
every eng^eering college graduate 3 people trained in 
this type of post-secondary school, where the instruction 
is more intensive and more specialized, and the program 

of study is shorter than that of colleges. 

Until very recently, the interest of engfineering . colleges 
has centered in undergraduate instruction, as industry 
and the engineering profession have given inadequate 
recognition to resident graduate study. However^ during 
the past decade graduate study or some other fornr of 
advanced study has become a necessity for the higher 
technological posts of industry. In sev^al cases industries 
have perfected special arrangements with the educations 
institutions of their localities so that the engineering al¬ 
lege graduate ina-y complete requirem^ts for highw 
degrees by pursuing advanced study while he is gar^g 


does the leading engineering societies, has its program 
focused upon the educational preparation of the engineer. 
This council has set as one of its main objectives definite 
encouragement for the further personal and professional 
devdopment of the collie graduate as a qualifying stand¬ 
ard for certification into the engineering profession. 

In planning for the future of engineering education it 
may be desirable to give consideration to the following 
matters: 

The undergraduate engineering college curriculum, 
concentrated on the underlying fundamentals, should be¬ 
come an accepted form of modem collegiate education, as 
it acquaints the student with the processes, devices, and 
methods which make our dvilization distinctive. Cultured 
people are those who understand their environment—the 
world in which they live—and no type of education so 
directly assists the individual to understand his present 
surroundings as engineering education. Some of the 
graduates of engineering college should be encouraged 
to continue their preparation for mgineering as a career, 
but a much larger number should be assisted in qualifymg 
to enter the other professions, business and public service. 

Considerable pressure is being brought to bear upon 
engineering colleges to increase emphasis upon business 
procedure and industrial management. Doctor R. E*: 
Doherty, presidmt of the Carnegie Institute of Tech¬ 
nology, is of the opinion that in our enthusiasm tp train 
leaders for industry’we must not forget to provide an 
educational preparation and a promismg outlook for 
technical mgineering leadership. President Doherty’s 
warning is timely. Tedmical engineering leadership and 


degrees by scientific positions must be made worthy and promis^ 

mdustnal expenfflc^ unem- on thdr own score and not merely as a stepping stone for 

particularly noticeable ^ Vacation, executive and admimsfrative positions. Furthermore, the 

ployed have be^ striving requirements for a successful executive are a broad range 

Graduate study is now receive - ^knowledge and a disdplined mind to attack new 

problems. Ah that tiie engineering c^^ dp 

is to lay a foimdation upon wHch the^^^ may bi^d 
in preparation for tedmical or executive responsibilities. 
Patrick Hmry has wdl stated: “I know of no way to 


at a number of oigineering alleges as the preparation of 
their staffs has improved and as better reyarch fa<^ 
have become available for the solution of new and ad- 
vanced problems. 
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students a broad foundation that we can properly prepare 
th PT u to cope with the changing conditions of our times. 

Greater attention must be given to economic and 
historic studies so that the engineer will have a better 
appreciation of the co-ordination of technology and eco¬ 
nomics as well as of the science of government which 
controls his affairs. During the past year several engineer¬ 
ing colleges have announced special curricula as prepara¬ 
tion for public service. The functions of government are 
becoming more and more technological in character, and 
to an increasing extent the engineer’s activities are con¬ 
cerned with public works. It is therefore becoming more 
desirable that all engineers have a better appreciation of 
the relation of engineering to the public and to its agent— 
the government. All intelligent people must take an active 
interest in public qu^tions, as only under a stable govan- 
ment can one make the best use of his talents. 

It may be well to give greater attention to studies which 
will prove helpful in acquainting the student with in¬ 
dustrial working conditions, tendencies in industrial 
organization and legislation, and other matters which may 
enable bim to appreciate the human problems he will 
encounter. The engmeer must know the human dement 
if he is to utilize most effectivdy the work he designs or 
builds. 

The engmeer of tomorrow must have a thorough scientific 
preparation if he is to make full use of the foundations 
laid by sdence. Science and technology are interdepend¬ 
ent, and the future progress of one depends upon the otha*. 
There is a trend toward more thorough instruction in 
sdence and mathematics, and for the general broadening 
of basic theory in engineering instruction. Quality rather 
than quantity is the guide in revising programs of study, 
as the superfidal familiarity with many subjects is less 
valuable than the complete mastery of a few. 

College graduates are found to have difficulty in recog¬ 
nizing and in appreciating true values. A better co¬ 
ordination of the educational and sodal activities of the 
undergraduate may prove helpful. More of the engineer¬ 
ing undergraduate studi^ should be administered by 
sodally minded professors. A more accurate appraisal 
of college student activities may also prove desirable. In 
a number of industries, art and beauty have recently 
dianged defidts into profits. American industry hs^ 
become aware of the remarkable potency of beauty. Art 
as a living thing will have to be appredated by the engi¬ 
neer of the future. 

Engineering colleges will do well to devote more atten¬ 
tion to the devdopment of desirable personality traits 
in their students, such as a good address, an agreeable 
manner, a cheerful attitude, a co-operative abihty, a 
pleasing disposition, and similar traits which are hdpful 
to the professional man in taking his place in sodety. 

A most important objective of all education is the 
devdopmait, on the part of youth, of worthy Meals of 
chamcter and conduct. The stability of sodety and the 
basis for authority in a democratic government depend 
iq)on the character and ethical standards pf people. It 
IS ^e duty of ^ types of schools, colleges, and univerdtiee 
to inculcate high ethical standards, and particularly dur-t 


ing the adolescent period of youth when one is highly 
susceptible to the call of high purpose and refined ideals. 

There is always a demand for people of initiative who 
have the power to think independently and constructively. 
• We are living in an age whidh places a premium on initia¬ 
tive, the power to take the lead, to plan, to originate. To 
develop such traits, students must be encouraged to take 
new paths, to try new experiments, to look into the un¬ 
known. To develop the creative leaders of the future, 
our college students must have opportunities to come in 
contact with teachers who are in search of nature’s 
truths. Engineering progress is dependent upon research, 
and new knowledge is absolutely essential for the advance¬ 
ment of engineering education. Furthermore, effective 
graduate instruction must be accompanied by active 
research interest on the part of the staff. Engineering is 
a profession of progress, and the future advances in 
applied as well as in pure science will depend upon co¬ 
ordinated and organized research. During recent years 
research problems of great magnitude have been success¬ 
fully solved by engineering colleges as a result of co¬ 
operative relations with industry. Engineering societies, 
trade associations, industries (both large and small), and 
public utilities have found that money invested in re¬ 
search at carefully selected engineering colleges paid big 
dividends, not only in practical results secured but also 
in incre^ing the supply of engineers who have the prepara¬ 
tion to extend the frontiers of useful knowledge. The 
best engineering colleges are not satisfied with teaching 
and the conservation of knowledge as their only function. 
They realize that ejQGicient technological instruction must 
find expression in the application of research. Such 
institutions are always ready to encourage their staffs 
and their students to extend the boundaries of engineering 
and other scientific knowledge. American industry has an 
opportunity to aid in improving the preparation of engi¬ 
neers and scientists by stimulating research in pure and 
applied science at technological institutions. Such sup¬ 
port will result in advancing basic knowledge in sci^ce 
and engineering, will increase the supply of well trained 
personnel for the research laboratories of industry, and 
will msure a g;reater number of people who have intellec¬ 
tual curiosity and ability to extend the frontiers of 
knowledge. 

Engineering touches the life of every person in an in¬ 
dustrial nation, so that the general wdl-being is vitally 
d^endent upon the education of the engines:. From its 
origin and nature, the engineering college has in the past 
fallen short of the prime glory of the so-called r»laggiral 
or liberal arts college, whi(^ has been fairly successful in 
inculcating in the minds of its students a strong sense lof 
personal responsibility to their order, their country, and 
their civilization. This may be partly re^onsible for the 
fact that engineers have been in the past too much con¬ 
cerned with the problems of their specialty, and have given 
little attention to the ydder significance of their work or 
to their social responsibilities. Engineers are {expected 
to t h i nk more, to write more, and to talk more on social, 
political, and economic problems in order to be able to 
assist in their solution. The engineer must assume the 
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responsibility of social leadership along with representa¬ 
tives of other major professions, in order to aid in stabiliz¬ 
ing our national economy and to insure a truly democratic 
government. 

American engineering colleges have a great responsi¬ 
bility in meeting the demands of the times so that their 
graduates will be capable as ^gineers and will also have 
the well-rounded ethical standards and broad interests 
valid in any professional group. The engineer of today 
must have a thorough preparation in science aiid tech¬ 


nology, as well as an appreciation of aesthetic values, 
economic forces, and social trends. At the same time, 
he must be interested in government and must be con¬ 
scious of the fact that the stability of our t 3 ^e of govern¬ 
ment depends upon citizens—citizens with worthy ideals 
of character and conduct; citizens who are obedient to 
law; citizens interested in the common good; citizens 
tolerant of the lawful rights of others; and citizens who 
realize the interdependence of human rights and property 
rights. 


Part-Time Courses for Graduate Engineers in Chicago 

ByH. T. HEALD 

Member, The Society for the Promotion of Engineering Education 


E ngineering educators are familiar with the 
development of graduate work in engineering during 
the past 15 years, and know that graduate regis¬ 
trations have greatly increased during this period. The 
increasing importance of graduate training suggests that 
in large metropolitan communities opportunities should 
be provided to enable young engineers to carry on a pro¬ 
gram of advanced study through part-time classes while 
regularly employed. 

Beginning in 1935 the Western Society of Engineers in 
Chicago has directed the attention of its education com¬ 
mittee to this phase of education. . . the assig;nment of 
making a study of the facilities for part-time graduate 
education for engineers and for developing a plan 
whereby the Society ihight encourage this type of work. 

The study carried out by this committee disclosed 
that approximately 8,000 engineers between the ages of 22 
and 34 were employed in the Chicago area, and that, while 
adequate provision for imdergraduate training was avail¬ 
able in evening classes, very few advanced courses were 
being offered by Chicago colleges, aside from a Mted 
program begun at Armour Institute of Technolog;y in the 
spring of 1936. Various engineering societies had from 
time to sponsored lectnre courses, some of which 
proved quite successful, but the committee felt that any 
comprehensive program should be earned out by the 
regularly established educational institutions. Conse¬ 
quently, the co-operation of the University of Dlinois and 
the Chicago colleges and universities was merited, and a 
plan developed for a program of courses to begin in the fall 
of 1936, to be q)onsored jointly by the Western Society 
of Enginews and the educational institutions. 

As a result, graduate courses for engineers are now being 
pff»ed bn a part-tinie basis by the Umversity of lUmofe, 
Armour Institute of Technology, Lewis Institute, and the 
University of Chicago. Courses for the first semester 


included one class in continuous frames offered by Profes¬ 
sor Hardy Cross, through the extension division of the 
University of Illinois, at the rooms of the Western Society 
of Engineers; 9 courses, including Diesel engineering, heat 
and ventilation, alternating current networks, foundations 
an A soil mechanics, water treatm e nt, fuels and combustion, 
metallurgical materials of construction, advanced calculus 
and physics of electron tubes, by Armour Institute of 
Technology; courses in non-ferrous metallurgy, metallurgi¬ 
cal calculations, and differential equations by Lewis 
Institute; and electrodynamics and X-ray crystal analysis, 
as well as other advanced work in science, at the Uni¬ 
versity College of the University of Chicago. Approxi¬ 
mately 300 students enrolled in the combined group of 
courses in the fall of 1936, showing that a real de m a nd 
exists for advanced work of this type. 

While it is undoubtedly true that only a portion of 
the students enrolled are interested in working toward 
an advanced degree, credits obtained are recognized by the 
respective institutions, and the program at Armour Insti¬ 
tute of Technology permits a properly qualified p’aduate 
to earn the master’s degree upon the completion of a 
minimum of 8 courses. Arrangements for transfer of 
credits between institutions are subject to the regulations 
of the respective schools. . 

The Western Society of Engineers, functiomng as a cor- 
rdating agency, has made its library available to^all 
students enrolled in these classes, irrespective of memb^- 
ship, and has issued announcements, covering the entoe 
program, which have been mailed to 9,000 engineenng 
graduates. ^ 
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the Western Society of Engineers, including both educa¬ 
tors and engineers, is studying the effectiveness of the 
program already being offered, and attempting to deter¬ 
mine the needs for additional work of this type. To assist 
in this study the committee plans to collect opinions from 
employers of engineers, as well as to take a census among 
a large number of digineering graduates, to determine the 
general fields of engineering in which there may be a de¬ 
mand for advanced study. This information will enable 
the colleges to relate their programs closely to the needs 


of engineers in the Chicago area, and should be of material 
assistance in planning courses for 1937-38. 

Although the general program of graduate work for 
engineers employed in Chicago is still in a development 
stage, the response to the first year’s work has been par¬ 
ticularly encouraging. With proper development in 
succeeding years this type of work seems destined to be¬ 
come an important service to engineers who desire to secure 
additional professional training during the early years of 
their employment. 


After Graduation — What Then? 


By H. P. HAMMOND 

President, The Society for the Promotion of Ensineerlng Education 


A PRINCIPLE on which there seems to be universal 
agreement is that it is notthe aim of the undergradu- 
^ ate cmriculum to produce “finished” engineers— 
men capableof engaging in responsible professional practice. 
It follows, therefore, since the profession is concerned in 
the eventual development of men capable of such practice, 
that consideration—very careful consideration—should be 
given to that phase of engineering education, and of pro¬ 
fessional development, which follows the stage marked 
by ^e award of the bachelor’s degree. This seems so 
obvious ais scarcely to need statement, yet it is a matter 
to which v^ry little constructive effort has been devoted 
and to which, until now, none has been directed by the 
profession as a whole. 

Some 4-year graduates will and should remain in 
college for more extended training. At present about one- 
sixth of those holding the bachelor’s degree continue then- 
work for a fifth year and secme the master’s degree, and 
a smaher, but increasing, proportion go on to the doctorate. 
This is as it should be; the engineering college, while not 
^e only place, is doubtless the best place, generally speak¬ 
ing, in which programs of advanced study and research 
c^ be conducted. For the bulk of our graduates, however, 
the formal part of their engineering education stops at the 
^d of the 4 coUegiate years, whether or not this is best 
is not the question now under consideration; even, how¬ 
ever, if the program of collegiate engineering ediicatidn 
were extended to 5 years, or to 6, the fundamental question 
of the post-scholastic engineering education and the pro¬ 
fession^ development of the young engineer would remain, 
^^dmg consideration of those interested in the wd- 
fare of the profession. 

What ^e the dements of this problem and how may it 
e approached? It may be worth while to summarize 
^ough they are already well and imdely 


There is, of course, the problem of fitting the man to 
the job, or the job to the man (happily there are now jobs 
to which men can be fitted). This phase of the problem 
is of concern to every administrative and personnel officer. 
Real progress has been made in connection with it in 
recent years. A committee of the Society [for the Pro¬ 
motion of Engineering Education) under the chairman¬ 
ship of Professor Bangs, of Cornell, has as its particular 
duty continued study of this matter. 

There is also the problem of giving ilie graduate—or the 
about-to-be graduated student—-some comprehensive 
knowledge of the profession he is about to enter—of its 
professional organizations, of the opportunities it offers 
and the r^onsibilities it involves, and of its ideals and 
ethical standards. Some progress has been made in con¬ 
nection with this phase of the general problem, but ap¬ 
parently less than its importance deserves. Both the 
schools and the profession have a direct respo nsi bility in 
relation to it. 

Every graduate who plans to follow engineering practice 
as a career should af fi l i ate hi ms elf with the appropriate 
national societies and local groups of engineers and thereby 
identify himself as a member of the profession he is joining. 
While ^s may be considered as chiefly the concern of 
the engineering societies, it is one toward which tiie engi¬ 
neering schools should feel a sense of responsibility. 

Then there is the matter of the continuatipn of the edu¬ 
cation of the young engineer, and this is the chief problem 
to whi^ these remarks are addressed. Heretofore our 
profession has done, or perhaps it might be fairer to say 
has been able to do, very little in this connection. In 
some urban centers an increasing number o f jgraduatW are 
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availing themsdves of opportunities for post-graduate 
instruction offered in evening horn’s by colleges of the vicin- 
iiy. In some industries, but almost exclusively in the 
largest, training programs are provided which range from 
regular study of a post-graduate natiure to planned 
sequences of experience in various departments of the 
company. But on the whole there is little or nothing 
in our profession that serves the purpose of the period of 
systematic apprenticeship which the medical graduate 
experiences during his intemeship. Up to the present 
time no means have been available of assisting or of 
guiding the graduate who feels the need systematically 
to continue his education through self-directed study. No 
greater need or opportunity exists for the engineering 
profession today than in this respect. 

And finally there is the matter of infomung the graduate 
of the requirements and procedures of the registration 
laws in the several states. The college and the profession 
jointly have an important responsibility in this connection. 

Until the present time the various aspects of the induc¬ 
tion of the graduate into his career and of his professional 
development and advancement have been dealt with only 
sporadically; the profession as a whole has not united in 


considering the matter or in providing means for dealing 
with it. The reason for this has been chiefly that no agency 
has existed through which a common program of effort 
could be undertaken. Now, happily, that lack no longer 
exists. The Engineers’ Council for Professional Develop¬ 
ment, upon which the interest of the colleges has centered 
recently in connection with the accrediting program, has 
the broader purpose indicated by its title —professional 
development. Accrediting of schools, though a vital matt^, 
is but one phase of the broader program which the cotmcil 
has undertaken. Matters relating to the personal and 
professional growth and development of the graduate as 
an engineer and a citizen are being dealt with by one of 
the council’s committees, that on professional training. 
It was the inauguration of the program planned by this 
committee on which Past-President Rees [of SPEE] 
was actively engaged at the time of his death. 0. W. 
Eshbach [chairman, AIEE committee on education] is 
now serving as the chairman of this committee, which is 
continuing the work along the same lines as those originally 
laid out. The work of this committee is of vital importance 
to the entire profession. It deserves to be supported and 
assisted ... as need and opportunity arise. 


English in Engineering Education 

By C. W. DUNHAM 

Port of New York Authority H . 


A m AN is able to convey his thoughts to another person 
only as perfectly as his own means of expression 
^ and the other’s understanding of it wiU permit. 
Most people in our country are limited to the use of just 
one tool for this purpose—the English language. How 
great a part it plays in our lives! How great, then, 
should be its development! Yet engineers are notoriously 
weak in their mastery of it. 

In the past we have given much study to the determina¬ 
tion of the best curricula for the undergraduate work of 
our engineering colleges in order to give our young en¬ 
gineers the best possible preparation for their life work. 
My own contacts with graduates for the past 16 years 
indicate that the results have been good as far as technical 
education is concerned. However, young engineers are 
generally ddELcient in their ability to express themselves 
with effectiveness and facility, whether orally or in writing. 
Those who are really capable in this respect are the ex¬ 
ceptions rather than the rule. Yet, unfortunately, many 
of the impressions which create the “boss’s” idea of a 
man’s ability are secured through the latter’s use of 
iH^ngiisti. Therefore, it is tremendously important for a 
young inah to be competent in handling this great nieans 
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of conveying his thoughts and knowledge if he is success¬ 
fully to hold a position of leadership among other men who 
are well trained in this^ fi^pect. The question naturally 
arises, “What can be done about it when the time and 
capacity of the students are already strained to the limit ?” 

Obviously, it is unwise to keep piling course upon 
course in undergraduate curricula. This should not be 
necessary in order to attain the desired result. Day after 
day the students are steeped in the study of mathematics, 
sciences, and similar subjects, but all these studies are 
carried on through the medium of the English language. 
Why then, cannot the devdopment of the use of this 
medium itself become a well-planned though almost 
unconscious part of all studies? 

Naturally, in this connection, the desired goal is the 
development of the ability to use the ordinary written 
and ^oken words of everyday life with facility, to write 
concisely and wdl, to think straight, and to speak dearly 
a n dd fectivdy while on one’s feet before people as wdl 
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as in the quiet of one’s study. Not only the faculty 
m^bers but the students themselves should realize the 
importance of these attainments. 

To accomplish this goal the study of English should 
commence as soon as the student entem coUege and it 
should continue until he graduates. The faculty of the 
English department should teach the theory of writing 
ah^’ effective speaking, but the practice of its teachings 
should be carried out day after day in the other departments 
by having the closest kind of co-operation among them 
ail. The English professors in a few hours each week 
^ould not be expected to counteract the ^ect of careless 
or bad habits formed elsewh^ei These other depart¬ 
ments should insist that all written examinations, reports, 
theses, and similar work of the students must be satis¬ 
factory. in composition as well as in subject matter. Oral 
interrogations or recitations should be held in order to 
give valuable practice in quick thinking and extempo¬ 
raneous speaking. These last vdll also give the students 
the ,indidental benefit of listening to the questions and 
answers of otjbiers. 

Of course, speh ,a, program will require painstaking 
work oh the part of the tdichers. However, the possibili¬ 
ties for real service are too great to be neglected. 

The classroom is not the only place where practice in 
the use of the English language should take place. Com¬ 
petition in public speaking, participation in the work of 
the college paper, preparation of essays and their pres¬ 
entation at meetings of the student branches of the 
engineering sodeties, discussion of such essays, prepared 
and extemporaneous debates, and similfir activities 
should be a regular part of the college life. 

I shall try to illustrate the need of this training and its 
benefits by giving a few examples from the experiences of 
engineers whom I know. All are true cases even though 
the names of the individuals are not disclosed. 

A diief engineer wanted someone to study a certain 
bridge project and to make a report upon ^ findings. 
As it happened, the engineer who usually did such work 
for him was on his vacation, therefore, the problem was 
^signed to a younger man. The latter made the neces¬ 
sary investigation and estimate, then hastily compiled his 
report. He delivered it in person to the chief engineer. 
The latter read it in the presence of the assistant chief 
engineer and the author. He figuratively tore it to 
pieces because of its poor form and composition although 
hj^ did not criticize the correctness of the figures. Ob- 
yipusly, that young engineer suffered much more than 
injury to. his fedings. 

I. In: another instance a yoimg designer was asked to help 
ydth some specification writing during an emergency. 
He soon demonstrated such clearness and exactness in 
.^ting that he was transferred to tlus part of the organi¬ 
zation, reedving at the same time a substantial raise in 
saj^^ and an advance in title. Some of his fellows failed 
ito realize that the reason for his promotion was an ac- 


of them. One case centered upon one short descriptive 
phrase of four words which the contractor claimed meant 
something entirely different from the intention of the 
author. The dispute was finally settled with a loss of 
about $75,000 to the owner. 

In another instance a company wished to carry on a 
lecture program to advertise its engineering services. 
One of the concern’s lawyers was assigned to the job. 
After the first attempt he was recalled because he did 
not have the technical background to answer the questions 
put to him. An engineer was then sent out to carry on 
the work. His knowledge was sufficient but his pres¬ 
entation of the subject was so uninteresting that-he top 
was recalled immediately. The program finally had to. 
be fimshed by a few of the men higher up in the company 
who took turns at the job. The effect of this affair upon 
the first 2 men needs no comment. 

A ^ffef ent kind of case is that of a company which sent 
one of its engineers to confer wiih a customer about 
di£5culties that had aris^ between them* The engineer 
understood the matter well enough, but he could not 
discuss the details calmly and clearly. He soon became 
antagonistic in his attitude and failed miserably in his 
mission. The result was an oral order by the chief 
engineer stating that this man must never again be per¬ 
mitted to represent the company in such matters. Hip 
future progress was wrecked. One might say that this 
case represents poor character rather than weakness in 
the use of the English language. However, knowing the 
individual as I do, I bdieve that his failure was due 
largely to inexperience in debate and in controlling his 
speech under difficult circumstances. 

Another case concerned 2 yoimg engineers who were 
about equal in technical ability. The first seemed to be 
afraid to express himself and to present his views. When 
he attempted to do so he was inclined to be hesitant and 
unconvincing in his speech. The second was unafraid, 
forceful, yet tactful and clear in his discussions. The 
result was that the second young man steadily forged 
ahead of the other. Such things have happened too fre¬ 
quently to be commented upon further. 

It seems to me that there are 2 sides to this matter of 
correct and effective use of Engli^ which one should 
master. The first is the attainment of a good vocabulary 
and knowledge of what is right and proper composition. 
Ihe second is the development of courage and ability 
to get on one’s feet, to say something worth while and 
to say it well. These can be mastered by the studen-ts 
only if they are giv^ long-continued practice in writing 
and speaking in college until they become so accustomed 
to expressing themselves properly that eventually they 
are able to concentrate their minds upon their ideas rather 
than upon the search for words to ejpress those ideas. 

Ih conclusiou, let me urge that proficiency in the use 
of the English language , be given due of the chief places 


among the goals to be striven for by our engineering 
whose value they Imd overlooked. students. Letitbeattainedbythewhole-heartedco-opera- 

‘ Ihe! pr^aration of specifications is a good example tion of the entire faculty, of the colleges. Thus will lOur 
pf ,the tiee4 for exactness in writing. Repeatedly, trpuble young engineers go forth to Life possessing one of the 
devdops" from 'their indefimteness or misinterpretation great qualifica’tipns for success. 

Dunham-r^EngUsh Elbctmcal ENonraia^ 
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Synopsis 

T he results of an extensive oscillographic study 
of power-system faults to ground are presented here¬ 
with. While this study was made primarily to 
obtain data useful in inductive co-ordination problems, 
the results are believed to be of general interest as well. 
They provide data on such items as frequency of occur¬ 
rence of ground-current disturbances, their monthly 6is- 
tribution, duration, cause, method of clearance, and 
wave-trace characteristics. Data on fault resistance are 
given in part II, a companion paper. 

Introduction 

In connection with a study of low-frequency residuals 
and methods for their control, conducted by the Joint 
Subcommittee on Development and Research of the Edison 
Electric Institute and the Bell Telephone System with 
the co-operation of several power companies, numerous 
oscillographic records of power-system currents and volt¬ 
ages at times of disturbances producing ground current, 
together with information as to the cause and nature of 
the disturbances, were obtained. Records were secured 
from 10 systems which were under observation for periods 
ranging from approximately 1 to approximately 5 years. 
These records have been analyzed from various stand¬ 
points to provide information as to characteristics of 
power-system faults and disturbances which involved 
ground current. Since some disturbances were^ self¬ 
clearing and some were due to redosures on sustained 
faults, switching, etc., a somewhat special meaning has 
been attached herein to the terms “disturbance” and 
“f 0 ,j 4 t” to facilitate the analysis of the data, namely; 


duration for faults was arbitrarily chosen to eliminate from this 
classification brief surges, many of which were attributed to switch¬ 
ing, paralleling of 2 systems, etc. 

The data presented herein apply, with minor exceptions, 
solely to disturbances producing earth-retum current and 
are not concerned with distmrbances resulting from phase- 
to-phase or 3-phase faults except to the extent that these 
may develop into ground faults as well. 

The information given in this paper may be roughly 
divided into 3 main classes, rdating, respectively, to 
(1) the monthly and yearly frequency distribution of dis¬ 
turbances and faults, (2) classification of disturbances to 
determine their cause and nature, this classification being 
based on power-system trouble reports, and (3) certain 
characteristics of troubles, such as duration, manner of 
fault clearance, and number and sequence of phase wires 
involved, this information being deduced principally from 
the appearance of the oscillographic records. 

Source and Nature of Data 

The power companies who participated in the collection 
of the data and whose co-operation made this study 
possible were the Appalachian Electric Power Company, 
Central Illinois Light Company, Central Illinois PubUc 
Service Company, Superpower Company of Illinois, 
Dayton Power and Light Company, Pennsylvania Power 
and Light Company, Philadelphia Electric Company, 
Potomac Edison Company, Public Service Electric and 
Gas Company, Tennessee Electric Power Company, 
Union Gas and Electric Company, and Wisconsin Public 
Service Corporation. 

The power systems utilized in the study are all located 
in territory where, according to data of the United States 
Weather Bureau,^ the average expectancy of thunder- 


Disturbance. Each individual oscillographic record of abnormal ^yg per year is from 30 to 60. They, .cover an 

60-cycle current, irrespective of its cause or duration, represents a voltage range from 26 to 220 kvf some«of 


disturbance. , 

Faults. The number of faults was arrived at by el imina t in g from 
the total recorded disturbances those having a dwation of one 
cycle or less, and those which the poWer-system trouble records or 
the osciUogram characteristics indicated to be recurrence of, or 
redosure on the same case of trouble. The word "fault” is th^®" 
fore used to distinguish the disturbances which were pr<*ably 
associated with initial dielectric faUure from the total number of 
disturbance recorded. The requirement of more than one cycle 


A Daner recommended for pubUcation by the AIEE commi^ on 
ni^o^end distributibn. Manuscript submitted January 6 , 1987, released for 
publication February 24, 1937. 
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Operating voltage range from 26 to 220 kvy~ someo'of 
them operate with directly grounded neutral and otK^ 
vdth neutral grounded through impedance. Certain 
relevant characteristics, such as. system voltage, circuit 
mileage, method of grounding neutral, and extent and 
Vind of ground wires utilized are listed in table 1. 

For recording disturbances, automatic oscillographs 
were used. They were tripped, in most cases, by residual 
or neutral current and were provided with means for 
photographing the time of occurrence of each disturbance. 
Provision wss made for recording neutral, residud, or line 
currents in all cases and for recording positive- and 
negative-sequence and line-td-ground voltages in some 
cases. AH oscillographic records were correlated as far 
as was practicable with pow^-system trouble records. 
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MONTHS 

Fig. 1. Monthly distribution of disturbances recorded during entire periods of obser¬ 
vation; systems A to J, inclusive, 26 to 220 lev 


data were practically complete. 

The data indicate, in most 
instances, considerable variation 
from year to year. The most 
important cause of this variation 
is probably the varying severity 
of lightning storms in different 
years. This is well illustrated by 
the fact that weather reports for 
the city around which system B 
centers show that there were 61 
days on which thunderstorms oc¬ 
curred in 1931, compared with 30 
in 1930. 

Monthly Distribution 

The monthly distribution of 
the disturbances recorded for the 
entire periods of observations on 
each of 7 systems are shown in 
figure 1. ^sterns G and I do 
not show as great a seasonal varia¬ 
tion as the other systems, prob¬ 
ably because these systems have 
more effective protection against 
lightning. System J, which oper¬ 
ates at the highest voltage, shows 


Frequency Distribution 
of Disturbances and Faults 

Disturbances and Faults per Year per 
100 Circuit Miles of Transmission Line 

The yearly and, in most cases, the average yearly fre¬ 
quency of occurrence over several years, of disturbances 
and faults involving ground current are shown in table II 
for the various systems. This classification was made 
only for the 7 systems from which suitable data were 
obtained and only for the calendar years for which the 


a decided seasonal variation, due 
to the fact that a part of the line mileage is in hilly ter¬ 
ritory subject to severe electrical storms, and because, 
at the time of these observations, one section of line 
did not have effective ground-wire protection. 

In figure 2 are shown 3 average curves of monthly dis¬ 
tribution of disturbances. The 2 broken-line curves were 
prepared by averaging the percentages shown in figure 1 
for the sterns operating at voltages from 26 to 44 kv 
and 66 to 220 kv, respectively. The solid-line curve is a 
proba-bility curve, based on the percentage data from all 
systems. 


Table I—Relevant Power-System Characterirtics 


Aoproxliiuita Circuit MUeage 


Line 

Voltage 

Kr 


Wood Steel —^- 

Pole Tower Cable Total Number 


Neutral Grounds 


.80......170.. 1 ....7m>bmresistor 


..275......126. 


...250........;...., 

... 64 See remarks... 
..198.,...,842..... 


-200....;.112. ;i 


...250. 4 ....Solid 


.. .SO-ohm resistor 
.. .'Grounding bank* 


...586..., 


1......818...... 


1 .... 150H>lim resistor 
2-4 ... .Solid........... 


Ground HWres 
...None 

;. .Some low conductivity. 
.. .Some low conductivity 
. .Some low conductivity. 

.. .See remarks 


.80- or 60-obm resistor... .Low conducti'vity 
.Solid -Low conducti'vity 


...167.-1 to 4....Solid 

.;.354......4to5;...SoUd 


'.. High conductivity . 

r, .High conductivity ex-, 
cept one section for 
portion of period 


Remarlto 


. .Sequential observations on 2 almllftr 
networks 

. .*Bquivalent zero-sequence imped¬ 
ance—640 ohms 


..Only one 64-ihUe wood-pole line 
under observation 

. .72-mile lugh conductivity; remain-. 

der low. conductivity or none 
; .Two grounds at first, others added 
. -later^ 

. .Switching arrangements permit re- 
ristance of 30 or 60 ohms 
.N^erous neutral: grounds bn this 
system. / 

.Number of grounds gradually in¬ 
creased from 1 to 4 
.Syrtem mileage changed from 234 
to354 
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Correlation Results 

4» 

Wherever practicable, the oscillograms obtained from 
each power system were correlated with power-system 
trouble records. In the case of system E, correlation 
was obtained for oscillograms of voltages induced in an 
inductively exposed telephone line as well as for the 
neutral-current records, thus increasing the amount of 
usable data from this system. The correlation provided 


various classifications, some of the items are explained in 
more detail at the end of the table. 

In obtaining correlation between the oscillographic 
records and power-system troubles for system E, more 
attention was paid to the geographical location of the 
fault and the actual damage to the system than to the 
primary cause of the disturbance. For every other power 
system included in this report, the primary cause of the 
disturbance was given first consideration, but the corre- 


Tabie II—Disturbances and Faults per Gilendar Year per 100 Circuit Miles of Transmission Line 

(Only Those Produdng Ground CurrenO 


1930 1931 1932 1933 1934 1935 Averluee 

Circuit Dis- Circuit Dis- Circuit Dis- Circuit Dis- Circuit Dis^ Circuit Dis> Dis- 

Power Miles turb- Miles turb- Miles turb- Miles turb- Miles tnrb— Miles turb- turb- 

System of Line ances Faults of Line ances Faults of Line ances Faults of Line ances Faults of Une ances Faults of Line ances Faults anees Faults 


A—•20kv... 



..169.. 

.. 18.. 

..12.. 

..169.. 

.21.. 

..16.. 

.169... 

. 29. 

.21.. 

..169.. 

..18.. 

..10.. 

..172.. 

..10.. 

.. 8... 

.18.. 

..13 


860 $0 . 

..28. 

..400.. 

..64.. 

..41.. 



. .85.. 










.62.. 

..35 

C—33 kv.... 


..260.. 

.80.. 

..54.. 

•250*• 

.108. 

.69.. 

..250.. 

. .90.. 

..56. 




.93.. 

..60 

B—44 kv... 



..685.. 

..108.. 

..45.. 

..535.. 

.94.. 

..48.. 

•585.• 

. 86. 

.36.. 

..635.. 

. .88.. 

..46. 

..635.. 

..65.. 

..30... 

.88.. 

..41 

G —66 kv 



..818.■ 

.. 12.. 

..8.. 













.18.. 

.. 8 

I —132 Inr 

1A7 . . ft 


..167.. 

..306.. 

$ 

4, , 













.. 6.. 

.. 6 

J—220kv... 

..234....11.. 

..10. 

.. 10.. 

.. 9.. 

1 . 8.. 


.. 6.. 

.854... 

. 6. 

. 6.. 





• • • • • 


..8.. 

.. 8 


information as to one or more of the following items: lation, especially with regard to lightning as the primary 



















continuous oscillogram, and according to earlier defini¬ 
tion, represents one disturbance.) 

Fault Characteristics 
Deduced From Oscillograms 

Dtjiiations of Disturbances and Faults 

This portion of the analysis is intended to give, as 
nearly as possible, a representative picture of the dis¬ 
tribution of disturbances and faults with respect to their 
durations while involving ground, as determined from 
oscillographic records of power-system neutral and residual 
currents. The results for each of 8 power systems are 
shown graphically by the cumulative percentage curves 
in figures 3 and 4. The differences between the curves in 
these 2 figures, for corresponding systems, are due largdy 
to the elimination of disturbances of one cycle or less 
duration from the curves applying to faults. 

Because of the multiple neutral grounding and system 
layouts, the durations for systems F and H, obtained by 
an oscillograph at only one location, were not necessarily 
the total durations of the troubles. For the other systems 
included in figures 3 and 4, total durations were shown by 
the oscillographic records. 

Wave-Trace Characteristics 

The oscillograms of neutral or circuit-residual current 
from each of 9 power systems have been classified in 
accordance with the characteristics shown by their wave 
traces. Under this classification the oscillograms have 
been listed as those showing (1) uniform wave, (2) uni¬ 
formly attenuated wave, and (3) irregular wave. Those 

Table ill—Correlated Disturbances Classified 


Table IV—^Wave-Trace Characteristics of Disturbances 

A 


Claasificatioii of Wavo Trace, Per Cent 


Power 

System 

Total 

Records 

Classified 

Uniform 

Uniformly 

Attenu¬ 

ated 

Irregular 

One Cycle 
or Leas 
Duration 

Unable 

to 

Classify 

A (26 kv).. 

... 147... 

...42.9.. 

...2.7... 

. .34.0.. 

...12.9... 

.. 7.6 

B (83 kv).. 

...1,018... 

...51.9.. 

...8.7... 

..21.2... 

... 9.6... 

.i 8.6 

C (88 kv).. 

... 814... 

...40.7.. 

...1.8... 

. .32.3.. 

...19.4... 

.. 5.8 

£ (44kv).. 

...1,962... 

...54.3.. 

...8.1... 

..22.7... 

...11.9... 

.. 8.0 

P (44 kv).. 

... 100... 

...66.0.. 

...1.0... 

..10.0... 

...24.0... 

0 

G (66 kv).. 

... 85... 

...68.8.. 

...3.6... 

..15.3... 

...20.0... 

.. 2.4 

H(120kv).. 

... 226... 

...71.6.. 

...2.7... 

.. 8.8... 

...16.0... 

.. 0.9 

J (182 kv).. 

... 84... 

...76.6.. 

...5.9... 

.. 8.8... 

... 6.9... 

.. 2.9 

J (220 kv).. 

... 67... 

...71,7.. 

... 0 ... 

.. 9.0... 

... 9.0... 

..10.3 


having uniform wave traces presumably indicate constant 
resistance-faults and the others variable resistance faults. 
The results of this study are shown in detail in table IV. 
Wherever oscillograms showed one cycle or less duration, 
or could not properly be included under any of the 3 
classifications noted above, they have been placed under 
headings noting these facts. 

Some t3rpical oscillograms illustrating these character¬ 
istics are shown in figure 6. In many cases, the basis for 
this classification was not as clear-cut as might be inferred 
from these illustrations alone. 

Manner op Clearance 

The determination of the maimer in which a disturbance 
cleared, i.e.,. whether breaker-cleared, self-cleared, or in¬ 
volving some combination of these, was based on (1) 
correlation data and (2) appearance of the oscillogram 
wave trace. On this basis, the oscillographic records- 

as to Primary Cause and Nature of Trouble 


Descrlptton " 

Net dlstnrbaneei ased in the fello^C ci««n»ir.aWnn »T 

1. Per cent on lines. 

2. Per cent at substations. !!!!!!!! 

3. Per cent—^location unknown. 

A. Classification as to ptimaty cause 

1. lightning. 

2. Ptinuuy cause unknown..... 

8. Cause, location, and type of troubie’ uidmoTO. 


Power System 

® C E F G H I J AtoFHtoJ 
26 Kt 33 Kt 33 Kt 44 Kt 44 Kt 66 Kt 120 Kt 132 Kv 220 Kir 26-44 Kt 120-220i 
- —-_^_Kt 


692 

2171 

84 

84 

65 

29 

110 

80.4.. 

..61.2.. 

. .46.4.. 

,.60.7,. 

..63.8.. 

. .69.0.. 

..61.8 

11.3.. 

..28.9.. 

.26.0.. 

..16.6.. 

..33.9.. 

..27.6.. 

..16.6 

8.3.. 

.. 9.9.. 

..28.6.. 

..23.8.. 

..12.3.. 

.. 3.4.. 

..22.7, 


Percentages of Net Disturbances—See Abore 


Sum of above—^probably due to lightidng in most instances. 

A ^^nd, sleet, snow, rain, and flood—no lightning reported. 

5. Foreign objects... 

6. Switching...!!!!!!!!!”.... * 

B. Classification as to natme of trouble 

1. Flashovers..... 

2. Bushing failures.•”!!!!!!!!!!.'!!!!*!.'!. 

3. Equipment failures... .. 

4. Whipping conductors. [ . •••••• 

f' down—no structures report^ dovra'. .*.' ” 

0 . Fulme of ud damage to supporting structures. •••••• 

3“*^ of those causing bro ” 

^”ve Structures, which are included in 6 and 6 

8. SwitcUng.....'.. *! i ""**"''*.** ..•••... 

9, Cable failure.....,... s...' • • ... 

BxpUnation of items used in classification: 


.67.7.. 

..41.7.. 

..27.4.. 

..33.8.. 

.62.2.. 

..31.1.. 

..60.9 

.19.8.. 

..21.0.. 

.. 1.2.. 

.. 0 .. 

. 4.6.. 

..24.1.. 

.. 8.2. 

. 8.3.. 

.. 9.9.. 

. .28.6.. 

..23.8.. 

.12.3.. 

.. 3.4.. 

..22.7. 

— 

. 

—— 


- ... 



.85.8.. 

..72.6.. 

..67.2.. 

..67.1.« 

.69.1.. 

.68.6.. 

.91.8. 

7.8.. 

. .22.0.. 

.. 0 .. 

..16.7.. 

. 0 .. 

.. 3.4.. 

. 0.9. 

. 4.6.. 

.. 4.8.. 

..21.4.. 

..13.1.. 

. 4.6.. 

.27.6.. 

.. 0.9. 

. 1.9.. 

.. 0.6,. 

..21.4.. 

..13.1.. 

.26.8.. 

..10.4.. 

.. 6.4. 

.66.8.. 

..42.2.. 

..62.4.. 

..647.. 

.61.6.. 

..48.2.. 

. .83.6. 

. 3.6.. 

..16.4.. 

.. 0 .. 

.. 0 .. 

. 1.6.. 

.. 0 .. 

.. 1.8. 

. 4.1.. 

,, 7.8.. 

.. 3.6.. 

.. 0 .. 

. 6 .. 

.. 6.9.. 

.. 6.4. 

. 8.0.. 

.. 5.6.. 

.. 0 .. 

.. 3.6.. 

. 0 .. 

.. 0 .. 

.. 0 

.14.6.. 

..13.9.. 

,. 7.2.. 

..10.8.. 

. 6.1.. 

..13.8.. 

.. 0.9. 

2.8., 

.. 9.1.. 

.. 0 .. 

..8.3.. 

. 0 .. 

.. 0 .. 

.. 0 . 

3.1,. 

.. 6.0.. 

..16.4.. 

.. 9.6.. 

. 4,6.. 

..13.8.. 

.. 0.9. 

1.9.. 

.. 0.6.. 

..21.4.. 

..18.1.. 

.26.8 .. 

..10.4.. 

.. 6.4. 

0.2.. 

., 0.4.. 

.. 0 ,. 

.. 0 .. 

. 0 .. 

.. 6,9.. 

.. 0 . 


.76,2_73.2 

.. 8.7.... 1.4 
.. 9.8.... 11.0 
.. 5.3.... 14.4 

..64.2....64.6 
.. 4.9.... 1.1 
.. 3.6.... 4.4 
.. 1 , 8 .... 0 
..10.8.... 6.9 
.. 4.8.... 0 


.. 8.8.... 6.4 
.. 6.8.... 14.4 
.. 6.9.... 2.3 


Uton. '*^***" damage was reported or only damage to insu- conductors—contacts with other conductors, line structures or struc- 

Coadactorj dcww—plmae condnctora . tures adjacent to line. . siruccures, or struc- 

ground wnes.etc.--no structures reported ropes, kites, airplane, crane boom, trees or 

transformers, meterina eaulom^ni- aSi i, i, blastmg, etc. Accidents to persons and damage by fire. ' 

Ughtnmg anesteis, etc, « pment, oil circuit breakers, includes disturbances due to switching and synchronizina under 

normal conditions. uuuc. 
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PER CENT OF FAULTS HAVING DURATIONS PER CENT OF DISTURBANCES HAVING DURATIONS 

EXCEEDING CORRESPONDING ABSCISSA EXCEEDING CORRESPONDING ABSCISSA 



0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 


DURATION - CYCLES 

Fig. 3. Cumulative percentage curves of disturbance duration 
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Table V—Classification of Recorded Disturbances as Regards Manner of Clearance 


Power Systems 


A 

26 Et 


B 

33 Et 


C 

33 Et 


B 

44 Et 


P 

44 Et 


O H 
66 Et 120 Et 


I J 
132 Et 220 Et 


A to F H to J 
26-44 120- 

Et 220 Et 


Total number of records considered...147... .1018... .814... .1862... .100.85.226.34.67.. 

Values Below Percentages of Total Records Considered 


.4041....412 


2. Apparent circuit-brealcer-clearing. 

8. Apparently self-clearing one or more times followed by final 


Sum of items 1, 2, and 3.... 


5. Apparently self-clearing one or more times followed by final 

self-clearing..... 

6. Circuit-breaker operated but fault apparently sdf-clearing.... 

Sum of items 4, 5, and 6. 

7. Records of one csicle or less duration..... 

8. Unable to classify... 


..59.8.. 

..48.6. 

...46.8.. 

.58.8.. 

. .50.0.. 

..74.1.. 

..29.2.. 

..85.3.. 

..61.2.. 

..52.4.. 

..58.6 

.. 4.8.. 

..10.9. 

..14.0.. 

. 4.1.. 

..13.0.. 

.. 8.5.. 

..45.1.. 

.. 0 .. 

..11.9.. 

.. 9.7.. 

.. 19.0 

.. 4.8.. 

.. 3.1. 

... 4.5... 

. 2.7.. 

.. 0 .. 

.. 1.2.. 

. 1.3.. 

.. 0 .. 

.. 1.5.. 

. 3.1.. 

. 0.9 


. ■ 

■ 



— i 1 

1 

1 

- 

- 

i.i .1 . 

..69.4.. 

..62.6. 

..65.3... 

.65.6.. 

. .63.0. . 

. .78.8. . 

..75.6.. 

..85:3.. 

. .74.6. , 

..65.2.. 

.78.5 

.. 4.1.. 

.. 5.0. 

.. 8.7... 

. 4.3.. 

..13.0.. 

.. 0 .. 

. 4.9.. 

.. 5.9.. 

.. 3.0. . 

. 6.1.. 

. 4.6 

.. 2.7.. 

.. 5.5. 

- - 3 5, 

2 6 

0 







.. 2.1.. 

.. 8.8. 

..5.0... 


.. 0 .. 

.. 1.2.. 

.. 0.8. . 

.. 0 .. 

. • 0 . • 
.. 3.0.. 

.. 4.0,. 

.. 1.3 


• 

■ ' 

—- 


—^ ■ 

. . . 


- 

— - 

1 

.. 8.9.. 

..19.3. 

..12.2... 

.11.0.. 

..13.0.. 

.. 1.2.. 

.. 7.5.. 

.. 5.9.. 

.. 6.0. . 

..12.9.. 

.. 6.5 

..12.9.. 

.. 9.6. 

..19.4... 

.11.9.. 

. .24.0. . 

. .20.0. . 

..16.0.. 

.. 5.9.. 

.. 9.0. . 

..15.6.. 

..10.3 

.. 8.8.. 

.. 8.5. 

..8.1... 

.11.5.. 

.. 0 .. 

.. 0 .. 

.. 0.9. . 

.. 2.9.. 

..10.4.. 

.. 0.3.. 

.. 4.7 


have been classified as shown in table V. Wherever the 
word “apparent” precedes a method of clearing, this 
method was determined solely from the appearance of 
the oscillogram. In all other cases, the method of clearing 
was deduced from the appearance of the oscillogram in 
conjunction with the correlation data. 

Records showing durations of one cycle or less have all 
been entered under item 7 of table V. Due to their short 
duration, it has been impossible to classify them. Some 
of them were due to synchronizing and switching, otheis 
were probably self-clearing short-duration disturbances. 
Probably in some instances the disturbance had an appre¬ 
ciable duration and for one reason or another the oscillo¬ 
graph obtained only a cycle or less of the record, thus 
accounting for correlation of some of them* with circuit- 
breaker operations. 

In figure 6 oscillograms a and c illustrate breaker- 
cleared faults; oscillogram 6 illustrates a self-cleared fault. 








Rg. 5. Illustrative oscillogram of intermittent fault 
to ground and complete filial breakdown; system E 

current 

STT-Nesatlve-sequence voltage 


Faults to Ground Involving 

More Than One Phase Wire 

In table VI is given, for systems 4, and JS, a classi¬ 
fication of faults with regard to the number of phase wires 
initially involved and certain subsequent changes therein. 

In the case of system A, voltages to ground as well as 
neutral current and negative-sequence voltage* were re¬ 
corded, providing an accurate basis for determining t he 
number of phase wires involved in a fault. 

In the case of systems B and E, the basis for deter- 
m i ni ng the condition of one or multiple line-to-ground 
faults was largely the appearance of the negative-sequence 
voltage and neutral current wave traces. The negative- 
sequence voltage on these systems is low for one-line-to- 



SYSTEM 



(b) uniformly ATTENUATED WAVE TRACE: APPARENT 
SELF-CLEARED FAULT. SYSTEM B 
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Ift^EGULAR WAVE TRACE ; CIRCUIT-BREAKER-CLEARED. 
SYSTEM.B 

Fig. 6 . Illusirallye oscilldgrams 

1— Neutral current 

2— Negative-sequence current 
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FAULT INITIATED ONE LINE-TQ-GR0UND(A), DEVELOPED 


INTO TWO LINE-TO-GROUND (A-Bj THEl, 
ONE LINE-TO-GROUND (B-C). SYSTEM E 


-EARED TO 



(b) SAME AS (a). SYSTEM B 




6 CYCLES REMOVED- 


B C 


(C) SAME AS (a). RISE IN NEGATIVE-SEQUENCE VOLTAGE 
INDICATES TWO LINE-TO-GROUND PORTION OF FAULT. 
SYSTEM B 


JIj 

iW\ 



a 

W! 





(d) NEGATIVE-SEQUENCE VOLTAGE INDICATES FAULT 
INITIATED TWO LINE-TO-GROUND AND REMAINED 
SO THROUGHOUT. SYSTEM B 

Fig. 7. Illustrative oscillograms 

1— Neutral current 

2— Neaative-sequence current 





[■ ^ ^ 

WWWWWWWvv'^-■ : 


Fig. 8. Illustrative oscillogram of development of 
fault from 2 line to ground (A to B) to 2 line without 
ground (B to C); fault self-cleared to ground and 
Anally circuit-breaker-cleared; irregular wave trace; 
system B 


1— Neutral current 

2— ^esatlve-sequerice voltase 


ground faults and high for faults involving 2 phase wires. 
From inspection it is, in most instances, quite evident 
which ones were obtained during faults involving more 
than one phase wire and ground. Illustrations of this 
type of oscillogram are given in parts c and d of figure 7 
and in figure 8. Figure 7, part c, indicates that the fault 
initiated as one line-to-ground and developed into 2 
line-to-ground. The 2 line-to-ground portion of the 
fault is indicated by the decrease in neutral current 
accompanied by an increase in negative-sequence voltage. 
Figure 7, part d, and figure 8 show faults involving 2 
phase wires throughout. 

The neutral-current wave traces, especially in systems 
where neutral impedance is used, give additional informa¬ 
tion where ground faults developed from one to 2 line 
and then back to one line-to-ground. In such cases, an 
abrupt decrease occurs in the neutral-current magnitude 
when the second fault develops, followed perhaps by a 
return to the original value when one of the faults is 
deared by breaker operation or otherwise. Osdllograms 
illustrating the changes in neutral current just referred 
to are shown in parts a, b, and c of figure 7. The validity 
of this method of determining the existence of faults to 
ground involving more than one phase wire has been 
verified by correlation with power-system operating 
records in a number of cases. Also the illustration in 
part c of figure 7, in which a negative-sequence voltage 
wave trace is shown, substantiates the dassification of the 
records shown in parts a and b, thereof. In determining 
whether one or more than one point on the system was 
involved in a fault, the correlation and relay operation 
data were also utilized. 


Table VI—Classification of Faults Regarding Number and 
Sequence of Phase Wires Involved 


Power System 


A-26 Kt B-33 Kt B-44 Er 


Total number of records conddered.106.373.418 

Values Below Are Percentages 
of TotalReeords Considered 

1. Inittated 1 line-to-gronnd....70.6 

1.1 Remained 1 Une-tO'gronnd throughout. .52.4 
■ 1.2 Developed from 1 into 2 line-to-ground.. 17.1 

1.21 At one point....11-3 

1.22 At more than one point. 

. 1.23 Unable to classify.. 

1.3 Developed from 1 into 3 line-to-grov 

1.31 At one l>innt... . 

1.32 At more than one point. 

1.33 Unable to classify. 

2. Initiated 2 line-to-gronnd.... 

2.1 Remained 2 line-to-ground through 

2.11 Atonepmnt... 

2.12 At more than one point.... . 

2.13 Unable to clasdfy.. 

2.2 Developed from 2 into3 line-to-groi 

2.21 At one point. 

2.22 At more than one point.;.. 2.9. 

2.28 Unable to clasdfy...1.0. 

2.3 Developed from 2 into 1 line-to-ground.. 1.0.. 

3. Liitiated 3 line-to-groimd........ 

Swnnutry of Mnltlple Idne-to-Oroond Faults 
1. Total numbw: of records indicating that more 

than one line and grot®'!’• 

(o) Atsamepmnt................••••••• 

■ ^6) At different pmnts....... 


.70.6.... 

..78.8.. 

..,.87.8 

52.4.... 

..67.6.. 

... .77.5 

.17.1.... 

..10.5.. 

.... 7.9 

.11.3.... 

.. 4.0.. 

.... 8.8 

2.9.... 


.... 1.0 

2.9.... 

.. 6.6.. 

.... 8.1 

1.0.... 

. . 0.8.. 

.... 2.4 

1.0.... 

.. 0.3.. 

.... 1.0 


.. 0.3.. 

.... 0.2 


.. 0.3.. 

.... 1.2 

.23.8... 

..17.4.. 

.... 6.8 

.10.4... 

.,13.4.. 

.... 2.9 

. 5.6... 

..6.1.. 

.... 1.2 

. 2.9... 

.. 0.3.. 

.... 0.2 

. 1.9... 

... 7.0.. 

.... 1.8 

.12.4... 

...1.9.. 

.... 1.7 

. 8.6... 

... 1.6. 

.... 0.6 




- r 

. 1.0... 

... 0.3. 

... 1.2 

. 1.0... 

... 2.1. 

.... 1.7 

. 6.7... 

... 3.8. 

..... 6,9 


(e) Unable to clasdfy... 


47.6... 

...32.4.;. 

;. .22.6 

82.4... 

...14.2,.. 

... 7.0 

9.6... 

... 1.1... 

... 2.6 

6.7... 

...17.1... 

...12.9 
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No records which did not of themselves indicate multi¬ 
ple fault conditions were considered as such in this study, 
even though the correlation data indicated that more 
than one phase wire may have been in trouble. The 
reason for this was that the correlation data in many 
instances were not complete enough to base a classifica¬ 
tion entirely on them. 

No classification of faults not involving ground could 
be made, since the oscillographs, in most instances, were 
not arranged to operate unless ground was involved. 
The classification was not extended beyond the first change 
in the number of phase wires involved. Thus, if an 
oscillogram indicated that a disturbance initiated as one 
line-to-ground and subsequently involved 2 and then 3 
phase wires, the classification shows only the initiation 
of the disturbance and its development from a one line to 
a 2 line-to-ground fault. 

An important reason for making this t 3 rpe of classifica¬ 
tion was to obtain some indication of the extent of double 
faults* due to overvoltage. It is felt that the develop¬ 
ment of a fault from one or 2 phase wires to a greater 
number of phase wires at more than one point on the 
power system is more indicative of the effect of over¬ 
voltage than is a fault which initiates as multiple line-to 
ground and remains so throughout, even though more than 
one point on the power system is involved. In the latter 
case the faults might well be caused by an electrical 
storm or storms extending over a large area. The per- 

* Two line-to-ground faults in which the fault on one phase wire is at a different 
point on the system from that on the other phase wire. 


centage of total faults (and disturbances) which developed 
from one to multiple line-to-ground faults at different 
points is given below. This is a summation of the per¬ 
centage figures given in table VI for items 1.22, 1,32, 
and 2.22. Also items 1.23, 1.33, and 2.23 of table VI, 
probably include some cases where the multiple fault 
developed at different locations. 


Percentage of Total Records Indicat¬ 
ing the Development of a Fault From 
1 or 2 Phase Wires to a Greater Num- 



Neutral 

her of Phase Wires and Involving 


Resistance, 

More Than One Point on the Power 

Pow^ System 

Ohms 

Sjrstem 

A—26kv 

76 

6.8 

B-n33kv 

30 or 60 

0.3 

B —44 kv 

160 

1.2 
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Synopsis 

A n ALLOWANCE for fault resistance in fault 
current computations is desirable in certain types 
of problems. The present paper gives the results 
of a study made to determine reasonable values of fault 
resistance to use in computing line-to-ground fault cur¬ 
rents, particularly in inductive co-ordination studies. 
The sources and nature of the data used in the study are 
described in a companion paper. V 

Introduction 

For many pur^ses it is sufficient and even desirable, 
as in the case of certain relaying problems, for example, 
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to assume zero fault impedance in computing fault cur¬ 
rents. For certain other purposes, however, such as 
inductive co-ordination problems, it seems preferable to 
include in the calculations a representative value for 
fault impedance or to otherwise allow for its effect on 
fault currents. 

For faults involving ground, fault impedance is generally 
understood to include the impedance in the path of the 
fault current between a phase wire at the point of fault 
and ground, induding local ground r esistance. Thus 

A paper recotameaded for publication by the AIEB committee on power trans¬ 
mission and distribution. Manuscript submitted January 6, 1937; released 
for publication February 26, 1937. 

C. n. OaxBSOw is assistant engineer with the Bdison Electric Institute, New 
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Fig. 1. Cumulative percent¬ 
age curves and average fre¬ 
quency distribution curve of 
apparent fault resistances 


fault impedance includes -' 

the resistance in the arc, in SS 2 

the contact between con- go_ 

ductor and ground (in the “5 « Q 

case of wires falling on the Ifi ^ 

earth), in tower footings, in « 2 ' 2 " 

a foreign object between fSe ^ 

conductor and tower (or x« 40 • 2.0 -—;■ 

ground) or in some com- 2z yC_ 

bination of these factors. <g 30 - is_A_ 

Fault impedance may be u.« / 

constant throughout the SCALE B 

duration of a fault or it * 20-10 -j- | 

may vary continuously, as ^ j 

in the case of an arc which is 2 10 - 5 - 

blown out to gradual extinc- / 

tion by the wind. Fault im- ^ / __ 

pedance, in general, appears 0 10 2 

to be predominantly resis¬ 
tive and in this paper will be 
treated as though entirely so. 

In this paper the approach to the problem of fault 
resistance is largely statistical and is based on an oscillo¬ 
graphic study of power system fault currents, made by 
the Joint Subcommittee on Development and Research of 
the Edison Electric Institute and Bell System, in co¬ 
operation with a number of power companies. The 
power systems from which the data were obtained are, in 
most instances, referred to by a letter, i.e., system .4, 
system etc. Information as to the characteristics of 
these systems and the nature and extent of the study on 
which this paper is based is given in a companion paper.^ 

The method of attack on the problem of fault resistance 
has, in general, been along 3 different lines: 


—X— 
—o — 


POWER 

SYSTEM 

NUMBER 

OF CASES 
CONSIDERED 

RANGE OF 
APPARENT FAULT 
RESISTANCE-OHM: 

B-33 KV- 

ISI 

“9 TO 87 

C-33 KV. 

89 

-9 TO 160 

E-44KV. 

1031 

-10 TO 720 

1 -132 KV. 

14 

6 TO 68 

J-220KV. 

60 

5 TO 132 


AVERAGE FREQUENCY DISTRIBUTION CURVE 


NOTE: THE COMPUTED VALUES OF APPARENT 
FAULT RESISTANCE WERE CLASSIFIED IN 5-OHM 
STEPS,AND SMOOTH CURVES FITTED TO THE RESULTING 

A 


AVERAGE FREQUENCY DISTRIBUTION CURVE 


to be predominantly resis- apparent fault resitance - ohms 

tive and in this paper will be 
treated as though entirely so. 

In this paper the approach to the problem of fault where 

resistance is largely statistical and is based on an oscillo- 

graphic study of power system fault currents, made by . ^ nonnal geneiated voltage to neutral 

the Joint Subcommittee on Development and Research of 2.1 = positive-sequence impedance of power system 

the Edison Electric Institute and Bell System, in co- Z* = negative-sequence impedance of power system 

ooeration with a number of power companies. The Zo » zero-sequence impedance of pow^ syst^ inclusive of n^U^ 

□perauuu wiui » • j ... impedance but exclusive of fault resistance and capacitance 

power systems from which the data were obtamed are, m ground 

most instances, referred to by a letter, i.e., system A, ^ resistance (used here in preference to Zr to simplify 
system B, etc. Information as to the characteristics of explanation) 

these systems and the nature and extent of the study on . , . 

which this paper is based is given in a companion paper.i in case of accidental faults ^ ground ^unng routoe 
The method of attack on the problem of fault resistance operation, J, cannot be measured directly, but m its place 
has, in general, been along 3 different lines: a measurement of neutral current at one or more ^inte 

^ ® can be obtamed. If there is but one neutral ground on 

1. Measurements of neutral currcut, supplemented by calculations, the system Jy = J, (except for ^ctoging current);^ 

to detennine the "apparent fault resistance" for one line-to-ground there is more than one ground the division of the computed 
faults occurring under actual operating conditions. value of between the neutrals can be determined. 

2. Measurements of phase currents and voltages on a particular Assuming that values of the sequence impedances o^ the 

line to determine more directly the fault resistance under actual gy-gtem are available or can be computed, that 

operating conditions. gygtem conditions at the time of fault including fault 

8. Measurements (staged tests) and calculations of certain of the are known, and that measured values of one or 

individual elements entering into or affecting fault resistance. neutral currents under fault conditions are available, 

a value of 2?^ can be determined which will make the 

Determination of Apparent Fault Resistance computed value of equal to the measured value of 

neutral current. ^ 

Theory Aim Dim^ The value of Ri, so obtained is of the nature of a cor- 

.. " since it includes in addition to fault 

For grounded systems, the formula for computmg^^ resistance the effects of differeri^^ the actual 

line-to-groundf^curtentsb^ 

components is: of R, determined in this way are referred to herein as 

“apparent fault resistances.’;’ While this method i^y 
r ^ i ^ ^: (1) jiot give a true fault resistance, it provides a statical 


Zi + z% -f Zo + 
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Fig. 2. Cumulative percent¬ 
age curves o( apparent fault 
resistance for steel-tower line, 
wood-pole line, and sub¬ 
station faults 


method of arriving at a g 70-J— ( “ 

value for fault resistance for I 

use in practical calculations « ^ _L 

of fault current. This | i Y \ ^ 

method has been used in *^2 \ \ V 

most of the fault resistance z ^ ^ 9 ” 

determinations made for < o \ \ 

this paper. * o 40- \ -o' 

In a few of the cases a ^ 

larger value of neutral cur- 5 y _;_V_ 

rent was measured than was o 25 \ 

computed under the assump- ^ 

tion of a zero-ohm fault re- o 20 -^ - 

sistance, indicating that the 2 ^ 

conditions existing on the ^_ 

power system at the time 
of the fault, or some of the 

constants, were not accu- 0 |q 20 

rately known. On directly 
groimded systems it will be 

seen, by reference to equatioii 1, thatthelargest fault current 
magnitude that can be calculated by varying (a real 
quantity), with other things fixed, is that which corresponds 
to a negative value of equal in absolute value to one third 

of the sum of the resistance components of the sequence 
impedances. Any assumed negative value of R^ larger 
in absolute magnitude than this would decrease the com¬ 
puted fault current. In the cases used for this paper, 
one third of the stun of the resistance components of the 
sequence impedances seldom exceeded 5 ohms for the 
directly grounded systems. Of course, in cases where a 
neutral resistance is used, a negative value of Rf much 
larger in absolute magnitude becomes mathematically 
possible. Negative values of apparent fault resistance, 
wherever indicated by the calculations, have been in¬ 
cluded and given equal weight in the analysis, although it 
is realized that physically they do not exist. The meas¬ 
ured current for 2 cases from system C, one case from 
system I and 2 cases from system J so greatly exceeded 
the computed values that no figure for apparent fault 
' resistance could be deduced and these cases were excluded 
in presenting the results. 

Results OF Appajrent • 

Fault-Resistance Determinattons 

During some 6 years of qsdllographic observations on 
several power systems, a total of 1,375 records were ob¬ 
tained for which the conditions existing on the power 
system at the time of fault were known with sufficient 
accuraqr to permit computations of apparent fault re¬ 
sistance. The results of these computations for the 6 
systems for which the data were sufficient to warrant 
curves are shown in figure 1. 


-STEEL-TOWER LINE,SYSTEM B-33 KV (39 CASES) 

-WOOD-POLE LINE,SYSTEM B-33 KV (114 CASES) 

-SUBSTATION,SYSTEM 8-33 KV (38 CASES) 

— ^ —STEEL-TOWER LINE,SYSTEM E-44KV fe04 CASES) 

-O—WOOD-POLE LINE, SYSTEM E-44 KV (226 CASES) 

—D— SUBSTATION,SYSTEM £-44 (136 CASES) 


30 4 0 50 60 70 80 9Q 100 110 

APPARENT FAULT RESISTANCE-OHMS 

Since these curves are smular in shape and lie fairly 
close together, an average cumulative percentage curve 
was determined from these curves and from it the average 
frequency distribution curve shown in figure 1 was derived. 
The abscissa corresponding to the pesJc of a frequency 
distribution curve is its mode, or most frequently occur¬ 
ring value. Similar distribution curves were also pre¬ 
pared for the individual systems. The modal, median, 
and average values of apparent fault rwistance applying 
to the individual systems and the values from the average 
curve of figure 1 are shown in table I. 

Systems B and £ contain a considerable amount of 
both steel tower and wood pole line construction. The 
wood pole lines are not generally of the type recently 
advocated to take advantage of the wood insulation and 
some of them carry ground wires. The apparent fault 
resistance data for these systems were classified in accord¬ 
ance with the type of line to which the individual cases 
applied; also all apparent fault resistances deduced from 
substation faults were tabulated separately. Figure 2 
shows the resultant cumulative percentage curves based 
on these classifications. For the respective systems, the 
curves applying to substations are much lower than those 
applying to lines of either type. While the curves for the 
steel tower lines on both systems indicate somewhat 
smaller apparent fault resistances than those for wood 
pole lines, particularly at the higher values, the modal 
values for these 2 types of lines are not very different for 
the respective systems. 

Figure 3 shows average curves, based bn a classification 
between apparent fault resistances deduced for faults on 
lines and at substations for systems for which such classi¬ 
fication seemed warranted. Due to the fact that wood 
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Table I—^Modal, Median, and Average Values of Apparent 
Fault Resistance 

Apparent Fault Resistance 



Number 





System 

of Cases 

Range 

Mode* 

Median** 

Average 

J? 53 kv 

Igi . . 

.. —flto 87.. 

_ 8.... 

...22... 

....25 

C - 33 lev 

go ... 


_24_ 

...28... 

....80 

E — 44 kv- 

..1,031_ 

..-10 to 720.. 

....13_ 

...23... 

....57 

7—132kv.... 

.. 14.... 

8 to 68.. 

....16_ 

...28... 

....30 

J—220kv.... 

.. 60.... 

.. 5 to 132.. 

....25_ 

...31... 

....34 

Average curve. 


...-10 to 720.. 

....19_ 

...25... 

....35 


* Value expected to occur most frequently. 

ee The median of a series of values is the midpoint of the series when arranged 
in order of magnitude. 


pole lines were not of special design and frequently carried 
ground wires, and also to the relatively small differences 
between the curves for wood pole and steel tower lines 
just referred to in the case of systems B and E, values 
deduced for faults on all types of lines were lumped to¬ 
gether in the average curves of figure 3. They show 18 
ohms as the most frequently occurring value of apparent 
fault resistance for lines, and 5 ohms for substations. 

Most of the data on apparent fault resistance were 
computed from values of neutral current measured 3 or 4 
cycles after the fault started, which, in the majority of 
cases, allowed suflBlcient time for the disappearance of the 
unsymmetrical transient, if present. However, fault 
resistance frequently varied from cycle to cycle and in 
some cases, particularly on systems operating with 
neutral resistance, the fault 


cleared before 
operation. 


breaker 


o 25 50 

»- 

z 

UJ 

U 


Direct Measurement 
of Fault Resistance 

A method of measuring 
fault resistance during acci- 35 70 
dental faults on a particu¬ 
lar line has been suggested S 30 eo| 
by W. A. Lewis as the re- S 
suit of his studies of dis- 
tance relaying problems. ® 25 so 
The method requires the y 
measurement, at each end g 20 40 
of the transmission line 
under study, of the phase ^ 
currents and the line-to-line 
or line-to-ground voltages, 
and the phase relationships 10 20 
among these quantities. 

From these measurements ^ 

fault resistance and the lo¬ 
cation of the fault can be 
determined by solving, after ® ® 

some rearrangement, equa- “ ** 

tions developed in connec- j j 

tion with the theory of deter- 
miTimg fault location in dis¬ 


-SCALE B 


tance relaying.* In order to obtain measurements of re¬ 
quired currents and voltages, at least one 6 -element oscil¬ 
lograph is required at each end of the line. 

Considerable difficulty was experienced in finding lines 
suitable and available for fault impedance measurements 
of the type described above. As a consequence, only one 
oscillograph installat ion which would provide data for this 
phase of the study was made, namely, that on system D. 
The oscillographs were located at each end of a 64-mile 
line. During the 30 months this system was under 
observation, 78 records of faults were obtained but only 7 
were suitable for fault resistance determinations. The 
results are given in table II. 

From the tabulation it is seen that the fault resistances 
determined from the 2 equations check reasonably well but 
that the fault locations are much less reliable, particularly 
for the higher values of fault resistance. 

While these data are not extensive enough to add much 
to the information on fault resistance, the results are 
comparable with those given in figure 1. The observa¬ 
tions indicated certain practical limitations in this method 
of measuring fault resistance. One difficulty encoun¬ 
tered was that of adjusting the sensitivity of the oscillo¬ 
graphs to give proper deflections for faults at any point 
on such a long line. Another was that of obtaining 
sufficiently accurate measurements of phase angles from the 
oscillograms. Also, with the sensitivity required to record 
fault currents, it was practically impossible to determine 
the magnitude of the load currents in the non-faulted phases, 
which may be a source of some error in the calculations. 


■...— AVERAGE CUMULATIVE PERCENTAGE CURVES OF 

APPARENT FAULT RESISTANCE. 

-- — FREQUENCY DISTRIBUTION CURVES SHOWING 
PROBABLE PERCENTAGE OF CASES PALLING 
WITHIN ANY lO-OHM INTERVAL. 

CURVES CO and (3) - LINE FAULTS. AVERAGE FOR SYSTEMS 
B,C,ELAND J. (702 CASES) 

CURVES (2) AND (4)-SUBSTATION FAULTS. AVERAGE FOR 
SYSTEMS B,C,E,ANDJ. (204 CASES) 


MODE 

MEDIAN 

AVERAGE 


LINE 
FAULTS 
18 OHMS 
27 OHMS 
36 OHMS 


SUBSTATION 

FAULTS 

5 OHMS 
IS OHMS 
21 OHMS 


30 40 50 60 70 

APPARENT FAULT RESISTANCE-OHMS 


April 1937 


*Fig. 3. Average curves of apparent fault resistance; lines and substations 
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Table li—Fault Resistances Determined by Direct Measure¬ 
ments 


Case 

No. 

Computed Fault Locatioa— 

Miles From Station G 

Fault Resistance—Ohms 

(1)* 

(2)* 

(Avg.) 

(D* 


(2)* 

(Avg.) 

(o).... 

....40.... 

..25... 

....33. 

....16.. 


.12. 

....14 

(W.... 

....66.... 

..22... 

...44. 

....46.. 


.46..... 

....46 

(c).... 

....44.... 

..43... 

...44. 

.... 7.. 


. 7. 

.... 7 

(d).... 

....20.... 

..22... 

...21. 

.... 7.. 


.22. 

...14 

(«)**.. 



...28.... 

........ 

.36 



(/)•*.. 



...28.... 


.32 


...30 

(g)**.. 

. 


...28.... 


.23 




^ * These values were obtained from 2 equations, each of which could be resolved 
into real and imaginary components and solved for fault location and fault 
reastance and the averages taken. The values under (1) and (2) give the 
results for the individual solutions. 

I"** Stub-end feed, fault location known. (/) and (g) are reclosures on fault of 
case (c). 


mining voltage per foot of arc, as no special means of 
determining arc length were used. The conditions under 
which certain of these incidental tests were made and 
the over-all arc resistances measured at various stages of 
the arc are shown in figure 4. Some additional data on 
arc resistance and of the arc and contact resistance of a 
conductor dropped on the ground are given in table III. 

Some arc resistance data were also derived from a series 
of relay tests made on system J. The faults were initiated 
by pulling a string, saturated with a salt solution, across 
the arcing rings of an insulator string. The approximate 
lengths of the arcs were determined from moving pictures 
taken with one camera. The voltage gradient derived 
from the measurements is shown in figure 6 by the small 
squares in the range between 2,000 and 3,000 amperes. 
An average arc voltage gradient of 360 peak volts per 


foot was deduced from these tests. 

Table. Ill Miscellaneous Arc and Fault-Impedance Tests made in another set of tests in which representatives of the 
" . ■joint subcommitee participated, the results of which have 

innMum Length Fault Computed Fault been given in an AIEE paper.* In those tests, arc length 

of Arcing Current— Resistance— , 

Type of Test Path—Inches RMS Amps Ohms was deteimmed from movmg pictures of the arc taken 


(1) From a 132-kT system—testa of 1928 

Arc across insulator. 62 (approx.)... .359. 8.7 

Are across insulator. 52 (approx.)_348. 9.4 

Length in Contact 
With Ground—^Feet 
Conductor dropped on 

wet ground.600 (approx.)... .356... 9.0 

Conductor dropped on 

wet ground.600 (approx.)_365 . 9.6 

Resistances computed from readings taken at sending end of line. 

(2) 33-kT system—tests of 1927 
Conductor dropped on 

dry ground. 5.180 (approx.).46 

Conductor dropped on 

dry ground. 45 . 200 (approx.).38 

Conductor dropped on 

dry ground.100 .200 (approx.). 33 


with 2 cameras set at right angles to each other. It was 
found that for arc currents between 100 and 800 amperes 
peak, 67 per cent of the measurements of arc voltage fell 
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Direct Measurement of Certain Items 
Entering Into Fault Resistance 

In the course of the fault resistance study information 
on certain of the items entering into or related to fault 
resistance has been secured. While data on all items are 
not available, those given may be of interest in connection 
with cdlain types of problems. 

Arc Resistance 

Certain investigations'have indicated that for fairly 
large currents, the voltage gradient in an arc is independ¬ 
ent of current. Consequently, if the voltage per foot of 
arc can be determined and the length of the arc path is 
known or can be approximated, the arc resistance is given 
immediately by: 

arc r^istance - ^ X of arc 

^ .; ■ ; . / \ V: . \■ V V '' cu^ 

From tirne to time advantage has been taicen of oppor¬ 
tunities to determine arc resistances and arc voltage 
gradients ^erimentaUy. Certain of these arc measure¬ 
ments, of an inddmtal nature, suitable for deter- 
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Results based on arc-yoltase and Fault-Current measurements 
durins staged tests on transmission lines 
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Fig. 5. Volts per foot of arc 
versus arc amperes 

“♦Total initial arc voltase across pin type 
insulators for currents ransins from 70 to 
10/000 amperes as given in Ackerman’s 
paper were: 

2.2-kv pin 
square volts 
27-kv pin 
square volts 
60-lcv pin 
square volts 


insulator—250 root-mean- 
insulator—500 root-mean- 
insulator—^900 root-mean- 
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SO 
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within ±20 per cent of 300 peak 
volts per foot of arc length. Also 
53 per cent of the cases were above 
300 peak volts per foot and 47 per 
cent were below this value. Con¬ 
sequently, the average voltage 
gradient in an arc for currents 
from 100 to 800 amperes peak 
is concluded to be about 300 
peak volts per foot. 

Investigations by Paul Acker¬ 
man* have given valuable test 

data regarding the relationship between arc voltage, 
arc current, and arc length, the latter being determined 
from moving pictures of the arc (taken in one plane only). 
Arc lengths determined in this manner are generally 
greater, particularly in the case of small pin type insula¬ 
tors, than the striking distance across the insulator. 
Results from these tests, in so far as they relate to the 
voltage per foot of arc, have been plotted as a function of 
current in figure 5. On the basis of his tests Ackerman 
reaches the following conclusion regarding arc voltage: 
“The arc voltage is thus chiefly dependent on the arc 
length. . . . For practical purposes it may be assumed that 
for long stretched arcs, the arc voltage will be approxi¬ 
mately 400 root-jnean-square volts per foot length of arc, 
irrespective of short-circuit current.” 

The data from the various investigations cited above 
are in reasonably dose agreement with reg^d to the 
voltage gradient of an arc, considering the necessary 
approximations in arc length. The range in average 
value of gradient is from 200 to 400 root-mean-square 
vplts per foot of arc. (While root-inean-square values 
are quoted, it should be realized that arc current or 
voltage waves are usually distorted. Peak values divided 
by were used in analyses.) 

Tower Footing Resistance! 

For faults to towers on lines having no ground wires, a 
single tower or pole footing resistance enters into the 
fault resistance, a.nd unless data are available on footing 
resistances, the amount to allow is problematical. For 
lines provided mth ground wir^^^ shunting effect of 
the other towers along the line becomes a factor and the 
importance of tower footing resistance in influen^g fault 
current diminishes. It appears that, ia a majority of 

cases encohntered in practice, tower footing resistance 
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on lines having ground wires, may be neglected without 
introducing appreciable error in fault current calculations 
if I, the length in miles of the section of line under con¬ 
sideration, is greater than 

average tower footing resistance \ 
number of towers per mile / 

This condusion is based on a study of the effect of tower 
footing resistance on the zero-sequence" impedance of 
power lines by a method given in an engineering report 
of the Joint Subcommittee of Development and Research, 
E.E.I. and Bell System.® 

Conclusions 

(a) The most frequently occurring values of “apparent 
fault resistance” for the systems studied ranged from 5 to 
25 ohms. Those determined for faults at substations 
were generally less than for faults on lines; those deter¬ 
mined for faults on sted tower lines tended, for the 2 
systems for which such separation could be made, to be 
somewhat smaller than for faults on wood pole lines, but 
taking the results aS a whole there appears to be no 
marked difference for these 2 types of construction. 
The data indicate that, where fault resistance is to be 
allowed for in fault current computations, 20 ohms for 
line and 5 ohms for substation ground-faults are reason¬ 
able values to use. 

(6) The direct measurement of fault resistance during 

accidental faults, while possible, is subject to numerous 
practical difficulties which make the accumulation of data 
by this method slow apd rather expensive. 

(c) Fairly comprehensive information on arc resistance 
i nd icp tp} ^ that, above about 100 amperes arc current, the 
(Concluded on page 474) 
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Relation Between Voltase Drop and Load Balance in an 

Open-Y Distribution Circuit 


By S. D. APOSrOL 

ASSOCIATE AIEE 

W HEN supplying large lighting loads such as 
theaters, hotels, or department stores by the 
4-kv primary circuits, in many cases it has been 
desirable to utilize only 2 phases of the 3-phase 4-wire 
^tem. These loads are fed by 2 transformers connected 
in open Y on both the primary and secondary. Such an 
arrangement is made in order to avoid connecting large 
lighting loads on only one phase of the 4-kv circuit, tht^ 
maintaining a better load balance on the primaries and 
also obtaining an economical 3-wire secondary distribu¬ 
tion system. 

With the introduction and widespread use of the a-c 
network system of A-Y transformation the cormection of 
load to only 2 phases in open Y, in some cases, becomes 
necessary. This is particularly true when the load is 
cut from d-c to a-c and the old 3-wire system in the 
building is to be utilized. In both of these methods of 
distribution the secondary connections are essentially the 
same and serious voltage-regulation difficulties will arise 
unless the load is correctly—not generally equally- 
divided on the 2 phases. 

It is a well-known fact that when load is fed from a 
3-phase 4-wire system the most desirable arrangement 
would be to balance the load on the 3 phases. With 
balanced load, the neutral wire will carry no current and 
the voltage drop on all 3 phases will be equal. Any un- 
balandnpf of the load will cause the neutral wire to carry 
current with the result that the voltage drops will not be 
equal on all phases. 

In this paper the effect of coimecting load to only 2 
phases will be considered. In figure 1, and Vg repre¬ 
sent the applied voltages for A and 5 phases, respectively, 
forming an angle of 120 degrees. Also, and Is repre¬ 
sent the currents for the same phases and lagging their 
respective voltages. Then will represent the current 
in the neutral and its value will depend upon the magni¬ 
tude and direction of 7^ and 7,. Its magnitude can be 
computed by the following formula 

In “ cos 0 (1) 

where 6 is the angle between and 7^. 

The impedance drops on A and B phases are repre¬ 
sented by VjEj^ and VsEg, respectively. Also, the im¬ 
pedance drop on the neutral, causing the neutral point 
of the system at the load to be shifted to JVi» is represented 
by NNv Then the vectors NiEj^ and iYiEj or simply 

A_I>aper rerommended for pnblication bjr the AIBB committee on power trans¬ 
mission and distribution; manuscript submitted January 8,'1936; released for 
publication Febnituy 3.1037. 

S. n. Apostol is circuit dddgn engineer with the Commonwealth B^soh Com¬ 
pany, Chicago. III.; C. S. WiciraT&Otf is assistant supervisor of service investi¬ 
gation with the same company. 
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C. $. WICKSTROM 

ASSOCIATE AIEE 

Bj^ and Es represent vectorially the voltages at the loads. 
Their magnitude and direction depend upon the imped¬ 
ance drop on each phase and the neutral and can be 
calculated by the following formulas: 

“ Kil — IaIIa — (2) 

Es^ Vs- IbZb - InZn (3) 

where Z is the impedance of the conductors. 

A study of this vector diagram, which was drawn for 
equal loads and power factors on both phases, shows that 
the voltage on the leading phase at the load, NiE^ is 
considerably greater than the voltage on the lagging 
phase represented by NiEs. With the power factor of 
the load remaining constant, the voltages can be equalized 
by a definite imbalancing of the load on the 2 phases. 
The voltages can also be equalized by a change in the 
power factor of the load, as be illustrated later. 

With these ftmdamental characteristics of an open-Y 
circuit in mind it will be shown how they can be applied 
to produce good voltage regulation on wiring in buildings 
connected to 2 phases of the network system. 

A study of various sizes of 600-volt rubber-insulated 
conductors installed in building conduits was made to 
determine the voltage drops at various power factors and 
various load balances. The resistance for these con¬ 
ductors was taken at 60 degrees centigrade and the re¬ 
actance was calculated for an average position of the 
conductors in the conduit, using the formula 

/c I *5 \ 

^ “ 2 ( - -=-^ = 2.163 5 

V2 cos 30®/ 

.-.5 = 0.465 Z? (4) 

where 7> is the inside diameter of the conduit and 5 the 
distance between centers of conductors. 

Then, X = 2t 60[14.051 log (5/r) -|- 1.524] lO"®, r being 
the radius of wire. 

It was also assumed that the phase wires and the neutral 
were of the same size. 

The calculated values for the reactance are shown in 
table I. 

With the computed reactances and given resistances of 
these conductors, as shown in the table, calculations can 
be made using formulas 2 and 3 determining the voltage 
drops on the leading and lagging phases for various power 
factore and various load balances. Such calculations 
were made for number 4 wire with balanced load on both 
leading and lagging phases at vairious power factors, and 
the results were plotted as shown in figure 2, A study 
of these curves shows the following facts: 

1. With the load remainmg constant, w increase in power factor 
from 0.7 to unity results in an increase of voltage drop on the leading 

om—Voltage Drop Elbgtmcal Enginbbrino 




phase, whereas on the lagging phase the voltage drop decreases with 
an increase in power factor. 


2. At 0.7 power factor the voltage drop on the lagging phase is 
more than twice the drop on the leading phase, while at unity power 
factor the voltage drop on the lagging phase is less than that on the 
leading phase. It is apparent that at approximately 0.98 power 
factor the voltage drops are equal on both leading and lagging phases. 


Similar computations were made for number 4 wire with 
constant power factor of 0.9 on both phases and with 
various load balances on the 2 phases, based on 100- 
ampere total load. The results of these calculations 



Fig. 1. Vector diagram of an open-V distribution 
circuit 


Rg. 3. Volt¬ 
age drops on 
leading and 
lagging phases 
at various load 
balances at 0.9 
power factor 
and number 4 
600-volt rub¬ 
ber - insulated 
conductors in 
IVrinch con¬ 
duit 

Solid lines for 
Uggins phase; 
dashed lines for 
leading phase 















m 

P’ 

■1 

■1 

■I 

■ 

■1 

■ 

■ 

■ 

m 

a 

a 

a 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

u 

a 

a 

a 

a 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

n 

n 

m 

IB 

a 

a 

a 







m 

m 

i 

IB 

a 

a 

a 

a 

■ 

■ 

■ 

■ 

■ 

m 

» 

e 


m 

a 

a 

a 

a 

■ 

n 

■ 

■ 

■ 

n 

ais 


m 

m 

a 

a 

a 

a 

■ 

m 

■ 

■ 

IB 



la 







■ 

m 

■ 

m 



■ 

■ 

a 

a 

a 

a 

a 

a 

N 

m 

■ 



■ 

■ 

■ 

m 

a 

a 

a 

a 

al 

n 

m 

w 












n 

m 

m 












\m 

m 














■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

a 

a 

a 

a 

a 


0.5 1.0 1.5 2.0 2.5 3.0 

VOLTS DROP PER 100 FEET 


3.5 



1.0 1.5 2.0 2.5 

VOLTS DROP PER 100 FEET 


.Fig. 2. Voltage drops on leading and lagging 
phases at various power factors with balanced Ipad 
and number 4 606 -volt rubber-insulated con¬ 
ductors In iVHnch conduit 


Numbers on curves are power factors ^ ^ 

Solid lines for lagging phase; dashed lines for leading phase 


A —65 per cent of total load on leading phase 
A *—^35 per cent of total load on lagging phase 
g —^35 per cent of total load on leading phase 
B '—65 per cent of total load on lagging phase 
Q —55 per cent of total load on leading phase 
Q —44 per cent of total load on lagging phase 


were plotted as shown on figure 3. It will be noted that 
for a load balance of 65 per cent on the leading phase and 
35 per cent on the lagging phase the voltage drops are 
2.65 volts and 1.5 volts, respectively. With a load balance 
of 65 per cent on the lagging phase and 35 per cent on the 
leading phase the voltage drops are 3.25 volts and 0.35 
volts, respectively. The voltage drops on both phases can 
be equalized at 2.0 volts as shown by connecting 44 per 
cent of the load on the lagging phase and 56 per cent of 
the load on the leading phase. 

Of course, unbalancing the load will increase the copper 
losses in the wiring but this increase has little significance 
when compared with 


the improvement in 
voltage regulation. It 
can be shown that by 
unbalancing the load 
to a point where one 
phase carried 30 per 
cent and the otJier 
phase 70 per cent of 
the total load, sudi as 
would be the limit of 
unbalancing in appli¬ 
cation, the increase in 
copper losses amounts 
to 26.6 per cent. 


Fig, 4A. Chart show- s 
ing the proper load g 
division between phases 
at a given power factor 
to give the same voltage 
drop on each phase 
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LOAD ON LAGGING PHASE 

























Fig. 4. Relation between voltage drop and load balance for load connected to only 2 phases of 3-phase 4-wlre secondary 
network for various power factors/ 600-volt rubber-insulated conductors 


Numbers on curves arc power factors 

Solfd lines are voltase drops, dashed lines are differences In voltage drops between leading and lagging phases 



It has been shown that the voltage, drops on both 
phases can be equalized by changing either the power 
factor of the load or the load balance. In practical appli¬ 
cation, however, the power factor is generally fixed and 
attention must be given to load balance. To determine 
the correct load b^ance for various sizes of conductors 
curves such as shown in figure 4 can be drawn. These 
curves show the voltage drops at various power factors 
and Various load balances for the more generally used wire 
sizes. The calculations for the voltage drops on figure 4 
are also based on formulas 2 and 3. Considering one 
phase only, say the lagging phase, and with the impedance 
of the phase and neutral wires equal, the formula 

“ Kb — IgZa — 

can be transformed by the vectorial addition of the phase 
and neutral currents into 

» Kb.-(/ i'+.W, 


or 



Tl^ graphical representation of this Vectorial addition 


for a power factor of unity is shown in figure 6. To illus¬ 
trate, it is assumed that 60 per cent of the total load is 
connected to the lagging phase and 40 per cent to the 
leading phase. The vector OP represents the load on 
the lagging phase and OQ the load on the leading phase. 
Then Oi? represents the neutral current for this load 
balance. Combining OP and 02? vectorially, OS is 
obtained representing the current of formula 5. 

In a similar way combining OQ and OR the vector OT 
is obtained, which is the resultant of the neutral and 
leading phase currents. Resultants of all possible load 
balances, from one limiting condition where the entire 
load is connected to the lagging phase, to the other ex¬ 
tremity where the entire load is connected to tjie leading 
phase, line on lines 2C17 and 2*2br. 

Continuing to figure 6, the lines iTO and iAf are the 
loci of the resultant of ^e current components as shown 
in fi^e 5 at unity power factor. By allowing the power 
factor to vary from unity to 0*8 on both pl^es these 2 
lines will revolve about point O of figure 6. The portions 
of the loci of the resultant currents for the neutral and 
lagging phase, having practical application^^ the 

area bounded by the vertical lines 23i)i and iTiJi indicating 
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Fis. 5 (btlow). Dusram 
jhowing foci of noutraf cur- 
r«nt ancf of resultant currents 
of neutral and phase currents 
for all load unbafances at 
unity power factor 
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Fig. 6. Loci of resultant currents 
obtained by combining the neutral 
current with leading and lagging 
phase currents 
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IoimI tmlaiH'i’S l»ct wufu lit) ptrr cent niid 70 per cent. Simi¬ 
larly the piirtioim of the h»ci of the resultant currents for 
the neutral uiul leatUng phase for load unbalances between 

3 P per eetit and 70 r«’f «**»«*‘^ 

drawn verlicafty to OL with the correct scale. 

Mulliplicatioii of the resuHant currenUi by the im¬ 
pedance's of the Ccnidiictors would give the impedance 
drrrpa. Slitt-t* the imperlance of tlie conductors is a fixed 
value and the hnnis of the resultant currents is a straight 
line, for a given power faclor, the kanis of the impedance 
drops wotild ftl!v» 1 h* a straight Ufie. 

The Imi of the impedaiice drops of the various power 
factors will be related to one another in a manner similar 
to the relationship which exists between the loci of the 
tcsttltant currents. From the impedance drops the volt¬ 
age dropif which arc desired in the final analysis, can be 
obtained by subtracting algebraically the voltage of the 
load fmm the applied voltap?. Consequently, the loci of 
the voltage drops at various power factors are straight 
lines still maintaining the relationship with one another 
that existed betwten the loci of the resultant currents in 
figure 0. 

From the preceding analysis the reason for the apparent 
Inconristeticy in relationship of the loci of the voltage 
drops sh o wn in figure 4 hi eiddcnt. It is also evident that, 
as ti« lod of voltage drops am strain deter- 

aiiiiarioii of only 2 points on any fine h necessary# thus 


making the drawing of the family of curves a relatively 
simple matter. 

The curves shown in figure 4 are plotted for an un¬ 
balance of load between phases from 30 to 70 per cent. 
Such extreme unbalancing of the load between the 2 
phases might not be practicable but it was considered for 
illustration purposes. As shown by the curves for a 
number 8 conductor and a power factor of 0.8, with tJje 
load divided equally between the leading and la:gging 
phases, the voltage drop for the leading phase per 100 

{Concluded on page 474) 
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Special Uses (or the Automatic Oscillograph 


By G. A. POWELL R. E. WALSH 

ASSOQATE AIEE NONMEMBER AIEE 


T he automatic oscillograph has been available for 
about 7 years,but until S-cycle oil switches and 
l-to-6-cycle relays were in general use, the automatic 
oscillograph was not used extensively because the per- 
^ formance of the slower relays and switches could be 
checked at low cost by various forms of high-speed 
graphic meters. With the present high-speed relays and 
oil switches, the automatic oscillograph is considered 
almost a necessity. 

Automatic oscillographs are of great assistance in 
analyzing system disturbances**'^ because they provide at 
reasonable cost an accurate record of what happens 
electrically during each disturbance, For instance, the 
oscillogram of a disturbance shows the duration of the 
disturbance, the time required for relay and oil-switch 
operations, the phases involved, the minitniitti values of 
voltage, any tendency to^^d instability, the blowing out 
and restriking of arcs, the amount of short-circuit current, 
and the amount of current in the neutral of transformer 
banks. 

The general nature and benefits of the automatic 
oscillograph are well known. However, it is sometimes 
difficult to justify the installation of one if its only use is 
to analyze disturbances. The purpose of this paper is to 
describe other uses and to give the operating results 
which have been obtained. 

The 3 special uses described are: 

1. Fault location on transmission circuits. 

2. Testing carrier-current-controUed relay system. 

3. Keeping a check on the operation of the relays controlled by 
carrier. 

The first is applicable to most systems and has been 
used to, some extent, but little has been published on the 
results obtained.* The second is a tjrpical example of 
the possibility of using the automatic oscillograph for 
special tests instead of requiring a portable laboratory 
oscillograph. The third is not applicable to many 
systems, but it indicates a method of obtaining additional 
information. 

In 1931 an .automatic oscillograph was installed at the 
Ro^c^dain. substation of the New York Power and Light 
. Ooitporation. Experience with this instrument was so 
favorable that in 1934 another was installed at the Pleasant 
Valley substation, for use in connection with the opera¬ 
tion of the ;132-kv transmission circuits to New York City. 

Figure 1 shows the diagram of the transmission circuits 
centering a.t Rotter dam and Pleasant Valley. 

A paper recommended for pubHcation by the AIEE committee on instruments 
and measur^ents. Manuscript submitted September 28, 1936; released for 
pubheation February 17i 1687. 

^ ***^*®*^K ®“^®tant of power control, New Yorfc Power and 

I<i{mt Cbmpwy, Albray; R. E. WJllsb is an engineer with the same company. 

1. Por all numbered references M list at end of paper. 


The Pleasant Valley oscillograph is initiated by an 
overcurrent relay in the neutral of the transformer banks, 
and by a high-speed undervoltage relay. It records the 
following quantities: 

(a) Three phase-to-phase llO-kv voltages. 

(b) Current in A phase of Pl e as a nt Valley-Millwood number 9,825. 

(c) Current in C phase of Pleasant Valley-lMKllwood number 9,826. 

( d ) The total current in the neutrals of 4 transformer banks. 

The Rotterdam oscillograph is started by an overcurrent 
relay in the neutral of the transformer banks, and records 
the following quantities: 

(а) Three phase-to-phase 110-kv voltages. 

(б) Current in A phase of Spier-Rotterdam number 2. 

(c) Current in C phase of Inghams-Rotterdam number 9. 

( d ) The total current in the neutrals of 2 transformer banks. 

Fault Location on Transmission Circuits 

The current flowing in the Pleasant Valley and/or 
Rotterdam transformer bank neutrals has been cglciiTatpd 
by the method of symmetrical components for faults at 
the terminals of each 110-kv and 132-kv circuit, and at 
several intermediate points along each circuit. These 
calculations were started in 1932. Curves have been 
made for each circuit plotting Pleasant Valley or Rotter¬ 
dam transformer bank neutral current versus tower 
number. Figure 2 shows these curves for both Pleasaht 
Valley and Rotterdam neutral currents for faults on one 
of the Rotterdam-Pleasant Valley circuits. For each 
pair of circuits on the same towers, there are the following 
curves: . , : •'< .gq,i 

(а) Single circuit single-phase-to-ground faults. 

(б) Double circuit single-phase-to-ground faults. 

• 

(c) Single circuit 2-phase-to-ground faults. 

(d) Double circuit 2-phase-to-ground faults. K i 

Since all calculations have been for faults of zero 
impedance, the actual current in the transformer bank 
neutrals m^ured by the automatic oscillographs deviates 
slightly in some cases from the calculated value. When 
a fault is found, its location is plotted on the curve sheet 
to show the relation between actual and calculated tower 
number. The phase-to-phase voltages shown on the 
oscillograms have been used on several occasions to calcu¬ 
late the approximate location of 3-phase faults. 

As soon as possible after a fault occurs, the films are 
developed by a member of the substation crew, in dark 
rooms provided at Pleasant Valley and Rotterdam. The 
values of the 6 elements shown on the film aire carefully 
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measured at the substation and telephoned to the power 
control office. Figure 3 is a typical oscillogram. The 
measured values on the oscillograms are converted to 
actual system voltages and currents from calibration 
curves for each oscillograph. From the voltage records 
on the oscillogram, the phase or phases involved is ascer¬ 
tained. The curve for that type of fault is then referred 
to, and the tower number determined. Maps showing a 
profile of the terrain traversed by the circuit, and the 
tower-footing resistances are studied to see if these factors 
are likely to change the location of the fault as determined 
from the qurves. The tower number and phases involved 
are given to the system operator who orders the circuit 
patrolled 5 miles each si(||t of this tower. 

This procedure has been followed since May 1935, al¬ 
though calculation of the location of faults was started in 
1932. Previous to 1935, it was the practice to patrol the 
Vv . ■ • 
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whole circuit after a trip-out. During 1935 and 1936, a. 
total of 200 man-days were saved in patrols by this pro¬ 
cedure. A summary of results for the last 5 years is 
shown in table I. 

Testing Carrier-Current-Controlled 
Relay System 

In 1933 2 parallel 132-kv circuits were equipped with 
carrier-<nirrent-(iontrolled relay protection.® Standard 
power-directional and ground-directional relays are used 
for tlii.n protec^tion. There are 2 ground-directional relays, 
one for starting carrier transmission and one with 2 sets 
of contacts. One set of contacts is for tripping and the 
other set for preventing the starting of earner trans¬ 
mission, in case the power-directional relay should operate 
incorrectly, due to a large amount of through load current 
at the time of an internal phase-to-ground fault. For 
phase-to-phase faults a power-directional relay is pro¬ 
vided for starting carrier, and in conjunction with an 
induction-t 3 fpe overcurrent relay, is used for tripping. 
To increase the sensitivity and the speed of the pow^- 
directional relay at the time of a fault, the voltage restraint 
on this relay is suppUed through the nonnally closed 
contacts of an instanta^us overcurrent relay. 

The relay tripping with this scheme of protection 
are approidmately 6 cycles. If a fault is external to the 
section protected, it is necessary for either the power- 
directional or ground-directional carri^ starting relays to 
operate and start transmission of carrier current, and for 
the carrier crurrent to operate the receiver relay at the 
remote end to block tripping, before the tripping relays 
dose their contacts. This means that for correct opera¬ 
tion of the protective scheme all of the relays must be 
dosdy co-ordinated to be selective within 6 cycles. This 
sdective action is not difficmlt to obtain if the relays ^ 
all properly adjusted as the carrier starting rdays open 
normally dosed contacts while the tripping relays are 

dreuit dosing. However, after each individual rday was 
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carefully calibrated and set, it was felt there was no 
definite check on their combined operation as a group or 
the margin of selectivity between the groups. 

In order to obtain this information the automatic 
oscillograph is used after each periodic calibration and 
check of the individual relays, to show the operation of 
each individual relay at that station and their combined 
operation as a group. One set of tests is made on the 
ground relays and one on the phase relays. The oscillo¬ 
graph is started by hand and current of proper magnitude 
and phase angle to simulate faults at various locations is 
passed through the relays and one element of the oscillo¬ 
graph. The relays actually remove voltage restraint 
from the power-directional relay, start carrier, ooerate 
the carrier mceiver relay, open the trip circuit aid LaUy 
dose the trip circuit exactly as in actual operation, except 
that each set of contacts also energizes or de-energizes 
(dep^ding on whether it is circuit closing or circuit 
opening) an element of the oscillograph from a 125-volt 
d-c source. One element of the osciUograph is energized 
with 110 volts alternating current, to give a timing wave. 
As soon as the tripping contacts dose, the test current is 
removed, relays reset, and the oscillograph stopped. This 
procedure gives a record of the resetting of the relays as 
well as a record of their operation. A record of the reset 
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Automatic oscillograph on switchboard 
panel in Rotterdam substation 

is very important as in most cases the mar gin for insuring;' 
correct operation is less during reset than during operation.. 

Keeping a Check on the Operation of the 
Relays Controlled by Carrier 

After the carrier-current pilot relays had been in service* 
about a year it was felt that although the operations hadi 
all been correct, it would be desirable to have a check of 
the operation of the relays oftener than the yearly periodic 
calibration and test. The carrier receiving relay has 2” 
sets of contacts; one set is circuit-opening and opens the 
trip circuit; the other set is circuit-closing and is used to- 
energize an auxiliary alarm relay which lights a light and 
rings an alarm. 

WMe this arrangement indicated whenever the trip- 
circuit was locked out, it did not give any information as 
to the time required to lock it out or the length of time 
it remained open. A scheme was worked out for using 

the automatic oscillograph 
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to give this information. A 
second auxiliary relay is. 
connected with its coil in 
series with coil of the aux¬ 
iliary alarm relay. The 
contact of 'this secondl 
auxiliary relay is connected 
in series with a 6-volt bat- 
tery, a resistor, and one- 
element of the oscillograph. 
The element of the oscillo¬ 
graph is one winch is used 
to record one of the phase- 
to-phase voltages on the 

{Concluded on page 476 - 7 ) 

Electrical E^tginebrutg- 






A New Magnetic Flux Meter 


By GEORGE S. SMITH 

MEMBER AIEE 


Summary 

T he measurement of magnetic fields in air 
gaps by the existing methods, is almost as cumbersome 
as light measurements were before the introduction 
of the photronic c^ or photoelectric tube into that field. 
This paper describes a meter for the measurement of 
magnetic fiux which seems to parallel the advance made 
in the lighting field. 

About 2 years ago a problem arose in connection with 
some research work in which continuous measurement of 
somewhat varying magnetic fiux values in air g^ps was 
desired. A survey was made of the methods a.vailable, 
and no method was found suitable for the problem at hand. 
This problem then became the subject of somewhat 
extended research, the results of which are given in this 
paper. 

A variety of schemes have been used or suggested for the 
measurement of air-gap flux, most of which are of value 
only in some very special type of problem. The 2 most 
popular methods in use today are first by means of a 
galvanometer and a search coil and, second, by means of 
the change in r^istance a bismuth wire exhibits when 
placed in a magnetic field. The first of these methods 
requires movement of the search coil and an instantaneous 
reading of the resulting galvanometer deflection. The 
second requires careful measurement of the resistance 
offered by the bismuth wire in the field, as well as that in 
zero field; the percentage change in resistance thus ob¬ 
tained is referred for interpretation to a calibration curve. 
As is evident) both methods are cumbersome for general 
use, and require care and skill for accuracy. This is 
especially the case in the use of bismuth, since a small 
change in temperature between measurements will often 
result in a considerable error in the results. Neither of 
these methods is well adapted to continuous measure¬ 
ments. 

After this research problem was well under way the 
author’s attention was called to a publication by F. S. 
Dellenbaugh, Jr.,^ describing a miniature d-c generating 
armature for use in the continuous measurement of mag¬ 
netic fields, varying or constant. However, this method 
also has many disadvantages, especially from the stand¬ 
point of construction, where it is to be used in fields of 
very limited area, or in very small air gaps. 

The first attempt in this problem was to make an in¬ 
strument using the Hall effect.*****-® This ^ect appears to 
be a distortion of the normal current path in a thin flat 
disk of metal in the presence of a magnetic field. Since 
various metals have differing Hall-effect factors, this effect 
ffopmg to depend also upon some property of the material. 


The Hall effect for bismuth is much higher than for most 
othet metals except tellurium. This approach appear^ 
very hopeful untU higher flux dciis.tics approached; 
then the readings became less, and Imally revered m 
direction. Figure 1 shows tlie wiring diagram of the ap¬ 
paratus used and the curves taken for 21 degrees centi^ade 
and 48 degrees centigrade. As has been suggested by 
Craig' and Beekert,’ this metlrod might be of value m 
the measurement of low values of flux density. 

The next step contemplated was to amplify Uic change 
in the resistance of bismuUi by mtsms of a vacuum- 
tube circait, but this too appeared to offer many obstacles. 
Finally it appeared possible to obtain the desired results 
by using a bismuth resistor in each of tire 2 diagonally 
opposite arms of a ^ifheatstone bridge, as shown in flgure 

2, and placing both of these in the magnetic field to be 
measured. 

This research has resulted, in a very satisfactory mctliod 
of obtaining a direct eind continuous reading of the flux 
density of magnetic fields, either steady or slowly varying. 
The instrument can be calibrated for ranges from 
full-scale reading of a thousand gausses less to as high 
flux densities as may be desired to measure. The calibra¬ 
tion curves for 2 ranges on the britlge are shown in figure 

3. Figure 4 shows the meter with the bridge removed from 
its compartment, ready for u.se. 

A study of many of the rescarche.s* in connection with 
the behavior of bismuth and other metals in the presence 
of magnetic fields revealed many jHiints of value. The 
greatest amount of useful information was furnished by 
the curves shown in figure 6, plotted from data in the 
Smithsonian tables. These show tlie variations to be ex¬ 
pected in the use of bismuth at varying temperatures and 
var 3 ring flux densities. Fortunately the variation over 
the usual working range of temperatures is not very great, 
so that correction need be made only when more than 
ordinary accuracy is desired. 

Since bismuth is very brittle and is not easily worked, it 
is usually found pure only in lump or granular form. How¬ 
ever, its melting point is rather low (271 degrees centi¬ 
grade) and it forms well in a cast. Accordingly, it was first 
cast in a double spiral groove, madhined in the face of a 
brass plate and so arranged tltat the resulting spiral would 
be noninductiye. A great deal of difficulty was en¬ 
countered in obtaining any great kngth with a smaU ctoJis- 
section, but after many attempts 2 such spirals were 
obtained, of about 3,7 ohms each. These were built into 
a bridge, with very fi ne copper wire Interwound between 
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Fig. 1. Voltage unbalance due to Hall effect 


placed in the meter case. A portion of one of these should 
be made variable, in order to correct any possible zero 
displacements. 

The equation used to determine the value of such 
balancing resistors is as follows: 

where 

xiSo resistance of the balancing resistor at the assumed base 
temperature 

» resistance of the bismuth resistor at the assumed base tem¬ 
perature 

ctx = temperature coefficient of the balancing resistor material at 
the base temperatture 

o!b — temperature coefficient of bismuth at the base temperature 

In this research the final adjustment had to be made by 
trial. Since some number 40 Brown & Sharpe silk-covered 


the bismuth turns to form the remaining arms. This 
bridge gave such consistent results in the calibrations and 
various checks that still better results seemed likely from 
a bridge with higher resistance in the arms. Hence some 
bismuth wire was imported from Germany, and a bridge 
was constructed with 50 centimeters of 0,17-millimeter 
d i a m eter wire in each spiral. Each arm measured about 
28.25 ohms. 

In the construction and tests on this bridge, a number 
of problems arose which were either partially or wholly 
solved. 

First, since bismuth has rather high thermoelectric 
effect when joined to most other metals, a considerable 
amount of error might result if the junctions of the various 
ends of the spirals were not kept at the same temperature. 
To avoid this the support for the bridge was made of a 
thin sheet of copper covered on either side with a very 
thiD sheet of mica. To each side of this support were 
cemented the 3 thin flat copper leads; the spirals and 
balancing resistors were securely attached to the one end, 
and a bakelite terminal block to the other. The assembly 
of bridge and its leads was then covered on each side by a 
sheet of mica, for protection. The arrangement is clearly 
shown in figure 6. All junctions were made as near each 
other as possible so that very little difference in their 
temperatures could exist. The resulting thicknpfj*; beyond 
the terminal block is 1.25 m illim eters. No errors from tbia 
source have been detected, so that the temperature- 
equalizing strip may not be nec^sary. 

A second problem arose in the zero shift of the flux 
meter when the temperature of the bridge was increased 
or decreased. To py^come this a search was tri ade for 
some metal having the same temperature coefficient as 
bismuth, but none could be found. By using a metal 

^ffter temp^ature coefficient of resistance bi's- 
Diuth, and usmg oniy enough so that its resistance change 
woidd ^ways be equal to the corresponding resistance 
changp in the bismuth, the zero shift could actually be 
made zero. The remainder of the balancing resistance for 
each arm can be made of manganin resistor which may be 
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, nickel wire was available, it was used for the balancing 
resistance, though some very fine lead wire would probably 
be more desirable, since its specific resistance is much 
higher, it is entirely nonmagnetic, and it would be very 
easily formed in spirals. 

The several spirals were wotmd separately, and each 
was wound noninductive. The 2 spirals of bismuth were; 
placed between those of nickel. With this arrangement 
quick changes in temperature often result in uneven heat¬ 
ing of the various spirals, and thus a temporary shift of 
the zero. This could be greatly reduced by interwinding 
the turns of bismuth and its balancing spiral. 

Figure 7 shows curves of several of the tests made in 
studying the zero drift and in correcting it. From the 
great amount of data taken before the zero drift was cor¬ 
rected the conclusion was evident that this tendency for 
the zero to shift caused no noticeable error in the measure¬ 
ments, provided the meter was carefully set on zero before 
the reading, and was checked again after it. The chief 
difficulty arose when the zero was set in a region of zero 
field and then the bridge was placed near some metal 
whose loyrer or higher temperature would slowly alter the 
temperature of the bridge. 
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A third problem presents itself when the temperature 
of the bridge varies any considerable amount from that at 
which the bridge is calibrated. A study of the curves in 
figure 5 will show that when great difference in tempera¬ 
ture is involved some corrections must be made, if any 
great accuracy is desired. In order to determine the 
variation to be expected in the bridge readings, a small 
thermocouple was built into the bridge, witih the one 
junction placed between turns, as far into the bismuth 
spiral as possible. The other jimction was carried back 
into the meter case where a thermometer could be placed 
in contact with it. The thermocouple was then calibrated 
for the difference in temperature between these junctions, 
and it proved to be very sensitive and very accurate. The 
galvanometer used was external to the meter, though the 



Fig. 3. Calibration of magnetic flux bridge 

Usins d model 280 Weston 1.5-mlllldmpere d-c meter having 
27 ohms resistance as flux meter 
Bridge current 21.3 mllliamperes for 0-7/500-gauss range; 

9.8 mllliamperes for 0-15/000-gauss range 
Bismuth arms at 23.7 degrees centigrade—28.21 and 28.25 
ohms 

Nickel arms at 23.7 degrees centigrade—21.80 and 21.78 
ohms 

Manganin yf\Tz In mefet case used for remainder of nickel arm 

balancing resistances 

Numbers on curves are temperatures in degrees centigrade 


reading could easily be interpolated for any temperature 
within this range. 

A Tnat h f^Tnatical study of the resulting unbalance was 
made by fligsutning varying resistance values in the arms 
and varying currents supplied to the bridge. The wiring 
diagram is given in figure 8, and symbols are indicated 
for each of the values. The general equation for the un¬ 
balanced current in the flux meter in terms of the resistance 
in the arms, the flux meter resistance, and current sup¬ 
plied to the bridge, is 

S^R.\ — RtRi 

In the construction of the bridge the resistances of the 4 
arms are made so nearly equal at zero flux that they may 
be considered equal. If then x be substituted to represent 
the resistance of each of the 2 bismuth arms, and if y be 
substituted to represent the resistance of each of the con¬ 
stant arms, the equation simplifies to 

X ^ y 

X A - y \- 2RM 

For this study the bridge was assumed to be unbalanced 
by a flux which increased the resistance of the bismuth 
arms 50 per cent. Assuming the supply current to the 
bridge as constant, the equation was solved for varying 
values of arm resistance from 5 to 100 ohms and for Rjt 
values of 10 ohms and 27 ohms. The results are shown in 
curves A and J?, figure 8. 

However, in the operation of a bridge too much heating 
would result if the same I^ values are kept for the Hgher re¬ 
sistances, unless the size and thus the heat-dissipating 
capacity are altered accordingly. A second set of compu¬ 
tations was made assuming the heat loss as constant, and 
thus the Ib will be greater than 20 milHamperes for low 
arm resistances and less than that for high arm resistances. 
Curves £ and F were calculated assuming a heating loss 
of 0.0112 watt. This was the loss allowed in the meter 
buUt, and also the resulting loss in curves A and B when 
the arm resistance was assumed to be 28 ohms. 

Curves C and D assumed half this loss, or 0.0063 watt; 
curves G and if assumed double the loss, or 0.0252 watt. 

Evidently little is to be gained by using an arm resistance 
morie 2 or 3 times the flux-meter resistance, even if 
the bridge current is kept constant for all values. As is 
also evident from curves C to JT, with a constant loss the 
arm resistance should be about equal to the flux-meter 



alvanometer could be built in as an integral part of the 

Figure 3 shows such calibrations for several tempe^- 
ures. The flux meter itsdf could be calibrated for the 
Lsual temperature at which it would be used, ^ say ^22 
legrees centigrade, and curves could be supphed for 
nough temperature points above or bdow so that the 
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resistance. Thus a desirable flux meter will have a resist¬ 
ance as small as possible, providing it is at the same time 
sufficiently sensitive. With such a meter, a bridge can be 
made which will be both sensitive and very small in size. 
Such a bridge would be well adapted to measure fields of 
rather small dimensions, and would give more accurate 
results in nonuniform fields. Since flashlight batteries 
would commonly be used as the source of voltage in the 
bndp, the current value should be kept as low as possible 
to give the results desired. Also 2 bridges might be used 
with the same meter: one with very small total area, 
wound of small diameter wire, the other with heavier 
and thus a much larger total area. The diameter 
of such a small bridge might be limited to 5 millimeters 
or less; that of the larger one might be 25 millimeters or 


reduction in the current supplied to the bridge. In a 
similar manner the range could be still furtlier increased 
to a maximum as high as is desired. However, to obtain a 
lower range with the same bridge, either a greater bridge 
curr^t must be used, or a flux meter of the same or greater 
sensitivity but with lower resistance. 

The same bridge used for the curves in figure 3 had a 
full scale range of approximately 2,000 gausses when used 
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5. Variation of bismuth resistance with 
temperature at various flux densities 

Using a resistance of one ohm at zero degrees centigrade and 
zero flux density (from Smithsonian tables) 
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more. The former would take less current, would be less 
sensitive, but bpuld be used in very small field areas. The 
latter opuld be niade very serisitive by using a large bridge 
current, but its u^ woiild be limited to muform fields of 
niuch larg^ areas. 

A ^yen meter may be caUbrated to be used for a wide 
^ge of mewimements. Foir the calibrations shown in 
figure 3, the range of the mstrument was doubled by a 
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TEMPERATURE - DEGREES CENTIGRADE 
o—Tantalum, equal to bismuth 
C—Copper, equal to bismuth 
1>-Nlcl(el, approximately 18 ohms each 
^“Nickel, approximately 22 ohms each 
The final balance was too near zero to be shown on curves 

mih a W^ton model 322 meter, having a resistance of 18.4 
ohms and a fuU scale reading of 0.1 milUampere. By in- 
creasmg the current to the bridge from 21.3 to 30 milli- 
ampwes the full scale range was further reduced to ao- 
proximately 1,700 gausses. 

Some work was done in determining the amount of 
Client which could be used before the heating is notice¬ 
able or dangerous. A piece of the 0.17-millimeter bismuth 
w^e was soldered to tight copper leads, and was formed 
^0 a small loop with a thermocouple inside the loop. 
The whole Was cemented between thin mica sheets. The 
results showed that up to 60 miltiamperes no appreciable 
tmperature rise was noticed, and that at 76 miltiamperes 
the temperature increased only about 2 degrees centigrade 
above a room temperature of about 21 degrees centigrade. 
The current was increased to 800 milliamperes; after 
about 20 minutes the wire was very hot, but stiU was in 
no danger of melting or burning out. In operating the 
bridge at 20 miltiamperes no noticeable temperature rise 
takes place, and possibly higher currents could be very 
safely used. 

For calibration purposes an electromagnet was built to 
give a flux density of at least 20,000 gausses between the 
parallel circffiar pole pieces, 3.8 centimeters in diamrter, 
when the air gap between them is set at 6 millimeters. 
From tiiis diameter the pole pieces tapM outward at the 
Ewing optimum angle of 51 degrees to a final diameter of 
7.6 centinietCTs. This setting results hi a very uniform, 
air-gap flux between the paralld faces. A one-tum search 
coil 2.9 centimeters m diameter is hinged on an arm and, 
by means of a catc^, is hdd wdl within the unifoim por¬ 
tion of the field. B^de it ma,y be placed other measuring 
devices for comparison or calibration. Upon release of 

the arm, the search coti is autoniaticatiy swimg ont into 
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Fig. 8. Bridge sensitivity curves 

Variation of Ijt with varying resistance 
in the bridge arms 

Rji sa 10 ohms for all fulMine curves 
Rjii ss 27 ohms for all dashed-l|ne curves 
For curves A and B, Ig was assumed 
constant at 0.02 ampere for all values of 
resistance. The Ig current values for 
the other curves were computed to 
maintain the Rl constant 
Curves C and D— Rig* =■ 0.0063 watt 
Curves £ and F — Rig* — 0.0112 watt 
Curves G and H — Rig* =» 0.0252 watt 



a zero-flux fidd by means of a spring, and the impulse 
due to the induced voltage is read on a ballistic galva¬ 
nometer. 

To calibrate the galvanometer, a standard solenoid was 
very carefully constructed with length 174 centimet^ and 
diameter 7.9 centimeters, giving a ratio of length to di¬ 
ameter of 22 to 1. The calibration constant of the galva¬ 
nometer and search coil obtained by means of the standard 
solenoid was 1,844 gausses per unit deflection on the 
galvanometer. This appeared to be fairly constant for 
deflections up to 4 or 5 units, but decreased by small 
measurable amounts at the higher values. 

A calibrated bismuth spiral just received from Germany 
was used as a check on the ballistic method. Table I gives 
the results of a very careful check made between the 2 
methods. 

The lowest flux-density value results ina constant slightly 
over 2 per cent greater than the calculated one; values at 
the higher densities more nearly check the calculated 
values. As appears in table I and as was previously men¬ 
tioned, the constant becomes smaller at the higher 
galvanometer deflections. As a compromise between the 
2 methods, a curve was plotted of constants against 
galvanometer deflections, the values of which were taken 
as a reasonable mean between the 2 methods. 

A considerable number of calibration data were obtained 
on the various bridges tried, under various temperatures 

and other conditions. Unusual care was taken in obtainmg 
the curves shown in figure 3. Several check curves were 
taken at 22 and 30 degrees centigrade, some by me^ of 
the German spiral only and others by means ^ of me 

galvanometer. Very few of the points thus obtamedv^ed 
more than 1.5 per cent of full scale v^ue above or below 
the mean curves, and m^ost of the values feU on or v^ 

near the curves shown. From all the experience g^ed m 

the use of the bridge the conclusion seems reasonable that 
the meter will duplicate its readings to a greater d^ee 

of accuracy than can bemrected frcm^ 


ing apparatus, which probably ranges close to 2 per cent. 

A summary of the advantages and disadvantages of the 
meter—most of which have been indicated in this discus¬ 
sion—makes evident that by the use of 2 bismuth dements 
instead of one, the indication for a given flux density 
value is very greatly increased, and that it arrives at its 
■fififll value almost as soon as the deme n t is placed in the 
fidd, remains constant if the fidd is constant, or varies 
with the fidd if the change is not too rapid for the meters 
to follow. K the various arms of the bridge are so con¬ 
structed that the chmges due to temperature are similar 
in each, small temperature chmiges, so troublesome with 
a single spiral, are entirdy, or almost entirdy, obviated. 
A single bridge and meter may be calibrated for a very 
wide range of flux densities, from the lowest the meter- 
and-bridge combination will give to the highest desired. 
By induding more than one bridge with the same meter, 
the combination can be adapted for measurements in 


Table 1 



Galvanometer 

Iteinltmt 

Flux i>eiiBit7 by 
BismuUi Spiral 

’ Heflection 
by Searcb Coil 

Galvanometer 
Searcb Coil Constant 



.........1,886 

7,600..... 

10,270;.......,.. 

11,800. .... 

14,600.......... 

....6.66.. 

.6.14......... 

.1,874 

......1,850 


very sm^ meas, as wdl as for larger areas of comparativdy 
low densities. Probably the greatest disadvantap of the 
meter is the change in the indication for a g^vai flu?: 
density when tlie bismuth temp^ature is changed dther 
above or bdow that at which the meter is e^brated 
Whde gr^t accuracy is desired, readings must be cbrr^tM 

(Conclude on 
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A Suggested Course on Industrial Economics 
and Business Methods 


By R. E. HELLMUND 

FELLOW AIEE 


Synopsis 


I N VIEW of the frequent criticism of engineers to the 
effect that they do not pay suflSicient attention to 
economic and business factors, a brief review of the 
present activities of engineers is given. It is pointed out 
that they are extensively and successfully handling eco¬ 
nomic problems relating directly to their specific line of 
work but that they are inclined to overlook other eco¬ 
nomic and business factors equally important but some¬ 
what removed from their daily tasks. In order to stimu¬ 
late the interest of the younger engineers in economics and 
to g[ive them a broader viewpoint of the business enter¬ 
prises in which they will be engaged, a brief but fairly com¬ 
prehensive course on “industrial economics and business 
methods” is advocated to be given in preference to some 
of the highly specialized technical courses now forming 
part of the undergraduate curricula. The paper outlines 
the type of subjects which seem stutable for this course 
and further recommends that anal 3 d:ical methods of at¬ 
tack be employed to a greater extent than is now customary 
in economic studies. 


The general criticism of engineers during recent years 
to the effect that they have not paid sufficient attention 
to economic and business factors surrounding their work 
is a challenge to the engineering profession. This criti¬ 
cism has almost created- an impression that economic 
considerations are more or less foreign to practicing engi¬ 
neers. ^ However, even a cursory examination of actual 
conditions shows that this is far from the truth. An 
industrial plant , engineer, for example, when considering 
the instaUation of a power plant, will make veiy extensive 
and detailed economic calculations covering various plans. 
His studies probably would include a comparison of the 
economic merits of power purchased from a public utility 
and iiat generated in a privately owned plant, as without 
this information it is not likely that any management 
would appropriate funds for the undertaking. In fact, 
an appreciable part of the time of most plant engineers 
who d.eal with the purchase and instaUation of any equip¬ 
ment is devoted to economic studies of some kind or other. 
If we now turn to the design engineer, we find that he too 
spends a large part of his time in working out the most 
economc designs and in an%zing items affecting costs. 
A d^i^er of household refrigerators, for instance, would 
not hold his position very long if he did not devote a great 
deal of hM thiie to economies in design. When it is fcon- 
si^d that with the quantities produced by some manu¬ 
facturers a one-cent saving on each unit means an aniiual 


saving of $1,000 to $4,000, the need for this is obvious. 
Similarly, the manufacturing engineer tries continually to 
find ways and means for reducing manufacturing costs 
and in so doing makes numerous comparative economic 
studies. The utility engineer, in considering the extension 
of a distribution line to reach new customers, will as a 
matter of course make calculations to see whether the 
extension is justified from an economic point of view. In 
general, the time of most engineers is taken up to a great 
extent with economic considerations, and the majority of 
engineers have furthermore proved well able to cope with 
problems and calculations of this nature. The analytical 
methods required for this purpose are much simpler from 
a theoretical point of view than many other problems that 
engineers have to solve in their daily work. 

Nevertheless I am in accord with those who feel that 
engineers should interest themselves to a greater extent 
in economic factors, and the suggestion frequently offered 
that the curricula of engineering schools be modified to 
bring this subject to the foreground seems a step in the 
right direction. Engineers who successfully handle cer¬ 
tain economic problems too often entirely overlook other 
economic and business aspects, or at least do not suffi¬ 
ciently appreciate their importance. It is not at all uncom¬ 
mon to find designers who spend much of their time in 
devising machines that can be economically built and 
operated advocating commercial or engineering ventures 
which as a whole are economically unsound. As an illustra¬ 
tion : In these days when air conditioning is receiving wide 
attention, endless schemes which could not possibly be 
commercialized within a reasonable period of time are 
being proposed by serious and capable engineers. Pro¬ 
posals are being made, for instance, to install internal 
combustion engines in homes or small commercial establish¬ 
ments for the purpose of furnishing both heat and electric 
power, and extensive studies are being made to improve 
the thermal and electric efficiencies of these arrangements. 
At the same time, the fact that this apparatus at present, 
cannot be manufactured, marketed, and installed under 
a cost of several thousand dollars is being entirely over¬ 
looked. This in turn means that the interest on the in¬ 
vestment and the allowance for depreciation and main¬ 
tenance would about equal the cost at which these 
se^ices can now be obtained more conveniently by 
using one of the existing methods of heating and by 
buying power from a pubhc utility. The propo nents of 
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these arrangements will at times give consideration 
to the cost of the production of the equipment but will 
often entirely ignore the expense involved for sales effort, 
warehousing, shipping, installation, and servicing of the 
equipment. If this is brought to their attention, they will 
pass it over by stating that the distribution costs can be 
held low and they seem to have no appreciation of the 
fact that the reductum of these expenses is more difficult 
than the reduction of manufacturing and other more 
tangible factors of expense. 

vSimilarly, the engineer who purchases equipment often 
acts contrary to sound economic laws by ordering special 
apparatus when standard apparatus would be satisfactory 
and more economical, 'fhe sales engineer in his eagerness 
to secure business will agree, to furnish specials when it is 
obvious that this means additional expense to the manu¬ 
facturer and that hi the long run these e.xpcnses will be 
passed <jn to the purchaser. This practice of increasing 
the manufacturing cost is freciucntly followed by engi¬ 
neers wh<j will on the other hand go into the most minute 
details in calculating economies in their own part of the 
undertaking. 

This inclination on the jiurt of the engineer to study 
economic factors having a direct bearing on his own work 
and to pay so little attention to other equally important 
ones entering into an enterprise is, of course, not greatly 
different from that fouml in other forms of human en¬ 
deavor. It is a cimuuon failing of human nature to give 
undue emphasis to factors of direct and immediate interest 
imd to overlook others (»f etpuil (jr even greater importance. 
The most natural way of eliminating this shortcoming 
would seem to be to give the engineer a broader point of 
view of industrial economics during his early education. 
vS<jme .schools have cU'partments for industrial engineering 
in which courses relating directly or indirectly to specific 
phases of industrial economics are given. The titles of 
some of these courses indicate a rather broad study, but 
they are often found to be limited in scope. Nevertheless, 
industrial engineering students wh<ise programs include a 
number of these specific courses may carry away with them 
a reasonably broad conceptiem of the important factors 
entering into industrial economics. A review of the ctir- 
ricula of other engineering departments, such as the elec¬ 
trical, mechanical, and civil engineering, indicates tliat 
but one or 2 courses relating to a more or less specific 
phase of industrial economics are listed as electives, and 
that in a few isolated cases one or the other of these 
courses is compulsory. This practice, however, falls short 
of the previously indicated need for giving the student a 
broad point of view in industrial economics. In order to 
satisfy this need, a fairly comprehensive course on “in¬ 
dustrial economics and business methods," relating pri¬ 
marily to the problem of the supply and use of manufac¬ 
tured goods or articles, should be given to students of 
electrical, mechanical, and chemical engineering. This 
course may also be helpful to students of civil engineering, 
dthough the intere.st of civil engineers is more or less 
confined to the use of manufactured goods and problems 
relating to their production are of less importance to them. 
It is evident that a course of this nature cannot possibly 
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cover all phases of economics, nor can it treat any phase 
in detail because of the endless variety of economic prob¬ 
lems arising in industry. Nevertheless it is believed that 
in a 2-hour course carried through 2 semesters, many im¬ 
portant subjects can be covered and the student given a 
fairly broad perspective. An attempt will be made here 
to outline such a course and to indicate the type of eco¬ 
nomic studies that seem desirable as a part thereof. 
Frequent reference will be made to publications and 
textbooks containing material that seems to be suitable 
for supplementing the brief remarks and principles stated 
in the following. 

The essential factors of industrial economics include: 

Supplying goods 
Direct labor 
Works overhead 
Materials 

Test and inspection 

Design, engineering development, dies, and fixtures 
Storage, distribution, and servicing 
Installation 

Using goods 

Interest charges on investments 
Depreciation 
Operating expenses 
Maintenance expenses 
Scrap value 

Factors of interest to both supplier and user 
Statistical methods 
Standardization 
Organization 
Personnel questions, etc. 

Problems relating to the over-all operating results of the individual 
economic units 
Price limitations 
Business volume 
Expense control 
Budgeting, etc. 

A. Economics of Using Goods 

Although, chronologically, the supplying of goods pre¬ 
cedes the use of them, the supplier should give considera¬ 
tion first to tlieir use. Goods are created for some use or 
other and only those goods which accomplish their in¬ 
tended purpose in the most economical manner are worth 
creating and marketing. The user of goods is, of course, 
interested primarily in this phase of economics.' Oft«a 
his problem is to determine whether goods purchased for 
a given purpose represent an economic undertaking on his 
part, and he should in all cases select from a number of 
possible choices the goods that will most economically 
serve his specific putpose, regardless of whether a business 
problem or his personal comfort or pleasure is involved. 
The basic principles governing these considerations are 
well set forth in available textbooks and therefore need 
not be covered here in detail. (See references 1 and 2; 
an abbreviated version giving the essentials presented 
in chapters 1 to 10 of reference 1 seems well suited for 
presenting this material. See also chapter 2 of reference 
27 for a brief treatment of the subject.) The considera¬ 
tions of the user relate in the majority of cases either to 
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but one or to a limited number of specific applications, 
but the supplier’s problem is much more complex. He 
is often confronted with the necessity of considering a 
great many uses of a proposed article of manufacture 
under various conditions of application and as affected 
by many economic factors. It is necessary for him to make 
a rather complete market analysis in order that he may 
supply goods which will be applicable by many users 
and which can therefore be manufactured in quantities 
sufficiently large for successful commercial exploitation. 
The manufacturer’s point of view and methods of anal 3 reis 
are covered in some of the available textbooks. (See in 
particular reference 14, chapter 4. The considerations 
given in this reference apply essentially to equipment used 
in industry but the fundamentals apply equally well to 
manufactured goods of the so-called “merchandising” type 
used by the public at large.) 

B. Economics of Supplying Goods 

1. Cost AKD Expense Factors 

In a study of the economics of supplying goods, the 
cost factors entering into the manufacture of mdustrial 
goods should be briefly reviewed. (See, for pyatnpTp, 
chapter 7 of reference 3.) However, the distribution of 
goods also is very important from an economic viewpoint 


and the discussion should be extended to cover this phase 
as well. Graph I shows the cost distribution as it may 
apply to the manufacture and marketing of a heavy piece 
of machinery. This graph is in accordance with the 
customary accounting practice but gives only the major 
divisions, showing the 3 major cost factors relating to 
works production and giving as a single item all other 
factors entering into the total cost to the manufacturer 
under the assumption that he sells directly to the ultimate 
user. In graph II, the items given as “general overhead” 
in graph I are further subdivided, and the expense for stock¬ 
ing and obsolescence of stock usually involved in the hand¬ 
ling of certain part stocks in the works organization is com¬ 
bined with the other expenses for stocking and obsolescence. 
The principal purposeof showing theexpense in this manner 
is to stress the fact that there are, in addition to the usual 
manufacturing activities in industry, a number of other 
very definite and unavoidable functions presenting eco¬ 
nomic problems of great practical importance. Graph III 
shows the segregation of e3q)enses as they quite commonly 
apply to merchandising articles, which require the service 
of distributors and dealers in addition to the function of 
the manufacturer in order to meet the demands of a broad 
market. With articles like this, certain selling and ad¬ 
vertising expenses may be encountered by the manufac¬ 
turer, distributor, and dealer, and therefore graph IV has 
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been drawn combining these expenses as a single item; 
shipping, stocking, and obsolescence as another; and field 
servicing and adjustment expenses as a tliird. This again 
shows that expense items other than those for manufac¬ 
turing are of even greater importance than those shown in 
graph II. Because of the difficulty in obtaining accurate 
data from all 3 parties involved, no claim can be made 
for the accuracy of the proportions shown; however, it 
is believed that they are nearly correct for certain mer¬ 
chandising articles. These graphs are given because no 
suitable references could be found elsewhere. 

Each of the items shown in graphs II and IV involves a 
number of further subdivisions, each having its own 
economic aspects, and it is obviously impossible to dis¬ 
cuss all of them in a brief course. However, it seems de¬ 
sirable to exemplify the general principles involved by an 
analysis of some of the more important subdivisions 
and merely to mention some of the other problems of an 
economic nature. 

2. Direct Labor 

In the labor item, rate setting for the shop personnel 
is one of the most important factors subject to economic 
study, A great deal has been written about this (references 
4, 5, and 6) and excellent results are now being obtained 
in this work. This subject should be covered briefly in 
the course (see reference 4, chapters 16 and 17). Closely 
tied in with the subject of rate setting is that of incentives 
(briefly covered in reference 4, chapter 39; see also refer¬ 
ence 27, chapter 21). In this connection, the economic 
influence which incentives for speed may have upon 
quality and the consequent need for additional inspection 
and field adjustment expense, should be carefully con¬ 
sidered. In the labor study, certain relations between 
production factors and the law of diminishing retunis are 
of practical importance (chapter 8, reference 3) and may 
be discussed here although the broad principle applies to 
many activities. Another item of importance in labor 
costs is the determination of lot sizes giving the most 
economic results (reference 7). Consideration of suitable 
methods and equipment for dl manufacturing operations 
and the economics of handling parts and complete pieces 
of apparatus in their flow from one manufacturing opera¬ 
tion to another (reference 27, chapters 13 and 14), as well 
as comparisons of the merits of centralization and decen¬ 
tralization of some maufacturing operations (reference 
24), are all e^ential in studies of labor expense. 

3. Works Overhead 

Equipment for manufacturing purposes represents an 
important item affecting works overhead. A plant engi¬ 
neer, in. considering the installation of equipment for 
manufacturing operations usually acts as the user of 
products manufactured by others and he thus makes use 
of methods previously referred to in the “Economics of 
Using Goods.” In addition, he must of course comp^e 
the overhead expense caused by different types of equip¬ 
ment with the savings in labor costs that can be realized 
with each type. (&e reference 27, chapter 8.) These 
calculations, which must allow for such factors as interest. 


depreciation, maintenance, cost of power, replacement, 
etc., are usually specific for each case, but there are basic 
principles which apply to all of them. (See references 1 
and 8; also chapters 9, 10, 11, and 12 of reference 27.) 
New manufacturing equipment is an item in works over¬ 
head which must be taken into account at rather frequent 
intervals. There are also many other items, such as 
depreciation m buildings, insurance, lighting, cleaning, 
supervision, which require analysis less frequently but 
which must be reviewed at the proper time. As an ex¬ 
ample, the construction of a plant and its best geographical 
location involve a great many economical problems, 
some of which have an important bearing on works over¬ 
head expenses (reference 27, chapter 3). 

4. Material Costs 

The material content of any manufactured article is 
essentially a question of design, with problems more or less 
specific to each case. However, important general eco¬ 
nomic considerations enter into this, such as methods of 
standardizing and stocking raw materials which will make 
available a sufficient variety of materials to permit satis¬ 
factory and economical design and at the same time limit 
and rationalize available types and sizes of materials. This 
is of prime importance in reducing expenses for storage 
and investment and makes possible the purchase of ma¬ 
terial in large quantities, with corresponding reduction in 
price. (See reference 9; also chapters 6 and 7 of reference 
27.) The purchase of material again involves numerous 
economic considerations. The methods of purchasing 
and the underlying basic principles represent an extensive 
study in themselves; only a brief reference to some of 
the basic considerations seems justified. (See second half 
of chapter 6, reference 27; for additional material see 
reference 22, chapters 1 and 2, and possibly reference 
23, chapters 8 and 9.) 

5. Test AND Inspection 

Proper inspection and testing methods for manufactured 
articles and parts require detailed study and are referred 
to separately because the expense for these activities is at 
times considered part of the labor cost, at times part of 
the cost of materials, and in other cases as a works over¬ 
head item. Itis evident that articlesshould notbe marketed 
without assurance, through inspection and test, of satis¬ 
factory field service in the majority of cases. Any appreci¬ 
able amount of difficulty in the field will lead to uneconomi¬ 
cal results through field expense and adjustment and the 
loss of the goodwill of the customer and, as a consequence, 
to increased sales resistance and sales expense. On the 
other hand, a method of inspection and testing giving 
100 per cent satisfaction in the field may prove so costly 
as to be uneconomical from an all-round point of view. 
It is therefore highly desirable to devise inspection methods 
which strike the proper balance between the 2 extremes. 
Through the proper utilization of statistical data, a good 
deal has been done recently to put inspection acriviti^ 
on a more or less scientific basis and a brief study of 
material of this nature as part of a course on economics 

gppmg desirable. (See references 10 and 11.) in- 
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spection activities are usually associated with the manu¬ 
facture of goods, suitable methods are also of value to the 
users, who quite frequently find it expedient to undertake 
inspection and check tests of their own. 

6. Design, Engineering Development, 

Dies and Fixtures 

It is obvious that many ecopomic considerations enter 
into design and engineering development activities. It 
has always been the major activity of the design pngfrip^r 
to develop apparatus which not only is effective and eco¬ 
nomical for the intended purpose but which also, through 
mi n im u m expense for labor and material, can be produced 
cheaply. Apparatus must also be designed so that it re¬ 
quires the m ini m u m expense for shop equipment and 
consequently low works overhead. The considerations 
. vary to a great extent with the t 3 q)e of apparatus involved 
and can hardly be mide the subject of a general study. 

However, a general activity which is becoming of increas¬ 
ing importance in economical design is that of carefully 
pla nnin g the design of an entire line of apparatus with 
all anticipated vanationSi With the con tin ually increasing 
variety of sizes and ratings required, the multitude of 
service conditions to be met, and many other factors adding 
to the complexity of the problem as a whole, this pro¬ 
cedure is essential. Not so long ago it was customaiy to 
design more or less independently the various sizes of a 
line of apparatus to meet the usual and standard require- 
.mente and subsequently to modify such designs to meet 

^ ‘ lor tM tngUiMr to follow » to 

M l the entire demand and where- special requirements are 


development cost are the tools, such as dies, fixtures, 
molds, etc., needed for manufactiu*ing the specific line as 
distinguished from the general-purpose tools. The ex¬ 
pense for these tools can also be materially influenced by 
the planning of the entire line (see reference 27, chapter 
12). Numerous problems arise in the planning of tools 
best suited to and most economical with the anticipated 
volume of manufacture, life of the design, interchange- 
ability of parts, etc. As part of all development activities, 
it is very essential to determine whether the development 
costs can be recovered within a reasonable period from the 
sale of the device, the estimated sales volume being based 
upon previous experience or on a recent market analysis. 
The engineer’s own work must, of course, be so planned 
that it can be carried on economically, and in addition to 
the design work, econbmic methods of making estimates in 
answer to customers’ inquiries must be worked out. It 
is often difficult to decide whether this work should be car¬ 
ried on more or less completely for each individual project 
as it comes up or whether it is more economical to pre¬ 
pare extensive data which will facilitate the work in 
general and reduce the expense for estimating on the 
individual inquiries. (For additional discussion on esti¬ 
mating, see reference 27, chapter 5.) As part of the esti¬ 
mating and bidding on special apparatus, it is frequently 
necessary to decide whether it is more economical to accept 
orders involving highly specialized requirements or to 
forego^ such business. Although the decision in these 
cases is frequently influenced by competitors' practices, 
a good fundamental rule for the engineer to follow is to 


the .ex<»ption rather than theVtule. In these cases, con¬ 
sideration of the standard variety should predominate and 
the few exceptions can be made the subject of secondary 
consideration. However, in the majority of cases such 
conditions no longer apply and a much better method of 
attack consists in designing a line of standard parts which 
are flexible m their use and permit the assembly of the 
i^y varieties demanded by the market. In planning a 
Ime of parts, a great deal of attention must be given to 
the simplification of stocking and routing of the parts 
so as to permit quick deUvery of almost any reasonable 
combmation dnd to the possibility pf combining parts 
readily m a number of assembly plants on in the field, as 
the c^e may be. The necessity for meeting the more 
^mplex present-day problems should be recognized to an 

mcreasmg extent by the desicner WitTi ' — -- a«a mereiore 

predation of this, it wiUusuaUy be found possibktLou^h difficult than those previously dis- 

the choice of a rational line of parts of evenly spaced i- reasons why they 

mensions or characteristics to realize the most 

winch less progress has been made in finding ecoriomic 
^lutions for the many problems and in the reduction of 
the ^gh costs of distribution. This, however, only em- 
phasiz^ the importance of these problems and the ad¬ 
visability of givmg them an appredable amount of time 
m a comprehensive course on economics, which is further 
supported by the fact tlmt a large percentage of engineer- 
mg graduates take up this work after entering industry. 
Although there is a good deal of literature available on 


for which there is economic justification or a real need and 
which therefore warrant a price sufficiently high to cover 
at least part of the extra costs of development or manu¬ 
facture. (For additional discussion on engineering work, 
see reference 27, chapter 4.) Industrial research can be 
considered ^ part of engineering and it also has its eco- 
noimcal aspects (see reference 27, chapter 16). However, 
as it is usually difficult to find a definite measure for the 
befits derived from research work, it is not Z 
determine just how much an industrial enterprise can 
afford to appropriate for this purpose. 

7. Storage, Distribution, and Servicing 

eMnomic problems relating to marketing and its 
sub*^ns, such as selling and advertising, shipping, 
stodang, and obsolescence, installation and field service 
and adjustments, are often less tangible and therefore 


me^iB or characteristics to realize the most economical 
p^uction of an entire line of apparatus with all reason- 

called ^andard assefflWies" at a minim,.m cost This 
be Illustrated to ithe student by a few examples of 
. apparatus designed in accordance with the 

(references 12 and 13), 

lin?^ “ srith the development and design of a 
apparatus and usually considered as part of the 
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the marketing of so-called “merchandise” and various (Additional evidence supporting this can be found in 
business courses given at the colleges treat this subject reference 17, for instance, or reference 27, pages 52 to 58.) 
extensively, comparatively little has been written regard- Similarly it can be shown that the engineering depart¬ 
ing the marketing of industrial goods. However, a few ment’s work appreciably influences the economic factors 
good books covering this subject have been published relating to marketing. The engineer’s success in meeting, 
recently and liberal use should be made of their contents or his failure to meet, the requirements of the market and 
in bringing before the engineering student the importance in designing for sales appeal will greatly influence the 
of marketing problems relating to equipment originated market acceptance or the sales resistance encountered and 
by engineers. (See references 14,15, and 16; in particular, consequently will materially affect the sales expense and 
chapters 5, 6, 8, and 9 of reference 14 and chapter 2 of also the volume of sales. The latter, in turn, will indirectly 
reference 16; also chapter 17 of reference 27.) The influence the cost of production and so forth. The engi- 
references given relate to the marketing of industrial neer also influences to a marked degree e!3q)enses for Add 
equipment to industry, but it seems that there is prac- service, field adjustments, and installation. Finally, the' 
tically nothing available on the marketing of highly engineer, particularly in his ability to design parts and 
technical industrial goods, such as refrigerators and elec- devices permitting flexibility of assembly and application, 
trical heating devices, to the public, though the problems may affect expense for stocking, shipping, etc., appreci- 
in connection with this activity are becoming of increasing ably and also the possibility of quick deliveries, which 
importance. It is evident that the methods of marketing will directly affect sales volume and, indirectly, various 
these articles to the public differ greatly from the market- production cost factors. There are few economic factors' 
ing of regular consumption merchandise, such as food, in industrial activities whith hie hot^ influenced to some 
articles of apparel, and the like, and that they therefore degree by the design and development engineer. The 
deserve separate and thorough consideration. same holds true of the activities of the works organization. 

In the sale of industrial products, which activity in the Faulty workmanship or material will result in expenses 
case of industrial products is carried on principally by for field adjustments and will increase sales resistance and 
engineering graduates, the success of the sales engineer other unfavorable influences; similarly, inability to make- 
depends to a great extent upon his ability to analyze his quick deliveries because of some shortcoming of ^e works 
customers’ problems properly from an economic point of organization will bring with it unfavorable economic* 
view. It is therefore essential that he be familiar with a results. The sales organization in turn can materially 
great many of the factors and methods of analysis out- increase engineering and development expenses by request- 
lined for the proposed course. ing estimating when there is no reasonable prospect of 

obtaining orders, or by accepting orders for special ap- 
8. Installation paratus when standards might be sold. Examples of the 

The installation and also the proper application of in- influence of the activities of one division upon the economic 
dustrial products may in many cases be a major, or at operation of other divisions could be cited almost in- 
least an appreciable item of expense. This expense will definitely. This very condition, which is practically un- 
be incurred by the manufacturer, distributor, dealer, avoidable in modem organizations with functional activi- 
contractor, or user. Important economic problems may ties, makes a comprehensive course on industrial eco- 
be involved but these are so varied and numerous that it nomics and business methods highly desirable in an 
is difiicult to outline even the more important considera- engineering curriculum. As pointed out in the beginning 
tions in the brief course under discussion. of the paper, almost any department can handle its own 

major economic problems satisfactorily, but much im- 

C. Interrelation of Economic Factors provement seems possible through appreciation by any 

one department of the effect of its activities upon the 

The divisions given in the graphs and discussed in the economies of other departments, 
foregoing, as well as the divisions of most accounting 

practices and systems, represent an attempt to segregate J), Miscellaneous Factors of • 
various major types of costs or expenses and to place the Economic Importance 

responsibilily for these various expenses upon the different 

departments of an industrial organization, such as the In addition to the activities discussed, there are a 
works, engineering, sales, and executive departments, number of others the responsibility for which it is difficult 
However, these puposes are accomplished only to a to place with any one division of an organization. In 
limited mctent, and it moreover appears to be practically these cases, results can be obtained only through the co¬ 
impossible to devise any system which permits even an operation of several divisions, or perhaps even though 
approach to a clean-cut division of responsibility among the co-operative action of persons throughout the entire 
the various functional divisions of an organization. It industry. Under these conditions, it is of course difficult 
is true that items such as labc)r, material, and works to work out an economic solution of the problem at hand, 
overhead are usually considered the major responsibility The most outstanding item of this nature is standardiza- 
of the works organization, but the previous discussion tion, and no course in industrial economics can be con- 
indicat^ quite clearly that these items are about equally sidrired complete if it does not devote appreciable time to 
dependent on the activities of the design engineers, the economic possibiliti^ of proper standardization; Not 
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only should the value of standardization be pointed out 
(see reference 3, chapter 9), but methods facilitating 
standardization also should be given, such as the use of 
simplified practice and the application of preferred num¬ 
bers (references 18 and 19; also chapter 15 of reference 
27). An essential step in standardization frequently 
consists in the choice of proper standard sizes and ratings 
with satisfactory steps between. This is very important 
from an economic viewpoint (reference 20 or 21). . Some 
problems involved in standardization have been previously 
referred to in the discussion of the standardization of 
materials (reference 9) and the standardization and design 
of parts permitting flexible assembly (references 12 and 
13). 

Another factor which is of economic importance and 
which cannot be handled by the individual units is that of 
organization and the proper correlation of the various 
units to facilitate the work. The course, therefore, might 
make reference to different types of organization (reference 
3, chapter 11). Unfortunately various treatments on 
organization in available textbooks are merely of a de¬ 
scriptive nature and some authors of artides or papers are 
prone to advocate in a controversial manner organizations 
of some particular type. In considering various types of 
organization, it is essential to recognize that anyone of them 
may result in the best economic results under certain 
conditions, and, furthermore, that within the larger 
industrial organizatiohs nearly all types of organization 
can be used to advantage for different activities and 
qX different levels of the organization. For example 
a large company may be divided into various units, 
each producing a certain line of products while within 
each unit the organization may be along functional 
lines. In addition, it may be and usually is advis¬ 
able to have a staff for co-ordinating certain func¬ 
tional activities of the various units as well as certain 
centralized functional activities. It is most essential that 
any treatise on organization should give, in addition to a 
description of the various types, some consideration to 
the factors influencing the choice of one rather than the 
other type of organization for any set of conditions. 

Other activities usually not associated with economics 
nevertheless have econpmic aspects which may be pointed 
out briefly. Examples are: personnel questions, educa¬ 
tional and training activities, and even social and welfare 
arrangements. (See chapter 20 of reference 27, also chap¬ 
ters 13 and 19 of reference 25 or chapters 14,17, and 20 of 
reference 26.) The expenditure for educational activities, 
for instance, should be in keeping with the subsequent 
savings derived from having the work performed by a 
personnel which has benefited from such education. 

E. Aiial3rtical and Mathematical Treatment 
of Economic Studies 

In reviewing material available on industrial economics, 
it has been observed that too much of it is of a descriptive 

nature and that there has not been much attempt to attack 

the problems in ain an^ytical maimer. As jiist indicated, 
the treatments of organization, for instance, are frequently 


descriptive or of a controversial nature and lack the objec¬ 
tive and anal 3 d:ical point of view which the engineer should 
have in all of his work. In many instances it is quite 
possible to attack a problem by mathematical methods, 
and this is advisable even though a complete mathematical 
solution is not possible. Frequently even a partial mathe¬ 
matical solution establishes certain facts, which with the 
use of good judgment regarding other factors is much more 
likely to give better results than relying entirely on 
judgment. (For examples of this see references 7 and 20 
or 21, also some chapters of reference 27.) 

The analytical treatment of many economic problems 
will eventually be dependent upon statistical data and 
statistical methods of using these data, and for this reason 
some time should be given to a study of such methods, 
reference to which has already been made in the discussion 
of test and inspection (references 10 and 11). Other 
presentations of statistical methods for engineering prob¬ 
lems have been published (see reference 1, chapter 14). 

F. Basic Considerations for Economic Units 

An economic unit as referred to here may be an indi¬ 
vidual, a household, partnership, or a company; again, 
it may be a municipality, a state, a society, etc. The 
previous outline clearly indicates tlmt economic con¬ 
siderations enter into nearly every activity connected with 
an industrial product, from its inception, design, or de¬ 
velopment to the time it is used up and ready for the scrap 
pile or to be disposed of in some way or other. Various 
and typical examples of economic questions have been 
discussed. Assuming that all industrial activities are 
carried out with due consideration to economy, it is further 
most essential that the over-all picture be sound from an 
economic point of view. If we assume, for instance, the 
simplest case where all activities are carried on within 
a single industrial unit, this means that the cost of creating 
a product must be equal to or below a value justified by 
its use. In addition, it is necessary that the concern in¬ 
volved either has the funds required to finance the venture 
or can convince others of the soundness of the venture and 
thus obtain funds from them as an investment or a loan. 
In most cases, however, conditions are not quite so simple 
inasmuch as several economic units are involved—some¬ 
times a manufacturer and a user; again, both of these and 
a dealer or distributor, or both; or there may further be 
contractors, contractor dealers, and several other t3rpes of 
economic units having a place in the oyer-all picture. In 
these c^es it is necessary not only tha,t the over-all 
picture of the product be sdimd but also the part of 
the work carried on by any of the individual units and the 
operation of each unit as a whole be on a soutid economic 
basis. No t^e of unit can survive unless the other types 
necessary for the complete picture are able to do their 
pmt; for example, a manufactnrer unwilling to give his 
dealem a discount which wiU enable them to carry on 
their part of the activities with a reasonable profit cannot 
hope to survive^ ^ ^ ^ ; ^ ^ ^ 

As previously pointed put, the most important economic 
factors of the entire picture h) be considered first are those 
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determining the amount which the user can or will pay 
for a product. In the case of well-established goods for 
which there is a general demand, the price obtainable 
by any supplier is usually fixed by competitive prices, 
with proper allowance for difference m quality, service¬ 
ability, and similar factors. Such competitive prices as a 
rule drift around a level where the more efficient suppliers 
make a reasonable average profit. If the user is an in¬ 
dustrial concern, the price must further be such as to make 
the purchase a profitable economic venture for the pur¬ 
chaser, based on the considerations covered under “Eco¬ 
nomics of Using Goods.” In the case of individuals or 
homes, additional limitations are imposed by the income 
of the purchaser, which is comparatively low in the 
majority of cases. The price obtainable and the volume 
of sales at such price depends upon the number who are 
willing to pay and the amount they are able to spend for 
conveniences, comforts, and luxuries after pa 3 ring for 
absolute necessities. 

In view of all these and other factors limiting the price 
obtainable, the supplier’s principal economic problem is 
to bring the cost of all his operations sufficiently below 
such price to allow a fair profit. Whenever several units, 
such as the manufacturer, distributor, dealer, and others, 
are involved in the marketing of a product, the first 
problem is to determine the proper distribution of the 
customer’s dollar among these units. Subsequently each 
unit is confronted with the problem of carrying out its 
part of the functions at a cost sufficiently below the part 
of the customer’s dollar allotted to it to insure a reasonable 
profit, or at least sufficient to give a fair return on the capital 


required for carrying on the particular activity. There 
are always a few exceptions to every rule, and in the case 
of new products of low cost and great usefulness it is 
sometimes possible to secure larger profits. This, as a 
rule, is only a temporary condition, because the very 
possibility of larger profits encourages competitive enter¬ 
prises and consequent reduction in price. At times patent 
protection makes it possible to maintain larger profits 
for an extended period, but even in these cases attractive 
profits usually stimulate competitive inventive activities 
which eventually lead to the manufacture of similar prod¬ 
ucts by others, with a resultant reduction in prices. 
Even during the periods when it is possible to secure large 
profits on the individual article, better all-round economic 
results can often be obtained by the manufacturer through 
the lowering of prices, with subsequent greater sales 
volume, lowered cost of production, and increased over¬ 
all profits. 

An outline of these considerations seems essential as a 
part of the proposed course and is given here in some de¬ 
tail because no suitable references could be found. The 
growing appreciation of the fact that prices and profit 
margins in most industries are continuously decreasing 
and likely to change into losses, especially during business 
depressions, has developed a tendency toward budgetary 
control of all expense and cost items, such as those shown 
in the graphs and many others. Continually changing 
business conditions naturally make it difficult to budget 
expenses in advance. Furthermore, too rigid a budget 
control carries with it the danger of interference with free¬ 
dom of action when circumstances arise making departures 
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and changes desirable during a budgetary period. Never¬ 
theless a gradual evolution toward methods of e^spense 
control which are sufl&ciently flexible to take care of chang¬ 
ing conditions but not so flexible as to make the control 
ineffective seems a step in the right direction. Therefore 
a brief study of this subject of budgets is desirable as a 
part of the course under discussion. (See references 
22k, 28, and chapters 5, 6, and 7 of reference 29.) 

G. General Discussion 

No mention has been made in this outline of the eco¬ 
nomic problems applying speciflcally to the central station 
industry and its production and rate-setting activities. 
The outline suggested has been worked up with the idea 
of its being of use to all branches of engineering, such as 
electrical, rnechaiiical, chemical, etc. Each of these in 
turn may involve economic problems more or less specific 
to it, such as the central station situation, which is of 
specific interest to electrical engineers entering the utility 
field. Possibly a number of courses of interest to specific 
types of engineering students should be offered as elec- 
. tives in addition to the more general course covered here; 
for example, a course relating to the economics of construc¬ 
tion work might be desirable for the students of civil 
engineering. 

Scarcely any reference has been made to economic 
laws and factors as, for instance, price fluctuations as 
•influenced by the law of supply and demand, which are 
usually covered in existing eourses oii dassical economics. 

• It is assumed that the student has previously taken a 
course of this nature. 

While this entire paper emphasizes economic considera¬ 
tions, care should be taken not to leave with the student 
the impression that all activities and practices in industry 
can be governed entirdy by economic aspects. There 
are other factors which must be taken into account and 
several of the references given introduce points of view 
other than the purdy economic. However, it is usually 
good practice in any problem or undertaking to analyze 
the economic situation fully and subsequently give con¬ 
sideration to other factors. 

A review of the material given in this paper for use in 
a course on industrial economics and business methods 
mght give the impression that it cannot be readily covered 
in a weekly 2-hour period extending through 2 semesters. 
However, by properly condensing the material of the 
references this is quite possible. Although the author 
hw hot giveii a course ^ctly as outlined here, he has 
giveii similar courses and has accumulated experience 
defiptely demonstirating the possibility of this. Table 
I gives a tentative outline indicating the time which ! 
might be devoted to the various subjects. In choosing ^ 
materid from the references and from the content of the 
paper, it is more unport^t to select it so as to iUustrate ! 
sufficiently the types of economic problems and proper 
method of attack than it is to give an exhaustive treat- ■ 
rhent of any orie pt th^. It also seems advisable to make i 


or are influenced by the rank and file of an organizatiph;.ih: 


- order to avoid a rather common impression among younger 
e engineers that most economic problems are essentially a 

function of the management group. It has been impossible 
il for the author to review completely all material published 
e which might be used for the course, and the references are 
a given principally for the purpose of suggesting the kind 
s of material which seems desirable for this purpose; no 
doubt other publications of similar nature can be found 
which at least in some instances may prove to be more 
suitable for class work than that given. (See reference 
22, a \o k, for additional material; reference 31 gives a 

- broad and most interesting study of American industry.) 

1 This paper is intended merely as a contribution by one 
. who has had practical engineering experience, and outlines 
» subjects regarding which the young engineer entering 
3 industry should have an appreciation and understanding. 

I It may be true that much of this material will come to the 
: attention of most practicing engineers over a period of 
t years, but frequently the younger engineer will be placed 
for extended periods in specialized work with but little 
contact with other divisions of the organization and he 
would be greatly benefited in carrying on his specialized 
tasks if he could bring with him some knowledge of the 
typical economic factors of importance in industry. (See 
reference 30.) It also seems that with an increased in¬ 
terest in economics the engineering profession could 
through its anal 3 rtical methods of attack assist in working 
out more nearly correct solutions for the many perplexing 
economic problems in industry. 

There certainly can be no doubt that a course as here 
proposed will be of benefit to a vastly larger number of 
the younger engineers than some of the specialized tech¬ 
nical courses on such subjects as transmission engineering, 
electric railway engineering, communication engineering, 
etc., which are now taking a part of the student’s available 
time in college. This fact cannot be ignored and steps 
should be taken at least to make such a course available 
as an elective subject and to encourage the students to 
take an early interest in the economic and business side 
of their future work. 
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End-Winding Inductance 

By B. H. 

Introduction 

I N PREVIOUS PAPERS it has been found necessary 
to consider the armature inductance of salient-pole 
synchronous machines under several divisions. The 
most useful and generally accepted divisions are as follows: 

1. Inductance of armature reaction 

2. Inductance due to space harmonics in the core length or differ¬ 
ential leakage, which is subdivided into 
a. Belt leakage inductance 
h. Zigzag leakage inductance 

3. Slot leakage inductance 

4. End-winding inductance 

The first 3 divisions have been adequately treated by 
both Alger^ and Kilgore,^ who have derived formulas 
which apply accurately for most commercial machines. 
Formulas for the end-winding inductance have also been 
given, but all of them involve approximations which 
have not been adequately investigated. 

It will be the purpose of this paper to develop formulas 
for calculating the end-winding self-inductance and 
leakage inductance on as sound a theoretical basis as 
possible and to obtain a direct experimental check of the 
resulting formulas for the single-phase, static case. The 
formulas for the 3-phase case will also be derived, but no 
experimental dieck will bte given at this time. 


of a Synchronous Machine 
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belt leakage and zigzag leakage inductance terms as used 
by Adams^ in his treatment of induction machines. Later 
Kilgore^ published a paper wherein he developed formulas 
for calculating armature inductance. He used essen¬ 
tially the same definitions as Alger, but his results were 
given in a slightly different form, and he gave formulas 
for calculating the transient inductances, and proposed 
the use of a saturation factor. 

Theoretical Development ' 

The approach which will be employed in the solution 
of this problem follows the same general scheme as that 
used by Doherty and Nickle^ in calculating the inductance 
of the armature in the core length. That is, the magneto¬ 
motive force will be resolved into space harmonics, and 
the corresponding flux density wave will be found. The 
linkages will be determined with the aid of the equation 



Fig. 1. Development of simplified end winding 


Historical Review 

Doherty and Shirley* were the first to develop formulas 
for the calculation of the armature inductance of salient- 
pole synchronous machines which held for a wide range 
of machines. Later Doherty and Nickle^ introduced the 
concept of resolving the armature magnetomotive force 
wave into its rotating space harmonic components; and 
with the aid of Blondel’s® concept of resolving such har¬ 
monics into components along the direct and quadrature 
axes, they developed formulas for the inductance of arma¬ 
ture reaction and for the differential leakage inductance. 
They also proposed new and precise definitions for. the 
inductances of armature reaction and the armaWe 
leakage inductance. Following the basic ideas developed 
in this paper Park and Robertson* proposed to standardize 
the definitions of the various types of inductances of 
synchronous machines, including the transient and sub¬ 
transient inductances, and described methods of measur¬ 
ing them. At about the same time Wieseman^ applied 
the technique of field plotting to salient-pole tnachines, 
which allowed an accurate determination of the constants 
necessary to calculate the inductances of armature re¬ 
action. With this basis Alg^^ developed more accurate 


of the flux density wave, from which the inductances will 
be found. The problem in this case differs from the core 
length solution in that the magnetic circuit is composed 
of air, and the magnetic field is 3-dimensional. 

Since writing this paper attention has been called to 
“Potentialfelder der Electrotecnik” (a book), F. Ollehdorf, 
JuUus Springer, Berlin, wherein a similar approach is 
^a'de to this problem, but the solution obtained is not 
so complete in detail or results. . • so . .ow 

As in the method used b^ Doherty and Nickl^,* it -witt 
be assumed initially that the conductors are concentrated 
and have zero cross-sectional area. It will also be assumed 
that the end-winding coils are V-shaped. Then the end¬ 
winding will have been simplified to the winding shown 
in figure 1. It wilhalso be assumed that the end-winding 
conductors lie in a plane which is the plane of the develop-‘ 
ment of the armature surface. 

The end-winding region is the region enclosed by the 

2 planes Ail' and BB^ as shown in figure 1, which cut the 

- • • • - • _ '. ' ' ■ . —■ 
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formulas for armature inductance, and introduced the 
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plane of the end-winding coils at right angles. The 
plane AA' passes through the end of the armature core; 
thus, it is the boundary formed by the iron of the armature 
and field. The plane BB' passes through the api(^ of the 
V-shaped end-winding coils. 

In order to investigate the field in this region it is 
necessary to make some assumptions regarding the char¬ 
acter of those boundaries. The iron of the armature 



In obtaining a solution it is desirable to make the 
following simplifying assumptions and apply corrections 
later. These assumptions are: 

1. That the end winding can be approximated by the V-shaped 
configuration as shown in figure 1. 

2. That the conductors are of zero cross-sectional area. 

3. That the end-winding conductors AO and BO as shown in 
figure 3 are produced as OB' and OA' and that these produced 
conductors carry the same current as the actual end-winding con¬ 
ductors. 

4. That the component of flux normal to the end surface of the 
armature core is zero. 

6. That the end-winding conductors lie in a plane which is the 
development of the cylindrical armature surface. 

6. That the conductors in each phase group are concentrated. 
Select a rectangular system of co-ordinates as shown 


Fig. 2. Showing substitution of a second V-shaped 
conductor for the armature stacking 



Fig. 3. Development of simplified end winding 
showing the assumed image OA' of OA, etc. 

core which forms the boundary AA' will contain eddy 
ctrant paths, and the flux entering it from the end¬ 
winding region must enter at approximately right angles 
to these eddy current paths; therefore the iron will act 
somewhat as a magnetic shield. In view of this fact the 
component of flux which is normal to the end surface of 
the armature core will be neglected, and the lines of flux 
wiU be assumed to be paraUel to the end of the armature 
core^at this boundary. The same boundary condition 
wfll be obtained with the configuration shown in figure 2 
where a second V-shaped coil is substituted for the arma¬ 
ture core. 

The botmdaty condition at the plane BB ' will be 
yproximated by assuming that the end-winding con¬ 
ductors are produced as shown in figure 3; that is. OA is 
produced as OB', etc.. This assumption is made pri¬ 
marily to simplify the solution. It will introduce an 

coupling betwe^ coils Q4B and 
UA a which will be discussed later. 

“ the end-winding region is symmetrical 

“ more easily 

condnctbrs. Because of this 
It IS o^ns that one-half of the total magneto- 
-^^eflectreeforeith^ 


Let X be measured in the peripheral direction, y in a direc¬ 
tion parallel to the axis of the shaft, and z in the radial 
direction perpendicular to the plane of the development. 
All distances are measured in centimeters. The positive 
direction from the x co-ordinate is taken as the direction 
of rotation; the y co-ordinate is measured positive toward 
the armature core; and the positive direction of the z 
co-ordinate is taken in such a direction that a right-hand 
system of co-ordinates is formed. The dimensions b and 
d are measured in centimeters as illustrated in figure 3. 

Select the magnetic reference potential as that existing 
along any line segment such as DE and FG of section 
C-C as shown in figure 3, or in other words, the plane 
bounded by OBO'B'. In traversing a flux line efgh as 
shown in figure 4, a magnetomotive force drop of Airni 
is experienced, where each of the n conductors in the coil 
side B carries i abamperes of current. Since the field is 
symmetrical about the plane of DEFG, the magneto¬ 
motive force drop experienced in traversing efg is 2Tmu 


Fig. 4. Section of the end-winding region taken 
perpendicular to the developed plane of the end- 
winding conductors 

If tl^ ^gnetomotive force along: a typical line formed 
by the mt^ectioh of the plane of section, and the 
plane is plotted as ordinates against the distance 
along the line as abscissas, a curve as shown in figure 5 is 

force along 
in order to 




obtained. The wave of the magnetomotive 
the flf axis for several values qt y is shown 
demonstrate the variation along the y axis. 

= (^/■0) (&/d) and y -= (P/D) where P is the 
number of poles and D is the diameter, then th^ equation 
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of the rectangular magnetomotive force wave of figure 5 responding to each of the components of the magneto¬ 
may be written as a Fourier series of the form motive-force wave such as 


^ ^ sin mky cos my 


( 1 ) 


sin mhy cos my (2) 

m' w 

where m is the order of the space harmonic, and takes the Let B be the flux density in gausses at any point corre- 

values 2 jq -f 1; j = 0, 1, 2, 3,_and g is the number sponding to the wth space harmonic of magnetomotive 

of phases. The values of for single-phase and bal- force, and let the subscripts x, y, and z indicate the com- 
anced 3-phase windings are ponents of B in the x, y, and z directions. For the region 

A\ =‘ Zn ' (lA) 

-12» (IB) ^ 

The next step is to determine the flux density wave cor- of armature 

and field taken 


END- 

WINDING' 



ARMATURE 

STACKING 



perpendicular 
to the plane of 
end - winding 
coils 


corresponding to positive values of s in which there is 
to be no magnetic medium and no current carry¬ 
ing conductors, the equations 


Fig. 5, Diagram showing magnetomotive force 
wave for various values of y 
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V.B = 0 
and 

7 X B = 0 

must be satisfied subject to the boundary conditions 
I When s = 0 


B« = - 


t>x 


„_ ^ 


(3) 

(4) 

(5) 

(«) 


(y) 


and 

B-^Gass-^ 00 

The desired solution for positive values of s is readily 
found by usual methods to be 


, mpx 

Bi - B»e“”" sin mhy cos — , 


where 


~ csca (9) and B^ 


5 Ag, ig 


( 8 ) 


( 10 ) 


PITCH 


Fig. 5A. Pitch 

factor 


where a is the angle shown in figure 6. 

The linkage V'w va. abampere-henries per phase per pole 
for the V-shaped end-winding which has n conductors 
connected in series, is 



'hm " » 



h 

■JV 


dxdy X 10‘ 


( 11 ) 


where = J5„ when s = 0. Substitute value oi 
from equation 8 into equation 11. ahwl integrate to 

:6btain' ■.■■■■ 




ir»B*tan a 


Fig. 5^ Radial distribution factor 2mP* 
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Bm ^pm X 10 


( 12 ) 
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where Kj^ is the pitch factor and is given by the equation 
rr _ .r sinw^n 

(«) 

The inductance L„ in henries corresponding to these 
linkages is 

r 'I'm 

^ (14) 

where is the current in each of the n conductors of th ^ 
end winding. Substitute the values of and ^ into 
equation 14 to obtain the total inductance per pole per 
phase. The result is 

where 

and m = 1, 3, 5..., for the single-phase case, and 

Ft = 12 

and w = 1, 5, 7..for the 3-phase case. 

TWs derivation is based on the 6 assumptions previ- 
foT ^ necessary to develop corrections 

Zt fr consider the assumption 

^t the phases are concentrated. In general the pLses 
several groups of conductors, each group of 

the penpheiy of the armature. The space Lves 
of magnetomotive force due to these coils are out of ohaS 

the order of the space harmonic. Therefore the resultanf 
ma^etomotive force is less than for the case of con^f 
^ated phases, and the reduction factor is aonliVH 
to correct for this. Its value is given ^ 


iwi o. UJ. 111 UJ.uistnoutea pnase winch 
is distributed over the peripheral dimension c of the rotor 
surface. Thus, 


sin 


^em — 


mPc 

IF 


mPc 

iF 


(19) 


The derivation of this relation is based on the assumption 
that the current is uniformly distributed over the cross 
section of the conductor. 

It should be noted at this point that the product JT*,, 


(IS) 

Fig. 7A. Mutual 
inductance factor 

0.8 

(16) 
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0.4 

(17) 
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the elect,omotiveTr^ttX"te"""’T' ^ 
ductors by the rotatino- c armature con- 

of phase L of ftm wffl be out 

Ki, must be applied again °or th”*? toduction factor 
is K^K ^ ‘“tal reduction factor 

“^«yor the fact that ‘ 
aloug the periphery of the armature, is^Jt 


0.2 0.4 0.6 0.8 

6(22-E,) 


for a ^o^y distributed winding, when spacing between 
«>ndu^rs is smaH as is usuaHy the case. 
fr^mS particularly for the space 

coflridel^'^rrn by the fact tlrat the 

thm dimension h which is greater 

tnan zero. The denvation of this reduction factor 

Of SrT T?. the ^Xtln 

«>“ aide Loss 

wHeh is estabLif a 'loation 8 the flux density 

from a concentrated conductor carryiL tS^ ^ resulting 
as thia j V carrying the same current 




If 


2 

mdh 


(l - 1 - 
\ mBh J 


( 20 ) 


( 21 ) 


a^ejormula for the end-winding inductance may be 



^ .-w w (22) 

H the approximation ^ C. is made, then 

Ci» ^ ^ 

(23) 
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Fig. 7B. Mutual 
inductance factor 


This series con¬ 
verges rapidly, 
and only the first 
term is necessary 
in computing for 
the usual case 
with the possible 
exception of the 
single-phase case 
where the third 

0 0.1 0.2 0.3 0.4 0.5 0.6 haimonic ap- 

° pears. In order 

to facilitate 
computation, 

curves of the factors Kj^ and are given in figures 
5A and 5B: 

The assumption regarding the V shape of the end¬ 
winding coils is fairly close to the actual case except for 
that portion of the winding near to the armature core. 
However, the length of the conductor which extendi 
straight out from the slot is usually small compared with 
the total length, and it seems that little error is introduced 
by this approximation. 

The effect of the remaining assumptions has been 
investigated experimentally, and will be discussed later. 

An important consideration, which has been completely 
ignored by previous writers, is the mutual linkage between 
the field coils and end winding. This is important; 
since, even though this mutual linkage may be a very 
small percentage of the total mutual linkage between 
the field and armature, it may be appreciable compared 
with the end-winding linkage thereby causing the end¬ 
winding leakage inductance to differ considerably from 
the total self-inductance of the end winding. 

The field winding ordinarily extends an appreciable 
distance beyond the; end of the field pole, hence this wind¬ 
ing li nTr -q some of the flux set up by the end winding. 
Figures 6 and 7 show a typical design for a salient-pole 
machine. According to assumption 4 none of the end¬ 
winding flux enters the field pole core, therefore, the only 
flux to be considered is that in the region occupied by the 
field winding which extends into the end-winding region. 

The method to be employed in calculating this mutual 
linkage will be, first, to calculate the average component 
of flux perpendicular to the plane of the end winding over 
the radial depth and within the boundaries of the field 
coil by the use of equation 8. Next, it will be assumed 
that the field winding is uniformly distributed. Then 
the mutual linkage wdU be found by integration. 

Select the same co-ordmate system as used in the deriva¬ 
tion of equation 8 and as illustrated in figures 6 and 7. 

Let the dimensions zi, Z 2 , Xi, and X be measured in centi¬ 
meters as shown in the diagram.. Consider the case 
where ilie pole axis coincides with the phase axis, and the 
resiilting mutual linkage will be the max im u m value. 



The average of B, from Si to % as found from equation 
8 is given by 

fttJPoc 

Bg » sin mky cos —— (2S) 


where 
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1 ^ g~mSh [l _ g-mS(s2—zi)‘^g-mSzi 
m 5h mS(zt — si) 


(26) 


The corresponding linkage is found by integration. Thus 
the linkage of the field coil due to the mth. harmonic 
of the flux density wave set up by the field of the end 
winding is 




DhlfBfnKfinB-am^em^Xm X 10 * 
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where % is the number of turns per field pole, and 
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The corresponding mutual inductance in henries per 
pole per phase for both ends of the end winding is 

_ ^Pq^n/Dcscoc V '' KfmCiK\m ^ ^ 29 ) 

This is the Tnarimum value of mutual inductance. In 
general only the first term of the series is required. The 
factors Kfm and are rather complicated for com¬ 
puting purposes and they contain too many parameters 
to be given conveniently in the form of curves. How¬ 
ever, if we neglect the effect of the term containing h in 


Fig. 8. Sketch 
showing diamond¬ 
shaped coils used 
in mutual induc¬ 
tance measure¬ 
ment 


the expression for of equation 26, may be con¬ 
veniently given in curve form as shown on figfure 7A. 
Likewise a constant value of h/d — ().577 (a = 60 degrees) 
is assumed in plotting the curves for as shown in 
figure 7B. - 

For a machine with a ^‘sine wave winding”; that is, 
a machine which eliminates all effect on tie teimihal 
voltage of space harmonics of flux and magnetomotive 
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Fig. 10. View of exploring coils 


force, this mutual inductance varies sinusoidally from its 
ma ximum value to zero as the pole moves through 90 
electrical degrees. Blondel* first introduced the concept 
of expressing the armature inductance of such a 
by its values along the direct and quadrature axes, and 
most of the subsequent studies have employed thfy; con¬ 
cept. It is desirable then to write the end-winding 
inductance along the direct or pole axis as 


is negligible compared with the self-inductance, so the 
assumption appears reasonable. 

An experimental check on the accuracy of formula 
22 was obtained by measuring the inductance of models 
as shown in the photograph of figure 9 and comparing the 
result with the calculated value. The coils were connected 
as a single-phase 4-pole winding. The models were 
equipped with 4 coils per pole and each coil had 20 turns 
in series. The coil connections were arranged so that 
measurements could be made with 1, 2, 3, or 4 coils per 
pole. 

This agreement is reasonably good; and since the model 
duplicated the actual end winding except for the effect 
of the iron in the armature stacking, these results indicate 
that the total error introduced by assumptions 1, 3, and 6 
and the errors in the factors, which were developed to 
correct for assumptions 2 and 6, as previously listed is 
approximately *** 3 per cent. 

The next experimental check consisted in measuring 
the inductance of the end winding of an actual machine. 
The tests were made on a 15-horsepower 220-volt 1,800- 
rpm 60-cycle 4-pole 3-phase salient-pole synchronous 
motor. The armature winding was reconnected single¬ 
phase. 

Exploring coils were used to measure the inductance. 
They were placed on the end winding as shown in figurelO 
with a single turn of the exploring coil around each end¬ 
winding coil of a phase belt per pole. A 60-cycle voltage 
approximately sinusoidal in wave shape, was impressed 
on the armature circuit through an ammeter. The 
exploring coils were connected in series and the terminals 
were brought out to the input of a calibrated amplifier 
and voltmeter. The end-winding inductance was meas- 

Table 1—Comparison of Calculated and Measured Values of 
Inductance of the Models as Shown in Figure 9 


_ L fax MnHiienrieg _ 

Coils per Pole Calculated Measured Per Cent Error 


iw - L - ^ Jlfo (30) 

where L is given by equation 22, and Jkfo is given by 
equation 29. 

Experimental Techniques 

Several experiments were performed to determine the 
accuracy of the assumptions. In so far as seemed feasible, 
the ^periments were so arranged that each assumption 
was checked separately. 


Model Eo. 1 


4.. 



. .3.48 .. . 

Q f% 

8. 



. .2.79 ;. 

1 4 

2. 



..1.73. 


1.. 

....0.686. 


..0.670.. 



Coil pitch “ 1.0, single-phase, 4-pole, D ■■ 81 centimeters, & «■ 12.2 centimeters, 
d » 12.1 centimeters, e - 1.84 centimeters, h •" 1.14 centimeters. 

Model No. 2 

*•••..2.98 8.02 1,3 

8....2,84 2.44 .2.9 

2.;,,.,...1.49 ..............1.52 ...2.0 

1.....-----0.635....0.630....1.0 

Coil pitch — 0.75, dngle-phase, 4-pole, D 44 centimeters, 6 ^ 12.96 centi- 
meters, d » 11.35 centimeters, c ~ 1.34 centimeters, h ■■ l.ricentimetms. 


In order to determine the pr^ of magnitude of the ured with the field aris and q^drature a^ 
er^ m^duced by the assumption that riie end-windmg and with the field axis and the direct axfe coinciding, 
wmuctors were produced as shown in figure 3, themutu^ Thus me^uremMits were obtained for the conditions of 
m uctance of 2 diamond-shaped coils as shown m figure 8 maximum and minimum effect of the iron of the field 
was measur^ the 2 coils connected in series, the stacking. The variation was found to be 3.76 per cent 
inductance differed by 1.6 per cent from, lii® sum of the fromi the average value. 

2 selfrinductances. The mutual inductance will of course The same arirangement was used in the measurement 
V ymy with the shape and size otthe coils; but its magmtude of the’mutual mductancci In this case the field was 
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excited with a known current, while the machine was 
rotated at normal speed, and the voltage induced in the 
exploring coils was measured. Then 


E 

Mn — 
tal 


(32) 


where E is the maximum value of the e^loring coil 
voltage in volts, I is field current in amperes, and w is the 
angular velocity in electrical radians per second. 

A .tabulation of the values of and as determined 
from test and calculation is shown in table II along with 
the value end-winding leakage as calculated from the 
formula given by Alger. ^ 

Conclusions 

Let us consider now the effect of the primary assump¬ 
tions previously tabulated. Accurate corrections have 
been developed for assumptions 2 and 6, and the probable 
error introduced by them is negligible. 

The error introduced by assumption 3, regarding the 
continuation of the end-winding conductors beyond the 
apex of the V-shaped conductors, was determined by the 
measurement of the mutual inductance of 2 diamond¬ 
shaped coils. The error due to this assumption is approxi¬ 
mately 1.5 per cent. 

The errors introduced by assumptions 1 and 5 were 
evident in the measurement of the inductance of the 
end-winding model. The error due to assumption 3 was 
also included here, and the comparison of the calculated 
and measured value of inductance indicates an error of 
approximately =«= 3 per cent. ^ 

The assumption that the component of the flux normal 
to the plane of the end of the atmature Core is zero is 
equivalent to assuming that none of the flux from the 
end-winding field enters the armature core. Since the 
ultimate aim of this study is to compute the end-winding 
leakage inductance, suppose that we assume instead 
that only the end-winding /eafeige field is unaffected by 
the iron of the armature stacking, and review the theo¬ 
retical development on the basis of this assumption instead 
of the assumption that none of the flux from the end- 
winding field enters the armature core. 

Physically the meaning of this assumption is apparent 
from a survey of the 2-dimensional sketch shown in 
figure 11. If there were no iron in the armature core 
the flux line at the boundary of the armature stacking 


Table II—Winding Data; 18 Slots per Pole, 4 Turns in Series 
■ ■ per Slot' . ■ . 


would be vertical. Because of the iron the flux lines near 
the boundary are distorted as shown, but as the distance 
from the boimdary increases the distortion due to the iron 
decreases, and this distortion of the field is apparently 
small beyond the boundary of the field pole winding; 
that is, the distortion is small in the region of the end¬ 
winding leakage field. It follows that this assumption 


Fig. 11. Sketch 
of end-wind¬ 
ing field in a 
plane through 
die shaft axis 
and perpen¬ 
dicular to the 
plane of the 
end - winding 
coil 



is less radical than the assumption initially made, and only 
the simpler assumption is involved in the final result. 

It is believed that equation 30 is a step nearer to an 
accurate formula for the end-winding leakage inductance 
than any previously published. An effort has been made 
to indicate the nature and consequence of the assumptions 
involved and the effects of these assumptions have been 
investigated from an experimental viewpoint. An impor¬ 
tant part of the result is the egression for the flux density 
given by equation 8. This equation should serve as a 
basis for studying the effects of iron in the end-winding 
region. For example, the analysis may be extended to 
calculate the end-winding inductance of turbine genera¬ 
tors where the rotor extends well into the end-winding 
reg^ion and to calculate the end-winding inductance of 
d-c machines where the conductors are supported by an 
iron ring. 

Nomenclature 


•M*,— Error—^ L— Error—■ Lid— Error— 

Mim- I P er Mim- Per MUli- P w 

Eenries Cent henries Cent henries; Cent 


'Tertvolue -0,892.......... 

cSwlated value...........2.70... .29.i;, . .0.774., , .13.2.. . .0.488.. .1.8 

Calculated value from . ' 

A lger’s fomtnla....^ • y .... • . •vMVr .. 

p m i p 29.0 centinieters, b “ 6.93 centinieters, d **. 8.18 centimeters, 
h -• 110 centimeters, P - 0.81, Uf •“ 636 turns pdr ipple,: xi 3.81 oehtimeters, 

- 8.81 centimeters, SI - 2.64 centimters, si - 6.72 centimeters. 


a 

a 

A 

3 


P 

h, d 


e 

D 


magnetomotive force in gilberts 
angle shown in Figure 5 
constant as defined by equations lA and 15 
■ vector flux density in gausses corresponding the mth space 
harmonic of magnetomotive force as a function of the space 
co-ewdinates, and the subscripts x, y, and s indicate the com- 
pon^ts of 5 in the x, y, and a directions 
I value of 5 when s =« 0 

> end-winding toemions measured in centimeters as shown in 
■■figureS'' ■ ■ ■ ^ ^ \ ■ 

' reduction factor for a winding which is uniformly distributed 
:• oyer'the phase belt : ^ V'^ ■ 

» peripheral dimension in centhneters of the conductors 
» diameter of annature wihdj^ in centimeters 


im-‘ ■ 

{Concluded on piges 475-5) 
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An Alternalor-Voltagc Regulator Utilizing 
a Nonlinear Circuit 


By HARRY W. MAYNE 


A lthough several different types of alternator- 
voltage regulators are in successful operation at 
present, the purpose of this paper is to describe a 
regulator which is believed to have several outsta n di n g 
advantages over any of the present t 3 rpes. The mherent 
limit ations of the various t 3 rpes of moving-contact regu¬ 
lators are well known, and a perusal of the circuit diagrams* 
of the different types of electronic regulators will indicate 
the complexity of such circuits, even though they are 
superior in most respects to the moving-contact-t 3 rpe 
regulators. 

The regulator to be described here is of the electronic 
type, and is capable of the same degree of accuracy as the 
best of its t 3 rpe. It promises even faster operation than 
PYifiting types and these characteristics are obtainable 
with a circuit utilizing 2 mercury-vapor control tubes 
combined with a small inductance, capacitance, and re¬ 
sistance. 

Nonliiiear Circuits 

The eccentricities of circuits containing capacitance 
and saturable core inductance have long been known to 
eng^e^. The particular phenomenon which first at¬ 
tracted a,ttention was the so-called inversion or instability 


Fig. 1. Nonlinear series 
circuit 



C*6.83 
MICROFARAD 

Ro 


.represents total d-c resistance 
of circuit 


range of voltage, but these properties are of no utility in 
this particular application except as a limiting case. 

Because of the presence of the iron-cored coil, the 
wave form of the current in such a circuit is not sinusoidal, 
and is subject to considerable change as the effective 
value changes. Figure 3 is an enlarged drawing of super¬ 
imposed oscillograms which 
illustrates the variation for 
the particular circuit used. 

Referring to figure 3, I\ 
represents an effective value 
of 0.21 ampere, and the 
voltage required was 110 
volts. When the voltage 
was increased to 111 volts, 

Ja, with an effective value 
of 0.43 ampere was ob¬ 
tained. The resistance in 
the circuit was 125 ohms, 
and the frequency 60 cycles 
per second. From the 
drawing we see that when 
the lower value of current 
flowing, the crossing 
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EFFECTIVE VALUE OF 
IMPRESSED VOLTAGE 
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Fig. 2. Effective volt-ampere 
characteristics for circuit of 
figure 1 at 60 cycles per 
second 

Numbers on curves are values of 
Ro in ohms 


of the neutral of a 3-wire star-connected bank of trans¬ 
formers feeding a highly capacitive trensmission line. 
Considerable material* was written on the peculiarities 
obtained, but it was not until 1931 that publications dis- 
oussing simple single-phase circuits appeaured.* Only 
the simple series circuit show in figure 1 will be d^- 
cussed. In figure 2 we have the effective volt-ampdre 
charactm^cs of the circuit for various values of the 
resistsinee. From these ciuyes we see that as the re¬ 
sistance is decreased; the slope of the curve increases so 
that it is possible to obtahi a very large change in IHe 
■effective value of tJie curr^t with a negligible change in 
the effective value of the impressed volta.ge. Of course 
further reduction of the resistance produces a ch^aicter- 
istic which is double-valued in current over a certain 


points of the current wave 
lag those of the voltage 
wave by approximately 20 
degrees, and the peak cur¬ 
rent of 0.414 ampere occurs 
at 139 degrees. WThen the 
impressed voltage is in¬ 
creased from- 110 to 111 
volts effective value, or less 

tlian 1 per cent, the peak current increases to 0.908 am¬ 
peres, or more than 100 per cent. In addition the wave 
is shifted so that the crossing points of the current wave 
are in the phase with those of the voltage wave. The 
peak current is also shifted by the same angle, approxi¬ 
mately 20 degrees. 

Application 

With these general properties of the circuit in mind, 

: the circuit shown in figure 4 was developed and tested. 
The alternator used was a 7-5-kva 60-cycle machine 
synchronously driven from a source having a frequency 
variation of =^0. 3 cycle in 60. With a 7.5-kva load at 

A paper awarded the 1036 AIEE South West Di^ct prite for best studwt 
paper- recommended for publication by the AIEE committee on auto- 
ScsSns. S^Pt spbi^tted August 11. 1936J released for publica- 
tion October 0, 1936. 

Hamv W Maynb is a former Enrolled Student AIBBi Umversity of Texas, 
Austin; he is now with the Petty Geophysical Company, San Antonio. 

1. For all numbered references see list at end of paper. 
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IMPRESSED VOLTS 



Fig. 3. Varia¬ 
tion of wave 
form of current 
in nonlinear 
circuit with 
impressed volt¬ 
age 


A—li = 0.21 
ampere/ El = 110 
volts, effective 
values 

B— U = 0.43 
ampere Ej = 
111 volts, effec¬ 
tive values 

Ro = 125 ohms, 
frequency = 60 
cycles 


0.85 power factor, the alternator regulation was 12 per 
cent and a 25 per cent decrease in field current was neces¬ 
sary to maintain normal voltage from full load to no load. 
The d-c end of a small a-c to d-c motor-generator set was 


Fig. 4. Circuit 
diagram of 
counter - elec¬ 
tromotive-force 
regulator using 
nonlinear - cir¬ 
cuit control 



used as a counter-electromotive-force generator in the 
alternator field circuit, and the drive was floated across 
the line to maintain constant speed. Type FG-57 thyra- 
trons were used as grid-controlled rectifiers supplying 
the counter-electromotive-force field. As these tubes 
are negative control tubes, it is necessary to use a d-c 


ji-^yratron plate curr ent .......— 

^THYRATRON PLATE_^ VOLTAGE^-A94y/CM^ 


72.0 V 0.2pA 


BUCKER VOLTAG£->, ^ ,, „ - ^• 

BUCKER SET FIELD CURRENT ^^^CONTROL CIRCUIT VOLTAGE 


' ■ CONTROL CIRCUIT CURRENT. 


LOAD CURRENT'-:^ 


ALTERNATOR FIELD- CURRENT 

/ 


'LOAD ON 


Fig. 5a. Operation of regulator of figure 4 when load is applied 
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>rALTERNATOR FIELD CURRENT 
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Fig. 5b. Operation of regulator of figure 4 when load is removed 
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Fig. 6. Circuit 
diagram of non¬ 
linear - circuit 
regulator oper¬ 
ating on field 
of main exciter 


grid bias in addition to the a-c component. The use of 
the proper type of positive-grid-control tube would dis¬ 
pense with this grid battery. 

The following preliminary adjustments are necessary to 
put the regulator in operation. The nonlinear circuit 
is adjusted so its characteristic is very steep at normal 
voltage on the alternator. With full load on the machine 
the field excitation.is increased until the alternator vol¬ 
tage is just below the sensitive portion of the nonlinear 


circuit characteristic. The d-c grid bias on the rectifiers 
is then adjusted so the tubes are barely firing, and the 
field excitation further increased to provide the desired 
reserve capacity above full load. 

After these adjustments have been made, suppose that 
the load is dropped suddenly. The terminal voltage will 
rise, producing a large rise in the nonlinear-circuit current, 
with the attendant phase shift referred to earlier. Since 
the circuit is connected so that the phase relation of the 
grid voltage to the th 3 rratron plate voltage is the same as 
shown in figure 3, both changes produce a large increase 
in the average value of the rectifier plate current. This 
increases the ter min al voltage of the counter-electro- 
motive-force machine, with a corresponding decrease in 
alternator field excitation, thus tending to decrease the 
abnormally high alternator voltage. Any decrease, how¬ 
ever, will react on the control circuit and tend to decrease 
the current again, so that the final equilibrium condition 
for no-load will be at a slightly higher voltage than at 
full load. With the machines used a regulator sensitivity 
of =*= 0.2 per cent was obtained. The frequency variation 
of the source increased the variation to =*= 0.3 per cent. 
The operation of the regulator is illustrated by the os¬ 
cillograms shown in figures 5a and Bb^ These show the 
variations when full load is applied and removed respec- 
{Concluded on page 476) 
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Fig. 7a. Operation of regulator of figure 6 when load is applied 
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7b.: Operation of regulator of figure 6 when load is remoyed 
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Oxidation in Insulating Oil 


By J. B. WHITEHEAD 

FELLOW AIEE 


I. Introduction 

I T is generally agreed that of the component parts of 
impregnated paper, the impregnating oil is most 
susceptible to deterioration. There is, however 
little definite knowledge of the processes leading to insta¬ 
bility. Instablility manifests itself in changes in electrical 
properties. An increase in dielectric loss, if allowed to 
continue, ultimately leads to failure. Marked chemical 
often accompany these changes in electric prop¬ 
erties, but whether or not the changes are caused by 
electrical stress, as related to the inherent chemical struc¬ 
ture of the oh, or by residual impurities, as related to 
stress and structure, or by both jointly is as yet unknown. 
•Obviously oxidation, with its generation of acids ^d 
consequent increase in chemical dissociation and electrical 
conductivity is a powerful cause of instability. Although 
careful provision is made for the e limi nation of oxygen 
in the manufacture of insulation, it is, recognized that 
traces of oxygen must remain under all circumstances, and 
the determination of the degree of its activity as a cause of 
insulation instability becomes a matter of great inipor- 
-tance. 

To the electrical engineer, the electrical stability of an 
•oil is measured not in terms of the specific che t nical chaiiges 
that are taking place, but in changes in its electrical 
properties, i.e., its conductivity, dielectric loss, power 
factor, or phase difference, dielectric constant and break¬ 
down strength. Extensive studies of the variations of 
these quantities over the life of impregnated insulation 
have been ma.de, and a highly developed techmque is 
^available. Characteristic changes in the electrical prop¬ 
erties, through the life of the insulation, are often txace- 
.able to changes in conductivity and ionic <x)ntent,' and 

there are other conspicuous evidences of che^cal changes. 
But as stated, there is still great uncertainty as to the 
original cause of these changes and of their subsequent 
progress. Many studies have been made of the process 
of orddatioii in mineral and in other oils as used for insula¬ 
tion. It is a highly complex process involving many end 
products, as is natural in view of the complexity of the 
oil molecule itself. However, while much info^tion is 
iiow available as to the process of oxidation and its various 
end products, there is Httle available material correlating 
ihe orddation of an oil with its electrical prop^rtiesi 
' in tlus paper we report a series of studies of accelerated 
oxidation in a highly refined insulating oil as used in oil- 
^d cables, with p^cular reference to the correlation 

between oxidation and ele<^^ ^or certain 

of ^ese' properties there is a marked correlation. The 

> tests -have been made at higher temperatures than normal 

ior insulation, in brdef to accelerate the complete prograin. 

Thace are definite indications, however, that reliable deduc- 
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tions may be made for the behavior of the oil at lower 
temperatures and in the presence of smaller amounts of 
oxygen. 


n. Sappe of Studies 

The literature on oil oxidation often indicates erratic 
electrical correlation due to uncertainty as to the de^ee 
of the oxidation.2 In studies of this character empirical 
methods have often been used,® as for example oxidation 
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Fig. 1. Schematic diagram of acidity apparatus 

is measured by the number of hours of heating in air or 
oxygen. Obviot^ly more accurate methods are necessary. 

The chemical quantities here measured ire as follows: 
(a) the amount of oxygen chemically absorbed, the rate 
of absorption, smd the reaction constant fe, at the 3 tem¬ 
peratures 120, 135, and 150 degrees; (&) the activation 
energy as deduced from the results under (n) ; (c) acid 
number; (d) saponification number; and (e) carbon 
dioxide evolved; all as related to the amount of pxygMi 
■-absorbed.'' 
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Fig. 2. ^ Typical theii placed in a thermostat which maintained a constant 
titration curve temperature to within 0.1 degree Centigrade. The oxygen 
above the oil was maintained at atmospheric pressure. 
The bulb was then mechanically connected to a shaking 
machine and shaken at a constant speed of approximately 
300 cycles per minute. Burette readings were then 
recorded as function Of the time. This process was re¬ 
peated for the 3 different temperatures 120, 135, and 150 
degrees Centigrade. The oxygen absorption-versus-time 
curve thus obtained, is a straight line over a long period. 
The slope of this line, expressed in terms of cubic centi- 
^ meters of oxygen chemically absorbed per 100 grams of oil 

per hour, is the reaction constant, k. This constant 
permits the determination of the activation energy of the 
oil as described below. 


The electrical quantities measured are: {a) power factor 
and a-c conductivity; (5) dielectric constant; (c) short- 
time d-c conductivity; {d) long-time d-c conductivity; 
(e) breakdown strength. Measurements of the electrical 
quantities were made for various values of acid number 
and through these related to the other chemical quantities 
referred to. 

When an oil is oxidized acids are formed which dissoci¬ 
ate and form new ions. An acidity determination 
the state of the oil in this respect without reference to its 
earlier history. We have found an excellent correlation 
between the addity of an oil, the oxygen absorbed chemi¬ 
cally, and certain of its electrical properties. 

The saponification number gives an index of the adds 
combined in tiie oil which are capable of reacting with 
metals to form metallic soaps with consequent increases 
of conductivity and loss. 


Determination of the Acid Number 

The acid number was determined with the method 
described by Clarke, Wooten, and Kompton.® The appara¬ 
tus consists essentially of a titration cell and a reservoir 
for the storage of alkali, an dectrode system, and a dif¬ 
ferential vacuum tube voltmeter. A schematic diagram 
is shown in figure 1. A second tube voltmeter w as used 
to determine the total voltage of the dectrode system at 
any stage of titration. The base dectrode is a saturated 
calomd half-cell which made contact with the solution to 
be titrated through an agar agar bridge. The chemicals 
used in the calomd half-cell were specially prepared, and 
its voltage was 0.558 volt. The indicator dectrode con¬ 
sisted of a bright platinum wire dipping into the solution 
to be examined. This solution consisted of approxi- 
matdy 8 grams of degasified and dehydrated oil dissolved 


It has been shown^ that of the gaseous products of 
oxidation of an oil, nearly 45 per cent is carbon dioxide. 
In t^s work measurements of the amount of carbon 
dioxide given off at various stages of oxidation show an 
interesting corrdation with both add number and electrical 
properties. 

So far the studies here described have been made on 
only one oil. This was furnished by a well-known manu¬ 
facturer and its properties are as follows: . 


Base...... 

Specific gravity at 45 degrees centigrade__ 

Flwh point, degrees centigrade.. 

Pour point, degrees centigrade.. 

Surface tension at 46 degrees centigrade.. 

Viscosity, poises, at 46 degrees centigrade..... 
Viscosity, poises, at 40 degrees centigrade..,., 
Bre^down volts....... 


... .refined light oil 
...0.877 
...149 
...-29 
.. . 27 
...0.133 
...0.160 
.. .27,500 


in. Experimental Method 


Fig. 3. Charging 
current character¬ 
istics of unde- 
teriorated oil 

.1,000 cycles per 
second 

Series resistance— 
400,000 ohms 
Sensitivity—0.0211 
volt per centimeter 
E—1,500 volts 
Power factor— 
0.000634 

Fig. 4. Charging 
current character¬ 
istic of most de¬ 
teriorated oil 


Oxygen Cbcemically Absorbed 

Twenty cubic centimeters of the oil were placed in a 
60-cubic-centimeter bulb and degasified at less than 1 
n^imeter mercury pressure. The oil was then saturated 
with osygen by shaking for 5 minutes in an atmosphere of 
oxyg^ at atmospheric pressure. The bulb was then 
connected to a mercury; burette fiUcd with oxygen and 


1,000 cycles per 
second 

Series resistance—- 
25,000 ohms 
Sensitivity—0.0228 
volt per centimeter 
E—^1,500 volts 
Power factor— 
0.01360 
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in 100 cubic centimeters of »-butyi alcohol to which 0.05 
grams of quinhydrone had been added. All titrations 
were carried out in an atmosphere of nitrogen which served 
both to stir the solution and to exclude carbon dioxide 
which would lower the neutralizing value of the alkali. 
The technique of operation is as follows: 

The differential voltmeter was first adjusted to read 
z^o by varying a compensating resistor R^. Known 
increments of alkali from the burette were added and 
corresponding deflections observed on a milliammeter. 
Aifter every increment the differential voltmeter was 
compensated to zero milliammeter reading by adjusting 
Rz. These known equal increments of alkali were added 
up to, and after a maximum deflection was recorded. 
For accurate determinations the results are plotted as 
shown in figure 2, with deflection per 0.1 cubic centimeter 
as ordinates and total cubic centimeters of alkali added as 
abscissae. The maximum in this curve corresponds to 
the end point, that is the point where the slope of the 
voltage versus titer curve is a maximum. The apparatus 
as used here had a sensitivity for acid number better 
than 0.001. 

Some observers report a double maximum in the curve 
of figure 2, This has been studied by Wooten and Reuhle® 
who show that it may appear when the alcoholic potassium 
hydroxide solution (titer) becomes deteriorated. Clear 
nonturbid solutions were used in this investigation and 
there was no occurrence of a second maximum. For the 
curve of figure 2, 0.715 cubic centimeter of 0.0387 N 
alcohol potassium hydroxide solution was necessary for 
neutralization of an 8.39-gram oil sample. Titration (d 
the blank solvent had shown that less than 0.01 cubic 
centimeter of 0.0387 N alcohol potassium hydroxide was 
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Fig. 5. Oil cell for electrical measurements 


necessary for neutralization. The molecular weight of 
potassium hydroxide is 56.11. The add number is then 
computed as follows! 


Acid number 


.0)X 0.0387 X 56.11 
8.39 


Fig. 6. Oxygen 
absorption versus 
time 


Saponification 1 / 

O 7 - 

Number g go--- 

£ * 

When an oil is ^ 

oxidized it may g 

react withmetals i .J I Sf \ \ 

with which it is 

in contact to ^ 

form metallic 

soaps of high | f 

conductivity §20 -h 

which areusually ^ j 

soluble in the 3 lO —^ 

oil itself. A 

soap is defined ^ci2 4 6 8 io I2 

as a metallic time—hours 

salt of a fatty 
add. The sa¬ 
ponification number is a measure of the amount of 
adds present capable of forming these soaps. Its deter¬ 
mination consists essentially in the boiling of a known 
quantity of oil with a known quantity of potassium 
hydroxide. The excess potassium hydroxide not spent in 
neutralizing acids is then titrated with hydrochloric acid 
and serves as an index of the soaping value of the oil. 
The saponification number is expressed in terms of miUi'- 
grams of potassium hydroxide per gram of oil. Deter¬ 
minations of saponification number in this work were 
made substantially in accordance with the specifications 
recommended by the American Society for Testing 
Materials.^ Numbers observed were in the range 0 to 
3.0 and duplicate determinations agreed within 0.1. 

Carbon Dioxide Given Off 
The amount .of carbon dioxide formed during the oxida¬ 
tion process was measured at different stages of the meas¬ 
urement of oxygen absorption by bringing the gas above 
the oil in contact with a potassium hydroxide solution. 
The difference of burette readings before and after this 
operation gives the amount of carbon dioxide formed. 

Electrical Measurements 
The a-G quantities, power factor, a-c conductivity, 
dielectric constant, were measured on a shielded high 
sensitivity Schering bridge as described by Kouwenhoven 
and Bafios,® The power factor sensitivity, is 0.000006. 
Measurements were made at 60 cycles supplied from a 
generator having a pure sine wave. In all these measure¬ 
ments 2 determinations with exchange of the positions 

of the standard and the oil cells were made. 

The a-c conductivity was computed from .the di^ectric 
loss and found to be in dose agreement with dirert meas- 
nrftmfents of- the short tune or initial conductivity as 
measuifed with the amplifier osciUograph.®-^ TO 
head“ has shovm that the initial d-c conductivity and the 
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a-c conductivity of an oil are identical when no polar 
element is present. Figures 3 and 4 give the osciflograms 
of the charg^ing currents of the oil in its initial and in its 
most highly oxidized condition respectively. These curves 
and the agreement between measured and computed losses 
indicate the absence of heavy polar aggregates both brfore 
and after oxidation. 

The long-time d-c conductivity which is approximatdy 
constant after 20 minutes of application of voltage was 
meastured with a high sensitivity d'Arsonval galvanom¬ 
eter. 

Breakdown measurements were made in accordance 
with ASTM ^ecifications^^ using a commercial break¬ 
down cup. In all cases the oil was degasified and dehy¬ 
drated before being placed in the cup. The spread of break¬ 
down values was wdl within those called for by ASTM 
spedhcations. 

Oil Test Cell 

The test cell for the electrical measurements consisted 
essentially of a circular parallel plate capacitor equipped 
with guard rings as indicated in figure 5. The electrodes 
were of polished brass. The measuring dectrode had a 
diameter of 13.0 centimeters surrounded by a guard ring 
2.54 centimeters wide, with an air gap of 0.16 centimeters. 
Glass insulation and screening is indicated in figure 5. 
The capacitance of the cell when empty was 77 micro¬ 
microfarads and when full approximatdy 177 micromicro- 
farads. The measurements were made at 60 cydes and 
a stress of 25 volts per mil with dectrode separation of 
0.152 centimeter. 

The dectrodes were supported one each in 2 similar 
glass containers, one of which was inverted, placed on the 

other with 
ground surfaces 
of contact as 
indicated. The 
lower container 
supported the 
high voltage 
dectrode with 
a cylindrical 
screw guard 
rigidly attached. 
The top mem¬ 
ber was coated 
with tin foil 
and maintained 
at guard poten¬ 
tial to prevent 
leakage currents 
entering the 
measuring dr^ 


Fig. 7. Losio Ic 
ymus 1/T 

O " 20,700 calp- 
ries per mol 



Fig. 8. Acid 
number versus ■ 
time 


Oxidizing tempera¬ 
ture—^150 degrees 
centigrade 
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Fig. 9. Girbon 
dioxide given off 
versus time su. 

10 

Oxidizing tempera- oS 
ture—^150 degrees 5 ® 
centigrade ^ ( 
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cuit. The test cell hdd approximatdy 1,000 cubic centi¬ 
meters of oil and was so connected as to permit vacuum 
intake during measurements. The whole cell was endosed 
in a thermally insulated box with temperature controlled 
by thermostat to within 0.2 degrees centigrade and with 
provision for constant air circulation within the box. 

The oils used in the dectrical measurements were oxi¬ 
dized by heating in air at 125 degrees centigrade to vari¬ 
ous sdected values of acidity. Before admission to the 
test cell each oil sample was given standard evacuation 
treatment for the purpose of degasif 3 ring and dehydrat¬ 
ing. This was accomplished by heating the oil to 80 
degrees centigrade and admitting slowly into a vacuum 
of less than 1 millimeter mercury pressure. Thus any 
water formed during the oxidation process was eliminated 
before the dectrical measurements. The oil was then 
drawn into the measuring cell without contact with air. 
Dry nitrogen was then admitted over the oil and main¬ 
tained at a small positive pressure. 

IV. Experimental Results 

The prindpal experlmratal results are shown in figures 
3 acid 4» and figures 6 to 23. 

Chemical PROPBRTms 

Figure 6 shows the rdation between otygen chemically 
absorbed and tune at each of the 3 tempera.turjes 120,135, 
and 150 degrees Centigrade. The ordinate are cubic 
centimeters of oxygen per 100 grsms bf oil^ hnd the absds- 
sae, the time in hours. The slope of each of these straight 
lines is the reaction constant k and is expressed arbi- 
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trarily in terms of cubic centimeters of oxygen per 100 
grams of oil per hour. It will be noted that there is a 
strictly linear relationship with definite value of k at each 
temperature. Beginning at zero on the time scale, there 
is thus no iiiductitm period or lagging time of the oxygen 
reactk»n. Such lag is often noted at lower temperatures. 
Thus in tlie present ca.se lags of 12, 27, and 49 hours were 



Fig, to. Acid number, »aponlfic«tlon number, end 
ctrbofi dioxide given off venui oxygen abiorpllon 

Oxldiiilns tewpereture—150 degrees centigrade 
/I “-'Saponification number 
B ““Carbon dioxide 
C' Acid number 


molecular disruption or cracking as sometimes proposed.^’ 
There is clear suggestion here tliat the activation energy 
of this oil is constant, at least up to the temperature of 
150 degrees. 

Figure 8 shows a linear relationship between acid 
number and time in hours of heating at 150 degrees centi¬ 
grade, and figure 9 shows a linear relation between the 
carbon dioxide given off and time of oxidizing at 150 
degrees centigrade. In figure 10 the observations of add 
number, carbon dioxide, and saponification number are 
shown together as related to the amount of oxygen ab¬ 
sorbed per 100 grams of oil. In obtaining these data 3 
samples were drawn for acidity determinations at 8, 30 
and 41.8 hours respectively of the continuous oxidation 
run. The saponification data were taken on a separate 
run with simultaneous observation of add number. 

In figure 11 the ratio of saponification number to add 
number is plotted as function of add number. It is seen 
that in the initial stages of oxidation, there are relatively 
few free acid ions as compared witli the acids combined in 
the oil. On further oxidation the ratio of these 2 concen¬ 
trations approaches a constant value. 

EI.ECTRICAL Properties 

The correlation between chemical and electrical prop¬ 
erties is shown in table I, from which the following curves 
have been plotted. 

Figure 12 indicates a definitely linear relationship 
between power factor as measured at 40 degrees Centi- 


Flg. 11. Ratio 

luilvd ut the temperatures 100, 90, and80degrees,respec- (saponification 
tively. number/acid 

It is necessary for a molecule to be activated before number) versus 
chemical reaction can begin. I^r this a miunnum quan- number 
tity energy is necessary. In the present case this 

energy, in the form of heat, was found to be constant over 
the range stndiccl. Thus a determination of the amount 
of this iicat appears to be a good criterion as to the sus¬ 
ceptibility of the oil to the oxygen reaction. The activa¬ 
tion energy Q may be determined from the data of figure 6 
by the use of the Arrhenius equation: 

^ Ml . ^ 

“r RT* 

in which r is the absolute temperature, 0‘the activation 

energy in calories per mol, R the gas constant, and the ^ 

reaction constant. On integration of the equation we Rg. Ifi. Power 

have: 

number at 40 de- 
8rM$t*nti8T.tle 



QZ 0.3 0.4 as 0.6 0.7 

ACID NUMBER 




■nn 



0.1 0.2 0.3 0.4 0.8 0.6 0.7 08 

ACID NUMBER 


whenM e ^ While grade and the acid mimber. Figure 13 shows a similar 

tog» * fo, tj,is carv?^rre,ponding relation between power factor and saponification number. 

only 3 points are avadaWe for ti^ cu^ ^ sp g ^ variation of didectric con- 

value stant^th add number andsaponificationnumber.resp^^ 
Mseen,ti.esecu^aresUghtlyeoncaveupw^^ 

and indicate an over-all increase of nearly 5 por cent m 


of 700 calories per mol for Q within to range, with no 
evidence of a cdiange in slope such as might be caused by 
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Fig. 13. Power Fig. 15. Dielec- 

fador versus sa- trie constant ver- 

ponification num- sus saponification 

ber at 40 degree number at 40 de- 

centigrade grees centigrade 




Fig. 14. Dielec¬ 
tric constant ver¬ 
sus acid number 
at 40 degrees 
centigrade 


dielectric constant over the range 0.0 to 0.6 for acid 
number. 

Figures 16 and 17 show the relationship between break¬ 
down voltage and acid number and saponification number, 
respectively. It is interesting to note that on initial 
oxidation, the breakdown strength of the oil increased 
approximately 5 per cent, and upon further oxidation only 
a moderate decrease toward the initial value is indicated 
over a considerable range of oxidation. 

Figures 18 and 19 show the variation of final or long¬ 
time d-c conductivity with acid number and saponifi¬ 
cation number, respectively. Final conductivity is seen 
to vary from 0.2 X lO-^® to 154 X 10““ mhos per centi¬ 
meter over the range studied, an increase of some 750 
times. 

Figure 18 also shows a curve of computed final conduc¬ 
tivity due to free acids. For the purpose of computation, 
the oil is assumed to have one representative acid having 
a molecular weight of 150 (Herzfeldi®) and 2 replaceable 


Fig. 16 . Per cent 
increase in break¬ 
down voltage ver¬ 
sus acid number 

initial breakdown 
voltage 27,500 volts 



hydrogen atoms per molecule. The neutralizing process 
with potassium hydroxide provides a relation between 
acid number and concentration of acids in gr ains per liter 
of oil. Then using the dissociation constant given by 
Gemant^® and the method of the latter, taking due account 
of viscosity, the value of the final conductivity may be 
computed. As shown in figure 18 the value so found is 
of the order of Vw of the measured conductivity which 
would seem to suggest some other cause of conductivity 
than the presence of acid ions. While the figure of 160 
for the molecular weight proposed by Herzfeld is quite 
high the conductivity varies only inversely as the square 
root of the molecular weight and a substantial reduction 
in the figure used would still leave a large part of the 
conductivity unaccounted for. 

Figures 20 and 21 show the ratio of the a-c or initial 
conductivity to the final conductivity as function of acid 
mnnber and saponification number, respectively. These 
cmves are especially interesting as showing the influence 
of the oxidation products on the conductivity. For the 
oil in its initial state, with the acid and saponification 
numbers practically zero, the ratio of a-c to final conduc- 


Table I—Electrical Results 


Acid 

Number* 

Saponification ■ 
Number* 

A-C 

Power 

Factor 

nielectiic 

Constant 

Mhos per 
Centimeter 
X 10-M 

x<— 

Mhos per 
Centimeter 

X 10-M 

Mhos per 
Centimeter 

X 10-M , 

Ratio 

■X«e 

Dielectric Loss— Breakdown 
Watts per Voltage 

: Centimeter at Room 

X 10~» Temperature 

=0 ... 
0.062... 
0.19... 
0.36 ... 
0.60 ... 

... <0.05 ...... 

..0.00065. 

. .0.00176. 

. .0:00600...;.. 
..0.00820...... 

..0.01360..;,.. 

..2.2765.... 

...2.2745_ 

. .2.2940.... 

...2.3170_ 

. .2.3890.... 

.... 4.93.... 
.....13.3 ... 
.... 88.8 ... 

....108.6 ... 

...... 12.9 ..... 

.62.9. 

.... 0.02...... 

.... 1.06...... 

.... 4.64..... 

.... as. 

....16.4 

...247 ... 

... i2:65... 
... 8.45.. 

... 7.20.. 
... 7.06.. 

- 86.2. 

...27,500 
....27,875 
... .28,900 
....28,676 
....28,350 

DielecUic loss computed at 1,600 volts. 
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tivity is uppruximutely 217. This ratio decreases rapidly 
with <»xMUiti*»n untl seems to approach a final value. At 
an acid nuiiiher of IffiU.'i, the ratio is 7,0o, This is in 
accf»rd with the tihservations «>f Whitehead and coworkers^* 
that increasing fund conductivity is aceonipanied by a 
reduction in the value tif this ratio. 

In ligures 22 and 22 the dielectric loss, as computed 
from the bridge measurenient is plotted as function of 
aciil numiu'r aiul sapoidheation nntnlHT, respectively. 
The losses were measured at <M) ilcgrees centigrade, (H) 
cycles and a stH'Sh of 25 volts per mil. Values of a-c 
conductivity i'oin|mtetl from the dielectric loss measure* 
meats and the initial or short time conductivity, us 
measured by the amplifier oscillograph were in close, agree¬ 
ment, as shenvn in table I. ‘file dielectric loss at constant 
stress varies in linear rehdiou with the acid nnuiber 
following the corresponding variation of the power factor. 
The variation of dieleetrie constant with acid number, 
.shown in figure M is too small in (»ver all value to cause 
an appreciable variation of the dielectric loss from that of 
its linear relation with acid tminber. 

V, Discussion 

Till?; ttxtii.VitoN Phoci ss 


same law, as shown here, and also by Egerton^® in studies 
of the same oil (a) alone, {b) in the presence of copper, and 
(c) when containing an antioxidant. Similar conclusions 
are to be had from the work of Dornte.^^’“ 

The linear relations shown in figure 10 indicate that at 
1.50 degrees for the oil vStiidied there is no induction period 
in the uniform rise of the values of acid number and 
saponification number with oxygen absorbed. There is, 
liowever, a lag or induction period for carbon dioxide 
evolved of about OVs hours. Uniform rises of both acid 
number and saponification number within this period 
indicate that the processevs leading to the appearance of 
carbon dioxide also begin unifonnly, so continue through 
the induclioii period, and on into the actual evolution of 

R 9 . 18. Final 
conductivity ver¬ 
sus acid number 
at 40 desrees 
centigrade 
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The linear relat ton between oxygen chemically absorlieri 
amt lime, slwiwii in figure tl irulieates that the products of 
oHtduttMit tti the range sttulied do not act us catalysts for 
blither oxitlulioti. Ihirute*’ and hgerton’" repi^rt a 
"self um'leratioii" for certain oils, i.e., the products of 
initial reaction augment fiirtlier reaction. There is no 
evidenee of sucti action hen*. 

At low o?«uliit iou temperatures there i.s an initial period 
ut which ttiere is iiegligilde smrl unstable absorption of 


carbon dioxide. In other words, the process Ls continuous 
although it may not be immediately evident. 

The activation energy is cxnistant over the range 120 to 
150 degrees. A part of this energy is obviously ex¬ 
pended in the hidden processes of the induction period of 
carbon dioxide. 'Hie OVa hours of this period measured 
at 150 degrees is presumably longer at 120 degrees, yet 
the activation energy is constant over this range. Thus 
it seems reustnuible tr) conclude that the straight line 


Fl 0 .17. P«rctn< 
increase in break¬ 
down voltaae ver¬ 
sus saponification 
number 

Initial breakdown 
voltase 27,500 volts 
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oxygen by the oil. The oil will utisorb and then give off 
oxygen of varying ipiantities. The duration of this con* 
clition is called the "induction period" and its length 
decrease’s rapidly with temperature elevation. ^ 1 here^ is 
difference of opinion as to die cause of the induction 
IH’fioii. Jsoine liold dial it is a property of oxidr/ability 
of the iiwdccttles, rdhers that it is due to impurities in the 
oil which itiav act {xisitively or negatively in retarding 
oxidation. Ilie so called antioxidants serve to prolong 
the induct it»n period, whereas a catalyst such as copper 
shortens it. However, once the reaction begins, the 
oxygen absorption versus time curv^es appear to obey the 


relation of figure 7 (constant 0 may be extended to lower 
temperatures and that the activation energy is constant in 
the lower temperature range and at the value determined 
in the upper temperature range. The activation energy so 
determined tints appears as a definite measure of the rate 
of chemical absorption of oxygen or of oxidizability. A 
sharj) change in the slope of the curve of figure 7 would 
indicate a critical temperature, marking a change in oxida¬ 
tion process. The e.xistencc of such a critical temperature 
at about 120 ilegrees is proposed by Geinant^’ and others, 
Karapetoff*» finds no evidence of .such critical tempera¬ 
tures in the work from American laboratories. Dornte“ 
in experiments up to 185 degrees Centigrade finds no 
evidence of a "cracking temperature." Oxidation in 
insulating oils has long been recognized as a chain process. 
Donite 1’**® studying 2 groups of oils found different laws 
for the 2 groups, but noted that the amounts of each prod¬ 
uct of oxidation formed over a period of time obeyed the 
same law as that which applied to the oxygen absorption 
indicating oxidation as a chain or step-by-step proems. 

Unfortunately a determination of the value of Q requires 
much time and is subject to considerable error. The 
values of k, from which those of Q arc obtained, may vary 
in different samples as much as 10 per cent. Thus the 
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final value of Q found in the present instance is 20,700 Their contribution to conductivity and power factor, is 
calories per mol, with a possible error of about 1,000 appreciable in the region of zero acid number, and causes 
calories per. mol. The value itself is apparently somewhat the initial power factor of the oil. However they soon 
low, values as high as 45,000 for oils having been reported become relatively unimportant with increasing oxidation, 
by other workers. nor do they at any point partake of an acid character. 

Using the value of Q as given above and its relation with Various causes have been suggested for the origin of the 
^ simple computation shows that at 45 degrees Centigrade, ions causing the initial conductivity; as for example, 
the value of ^ would be 0.0028 and that for saturation ionic impurities of nonacid character, the liberation of 

electrons from the electrodes, internal liquid ionization by 
radio active or cosmic iiifluence. The rate of generation 
Fig. 19. Final of ions by the latter causes is quite low but over a period 
conductiWty ver- of time they accumulate in numbers up to an equilibrium 
sus saponification condition, as related to the rates of recombination and 
number at 40 de- diffusion to the walls of the container. They may be 
grees centigrade swept out temporarily by high continuous voltage, but on 
open circuit increase again slowly to their original number.®* 
From the results of the present work, it is apparent that 
in the case of a highly refined oil, study of the correlation 
between the change in electrical properties and oxidation 
should take due account of the ions already present as 
shown in the short time conductivity, and of those due to 



with osygen this oil would require an induction period 
of 4 V 4 days. Thirty days after expiration of the induc¬ 
tion period, the oil would have absorbed chemically 0.141 
cubic centimeters of oxygen per gram of oil. This would 
cause a change in add number of 0.0402 or a change in 
power factor of 0.00086. From these figures, it will be 
evident that for studies of this character an accelerated 
program at higher temperatures is imperative. 

As regards the saponification number and the curve of 
figure 11 it is apparent that in the initial stages of oxidation 
there are proportionally more adds combined in the oil 
capable of forming metallic soaps than there are free adds. 
This curve as well as the quiescent period for carbon 
dioxide suggests that the initial oxidation of the oil up to 
add number of about 0 . 2 , while increasing add content 
uniformly, also has a transient dement serving to convert 
the oil from one oxidation state to another. 

Electrical Properties 

Of outstanding interest is the linear relation between 
add number and power factor or didectric loss. The 
initial or a-c conductivity of an oil is very mudi larger 
than the d-c conductivity measured after a long period 
of application of voltage. There is some evidence®^ that 
tire ions involved in the 2 cases have different origins and 
perhaps different character. The difference between the 
2 types is found only in purer and more highly refined 
Hqui4s. With increasing impurities or deterioration such 
as oxidation in an oil, the difference between the 2 conduc¬ 
tivities disappears and the ratio of initial to final conduc¬ 
tivity approaches unity and the number of ions involved 
in the initial conductivity is submerged ultimatdy in those 
due to the oxidation or other cause. The transfer from 
the initial pure to a more deteriorated condition is dearly 
drown in figure 20. It is of interest to note, however, that 
the range of add number for which the ions of the initial 
conductivity play an important part is relativdy low. 


oxidation, eqredally in the early stages. For later stages 
of oxidation, however, the initial conductivity plays no 
appredable part. 

The increase of dielectric constant with acid number as 
shown in figure 14 is apparently due to the presence of 
polar molecules, the polar property bdng well known for 
the oxidation products of hydrocarbons. The presence 
of polar aggregates much larger than molecules has been 
noted by Whitehead, but these larger aggregates are 
apparently absent in the present case for they are not 
evident in the short time d-c conductivity osdllograms, 
nor is there any measurable increase in the dielectric loss 
due to this cause. The variation in density over the most 
extended range of oxidation was less than 0.5 per. cent 
indicating that the increase in didectric constant is not 



due in any appredable measure to increase of atomic 
polarization. 

In the matter of breakdown the transitory period in the 
oxidation process, involving as it does the molecular 
structure of the oil, seems to play a part. The breakdown 
strength increases^ due perhaps to the oxidation or dean- 
up of residual impurities or the break-up of large unstable 
molecules with looSdy connected valence bonds into 
smaller and more stable molecules. The subsequent de- 


WhiUhedd , Mauritz-^InsiihUng Oil 


Electrical EngHiteering 








crease is apparently due to increased conductivity (Niku- 
radse^^). 

Considering then oxidation in its influence on the insu¬ 
lating properties of oils, we note 2 notoriously dangerous 
results, namely, increasing power factor and the evolution 
of gas. Increasing power factor means increasing dielec¬ 
tric loss and reduction of carrying capacity, and if the 
increase continues unabated, it leads definitely in the 
direction of failure. The evolution of gas means gaseous 
ionization with its w^-kiiown rapid destructive influence 
on fibrous impregnated insulation. 

In the oil here studied we have shown a definite linear 
relation between the oxygen absorbed and the increase 
in power factor on the one hand, and the amount of gas 
evolved on the other. Consequently, for oil of this tjrpe 
it is clear that measurements of power factor and gas 
evolution, as related to oxygen absorbed, should consti¬ 
tute a reliable basis for the comparison of the oxidation 
stability of different oils. Moreover both measurements 
are important. At a recent meeting of the committee on 
electrical insulation, division of engineering and industrial 
researdi, National Research Council, R- W. Domte 
divides oils into 3 classes as regards the rate with which 
they absorb oxygen in chemical combination. The oil 
studied in this paper falls in class (2), showing a. rate of 
absorption directly proportional to the time. Several 


Fig. 21. Ratio 
(a-c conductivity/ 
Anal conductivity) 
versus saponifica¬ 
tion number at 40 
degrees centi¬ 
grade 


VI. Conclusions 

1. Accelerated oxidation studies have been made on a typical 
high-grade insulating oil. Linear relations are found over a wide 
range between the amount of oxygen chemically absorbed and 
titno, acid number, saponification number, and carbon dioxide 
evolved. 

2. Two periods of oxidation are indicated for the oil studied: 
(fl.) an initial transient period in which intermediate products are 
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Fig. 23. Dielec¬ 
tric loss versus sa¬ 

240 

ponification num¬ 

a: 200 
Ul 

ber at 40 degrees 

I t 

I60 

centigrade 

Si 

I20 

£ - 1,500 volts 

QjfO 

? 40 


BTSII 

^11 

mi 

■MBI 

■■I 

iHI 

n 

■1 

■1 

■ 

Bl 

B 

Bl 

m 


■ 

■ 

■ 

B 

B 

H 

fl 


■ 

■ 

■ 

B 

a 

B 

B 


■ 

■ 

B 

a 

B 

B 

fl 


■ 

IIB 

■ 

B 

B 

IB 

IB 


B 

■ 

■ 

IB 

IB 

IB 

IB 



ACID NUMBER 


Fig. 22. Dielec¬ 
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formed, (b) a subsequent period in which further oxidation does not 
materially add to the intermediate products, but increases the 
amount of the end products. 

3. Similar UtiMr rdations have been found between the oxygen 

absorbed and power factor, didectric loss, and long time d-c con¬ 
ductivities as measured at 40 degrees centigrade. The ratio of 
initift-l or a-c Conductivity to final conductivity rapidly decreases 
with mrrpfl-gitig oxidation in its early stages, thereafter much more 
slowly, different natures for the a-c conductivities of 

refined and oxidized oils. 

4. A relatively small, but apparently ^wteristic change in 
dielectric constant with increasing oxidation is due to the polar 
properties of the oxidation products. 

6. With ^tinrPciBing oxidatiou the breakdown strmgth at first 
increases by about 6 per cent, passes through a maximum at about 
0 J acid number, and decreases again. These changes occur m the 
transient range of the oxidation processes. 

6. The linear rdation between oxygen absorbed and time leads 
to definite values of the reaction constant k, and to a constant value 
of the activation energy Q. Evidence is presented that the v^uw 
of these quantities, obtained at higher temperatures, are reliable 
as good indices of the electrical bdbavior of the oil as related to 
oxygen absorption, at lower temperatures. 

7. Evidence is presented indicating that the linear corrdations 
found between oxygen absorption, gas evolved, and powCT factor 
increase in accderated oxidation studies provide a reliable basis for 
estimating the rdative oxidation stabilities of insulating oils. 
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pliascs. An infinite nuinber of other conditions may 
arise in which the power factors will be different on the 
2 phases. If a sufficiently large number of cases occur 
where certain definite power factors exist, curves of 
voltage drops for these conditions can, of course, be 
drawn. 


VolUge Drop tnd Load Balance in Open-Y Orcuil 

{Continued jrom page 437 ) 

3.2 volts. For a SOO.OOO^ircuIar-mil conductor, assuming 

for rr 8. the voltage drop 

for tte leadmg phase will be about 2 volts, and for the 

lagging phase about 1.25 volts. 

taiMd^t these curves the dashed lines ate ob- 

l^v *^P between the 

^ed hne crosses the abscissa the difference in voltage 

the'^ phases is zero, 

“ ‘he same on both phases for the 

fartm a^T”* "”ba^'*g and the indicated power 

W As shown by the curves for a number 

ductor Md a power factor of 0.9, the leading phase should 

^c^^s i"r r r « 

^ cent of the load. For a 500,000.cireular-mil con- 

Md tte dashed hue crosses the abscissa at the point where 
adrng phase should carry about 40 per cent and the 
la^g phase about 60 per cent of the lo^d. ^ ^ 

1 condenses information about the uronet* 

ted ivision between phases at various power factors'fo 

trill be the load balance beW^el'nS I 

correct load balance ran Ksa ,1 4 . 2 phases. The 1 

the curves of %ure 44 ^ determmed specifically from j 


ges Power System Faults to Ground 

m- {Continued from page 433) 

voltage per foot of arc length is practically independent 
of current magnitude and ranges between about 200 and 
400 root-mean-square volts per foot of arc. The results 
offer a method of estimating, during the first few cycles 
of an arc, that portion of the fault resistance in the arc. 
For longer durations of fault, such estimates are likely to 
, be maccurate unless some idea of the length of extension 
01 the arc can be secured. 

W P” steel tower lines canying ground wires, tower 

footmg resistance will have little effect on fault current 
magnitude if I, the length in miles of the section of Hnc 
involved, is greater than 

6 / Vaverage tower footing resista^ N 
\ number of towers per mile / 

mtSd bigh-conductivity 

^oMd w^. It seems apparent that arc resistance and 

rtoistance alone will not account for ap- 

fodicatm!”tL7fmagnitudes given earlier, 
mdicatmg that factors other than these are involved. 
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End-Winding Inductance of a Synchronous Machine 

{Continued from page 461) 

^ " ^ by equations 16 and 17 

= reduction factor due to variable pitch 

■ of oonductore over a 

" ■ STcT*^ distribafiro of the 
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L a end-winding self-inductance in henries 
Lul ^ end-winding leakage inductance in henries with the field pole 
a nd phase axes coinciding 
I ='\/i* + d® 

Mo » ma xim um mutual inductance in henries between field and 
end winding 

m = order of space harmonic 

n = number of series connected conductors per pole per phase 
ftf = number of turns of the field per pole 
P — number of poles 

Kjt = reduction factor due to the radial distribution of the conductor 
P => coil pitch 
g = number of phases 

^ =» linkage in abampere-henries per pole per phase due to the 

self-inductance of the end winding 
'4^ = end-winding linkage in abampere-henries per pole per phase 

due to the mutual of the field 

flc, y, s s= rectangular co-ordinates measured in centimeters as shown 
in figures 3 and 4 

22 , Xu X = field coil dimensions in centimeters as shown in figures 
6 and 7 

0 => slot pitch in electrical radians 
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A New Magnetic Flux Meter 

{Continued from page 445) 

by means of calibration curves. Another slight disadvan¬ 
tage is that for all readings the current supplied to the 
bridge must be maintained constant. 

The question naturally arises as to whether the bridge 
can be used for alternating or rapidly varying magnetic 
fields. Tests made during this research prove that readings 
are obtained as readily in alternating fields as in stationary 
fields, but no calibrations have been attempted as yet 
because of lack of apparatus and time. The r^orts of 
previous research appear to indicate a lag in the 

change of resistance of the bismuth, though it may not 
be serious enough appreciably to effect the accuracy of 
the bridge at low frequencies, perhaps even up to 60 
cycles. Further research in the use of the bridge for the 
alternating flux field appears to be highly desirable. 
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Voltage Regulator Utilizing Nonlinear Circuit 

{Continue from page 464) 

tively. Inspection indicates that operation is completed 
in 15 to 20 cycles after the disturbance, and that thk 
delay is largely due to the time constants of the machines 
used rather than the control circuit, which effects the 
maximum possible change in the rectifier plate current in 
less than 5 cycles after the disturbance. By its nature, 
the arrangement is well damped, and no auxiliary circuit 
was necessary to prevent or reduce hunting. 

The regulator arrangement just described would be 
quite flexible in application since the counter-electromo¬ 
tive-force machine could be designed to control a genera¬ 
tor of any size without increasing the tube rating re¬ 
quired. In some cases, however, the complication of an 
extra machine might be undesirable, and therefore the 
modification shown in figure 6 was developed. The 
. excitation of the alternator is supplied by a standard 
shimt machine. The shunt field is also connected in the 
plate circuit of the rectifiers so that the rectifier plate 
current opposes the exciter field current produced by the 
exciter terminal voltage. Hence an increase in alternator 
terminal voltage will produce an increase in rectifier plate 
current just as before, and this will decrease the total 
field excitation of the exciter with a corresponding de¬ 
crease in the exciter terminal voltage thus bringing the 
alternator voltage back to normal. There will al^ be 
the second order effect of the decreased exciter terminal 
voltage on the exciter field excitation produced by the 
ordinary action of a shunt machine, and, this will be in 
the proper direction for assisting regulator action. The 
circuit of figure 6 was even more effective than that of 
figure 4 utfiizing the same machines as before. When 
properly adjusted, there was no readable change in volt¬ 
age from full load to no load. The oscillograms shown 
in figures 7a and 7& illustrate the speed of operation of 
the regulator which is again largely a function of the 
machine time constants. 

This method could be applied to large machines by 
increasing the rating of the tubes used, or by providing 
an exciter with 2 field windings. One of these windings 
would be used as the regular shunt field, and the other 
would be separately excited by the rectifier tubes. By 
properly proportioning the separately excited winding, 
small tubes could be tised to control the larger tnfl.r>iiTiPS i 
The addition of a low-rating single-phase voltage-adjusting 
transformer between the source and the nonlinear control 
circuit would permit operation at any desired voltage 
above or below nominal rating. 
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Conclusion 

Because of the wide variation possible in machine con¬ 
stants no definite comparisons between this and other 
t3rpes of regulators can be made. Even under the con¬ 
ditions which this circuit was tested, however, it pro¬ 
duced sensitivity and operating speed comparable with 
any of the existing electronic types with the decided ad¬ 
vantage of simplicity of design. It has no moving parts, and 
the only attendance required would be the periodic inspec¬ 
tion and testing of the rectifier tubes. Even if both tubes 
should fail simultaneously in service, a very unusual oc¬ 
currence, the worst possible result would be the operation 
of the alternator at light load with a field excitation 
corresponding to normal voltage at full load. In case 
of short circuits on the system, the field excitation can 
only exceed that required to maintain normal voltage at 
full load by a predetermined amount, and hence the sever¬ 
ity of short circiiits will be lessened. If the frequency 
drops, the regulator will still exercise considerable regu¬ 
latory action at subnormal voltage. If the frequency 
rises the control circuit will be sensitive at a higher value 
of voltage, and would regulate for this voltage if the 
field excitation for maintaining this voltage were available. 
Usually, however, the field excitation would be only slightly 
greater than normal full-load value, and the regulator 
would be inoperative except at light loads. 

Thus we see that the regulator herein described has a 
number of advantages over other types without any ap¬ 
parent disadvantages. 
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Special Uses for the Automatic Oscillograph 

{Coniinued from page 440) 

TlO-kv system. Applying the 6 volts direct current to 
this element gives an offset to the a-c wave during the 
interval that the tripping circuit is open. This is shown 
in figure d, A similar arrangement of connections is 
made to the carrier receiver rday on the second 132-kv 
circuit and the d-c offset is obtained on another a-c voltage 
element of the oscillograph. The oscillograph battery is 
used for the offset on one circuit, and in order to eliminate 
the possibility of short-circuiting the secondaries of 2 
potential transformers, a separate battery fe used for the 
offset on the othd: circuit. 
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With IhiH arrant'viiiont it is possible to check the over-all 
time re<|uiri'<i for the relays on each circuit to operate 
ami i»]iei! the trip circuit, and also the time required for 
them to ri'sct uml stop carrier after the fault is cleared. 
Comi>aring: the times retjuired by the relays on each 
circuit with the times obtained on the previous calibration 
and test, will indicate any chunj^e in total time which has 
taken place. A change in the total time may be due to 
any one of u m«ul« r of relays, but by checking this tfjtal 
time it is |HiSsible tt» determine when a .special calibration 
and test shtmhl he mtwie on the individual relays. 

Conclusions 

I'he tqwrating rectinls shown indicate that the use of 
the autoinutie oscillograph in locating faults, affords a 
means at retiuciug the cost of patndling circuits after 
trip inits. The anmud saving, <*specially on systems com- 
pmsi i»f long circuits and whose terrain is subjected to a 
large iminln^r nf electrical storms, makes the installation 
of sev4*r;il antniiiutk oscillographs a profitable investment. 

'rem|»»ntriiy connecting the automatic oscillograiih to 


obtain a complete over-all check of the carrier-current- 
controlled relays is a new aid in insuring the correct 
operation of the relay protection for all types of trouble. 

By using the oscillograph to indicate the performance of 
the carrier-cuiTcnt-controlled relays for faults both inside 
and beyond the protected section, complete over-all 
checks can be made less frequently with a subsequent 
saving in maintenance costs. 
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publicatkm in a subsequent issue. 
Discussions of papers presented at 
an AIEE meeting or convention arc 
dosed 2 weeks after presentation. 
Discussions should be double-space 
typewritten and submitted in tripli¬ 
cate to C. Rich, secarcta^, technical 
program committee, AiEE head- 
quarters, West 39th Street, New 
York, N. Y, 
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A-C Characteristics 
of Dielectrics—II 

OftcuMlon Slid BUtbofi dosur* of i p*p«r by 
AIff*do B«no*, Jr., publUhtd In tb* D«c#iiib#r 
1936 Imu*, p*g** 1329-37, «nd prwtnted for 
orit dlicartlott •! th« dtctropbyilci stwlon of 
tbt wfnttr convwHod, Ntw yotk, N. Y., 
i«tnt«ry 2tt, 1937. 


J. B. WhitehSftd (The Johns Hopkins 
University, Baltimoi'C, Md,): Only a few 
years ago mir knowledge of the nature of 
dielectric loss was extremely vajpe. With 
increasifig importance of didcctric loss and 
phase difference in liigh-voltagc insulation, 
however, it was soon realized that the d-c 
phenomenon of residual charge or dielectric 
absorption must be related to dielectric 
loss. Theories as to the cause of dielectric 
dssorption were not then, nor arc they now, 
in quantitative accord with experiment. 
Consequently Von Sehweidlcr, leaving aside 
the question of theory, substituted tlic 
relaxation function ^ (t), expressed as 
current in the normal a-c power expressions, 
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and derived the values of both in-phase or 
power, and quadrature or capacitance com¬ 
ponents of tlie periodic current of a ca¬ 
pacitor. These values both involve q> (t) 
which consequently had to be determined for 
their evaluation. Now v> (0 can be deter¬ 
mined from d-c experiments. It so hap¬ 
pens, however, that ^ (/) so determined, is 
rarely .such a form that it can be expressed 
in a .single term. All .such decaying func¬ 
tions, however, can be expressed as a sum 
of negative exponential terms, and these 
are readily handled in the Von Schweidler 
formulas. If, however, the number of such 
terms ncctvssory to represent v (0 is large, 
the computation becomes rather burden¬ 
some. 

The method of 3 exponentials has been 
developed because it has been found that in 
the range of power frequencies, 3 terms are 
amply sufficient: first, for accurate com¬ 
putation of the a-c loss from the d-c char¬ 
acteristics of the material, second, the diri- 
sion of that loss into its 2 components due 
to dielectric absorption and anomalous 
conduction, respectively^ and, third, because 
this analysis provides infenrmation upon 
which studies looking to the improvement 
of any partietdar insulation may be based. 
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The present paper shows that for agree¬ 
ment between computed and measured 
values of the capacitance component of 
current, the curve of o (t) must be extended 
further in the direction of / =» 0, than is the 
case for the power component. Baflos has 
given a very clear anal 3 rtical explanation 
of why this is so. 


M. G. Malti (Cornell University, Ithaca, 

N. Y.); I have been interested in theories 
of didectrics for some time. To me a 
physical theory consists of tinlring physical 
facts with mathematical rdations in a one- 
to-one correspondence so that every mathe¬ 
matical relation corresponds to a certain 
physical fact and vice versa. 

The "method of 3 exponentials” described 
in this and the previous paper does not 
state explicitly what the 3 exponentials 
represent phsrsically. Unless there is a 
physical basis for the 3 exponentials, I fed 
inclined to state that the method is purdy 
a, cmve-fitting process and has nothing to 
do with the "A-C Characteristics of Didec¬ 
trics.” Indeed while these exponentials 
were used by the authors to "fit” the rdaxa- 
tion curve, I see no reason why that same 
curve could not be just as wdl (perhaps 
much better) "fitted” by a polynominal 
or any other of the myriads of mathe¬ 
matical functions known to mathematicians 
and engineers. 

The point I should like to make is this: 
Many of the so-called theories of didectrics 
have been nothing but curve fitting proc¬ 
esses. Unfortunatdy physicists are too 
busy splitting atoms and otherwise probing 
into the constitution of matter to hdp us 
with our immediate practical problems of 
dielectrics and magnetics. Those of us who 
are concentrating our efforts on such studies 
would do well to emulate the physidsts and 
devote more attention to the fundamental 
physical phenomena underlying observed 
facts. 


petrolatum impregnated cables (AIEE 
Transactions, volume 41, 1922, page 624) 
is very striking in its dose co-ordination 
between the prediction and the measured 
value. This method of predicting power 
factor is based on the conventional one- 
minute resistivily of the cable oil. If the 
residual relaxation function were always 
the same, a single point, such as corre¬ 
sponding to one minute, would suffice to 
establish a connection between the one- 
dE 

mmute or conventional resistivity, 
dl 

such as shown by Hanson’s curve. If, 
however, the residual relaxation function is 
variable and must be represented by the 
sum of, say, 3 exponential fuctions, the 
factors representing the magnitude of these 
components are likdy to vary with different 
oils and papers and true prediction of power 
factor (that is, prediction from the proper¬ 
ties of the oil and paper, before they are 
united), will be impossible unless these 
factors are known for the oils and papers 
concerned. It would be a worth-while 
research to devdop a simple means of pre¬ 
determining these factors. 

I have a classification for researches 
which is as follows: 

1. Those which are headed somewhere and get 
there. 

2. Those which are headed somewhere and get 
somewhere else. 

3. Those which are headed somewhere and get 
nowhere. 

4. Those which are headed nowhere and get some¬ 
where. 

3. Those which are headed nowhere and get no¬ 
where. 

When I first read Banos’ paper and my 
eye was caught by the word "predeter¬ 
mination,” I thought that his research 
belonged in class 2, but I now see that it 
really belongs in class 1. 


W. A. Del Mar (Habirshaw Cable and Wire 
Corporation, Yonkers, N. Y.): It may seem 
like quibbling to.take exception to the use, 
by Banos, of the expression "predetermina¬ 
tion of a-c characteristics” but I think that 
a very incorrect impression of the paper is 
given thereby. The author’s accomplish¬ 
ment is not one of prediction but of cor¬ 
relation between the residual relaxation 
curve obtained by d-c measurements and 
the power factor obtained by tests at 60 
cycles. This is done by the resolution of 
the residual relaxation curve into the sum of 
a series of exponential curves. The same 
thing would be done by using some oth^ 
empirical formula for this curve. When one 
writes a theoretical paper on the predeter¬ 
mination of performance of a dynamo, one 
implies the ability to predict the perform¬ 
ance of the dynamo from the design, before 
the dynamo is built. In the Bafios paper 
the dielectric must be in existence wd ^an 
be tested with alternating currmt as easily 
as with direct current. 

A means of really predicting power factor 
of impregnated papa: from d-c measure¬ 
ments of oil and paper before impregnation 
was given by Del Mar and Hanson in June 
1922 and the curve given by Hanson for 
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E. W. Greenfield (Anaconda Wire and 
Cable Company, Hastings-on-Hudson, 
N. Y.): As Bafios has pointed out, the fre¬ 
quency function of the quadrature com¬ 
ponent of absorption permits contributions 
from the unobserved so called residual 
relaxation function which must be takpn 
into account in ordo: to accuratdy predict 
the a-c dielectric constant from the d-c 
absorption curves. The itiitial residual 
rdaxation function is the difference between 
the rdaxation function of the exponential 
of shortest time constant, and the relaxation 
function of that part of the initial cmve not 
recorded by the oscillograph and expressed 
also in exponential series. When this 
residual relaxation function is large, its 
contribution is large and the "3 exponential” 
computed absorption component of capacity 
will be appreciably smaller than observed 
by frequency measurements. Another way 
of expressing the above is to say that the 
effective time constant of the d-c character¬ 
istic as computed from the experimentally 
taken oscillograms is too large when no 
account is taken of the initial unrecorded 
characteristic which has generally smaller 
time constants. The smaller the time 
constants, or the steeper the slope, of this 
unrecorded portion, the greater the devia¬ 
tion between computed and observed values. 
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If the frequency-capacity variation for 
the dielectric be available, a check of the 
range of frequency over which the absorp¬ 
tion component of dielectric constant falls 
before reaching constant value will immedi- 
ately indicate the range of time necessary 
for the oscillograph to accurately record the 
d-c characteristic. Where the dielectric has 
an extended frequency range of capacity 
decrease, the time constants or, for simpli¬ 
fication, the effective time constant of the 
exponential function series representing the 
whole initial d-c characteristic, will be small 
and, considerable contribution can be ex¬ 
pected from the higher frequency terms. 
Where the frequency range of capacity is 
small, not over 600 cycles per second, 
oscillograph records starting at one milli¬ 
second may yield quite accurate prediction 
of the absorption component of capacity at 
60 cycles. 

In the e:q)erimental work on dry paper 
referred to by Bafios, AJEE Transactions, 
volume 63,1934, page 1389, Whitehead and 
I have shown in figure 4, curves of capacity 
plotted against frequency for a cable paper 
specimen of varying degrees of drjmess. 
Inspection of these curves indicates that the 
range of frequency over which the capacity 
is seen to decrease is different for each 
moisture condition, being smaller in the 
drier state. For example, when dried at 
766 millimeters of mercury, the capacity 
decreased continuously from its 60-cycle 
value to become constant at 3,000 cycles 
per second. On the other hand, for the 
paper in its driest state, the range of capac¬ 
ity decrease was only over 600 cycles. 
Prom this it is evident that the form of the 
relaxation function of the dielectric has been 
altered by its chaqge in residual moisture 
content. This is also evident on figure 6, 
where the short-time d-c discharge curves 
of the dielectric are shown. Increase of 
moisture content is apparently responsible 
for addition to the relaxation function of 
components of small time constant, and 
thus causes an increase of the so-called 
residual relaxation function. Based on 
the frequency-capacity ciuves of figure 4, 
it may then be predicted that the correlation 
of absorption component of capacitance 
between a-c and d-c measurements should 
be better for the driest condition and poorest 
for the most moist condition. That this 
is so is evident from table I, whidi gives 
the power factor and capacity analysis of 
the d-c oscillograph curves. In column.^ 
8 and 9 the agreement between observed 
and computed values of absorption capacity 
is generally better as we proceed from moist 
conditions to dry conditions of the dielec¬ 
tric. 


Alfredo Bafios, Jr.: I feel grateful to White- 
head for his peirtinent remarks whidi ably 
summarize both the purpose of our earlier 
res^ches and the goal actually attained in 
these studies. It is dear from our publica¬ 
tions that, in this aspect of the work, we 
have at no time professed to giye a theory 
of didectrics, but that we have simply 
brought Von Schweidler’s method of a-c 
computation to the domain of experimental 
quantitative verification and that, in so 
doing, we have devdoped a method of 
separating didectric loss into its 2 funda¬ 
mental components: reversible absorption 

Electmcal Engineering 



a,nd anomalous conduction. The importance 
of this achievement, not only from the theo¬ 
retical point of view, but also from the stand¬ 
point of high voltage insulation design, is 
now generally well recognized and need not 
be further stressed. 

In connection with Malti’s discussion I 
must again reiterate that we offer no theory 
of dielectrics; hence our *‘3 exponentials,” 
'Which are only a means to an end, have 
no physical significance. In fact, casual 
study of our method of "curve fitting,” 
as explained in our first publication, should 
leave no doubt that, on account of its 
inherent indeterminateness, the 3 exponen¬ 
tials lose all hope of ever attaining a definite 
physical meaning. I do insist, however, 
that from among the myriads of jtmctions 
known to mathematicians and engineers, 
the exponential function is the best suited 
for our purpose. Indeed, a clear under¬ 
standing of Von Schweidler’s method of 
a-c computation depending, as it does, on 
the determination of 2 infinite definite 
integrals whose convergence requirements 
must be carefully inspected, should make it 
plain why the exponential function is admir¬ 
ably suited for the purpose at hand and why 
any other function, a polynomial, for 
example, while fitting the relaxation func¬ 
tion accurately for a limited range of time, 
could not yield at all reasonable values for 
the A and B integrals in Von Schweidler’s 
method. 

Referring to Del Mar’s discussion I agree 
that the title "correlation of a-c and d-c 
characteristics of dielectrics” would un¬ 
doubtedly gi've a better idea of the sub¬ 
ject matter treated. 1 do take exception, 
howe'ver, to the statement that correlation 
between the d-c characteristics and the a-c 
power factor could be attained by the use 
of any empirical equation representing the 
relaxation functiop, for, as explained in the 
preceding paragraph, the exponential is 
the simplest function which complies with 
the convergence requirements of the 
method. 

To E. W. Greenfield I wish to express 
my appreciation for his excellent and 
thorough discussion of my paper, bringing 
out clearly the correct interpretation of 
our results together with an enlightening 
set of remarks based on his own experi¬ 
mental results which, in themselves, con¬ 
stitute a valuable supplement to our con¬ 
clusions. 


obtained in laboratory research may not 
be immediately applied in manufacture. 
The paper of the present authors and that 
of Mpntsinger, a few months ago, describe 
results of breakdown tests on oil and lami¬ 
nated materials with almost identical types 
of test sample. These test samples, how¬ 
ever, in all cases employ an el^trode with 
square edges and without guards which is 
recognized by long experience as being a 
very unsuitable set-up for a study of the 
inherent characteristics either of a liquid 
or a solid. Obviously, therefore, these and 
similar tests cannot be considared as tests 
of the properties of the insulating materials, 
but are tests of these materials in rdation to 
special types of electrodes. Moreover, 
these electrodes are known to give highly 
irregular fields, brush discharge, corona, 
etc., long recognized as disturbing influences 
in breakdown tests. 

These things may be said without in 
any way questioning the practical impor¬ 
tance of such tests. They are evidently 
designed to co'ver the actual conditions 
under which the insulation must be as¬ 
sembled in manufacture. Thisisobvioudya 
sufficient justification for any design of 
test sample. I judge that the use of a diarp 
edge is intentional so as to produce the 
worst conditions, but if the tests are in 
accord with measurements on assembled 
power transformers, as is indicated, the 
question arises as to whether the breakdown 
strength of these might not be improved 
by looking for all sharp edges and rounding 
them off. 

It seems to me idle in view of the condi¬ 
tions of the tests, involving as they do the 
continued presence of brmh disdbarge and 
corona, to write formulae for the voltage¬ 
time curves, or to speculate as to an explana¬ 
tion of their unust^ shape. In view of the 
results of many careful experiments on the 
inherent properties of the materials them¬ 
selves, I strongly Aspect that the sharp 
rise of the curve of measured breakdown 
voltages for short impulses does not give the 
actual voltage on the sample, but that 
within this region the rise of voltage above 
the horizontal portion of the curve is due 
to a loss in voltage within the bru^ dis¬ 
charges, corona, and local capacitances 
within the sample itself. Support of this 
view is found in a number of cases in which 
the solid insulation broke down at points 
outside the electrode. 


ratio are as follows- 

I. A of t^holoa. sivloB 

A.ta.^iot..e.boP=oroi«or.,....c«a.A 

. Snsulation arrangemcat. 

3. A change in the insuiau 

A • the difference is not due 

Assuming diflferent insula- 

to cause 1, it ^ electrode sizes and 

turn on the repeated shot 

shapes have an ^ -^-nently, it docs not 
impulse ratio. Conseq, 

The tests on the assembled transformtrs 
wire n.ade wUl-out dama^ to 
die transformers. If no damage occurred, 
then the "turn np’^ of the voltage at short 
"times” on figure 10 has .significance only 
if the relation between the applietl voltage 
and the breakdown voltage is constant m 
Aflph region. 

With regard to the switching surge tests 
shown on figure 10, what was the frequency 
of the switching surges as compared with 
t he lowest natural frequency of the trans¬ 
former winding? _ , 

It has been shown (“Effect of Transient 
Voltages on Power Transformer Design, 
K. K. Paluev, AIEE TRANSAcrnoNS, 
volume 48, July 1920, page 081) that oscil¬ 
latory waves caused by switching or arcing 
grounds may have frequencies comparable 
with the natural freqtiencie.s of transformer 
windings. This is of importance since an 
oscillatory wave applied to an unshielded 
transformer will cause high concentrations 
of voltage in the winding if the frequency 
of the wave is within plus or minus 40 per 
cent of one of the natural frequencies of the 
winding. If the frequencies of the switch¬ 
ing surges represented by the points on 
figpire 10 were considerably less than the 
lowest natural frequency of the transformer 
winding, the effect of these tests on the 
winding was not comparable with the 
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V. M. Montsinger (Oeiierul PTeclrtc Com¬ 
pany, Pittsfield, hlass.): This paper give.*i 
very complete data on tlu*. volt-time curves 
on various oil gaps and on single sheets of 
pressboard. The statement made by the 
authors that more data were rcquircfl to 
establish adequately the volt-time char¬ 
acteristics of insulation needs to be qualified. 
If they are referring only to the character¬ 
istics of oil alone and to solid insulation 


J. R. Meador (General Electric Company, alone, I more or less agree with them, but 
Dielectric Strength Pittsfield, Mass.): The authors, under the if they refer to insulation as itwal in traiis- 

. _ . ® I I , heading of "Combined Solid and Liquid formers, particularly major insulnlion, I 

Or Transrormer Insulation insulation,” give, impulse and 60-cycle must take exception to the «tatmentin 80 far 

breakdown voltages for an insulation as it relates to the increase in the breakdown 
Discussion and authors' closure of a paper by barrier consisting of 2 0.066-inch thick strength for short waves of the order of 

P. L. Bellaschi and W. L. Teague published fullerboard sheets and 3 Vs-inch oil ducts approximately one microsecond and les*. 

in the January 1937 issue, pages 164-71 and arranged alternately. The impulse tests My experience shows that the volt-time 
137, and presented for oral discussion at the were made with waves having durations curve of solid inteulation and oil in .si'ries 

ele (^ophysics session of the winter conven- of from 0.36 microsecond to a full 40 micro- starts bending up in the neighborhood of 

lion, New York, N. Y., January 28,1937. seconds. Over this range the impulse ratio 2 to 3 microseconds and bends up considcr- 

on repeated applications of voltage is shown ably more than shown in either figure 6 or 

to be practically constant at 2.2. In a figure 7 of the paper. In fact considering 

J. B. Whitehead (The Johns Hopkins previous paper ("Insulation CoSrdination that the volt-time curve of oil alcme 

University, Baltimore, Md.): The funda- of Transformers—II,” by Bellaschi and shown in figures 3, 4, and 5 starts bending 

mentd dielectric properties of an insulating Vogel, June 1934 issue of Elbctrical up around 10 microsecond_and the break- 

material can rarely be conserved and main- Engineering) similar tests are made on increases in the order of 100 

tained through the processes of manu- 2 larger barriers. These tests showed an per cent for '/j microsecond time “-it is to 

facture, transportation, installation, and impulse ratio on reputed applications of be expected that the voXt-tiine curve of 

bpwation of assembled equipment. It is voltage of 1.79 and 1.78. Three possible transformer major insulation where oil Is 

for this reason that the results and values explanations for this difference of impulse used in series with solid Hhould not only 
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start bending up earlier but also should 
bend up more than shown by the authors’ 
curves for pressboard alone. Figfure 4 
shown in the closure of my paper "Break¬ 
down Curve for Insulation,” given (in the 
April issue of Electrical Engineering) at 
last winter’s convention, shows the bend-up 
in the curve as indicated by tests made by 
both Vogel and myself on various thick¬ 
nesses of barriers. This curve shows that 
the breakdown strength at one microsecond 
is 26 per cent greater than the full wave 
breakdown strength and at V 2 microsecond 
is approximately 50 per cent greater than 
the full wave strength. 

^ce the presentation of my paper last 
winter, our Laboratoiy has made many 
hundreds of tests to determine the shape of 
the volt-time curve from approximately 
3 microseconds back to V* to V 4 micro¬ 
second on barriers of different thicknesses 
and based not only on single shot breakdown, 
but on repeated applications of voltage. A 
still better gauge than repeated voltage 
breakdown is the point at which corona 
starts to damage the insulation. This also 
has been investigated. While the tests 
are not yet completed, results up to the 
present time indicate that for full waves 
the injurious corona point will range any¬ 
where from approximately 70 to 90 per cent 
of the single shot breakdown depending on 
the kind^ of electrodes used. For bare 
electrodes with sharp edges injurious corona 
may start around 66 to 70 per cent while 
for well insulated electrodes injtnious 
corona may not start until about. 90 per 
cent of the breakdown strength is reached. 
For average conditions I think we can 
assume that injurious corona (or break¬ 
down if subjected to sufficient number of 
shots) occurs at 80 per cent of the single 


before rules can be drawn up for testing 
transformers on the front of waves, we 
must have considerably more data than has 
been published up to the present. 

Last winter when my paper on “Break¬ 
down Curve for Insulation” was presented, 
the question was raised as to whether major 



Fig. 1. Volt-time curves of insulation con" 
sistinf of solid and oil in series, simulating 
major insulation in a transformer 


/—Breakdown by sinsle application of voltage 
B —Breakdown by repeated application of voltage 
(approximate) 1.5 x 40 impulse wave (positive or 
negative) 


insulation of transformers, consisting of 
solid insulation and oil in series, had the 
flat characteristics; that is, the constant 
breakdown strength over the region in time 
from approximately 3 microseconds to 1, 
2, or 3 cycles of 60-cycle voltage. Since 
that time tests have been made on a barrier 
consisting of 2 pressboard sheets 

separated by Vw-inch oil duct. The results 
of these tests are shown in figure 2. It will 
be noted that where 60 per cent of the space 
is occupied by oil, the other 60 per cent by 



strength of many barriers on front of wave 
tests, as compared with breakdown for full 
waves, I am at a loss to understand why the 
authors’ tests show the same breakdown 
strengfth of 300 kv for 0.36 microsecond 
as for 2 V 2 microseconds on the insulation 
barrier consisting of 2 0.066-inch thick 
pressboard sheets and 3 Vs-hich oil ducts 
arranged alternately, as given on page 170. 

I believe it can readily be appreciated 
that the main difference between my views 
and the authors’ views is that the authors 
feel that when short or front of wave tests 
are made on transformers, the kilovolt 
values should not be allowed to exceed the 
kilovolt values used for the full wave 
tests, whereas my views, as based on 
laboratory tests, indicate that a somewhat 
greater increase in kilovolt values can be 
used when testing transformers on the 
front of the wave. 

As to the claim that the impulse test 
kilovolt should be 2.2 times the 60-cycle 
crest test, many tests made on actual 
transformer windings have shown impulse 
ratios varying from about 2.2 to 3, the 
general average being approximately 2.6. 
This applies only to single wave impulse 
strengths of major insulation. 

Under repeated voltage conditions the 
impulse strength of the major insulation is 
obviously lower than 2.2 to 3 times the 
60-cycle one-minute strength, the reduction 
depeUding upon the difference between the 
impulse single voltage application and 
impulse repeated voltage application 
strengths of the insulations involved. The 
repeated impulse strength of transformer 
windings is in the order of 80 per cent of the 
single shot strength. That is, it will range 
from about 1.76 to 2.4 with a general safe 
average value of approximately 2.0 times 
the 60-cycle one-minute strength. There¬ 
fore for a 138-kv transformer the impulse 
kilovolt should not exceed 2\/2 X 277 = 
782 kv which is quite clo^ to the present 
AIEE recommended value of 746 kv which 
is 106 per cent of the bushing flashover. 


1. W. (Stoss (American Gas and Electric 
Company, New York, N. Y.): This paper 
is a worthy contribution totherathermeager 
published data on the electrical str eng th of 
insulation tsrpical of that used in trans¬ 
formers, I particularly wish to compliment 
the authors on the completeness with which 
they have substantiated their test curves 
by showing test points in all of their curve 
data. 

In regard to the switching surge tests, it 


Fig. 2. Volt-time curve of single shot breakdown of 2 V« 2 -inch pressboard and Vi«-lnch oil 
duct in series in oil at 25 degrees centigrade 


shot bre^down value. This applies to 
either solid or solid and oil in series. 

The shape of the curve is somewl^t 
similar to but does not bend up quite as 
much as the single shot breakdown curve as 
shown in figure 1. The purpose of these 
tests is, of course, to obtain basic data for 
protecting transforiners in service against 
both long waves and short waves. As it is 
planned to give the results of these tests 

in. a paper for a later convention, no attempt 
be made to pr^ent the data, in this 
di^ussiou;. It can be seen therefore, that 


solid, the ^ape of the curve is essentially 
the same as the curve for a single sheet of 
pressboard. 

As the primary purpose in making these 
tests wss to determine the characteristics 
within the flat region, no breakdown tests 
were made with extremely short waves to 
determine the bend-up in the curve from 
approximately one microsecond and less, 
A considerable amount of data has already 
been obtained on this point. 

In view of the rteults which pur labora¬ 
tory h^ obtained bn the . brmkdown 


offiy was applied or whether the surge con¬ 
sisted of several high frequency cycles 
similar to actual switching surges recorded 
in the field by the cathode ray oscillograph. 
If cmly one impulse was used it seems 
possible that the values of insulation break¬ 
down might be somewhat lower than juvmi 
by the authors. 

The tests shown graphically in figure 10 
throughout a wide range of voltege condi¬ 
tions bn full size commercial transformers 
are particularly interesting, but the logic 
btiiind some of the contiusicms drawn 
from that data is difficult to follow. 

First, it is stated the test in region E 
(tiiese being front of wave tests where the 
wave rose to crest in from V 2 to 1 micro¬ 
second) encroach on tiie margin of the 
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itistilation impulse strengtli. Yet it will 
noted one transfomier withstood 16 
tests in this region, and the other 4 tests. 
It is hard to understand why they believe 
the test in this case was excessive, and there 
Q-Ppears to be nothing in the paper to bear 
oiit this statement. 

They further state that “these tests on 
the transformer are amply indicative that 
the voltage time characteristics of this and 
other apparatus of the kind is similar in 
shape to that for oil and fullerboard.*’ 
^^hile I do not question the latter part of 
this conclusion, the fact must liot be lost 
sight of that the transformers withstood the 
tests, but the samples of oil and fullerboard 
fehiled all under similar voltage test condi¬ 
tions. It seems quite possible, therefore, 
that the transformers may have a safe 
impulse strength, at some points on the 
volt-time curve given considerably greater 
than the values at which they were tested. 

The authors further state that the large 
number of tests made on the 2 transformers 
■with impulse and 60-cycle voltages "are 
sufficient to establish the adequacy of a 
transformer design for practically all con- 
<iitions of service.” This statement as¬ 
sumes a great deal as to service which often 
may not be reasonably attainable in prac¬ 
tice. 

I certainly hope their statement is cor¬ 
rect j for if sOj most of us would cease to 
worry about many of the refinements in 
supplying transformers with protection 
which have recently been advocated. 

It is true the large number of tests on 
these 2 transformers do tend to give us some 
assurance that transformers can be built to 
adequately meet a given set of insulation 
specifications; but I believe we still have 
with us the practical problem of protecting 
these transformers under the varying con¬ 
ditions of service encountered in the field. 


P. Xf. Bellaschi and W. L. Teague: In his 
discussion, V. M. Montsinger calls attention 
to the relation between the impulse strength 
of insulation for a single voltage appli¬ 
cation an4 for repeated applications. His 
conclusion is that the impulse voltage on 
transformers should not be more than 2.0 
times the 60-cycle one-minute strength, 
thus for a 138-kv transformer the impulse 
Icilovolts should not exceed 2.0 -v/2 X 277 = 
782 1^. This is an important condusion 
to consider as it essentially comprehends 
the various points considered throughout 
the discussion. In this connection refer¬ 
ence to figure 10 of the author’s paper d^ly 
shows that impulse tests up to 2.2 V2 X 
277 — 860 kv could be applied repeatedly 
on the 132-kv transformers, both shdl and 
core types. Similarly, in a previous paper 
•vvhere the fundamental relations on possible 
insulation deterioration on repeated im¬ 
pulses of long, medium, and very short 
duration were first set forth (“Factors 
Influencing the Insulation Coordination of 
Transformers—II,” P. L. Bellaschi and 
IT. J. Vogd, Elbctrical Engineering, 
June 1934), attention was called to repeated 
te^s Gtt 230-kv. transformer design at 461 
X 2.2 = 1430 kv. 

Tn Motitsinger’s dispussion, he refers to 
tests made by both Vogd and himself on 
v-arious thicknesses of barriers, and that 
they showed an increase in breakdown 
strength at very short tim^. I would 
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like to call attention to the fact that Vogd 
has not published data showing this to be 
the case for repeated tests, as his data are 
shown in the paper just referred to. It 
should also be noted that the data previously 
reported referred to a particular type of 
barrier and dectrode arrangement, repre¬ 
sentative of the higher voltage transformers, 
and not induding other arrangements used 
on lower voltage transformers. 

Curve A of figure 1 for the breakdown of 
insulation by single application of voltage 
is well known. It appears, for example, in 
figure 1 of the paper dted in a previous 
paragraph. The curve B of figure 1 for 
repeated applications is interesting, but 
it is not dear from the discussion whether 
the author considers this as a specific or a 
general curve. For example, tests have been 
made where the corresponding curve B rises 
much higher on very short impulses than 
indicated in figure 1 (“Direct-Stroke Pro¬ 
tection of Distribution Transformers,” 
H. V. Putman, Electric Journal, February 
1937, page 60). The converse is possible 
for other apparatus. Curves such as B 
of figure 1 need be clearly specified with 
reference to the apparatus or test specimen, 
number of voltage applications, and similar 
essential information. 

Montsinger has presented additional 
data of interest on the characteristic of 
insulation over the “region B,” that is, 
from some 2 to approximatdy 100,000 
microseconds. His figure 2 further con¬ 
firms that the voltage characteristic of 
transformer insulation is practically flat 
over the entire range of medium and long 
imptilses and switching surges. 

The point raised by Meador that change 
in shape or size of electrodes or in the insula¬ 
tion arrangement may result in different 
levds of possible damage is quite true as 
has been discussed in the previous para¬ 
graphs. Thus distribution apparatus heis 
a relatively higher strength and endurance 
to repeated impulses than the higher- 
voltage class insulation. Again, the ratio 
of 2.2 indicated in figure 10 has been estab¬ 
lished by repeated tests. 

The question of switching surges in rela¬ 
tion to so-called possible resonance effects 
has always been intriguing. Available 
data (see, for example, C.I.G.R.E., 1935, 
paper 353, and similar data published here) 
indicate that true oscillatory voltages 
superimposed on the 60-cycle wave are 
relatively of low value. The higher values 
that may be encoimtered are impulsive 
in character. For these reasons the tests 
applied to one of the transformers are amply 
severe both from the standpoint of oscil¬ 
lations and amplitude. . Repeated ; tests 
running into the hundreds were applied at 
values 3^/2 the operating voltage and in 
addition, as indicated in figure 10 the volt¬ 
age was raised to 5 times and more the 
operating voltage. The character of these 
switching voltages is abruptly steep wd. 
enduring for htmdreds of microseconds, 
fully developing all internal oscillations. 
These would produce stresses more severe 
than could be accounted for even had the 
wave been in resonance and of such ampli¬ 
tude as has been encountered in practice. 
Our own experience has not yet sho^ 
failure due to switching causes even on 
under-insulated transformers. 

"We well agree with Whitehead that the 
tests and data in the paper are primarily of 
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an engineering character and are directed 
chiefly toward engineering progress in 
insulation co-ordination. Though the re¬ 
sults also bear out interesting findings of 
a theoretical nature. It is amply apparent 
from this discussion that in the design of 
apparatus all possible causes of corona 
should be completely or practically sup¬ 
pressed. The rise in the voltage time-lag 
characteristics, to which "Whitehead refers, 
has also been found by other investigators 
both in this country and abroad (on oil, for 
example, see CJ.G.R.E., 1935). 

I. W. Gross rightly raises the point 
whether the limited tests applied to the 
2 transformers in the region E (figure 
10) do encroach on the insulation, since 
they withstood the tests. A consider¬ 
ably greater number of repeated tests 
indicate that damage would result. , It 
is apparent from this cumulative effect 
that a smaller number of tests would 
also encroach, in a certain measure on 
the margin factor of the insulation. 

The voltage values in region B, C, 
and B were limited by the rod gap: Were 
no gap employed the bushing would 
naturally set a limit of the same rela¬ 
tive order. These hold values should 
be considered in relation to the major 
insulation strength and the strength 
throughout the entire winding for the 
corresponding stresses set up. To con¬ 
tinue these tests to breakdown would 
require an increase in rod gap spacing 
or what amotmts to the same thing, a 
higher voltage bushing. Between the 
ultimate strength and the hold strength 
naturally a margin exists. 

Even after fidfilling by proper design 
and adequate test the requirements in a 
transformer, the problem of protection 
remains. It was not the intention a 
all to convey such idea that this problem 
would be dispensed with. One purpose 
of this paper, supported by the tests, 
is to call attention to the full significance 
of the 60-cycle and impulse tests as an 
index to an expectancy of good service 
in the transformer. The preceding paper 
to this one (“Factors Influencing the 
Ins^ation Coordination of Transforra- 
er^II,” P. L. Bellaschi and F. J. Vogel, 
Electrical Engineering, June 1934) 
presents fundamental considerations un¬ 
derlying the problem of protection in re¬ 
lation to the characteristics of substation 
apparatus. We wish to recall the at¬ 
tention to these principles, even though 
each case of application may in addition 
present problems inherent in the particu¬ 
lar service conditions. 

The switching surge applied in the in¬ 
sulation tests appears in oscillogram D 
(figure 8). The surge is oscillatory; 
besides 60-cycle voltages of equally great 
amplitude were applied the insulation 
for several oscillations, indicating with 
adequate assurance that the voltage¬ 
time characteristic for the various possible 
conditions of switching can hardly be 
other than a • flat curve. The trans¬ 
former was subjected (fig^ure 1) to a large 
number of repeated surges at 3% times ' 
the operating voltage, then in addition 
at 5 times and more as indicated on 
figure 10. These switching voltages are 
abruptly steep and jenduring. for hundreds 
of microseconds, comprl^g a severe 
test.'^ 
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Elihu Thomson— 

March 29,1853“ March 13, 1937 


^ZoNCLUDING one of the longest, most 
vaded, and most fruitful careers in elec¬ 
trical engineering, Elihu Thomson died at 
his home in Swampscott, Mass., on March 
13, 1937, just a few days before his eighty- 
fourth birthday. Indisputably the dean of 
American electrical engineers, he was re¬ 
garded as being second to none among the 
small group of his contemporaries upon whose 
inventive genius the electrical industry of 
the world was founded and through whose 
perseverance and keen foresight it grew. 

. Recognized for his chmacter and ability, 
and honored by his contemporaries through¬ 
out his lifetime, few men, if any, have 
contributed. more to the progress of. the 
world than did Elihii Thomson, and fe^g^er 
still have lived to see such full fruition of 
their ideas. He was one of the last of the 
original group of great electrical pioneers. 

His signature was oh the "call” for the 
May 1884 organization meeting of the 
AIEB, and Doctor Thomson became a char¬ 
ter member of the Institute. He mam- 
tamed an active afiSliation for the remainder 
of his life. He .is survived by only 3 other 
charts members whose names still appear 
on the active list. Although not caring for 
administrative work, preferring to remain 
"in the rahks” and closer to hiS work, Elihu 
Thomsmi was elected a vice-president of the 
Institute in 1887 and immediately upon 
completion of his term in that office became 
in 1889 the fifth in the line of great leaders 
who have guided the Institute’s destiny. 

Doctor -Thomson was particularly active 
in local Institute affairs, and a perusal of the 
AIEE Proobedings prior to 1910 will show 
that he presented papers and discussions at 
many Section meetings. He served as a 
member of the Institute’s committees on 
co-operative research and standardization 
horn 1898 to 1900, and as chairman of the 
Edison Medal committee from 1911 to 1916. 
Thomson was not a prolific scientific writer, 
but the character of his writings is attested 
by the following papers published in the 
AIEE Transaction^: 

1. NOVBL; FbbKOMBNA OF ALTERNATmo CtrR- 
RBMTS, voloine 4, May 1887, page 160. 

2. nr Its Illation m . Inducbd 
E 1.BCXSOKOTIVB Pokes AND Current, volume 0, 
May 1889, page 209. 

8- Phbnoubna of Altbrnatino^Currbnt 1n- 
Bvction, volume 7, April 1890, page 132. 

4. CbupouNDiNQ Dtnamos for Aruaturb Rb- 
AOTION, volume 12, June 1896, page 288. 

5 . A Nbw Forh of Induction Coil, volume 14 
July 1897, page 225. 
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6. Conditions Affbcting STABiLirv in Blbctric 
Liohtino Circuits, volume 28, January 1909, 
page 1. 

In 1904 the Institute, in response to an 
invitation by an organization of associates 
and friends of Charter Member Thomas A. 
Edison, undertook the responsibility of mak¬ 
ing the awards of a gold medal now known 
as the Edison Medal. Elihu Thomson, in 
1909, was the first to receive the award "for 
meritorious achievement m electrical science 
engineering, and arts, as exemplified in his 
contributions thereto... 

In June 1928 the Institute was priviliged 
to give further recognition to Thomson’s, 
services and achievements. The consti¬ 
tution provides that Honorary Members may 
be chosen, upon the unanimpus vote of the 
board of directors, "from among those who 
have rendered acinowledged emin ent serv¬ 
ice to electrical engineering dr its allied 
sciences. ” Prior to June 1928 the few dis¬ 
tinguished persons thus elected all were from 
foreign countries, but at that time Thom¬ 
son’s name was included in a list of 5 out¬ 
standing American engineers unanimously- 
endorsed by the directors/ 

Thomson’s Early Lipb 

Elihu Thomson was bom hfarch 29, 
1853, at Manchester,' England, to an Eng¬ 
lish mother and a &otch father. The 
family came to the United States in 1858, 
settling in Philadelphia, Pa., where Doctor 
Thomson attended the public schools. 
Completing his preparatory education at 
the age of II, he had to wait 2 years to meet 
the minimum age of 13 years required of high 
school entrants. During this 2-year: period, 
with the encourag^ent of his parents, hede- 
voted himself to his experiments and his 
hobbies. He constructed a friction type of 
electric generator from a wine bottle, and 
built Leyden jars to be charged by his gen¬ 
erator; these and the other similar electric 
cal apparatus of the time were followed by 
such things as batteries, and electromagnets 
and telegraph instruments in which the bare 
wire used for the windings was insulated, by 
the laborious task of winding thread suound 
it by hand. While still a child his interest 
in astronomy led him to construct his own 
telescope with the help of a frimdly lens 
m a ker . In later life he continued the pur¬ 
suit of tlds hobby, building powerful tele^ 
scopes hi m self and grinding his own lenses. 

After he graduated from Central High 
School early in 1870, he entered a laboratory 
as mi analyst, but was appoint^ assistant 
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professor of chemistry in the high school 
later in the same year. In 1876, at the age 
of 23, he was appointed professor of chemis¬ 
try in the same school, but he had become 
deeply interested in the applications of elec¬ 
tricity, and in 1880 resigned to devote his 
entire time to electrical research and devel¬ 
opment. He always had been fascinated by 
phsrsical and chemical studies, and especi¬ 
ally by electricity. 

Possessed of a natural knack for con¬ 
struction and the use of tools, he gave what 
time he could spare from other duties to 
making such apparatus as he needed. In 
this way, before the age of 20, he had built 
induction coils, electromagnets, cameras, 
chemical balances, and many other devices. 
In his early twenties he constructed numer¬ 
ous pieces of scientific apparatus for demon¬ 
stration and laboratory use, including a 
compound microscope; also numerous elec¬ 
trical machines and a pipe organ with elec¬ 
trical action for which he made the pipes, 
windchest, bellows, keyboard, and all other 
parts. 

Industrial Development 

When Doctor Thomson resigned his 
professorship at Central High School in 
1880 , he took charge of the commercial 
development of an arc-lighting system for 
the American Electric Company, a small 
firm that had been started in Philadelphia 
in 1879. At the same time E. J. Houston, 
his colleague at the high school and later a 
president .of the Institute, resigned his 
teaching position and joined him in the 
business. Later in the same year the 
company moved to New Britain, Conn. 
E. W. Rice, Jr., subsequently a president 
of the Institute and president of the General 
Electric Company, accompanied Thomson 
as an assistant. In 1883 the modest estab¬ 
lishment at New Britain was moved to 
Lynn, Mass.i a "Lynn Syndicate," as it was 
called by Thomson and his associates, 
having bought control of the American 
Electric Company. At Lynn the name of 
the Company was changed to the Thomson- 
Houston Company, and during these 
pioneer years Doctor Thomson was "electri¬ 
cian” and ckief mgineer, and many of the 
fundamentally important inventions upon 
which the business was established and 
grew were his. He shunned administra¬ 
tive duties, and the Commercial destiny Of 
the company yras largely in the hands of 
Charles A, Coffin. 

In 1892, the Thomson-Houston Electric 
Electrical Engineering 




Company and the Edison General Electric 
Company were merged to form the General 
Electric Company. Thomson remained as 
consulting engineer and director of the 
Thomson Research Laboratories at Lynn. 
By his own choice he devoted his time and 
efforts to research and development rather 
than to administrative work. Charles Ai. 
CofiSn became the first president of the new 
and rapidly expanding company. 

Honors Conferred on Thomson 

Elihu Thomson probably was the most 
honored scientist in America. He was 
acclaimed by several colleges and universi¬ 
ties, receiving the honorary degrees of 
master of arts (1890) from Yale University, 
doctor of philosophy (1894) from Tufts 
College, doctor of science from Harvard 
University (1909) and the University of 
Manchester (England) (1924), and doctor 
of laws from the University of Pennsylvania 
(1924). He was awarded many prizes, 
medals, and decorations, and had the 
distinction of being the only man to receive 
all 3 of the most important scientific medals 
of Great Britain: the Hughes Medal of 
the Royal Society, the Kelvin Medal, and 
the Faraday Medal of the Institution of 


Electrical Engineers. The Royal Institu¬ 
tion of Great Britain elected Thomson an 
honorary member, the highest scientific 
honor that EnglisWen can confer upon a 
foreigner. The complete list of awards, 
decorations, and medals received by him is 
impressive: 

1. John Scott Legacy Medal, for electric weldins, 
1888 

2. Grand Prix, Paris Exposition, 1889 

3. App<rinted officer et chevalier of the Legion 
D’Honneur. 1889 

4. Certificaite of award of gold medal, Columbian 
Exposition, 1893; no medal was received 

9. First prize, Trans-hCississippi and International 
Exposition, Omaha, Nebr., 1898 

6. Grand Prix, Paris Exposirion, 1900 

7. Rumford Medal, for electric welding and light¬ 
ing, 1901 

8. John Scott Legacy Medal, for constant-current 
transformer, 1901 

9. Grand Prize, Louisiana Purchase Exposition, 
St. Louis, Mo., 1904 

10. First Edison Medal of the AIBB, 1909 

11. Blliott Cresson Medal of the Franklin Insti¬ 
tute, 1912 

12. John Fritz Medal, 1916 

13. Hughes Medal of the Royal Society, London, 
England, 1916 


14. Kelvin Medal, 1924 

16. Franklin Medal, of the Franklin Institute, 
1924 

16. Faraday Medal, Institution of Electrical 
Engineers, 1927 

17. Medal of the Verrin Deutscher Ingenieure, 
1935 

In 1925 Thomson was designated as 
“father of protective grounding” by a 
resolution adopted by the Western Associa¬ 
tion of Electrical Inspectors. He was one 
of 6 official United States delegates to the 
chamber of delegates of the electrical con¬ 
gress in Chicago in 1893 ; president of the 
International Electrical Congress in St. 
Louis in 1904; a member of the World 
Engmeering Congress at Tokyo, Japan, in 
1929; and a United States delegate to the 
International Electrical Congress at Paris, 
France, in 1932. Many technical and 
scientific organizations including the Insti¬ 
tute, had conferred honorary membership 
upon Doctor Thomson. These were: 

1. Franklin Institute 

2. Institution of Civil Engineers (Great Britain) 

3. Institution of Electrical Engineers (Great Bti.' 
tain) 

4. Royal Institution (Great Britain) 
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A photograph showing Doctor Thbmsoh on his eightieth birthday, reading some pi the many congratulatory letters 

that came to him Irom all fiarts of the world on that occasion 
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In Mcmoriam 
ELIHU THOMSON 


QR. ELIHU THOMSON, a charter 
member, the fifth president, and 
an honorary member of the American 
Institute of Electrical Engineers, died 
at his home in Swampscott, Mass., 
on March 13, 1937, about two weeks 
before his eighty-fourth birthday. 

Beginning his electrical experi¬ 
ments at the age of eleven, when he 
had completed his preparation for 
high school but foimd it necessary to 
wait two years to meet the minimum 
age requirement for entrance, he built 
and operated several types of equip¬ 
ment, and quickly demonstrated his 
ability in fundamental science and 
also his remarkable inventive genius. 
After graduating from the Central 
High School in Philadelphia and teach¬ 
ing chemistry and mechanics in, that 
school during the next ten years, he 
resigned in 1880 to devote his entire 
time to electrical research. 

The American Electric Company 
which he joined soon became the 
Thomson-Houston Company ^d the 
latter merged, in 1892, with the Edison 
G^eral Electric Company to form 
the General Electric Company, with 
which Dr, Thomson was connected 
until his death. 

PBs more than 700 inventions in¬ 
cluded many of outstanding impor¬ 
tance which added materially to sden- 
tffic knowledge and laid the founda¬ 
tion for many significant develop¬ 
ments in the electrical industry. The 
combination of marked scientific abil¬ 
ity, broad vision, sound judgment and ' 
pleasing personality gave him a posi¬ 
tion of outstanding leadership through¬ 
out his long ^eer.v 


He received the first Edison Medal 
awarded by the Institute, and received 
many of ^e most notable medals in 
the world, having been the only man 
to receive all three of England’s high¬ 
est scientific honors, the Hi^hes, Kel¬ 
vin, and Faraday medals. He re¬ 
ceived several high honorary degrees, 
including Ph.D. ScD., and LLD. He 
was elected an Honorary Member by 
the AIEE and several other socie¬ 
ties, and received other high honors in 
the United States and abroad. 

Entering the Institute as a charter 
member, he immediatdy became ac¬ 
tive in its affairs, and was a vice- 
president 1887-89, and president 1889- 
90. He also rendered valuable ser¬ 
vices to the Institute as member of 
various important committees and as 
its representative in joint activities. 
He was transferred to the grade of 
Member in 1891 and to the grade of 
Fellow in 1913. He was elected an 
Honorary Member in 1928. 

RESOLVED: That the Executive 
Committee of the American Institute 
of Electrical Engineers, upon behalf 
of the Board of Directors and the 
membership, hereby expresses its keen 
regret at the death of Doctor Thomson, 
and its deepest appreciation of his 
many outstanding contributions to 
electrical engineering progress^ and 
be it further 

^ RESOLVED: That these resolu¬ 
tions be entered in the minutes an d 
transmitted to his family. 


AIEE Executive Committee, March 
25, 1937. 


6. Alumni Association of Massachusetts Institute 
of Tedmology 

6. American Electrotherapeutic Association 

7, - American Welding Society 

8, , Am^can Society of Mechanical Engineers 

9. Illuminating Engineering Society 
10.. New Tfork Electrical Society 

11. . Engineers* Club, New York, N. Y; . 

12. Western Assodatipn of Electrical Inspectors 
18, New England Roentgen Ray Society 

W. American Institute of Electrical Engineers 

Outstanding AccoMPusHAOiNTS 

Perhaps the first great contribution to 
electrical- engineering made by Elihn 
Thomson was his invention, in about 1879 
of the 3-coa dynamo with its autoiS 
regulator and pth^ novel features, whiOh 
foimed the basis of the first commercially 
successful Ughting ^tem. This was manu- 
factured by the Thomson-HoustOn Com¬ 
pany in the early 1880’s and quickly found 
Its place not only in the United States, but 
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also in several European countries. The 
machine was entirely automatic in its 
opaation, and was so adjusted that it could 
mamtain constant regulation of a system of 
many electric arcs, regwrdless of the number 
of arcs that might be turned on or off. The 
need for such a regulator and its general 
nature were suggested to him by his earliest 
smous el^trical studies, which concerned 
the : relations between the voltage and 
c^ent in an el«:tric arc, and which led 
^ to the discovery that as the cuirent 
mcreases the voltage decreases. This re¬ 
lation accounted for the instability of the 
arc and indicated what characteristics 
the dynamo should have. This 3-coil 
d^amo was a d-c machine, for at that time 
direct current was more easily handled 
was alternating current; and had certam 
ad'vantages fpr arc-lighting pturposes. The 
same machine, however, with different 
connections, constitutes the 3-phase genera¬ 
tor tha,t is so important in preset electric 
power installations, and was so represented 
by Thomson in his original patent appUca- 
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While he was working on his arc-lighting 
system, Thomson heard that Edison was 
tinkering with an incandescent lamp. 
Accordingly he went to Menlo Park to 
discuss the matter with Edison, who gave 
him a model of the lamp. This model 
subsequently was dissected by Thomson 
and Houston, with the decision that it never 
would amount to anything. 

Lightning Protection— 

Magnetic Blowout 

About 2 years later, in 1881, he invented 
another important electrical device: the 
magnetically operated lightning arrester. 
Although this arrester was created for the 
particular purpose of protecting his arc- 
light systems from lightning, it was the 
invention of a fundamental method of 
breaking electrical circuits that has found 
numerous applications, one of the most 
important of which was by Doctor Thomson 
himself in control contactors for electric 
cars and trains. The device consisted of 
an insulator so placed between the poles of 
a magnet, and the whole so arran^ged with 
respect to the contacts or electrodes, that 
any arc forming was forced by the magnetic 
field to elongate itself to the breaking 
point, thus quickly and effectively inter¬ 
rupting the circuit. This principle is of as 
muA importance today as it was then, for 
it is the foundation of several modem 
systems of switching large currents. 

Power Transmission 

In those very early days of electrical 
engineering, long before the importance of 
electric power transmission and distribution 
was realized generally, Thomson devised the 
now commonly used method of transmitting 
electrical ener^, stepping it down from 
high voltage with the aid of a local trans¬ 
former for local consumption. This was 
set up as a working model for demonstration 
at the FranMin Institute in Philadelphia in 
1879, A patent was applied for in 1886, and 
after a strenuous period in the patent office 
patent for multiple-arc 
distribution systems with transformers was 
granted in 1902. During this same time 
Thomson developed and patented the 
procedure of grounding the secondary of the 
transformer as an additional safety measure 
for high-voltage operation. A notable 
char^teristic of Doctor Thomson is indi¬ 
cated by his advice to the General Electric 
Company that this patent should be dedi- 
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cated to the public, because no patent or 
invention dealing with public safety should 
be restricted or made unavailable for general 
use. 

Developments on the Teansformer 

In the further development of a-c ma¬ 
chinery, he invented the constant-current 
transformer and the induction regulator, in 
which a movable secondary or primary coil 
could be adjusted automatically to give 
constant-current output. For the purpose 
of increasing the power capacity of trans¬ 
formers, he proposed in 1887-89 the use of 
oil for cooling and for insulation purposes, 
and further called attention to the deleteri¬ 
ous effect of moisture in the oil. 

Resistance Wbldino—Repulsion Motor 

One of the most important of Thomson’s 
contributions to industry was his discovery 


of the principles and devdopment of the 
resistance process of electric welding, 
whereby the welded surfaces were fused and 
united by the heat produced by the resist¬ 
ance in the contact between them. Al¬ 
though Elihu Thomson was not the first 
to utilize the electric arc in welding, the 
fundamental Demeritens patent was bought 
by the Thomson Electric Welding Company 
on Thomson’s advice and, had arc welding 
developed within the life of the patent, 
that company would have controlled the 
arc- as well as the resistance-welding art. 

Another of Thomson’s most fundammtal 
discoveries was the principle of dynamic 
repulsion between a primary and a second¬ 
ary coil, which he demonstrated by simple 
experiments. A vertical iron core was 
wound with a coil through which an alter¬ 
nating current could be passed. The core 
projected above the coil into a jar of water. 
Fitting loosely around the core was a second 
small coil, free to riip up and down the core 


in the water, and supporting by its terminals 
an incandescent lamp. When an alter¬ 
nating current was sent through the primary 
coU, a current was induced in the movable 
secondary coil, which lighted the lamp and 
at the same time raised the coil against 
the force of gravity high up in the jar of 
water. This scientific observation sub¬ 
sequently was developed by Thomson into 
an a-c repulsion motor. 

Meters—High-Frequency Apparatus 

During the years 1886-96 Doctor Thom¬ 
son was busily engaged in the development 
of electric meters, especially recording 
wattmeters. For his wattmeter he was 
awarded the Grand Prix of the Paris 
Exposition at a competition held after the 
exposition in 1889. 

As early as 1890, and continuing inten-r 
sivdy for several years thereafter, he conr 
ducted a series of experiments on high- 
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A collection of the medafs and decorations conferred upon Elihu Thomson 

Top row (left to right); John Scott Legacy Medal, for constant-turrenl transformer/ 1901; Franklin Medal, of the Franklin 
Institute, 1924; Faraday Medal, Institution of Electrical Engineers, 1927/ John Fritz Medal, 1916; and John Scott Legacy 

Medal, for electric welding, 1888 

Middle row (left to right); Grand Prix, Paris Exposition, 1900; Elliott Crcsson Medal of the Franklin Institute, 1912; Kelvin 
Medal, 1924; Hughes Medal of the Royal Society, London, England, 1916; and Grand Prix, Paris Exposition, 1889 

Bottom row (left to right): First Prize, Trans-MississippI Exposition, Omaha^ Nebr; 1898; Edison Medal, 1909; Legion 
D’Honneur, offilcier et chevalier, 1889; Rumford Medal, for electric wcldWg and lighting, 1901/ and Grand Prize/ Louisiana 

Purchase-Exposition, 1904. . 

A gold medal was avyarded to Doctor Thomson at the Columbian Exposition, in 1893, by certificate of award, biit no medal 
he ajsp received in 1935 the medal of the Verein Deutscher Ingenieure, which is not shown here ' 
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frequency alternating currents, building 
the foundation for many of the develop¬ 
ments in radio and other high-frequency 
applications in use today. He constructed 
one of the first high-frequency dynamos, if 
not the first; a machine operating at 
frequencies of from 30 to 40 times as great 
as any previously built. In conjunction, he 
designed some of the earliest high-frequency 
transformers. While Thomson was work¬ 
ing in this field he discovered a method of 
producing alternating currents of still 
higha: frequencies from a d-c arc by shunting 
the arc with inductance rmd capacitance. 
This interesting method of producing 
alternating currents later was applied to 
radiotelegraphy by Poulsen, and therefore 
is generally known as the Poulsen arc. 
Thomson also discovered that the insulating 
power of oils at these high frequencies is 
much greater than at ordinary commercial 
frequencies, if the insulating power is 
meastured in terms of the path through which 
the arc passes. 

Incidentally, Thomson is credited with 
having discovered the principle of the 
tuned electric circuit, and with having been 
the first to use the method in electrical 
communication. This was done very early 
in his career, while he was still a professor at 
Central High School, in performing some 
experiments in wireless signaling that pre¬ 
ceded the famous experiments of Hertz by 
about 12 years. 

Immediately following the announcement 
of the discovery of Roentgen rays. Doctor 
Thomson began a series of experiments and 
developments in connection with X rays. 
The foundation for this work had been laid 
by his previous experiments on electrical 
discharges through gases at low pressures, 
and led to the first application of stereo¬ 
scopic methods in X-ray technology only 
one year after Roentgen rays themselves 
had been announced. This Work led to 
various practical improvements in the 
design of X-ray tubes. Thomson also 
took an inttfest in the phsrsiological effects 
dfXrays. 

Elihu Thomson also was active outside 
the domains of electrical research. Working 
with Houston, while they were at Central 
High School, he perfected his centrifugal 
machine for the separation of liquids of 
different densities, the forerunner of the 
widely used cream separator and the labora¬ 
tory and commercial centrifuge. He.alsq 
devised: ldie^fliiud 4 >£esstKe‘'e!^^ and the 
fused-quartz mirror for astronomical tele¬ 
scopes. In his own name he held more 
than 700 American patents. 

Thomson tBB Man 

In his private life as a citizen, as well as an 
inventor, Elihii Thomson endeared himself 
to his neighbors and his fellow workmen and 
always was considered to be a wise counselor 
in civic avoirs. Even outside his labora¬ 
tories he was always engaged in some 
research project as a hobby. A lifetime 
hobby was astronoUiy, in which he was 
active as an amateur from an early age. 
He also was interested in microscopes, 
color photography, and in building and 
playing pipe organs. He had a host of 
friends, not only in the United ^ates, but 
also in Europe. 

His asp^t of life is characterized by his 
own worcfr "No greater joy has ccnne to me 


than the joy of acjcomplishment. Then too, 
I have had the satisfaction of aidmg in 
giving emplo 3 rment to large numbers of 
intelligent men and women.” 

Doctor Thomson was a member of many 
organizations in addition to those that had 
awarded him honorary memberships, in¬ 
cluding: 

1. American Academy of Arts and Sciences 
(fellow and member of the Rnmford committee! 

2. American Association for the Advancement of 
Science (fellow) 

3. American Astronomical Society (member) 

4. American Chemical Society (life member) 

5. American Electrochemical Sodety (member) 

6. American Mathematical Society (member) 

7. American Optical Society (member) 

8. American Ehilosophical Society (fellow and 
past-president; also a past member of the council) 

9. American Phyrical Society (fellow and life 
member) 

10. Pi Gamma Mu, national science honorary 
society (life member) 

11. British Assodation for the Advancement of 
Sdence (life member) 

12. Engineers' Club of London, England 

13. Sod4td Francaise des Electridens (member) 

14. Commerdal and Merchants Club of Boston, 
Mass, (member and past-president) 

15. Bndneers’ Club of Boston (life member) 

16. Boston Press Club (life membinr) 

and 22 other societies and dubs of local, 
national, and international character. 

Doctor Thomson was particularly inter¬ 
ested in educational work. His vast store 
of experience and knowledge always was 
at the disposal of his younger, less esperi- 
enced associates, among whom he was noted 
for his ability to explain the most abstruse 
subjects in simple, tmderstandable language. 
He was affectionately known to them as 
"the Professor,” a simple "friendly” title 
that he strongly preferred, in spite of his. 
xn^y degrees. He was a life member of the 
Uorporation of Massachusetts Institute of 
Technology, a manber of the executive 
committee of the corporation, and twice 
served as its acting president. 

For many of its most fundamental con¬ 
tributions—^technical, ethical, and humanis¬ 
tic—^the profession of electrical engdneering 
is indebted to Elihu Thomson. 

Thom^n as Sbbn 
By Somb iNSTirotB Lbadbrs 

Arthur E. Xennelly, president 1898-1900— 
I had the privilege of knowing the late 
Professor Thonuon for many years. He 
was endowed with great abilities as an 
engineer, inventor, researcher, and teacher. 
His special fields of wcnrk wde in applied 
ph 3 rsics, chemiftry, and mechanics. 'He 
was a pioneer in electric power transtnistioh 
and disiribution, as well as in electric 
welding, an art whidi he founded and highly 
developed. He was an excellent designer 
and constructor of riectric machinery and 
apparatus. Many of the machines and. 
instruments used in the early days of the 
electric power industry ware constnicted 
under his design and superintoidence. At 
one time he constructed a 25-centimeter, 
telescope, lenses and all, with his own hands. 
He introduced and developed the existing 
prevalent types of electric motor-driven 
energy meters, registering in kilowatt- 
hoUrs. 
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He was a tireless scientific worker from 
early boyhood. At 17 years of age he was 
assistant professor of chemistry and at 22 
was professor of chemistry in the Central 
High School of Philadelphia, where, in his 
leisure time, he made important inventions 
in electric power transmission. 

He never allowed any of his time to be 
wasted. His was a kindly, engaging, and 
stimulating, personality. As a leader in 
electrical engineering he was admired and 
esteemed by thousands. 

Charles F. Scott, president 1902-03— 
As I recall Professor Thomson, several 
specific incidents come to mind, trivial 
perhaps, but characteristic. 

One afternoon. some 12 or 13 years ago 
we had been in conference in Boston on 
some committee matter and found ourselves 
with a couple of hours to spare. We strolled 
about the city as he led the way to some 
particular photographic shops, in his search 
for films for color photography in which he 
took great interest. I was never more 
impressed with the great simplicity and 
ease of his m ann er and conversation. 

To me. Professor Thomson always was a 
great electrical pioneer. Later I had met 
him, principally in AIEE activities. But, in 
strolling with him through the streets of 
Boston, I realized that my once mystical 
hero was very human; in simple companion¬ 
ship, he even insisted on accompanying me 
to my place of departure. 

On tiie occasion of the celebration of his 
eightieth anniversary held in 1933 at 
Massachusetts Institute of Technology, I 
asked him what it was at the centennial 
exposition in Philadelphia in 1876 that 
aroused his interest in electricity. Immedi- 
atdy a smile came over his face and with a 
twinkle in his eye he said, "I will tell you. 
There was a Gramme dsmamo there from 
France which operated one arc lamp, and 
there was another dynamo for dectro- 
plating, and another which lighted the 
lamp on the top of the building.” This 
memory meant a g^eat deal to him as it 
later on shaped his whole career. 

He told me also an interesting incident 
"The Rhumkorff coil uses a low-voltage- 
current for producing a very high voltage. 
I wondered if the process could be reversed 
and the high voltage current in the fine 
windihgr wotdd'produce a ctucrent in the 
heavy winding. I was femrful of die results 
'and put off the experiments until I had a 
coil of my own. I placed the ends of the 
heavy terminals dose together and observed 
carefully when the Leyden jars were dis¬ 
charged through the fine wire coil. 'Ihere 
was a flash and when I attempted to sepa¬ 
rate the terminals I found them solidly 
wdded together. That was the beginning 
of my work in electric wddihg.” 

Hjs curiosity, his readiness to experiment, 
his observation, and his practical deductions 
from his experimdits were the beginning of 
anewmt. 

And it seems to me that these qualities 
of simplicity and modesty, and his following 
along the lines prompted by his ctuiosity 
and interest, indicate qualities which were 
inherent in the man and have influenced 
his whole career. 

Dugald C. Jadtson, president 1910-11— 
Elihu Thomson was great as an engineer, as 
a scientist, and as a citizen; and in each 
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A. M. MacCtttcheon, prcHident lUJMV-a?— 
One of my greatest regrets is that I did not 
have tlie privilege of a close personal 
acciuaintancc with Doctor Klihu Thomson, 
but I am fortunate in having met him. His 
writings have been an inspiration to mt 
even as far back as my student days. 

His deductiott-s, his inventions, and his 
achievements form a cornerstone in the 
theoretical structure which represents the 
engineering knowledge of our time. 

His modesty, his cheerful optimism, 
his breadth of vision, bis clear thinking, 
uiid his indomitable spirit formed a pattern 
which all engineers may well emulate. 

He was a charter member of the American 
Institute of Electrical Enginecars and its 
fifth president. We who have followed in 
hi.s footsteps, looked upon him as an inspira- 
tion, a valued counselor, a guiding light. 


Buuv Tbomsomt as Sbbh 
By SOKB iNDVSYXIAb Absociatbs 


Owen D. Young, chairman, General Elec¬ 
tric Company—Mr. Thomson was one of the 
few great pioneers in the electrical field who 
had the rare good fortune to sec his vision 
become a reality and to receive the apprecia¬ 
tion of a justly grateful world for Ms con¬ 
tribution to the health and happiness of 
people everywhere. The General Electric 
Company was always proud of Ms intimate 
association with it. 

WilUs K. Whitney, vice-presid«ait, General 
Electric Company—Professor Thomscoi was 
one trf the leaders who helped in the estab- 


catfgoiy hf has rtrcivinl deservedly high 
recdgnilitJU- I ih.st met him wlu'u he was 
,'15 years tiUl ami I was 21, and the impression 
of his faseiuaiiug enihusiusin for the 
development of elect rieal eiiKinetning and 
his fertile ajiproaeh to ilifticuU problems of 
experimental seienee has never left. me. 
It has seemed to me ihtit those tinalities in 
'riiomson have equally stirretl others and 
letl to the wish to honor him that has lieen 
d ispluyecl inteniat ionally. 

Being, by intelleetuul nature, a great 
inventor. Tlumison direettsl his qualities 
inti» human service, and the world is 
imlebted exlraorriiuuiily to him for his 
prodnetions. At least one of his original 
inventions, electric welding, htt.s become a 
great industry t)f itself as well as contribut¬ 
ing advantages to many indttstiies. Nuinei - 
ems tJlhers td his puMluetions have widely 
inlluemetl imhistiy and contributed to 
human comfort, 'rhe ileath of Thtnnson 
takes a great man from eleeirieai engineer 
ing ami a great eiti/eit from the nation. 

Gano Dunn, ptesideiu ItMl-12 Mlihu 
Thomson's truignifieent na'ientilk and engi¬ 
neering tu eomplishttietifs have made history. 
To me his personal inlhtenees was us great as 


his intellectual influence. He always had 
in mind the inventor, the engineer, the 
.student, as well as the invention, the design 
and the study. This will forever cause him 
to be rated as one of our greatest teachers 
a.s well as one of our greatest engineers and 
.scientists. 

It was to hitn I early owed recognition 
that all etigineering, notwithstanding its 
trernemlous economic involvements, rests 
inseparably upon .science. Hi.s lectures 
and papers w'cre marvels of exposition. A 
talk with Kliliu Thonison invariably stimu¬ 
lated thought atul fired aml)itiou. 

His methods of work and qualities of 
eharucter formed the careers and won the 
undying alTetrlion of large numbers of the 
generatUni of engineers who now mourn his 
loss. 

Frank B. Jewett, president 1022-23— 
.^jipraiwil of Klihu Thomson and his contri- 
Initioiis to the adwmcemeiit of electrical 
engineering in the light and power field can 
best he made by those who were his close 
ass(,K'iates in tlie many sectors of it which 
were eni idled by his scholarly mind. 

Outside the field of our common interest 
in the welfare of the American Institute of 


Electrical Engineers, in which our associa¬ 
tion commenced, my long and close friend¬ 
ship with Dr. Thonison has hardly been 
involved with things electrical. It has been 
concerned mainly with matters of general 
scientific interest and in the problems 
which came to us as fellow members of the 
Corporation of Ma.ssachttsetts Institute of 
Technology. 

Above all other things, however, it has been 
as an esteemed friend that I have known, 
admired, and loved Doctor Thomson. 
His versatile and cultured mind, his simpli¬ 
city, and his joy in the simple worth-while 
things of life, which did not diminish with 
the years, made him a friend to be cherished. 

Quite out.sidc the boundaries of his 
])rofessional life, his death will deprive the 
world of one of its choice spirits. 

H. P. Charlesworth, president 1932-33—- 
Doctor Thomson’s inve.stigations and inven¬ 
tions contributed enonnously tt> the advance 
of ail the engineering arts. However, his 
contribulious went further than these 
iiulividual activities. In addition to pub- 
li.shing his results and mcthoils, his enthu¬ 
siasm and technique were passed on to 
himdred.s of engineers, first ns a professor, 
later as a director of tlie. laboratories which 
bear his name, and finally as a great leader 
in his profession. His fruitfulne.ss was 
shared with others whom he had trained and 
in.splred. His whole life was indeed in 
accord with and greatly coutrilnited to the 
highc-st ideals of the engineering profession. 
It is not surpi'isuig, therefore, that his name 
is among the illustrious grouj) who were the 
charter members of the American Institute 
of Electrical Engineers whieh^ ever is 
endeavoring to perpeltmtc the.se high ideals. 
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lisHment of the Northeastern Section of the 
American Chemical Society back in *97 
or *98. We New England chemists knew 
him as an expert in our field, just as the 
electrical engineers recognized him as pre¬ 
eminent in their field, and the mechanical 
engineers as a leader in theirs. Astrono¬ 
mers also knew that he was of their group. 
He was an all-round scientist. 

When the General Brectiic Company 
offered me the research work at Schenec¬ 
tady, I was in doubt as to my fitness and as 
to the quality of the opportunity until I 
hurriedly consulted “the Professor.** He 
was very kind, as always, and was quite 
clear that the opportunity offered me was 
a great one. So I owe a large part of the 
satisfactions I have ^joyed during the past 
36 years to Professor Thomson*s kindly 
interest. Through those years my admira¬ 
tion and affection for him steadily increased, 
and in his death I feel a great personal loss. 

Gerard Swope, president. General Electric 
Company—Since the very be ginning s Pro¬ 
fessor Thomson was associated with the 
General Electric Company and its predeces¬ 
sor bearing his name, the Thomson-Hous- 
ton Company. His accomplishments for 
these companies and many others through¬ 
out the world bearing his name and for the 
entire^ electrical industry were many and 
conspicuous. 

His interest in research, his enthusiasm 
for new ideas, and the advancement of 
young engineers continued almost to the 
day of his passing. His memory will long 
be che^hed by those who knew him, and 
he leaves a fine tradition and inspiration 
for those who follow him. 


tion and aU others would be irreparable were 
it not for the fact that his nobility of 
character will remain as a lasting inspira¬ 
tion, and his scientific achievements will 
continue permanently to confer immeasur¬ 
able benefits to the world. 


Lightning Reference Boole 
To Be Issued Soon 

Cul min ating more than 2 years of work 
carried on by the lightning and 
subcommittee of the AIEE power trans¬ 
mission and distribution committee, the 
AIEE Lightning Reference Book is sched¬ 
uled to be issued in July. 

Lightning and its effect upon electric 
power systems and apparatus have been 
imder investigation for more than 20 years 
during which many articles of interest and 
value have been published in the tt»rhniVql 
literature. Heretofore this extensive litera¬ 
ture has been available principally only 
tiirough library research. Now, recogniz¬ 
ing the value of a conveniently bound 
volume containing the full reproductions of 
texts, illustrations, and tabulations of all 
important material that has been published 
on the subject of lightning, the subcommit¬ 
tee has completed the selection of just such 
material for just such a handy reference 
volume. 

The Lightning Reference Book will be 
about the size of the current annual volumes 
of AIEE Transactions and similarly bound 
in durable green cloth. It will contain some 


1,550 pages, SVa by H inches in size, in 
which will be reproduced in full some 230 
technical papers and articles selected by the 
subcommittee from the technical press of the 
past 18 years for their important and prac- 
tied utility to all those in any way interested 
in the study of, or the protection against, 
lightning 

A comprehensive subject and author in¬ 
dex will facilitate the ready reference use of 
the volume and, for those who may wish to 
carry their pursuit further, 200 additional 
technical papers and articles of a supple¬ 
mental nature not included in the volume 
win be fully covered in the indexes. 

The announced price of the Lightning 
Reference Book is $6.00 to members and 
$7.60 to nonmembers, plus postage in either 
case (10 pounds shipping weight). 

Advance Orders Required 

A limited edition only will be issued. The 
actual number of volumes to be published 
will be governed by the number of advance 
orders on file at AIEE headquarters, 33 
West 39th Street, New York, N. Y. by 
May 15, 1937 (with reasonable allowance 
for overseas mail). 

The several hundred advance orders that 
have been on file the past year have made 
possible the prosecution of this project to 
^ccessful conclusion with publication now 
unminent. All persons wishing to increase 
standing orders, or to place orders, must do 
so immediately to be assured of receiving the 
volume. 

Further details and a convenient order 
coupon are given on page 4 of the adver¬ 
tising section of this issue. 


William D. Coolidge, director. General Elec¬ 
tric Research Laboratorsr—In the death of 
Professor Thomson, the General Electric 
Company has suffered a great loss. Its 
earliest products were for the most part the 
offspring of his brain. Great in engineering 
and invention, he played a most important 
rdle in the early development of the «^lp<^trical 
art. He was a pioneer in arc lighting, was 
the father of ^electric welding, devised the 
first commercial recording wattmeter, and 
produced by the score the various devices 
n^ded for making electric generation and 
distribution reliable and safe. 

He was a true scientist, and by example 
and precept established the tradition of 
scientific research in the General Electric 
Company. When the research laboratory 
of the company was founded, he served on 
Its advisory council, and, by his experience 
udsdom, and fertihty in ideas, was of great 
help^ to the laboratory in its early years. 

His bread^ of knowledge, mental alert- 
n^s, and origmality made association with 
stimulating, while his 
xmdhness and simple sincerity won the 
affectian of all who knew him. I was privi¬ 
leged to know him weU, and I feel the loss of 

a great and good friend. 


^1 T. Compton,- president, Massachuse 
Instilute of Tedinolog3^H[h his own ch 
Mter and in his great achievements 
one of the truly great men of his c( 
tury. In ^ the years of his interest in i 
he displayed a loyal a 
acUve fmth m the social values of te< 
Uologicad education. 

Professor Thomson’s loss to this instil 


Membership— 

Mr. Institute Member: ; 

reading that recently distributed pamphlet 
entitled Mrabership in the American Institute of Electrical Engi¬ 
neers . It does a fine job of sketching the activities of the Institute— 

don t you agree? 

Please do not forget to pass it along to some non-member who is 
eligible for membership. Also, if you can interest him in becoming 
a member, recommend him by using the stamped and addressed card 
furnished with the pamphlet. He will receive application blanks 
and necessary information promptly. 

Your Membership Committee thanks you sincerely for the very good 
co-operation you have given it throughout the year. With your 
continuous service, we shall surely reach our goal of twenty-five 
percent more applications than last year. 



National Membership Comiiilttee 



Eleqtrical Engineeiung 


j 

I 


i 




Huntley stations of the Buffalo General Electric Company 


North Eastern District Meeting 
and Student Branch Convention 


The annual meeting of the North 
Eastern District of the AIEE and stu¬ 
dent Branch convention will be held in 
Buffalo, N. Y,, from Wednesday to Friday, 
May 6-7,1937. The meeting headquarters 
will be in the Hotel Statler. Buffsdo “the 
gateway to the west” with its many diversi¬ 
fied industries makes an ideal convention 
city and the local committee has taken full 
advantage of the situation and arranged a 
very attractive program. Thus there is a 
trip to the new $22,000,000 hot and cold 
strip mill of the Bethlehem Steel Company, 
Huntley stations 1 and 2, some of the hydro¬ 
electric stations at Niagara Falls, the Ford 
Motor Company’s plant, and several of 
the other industries, not to mention a very 


Registration will take place in the Hotel 
Statler from 9:00 a.m., Wednesday, May 6. 

Technical Sessions 

The opening session will consist of an 
address of welcome by A. C. Stevens, Insti¬ 
tute vice-president for the North Eastern 
District, which will be followed by a series 
of papers of outstanding interest to all who 
are connected with the central station 
industry. These papers include the latest 
information in the field of lightning investi¬ 
gations on transmission lines, the applica¬ 
tion of automatic oscillography, operating 
performance, research, and testing. 

On Thursday, May 6, a general session 


requirements, and design trends in steel mill 
electrification. In the afternoon the elec¬ 
trical features of the new Bethlehem 72-inch 
strip mill will be described by F. D. Egan 
and his talk will be followed by a trip to 
the plant. On Thursday morning a student 
technical session will be held at which 
papers will be presented by the students. 

Entertainment 

On Wednesday evening a talk and demon¬ 
stration on “Fiber Glass” will be pven by 
L. W. W. Morrow, general managd: of the 
fiber glass department of the Coming Glass 
Works. All who know Mr. Morrow and 
his ability to give an interesting talk will 
look forward to a very enjoyable evening. 
On Thursday evening directly following the 
informal dinner another very instructive, 
interesting talk and demonstration will be 
given. The subject will be "Kodachrome 
Colored Film” by L. D. Mannes, co¬ 
inventor, of the Eastman Kodak Company. 
After the lectures dancing also may be 
enjoyed in the hotel. 

Women’s Entertainment 

In addition to the foregoing entertain¬ 
ment the following has been specially ar¬ 
ranged for the women guests of the Institute. 
Buffalo is a large, smartly metropolitan 
city, possessing beautiful parks and subur¬ 
ban areas. 

Wednesday, May 5 

A trip to the incomparable Niagara Palls. 
Leaving at 11:00 a.m., the party will cross the 
Peace Bridge and drive down the beautiful Cana¬ 
dian Boulevard. After luncheon, there Will be an 
inspection trip of the Falls and the Niagara Rapids, 
followed by dinner in the modern General Brock 
Hotel, from the roof garden of which can be seen 
another interesting view of the cataract. At 
8: 00 p.m. the illumination takes place and to see 
the mighty waterfall in the play of clear and colored 
lights is a sight never to be forgotten. 

Thursday, May © 

A luncheon at the Hotel Statleri followed by a 
fashion show presented by one of Buffalo’s smartest 
shops. 


Table I—Hotel Rates 




Single 


Double 



Hotel and Location 

Room 

Capacity 

Without 

Bath 

With 

Bath 

Without 

Bath 

With 

Bath 

Twin 


Arlington, 136 Exchange. 
Buffalo, Swan and Wash¬ 
ington.. 

Fairfax, 715 Delaware... 
Fillmore, 207 Delaware.. 
Ford, Delaware and Cary 
Graystone, Johnson Park 
Lafayette, Lafayette 

Square. 

Lenox, 140 North St. 

Men’s, Genesee and Pearl 

Statler, Niagara Square.. 
Stuyvesant, 245 Elmwood 
Touraihe, Delaware. 


Westbrook. 


,. 150.. $1.50. 

.$2.00 up.. 

..$2.50 up. 

.$3.50 up. 


4fin ...'. 



. 4.00 up. 


. 400. 

. 2.50 up.. 


. 4.60 up. 


. 60.. 

. 1.75 up.. 


. 3.00 up. 


. 760.. 1.60 up. 

. 1.50 up.. 

.. 2.50 up. 

. 3.00 to 4.00.. 3.25 to 4.00 

. 150.. 1.50 up....'. 

. 2.00 up.. 

.. 2.50 up. 

. 3.00 up. 


420 . 





2nn . 





! 283.. 0.76 to 1.25. 


.. 1.50 3c 2.00.. (Master bathroom on each 





floor) 

.1,100... 

. 3.00 up.. 


. 5.00 up. 


. 460. 

. 2.00 up.. 


. 3.00 up. 


. 300.. 1.76.. 

. 2.00 up.. 

.. 3.00 up. 

. 3.50 up. 




sharing bath 



ai2.. 









twin 3-room 

^ : • 




suite 


atriactive trip for the ^dies, including the 
marvdous spectacle of Niagara and its color 
illumination. Entartainment has been ar¬ 
ranged for the evenings and men prominent 
in institute affairs are on the program. 


will be held at 9:30 a.m. which will be 
opened with a greeting by President 
MacCutcheon. This session will feature 
conductor vibration studies illustrated by 
motion pictures, surveying telephone service 


Inspection Trips 

Buffalo and its environs have over fiOO. 
diversified industries. The comniittee has 
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Program 

Daylisht Saving Time 


For the papers that have been published in Elbcxrical ENGunsBRiNG 
reference to the issue and page is given. 


Wednesday, May, 5 

9:00 aju.—Registration 

10:00 a.ni.—Opening Session 

Address of Wdcome, A. C Stevens, vice-president. 
North Eastern District, AIEB. 

Lightning Cgskbnts in 132-Kv Linbs, Philip 
Spom and I. W. Gross, American & Electric 
Company. February, pages 245-52, 259-80 

Fhobablb Ootagbs of Sbiblobd TBANSinasioN 
Linbs, S. E. Waldorf, Pennsylvania Water & 
Power Company. Scheduled for May issue 

Sfbcial Usbs for tbb Atjtoicatic OacnxooRAPB, 
G. A. Powell and R. E. Walsh, New York Power & 
Light Corporation. April, pages 438-40, 476-7 


2:00 p.ni.—General Session 

*Teb Opbratino Pbbforuancb of Various Rblay 
Apfucations, George Steeb and L. J. Audlin, 
Buffalo, Niagara, smd Eastern Power Corporation. 

"Tbb Opbrating PaRPORMANca of Huntlby 
Stbaic Station, J. M. G^ger (electrical) and 
Donald Scranton (mechanical), Buffalo General 
Electric Company. 

"Rbsbarcb and Tbstino in a Largb Elbctric 
Utilitv, (A) by W, F, Davidson, Brooklyn Edison 
Company, Inc., and (B) by W. P. Dobson. Hydro 
Electric Power Cotunussion of Ontario. 


8:(X) pin.—Talk and Demonstration 

Fibbr Glass, L. W, W. Morrow, Coming Glass 
Works. 


poration. Illustrated by motion pictures of danc¬ 
ing whm the cable was coated with water to simu¬ 
late an ice formation. 

"‘Survbying Tblbfhonb Sbrvicb Rbquirbmbnts 
FOR Largb Usbrs, R B. Corey, New York Tele¬ 
phone Company. 

«Dbsion Trbnds in Stbbl Mill Blbctrification, 
L. A. Umansky. General Electric Company. 


2:00 p.m.—Special Address 

Blbctrical Application—^Bbtblbbbm 72-Incb 
Strip Mill, F. D. Egan, Bethlehem Steel Company. 


3:00 p.m.—hospection Trip 

Bethlehem Steel Company’s 72-inch new strip mill. 
Note: Number limited and women are excluded. 
Everyone must arrive by bus in the party and 
cameras are prohibited. Nominal charge for busses 
to and from the hoteL 

7:00 pun.—Informal Dinner 

8:30 p.m.—Talk and Demonstration 

Kodagbroub Colorbd Film, L. D. Maunes, co¬ 
inventor, Eastman Kodak Company. 


Friday, May 7 

9:30 a.m.—Student Technical Session 


Thursday, May 6 

9:30 ium.—General Session 

Greeting, A. M. MacCutcheon, pr«ddent AIBE. 

*]^cpbriubntal Study of Danono Cablbs, D. C. 
Stewart, Buffalo, Niagara and Eastern Power Cor¬ 


2:00 pun.—Inspection Trip 

Huntley stations No. 1 and No. 2 of the Buffalo 
General Electric Company; number will be limited 
and a nominal charge ^11 be made for busses to 
and from the hot^ 

* These papers are scheduled for presentation, but 
th^ have not been accepted for publication at the 
time of g<^g to press. 



judiciously selected the following trips, some 
of which are optional in the short time 
available. 

1. Bethlehem Steel Company’s New $22,000,000 
Hot and Cold Strip Mill 

The number to be accommodated is of necessity 
limited and all people must arrive by bus with the 
party, which will not include any ladies. Anyone 
arriving by private car will not be admitted. The 
carrying of cameras or taking pictures is not per¬ 
mitted. Nominal charge for busses to and from 
the hoteL 

2. Huntley Stations No. 1 and No. 2 of the 
Buffalo General Electric Company 

The number is of necessity limited. Nominal 
charge for busses to and from the hotel. 

3. Other Trips of Interest. 

The number which can be accommodated on 
some of them is of necessity limited. 

A. Negara Falls Power Company—(1) Adams 
and Schoellkopf stations; (2) Harper and Gibson 

substations. 

JB. Distribution system of Buffalo General Elec¬ 
tric Company (Network and Automatics). 

C. Local plants of New York Telephone Company. 

D. Variable-ratio frequency changer at Lockport, 

N. Y. 

B, Spaulding Fiber plant. Military Road. 

P. Remington Rand plants. 

G. Albright Art Gallery. 

3. Ford Motor Company's plant. 

/. Modern broadcasting. 

J. Museum of Science. 

Industrial plants near Buffalo include: 

Lapp Insulator Company at LeRoy, N. Y.—50 

miles 

Porcelain Insulator Company at Lima, N. Y.—65 

miles 

Coming Glass Company at Coming, N. Y.—125 

miles 

Sports 

Golfing in this region is not usually much 
of a sport until along about Decoration 
Day. However, weather permitting, the 
committee will be very glad to furnish the 
necessary cards so that anyone wishing to 
play can do so at any course in western 
New York State. 

Registration 

Members who plan to attend the meeting 
should register in advance by mail. Ad¬ 
vance registrations should be sent to George 
M. Pollard, chairman, registration com- 



Harp«r substation of the Niagara Falls Power Company 
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Adams station of the Niagara Falls Power Company at Niagara Falls/ N. V. 


mittee, Buffalo General Electric Company, 
39 E^t Genesee St., Buffalo, N. Y. 
Registrations should be completed on arrival 
at headquarters in the Hotel Statler. A 
registration fee of $2 will be charged all 
nonmembers except Enrolled Students and 
the immediate families of members. 

Hotels 

Members should make room reservations 
by writkig directly to the hotel of their 
preference. For convenience the rates of 
the headquarters hotel, the Statler, as well 
as the rates of a number of the other hotels 
are listed in table I. 

Rules on Pkesenting 

AND Discussing Papers 

At the technical sessions, papers may be 
presented in abstract, 10 minutes being 
allowed for each paper unless otherwise 
arranged or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is thrown open for general 
discussion. Usually 6 minutes is allowed to 
each discusser for the discussion of a single 
paper or of several papers on the same 
general subject. When a member 'signifies 
his desire to discuss several paptts not 
ilofliing with the same general subject, he 
may be permitted to have a somewhat longer 
time. 

It is preferable that a member who wi^es 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Eadi 
discusser is to step to the front of the room 
awH announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared 
in advance should be left with the presidmg 


papers which is not for publication need not 
be submitted for consideration. 

COMiaTTBBS 

District Meeting Committee: A. C. Stevens, vice- 
president, North Eastern District, chairman; 
R. G. Lorraine, secretary-treasurer. North Eastern 
District, secretary; F. N. Tompkins, chairman, 
committee on student activities. North Eastern 
District: N. E. Brovra, R. F. Chamberlain, C. L. 
Daves, E. D. Lynch, B. McEachron, and J. L. 
Scanlon. 

General Committee: E. S. Bundy, chairman; 
T. J. Brosnan, R, T. Henry, Cromwell McIntosh, 
and H. M. Sharp. 

Program Committee: R. W. Graham, chairman; 
J. F. Oehler and T, O. Zittel. 

Rei^stration Committee: G. M. Pollard, chairman; 
J. N. Ewart and J. M. PfohL 
Ladies Committee: Miss Laura Rischman, chair¬ 
man; Miss Muryle Baker, Miss Nora Bhiun, and 
Miss Maryon Ingham. 

Dinner Committee: D. C. West, chairman; B. A. 
Brown, H. L. Randall, and T. J. Woth. 

Inspection Committee: George Eighmy, chairman; 
C. H. Lockwood ««id H. L. Townend. 

Publicity Committee: N. A. Brown, chairman; 
A. D. Gibson and W. J. Thompson. 

Transportation: Clair Gaylord, chairman; B. J. 
Rahill and W. J. Schiuiutz. 

Printing: Melvin Brown, chairman; P. L. West 
and G. A. Zehr.' 


Canadian Ensineers 
to Celebrate Semicentennial 

The Engineenng Institute of Canada is 
to celebrate its fiftieth anniver¬ 
sary at a semicentennial meeting to be 
opened in Montreal on. June Ifi, 1937. The 
organization, which was formed in 1889 as 
the Canadian Society of Civil Engineers, 
now embraces the professional interests of 


officer. 

OAer discussions to be considered for 
publication should be typewritten (double 
spaced) and ^bmitted in triplicate to C. S. 
Rich, secretary of the technical program 
committee, AIEE headquarters, 33 West 
39th St., New York, N. Y., on or before 
May 21,1937. Discussion of addresses , and 

AmL 1937 


en^eers of all branches. There are some 
4,5(X) members, including over 400 outade 
of Canada. 

It is desired that the anniversary meeting 
Triny be the means of bringing about closer 
acquaintances between engineers in the 
United States and Canada. The principal 
functions of the meeting are to be in the 
Windsor Hotel, June 16 to 17 inclusive. 

News 


Further information may be obtained from 
the headquarters of the organization at 2050 
Mansfield Street, Montreal. 


AIEE Summer Convention 
Features of General Interest 

Internationally known industrial plants 
in the Milwaukee metropolitan area will 
open their g^tes to convention visitors 
during the AIEE summer convention, to be 
held in Milwaukee, Wis., June 21-25, 1937, 
with headquarters in the Schroeder Hotel. 
Trips through a number of such plants are 
being arranged by the inspection trips com¬ 
mittee, of which S. H. Mortehsen of Mil¬ 
waukee is chairman. 

Present plans call for the holding of 
technical sessions of the convention in the 
mornings, leaving the afternoons free for 
special inspection tours, sightseeing trips, 
and sports. The inspection trips are being 
planned with the view of providing inter¬ 
esting diversion as well as technical and 
scientific information. 

Convention Sessions 

Tentative arrangements are being made 
to hold 10 technical sessions and 1 general 
session designed to interest a great many 
membtfs. This session will be in 2 parts, 
which will not be in parallel with any of the 
other sessions, to permit general attendance. 
The first part will consist of an address by 
a prominent speaker, which will have to do 
with engineering and economics. The 
second part of the session wrill consist of . a 
discussion of the topic “how can institute 
programs be made of greatest value to the 
memberriiip.’* The subject will be intro¬ 
duced by mm invited to prepare brief state- 
mmts by the special committee on Insti¬ 
tute activities. The 10 technical sessions 
are as follows: electrical machinery, power 
transmission, vibration and balance, educa¬ 
tion, instrummts and measuremmts, pro¬ 
tective devices, gmeral power applications 
(control), selmted subjects, research, and 
production and application of light. The 
program will be further broadened by tech¬ 
nical confermces on other subjects whidi 
will be arranged later. 

Inspection Trips 

Among the large industrial firms with 
whom inspection visits have tmtatively 
bem arranged are the following:' 

Allis-Cbalmers Manufacturing Company; pow«, 
dectiical, industrial, and agricultural equipment. 

A. O. Smith Corporation; automobile frames and 
parts, wdded pipe, pressure vessels, glass-Uned 
storage tanks, and sted barrds. 

Btomisdifeger Corporation; large cnmes, hoists, 
and excavators, and electric welders. 

Globe Union, Inc.; storage batteries, radios, and 
roller d»tes. 

Joseph Sdilitz Brewing Company; beer.:. 

Milwaukee Electric Rulway and light Company; 
as announced in the February issue of Eubciricai. 
Emoinbbsino, opportunity also be provided for 
a trip through the new Wadtington power 

piati* This station holds the world: record fw 
economy of operation in steam gendmting statiops, 
having genttated 882,868,218 net Wlowatt;hours 
in 1086, with an average coal consumption of 
IQ,964 Btu per Ulbwatt-hour. 

m 

























National and District Prizes 
Available for Technical Papers 
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r\LL members and Enrolled Students 
who have presented papers at Institute 
meetings, as stipulated and oth^wise in 
accordance with the following “Conditions 
of Awards,” are eligible under rules adopted 
by the board of directors for one or more of 
the established national and District prizes. 

These rules have recently been revised 
by actions of the board of directors. A new 
prize in each of the geographical Districts, 
to be known as “the District prize for 
graduate paper” has been established. In 
the future the award of this prize as well 
as the national and District prizes for 
Branch paper will be on the basis of pres¬ 
entation during the academic (college) 
year, July 1 to June 30, inclusive, rather 
than on the basis of presentations during the 
calendar year. 

Excerpts of the rules as revised fully de¬ 
scribing each prize and stating the condi¬ 
tions of awards, when and where the papers 
should be submitted for consideration, are 
given in the following paragraphs. How¬ 
ever, the changes in these rules explained 
in the preceding paragraph are not to be 
applied retroactively and they do not per¬ 
tain to the 1936 papers now under considera¬ 
tion. The winners of every prize will each 
receive a certificate of award but by action 
of the board of directors the only cash award 
for 1936 papers will be $25 for the “Dis¬ 
trict prize for Branch paper” in each geo¬ 
graphical Di^ct. When papers are written 
jointly the cash awards shall be divided and 
a certificate shall be issued to each author. 

National Prizes 

Conditions OP Awards 

!• The national best paper prize in each 
of the 3 classes namely, engineering prac¬ 
tice, theory and research, and public rela¬ 
tions and education, may be awarded for 
the best original paper presented at any 
national. District, or Section meeting of the 
Institute, provided the author, or at least 
one of coauthors, is a member of the Insti¬ 
tute. 

2. The national prize for initifll paper 
may be awarded for the most worthy paper 
presented at any national. District, Section, 
or Branch meeting of the Institute, provided 
the author or authors have never previously 
presented a paper which has been accepted 
by the technical program committee, and 
the author, or at least one of coauthors, is 
a member of the Institute or is a graduate 
student enrblled as a Student of the Insti¬ 
tute. 

3. The national prize for Branch paper 
may be awarded for the best paper based 
upon und^gradiiate work presented at a 
Branch or othd: Student meeting of the 
Institute, provide the author or authors 
are Enrolled Students of the Institute. 

^or the imtional best paper prize a ud the 
national prize for initial paper, only papers 
presented during, the calendar y^ shall 
be consideri^ excejpt those for the best 
prize in the class of public relations 
and education. In this class all papers 
presented subsequMt to those coi^dered 


at the time of the last previous award in 
this field and prior to the end of the last 
calendar year will receive consideration. 
For the national prize for Branch papers 
only papers presented during the preceding 
academic (college) year, July 1 to June 30, 
inclusive, shall be considered. 

Papers Must Be Submitted 

All papers approved by the te chnical 
program committee which were presented 
at the national conventions or District 
meetings will be considered for the best 
paper prizes and initial paper prize without 
being formally offered for competition. 
All other papers which were presented at 
Section, Branch, or Student meetings must 
be submitted in triplicate with written 
communications to the national secretary 
on or before February 16 of the following 
year, stating when and where the papers 
were presented. This may be done by 
authors, by officers of the Institute, or by 
the executive committees of Sections or 
geographical Districts. 

Basis of Grading Papers 

The valuations which shall govern the 
grading of papers for purposes of mafeitig 
awards shall be as follows: 

Axudysis of Sabject...... 10 per cent 

_ The paper shall present a dear outline of the 
situation out of which arises the need for the prep¬ 
aration of a paper on the particular subject, 
explaining the pdnt of view assumed in the pres¬ 
entation. 

Lorical Presentation...10 per cent 

The presentation should indude an analysis of 
the difficulties encountered, the methods of attack, 
and the solution of the problem. 

...10 per cent 

Credit should be gjven to the paper which brings 
to its subject matter a fresh point of view, a healthy 
openmindedness, or a discarding of some outworn 
traditions. 

.....10 per cent 

While brevity and conciseness are important they 
should not be attained at the sacrifice of unity and 
completeness of presentation. 

Value in Its Field...30 per cent 

The value of the paper as a contribution to the 
literature in its own field should receive particular 
consideration. 

Value to Electrical Engineering.30 per cent 

The paper should be considered from the stand¬ 
point of the quality of its contribution to the 
adwcement of dectrical engineering and its 
value to dvilisarion. 

Publication 

Papers awarded prizes shall be published 
iu full or in abstract, in Electrical Engi¬ 
neering, in the Transactions, or in 
pamphlet fornu 


Disfricl Prizes 

Conditions OF Awards 

1. The District prize for : best paper 
may be awarded for the best paper presi^ted 
at a national, Dfetrict, or Sebtion meeting, 
provided tie author, or at least one of 
coauthors, is a membw of the Institute. 


2. The District prize for initial paper 
may be awarded for the most worthy paper 
presented at a national. District, Section, 
or Branch meeting, provided the author or 
authors have never previously presented 
a paper before a national, District, Section, 
or Branch meeting of the Institute, and the 
author, or at least one of coauthors, is a 
member of the Institute or is a graduate 
student enrolled as a Student of the Insti¬ 
tute. 

3. The District prize for Branch paper 
may be awarded for the best paper based 
upon undergraduate work presented at a 
Branch or other Student meeting of the 
Institute, provided the author or authors 
are Enrolled Students of the Institute. 

4. The District prize for graduate paper 
may be awarded for the best paper based 
upon graduate work and presented at a 
national. District, Section, or Branch meet¬ 
ing of the Institute. At the time of pres¬ 
entation, the author must be a graduate 
student and either a member or an Enrolled 
Student of the Institute. In the case of 
coauthors, the graduate requirement applies 
to ^1 and the membership requirement 
applies to at least one of the coauthors. 

Each District prize may be awarded only 
to an author who, or to coauthors of whom 
at least one, is located within the District, 
and for a paper presented at a meeting held 
within, or under the auspices of the District. 

Papers Must Be Submitted 

Only papers presented during the calendar 
year shall be considered for the prize for 
best paper and for initial paper. Only 
papers presented during the preceding 
Mademic (college) year, July 1 to June 30, 
inclusive, shall be considered for the prize 
for Branch paper and for graduate student 
paper. They must be submitted in dupli¬ 
cate by authors, or by officers of the Section, 
Branch, or District concerned to the Dis¬ 
trict secretary on or before the following 
dates: best paper and initial paper, Febru¬ 
ary 15; Branch paper and graduate student 
paper, July 16. 

Committees on Awards 

All the District prizes for a given 
year shall be awarded prior to May 1 of the 
succeeding year by the District executive 
committee or by a conunittee appointed 
by the District executive conunittee and 
authorized to make such awards. 

Basis of Grading Papers 

The valuations which shall govern tiie 
grading of papers for purposes of wifliring 
awmds shall be the same as those for the 
national prizes but the papers will not be 
graded by the tedmical committees. 


Pom New Groups Join ASA, Sixty 
national orjmiizations are now affiliated 
with the American Standards Association 
according to an announcement of Dhna D. 
Barnum, presidrat. The 4 new groups 
affiliated since j^anuary i, 1937, are Auto¬ 
mobile Manufacturers, Association, Brick 
Mantffacturers Association of America, 
^erican Society of Heating and Ventilat¬ 
ing Engineers, and Structural Clay Ih-od- 
^ ucts,,Incv.: ^ 

E^BCTRICAI, ENGrNPi WWt NG- 










THE thirtieth day of January 
1937, the Institute suffered a 
serious loss in the death of Edward 
Barnard Meyer, who had, only 6 months 
previously, completed his term as its 
forty-eighth president, and who had 
long been one of its most loyal and 
active members. 

Doctor Meyer was graduated from the 
Newark Technical 
School in 1901 and 
from Pratt Institute i 

In 1903. He was * IVl€ 

immediately em¬ 
ployed by the Public 
Service Electric and 
Gas Company of 
New Jersey as an 
engineering assistant, 
and remained with 
it and its subsidiaries 
until 1922, rising 
steadily to higher 
positions, and being 
assistant chief engi¬ 
neer during the last 
3 years. In 1922, 
he was appointed ^ ^ 

chief engineer of the 
Public Service Pro¬ 
duction Company, 
which was formed at that time, and, in 

1929, was promoted to vice-president. 
Upon the merger of that company, in 

1930, with the United Engineers and 
Constructors, Inc., he was made vice- 
president of the latter and executive and 
engineering head of Its Newark office. 
In 1935, he returned to the Public 
Service Electric and Gas Company as 
chief engineer of the electric engineering 
department. 

Doctor Meyer joined the Institute in 
1905, and was transferred to the grade 
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of Member in 1913 and to the grade of 
Fellow in 1927. He was a director 
1927-31, a vice-president 1932-34, 
and president 1935-36. He served as 
chairman of many of the Institute’s most 
important committees, as a member of 
others, and as an Institute representative 
upon numerous joint organizations. He 
was chairman of the New York Section 
1926-27. 

The Newark Col- 
, lege of Engineering 

C in O r I d in awarded him the 

honorary degree of 
doctor of engineer¬ 
ing In 1936. 

Doctor Meyer’s 
ability as an engi¬ 
neer, his constant 
adherence to the 
highest ideals, his 
patient and persist¬ 
ent efforts to en¬ 
courage co-opera¬ 
tion, and the breadth 
and thoroughness of 
his consideration of 
all matters connected 
with his duties gave 
him an outstanding 
position of leader¬ 
ship in his chosen profession. 

RESOLVED: That the executive com¬ 
mittee of the American Institute of Elec¬ 
trical Engineers hereby expresses, upon 
behalf of the membership. Its deepest 
regret at the death of Doctor Meyer, and 
Its most sincere appreciation of his un¬ 
usually large number of Important contri¬ 
butions to the conduct and development 
of Institute activities, and be it further 
RESOLVED: That these resolutions 
be entered in the minutes and transmitted 

to his family. — ^AIEE Executive Committee 

March 25, 1937 


To ln$titute Members 
Planning Trips Abroad 

Members of the Institute who contem¬ 
plate visiting foreign countries are reminded 
that since 1912 the Institute has had recip¬ 
rocal arrangements with a number of foreign 
engineering societies for the exchange of 
visiting member privileges, which entitle 
members of the Institute while abroad to 
membership privileges in these societies for 
a period of 3 months and members of foreign 
societies visiting the United States to the 
privileges of Institute membership for a like 
period of time, upon presentation of proper 
credentials. A form of certificate which 
serves as credentials from the Institute to 
the foreign societies for the use of Institute 
members desiring to avail themselves of 
these exchange privileges may be obtained 
upon application to Institute headquarters. 
New York. The members should specify 
which coimtry or countries they expect to 
visit, so that the proper number of certifi¬ 
cates may be provided, one certificate being 
addressed to only one society. 

The societies with which these reciprocal 
arrangements have been established and are 
still in effect are: Institution of Electrical 
Engineers (Great Britain), Soci6t6 Fran- 
Saise des Electriciens (France), Association 
Suisse des Electriciens (Switzerland), Asso- 
ciazione Elettrotecnica Italiana (Italy) 
Koninklijk Instituut van Ingeniurs (Hol¬ 
land), Verband Deutscher Elektrotechniker 
E. V. (Germany), Norsk Elektroteknisk 
Forening (Norway), Svenska Teknolog- 
foreningen(Sweden), Stowarzyszenie Elek- 
trykow Polskich (Poland), Elektrotechnicky 
Svaz Ceskoslovensky (Czechoslovakia), The 
Institition of Engineers, Australia (Aus¬ 
tralia), Denki Gakkwai (Japan), and South 
African Institute of Electrical Engineers 
(South Africa). 

Middle Eastern District 
Executive Committee Meets 

A meeting of the executive committee of 
the Institute’s Middle Eastern District was 


Electronics Program. A special lecture 
and conference program in electronics 
will be held in Ann Arbor, Mich., as a part 
of the 1937 stunmer session of the Uni¬ 
versity of Michigan, with the co-operation 
of members of the technical staffs of the 
General Electric Company, Westinghouse 
Electric and Manufacturing Company, 
Radio Corporation of America, and BeU 
Telephone Laboratories, Inc. The pri¬ 
mary Objective will be tO provide an 
opportunity for teachers and prospective 
teachers of electronics, engineers and 
physicists engaged in electronic develop¬ 
ment work in 'indusixy, and graduate 
students interested in electronics to broaden 
and unify their grasp Of fimdamental 
electronic principles. Lectures will be 
given by IJo^ors Saul Dushman^(A’13) 
• and Lewi Toi^s of General Electric, 
Doctors H. E. Mmdenhall and F^ B. 
Llewellyh of Bell Telephone Laboratories, 
Doctors Joseph Slepian (A’17, F’27) and 
K. C. Mason (A’26) of Westinghouse, 
Doctor V. K. Zwotyldn (M’22) and B. J. 


Thompson of RCA, and Professors L. B 
Loeb of the University of Odifomia and W. 
G. Dow (A’19, M’32) of the University of 
Michigan. A special bulletin describing the 
details of the program will be mailed to 
anyone interested upon request to Professor 
W. G. Dow, electrical engineering depart¬ 
ment, University of Michigan, Ann Arbor. 


Medal for Papers on Weldings The board 
of directors of The American Welding 
Society has accepted a gold medal to be 
imnwn as the Lincoln Gold Medal, to be 
presented to the author of the best paper 
on any pha.se of welding published in the 
journal of The American Welding Society 
during the year October 1936 to October 
1937. The medal was offered by J. F. 
• Lincoln (A’08, M’20) president of tie 
.iyincqln Electric Company, Cleveland, Ohio. 
Papets to be cohridered must be received 
by the editor of the Journal before Septem- 
;:ber 15^1937.; 


held in Pittsburgh, Pa., October 27, 1936. 
Circumstances have prevented reporting 
fhfe meeting in an earlier issue. The meet¬ 
ing was attended by the following: 

W. H. Harrison, vice-president, AIBB 
H. A. Dambly, secretary, Middle Bastem District 
H. H. Sebroeder, chairman, Akron Section 
H. L. Brouse, secretary, Akron Section, 

A. O. Austin, Akron Section 

J. H. Lampe, secretary, Baltimore Section 

O. C. Schlemmer, secretary, Cincinnati Section 

W. B, Wickenden, chairman, Cleveland Section 

E. B. Kimberly, chairman, Columbus Section 

Wi D. Bearce, secretary, Erie Section 

G. E. Northup, chsurman, Lehigh Valley Section 

O. C. Traver, chsurman, Philadelphia Section 

Paul Frederick, secretary, Pittsburgh Section 

R. L. Dunlap, director, Pittsburgh Section 

T. H. Frankenberry, Sharon Section 

W. A. VanWie, Toledo Section 

O. G. Coleman, Washington Section 

E; O. Lsmge, chairman. District' committee on 

student activities, Drexel Institute, Philadelphia 

Vice-President Harrisoh, who presided, 
fiifst discussed bridSy the objectives and 
status of the efforts of the Institute’s mem¬ 
bership committee. A general discussion of 
membership activities of the Sections 
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throughout the District followed. At the 
conclusion of this discussion, the report of 
the District prize paper committee was pre¬ 
sented; appointment of a prize paper com¬ 
mittee for 1936-37 was deferred. 

Student conferences and conventions was 
the next subject discussed. The various 
delegates outlined briefly what is being done 
by their respective Sections and Branches. 
Vice-President Harrison tuged the Sections 
to do all possible to assist and stimulate in¬ 
terest in technical schools. He called at¬ 
tention to the probable shortage of tech¬ 
nically trained men in the years ahead. 
There was also an exchange of ideas per¬ 
taining to Section programs and activities. 

To serve as the District co-ordinating 
committee for the year ending July 31,1937, 
the following were selected: O. C. Schlem- 
mer, W. C. Kalb (Oeveland Section), E. E. 
Kimberly, Paul Frederick, and E. O. Lange. 
The vice-president and District secretary are 
ex-officio members of this conunittee. 

Vice-President Harrison reported that the 
proposed Akron (Ohio) District meeting had 
been approved by the Institute's board of 
directors on May 26, 1936. Although no 
definite date for the meeting was selected, 
early October was suggested. A. O. Austin 
and H. L. Brouse were designated as repre¬ 
sentatives of the Akron Section to serve on 
the committee for this meeting. These 2 
members together with the District co¬ 
ordinating committee constitute the com¬ 
plete committee for this meeting. 

A proposal to request that the Institute’s 
1938 summer convention be held at Penn¬ 
sylvania State College was discussed in de¬ 
tail.^ Although the college is not within 
Institute Section territory, delegates of 
neighboring Sections indicated their willing¬ 
ness to assist. After lengthy discussion it 
was voted unanimously that the executive 
committee of the Middle Eastern District 
recommend that consideration be given to 
Pennsylvania State College for a siunmer 
convMtion or District meeting in 1938. 
(After considering this and other invitations 
for the 1938 summer convention the Insti¬ 
tute’s board of directors voted at its meeting 
of January 25, 1937, to hold the 1938 sum¬ 
mer convention at Washington, D. C.) 


French Congress on Lighting. A con¬ 
gress on lighting is being arranged by a 
French committee to be held from June 24, 
1937, to a'date to be set early in July 
during the international exposition. Ameri¬ 
can lighting men have been invited to 
attend and to participate in discussions on 
lighting matters. According to Preston 
S. Millar, president of the United States 
National Committee of the International 
ComnMsion on Illumination, "This con¬ 
gress^ is not to be confused with the next 
meeting of the ICI scheduled for next year 
in Holland, “pie French lighting congress 
IS to be held in connection with the inter¬ 
national exposition. The United States 
National Committee of the ICI, however, 
»s lending its support and will be glad to 
^e as a ‘dearing house’ for American 
hghtmg men desiring to present papers 
at the forthcoming congress on H gliting jjj 
Paris.” Inquiries relating to the subject 
should be addressed to Mr. Millar, in care 
of Electrical Testing Laboratories, 80th 
Steeet and Ewt End Avenue, New York. 
N. y. 
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Springfield Section 
Offers Prizes for New Ideas 

In an effort to develop “ways and means 
to advance and improve the Springfield 
Section of the AIEE,” that Section an¬ 
nounced at its March 12 meeting that for 
the best papers on that subject submitted 
within the ensuing 6 months, cash prizes 
of $26 for the best and $10 for the next 
best paper would be awarded at the Section’s 
October or November meeting. All mem¬ 
bers of the Springfield Section (national, 
local, and student) except present Section 
officers, present chairmen and vice-chairmen 
of Section standing committees, and mem¬ 
bers of the Section’s prize papa: contest 
committee, are digible to enter the contest. 

Papers submitted are specified to be 
between 600 and 2,600 words in length, 
and subject to grading on the following 
basis: 

Clarity of Presentation. The paper shall give a 
clear presentation of the merits of proposed changes 
and/or any defects in present practices. .20 per cent 
Originality. The paper should include new ideas 
for the management and activities of the Section, 
that will make it more interesting and of greater 
benefit to the largest number of members. It 
should bring to its subject matter a fresh point of 
view, a healthy open-mindedness, and/or a dis¬ 
carding of any outworn traditions.80 per cent 

Value to the Section. The improvements and bene¬ 
fits, estimated to result from adopting the ideas 
presented in the paper will receive particular 
consideration..60 per cent 


Great Lakes District 
Executive Committee Meets 

The annual meeting of the executive com¬ 
mittee of the Institute’s Great Lakes Dis¬ 
trict was held at Chicago, Ill., on November 
16, 1936. Circumstances have prevented 
reporting this meeting in an earlier issue. 
The following members of the committee 
were present: 

C. F. Harding, vice-president, AIEE 

A. G. Dewars, secretary, Great Lakes District 
F. L. Stanley, chairman. Central Indiana Section 
Burke Smith, chairman, Chicago Section 
J. A, Fitts, secretary, Chicago Section 
a S^Attwood, chairman, Detroit-Ann Arbor Section 

D. H. Hanson, chairman. Fort Wayne Section 
C. S. Allen, secretary^ Fort Wayne Section 

F. H. Median, chairman, Iowa Section 
R. R. Benedict, chahman, Madison Section 
W. A. Kuehlthau, secreta^, Madison Section 

J. A. Potts, chairman, Idilwaukee Section 

J* H. Huhlmann, diairman, Minnesota Section 
C. H. H^on, secretary, Minnesota Section 
H. J. Reich, chairman, Urbana Section 

K. A. Auty, treasurer. District executive committee 

K. L. Hausen of Milwaukee, chairman of 
the 1937 summer convention committee, 
was present by invitation. 

Vice-President Harding presided. Fol¬ 
lowing the presentation of the treasurer’s 
report, Mr. Auty was re-elected treasurer 
for the ensuing year. TTie following were 
chosen to serve on the District co-ordinating 
committee for the ensuing year: Burke 
Smith, E. R. Benedict, F. L. Stanley, and 
J. A. Potts; these, together with Vice-Presi¬ 
dent Harding and Dis«ct Secretary Dewars, 
who serve as ex-officio members, constitute 
the complete committee. 

Concerning the Ristitute’s 1937 summer 
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convention to be held in Milwaukee, Wis., 
June 21-25, K. L. Hansen reported that the 
various committees had been active and 
were already well along on their way toward 
completion of their plans. He called atten¬ 
tion to the proposal to include on the pro¬ 
gram a paper, or papers, on economic or 
social subjects and asked the opinion of the 
members of the District executive conunit- 
tee on this matter. Vice-President Harding 
had mentioned at the opening of the meeting 
that the Institute’s board of directors had 
considered the general question of broaden¬ 
ing Institute activities to include discussions 
on social and economic subjects, at its meet¬ 
ing of October 20,1936. After considerable 
discussion, a committee was appointed to 
prepare a resolution expressing the attitude 
of the District executive committee on the 
general subject of including papers of this 
type on convention programs. At the close 
of the meeting, this committee, which con¬ 
sisted of F. L. Stanley, D. H. Hanson, and 
Burke Smith, offered the following resolu¬ 
tion: 

"Resolved, That the executive committee of the 
Great Lakes District hereby goes on record as 
endorsing the action taken by the board of direc¬ 
tors of the American Institute of Electrical Engi¬ 
neers at its meeting on October 20, 1936, in which 
it favored broadening of the scope of papers for 
national presentation and publication, to include 
topics of economic and sociological interest to the 
profession," 

The resolution was adopted and the secre¬ 
tary was instructed to forward a copy to the 
Institute’s board of directors. 

Reports were presented by the various 
Section delegates, in which the activities of 
the respective Sections during the preceding 
year were described, and plans for the com¬ 
ing year outlined. Practically aU of the Sec¬ 
tions represented reported an increase in 
membership during the preceding year. 


Medals Awarded 
For Public Service 

Two awards of the American Institute of 
the City of New York for 1937—a gold 
medal to the Bell Telephone Laboratories, 
New York, N. Y., and a fellowship' to 
Watson Davis, director of Science Service, 
Washington D. C.—were announced Decem¬ 
ber 28, 1936, by Dr. Gersdd Wendt, director 
of the organization, and presented February 

1937* 

The gold medal, given aimually by the 
organization in recognition of outstanding 
accomplishment in research, was awarded to 
the Bell Telephone Laboratories "for re¬ 
searches in electrical science which, applied 
to communication, have promoted under¬ 
standing, security, and commerce 
peoples by transmitting human thought 
instantly throughout the world.” 

One of the pioneer industrial organiza¬ 
tions for scientific research, Dr. Wendt 
said, the Bell Tdephone Laboratories 
developed and perfected many of the valu¬ 
able mbans of modem co mmuni/yf Its 
outstandmg achievements have been in the 
dei^opment of the mstrumentalities on 
which are based a nation-wide system of 
communication. The award was re¬ 
ceived in the name of the more than 4,000 

Blbctrical Bnoqisbring 




men and women of the Laboratories by its 
president, Dr. F. B. Jewett (A’03, F’12, 
past-president). 

The fellowship, conferred for "outstand¬ 
ing service in the interpretation of science* 
to laymen,” was awarded to Watson Davis 
"for interpreting to the people of the Nation 
the rapid progress of science upon which 
modem civilization depends, and for the 
organized dissemination of research findings 
as news.” 

Mr. Davis is director of Science Service, 
a pioneer organization in the interpretation 
and dissemination of the news of science. 
He is well known as author and editor of 
books on scientific subjects including "The 
Story of Copper”, "Science Today,” and 
"The Advance of Science.” His articles, 
appearing regularly in newspapers, maga¬ 
zines, and technical journals, bring science 
to the people in the language of the layman. 

The council on awards of the American 


Preliminary figures on the total pro¬ 
duction of electricity for public use in the 
United States in 1936, as given by the Fed¬ 
eral Power Commission, indicate a total 
output of 113,473,000,000 kilowatt-hours, 
which is an increase of 14 per cent over that 
for 1936, the year of the previous maximum. 

The production of electricity by the use of 


Institute of the City of New Ycark consists of: 
M. L. Crosdey (chairman) Calco Chemical 
Co.; Oscar Riddle, Carnegie Institution, Sta¬ 
tion for Experimoital Evolution; W. D. 
Coolidge (A’10, F’24) Gmeral Electric Co.; 
W. H. Carrier, Carrier Engineering Corp.; 
Oliver Kamm, Parke Davis & Co.; Ward F. 
Davison (A’14, F’26) Brooklyn Edison Co.; 
L. O, Kunkd, Ro<±efeller Institute for 
Medical Research; Clinton J. Davisson, 
Bell Telephone Laboratories; and Harden 
F. Taylor, Atlantic Coast Fineries. 

The American Institute of the City of 
New York was incorporated in 1828 for 
the purpose of "encouraging and promoting 
domestic industry in this State and in the 
United States.” Its memberdiip includes 
leading scientists and others interested in 
promoting this aim. Its work among school 
children, including its "scimce congress,” 
"Christmas lectures,’* and "children’s 
science fair,” is notable. 


water power was about 40,893,000,000 kilo¬ 
watt-hours, or 2 per cent more than in 1935, 
and amounted to 36 per cent of the total, 
whereas the average for the 16-year period, 
1920 to 1935, was 36.9 per cent of the total. 
The percentage for 1936 indicates that de¬ 
spite the abnormal conditions experienced 
in the drought-stricken states the produc¬ 


tion of electricity by the use of wat^ power- 
is maintaining its relative position with re-- 
spect to other sources of power. 

The preliminary data indicate that the- 
fuel rate for 1936 was about 1.46 pounds per 
kilowatt-hoTir as compared with 1.46 poimds. 
per kilowatt-hour in 1935. Following the- 
former procedure of the U.S. Geologicalt 
Sprvey, the fuel rate was calculated by con¬ 
verting the oil and gas used in the produc-. 
tion of electricity into equivalent tons of’ 
coal and dividing the total coal used in 
producing electricity and coal equivalent of' 
the gas and oil used by the corresponding 
output. This method does not allow for the* 
variation in Btu content of the gas and oil; 
as fired, and includes the output of both 
steam and internal combustion engines, and; 
is therefore only approximate. 

An analysis of all. steam plants using coal 
exclusively for fuel indicates that the coal 
rate is 1.49 pounds per kilowatt-hour. 
Since these data include coal used in plants, 
held in reserve and operated intermittently 
it is not representative of good practice. 
Some of the more efficient plants are pro-, 
ducing a kilowatt-hour with approximately- 
0.8 pound of coal at the present time. 

The accompanying tables show for the- 
United States and its divisions the annuali 
production of electricity for public use by¬ 
use of water power and by the use of fuels, 
for the years of 1935 and 1936 and the per-, 
centage change from 1936 to 1936 in the pro-. 
duction of electricity and in the use of 
different fuels in generating electricity,. 
The information is preliminary and is based! 
on the figures of production of dectricity in 
the monthly reports during 1936. The 
output of central stations, both publidy and 
privatdy owned, dectric railway plants, 
plants operated by steam railroads generat¬ 
ing dectridty for traction, and U.S. Bu¬ 
reau of Reclamation plants and that part 
of the output of manufacturing plants which, 
is sold are induded in these data. Accurate, 
data are recdved each month representing- 
approximatdy 98 per cent of the total out¬ 
put shown; the rmnaining 2 per cent of the 
output is estimated so that the data repre¬ 
sent 100 per i^t of the generation. 

A &ial report, which will give totals for 
each state for 1936 and indude final revi¬ 
sions of previously published data, will be 
published in April 1987; copies may be ob¬ 
tained by application to the Federd Powee- 
Commission, Washington, D. C. 


John Scott Awards 
for 1937 Presented 

Doctors W. D. CooUdge (A’lO, F’34> 
and Irving Langmuir, director and assodate 
director respectivdy of the research labora¬ 
tory of the General Electric Company in 
Schenectady, N. Y., and Doctor Evarta 
A. Graham of the school of medicine of 
Washington University in St. Louis, Mo-^ 
were redpients of the John Scott awards for 
1937 granted by the City Trusts of the 
Qty of Philaddphia and presented at a 
recent dinner of the American Philosophical 
Society. With each award went a cer¬ 
tificate, a copper medal, and H,000 in cash. 
Doctor Coolidge accepted the award for 
Doctor Langmuir in the latter’s absence. 
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Annual Production of Electricity for Public Use in the United States, 1935 and 1936 


Production of Electridty—^Millions of Kilowatt-Hours 


Total By Uao of Water Poww: By Use of Fuel 



1935 

Change— 
Per 

1936 Cent 

1935 

Change— 
Per , 

1936 Cent 

1935 

Change— 
Per 

1936 Cent 

United States. 

.99,398.. 

.113,473.. 

,.+14.. 

.89,968.. 

.40,893., 

.+ 2.. 

.59,430.. 

.72,580.. 

.+22 

New England. 

. e,9U.. 

. 7,496.. 

,.+ 8.. 

. 2,960.. 

. 2,852.. 

8.. 

. 3,964.. 

. 4,644.. 

.+17 

NSddle Atlantic. 

.25,906.. 

. 29,281.. 

,.+13.. 

. 7,886.. 

. 7,348.. 

.- 6.. 

.18,069.. 

.21,983.. 

. +21 

BastNortb Central.. 

.22,833.. 

. 26,384.. 

,.+16.. 

. 2,686.. 

. 2,310.. 

.-14.. 

.20,147.. 

.24,074.. 

. -j-10 

West North Central. 

. e,588.. 

. 7,026.. 

,.+ 7.. 

. 2,148.. 

. 1,497.. 

.-30.. 

. 4,440.. 

. 6,520.. 

. -i-z5 

South Atlantic. 

.11,430.. 

. 13,746.. 

,.+20.. 

. 6,495.. 

. 7,187.. 

.+10.. 

. 4,035.. 

. 6,600.. 

• +84 

Bast South Central.. 

. 4,206.. 

. 4,985.. 

,.+19.. 

. 8,458.. 

. 8,865.. 

.+12.. 

. 748.. 

. 1,120., 

. -j-tiO 

West South Central.. 

. 4,879.. 

. 5,684.. 

,.+15.. 

. 286.. 

. 168.. 

.-41.. 

. 4,593.. 

. 5,466.. 

.+19 

Mountain. 

. 3,518.. 

. 4,809. 

,. +22.. 

. 2,681.. 

. 8,256. 

.+21.. 

. 837.. 

. 1,053.. 

. +26 

Padfic. 

.13,126.. 

. 14,612.. 

..+11.. 

.11,428.. 

.12,460.. 

.+ 9.. 

. 1,698.. 

. 2,152. 

.+27 


Annual Consumption of Fuels in Generating Electricity for Public Use, 1935 and 1936 


Coal— Oil— Gas- 

Thousands of Het Tons Thousands of Barrels' Millions of Cubic Feet 


Change— Change— Change— 

Per Per Per 



1935 

1936 

Cent 

1935 

1936 

Cent 

1935 

1936 

Cent 

United States. 

.34,807.. 

.41,978.. 

.+21.. 

.11,898.. 

.14,110.. 

,.+24.. 

.125,289.. 

.165,626.; 

.+ 24 

New England. 

. 2,025.. 

. 2,380.. 

.+18.. 

. 2,622.. 

. 3,198.. 

,.+22.. 

0.. 

. 0.. 

. 0 

Middle Atlantic. 

.11,188.. 

.13,129.. 

.+18.. 

. 8,856.. 

. 4,868;. 

,.+45,. 

. 1,602.. 

. 4,773.. 

.+198 

BastNorth Central.. 

.13,627.. 

.16,274.. 

.+19.. 

145.. 

. 188.. 

..+26.. 

. 9,476.. 

. 18,860.. 

.+ 41 

West North Central. 

. 3,041.. 

. 3,627.. 

.+19.. 

. 786.. 

. 927., 

,.+18.. 

. 26,002.. 

. 30,727.. 

.+ 23 

South Atlantic...... 

. 3,083.. 

. 4.076., 

.+84.. 

. 2,831.. 

. 2,548.. 

..+ 9.. 

. 1,482.. 

. 2,682.. 

.+ 87 

BastSonth Central.. 

. 500.. 

.880.. 

.+47.. 

. 98.. 

. 112., 

..+14.. 

. 4,488.. 

. 6,465.. 

.+ 22 

West South Central.. 

. 764.. 

. 880., 

.+16.. 

. 768.. 

. 903.. 

,.+18.. 

. 60,895.. 

. 72,694.. 

.+ 19 

Mountain .. .i 

. 585.. 

. 718., 

.+23.. 

. 294.. 

. 870.. 

,.+26.. 

. 4,804.. 

. 6,085.. 

.+ ,18 

Padfic.... 

. 0.. 

. 0.. 

. 0.. 

. 994.. 

. 1,001., 

,.+ 1.. 

. 18,041.. 

. 20,840.. 

. + 16 
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The award to Doctor Coolidge was based 
on his application of a new principle in 
X-ray tubes; to Doctor Langmuir for his 
physical and chemical discoveries resulting 
in improved gas-lSUed incandescent lamps; 
and to Doctor Graham for his application 
of the X ray to the study and diagnosis of 
gall-bladder conditions. 

In making the presentations, Ernest I. 
Trigg, chairman of the Board of City 
Trusts, explained that history had made 
but scant recordings of John Scott, the 
donor of the fimd, and his reason for be¬ 
queathing to the City of Philadelphia in 
1816 the sum of $4,000, the income from 
which was to be "laid out in premiums 
to be distributed among ingenious men 
and women who make useful inventions.*’ 

It was originally stipulated that no 
award was to cany a cash premium of more 
than $20 and the medal was to be inscribed 
"To the most deserving.” 

History reveals that John Scott was a 
chemist in Edinburgh, Scotland, but just 
why he chose Philadelphia for his grant is a 
mystery. It is thought his attention had 
been drawn to the city either through the 
American Philosophical Society or his 
admiration of Benjamin Franklin whom 
he may have met when Franklin visited 
Scotland in 1769. When the fund was 
taken over by the Board of City Trusts, 
^e principal had grown to $21,000 and 
in 1917, or 100 years after the original 
giant, it amounted to $100,000. At this 
time the board appealed to the courts and 
received permission to increase the amount 
of the awards to a maximum value of 
$2,000, but none has been for any amount 
greater than $1,000. 

In the period between 1920 and 1937 
inclusive, 73 awards were made to out¬ 
standing scientists and inventors in all 
parts of the world, including Japan, Hol¬ 
land, England, France, Italy* and South 
America. Recipients have included MaAam 
Curie, Reginald A. Fessenden, Orville 
Wright, Lee De Forest (A’04, F’18), 
Thomas A. Edison (A*84, M’84, HM’29, 
past vice-president, deceased *33), Gug- 
liehno Marconi (HM’17), Samuel M. 
Vaudain, W. L. R, Emmet (A’93, M’94, 
HM33, past vice-president, • member for 
life), Nikola Tesla (A’88, F’17, member for 
life), Charles F. Kettering (A’04, F’14), and 
Edward G. Budd. 


specified that the gift was to the Thomas 
Alva Edison Foundation in the name of 
the Edison Pioneers. 

The Thomas Alva Edison Foundation 
was conceived jointly by the Edison Pio¬ 
neers and the AIEE, with the approval of 
the Edison family, and was incorporated 
in 1936. Its purpose is to carry out plans 
to perpetuate recognition of the world’s 
progress emanating from the inventor’s 
efforts. The construction of this memo¬ 
rial tower constitutes one phase of the 
Foundation’s program. 

It is plaimed to build a concrete tower 
around the skeleton steel tower which was 
erected in 1929, 2 years before Edison’s 
death. Hie light which will be at the top 
is that which is now at the top of the steel 
structure. It is a bulb-like light com¬ 
posed of more than 900 incandescent lamps, 
and will be enclosed in prismatic g1fl«y 
Edison turned it on brom Dearborn, Mich., 
on October 21, 1929, during the nattnnfll 
celebration of the fiftieth anniversary of 
lus invention of the incandescent electric 
light. It has burned every night since and 
will not be extinguished during the con¬ 
struction of the new tower. 


Electrical Vocabulary 
Prepared by lEC 

The International Electrotechnical Com¬ 
mission plans publication of the first 
edition of its "International Vocabulary” 
iu 1937. This work, undertaken soon 
after the St. Louis Electrical Congress in 
1904, wntains some 2,000 scientific and 
industrial terms used in the various branches 
of electrotechmcs. It is the result of many 
years of continuous effort by a committee 
of experts indticKng delegates from Austria, 
France, Germany, Great Britain, Italy, 


the Netherlands, Poland, Spain, and the 
United States. 

Definitions appear in English and French, 
the 2 official languages of the lEC, and a 
•translation of terms is given in German, 
Italian, Spanish, and Esperanto. While 
the committee developing this international 
vocabulary appreciates that it does not 
constitute a complete unification of electro¬ 
technical nomenclature, through periodic 
review and revision based on the con¬ 
structive criticism of electrical authorities 
throughout the world it should become 
increasingly valuable to engineers. 

The edition will be limited, and copies 
at about $2.60 each may be reserved by 
writing to the United States National 
Committee of the International Electro¬ 
technical Commission, 29 West 39th Street, 
New York, N. Y. 


Electrical Treatment of Air. A new tech¬ 
nical subcommittee on the treatment of 
air with electricity, formed under the com¬ 
mittee on research of the American Society 
of Heating and Ventilating Engineers, re¬ 
cently held its first meeting to plan a re- 
. search program directed toward discovering, 
if possible, and duplicating in indoor condi¬ 
tioned air, certain intangible qualities that 
seem to give outdoor air a particular zest 
and life. Discussion at the meeting in¬ 
cluded the problem of ozonization, ioniza¬ 
tion, and treatment of air with ultraviolet 
rays, which has shown possibilities in the 
kiUi^ of air-bome disease germs, and the 
subject of electrical filtering of air by pre¬ 
cipitation processes. Members of the sub¬ 
committee include L. W. Chubb (A’09, F’21, 
past director) director of research labora¬ 
tories of Westinghouse Electric and Manu¬ 
facturing Company, East Pittsburgh, Pa., 
and Vannevar Bush (A’16, P’24) vice-presi¬ 
dent and dean of engineering at Massachu¬ 
setts Institute of Technology, Cambridge. 
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$100,000 Edison Memorial 
Gift of W. S. Barstpw 

The Edison Pioneers, composed of early 
associates of Thomas Alva Edison, met 
February 11, 1937, in New York, N. Y., 
to -^ observe the ninetieth anniversary of 
Edison s birth. At that meeting, it was 
announced that a 136-foot concrete tower 
surmounted by a huge dectric-light bulb 
would be erected in Edison’s meihory dur- 
mg the summer of 1937 on the site of his 
^ly laboratory at Menlo Park, N. J. 

Vill cod more than 
Barstow 

(A; 9^ F12) retirmg president of the Edi- 
Bkratow sdved the 
AIEE as a manager in 1900-03; and ^ 
a vice-president in 1903^6.) Mr. Barstow 


Council Acts on 
Patent Situation 

In all the flurry of patent legislation in 
recent years. Council’s patents committee 
has kept dosdy in touch with the situation 
and has acted in the interest of engineers 
and the public where opportunity was found 
to improve patent-court conditions rad 
patent-office procedure. Of most impor¬ 
tance are actions taken on the proposed 
court of patrat appeals and legislation 

affecting pooling and crOss-licensing. 

, The committee has recommended that 
Council support legislation for a single 
court of patent appeals, rad the AEC as¬ 
sembly has approved the recommendation 
and has taken the podtion that it will look 
yuth favor upon the idea of having the 
judges pamed to sUch court sdected by 
the President and confirmed by the Senate 
ouly after careful review of their fecial 


and technical competence with the adyice 
of engineering and scientific societies as 
well as the advice of the patent bar and the 
legal profession. 

Scientific advisers to the courts have 
been recommended by a number of agen¬ 
cies, but not all with the same purpose 
Most often quoted is the suggestion of a 
fecial patents committee of the Science 
Advisory Board. That committee recom¬ 
mended that Mientific advisers be made 
available to aid tfial court justices. In 
thi^ conclusion, the committee agrees 
with the recommendations of t^e special 
patents committee; of the Science Advisory- 
Board. The patents committee looks with 
some ^Or on such an idea; if a suitable 
method of. selecting advisers free from 
pr^onceived opinions were fixed rad if a 
st^ciently diverged list Of skilled scien- 

M®“8“eering talent were made 
avaffable. However, the committee has 
doubted the wisdom of having such scien- 
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tific advisers named permanently aS a part 
of a new single court of patent appeals. 
It feds that the idea of naming 3 such ad¬ 
visers who would serve for all dasses of 
cases would not afford such highly skilled 
aid in all divisions of sdence and technology 
as courts really require. 

The committee bdieves that the public 
interest has been much inore served than 
harmed by patent pools and by cross-licens¬ 
ing. Such evils as may have been experi¬ 
enced would not have been corrected by 
any of the proposed forms of legislation. 
The committee believes that administra¬ 
tion of present laws, induding proper and 
reasonable application of antitrust legisla¬ 
tion, would suffice to correct those types 
of evils of pooling that have been disdosed 
or charged as bad practice. 

Council also has approved the patents 
committee’s recommendation to oppose 
all the various types of proposals which 
would restrict the freedom of owners of 
patents to use them constructivdy under 
present laws. It regards such offenses as 
are now charged against the patent system 
as the result of defects in administration 
of present laws and not as evidence of the 
need of more legislation. 

,The committee believes that every effort 
should be made by industry as well as by 
the engineering profession to increase the 
presumption of validity of patents as issued. 
It feels that engineers generally should 
assist patent examiners whenever possible 
to keep abreast of the arts with respect 
to which they are examining patent applica¬ 
tions. The committee has not found any 
legislation, proposed to date, suffidently 
constructive to fed that it deserves sup¬ 
port of AEC. It does, however, hope that 
some means may be devdoped for increas¬ 
ing the standards of competence and ex¬ 
perience of the staff of examiners in the 
Patent Office. 

The staff is following legislation for the 
court of patent appeals in 5.476 introduced 
by Senator McAdoo of California, and the 
patents committee is giving further con¬ 
sideration, to such matters as technical ad¬ 
visers to the courts, patent pooling and 
cross-licensing, compulsory working and 
licensing, automatic validation of patents 
5 years after issue, and taxation during 
nonuse. 


AEC Unites Opinion 
On Rural Electrification 

In its unbiased approadi to the subject. 
Council’s rural dectrification conmittee 
ppoma to have made a real contribution 
toward a better understanding of the prac¬ 
tical uses of dectridty on the farm and 
toward a meeting of private and public minds 
on sound practices in rural dectrification. 
The report of this committee’s Report for 
1936 was referred to by Morris L. Cooke, 
ex-administrator of REA, in a letter to the 
editor of the New York Timer entitled 
"Rural Electrification” which w^ pub- 
lidied in the February 1, 1937, issue of 
the Times. Mr. Cooke is also reported 
to have referred publidy to the report as 
representing an ^cdlent approadi to rural 
dectrification. , 

Utilities and private industry also have • 
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sought copies of this report. All critidsm 
recdved has been constructive and di¬ 
rected toward improving the recommenda¬ 
tions for increasing the use of dectridty 
on the farm and making the use pay divi¬ 
dends to the farmer in health, time-saving, 
and economy. Other suggestions concern 
ways and means to make rural distribution 
systems pay their own way, and the con¬ 
struction of rural lines of lie lowest cost 
consistent with quality and service. 

The AEC rural dectrification committee 
made 6 recommendations with the ulti¬ 
mate well-being of citizens in rural life as 
the final objective: (1) every farmer who 
can use dectridty economically should be 
supplied with it; (2) service should be 
supplied in the most ^dent and dependable 
manner and at the lowest cost consistent 
with quality and service; (3) each farm 
operator should be informed as rapidly as 
possible regarding the dectric-power and 
equipment needs of his own individual 
farm; (4) each farmer should be informed 
as rapidly as possible regarding the best 
ways of using this power and equipment 
so that the greatest economy may be 
effected; and (5) every effort should be 
made to devdop new equipment and proc¬ 
esses whereby dectric power can be used 
to bring the farmer doser to his market, 
whether he is selling food products or the 
raw materials of industry. 

In condusion, the report advances the 
opinion that such a program of rural dec¬ 
trification will require the utmost co-opera¬ 
tion between all branches of the agricul¬ 
tural and engineering profesaons, and all 
agencies, public and private, that are in¬ 
volved in this devdopment. The problem 
is a tremendous one, but its solution will 
go so far in hdping to solve the economic 
problems of American agriculture, and in¬ 
directly the economic problems of the na¬ 
tion, that it is worth the best efforts of all 
who have anything to contribute to it. 

Rural Electrification 
Administration Notes 

Rural Electrification Administration news 
is the resignation of Administrator Morris 
L. Cooke. Mr. Cooke is reported to have 
resigned voluntarily to seek a rest from 
the burden of responsibility that the Presi¬ 
dent drafted him to cai^ from the creation 
of the REA. An interesting rumor in 
coxmection with Mr. Cooke’s resignation 
is the unofficial report that his friendly 
consideration of the interests of privatdy 
owned utilities ad^ed to the burden of his 
responsibility and digendered trsring mis¬ 
understandings among his liberal col¬ 
leagues. 

John M. Carmody, an editor and in¬ 
dustrial engineer, formerly a member of 
the National Labor Rdations Board, 
chief engineer of CWA and FERA, with 
much experience in the railroad, steel, and 
coal industries and in private practice, 
succeeded Mr. Cooke. He is being as¬ 
sisted by Colonel George D. Babcock of 
North Carolina who was associated with 
Mr. Carmody in the other emergency 
agencies. 

At the conclusion of Mr. Cooke’s admin¬ 
istration, REA had lent or ear-marked a 
total of more than $60,000,000 for 267 

News 


rural electric projects to serve 166,000 rural 
customers in 40 states and Alaska. These 
figures do not include funds involved in 
contracts providing that the Electric Home 
and Farm Authority co-operate with both 
public and private utilities in financing 
the sale of electric appliances for use by 
consumers located on public and private 
utility power lines. 





Doctor A. D. Flinn, 

Director of Foundation, Dead 

Doctor Alfred Douglas Flinn, director of 
The Engineering Foundation, died March 
14, 1937, at Scarsdale, N. Y., after a pro¬ 
longed illness. He was bom in New Berlin, 

Pa., August 4, 1869. He was graduated in 
1893 from Worcester (Mass.) Polytechnic 
Institute, with the degree of bachelor of 
science in civil engineering, following which 
he took postgraduate work at the Massa¬ 
chusetts Institute of Technology, Cam¬ 
bridge. The University of Louvain, at its 
600th anniversary celebration in 1927, con¬ 
ferred on him the degree of doctor of applied 
science, honoris causa. He received the 
honorary degree of doctor of engineering 
from Worcester Polytechnic Institute in 
1932. 

From 1894 to 1896, Doctor Flinn was em¬ 
ployed successively by: Rice and Evans, 
civil engineers, of Boston, Mass.; Associated 
Factory Mutual Fire Insurance Companies, 
Boston; Waterworks Division of the Boston 
City Engineer’s Office. From 1896 to 1902, 
he was engineer for the Massachusetts Met¬ 
ropolitan Waterworks, becoming principal 
assistant engineer. He served as managing 
editor of The Engineering Record (later com¬ 
bined with TA« Engineering News) 1902-04, 
following which he became general inspector 
for the Croton Aqueduct Commissioners, be¬ 
ing in charge of their New York engineering 
office. In August 1906, he became asso¬ 
ciated with the Board of Water Supply of 
riie City of New York, which he served until 
January 1918. He was successively divi¬ 
sion engineer, department engineer of head¬ 
quarters, deputy chief engineer, and, on 
several occasions, acting chief engineer. 

In January 1918, Doctor Flinn was named 
secretary of the United Engineering Society, 
which was succeeded by Engineering Foun¬ 
dation and United Engineering Trustees, 
joint agencies of the 4 Founder societies. 

He continued as secretary of United Engi¬ 
neering Trustees until June 23,1934, and of 
The Engineering Foundation until his death. 

He became director of Foimdation in 1922. 

As secretary, or executive officer, of 
United Engineering Trustees, he supervised 
the Engineering Sodeties Building at 29 
West 39th Street, executed and recorded the 
actions of the board of trustees, including : 
administration of trusts and othd funds, , 
and rendered secretarial servicM to standing^ , 
and specid committees. After his r^igr 
nation in 1934he continued some spepial serv- 
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ices until the end of that year, when his 
engagement with the Trustees ended. 

In co-operation with National Research 
Council, Doctor Flinn aided in developing 
and financing the Fatigue of Metals Re¬ 
search, the Arch Dam Investigation, the 
Alloys of Iron Research, and the Education 
Researtih Committee, including the pam¬ 
phlet, “Engineering: A Career—A Culture.” 
He also assisted smaller researches and the 
special research committees of the Founder 
societies and organizations co-operating 
with them. 

He was instrumental, in conjunction with 
the National Research Council, in estab¬ 
lishing the Personnel Research Federation, 
the Highway Research Board, and the 
American Bureau of Welding; and in con¬ 
ducting the Marine Piling Investigation, 
and the compilation of the Directory of In¬ 
dustrial Research Laboratories in the United 
States. 

Doctor Flinn was assistant secretary of 
the John Fritz Medal Fund Corporation 
from 1920 to 1935. In February 1928, he 
was elected secretary and treasurer of the 
Daniel Guggenheim Medal Fund; he re- 
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CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be condse and may deal with technical 
papers, articles published in previous issues, or other 
mbjects of some general interest and iirofessional 
importance. Elbctkccai. Bnginbbsino will en¬ 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for conrideration should be 
tte original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but ;^tliout 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly under¬ 
stood to be made by the writers; pubUcation here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical'Engineers. 

Short-Time 
Spark-Over of Gaps 

To the Editor: 

The paper “Short-Time Spark-Over of 
'Gaps," by J. H, Hagenguth (Electrical 
Enoinbbrikg, volume 66, pages 67-76, 
January 1937) gives rise to several questions. 

The curves B of figure 14 (page 74), 
Rowing the relations between breakdown 
.voltage arid time to breakdown of a 20-inch, 
rod gap for both positive and negative surges, 
cross in 2 places. No eiqierimental points 
are ^ow on the curves—^but if the author’s 
est im at e s of from 10 to 20 per cent accuracy 
in determination of •time to breakdo'wn are 
accepted one might wonder if there is justi¬ 
fication for showing 2 distinct curves. If 
the curves repre^t the physical picture 
correctly, the explanation for the negative 
surge breakdown time being both higher and 
lower than that for a positive surge, depend¬ 
ing upon the magnitude of the Overvoltage, 
might be that given belo:w. 
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signed as treastuer in May 1935, and relin¬ 
quished his duties as.secretary in May 1936. 

He was a Fellow of the American Asso¬ 
ciation for the Advancement of Science, and 
a member of the American Society of Civil 
Engineers, American Institute of Mining 
and Metallurgical Engineers, American 
Mathematical Society, American Iron and 
Steel Institute, Sigma Xi, Sigma Alpha Ep¬ 
silon, the Century Association, and the En¬ 
gineers’ Club. He was a past-president of 
the Municipal Engineers of the city of New 
York and holder of its gold medal for the 
best paper of the year. He was honorary 
foreign member of the section of engineering 
sciences of the Masaryk Academy of Prague, 
Austria, and a Knight of the Order of the 
White Lion, Republic of Czechoslovakia. 

With R. S. Weston and C. L. Bogert, he 
compiled a “Waterworks Handbook,” now 
in its third edition and extensively used in 
the United States and other coimtries. He 
originated and edited for 12 years the "Re¬ 
search Narratives” printed by the Engineer¬ 
ing Foundation. He was also the author of 
many technical papers and chapters in 
technical books. 
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It will be noted that the TniTiitninn break¬ 
down potential is always lower for a positive 
surge. The difference is small for suspen¬ 
sion-insulator spark-over, amounts to 30 
per cent in some cases for rod gaps. The 
fields at the 2 electrodes of the suspension 
insulator are probably nearly alike. How¬ 
ever, because of'the proximity of the ground 
plane the field at the grounded electrode of 
the rod gap is much less than at the un¬ 
grounded electrode. From simp le sparking 
theory the sharper gradient at the cathode 
should give a lower breakdown potential.^ 
Since the tests referred to in the paper are 
at high pressure, the theory of "electron 
avalanche” •** must be invoked. The in¬ 
crease in gradient caused by the dectron 
avalanche is in some cases only 14 per cent 
of the existing gradient.^ The electron 
avalanche (with a lack of a positive source 
of electrons by illumination) might begin 
anywhere between the electr^es and reach 
its maximum value in the vicinity of the 
anode. Hence, for minimum breakdown 
potential the positive surge, with higher 
gradient at the ungrounded electrode due 
to both dissymmetry of the field and the 
electron-avaUinche field, would be expected 
to give a lower breakdo'wn voltage than a 
negative surge with only the dissymmetry 
of the field to give a high gradient. : 

In the case of overvoltage the problem is 
not quite the same, for we are dealing with 
the tuhe required for breakdo'wn. The 
potential gradient ■with either surge certainly 
will cause breakdo'wn; it is only a question 
of how long a time bdore breakdown. On 
a statistical basis it might be e 3 q>ected that 
a negative surge will give a lower time to 
breakdown, for the electron avalanche 
certainly would have a considerable magni¬ 
tude in the vicinity of the cathode, thus 
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increasing the field at this point in a time 
shorter than that required for motion of the 
avalanche to the high field of the anode and 
the time for propagation of the secondary 
process of ionization to the cathode. These 
deductions are borne out in the tests involv¬ 
ing a large distance between electrodes as 
shown in curves A and B figure 10, page 72, 
for intermediate overvoltages. (Note that 
the ordinates are per cent over voltage.) 
For the -third case of very great overvoltage 
the times of breakdown should be about the 
same regardless of polarity of the surge, 
within the limits of the experimental error 
given by Hagenguth, as shown in figures 10 
and 14. 

The choice of definition of rate of voltage 
rise applied to surges given on page 71 seems 
consistent enough from examination of 
figure 9 and comparing it with figure 14. 
This brings up the method of measuring 
rate of rise of voltage for a voltage -variation 
similar to figure 7 b with an accentuated 
first rise. Here rate of rise would be smaller 
factor compared with the effect of 2 sudden 
voltage impulses. In standardizing a defini¬ 
tion, or in expressing the results of tests, 
some limitation riiould be made .on the 
magnitudes of a disturbing initial voltage 
pulse. , 
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Very truly yours, 

G. H. Fbtt (A’32) 

Assistant in Electrical Engineering, 
University of Illinois, Urbane 

Engineers 
and Government 

To the Editor: 

The engineering profession has, of late, 
been running the gamut of sharp criticism 
from those of the “more abundant life’* 
diagnosticians who like to believe that we 
are the cold lobsters responsible for such 
economic nightmares as that from which 
the world is just awaking. 

These pragmatists are con-vinced that we 
fiddled too much with logarithms and slide 
rules while the world burned in the fire of 
so-called technological unemployment, andi 
that hereafter we should take it upon our¬ 
selves to pay as much attention to the effici¬ 
ency of our economic apparatus as to the 
efficiency of our industrial and power- 
station equipment. Tims, they would have 
Us practice not only engineering but also 
economics, sociology, finmace, banking, ux\A 
even black magic, and thereby distend our¬ 
selves into a legion of supermen, capable 
of designing skyscrapers and tra^onners 
for 40 hours a week and solving the problems 
of money and state in our off hours. 

At first thouf^t, the very audacity of the 
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proposal is flattering, but upon reflection 
it becomes apparent that the critics are 
indulging in the old game of passing the 
buck on to the geese that squawk the least. 
Engineers undoubtedly are less well organ¬ 
ized than the members of other major pro¬ 
fessions, such as the medical and the legal 
and hence the little squawking that we do at 
times is perfunetory and in no way compar¬ 
able to the unanimity of the 10,000,000- 
decibel squawk that comes from the throat 
of the American Medical Association, for 
instance, whenever it is pricked with a pin. 

So that, far from swelling with pride at 
the .suggestion that we must become a body 
of cure-all practitioners, we should, in the 
interest of tolerance, earnestly struggle 
against the natural impulse to laugh in our 
critics’ faces. For the underlying weakness 
of their case lies in the fact that they 
almost wholly lack acquaintance with 
engineering problems and, t 3 rpical of the 
clan of critics the world over, they find it 
far easier to stand without and grimace, and 
denounce the inner workings of a thing, 
than to take the trouble to learn something 
about what they are denouncing, and per¬ 
haps oflter some constructive suggestions. 

What they believe, no doubt, is that 
history and political science can be neatly 
and conveniently contained in a hypoder¬ 
mic syringe of .some form, to be injected 
into the iirm or leg of the student engineer 
at will, and in zero time. Because, if they 
have the .slightest inkling of what they talk 
about, they must recognize the fact that 
the engineering school curriculum of 4 
years falls far short of .supplying the student 
with even adequate engineering training, 
and that at least another 2 years would be 
necessary to fulfill this primary requisite. 
They .should know, too, that anything less 
than fl years special study in the^ social 
sciences is wholly inadequate, and if they 
can add 6 and C, they might get 12. Now 
12 years of organized study, besides tending 
to create academicians and school teachers, 
is an expen.sive proposition, and such a 
course would leave the engineering pro¬ 
fession open to rich men only (which, in 
itself, might not be a bad ideal). Further, 
the field of inquiry of pure engineering is so 
intricate and broad that only the best 
minds available can cope with it in a reason¬ 
ably intelligent manner, and any scheme 
that calls for a mind able to cope with it, 
plus the problems of 4 or 6 other profes¬ 
sional groups that can’t even handle their 
own, is sheer nonsense, and unworthy of 
even the third-rate politicians who voiced it. 

This is not to say that we, as a profession, 
are totally disinterested in society’s prob- 
blems. On the contrary, it is my belief 
that the engineer, in general, has a ke^er 
appreciation of the issues involved than 
have any other professional groups, and we 
would be more than happy to assist the 
nation’s statesmen in their work. But the 
trouble is that politicians take to sound 
advice in precisely the same mannw that a 
gagging infant takes to cod liver oil. PMt 
experience has demonstrated amply the in¬ 
advisability of administering counsel m 
any but inftnitesimal doses, and the chances 
are about n to 1 against the lawmaker 


digesting even those. 

Very truly yours, 
RidaARi) B. Katjfman CA’35) 
64'Wendeti Avenue, 
PittaSeld, Mem. 
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Wave Forms in 

Frequency-Triplins Transformers 

To the Editor: 

In the July 1936 issue of Elbctrical 
Enginjbbriko the paper “Frequency Trip¬ 
ling Transformers,” by J. L. Cantwell, 
shows the characteristics of one method of 
frequency tripling. The purpose of this 
letter is to show oscillograms of the wave 
forms of voltages and currents in Cant¬ 
well’s frequency-triplet circuit. 

Three sitniUu transformers, with rated 
primary and secondary voltages of 110, 
were connected as shown in figure 1. Since 
the f undam ental input line-to-neutral volt¬ 
age was 235/V^or 136 volts, the transform¬ 
ers were operated at flux densities some¬ 
what above normal. As shown in Cant¬ 
well’s paper, this increase of flux density 
above norm^ increased the amount of the 
third-harmonic voltage output. 

With no load on the secondary the 
third-harmonic output voltage was 206. 
The wave forms of the primary line-to- 
neutral voltage and the primary line current 
for this condition are shown in the oscillo¬ 
gram of figure 2. The voltage wave con¬ 
tains a very prominent third harmonic. 
The current wave contains a noticeable 
fifth harmonic. 

When a resistance load was connected 
to the output terminals the output voltage 
dropped rapidly with an increase of output 
current. The voltage decreased from 206 
volts at no load to 103 volts for a load cur¬ 
rent of 0,78 ampere. The wave forms for 
this load condition are shown in the oscillo¬ 
gram of figure 3, 

In order to make easier the comparison of 
wave forms for no load and for some load, 
the oscillogram of figure 4 was taken. This 
oscillogram shows the wave forms of figures 


2 and 3 in the correct phase positions rela¬ 
tive to each other, and to the same scales. 

Figure 4 shows that as the output cur¬ 
rent is increased the magnitude of the third- 
harmonic component of the voltage and 
the peak value of voltage are reduced. 
As the output current is increased the pri¬ 
mary line current is changed somewhat in 
wave form, and its peak value is increased. 

When a 4.73-microfarad capacitor was 
connected in series with the resistance load 
the wave forms became those shown in 
figure 5. In this case the voltage across the 
resistance load dropped only to 162 volts 
at a current of 1.45 amperes. 

It is of interest to note that the output 
current isi appears to contain a component 
which is a third harmonic with respect to it. 
This component thus is a ninth harmonic 
with respect to the fund^ental. 

The oscillogram of figure 6 shows the 
wave forms of figures 2 and 5 in the cor¬ 
rect rdationship with respect to each other. 
The wave iu represents the same current in 
both figures 2 and 6 but the scale is not the 
same in each case. 

Figure 6 shows that the use of a capacitor 
in series with the load increases the magui- 




Rg. 3. Oscillogram of primary line-to- 
neutral voltage, primary line current, and 
output current, with a resistance load 

epi—Primary llne-to-neulral voltage 

/if—Primary line current 

/it-H2.24 amperes, effective 

IB* —Output current 

la *— 0.78 ampere, effective 

A unit lensth •» 5.13 amperes and 445 volts 


4, Oscillogram of primary llne-to- 
Iral voltages and primary line currents 
10 load and under load; output current 
under Ipad conditions 
-Primary Ilne-to-neutral voltage at no load 

-Primary line-to-neutral voltage under load 

-Primary line current at no load 
amperes, effecltve . 

-Primary line current under load 
-2.24 amperes, effective 
-Output current. 

.^.78 amoere,: effective 


Fig. 1. Diagram of a frequency-tripling 
circuit 



Fig. 2. Oscillogram of primary lin^to- 
neutral voltage and line current with no load 
on the secondary of tite frequency-tripling 
circuit 

ePi-~Primary phase voltage 
III —^Primary line current 

/lii--2.02amperes,effective . i,. 

A unit length equals 5.13 amperes and 445 volts Cthe 
base of 1/2 cycle Is uken as a unit length; 
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Rg. 5. Oscillogram of primary line-to- 
neutral voltage, primary line current, and out¬ 
put current, with a capacitor in series with the 
resistance load 

—Primary line-to-neutral voltase 
/i*—Primary line currisnt 
—2.7 amperes, effective 
iSt —Output current 

A unit lensth equals 9.1 amperes and 445 volts 


WM 



Rg. 6. Oscillogram of primary line-to- 
neutral voltages and primary line currents at 
no load and under load/ output current 
under load conditions 

jine-to-neutral voltase at no load 
voltase under load 
t'rimary line current at no load 
'^—2.02 amperes, effective 
Ji*—Primary line current under load 
«'«P«r«, effecHve 
fist—Output current 

amperes, effective 

A unit lensth is 9,1 amperes and 445 volts 


tu& of the third-harmonic component of the 
Ime-to-neutml voltage and also 
the peak value of the voltage. The primary 

Its p^ y^ue IS mcreased appreciably. 

Wfde by CantweU regarding 
^We o^oltages, when a capacitor if 
important one. At one time 
the writer connected a lO-microfarad ca- 

3 HO-wlt transformers. The voltaae 

transformers used in obtaining the 
SST tetter we4 

n^g^to be used as frequency tiiplers. 

The exciting currents are rather larin> 
comparisosi with +ha * . tner large m 
”tput cmrait, but 


Qualitative Analysis 
of Self-Excited A-C Generator 

To the Editor: 

An article in the May 1935 issue of Elbc- 
TRICAL Engineerino on the subject of self- 
excited a-c genemtors of the induction 
type gave what may be regarded as an intro¬ 
duction outli^gthe possibilities of using a 
squirrel-cage induction motor as a generator 
by connecting suitable capacitance across 
the terminals and driving the marhitip 
mechamcally. It may be inferred from 
this article that the electrical losses plus the 
■ load are mpplied from the mechanical 
^ input; but it is not made clear just how the 
conversion from mechanical to electrical 
energy occurs. Also, the question of what 
determines the output frequency is not 
satisfactorily answered. 

It is not suflScient explanation of the 
operation of such a maohiti i^ merely to say 
that the capacitance di^ws a leading cur¬ 
rent (resulting from residual magnetism 
voltage) which is magnetizing, ntid there¬ 
fore the initial voltage increases. This- 
does not take into account the function of 
the rotor conductors. The operation may 
be partially explained by sasring that a sali¬ 
ent-pole rotor 1^ conductors may build up 
on capacitive load without d-c excitation; 
and that the bars in a cylindrical squirrel- 
cage rotor tend to carry the flux around the 
air gap so that it cuts the stator conductors 
just M the salient-pole rotor does (except 
for slip necessary to have this effect). 

Such an expiation is helpful but does 
not ^lain matters completely. 

A concept of all the phenomena involved 
^oubtedly may be obtained by several 
(Merent approaches. One approach, 
which would be of most value quantita¬ 
tively no doubt, would be to set up equations 
for all voltages and currents and flnyas 
applymg Kirchoff’s laws for the flnal solu¬ 
tion. However, the following nonmathe- 
matical approach probably is as simple as 
any other concept. 

(^nader flrst a squirrel-cage induction 
motor less squirrel cage; in other words a 
wound stator with a cylindrical laminated- 
tron rotor Md no rotor conductors. The 
stator then is merely an iron-core reactance 

s^ie-Pliase winding is 
taken for simplicity. 

Now ff a charged capacitor is connected ! 
^oss ^e terminals, its energy is dissipated t 
bv°^\rt discharge, damped 

uLw I ^ reptance. If r^stance is 
ne^TOted, the frequency of the current ^ 
flpwmg will be given by 


iuuu«.Lcuju;c uciug a, j^iuouLtug UUX, li. IS 

now rotating. This rotating field, however, 
supports a voltage of the same frequency 
and magnitude as a pulsating flux of the 
same maximum amplitude. The voltage 
in either case is 

E — K4> sin 2Tfot 

whereis a constant and t is time. 

It is probably beside the point to discuss 
whether such a condition is stable; that is 
whether the capacitor discharges just as 
though the rotor had no conductors. The 
situation is complicated by the stator and 
rotor resistance always present in the 
practical case. 

Now suppose the rotor is driven at a 
speed slightly above sjmchronous speed as 
previously defined. This means that if the 
stator flux continues to rotate at the fre- 
qumcy /o there is a slip resulting in low- 
(slip) frequency rotor current. Since the 
rotor conductors are pushing ahead, the 
slip current in the bars has a magnetizing 
effect. The ^ect of this will be to increase 
the flux ^ 0 . 

Now^ this condition may be regarded as 
ina-cMing the inductance of the stator 
winding. This in turn reduces the natural 
period of oscillation, and a new frequency 
of current through the capacitor exists; 
that is. 


(2x/j)* = 


(Lo -I- Lr) C 


truly yours, 

V. MtpsixBR (A’29, M‘36) 


nuni* V’St- of 

?“««neeruig. Purdue 
Uitfveraty, Lafayette, lud 


^Vlc 

are introduced 

and the rotor is driven at a speed 

^ ^ QQ/b 

P . 

is the number of poles. 
sD^wn?‘°? ^■avolving at; synchronous 
ppee^ will of course cut the flux produced 
resulting from the current 
/« when ^e charge 
capaator is connected. The result will be 
merdy to set up a cross Add, and instead 
of the flux involved in det^mini^ Se 


where Lr is the effective increased induct¬ 
ance due to magnetizing effect of rotor 
current. 

This means that the slip of the field as 
compared with rotor speed increases, which 
m turn enlarges the slip current and the 
mapietog effect of the rotor conductors. 
A ‘vicious cirde” results, until the machine 
either loads to saturation or the torque 
exceeds the capacity of the driver and the 
^eed drops. Since the stator current is 
flowi^ at resonant frequency, it is limited 
only by the circuit resistance. 

many practical cases harmful results 
wm appear, such as building up of voltage 
summit to cause failure of the capacitor, 
breakdown of generator insulation, or over- 
heatmg of pnerator. In a capacitor type 
of motor with certain types of connections, 
cuculatmg currents may be caused by this 
^mieratmg action, which produces a large 
ne^tive torque preventing the motor from 
pullmg up to speed. 

It would seem desirable to have means 
control frequency of generator 
output, and output voltage. Perhaps the 
^lest method of controlling frequency is 
the use of a sahent-pole rotor. This would 
also tmd to control voltage build-up, since 
the VICIOUS cucle" outlined predously 
would not exist. 

^Next, in order to have dependable build¬ 
up, a small d-c excitation or a permanent 

magnet nught be introduced. 

The nel result is an a-c generator or mag¬ 
neto ^th a capacitor across the terminals 

or perhaps m series with the load to hold up 

or boost the delivered voltage. Such an 
arrangement is,, of course, by no means new. 

T. PxrxTOMr (A’26) 
Sales Engine, The Holteer-Cabot 
‘ EJectnc Co., Boston, J»bu», 
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F. L. Hunt (A’05, F'17) director of 
economics and engineering of Western 
Massachusetts Companies, Greenfield, 
Mass., has been elected vice-president of 
that association and of each of its coiKtit- 
uent utility companies, and assigned the 
duty of general charge of operations of 
those companies. Mr. Hunt was bom 
at Delta, Iowa, in 1879, and was graduated 
from the University of Nebraska with the 
degree of bachelor of science in electrical 
engineering in 1902. Following his grad¬ 
uation he spent 3 years in the testing de¬ 
partment of the General Electric Company, 
Schenectady, N. Y. In 1905 he was trans¬ 
ferred to the Boston, Mass., ofl&ces of the 
General Electric Company, where he was 
in charge of construction work in New 
England, and later assistant district en¬ 
gineer. In 1913 Mr. Himt accepted the 
position of chief engineer of the Turner 
Falls Power and Electric Company and 
allied companies in Greenfidd, Mass., and 
in 1927 when Western Massachusetts 
Companies was formed, including the 
Turner Falls Power and Electric Company, 
United Electric Light Company, Pitts¬ 
field Electric Company, and the Green¬ 
field Electric Light and Power Company 
(now Western Massachusetts Electric Com¬ 
pany), Mr. Hunt was appointed director 
of economics and engineering of those 
companies. He has served the Institute as 
a member of the committees on protective 
devices, 1914-16 and 1919-29; standards, 
1923-32; and meetings and papers (now 
technical program), 1926-28. Mr. Hunt 
is the author of several Institute papers. 


A. C. ScHWAQER (A’24, M’31) formerly 
chief engineer of the Pacific Electric Mfg. 
Corporation, San Francisco, Calif., has 
been elected vice-president in charge of 
engineering. Mr. Schwager, bora in Switz¬ 
erland in 1899, completed his general and 
technical education and began his pro¬ 
fessional career in that cotmtry as a techni¬ 
cal assistant in the test laboratory of the 
Electric Manufacturing Company, at Oer- 
likon. Later, during 1922-23, he served 
as assistant professor at the Institute of 
Technology in Zurich. He came to the 
United States in 1923, whereupon he 
joined the staff of the Electrical Testing 
Laboratories, New York, N. Yv as a tech¬ 
nical assistant oh high-voltage cable re¬ 
search, but in the following year transferred 
his affiliat ion to the New York Edison 
Company, where he served as a draftsman 
on power-plant and substation design. 
During 1925-26 he continued the same 
type of work with the Pacific Gas and 
Electric Company, San Francisco, Calif. 
fijnrp 1926 ISlr. SchwagCT has been associated 
continuously vrith the Pacific Electric Mfg. 
Corporation, first as t^t engineer in ch^ge 
of the test laboratory and succ^sively as 
executive engineer in charge of the en¬ 
gineering department, as design ^gineer 
in charge of oil circuit breaker design, <uid 
as chief elecriical engineer, In 1931 he 


was appointed chief engineer of the com¬ 
pany. Mr. Schwager has contributed lib¬ 
erally to technical literature by means of 
articles in trade periodicals and through 
several papers presented before the Insti¬ 
tute. 


Walter Carr (A'14, M’17) who was 
elected a vice-president of the Cormecticut 
Railway and Lighting Company, Bridge¬ 
port, in 1936, recently was elected a director 
of the company, and now is in charge of the 
company’s operations. Mr. Carr was born 
October 27, 1888, at Fredericton, N. B., 
Canada, and was graduated from Stevens 
Institute of Technology with the degree of 
mechanical engineer in 1910. Upon gradua¬ 
tion he entered the employ of the General 
Electric Company, Lsmn, Mass., as a test 
engineer, and remained tiiere for one year 
before returning to Fredericton to become 
superintendent of the municipal lighting 
plant of that city. In 1912 Mr. Carr ac¬ 
cepted a position with the United Gas Im¬ 
provement Company, Philadelphia, Pa., 
fltirl remained for more than 24 years, during 
which period his work consisted of the de¬ 
sign, construction, and operation of street 
railway and motor-coach facilities. 


F. W. MacNeill (A’ll, M’22) district 
sales engineer for the Canadian General 
Electric Company, Vancouver, B. C., re¬ 
cently was elected to the council of The 
Engineering Profession in British Colum¬ 
bia to represent the electrical engineers of 
the province. Mr. MacNeill Was bora 
at Ormond, Ont., Canada, in 1882, and 
received a diploma in mec h a n ical and 
electrical engineering from the faculty of 
applied science of the University of Toronto 
in 1907. During the following year he 
pursued postgraduate work at the same 
institution and received the degree of 
bachdor of applied science. Upon gradua¬ 
tion in 1908, Mr. MacNeill entered the 
employ of the Canadian General Electric 
Company; and for 2 years was engaged in 
electrical testing and design at the Peter- 
boro, Ont., works of that company. In 
1910 he was made sales engineer in the 


Toronto offices of that company, but in 
the same year was appointed district sales 
manager for Alberta and eastern British 
Columbia. He has held his present position 
as district sales engineer for the Province 
of British Columbia since 1917. Mr. 
MacNeill was chairman of the Institute’s 
Vancouver Section during 1923-24. 


E. H. CoLPiTTS (A’ll, F’12) vice-presi¬ 
dent of the Bell Telephone Laboratories, 
Inc., New York, N. Y., has retired from 
active service. Doctor Colpitts was bom 
January 19, 1872, at Point du Bute, N. B., 
Canada, and received the degree of bachelor 
of arts at Mt. Allison College (1893) and 
Harvard University (1896); in 1897 he re¬ 
ceived the degree of master of arts at Har¬ 
vard. He continued his work in the Har¬ 
vard graduate school for V■|^ years, but 
received no further degree; however, in 1926 
Mt. Allison College conferred upon him the 
honorary degree of doctor of laws. After 
terminating his graduate work in mathe¬ 
matics and physics he entered the employ 
of the American Bell Telephone Company, 
being engaged in research problems in tele¬ 
phone transmission. A few years later, 
when this department was merged with the 
engineering department of the American 
Telephone and Telegraph Company, Doc¬ 
tor Colpitts continued with the new com¬ 
pany until 1907, when he was transferred to 
the engineering department of the Western 
Electric Company, New York. In 1917 
he became assistant chief engine^ of that 
company, and in 1924 was elected assistant 
vice-president- of the American Telephone 
and Telegraph Company. He became 
vice-president of the Bell Telephone Labora¬ 
tories in 1933. Doctor Colpitts has been 
granted many patents, and is the author of 
munerous technical papers. He served the 
Institute as a member of the .committee 
on standards, 1916-17; telegraphy and 
telephony (now communication), 1919-24; 
and research, 1922-37. He is a member of 
the Institute of Radio Engineers, the Ameri¬ 
can Physical Society, and several other tech¬ 
nical organizations. 


B. W. Dunkelburger, Jr. (A'36) for¬ 
merly technician and supervisor in lie 
visu^ instruction department of North 
Dakota State College, Fargo, now is prin¬ 
cipal of The Northwood (N. D.) IBgh 
School. Mr. Dunkelburger received the 
degree rf bachelor of lienee in (education 
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at Nortli Dakota State College in 1936, 
and during his undergraduate tra i n in g 
acted assistant principal and dean of 
the Boys Agricultural and Mechanics Arts 
High School, conducted by North Dakota 
State College. 

W. L. Whyte (A’36) until recently 
stationed at CeaiA, Brazil, with the Cear& 
Tramway, Light, and Power Company, 
Ltd., recently accepted an appointment as 
technical adviser in electrical matters to 
the Uganda Government. Mr. Wh 3 rte 
has had broad experience in electrical 
construction and operation in Argentina, 
Brazil, Great Britain, and the Federated 
Malay States. He is a member of the 
Institution of Electrical Engmeers (Great 
Britain). 


R. L. Smith (M’34) formerly an elec¬ 
trical engineer for the Buffalo, Niagara, 
and Eastern Power Corporation, Buffalo, 
N. Y., now is employed by the Stone and 
Webster Engineering Company, Boston, 
Mass. 

L. B. Eceles (A*36) formerly an dec- 
trical designer for the Consumers Power 
Company, Jackson, Mich., recently ac¬ 
cepted a position as associate engineer 
with the Iowa Agricultural Business 
Corporation Service, Des Momes. 

J. E. Mooxb (A*36) who has been an 
dectrical engineer for the Hydrodectric 
Commission of the State of Oregon, Salem, 
now is employed by the Eastern Oregon 
Light and Power Company, Baker. 


; ; B. E. Anderson (M’36) formerly as¬ 

sistant dectrical engiaeer in the ^blic 
i!-.; I Works Department, United States Navy 

; I I Yard, Mare Island, Calif., now is employed 

by the Phoenix Engineering Corporation, 
; ■ } i New York, N. Y, Mr. Anderson, a native 

; : T , 4 (1896) of Colorado Springs, Colo., has had 

j i ;■ 'I wide experience in public utility work in 

: \ the United States and abroad. 



Jack Delmontb (A’36) has resigned his 
position as junior dectri<^ engineer at the 
naval aircraft factory. United States Navy 
Yard, Philaddphia, Pa., to accept a posi¬ 
tion as laboratory technidan in the en¬ 
gineering research laboratories of the Fire¬ 
stone Tire and Rubber Company, Akron, 
Ohio. 


W. A. Stelzer (A'34) who has been an 
dectric dredge engineman. United States 
Engineers, Fort Peck, Mont., now is em¬ 
ployed as a draftsman in the dectrical 
engineering department of the Common¬ 
wealth and Southern Corporation, Jackson, 
Mich. 


F. M.i Farmer (A’02, F’13, director) 
vice-president and chief engineer. Electri¬ 
cal Testing Laboratories, New York, N. Y., 
has been appointed a member of the In¬ 
stitute’s executive committee to fill the 
unexpired term of the late Junior Past- 
President E. B. Meyer. 

J. S. Brown (A’23, M’31) who has been 
employed in the survey department of the 
Potomac Electric Power Company, Wash¬ 
ington, D. C., now is employed in the dec¬ 
trical engineering department of the Du- 
quesne Light Company, Pittsburgh, Pa. 

H. W. Rigettbr (A’36) formerly a de¬ 
signer for the Dormeyer Manufacturing 
Company, Chicago, HI., now is employed 
as an dectrical digineer for the Allen Elec¬ 
tric and Equipment Company, Ealama- 
zoo, Mich. 

L. A. Helgesson (A’34) formerly as¬ 
sistant digineer in the steam heat depart- 
mdit of Ike Northwestern Electric Com- 
paiiy, Portland, Ore., has resigned to accept 
a position in the engineering departmdit 
of L. R. Teeple Company, Portland. 


E. J. Ramalby (A’32) formerly senior 
rodman. United States Bureau of Public 
Roads, Denver, Colo., now is engaged in 
resear<k work at Battle Institute, Colum¬ 
bus, Ohio. 

I. E. Mouromtserf (A*26) research 
engineer, Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa., 
has been transferred to the lamp division 
of that company at Bloomfidd, N. J. 

Robert MacDonald (A’28) formerly 
power enginem* for Ericcson Tdephones, 
Ltd., Beeston, Nottingham, England, now 
is employed by the Western Electric Com¬ 
pany, Kearny, N. J. 

E. D. LnjA (A’31)* formerly an dectrical 
engineer with Barber-Colman Company, 
Rockford, HI., now holds a similar position 
with the Woodward Governor Company, 
Rockford. 

F. R. Marion (A’26) has been transferred 
from the operating engineering department 
of Electrical Research Products, Inc., New 
York, N. Y., to the Western Electric Com¬ 
pany, Kearny, N. J. 


Oliliuiry 


William Stanton Twining (A’05, 
M’ 13) retired engineer. Ambler, Pa., died 
February 8, 1937. Mr. Twining was born 
February 20, 1866, near Titusville, Pa., 
attended Cornell University, and was 
graduated from Allegheny College in 1887, 
as a dvil engineer. During the 3 following 
years he remained at Allegheny College 
as an instructor in diemistry and engineer¬ 
ing, and in 1890 entered the railway en¬ 
gineering departmmit of the Thomson- 
Houston Company at Boston, Mass., wWe 
his work consisted of power-station design 
and construction. In 1901 he w^ en¬ 
gaged as asdstant engineer for the Union 
Railway Company and the Interborough 
Rapid Transit Company, New York, N. Y., 
and rmained in that podtion untff 1903, 
when lie transfmred his afSliation to the 
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Peoples Traction Company, Philadelphia, 
Pa. In 1905 Mr. Twining was appointed 
chief engineer of that company and its: 
successor, the Union Traction and Phila¬ 
delphia Rapid Transit Company, in which 
podtion he was in general charge of all 
engineering work. From 1910 to 1914 he 
served as engineering manager for the con¬ 
sulting engineering firm of Ford, Bacon, 
and Davis, New York, N. Y. He then 
returned to Philaddphia to. become the 
first director of transit of that city. Mr. 
Twining retired from active service in 
1925. 


Eugene L. Alexander (A’35) formerly 
an dectrical draftsman for the New York 
(N. Y.) Rapid Trandt Corporation, died 
November 1, 1936, according to word just 
recdved at Institute headquarters. Mr. 
Alexander was bom October 1, 1882, at 
Tiflis, Rusda, and received the degree of 
dectrical engineer from the Univerdty of 
Liege (Bdgium) and the Electrical In¬ 
stitute of Emperor Alexander III (Russia) 
in 1908 and 1910, respectivdy. Following 
his graduation he was appointed assistant 
superintendent of the dectrical department 
of the Sted, Locomotive, and Shipbuilding 
Works, Soromovo, Russia, and remained 
in that capadty until 1914, when he was 
made superintendent of the electrical power 
plant and assistant superintendent of the 
dectrical department in the Metallurgical 
Corporation of Nicopol Marioupol. Dur¬ 
ing the year 1918-19 Mr. Alexander was 
superintendent of the munidpal dectric 
plant of the Qty of Marioupol, Russia, and 
in the following year he accepted a positicm 
as assistant superintendent of a central 
station of the Compagnie Ottomane d’ 
Electridtd, Constantinople, Turkey. In 
1925 he came to the United States and 
entered the employ of The New York 
(N. Y.) Edison Company as an electrical 
Raftsman. In 1928 he transferred to the 
New York Rapid Transit Company in a 
similar position. 


Walter Edward Barb (A’29) general 
commerdal manager of the Southern Bdl 
Tdephone and Tdegraph Company, At¬ 
lanta, Ga., died February 5,1937. Mr. Bare 
was bora September 22,1882, at Lexington, 
Va., and was educated in private schools 
in Florence, Ala. He entered the employ 
of the Southern Bell Tdephone and Tde¬ 
graph Company as a lineman in 1903 and 
served that company continuously, except 
for a brief service in the United States Army 
dining the World War. From 1906 to 
1916 he acted as manager of various local 
plants of the company, and in 1919 was 
promoted to district manager in the Mont¬ 
gomery, Ala., ofiKces. During 1921-23 he 
hdd a similar position in the Birmingham 
offices before being appointed Alabama 
state manager for the company. Mr. 
Bare became commerdal manager in 1930. 


Frederick A. Scedsefibr (A’93, M’96, 
F’12, member for life) retired dectrical 
engineer, formerly connected with The Bab¬ 
cock & ’Si^cox Co., New York, N. Y., died 
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February 23, 1937. Mr. Scheffler was 
bom December 20, 1858, at Gallon, Ohio, 
and was graduated from the Paterson (N. J.) 
Seminary in 1871, following which he was 
associated briefly with several companies, 
including the Rhode Island Locomotive 
Works, Brown and Sharpe, and the Harris 
Corliss Engine Company, before joinmg 
the E<£son Electric Light Company, New 
York, N. y., in 1881. He was placed hi 
charge of the engineering department of 
the Edison company, and in tJiat capacity 
designed an diectric locomotive used in 
experimental work by Thomas A. Edison 
<A’84, M’84, HM’28, John Fritz Medalist 
’08). In 18^ Mr. S^efider became super¬ 
intendent of the Erie City Iron Works, 
Erie, Pa., which portion he hdd for 5 years 
before redgtung to become acting general 
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Recommended 
for Transfer 

The board of examiners, at its meeting on March 

17, 1937, recommended the following m^bers for 

transfer to the grade of membership indicated. 

Any objection to these transfers should be filed at 

once with the national secretary. 

To Grade of Fellow 

Baldwin, !R. L., consulting en^eer. Burns and 
McBonnell Engineering Company, S^ansas 
City, Mo. 

Conrad, Frank, aadstant chief engineer, Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa. 

3 to Grade of Fellow 

To Grade of Member 

Anderson, C., headquarters sales and application, 
instruments and measuring devices. Westing- 
boose Electric and Manufacturing Company, 
Newark, N. J. . . , 


superintendent of the Westhighouse Electric 
& Manufacturing Company, East Pitts¬ 
burgh, Pa., in 1889. Later he served as 
general superintendent of the Bru^ Elec¬ 
tric Company (1891-93), the Sprague 
Electric Company (1899-1900), and the 
Marine Engineering and Madiinery Com¬ 
pany (1902-04). Mr. Sdieffler was aflBli- 
ated with The Babcock &; Wilcox Co. and 
its subsidiary companies for many years. 
He served the Institute as a member of 
the committee on power stations from 
1916 to 1919 and from 1922 to 1935, and 
as a member of the special committee on 
the Edison Memorial during 1932 and 
the Edison Medal committee, 1913-18,1922- 
27, and 1930-33. He was a member of 
The American Society of Mechanical 
Engineers. 


Balet, J. W., engpneer. Consolidated Edison Com¬ 
pany of New York, Inc., New York, N. Y. 

Boehne, B. W., de«gn eng^eer. General Electric 
Company, Philadelphia, Pa. 

Bronaugh, J., sales representative, A>lu-Chalmers 
Manufacturing Company, Richmond, Va. 

Carroll, J. S., associate professor, electrical engi- 
neermg department, Stanford Univeraty, 
Calif. . _ 

Gardner, J. B., electncal engineer, Chicago, Bm- 
lington and Quincy Railroad Company, Cm- 
ca^Og Ill* 

Jobooltan, E., squad boss, Gibbs and Hill, New 
York.N. Y. , 

Johnson, G. B., chief ennneer and general mana¬ 
ger, The Cratral Nebradca Public Power 
and Irrigation District, Hastings, Neb. 

ring , R. T.,lndttstrlal power representative, Pubhc 
Service Electric and Gas Company, Trenton, 

Logra,' H., senior electrical engineer, National 
Bureau of Standards, Washington, D. C. 

J. B. jlistiibution engineer, New York 
and Queens, JBlectric Light and Power Com¬ 
pany, Flushing, N. Y. , 

Michaels, A. P., consulting engineer, A. P. Michaels 
Engineering Firm, Orlan^, Ka. 

Walker, E. W., proprietor, E. W. Walker, Burming- 
ham, England. ... . . .. 

Zangler, R. M., standardization of mfg . pra ctices 
and engineering data, Anacraib 

Cable Company, Hastmgs-on-Hudson, N. Y. 

. IS to Grade of xdember 


Applications 
(or Election 

have been received at headquarters 
from the following candidates for de^on to mem¬ 
bership in the Institute. If the appUcant has ap¬ 
plied for direct admisdon to a grade t^ 

Ass^te, the grade follows immediately aftw the 
OMO^ Any inember objecting to the dection of 
Muy of these candidates should so inform the na- 


tional secretary before April 30, 1937 or June 30, 
1937, if the applicant resides outside of the United 
States or Canada. 

Abramowitz, A., 579 East 140th Street, New York, 
N. Y. 

Adams, J. T. (Member), Public Service Company of 
Oklahoma, McAlester, Okla. 

Alenius, E., Bell Telephone Laboratories, Inc., New 
York, N. Y. 

Allen, T. O., Humble Oil and Refining Company, 
Anahuac, Texas. 

Anders, R. D., Philaddphia Electric Company, 
Phoenixvllle, Pa. 

Anderson, C. B., 318 Public Sendee Building, Tulsa, 
Okla. 

Angler, J. F., National. Bureau of Standards, 
Washington, D. C. 

Anthony, B. M., Tennessee Valley Anthority, Wil¬ 
son Dam, Ala. 

Amn, E. L., General Electric Company, Philadel- 

S hia, Fa. 

, M., Bdl Tdephone Laboratories, Inc., New 
York, N. Y. 

Babcock, K. L., Underwood Elliott Fisher Com¬ 
pany, Hartford, Conn. 

Babin, B. P., Westinghouse Eiec^c & Manufactur¬ 
ing Company, I^w Orleans,'La. 

Bader, R. D., Philaddphia Storage Battery Com¬ 
pany, Philadelphia, Pa. 

Bailey, A. (Member), American Tdrabone and 
Tdorra^ Company, New York, N. Y. 

Balfour, M. W., Public Service Company of North¬ 
ern Illinois, Chicago, III. 

Banks. J. F., Commonwealth Edison Company, 
Chicago, Ill. 

Barnes, C., Jr., 1153 N. Dearborn Street, Chicago, 

Barrett, W. G., 10 West 90th Straet, New York, 
N. Y. 

Basore, N. D., Public Service Company of Okla¬ 
homa, Ha^horne, Okla. 

Baum, D. C., 6001 Gobdridge Avenue, Riverdale- 
on-Hudson, N. Y. 

Bazak, H. V., Consolidated Edison Company of 
New "York, Inc., New York, N. Y. 

Beatty, F., University of Kentucky, Lexington, Ky. 
Beck, J. M., Jr., Westinghouse Electric and Manu¬ 
facturing Company, Wichita, Eans. 

Bdihi, T. R., Syracuse Lighting Company, Syra¬ 
cuse, N. Y. . „ . 

Behrens, H. J., Consolidated Edison Company of 
New York, Inc., New York, N. Y. 

Bejarano, J. R., 87 Grove Street, Lynbrook, N. Y. 
Bell, R. 0„ 1501 South 77th Street, Milwaukee, 
Wis. . „ 

Benson,^ B. T., Fordm and Domestic Commerce, 
Washinj^n, D. C. 

Bernard, W. B,j_1407 West University Avenue, 
Gainesville, Fla. 

B ingham , W. H. (Member), Wesringhouse Blectnc 
Supply Compaq, New York, N. Y. 
Birmingham, Paul V., 1286 Oak Grove Avenue, 
Burlingame, Calif. 

Bischof, L. J., General Electric Company, New 
York,N. Y. 

Bishop, R. H. (Member), Public Servic Company 
of Oldahoma, Tulsa, Olda. 

Blom, L. A., 2306 N. ^ox, Clricago, Ill. 

Boehr, J. 'W., Westinghouse Electric and Manufac- 
tuiwg Company, Sharon, Fa.' 

Borton, J. R., Puget Sound Power and Light Com¬ 
pany, Seattle, Wash. 

Bo^ard, G. E., G«neral Kontrolar Company, Inc., 
Dayton, Ohio. 


Bottom, E. L., Carnegie Illinois Sted Corporation ^ 
Gary, Ind. 

Boyd, A. G., General Electric Company, Schenec-. 
tady. N. Y. 

Bradstock, M. C., General Electric Company, 
Cleveland, Ohio. 

Brazed, J. P., Public Service Company of Okla-. 
homa, Okemah, Okla. 

Brewer, L. G., Montana Power Company, Havre, 
Mont. 

Brewer, R. D., Ford Motor Company, Dearborn,. 
Mich. 

Bridegam, W. J., E. M. Gilbert Engineering Cor¬ 
poration, Reading, Pa. 

Brignac, E. M., Industrial Electric Company. New 
Orleans, La. 

Brody, E. W., line Material Company, South Mil¬ 
waukee, Wis. 

Brown, J. G., General Electric Company, Schenec¬ 
tady, N.Y. 

Brown, J. T., Jr., Carolina Power and Light Co., 
Raldgh, N. C. 

Burldgh, C. LeM., Jr., Harvard Business School, 
Boston, Mass. 

Campbdl, R. P., Tennessee Valley Authority, Wil- . 
son Dam, Fla. 

Carioni, H. M., Canadian Westinghouse Company, 
Ltd., Hamilton, Out. 

Carlberg, H. A., Wiscondn Public Service Corpo¬ 
ration, Green Bay, Wis. 

Carroll, D. R., Bell Tdephone of Pennsylvania, 
Pittsburgh, Pa. 

Chambers, M. A., Standard Oil Company, Shreve¬ 
port, La. 

Cherry, J. S., Westinghouse Electric and Manufac¬ 
turing Company, Bast Pittsburgh, Pa. 

Clough, F. P., Y. M. C. A., 8 East Srd Street, New 
York, N. Y. 

Cobert, C. S., Clark Controller Company, Cleve¬ 
land, Ohio. 

Coho, O. C., Jr., General Blectric Company, 
Schenectady, N. 'Y. 

Coleman, I. M., 581 Academy Street, New York. 
N. Y. 

Colquhoun, W. H., in care of Maurice R. Scharff, 
New York, N. Y. 

Connolly, D. B., 1788 Webster Avenue, New York, 
N.Y. 

Contardi, A., Jr., 959 Middlesex Avenue, Metuehen, 
N. J. 

Cooper, D. T., Brown Instrument Company, Phila¬ 
delphia, Pa. 

Crooks, W. B., 41 Duggan Avenue, Toronto, Ont., 
Canada. 

Crosby, T. H., Canadian Westinghouse Company, 
Ltd., Vancouver, B. C., Canada. 

Dalrymple, H. C., 46 Colony Drive East, West 
Orange, N. J. 

Darrah, M. D., 4417 Swiss Avenue, Dallas, Texas. 

Deardorff, R. W., Pacific Tdephone and Telegraph 
Comply, Portland, Ore. 

DeBIois, w., Lincoln Blectric Company, Boston, 
Mass. 

deCarrera, R., General Electric Company, Schenec¬ 
tady, N. Y. 

Degeptesb, H. E., Square D Company, New York, 
N. Y. , , 

Dermond, F., Bdl Tdephone Laboratories, Inc., 
New York, N. Y. 

Dickinson, H. C., General Blectnc Company, Lynn, 
Mass. 

Dingman, J. E. (Member), American Tdephone and 
Tdegrwh Co., New "York, N.Y. 

Doede, H. C., Swift and Company, Chicago, Ill. 

Doherty, J. F., Westinghouse Blectric and Manufac¬ 
turing Company, East Pittsburgh, Pa. 

DoUins, C. B., Jr., Tennessee Valley Authority, 
V^lson Dam, Ala. * 

Dubsky, F. H., Commonwealth Edison Company, 
Chicago, Ill. 

Dudley, R. B., The Jeff^ Manufacturing Com¬ 
pany, Columbus, Ohio. 

Duncan, A. H., Westin Aouse Blectnc and Manufac¬ 
turing Company, wUdnsbtirg, Pa. 

Ebert, K. W., 776 N. Cass Street, Milwaukee, Wis. 

Eckert, J. D., Box 67, Flagler, Colo, 

Ecklund, R. A., C. T. Main, Inc^ Boston, Mass. 

Eddy, W. L., Western Blectric Company, Chicago, 

Bllicott, C. R., Jr., Westinghouse Blectric and Mfg. 
Co., Wilkes-Barre, Pa. 

Ellsworth, C. B., Sdectric Products Corporation, 
Lo'^sville, Ky. 

Blwood, B. S., Jr., General Blectric Company, 
Schenectady, N. Y. . _ 

Emmons, P. A.,^ Jr., 1283 North President Street, 
Jackson^ Luss. 

English, G. T., Triad Radio Tube Manufacturing 
Company, Pawtucket, R. I. 

Bricson, A. B., 8950 North Farwdl Avenue, Mil¬ 
waukee, "Wis. ... 

Bstoppey, R. F., Weston Electrical Instrument 
Corporation, Newark, N. J. 

Bwert, A. C., Radio Station WMFJ, Daytona 
Beach, Fla. 

Fagerlund, A. C., 2918 Jefferson Avenue, Cincin¬ 
nati, Ohio. . _ „ 

Fallon, R. C., General Electric Company, Schenec- 
tadyi N* Y* 

Falls, O., General Electric Company, Fittsfidd, 
Mass. 

Fdnberg, E., 3265 Cortland Avenue, Detroit, Mich. 

Fdner, J. S., 661 E. 178th Street, New York* N. Y. 

Fickd, L. V. (Member), WestiMhouse Blectnc and 
Manufacturing Company, Tulsa, Okla.. 

Flag^ l^F., W. E. Kingswdl, Ihc., Washmgton, 

Fluke,” J. M., Gendml Electric Company, Schenec¬ 
tady, N. Y. 
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Foley, R. B., General Electric Supply Company, 
New York, N. Y. 

Forman, W. B., Westinghouse X-Ray Company, 
Pittsburgh, Pa. 

Fors 3 rth, J. B., Canadian Controllers, Ltd., Toronto, 
Ont., Canada. 

Francis, F. W., Zerbe Township Public School, 
Trevorton, Pa. 

Frank, D. W., Southwestern Light and Power Com¬ 
pany, Lawton, Okla. 

Freas, R. L., Pennsylvania State College, Consho- 
hocken. Pa. 

Friedman, H., Mackay Radio and Telephone Com¬ 
pany, New York, N. Y. 

Froltng, R. O., Genertd Electric Company, Pitts¬ 
field, Mass. 

Fuller, A. L., Oklahoma Gas and Electric Com¬ 
pany, Oklahoma City, Okla. 

Fuller, M. A., Miller Rubber Company, Inc., Akron, 
Ohio. 

Fullman, J. B., Westinghouse Electric and Manu¬ 
facturing Co., Sharon, Pa. 

Gallagher, J. J., Narragansett Electric Company, 
North Swansea, Mass. 

Gardner, B. M., New York Telephone Company, 
New York, N.Y. 

Gerbold, R. A., Signal Engineering and Manufac¬ 
turing Company, New York, N. Y. 

Gilreath, W. W„ 2510 San Antonio Street, Austin, 
Texas. 

Golub, E., 405 Quentin Road, Brooklyn, N. Y. 

Gould, G. G., Porcelain Products, Inc., Parkers¬ 
burg, W. Va. 

Gramstedt, G. M. E., Hayg Electric Company, 
New York, N. Y. 

Green, G. M., Black, Sivalls and Bryson, Inc., 
Kansas City, Mo. 

Gtigg, E. G., G^eral Electric Company, Philadel¬ 
phia, Pa. 

Groenewold, A. W., Public Service Company of 
Oklahoma, Tulsa, Okla. 

Guggenbuehler, C. R., Wagner Electrical Corpora¬ 
tion, St. Louis, Mo. 

Gulick, H. B., 718 North Louise Street, Glendale, 
Calif. 

Hackenjost, H. F. (Member), Tennessee Valley 
Authority, Wilson Dam, Ala. 

Hanson, C. F. (Member), Irvington Varnish and 
Insulator Company, Irvington, N. J. 

Hart, L. B., Ohio Power Company, ^shocton, 
Ohio. 

Hammer, O. S. C., Tennessee Valley Authority, 
Knoxville, Tenn. 

Hamrick, G. W., Florida Power and Light Com¬ 
pany, Dania, Fla. 

Harry, W. R;, Bell Telephone Laboratories, Inc., 
New York, N.Y. 

Haun, R. C.i Public Service Company of Okla¬ 
homa, Stigler, Okla. 

Haunt, G. H., Samson-United Corporation, 
Rochester, N. Y. 

Hebert, M.,. Jr., Gulf Oil Corporation, Port Arthur, 
Texas. 

Henderson, R. H., Minneapolis Honeywell Com- 
panj^ New York, N. Y. 

Henkes, G., Jr., Public Service Company of Okla- 
homa, Henryetta, Okla. 

Herweh, A. C., 3739 Woodbum Avenue, Cincinnati, 
Ohio. 

Heybum, R. D., Firestone Tire and Rubber Com¬ 
pany, Akron, Ohio. 

Bfigginson, H., 414 N. Elilkea Drive, Los Angeles, 
Calif. 

BGlldebrandt, J. P., Humble Oil and Refining Com¬ 
pany, Harlingen, Texas. 

Hively, -H. L., Jones and Laughlin Steel Corpora¬ 
tion, Pittsburgh, Pa. 

Hobson, C., General Electric Company, Pittsfield 
Mass. 

Hoch, E. G., Jr., Electric Heating Equipment Com¬ 
pany, Philadelphia, Pa. 

Holston, S. C., Liebel Fldrsheim Company, Cincin¬ 
nati, Ohio. 

Hopper, F. E., Crocker Wheeler Electric Manufac- 
ti^g Company, Ampere, N. J. 

HosSp w. B. (Meniber}p Oklahoma Fowar and Water 
Company, Sand Springs, Okla. 

Howmiller, S., Harnischfeger Manufacturing Com- 
pany, Milwaukee, Wis. 

Duke Power Company, Salisbury, 

Hunter, H. H., Public Service Commission of West 

^ . Vngima, Charleston, W. Va. 

Huntw, M. V., Bell Telephone Laboratories, Inc., 
NeWYdrk, N. Y. 

Husted, E. W., MicUgan Associated .Telephone 

_ Company, Muskegon, Mich. 

Hutson. M. B., Industrial Electric Company, New 
Orleans^ La. 

InsuU, F. W. (Member), Southwestern Light and 
Power Company, Tulsa, Okla. 

Jacobs, Y., 626 Ganwd Street, Covington, Ky. 

James, J. R., James G. Biddle Company, Philadel- 
phia, Pa. 

J^ers, G. N., R. R. No. 1, Chilo, Ohio. 

J]^B. ^Mraber)^ Commonwealth Edison 

Johnson, J. ^, 8267 - 43 ^ Street, Brooklyn, N. Y. 

Johnson, W. B., Ohio Brass Co., Mansfield, Ohio. 
any,^u£, 

^“li^OTd, Company, 

^roS’^nt Md^^’‘“' Pompany, Spar- 
C** and Electric Company, 

Cmco.Cahf. 

Telephone Company, 

K«tor, E. C., South Fallsburg, N. Y. 


Kecl^. N., Moloney Electric Company, St. Louis, 

Kehoe, W., City Light and Water Utilities, Fort 
Wayne, Ind. 

Kem, P. H., Western Electric Company, Chicago, 
Ill. 

Kerr, W. E. (Member), Pennsylvania Transformer 
Company, Pittsburgh, Pa. 

Kessel, R. L., Cline Electric Manufacturing Com¬ 
pany, Ciucago, HI. 

Keyser, A. G., Jr., 1777 Lanier Place, N. W., Wash¬ 
ington, D. C. 

Kidd, J. A. I., Canadian General Electric, Peter¬ 
borough, Ont., Can. 

Klebanoff, J. H., State Highway Planning Survey, 
Sacramento, Calif. 

Klein, M., Otis Elevator Co., Yonkers, N. Y. 

Knost, C. P. (Member), Moloney Electric Co., New 
(Cleans, La. 

Kopenitsi, C. T., Oilgear Company, Milwaukee, 
Wis. 

Kralosky, F. B., 2622 Bartold Street, N. S., Pitts¬ 
burgh, Pa. 

Kulikowski, B. F., Jensen Radio Manufacturing 
Co., Cmcago, Ill. 

Hyes, J. M., 1946 Washington Street, San Fran¬ 
cisco, Calif. 

Lane, R. K. (Member), Public Service Company of 
Oklahoma, Tulsa, Okla. 

Lantz, L. B., Jr„ Jacksonburg, W. Va. 

Lawson, S. A.., Gustav Hirsch Org^ization, Colum¬ 
bus, Ohio. 

Lee, H. B., Rural Electrification Administration 
Washington, D. C. 

Lefthes, N., 11 Ward Street, Salem, Mass. 

Legg, V. E. (Member), Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Lenhardt, W. C., Bethlehem Steel Company, Corn¬ 
wall, Pa. 

Levine, M. E., Tung-Sol Lamp Works, Newark, 
N. J. 

Lobosco, R. R., Linde Air Products Company, 
Newark, N. J. 

LovoS, A., 3496 Anderdon Street, Detroit, Mich. 

Ludden, J. H., 8 O Mill Street, Athens, Ohio. 

Lundgren, L. O., Kennecott Wire and Cable Com¬ 
pany, Phillipsdale, R. I. 

MacAllister, C. C., General Electric Company, 
Lynn, Mass. 

MacKay, E. L., General Electric Company, 
Schenectady, N. Y. 

Mansfield, T. B. (Member), Oklahoma Power and 
Water Company, Sand Springs, Okla. 

Marshall, M. B., Jr., General Electric Company, 
Brie, Pa. 

Martin, W. L., Triad Manufacturing Company, 
Pawtucket, R. I. 

Martini, J. A., American Telephone and Telegraph 
Companyv New York, N. Y. 

Matheo, M., Consolidated Edison Company, New 
York, N. Y. 

Matzinger, J. R., American Electric Switch Cor¬ 
poration, Minerva, Ohio. 

May, M. H., Interstate Power Company, Albert 
Lea, Minn. 

Mayer, J. A., Graybar Electric Company, Cleve¬ 
land, Ohio. 

Mayers, J. H., 917 Druid Hill Avenue, Baltimore, 
Md. 

McArthur, D., General Electric Company, West 
Lynn, Mass. 

McCormack, C. M., Phelps-Dodge Copper Products 
Corporation, Yonkers, N. Y. 

McCray, J. H. (Member), Public Service Company 
of Oklahoma, Tulsa, Okla. 

McDowell, E. F., General Electric Company, 
St^enectady, N. Y. 

McLeod, G. R., General Electric Company, West . 
Lynn, Mass. 

Mearns, W. J., Continental-Diamond Fibre Com¬ 
pany, Bridgeport, Pa. 

Messier, W. H., Winchester Repeating Arms, New 
Haven, Conn. 

Michaelis, J. L., Pittsburgh Plate Glass Company, 
Barberton, Ohio. 

Miller, R. E., Allis-Chalmers Manufacturing Com¬ 
pany, Milwaukee, Wis. 

Mooney, V. J., General Electric Company, Schenec- . 
tady,N.Y. 

Morgan, L. W., Commonwealth Edison Company, 
Chicago, HL 

Morris, R. V., Gary Heat, Light and Water Com¬ 
ply, Gary, Ind. 

Morrison, H. A., Central Nebraska Public Power 
and Irrigation District, Hastings, Neb. 

Moss, A. G. (Member), Public Service Company of 
Oklahoma, McAlestO’, Okla. 

Mostrom, J., Phillips Petroleum Company, Bartles¬ 
ville, Okla. 

Motz, C, A., General Electric Company, Schenec¬ 
tady, N.Y, 

Murphy, J. T., Shell Petroleum Corporation, 
Plaquemine, La. 

Nauert, A. G., American Telephone and Telegraph 
Gompaw, New York, N. Y. 

Nelson, C. T., Public Service Company of Okla- 
; homa, Okmulgee, Okla. 

Nickerson, G., Texas Devdopment Corporation, 

^ Lafitte, li. 

Nimmer, F. W., Ohio Bdiwn Company, Akron, 
Ohio. 

Norton, T, P„ 3 Bradford Street, Salem, Mass. 

Olsta, E., Consolidated Edison Company of New 
York, Inc., New York, N. Y, 

O Memra, F. E. (Member), Westinghouse Electric & 
Manufactunng Company, Tulsa, Olcla. 

Fftcanoysky, G; J., 7908 HaUe Avenue, Cleveland! 
Ohio, ■ 

Fappi A., Jr., Gendral Electric Company, Phila- 

: delpma. Pa. 


Park, A. J., Graybar Electric Company, Cleveland „ 
Ohio. 

Parker, C. V., Bell Telephone Laboratories, Inc.. 
New York, N. Y. 

Parker, F. D., 106 Northern Avenue, New York, 
N. Y. 

Parker, R. S., c/o H. B. Parker, 602 East Broad¬ 
way, Madisonville, Ky. 

Paterson, J. M., 72()0—^28th Avenue, N. W.- 
Seattle, Wash. 

Patterson, E. F., General Electric Company, Tulsa. 
Okla. 

Patterson, G.W.(Member), Patterson Electric, Ltd.,. 
Toronto, Out., Canada. 

Pauler, E. A., Electric Storage Battery Company, 
Chicago, Ill. 

Pearce, T. C. (Member), Potomac Electric Power 
Company, Washington, D. C. 

Pence, I. E., 1120 North Milwaukee Street, Mil¬ 
waukee, Wis. 

Perlman, I., Air-King Radio Products Company. 
Brooklyn, N. Y. 

Perrine, T. F., Jr., Jersey Central Power and Licrht 


Perry, F. W., Jr., Brown and Sharpe Manufacturing 
Company, Providence, R. I. 

Perry, W. J. (Member), Public Service Company of 
Oklahoma, Weleetka, Okla. 

Perschbacher, H. V., Milwaukee Electric Railway 
and Light Company, Milwaukee, Wis. 

Person, H. O., State Wide Highway Planning Sur¬ 
vey, Howard, S. Dak. 

Phillips, G. H., Georgia Power Company, Atlanta, 
Ga. 

Phillips, N. W., Alabama Power Company, Deca¬ 
tur, Ala. 

Fhinney, J. A.. Hugo District Public Service Com¬ 
pany of Oklahoma, Hugo, Okla. 

Pobst, J. W., General Electric Company, Schenec¬ 
tady, N. Y. 

Post, L. E., New Jersey Bell Telephone Company, 
Newark, N. J. 

Pryor, T. S., Southern Cotton Oil Company, Mont- 
gome^, Ala. 

Rand, R. V., Box 237, Bismarck, N. D. 

Regan, P. G., Minneapolis Honeywell Regulator 
Company, Boston, Mass. 

Hcic^.^A. N., Western Electric Company, Kearny, 

Rhodes, C. F., Templeton-Kenly and Company, 
Ltd., Chicago, Ill. 

Rice, W. O., West Penn Power Company, Spring- 
dale, Pa. 

Ridgway, D. P., Robbins & Myers, Inc,, Spring- 
field, Ohio. 

Roberts, C. P., Jr., Texas Electric Service Com- 
pany, Wichita Falls, Texas. 

Rob^s, R. C., Tennessee Valley Authority, Wilson 
Dam, Tenn. 

Rothschild, G. R., Republic Flow Meters Company, 
Ctucairo, Ill. 

Raffle, L. B., Federal Shipbuilding and Dry Dock 
Company, Kearny, N. J. 

Ruonavar, W. T., Ford Motor Company, Dearborn, 
Mich. 

Rushmer, R. H., General Electric Company, Fort 
Wayne, Ind. 

Russril, W. J. (Member), Westinghouse Electric & 
Manufacturing Company, Mansfield, Ohio. 
Ryan, G. D. (Member), 39 Arcade Building, Colum¬ 
bia, S. C. 

Rylandm, L. F. (Member), Public Service Company 
of Oklahoma, Tulsa, Okla. 

Saltern, H. D. (Member), Pennsylvania Transformer 
Company, Pittsburgh, Pa. 

Saunders, B. W., Narragansett Electric Company. 
Providence, R. I. 

Sauter, B. W., RCA Radiotron, Harrison, N. J. 
Savdwd, W. T., Jr., Allis-Chalmers Manufacturing 
Company, Milwaukee, Wis. 

Scattvgood, E. R., Tennessee Valley Authority, 
Wilson Dam, Ala. 

Schaefer, D. A., Indiana Bell Telephone Company, 
Indianapolis, Ind. 

Schrae, M. M., Public Service Company of Okla- 
_ homa, McAlester, Okla. 

Schmidt, V. W. J., Cutler Hammer Inc., Milwaukee, 
Wis. 

Schmitz, J. M.,.American Telephone and Telegraph 
Company, New York, N. Y. 

Sdiumacber, H., Atlantic Gas and Electric Appli- 
^ ance Conmany, Los Angeles, Calif. 

Schwu, C. F., Apex Electrical Manufacturing 
Company, Cleveland, Ohio. 

Sch^^ers, .C, W*» AlIi^ChAlmers Ikfftiiuf&ctutififir 
Company, New Orleans, La. 

Sealy, W. J., Canadian Railroad Service, Toronto. 

. Ontano, Canada. 

Segebu^, R. A., 1141 .^dsley Road, Schenectady, 

Seifri^, D. B., F. C. Frederick Company, Summit 
Park, Spring Valley, N. Y. ** jr, i 

Sepayich, V. F. P., 69 Harrison Street, Worcester, 
Mass. 

Shafftf, J. A., Jmies and Laughlin Steel Corpora-^ 
tion, Pittsburgh, Pa. 

Shai^ R. M., American Can Company, Newark, 

Sheftdmsin, E. H.,.Autonmtic Diesel Electric Com¬ 
pany, New York, N. Y. 

Sher^, G. C., Jr., Southwestern Bell Triephbne 
, Company, Little Rock, Ark. 

Shew, W. W., General: Electric Company, Scheheo- 
lady, N. Y. 

Shin^, R. B.,_Krayon Transformer Company, 

• NewYork, N. Y. ■ 

Shinn, G. H-» Gibbs arid Cox, Inc!, New -York. N. V. 
Shively, R.,DeW., The B. F. Gcodrich Compariy, 
Atoon, Ohio, 


Ei,ectrical Engu^bring 



Shumard, C. C. (Member), R. C. A. Manufacturing 
Coi^any, Harrison, N. J. 

Shutko, F. W., Jr., Detroit Edison Company, Tren¬ 
ton, Mich. 

Siegd, B. M., Westinghouse X Ray Company, New 
York, N. Y. 

Simons, R. L., Carolina Power and Light Com¬ 
pany, Raleigh, N. C. 

Simpson,. J. L., Jr., Georgia Power Company, 
Athens, Ga. 

Skina, F. A., 626 Ash Street, Moscow, Idaho. 

Slemmer, W. E., Public Service Company of Okla¬ 
homa, Tulsa, Okla. 

Smith, A. J., General Electric Company, Schenec¬ 
tady, N. Y. 

Smith, H. G., Cornell University, Ithaca, N. Y. 

Smith, R. G., Generai Electric Company, Tulsa, 
Okla. 

Smith, W. J., Houston Armature Works, Houston, 
Texas. 

Snyder, C. J., Indiana and Michigan Electric Com¬ 
pany, South Bend, Ind. 

Spangler, W. H., 240 North Meridian Street, In¬ 
dianapolis, Ind. 

Spitzglass, A. F. (Member), Republic Flow Meters 
Company, Cliicago, Ill. 

Spooner, E. K., Allis-Chalmers Manufacturing 
Company, Norwood, Ohio. 

Stonestreet, N. V. (Member), Suburban Resettle¬ 
ment, Washington, D. C. 

Strobel, H. C., Potomac Electric Power Company, 
Washington, D. C. 

Sutherland, A. H., Public Utility Engineering and 
Service Corporation Chicago, Ill. 

Tarvin, E. B., Public Service Company of Okla- . 
homa, Okmulgee, Okla. 

Taussig, O. C., New York Power and Light Cor¬ 
poration, Schenectday, N. Y. 

Taylor, H. C., Houston Lighting and Power Com¬ 
pany, Houston, Texas. 

Teague, T. S., General Electric Company, Schenec¬ 
tady, N. Y. 

Teigen, T. N., Fairbanks, Morse and Company, 
Beloit, Wis. 

Teller, W. A., American Telephone and Telegraph 
Compaiw, New York, N. Y. 

Templeton, L. O., Pacific Gas and Electric Com¬ 
pany, San Jose, Calif. 

Tholke, J. G., 480 Lexington Avenue, New York, 
N. Y. 

Thomas, C. W. (Member), Public Service Company 
of Oklahoma, Bartlesville, Okla. 

Thoipe, J., American Telephone and Telegraph 
Company, New York, N. Y. 

Topf, S. B., Premier Electric Motor Company, New 
York, N. Y. 

Tuepker, D. J., Public Service Company of Okla¬ 
homa, Tulsa, Okla. 

Unholtz, K., 3536—8th Avenue, Los Angeles, Calif. 

Upley, A. S., Chase-Shawmut Company, Newbury- 
port. Mass. 

Van Allen, W. G., 920 Livingston Avenue, New 
Brunswick, N. J. 

Van Zeeland, F. J., Milwaukee School of Engineer¬ 
ing, Milwaukee, Wis. 

Vladikov, E., c/o Mr. Linero, 2116-^th Avenue, 
New York, N. Y, 

Wagner, D. A., Cutler Hammer, Inc., Milwaukee, 
Wis. 

Wald, G. E. (Member), Mortgage Commission 
Servicing Corporation, New York, N. Y, 

Walsh, J. E„ Bethlehem Steel Company, Sparrows 
Point, Md. 

Ward, P. A., General Electric Company, Bloom¬ 
field, N.J. 

War^ T. V. (Member), Room 11, District Buildmg, 
Washington, D. C. 

Warner, D. F., General Electric Company, Schenec¬ 
tady, N. Y. 

Wasilchuk, S., Western Electric Company, Kearny, 
N. J. . , „ 

Watson, S. R., Jr., Carolina Power and Light Com¬ 
pany, Marion, 8. C. 

Weaver, C. H., Westinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa. 

Weber, J. A., New York, Power and Light Corpora¬ 
tion, Albany, N. Y. 

Wellons, R. S., Columbia University, New York, 
N.Y. . 

Welsch, G., Knapp Monarch Company, St. Louis, 
Mo. 

Wentz, J. K., General Electric Company, Schenec¬ 
tady, N. Y. , 

Werner, H. F., Jr., Equitable Equipment Com¬ 
pany, Inc., New Orleans, La. 

Wetzel, J. J„ Chrysler Corporation, Detroit, Mich. 

Wheeler. W. M., General Electric Coihpany, Pitts¬ 
field, Mass; 

Whinery, W; D., Jr., General Electric Company, 
Pittsfirid, Mass. 

Whittenton, J. M., General Electric Company, 
Lynn, Mass. ^ 

Wley, B. F., Phillips Petroleum Company, El 
Campo, Texas. 

Wilsg’, H. R., 48 Caroline Road, Upper Montclair, 

Wilson,^. V., 480 Lexington AVehue, New York, 
N. Y. . 

Winslow, R. C., Automatic Diesel Electric Com¬ 
pany, New York, N. Y. . 

Winterhidter, F. M., Allis-Chnlm«s Manufactunng 
Company, Norwood, Ohio. 

Wood, J. N., Kansas State College, Manhattan, 
Kidia 

Wrensch, B. E., 2045 North 4th Street, Milwaukee, 

^ Wis. - ^ ^ ^ 

Wulfken, A. J., 1050—79th Street, BrookWn, N. Y. 

Wyman, J. H., Triad Manufacturing Company, 
Inc., Pawtuck^, R. I. 


Young, D. L., lOSO Mar Vista. Avenue, Pasadena, 
CaUf. 

Zappo, N. W., The Teleregister Corporation, New 
York, N. Y. 

Zindar, L. J., Cutler Hammer, Inc., Milwaukee, 
Wis. 

Zinser, H. J., Heyer Products Company, Inc., 
Belleville, N. J. 
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Bonilla, R. B., 250 David Street, Manila, P. I. 

Chang, P. F., Shanghai Power Company, Shanghai, 
Cluna. 

Dahlby, G. O. H., ASBA, Vasteras, Sweden. 

de Velasco, J. F. (Member), Rio Grandense Light 
and Power Syndicate Ltd., Brazil, S. A. 

Elliott, J. S. (Member), Hoover Electric Cleaner 
Company, Peri vale, Ckreenford, Middlesex, 
England. 

Mier, M. L., P. O. Box 471, San Juan, Puerto Rico. 

Mohindra, S. L., North Western Railway, Scheran- 
pur, India. 

Nardi, M., Soc. Meridionale di Elettricitd, Naples, 
Italy. 

Oliphant, W. D., British Electrical and Allied In¬ 
dustries Research Association, London, W. C. 
2, England. 
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Addresses 

Wanted 

A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 

Godoy, Ernesto R., Cia. Tel. y Tri. Mex., 16 de 
Septiembri No. 13, Mexico, D. F., Mex. 

Hale, Edward E., Public Service Commission of 
New York, 80 Centre St., New York, N. Y. 
Little, Leroy C., 3414—17th St., N., Cherrydale, 
Va. 

Moore, Everett, 821 Sunset Blvd., Los Angeles, 
CaUf. 

Nash, G. H., 2-A Holland Road, -London W.14, 
England. 

Peach, Paul S., Upperville, Va. 

Pollastro, John B., Helper, Utah. 

Sawyer, Fred E., 811 E. Wisconsin Ave., Milwau¬ 
kee, Wis. 

Wickel, F. A., Pier 42. Dollar S. S. Lines, San 
Francisco, Calif. 
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New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Library, New York, recently, are 
the following which have been selected because of 
their possible interest to the electrical enpneer. 
Unless otherwise specified, books listed have been 
presented gratis by the publishon. The Institute 
assumes no responsibility for statements made in 
the following outlines, information for which is 
taken from ue preface of the book in question. 

ELECTRON TUBES in INDUSTRY, By K. 
Henney. 2nd edition. New York and London, 
McGraw-Hill Book Company, 1937. 638 pages, 
illustrated, 9x6 in., cloth, $5.(X). Discusses the 
pracrical uses of thermionic and light-sensitive 
tubes outside the communication field. 

ELEMENTS of ELECTRICITY. By W. 
Esty, R. A. Mijlikan, and W. L. McDougal. 
Chicago, American Technical Society, 1937. 
Illustrated. 9x6 in., cloth, 32.00. A textbook for 
begitmers. 

INTRODUCTORY STUDY of ELECTRICAL 
CHARACTERISTICS of POWER and TELE¬ 
PHONE TRANSMISSION LINES. By F. W. 
Norris and L. A. Biimhani. Scranton, Pa., Inter¬ 
national Textbook. Company, 1936. 272 pages, 
illustrated, 9x5 in., leather, $2.50. Adaptable 
to an introductory course in the principles of elec¬ 
trical transmission. Aims to. develop the student’s 
ideas of the electric and magnetic fields and his 
ability to deal with circuits involving distributed 
- cd'nstahts.- 


JONES RADIO HANDBOOK. By F. C. 
Jones. 1937 edition. San Francisco, Pacific 
Radio Publishing Company, 19.36. 456 pages, 
illustrated, 9x6 in., paper, $1.50. Presents the 
theory of radio communication and gives practical 
instruction upon the construction of transmitters 
and receivers, and radio-therapeutic apparatus; 
intended for the radio amateur. 

(KEMPE’S) ENGINEER’S YEAR-BOOK of 
Formulae, Rules, Tables, Data, and Memoranda 
for 1937, 43rd Annual Issue, revised by L. St. L. 
Pendred. London, Morgan Brothers, 1937. 2,6^ 

pages, illustrated, 7x5 in., leather, 31s. 6d. 

Deals with every phase of engineering and affords a 
survey of modem practice. 

OUTLINE of the HISTORY of MATHE¬ 
MATICS. By R. C. Archibald. 3rd edition. 
Oberlin, Ohio, Mathematical Association of Amer¬ 
ica, Inc. 62 pages, 9x6 in., paper, $0.50. A 
sketch of the development of mathematics based 
upon 2 lectures delivered in 1931 at a summer 
school for engineering teachers organized by the 
Society for the Promotion of Engineering Educa¬ 
tion. 

PROCEDURE HANDBOOK of ARC WELD¬ 
ING, DESIGN, and PRACTICE. 4th edition. 
Cleveland, Ohio, Lincoln Electric Company, 1936. 
8l9 pages, illustrated, 9x6 in., leauer, $1.50. 
Discusses in a practical manner the equipment and 
technique of arc welding, the design of arc-welded 
machinery and structures and the applications of 
arc welding in manufacturing, construction, and 
repairs. 

The RENAISSANCE of PHYSICS. By K. K. 
Darrow. New York, Macmillan Company, 1936. 
306 pages, illustrated, 9x6 in., cloth, $3.00. 
Intended primarily for the layman. ^ Discusses the 
constitution of matter, transmutation, and other 
basic questions. Based upon a course of lectures at 
Lowell Institute. 

STATISTICAL YEAR-BOOK of the WORLD 
POWER CONFERENCE. No. 1. 1938 and 

1934. Edited, with an Introduction and Explana¬ 
tory Text by F. Brown. London, World Power 
Conference, Central Office; American Committee, 
Interior Building, Washington, D. C., 1936. Ill 
pages, tables, 11x9 in., paper. $5.00. Contains 
statistics of the resources, stocks, imports, exports, 
and consumption of power and power sources dur¬ 
ing 1933 and 1934 for all countries for which it was 
possible to obtain information. 

STEAM-ELECTRIC POWER STATIONS. 
By C. F. John. Scranton, Pa., International 
Textbook Company, 1936. Illustrated, 8x5 in., 
leather, $1.50. An elementary descriptive text 
on power-plant equipment and operation, designed 
for operating men. 

STORM LOADING and STRENGTH of 
WOOD POLE LINES and a STUDY of WIND 
OUSTS. By R. H. Sherlock, M. B. Stout, W. G. 
Dow, J. 8. Gault, and R. S. Swinton. University 
of Michigan, Ann Arbor; sponsored by Edison 
Electric Institute, New York, 1936. 183 pages, 

illustrated, 9x6 in., cloth, $2.00 to members; 
$5.00 to others. Contains information about the 
wind forces acting ap-ainst the poles and conductors 
of a power line during storms, of determining the 
strength of wood poles under these conditions and 
of studying the structure of winds during storms. 

Die TRANSFORMATOREN. (Die Wechsel- 
stromtechnik, edited by I. L. la Cour. Bd. 2.) By 
I. L. la Cour and K. Faye-Hansen. 3rd edition. 
Berlin, Julius Springer, 1936. 699 pages, illus¬ 
trated, 9x6 in., cloth, 48 rm. Discusses the 
theory, construction, calculation, and operation of 
transformers. 


Ensineering Societies Library 

29 West 39th Street, New york, N. Y. 

M aintained as a public reference library 
of enslneerlns and the allied science, this 
library is a co-operative activity of the national 
societies of civil, eletirical, mechanical, and min¬ 
ing engineers., 

Resources of the library are available also 
to bSpse unable to visit it In person. Lists of 
references, copies or translatiori of articles, 
and similar assistance may be obtained upon 
vrritten application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate: of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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General Electric Sales Up.—^At the March 
meeting of the Board of Directors of the 
General Electric Co. President Gerard 
Swope announced that orders received for 
the first two months of 1937 amounted to 
i$64,000,000, an increase of 79 per cent over 
the corresponding period of last year, and 
that sales billed in the first two months were 
945,000,000, an increase of 39 per cent over 
the same period last year. Sales billed for 
1936 amounted to $268,545,000, compared 
with $208,733,000 for 1935, an increase of 29 
per cent. 

■Construction Work Gains.—^According to 

F. W. Dodge Corp., the total construction 
Vork started in the &st two months of 1937 
ta the 37 eastern states amounted to $431,- 
434,800, a gain of 22 per cent over the cor- 
respondmg two-months total of $355,211,900 
for 1936. Residential building amounted to 
9141,435,400 or a gain of more than 100 per 
cent over the total of $68,615,000 for the 
fibrst two months of 1936. Public works and 
■Utilities started during the first two months 
■of 1937 totaled $128,079,200 as agamst 
9133,506,200 for the same two months of last 
year. The dedine from last year in this di¬ 
vision of the construction industry is entirely 
■due to the slowing-up of the PWA program. 

-Aerovox Condensers Now Made in Canada. 
—^The control of the former Polsrmet Delta 
•Co. of Hamilton, Ont., has been taken over 
by Aerovox Corporation. Henceforth the 
Canadian plant will operate as Aerovox 
Canada Limited, produdng a line of Aeroi 
Vox dry and wet electrolytic condensers, 
also mica and paper condensers, for the 
Canadian trade. The output will conform 
with the engineering and production stand¬ 
ards of the Brooklyn plant according to 

G. I. Cole, president of the parent company. 

Westinghouse Reports Increased Business. 
—The annual report for 1936 of the West¬ 
inghouse Electric & Mfg. Co. sho'ws orders 
received amounting to $182,521,304, an in¬ 
crease of 48 per cent over the pretdous year. 
Sales billed totaled $154,469,031, an in¬ 
crease of 26 per cent oyer 1935. Unfilled 
orders at the end of the 3 rear amounted to 
$48,490,919 compared with $27,137,075 at 
&e end of the previous year. 

New Battery Tester.—An mstrum^t for 
quickly checking the working condition of 
glass jar type cells used in railway signal 
service has been developed by the Electric 
Storage Battery Co., Philadelphia, Pa., 
tttmed the Exide “Minute Man." The test 
is made by discharging the cell at approxi¬ 
mately its one minute rated capacity. In 
this manner the same practical results are 
obtained as from a 1- or 8-hotu-rate dis¬ 
charge test, 

New Molding Materials.—Many molded 
plastic parts, due to the conditions under 
which they are lised^ require better resist¬ 
ance to shock or impact th^ is afforded by 
general purpose molding inaterials. In order 
to meet the varied requirements for impact 
strength, Bakehte Corp., New York, has 
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developed a new line of Bakelite molding ma¬ 
terials which range in impact strength on an 
A.S.T.M. standard test specimen from 0.22 
to 2.0 ft. lbs. energy to break (2.75 to 25 ft. 
lbs. per inch square). These new molding 
materials are particularly suitable for hand¬ 
set telephones, instrument cases, junction 
boxes, and other parts requiring relatively 
high impact or shock resistance. 
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Relays.—^Bulletin GEA-2524, 8 pp. De¬ 
scribes undervoltage and phase-rotation re¬ 
lays, type ICR, instantaneous-time delay, 
for the protection of motors and synchron¬ 
ous con-verters. General Electric Co., 
Schenectady, N. Y. 

Service Equipment.—Catalog, 96 pp. De¬ 
scribes a wide range of general purpose and 
safety switches, panels and cabinets, s'witch- 
centers, breakers, industrial cable ducts and 
fi.ttings, etc. Btdl Dog Electric Products 
Co., Detroit, Mich. 

Volh^e Regulators.—Bulletin 1170B, 36 pp. 
Describes type AFR automatic feeder volt¬ 
age regulators. The purpose, construction, 
and advantages of such equipment, illus¬ 
trated throughout, are treated at length. 
Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Watthour Meters.—Cat. Sec. 42-215,16 pp. 
Describes polyphase watthour meters for 
house service. Application, construction, 
performance characteristics, ■wiring dia¬ 
grams and ratings for the various available 
types are included. Westinghouse Electric 
& Mfg. Co., E. Pittsburgh, Pa. 

Motor Geneiator Sets.—^Bulletin 501, 4 pp. 
Describes and illustrates ■varioiis types of 
motor generator sets, built in sizes up to 600 
kw and supplied in a variety of combina¬ 
tions. Reliance Electric & Engg. Co., 
1086 Ivanhoe Road, Cleveland, 0. 

Distribution Capacitors.—^Bulletin GEA- 
2494, 20 pp. Describes Pyranol-filled, pole- 
type distribution capacitors. According to 
the bulletin, 99.82 per cent of the Pyranol 
capacitors manufactured in the last 6 years 
have a perfect operating record. General 
Electric Co., Schenectady, N. Y. 

Building Wires and Cables.—^Bulletin BW3, 
48 pp. Describes electrical conductors for 
industrial power and lighting circuits for 
building of ell t 3 pes; includes tables on wire 
gauges, formulae for calculating electrical 
properties of circuits, conversion tables, 
electrical symbols for architectural plans, 
etc. General Cable Corp., 420 l<exington 
Ave., New York. 

Noise Meter^—^Bulletin, 4 pp. Describes 
the neiw t3pe 769-A sound-level meter for 


measuring noise. Feattues of the new meter 
include standardized readings, unusual sen¬ 
sitivity, non-directional pick-up, self-con¬ 
tained and portable, weighing only 237* 
lbs. The new device is -very easy to operate 
and is comparatively low priced. Bulletin 
20, a comprehensive manual on noise meas¬ 
urements, is also a^vailable. General Radio 
Co., Cambridge, Mass. 

Wiring Survey.—^32 pp., “Industrial Guide 
for Selection of Wire & Cable." A com¬ 
prehensive, practical treatise on electrical 
conductors used for industrial purposes and 
methods of modenuzing circuits. Chapters 
included cover the factors affecting the selec¬ 
tion of wire and cables; guide to determin¬ 
ing types of insulation; how to use charts; 
power circuits; standard building wire and 
cable; flexible cords and cables; control 
circuits. Anaconda Wire & Cable Co., 25 
Broadway, New York City. 

Circuit Breakers.^Cat. 6-Sec. 9,2 pp. De¬ 
scribes a new class TCR-1 indoor, oil-tight 
circuit breaker with a rating of 75,000 kva 
interrupting capacity, available in ratings 
up to 2,000 amperes, 6,000 volts, and for both 
automatic and non-automatic operation and 
in both two pole and three pole types. Ac¬ 
cording to the manufacturer there has been 
no NEMLA standard breaker between 
50,000 and 100,000 kva interrupting capa¬ 
city. Roller-Smith Co., 12 Park PL, New 
York City. 

Wires and Cables.—^Bulletin, 4 pp. De¬ 
scribes various types of insulation and co'ver- 
ings; rubber jacketed, lead sheathed and 
varnished cambric cords and cables, to¬ 
gether vsith ■weather-proof wire and cable, 
armored bushed cable, Oesflex, a non- 
metallic sheathed cable, parkway cables and 
special cables. Data on building wire and 
cable and conduit sizes for rubber-covered 
building wire are set up in convenient table 
form for ready reference. Crescent Insu¬ 
lated Wire & Cable Co., Trenton, N. J. 

Lubrication Studies.—^A series of effectively 
illustrated, large page booklets entitled 
“Panorama of Lubrication," described as 
“an educational series, dedicated to execu¬ 
tives, engineers, salesmen and students 
whose interest in the subject of lubrication 
demands simplicity." The first three issues 
of the series, each 24 pages, are now avail¬ 
able: 1—The Fundamentals of Lubrication; 
2—Lubricating Friction Tjrpe Bearings; 3— 
The Modem Motor Gil. The latter details 
refining processes and the sources and na¬ 
ture of crude oils. Shell Petroleum Corp., 
Shell Bldg., St. Louis, Mo. 

New Circuit Breaker Feature.—Bulletin 
237, 6 pp. Describes the new thermo- 
magnetic o^verload feature, applicable to all 
a-c types of I-T-E motor-protecting circuit 
breakers and a^vailable for all types of a-c 
motors up to 1,0.00 hp., 660 volts. The new 
feature discruninates with unfailing accur¬ 
acy between normal and unsafe overloads. 
It permits full-voltage starting even when 
the accelerating period is unusually long and 
the inertia load exceptionally heavy. The 
breaker is tripped before dangerous tem¬ 
peratures are reached in a motor or in the 
device itself. With o^vercurrents of short- 
circuit intmsity, tripping is inst^taneous. 
I-T-E Circtdt Breaker Co., 19th and Hamil¬ 
ton Sts., Philadelphia, Pa. 
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Summer Couvention. Milwaukee atirl vi- 
cinity^aud the State of Wisconsin offer un¬ 
usual opportunities to those wishing to com¬ 
bine attendance at the Institute’s 1937 sum¬ 
mer convention with their vacations. The 
program includes 10. technical sessions and 
one special "general” session. The usual 
sports competitions and a splendid array of 
interesting inspection trips and entertain¬ 
ment features provide a well-rounded pro¬ 
gram {pages 635-9). 

Employment of Engineers. During the 5- 
year period from 1929 to 1934, the number 
of persons in the engineering profession in¬ 
creased by 25 per cent, which was much in 
excess of available engineering employment 
opportunities. This is one conclusion 
reached by the United States Bureau of 
Labor Statistics in analyzing the employ¬ 
ment data obtained in its 1935 survey of the 
engineering profession {pages 524-31). 


Some Engineering Contributions. In 1920, 
41 million tons of coal was required to pro¬ 
duce 27 billion kilowatt-hours of electric 
energy in power stations in the United 
States; in 1934the same amount of fuel pro¬ 
duced 67 billion kilowatt-hours. This is but 
one of the many engineering contributions 
to society which have resulted in providing 
the public with a dependable supply of elec¬ 
tric power at low rates (pages 518-23). 


Student Activities. Representative of acti¬ 
vity of Student Branches throughout the 
Institute’s various Districts, were the antinfll 
Student Branch conference of the Southern 
District (pages 641—2) and the annual con¬ 
vention of Student Branches in the eastern 
portion of the Middle Eastern District 
(pages 640-1), both of which were held re¬ 
cently. 

Cable Saturahts. Physical and electrical 
properties of several saturants for paper- 
insulated cables have been investigated in 
a series of tests, and correlations made with 
the viscosity index and chemical composi¬ 
tion of the oils and resins. Gaseous ioniza¬ 
tion in insulation voids was found to exert 
pressure and accelerate oxidation (pages 
566-76). 

Lis^tni^i^-Airester Peifonhance. From 
manufacttoers' data pertaining to break¬ 
down characteristics of lightning arresters 
under standard rates of voltage rise, and IR 
drops for crest values of current of 1,500, 
3,000, and 6,000 amperes, the protective 
characteristics of 3- to 16-kv line-type ar¬ 
resters have been determined (pages 576- 


Magnetic Conbictors. Because of some 
fundamental limitations, the use of magnetic 
contactors as commutating devices for the 
application of power during brief periods 
has not been entirely satisfactory. A 
method of avoiding these limitations, and 
at the same time providing great accuracy 
of timing the periods of power application, 
has been evolved (pages 583-8). 


Sphere-Gap Calibration. Much progress 
has been made in extending and revising the 
cahbrations of the grounded sphere gap for 
both 60-cycle and impulse voltages. A 
paper in this issue presents some of these re¬ 
visions, and, in addition, describes the ef¬ 
fect of ultraviolet irradiation of the sphere 
gap {pages 594-6). 


Emulsion Gaps. Guarding overhead power 
lines against damage from lightning by the 
use of expulsion protective gaps which con¬ 
duct the lightning current to ground and 
break the power current that follows has 
been practiced for several years. Informa¬ 
tion obtained hrom field experience and tests 
is now available (pages 551-7). 


Coincidental Electric Drives. Individual 
motors are used in some industrial applica¬ 
tions to drive units of a machine that may 
require either a constant or a varying speed 
relation among the motors. Principles of 
operation are given in a general description 
of this type of drive (pages 578-82). 


Economic and Engineering Progress. The 
development of the modem economic sys¬ 
tem 1^ closely paralleled the growth of 
scientific knowledge, says a well-known 
authcjrity in discussing proga^ in the inter¬ 
dependent fields of engineering and eco¬ 
nomics (pages 510-17). 


Motor Protection. Thermal overload de¬ 
vices such as solder-film or bimetallic-strip 
relays commonly are used for the protection 
of a-c motors. Comparison of the proper 
motor and relay data provides a basis for 
the determination of adequate overload 
protection {pages 589-93). 


Corona Loss. Most mathematical for- 
mtdas for computing corona loss on trans¬ 
mission lines do not agree entirely with ob¬ 
served data for all conditions; therefore, a 
purely empirical method of computing co¬ 
rona loss has been derived hrom co-ordination 
of experimental observations {pages 558-65). 


Outages on Shielded Lines. From the ob¬ 
servation that fiashover of transmission-line 
towers with 2 overhead ground wirw oc¬ 
curs only when the product of tower-footing 


resistance and tower surge current 
the insulation strength, the probable outages 
may be determined (^ges 597-6(Kl). 


Police Radio. Law-enforcement agencies 
always are concerned with improving their 
methods of transmitting intelligence. In 
the last few years municipal and state police 
departments have turned to radio as the 
most rapid and effective means of dispatch¬ 
ing patrol cars (pages 532-44). 


Industrial Lighting. A broadening of the 
scientific knowledge of the relations of light 
to the process of seeing has suggested a 
new approach to the specification of light¬ 
ing for industrial processes (pages 545^50). 


Year Book. The Institute’s 1937 Year Book 
is now available to members having use for 
it (page 641). 


DISCUSSIONS 

Appearing In this Issue are discussions 
of the following papers: 

Electrical Machinery 

Abrasion—A Factor in EiceWcai Brush Wear— 


Messier.601 

Are Characteristics Appiyint to Fiashing on Com* 
mutators—Hellmund 603 

Contact Drop and Wear oi Siiding Contacts—Baker 

& Hewitt.. . 605 

Sel^Reguiated Compounded Rectiflers—Goodhue 

a Power.606 
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indiietion Motors on Unbaiapeed Voitages—Reed ft 

Koopman . 621 

Capacitor Motors With Windings Not in Quadra¬ 
ture—Puchstein ft Lloyd.634 


Electrophysics 

Expansion Theorems for Ladder Networks—Maltl 601 

Power Transmission 

Lightning investigation on a 2204(v System—ii— 

Bell . . . . ... ... . . . 622 

Lightning investigation on Transmi^bn Lines—Vi— 

Lewis ft Foust . . . . . . . . , . 624 

Eieetricai Characteristics of Suspension-Insulator 
Units—Dawes and Reiter . . . . . . . 628 
Lightning Protection for Transmission Lines— 
Gothberg ft Brookes ........ 631 

First Report of Power System Stability—Subcom¬ 
mittee Report . .' . . . ... . . 632 

Tensor Analysis 

Dyadic Algebra Applied to 3-Phase CIrcuib—Sah 610 
Complex Vectors in 3-Phase Qrcuits—Sah . . 610 
The Tensor—A New Engineering Tool—Boyajian 614 
Tensor Algebra in Transformer Circuits—Bewley 614 
Tensor Analysis of Multieleetrode-Tube dreuits— 


Kron. 


614 


no Elbctwccal Bmqinbbkino sire the expressions of contributors, for which the Institute assumes 

ik invited on^l controversial matters, f Subscriptions—S12 per year to United States, Mexico, Cuba, Porto Klco, Hawaii, 
be rec^V(^^fa^he Spaua. Spamsh Colonies; *13 to Canada; iUd elsewhere. Single copy *1.60. f Address changes must 

out WnS* month to be effective with the succeeding issue. Copies undelivered because of incorrect address cannot be repUc^ with- 

.indexod aimualljr by the Institute, weekly and monthly by Engineering Index, and monthly by Indnstrial Arts Index; 
tf ted monthly by .yetenea AbaP'sers (London). H Copynght 1937 by the American Institute of Electrical Engineers. Number of cojues this issue—20,200 ] 


508 


Electrical Engineering 























Eledrical En< 


9 ine«nn 9 


Pnblislied Monthly by 

.^iLmericaAi Insililiite of Electricail En^ineerjii 


FOUNBEB 1884 


VOLUME 50. NO. 5 


MAY 1937 


The President Meets the Sections 



what subject would you like a mes- 
sage^ from the president?” I asked 2 
young engineers who . have recently joined 
the AIEB. Their answer was, "Tell us 
about the work of the other Sections.” So I 
was led to review my pleasant travels of 
the last 9 months, and the many Sections I 
have been privileged to visit. 

Why does the president visit the Sections? 
Primarily because they invite him to do so; 
and it is his pleasure and duty, as far as 
possible, to accept these invitations from 
those who have dected him. It is certain 
that these visits inspire him and acquaint 
him with the activities and needs of the 
organization. It is hoped that from him 
each Section visited learns of national af¬ 
fairs, of the work of the other Sections, of 
projected policies, and from him receives 
some degree of inspiration, leading to greater 
Section activity. 

The courtesy, hospitality, and interest 
shown by every Section visited, have made 
this phase of my Institute activity one 
which I long shall remember. In the last 9 
months, I £ave visited 33 Sections and 18 
Branches, and attended 2 conventions and a 
District meeting. In the next 4 months, I 
shall visit 11 S^tions and 4 Branches, and 
attend a District meeting, a District student 
convention, and a national convention. 
While visits to Sections are desirable, in¬ 
spiring to the President and, I hope, to the 
Scions, visits to Branches I consider even 
more desirable, for within the Branches are 
found the engineering leaders of the future. 

Last November I told you something of 
my early trips and my pleasure in attending 
the twin meetin^^ at Knoxville and Chat¬ 
tanooga, which- initiated the active par¬ 
ticipation of the East Tennessee Section in 
Institute affairs. October and November 
were marked by a Western trip, with meet¬ 
ings at St. Louis and Elansas City, Mo., 
on the way to the South West Distrtet 
meeting at Dallas, Texas. The automobile 
drive from Kansas City to Dallas, with 
E. T. Mahood, past chairman of the Elansas 
City Section, and Mrs. Mahood, familiarized 
me with the great Southwest, and permitted 
a preliminary social visit with the officials 
of the Oklahoma City Section. Review¬ 
ing the 3-day Dallas meeting, I was indeed 
surprised that 6 of the 9 meals were the 
company of Vice-President L, T. Blaisdell. 
This sam^e vice-president accompanied me 
to the Houston Section meeting and, re¬ 
turning vuth me to D^as, drove me to the 
Oklahoma Section meeting approximately 
350 milee away. The foUbwing morning 
I inspected the Oklahoma oil field and saw a 


llO-horsepower motor, 10 inches in diame¬ 
ter and 20 feet long. Guided by the proverb 
"all work and no play,” the afternoon was 
devoted to golf. 

In quick succession followed enthusiastic 
Section meetings at Salt Lake City and 
Denver, with Branch meetings at the Uni- 
-versities of Colorado and Utah. 

Stealing a Sunday en route from Denver 
to Los Angeles, I realized a 40-year-old 
ambition: a trip to the bottom of the 
Grand Canyon on mule back. It is highly 
recommended. In Los Angeles a noonday 
meeting with the Section executive com¬ 
mittee preceded a joint meeting with the 
technical societies of Los Angeles, addressed 
by Dr. Von Kleinschmid, president of 
the University of Southern Calffomia, 
and myself. I strongly favor these joint 
meetings with other engineering societies. 

A plwe trip to San Francisco made pos¬ 
sible a Branch meeting at the University of 
Califomia, with a Section meeting the 
following evening. Then came Portland, 
Seattle, Vancouv^, Spokane, with Brancffi 
meetings at Washington State College and 
the University of Idaho. At Bozeman, 
there was a meeting of the Montana State 
College Branch at 11:00 a.m., luncheon with 
the faculty, and a Montana Action meeting 
in the evening. The following day another 
lifetime ambition was realized. Professor 
j. A. Thaler and his delightful wife (frove 
me to Yellowstone Park. Over a railroad 
electrically operated through its mountain 
divisions, I reached Milwaukee, Wis., and 
was entertained at lundi by the entire 1937 
summer convention committee. In the 
evening was the joint Milwaukee-Madison 
Section meetmg at the AUis-Chalmers Club. 
(Do not miss the Mil-waukee convention this 
June.) 

The trip back to Cleveland Was enlivened 
by a .limcheon with the Chicago Section 
executive committ^, and attendwce at the 
regular Chicago Section dinner meeting 
where, fortimately, I had the opportunity 
of hearing another speaker. 

Participation in ^tion meetings at the 
neighboring cities of Pittsburgh and Erie, 
Pa., was ea^y accomplished. 

Going to tile New York vdnter convention 
by the way of a Toronto Section dinner 
meeting was a mO^ pleasant experience, 
and approaching Miami, Fla., by the -way of 
a Caribbean cruise was equally delightful. 
(See message in March issue.) 

Such an extensi-ve Section as Florida 
required 2 meetings, at Miami and Jack¬ 
sonville, one of which unfortunately was 
missed because weather conditions pre¬ 


vented the scheduled sailing of a plane. 

•The best method of transportation 
through Florida was found to be by the 
use of a Ford car rented in Miami and de¬ 
livered at Jacksonville; a stop was made 
at Gainesville for a meeting of the Univer¬ 
sity of Florida Branch and a radiobroadcast. 

By a zigzag route and close co-operation 
from Institute members, we attended an 
all-afternoon Section meeting at Raleigh, 
N. C., a pre-organization meeting at Col¬ 
umbia, S. C., visited the Broad River 
power development, met with the Branches 
at Clemson College, Georgia School of 
Technology, Alabama Polytechnic Insti¬ 
tute, and the University of Alabama, and 
addressed the Atlanta and Alabama Sec¬ 
tions at enthusiastic dinner meetings. 
National Secretary Henline joined me at 
Raleigh, and ably participated in all the 
meetings that followed. 

The March trip through New England 
was distinctive. It was completely ar¬ 
rived by Vice-President A. C. Stevens and 
District Secretary R. G. Lorraine. They, 
with Mr. Henline and myself, made up an 
official visiting delegmion. Through their 
efficient organizing, we were able to attend 6 
Section meetings in 5 dajrs; Connecticut, 
L 3 rxm, Boston, Providence, Worcester, and 
Springfield. Three of these were joint 
Branch-Section meeti^s. This was one 
of the most inspiring trips of the year. 

Ahead of me is the privilege of attending 
the meeting of the North Eastern District at 
Buffalo, N. Y., the Student Branch con¬ 
vention of the North Central District at 
Brookings, S. D., the Milwaukee national 
convention, as well as visiting the follow¬ 
ing Sections: Chicago, Philadelphia, 

Sharon, Baltimore, Minneapolis, Cincin¬ 
nati, Rochester, Ithaca, and Lehigh Valley. 
Last, but not least, is the annual meetmg 
of my own Section, to be held in Cleve¬ 
land on May 20. 

This is the stbr^ of my travdb, and ^Jhe 
roster of the Sections and Brandies witii 
whidi I have been fortunate to become ac¬ 
quainted. Next month I shall take the 
opportunity of telling you what I leatn^ 
of these Sections and Branches, their 
activities, and their plans for the future. 
I hope that each Section and Branch may 
receive help and inspiration from the record 
of what the other S^tions and Branches are 
doing. 






Engineering Prog ress and Economic Progress 


By HAROLD G. MOULTON 

. President, The Brookings Institution 


E ngineering is con¬ 
cerned with the appli¬ 
cation of science 
knowledge to the processes of 
wealth production. Eco¬ 
nomics is concerned with the 
basic resources and factors 
upon which wealth production 
depends and with the forces 
and institutions that influence 
or control the operation of 
what we call the economic sys¬ 
tem. It is readily apparent, therefore, 
that the advance of engineering has a vital 
bearing upon economic progress. In turn, 
though perhaps less obviously, the opera¬ 
tion of the economic system largely deter¬ 
mines the rate at which new engineering 
discoveries may be applied in the actual 
production of wealth. This truth is 
brought sharply to our attention in periods 
of acute business depression, when the 
introduction of improvements of demon¬ 
strated value is indefinitely deferred, and 
the process of discovery and invention it¬ 
self is slowed down; but even in times of prosperity the in¬ 
stallation of new methods and devices is not infrequently 
retarded because of general economic considerations. 

In view of this intimate relationslup between engineering 
and economics, it affords me especial pleasure to join with 
you in considering problems of mutual interest on a forum 
dedicated to the memory of a great scientist and engineer, 
who was at the same time deeply concerned with the 
relationship of his profession to the development of civili¬ 
zation. 

Science and Economic Developinent 

The development of the modem economic system has 
infaci; closely paralleled the growth of scientific Imowledge. 
By way of introduction, let me briefly recapitulate tiie 
history of the last 3 centuries in terms of engineering 
and economics. Though not commonly realized, develop¬ 
ments in the field of the so-cahed natural sciences payed 
the way for the modem political and economic system. 

It was in the sixteenth and seventeaith centuries that 
such mm as Galileo, Kepler, and Newton discovered and 
formulated, the basic laws that operate in the physical 
world. lii due course these scientific discoveries came to 
exert a prbfotmd influence upon men^s ideas in other 
realms of thought. Was not man, the creation of God, as 
much a part of and subject to an ordered universe as the 


The advance of engineerins has a vital bearing 
upon economic progress; in turn, though perhaps 
less obviously, the operation of the economic 
system largely determines the rate at which new 
engineering discoveries may be applied in the 
actual production of wealth. From this point of 
view Doctor Moulton discussed progress in the 
interdependent fields of engineering and economics 
in the Eleventh Steinmetz Memorial Lecture,* full 
text of which is presented here. 



physical earth on which he 
had his setting? 

The view arose that there 
existed a system of natural 
law which, if it were not inter- 
ferred with by governments 
or other human institutions, 
would always lead to progress. 
Blackstone, the great English 
jurist, for example, contended 
that there had been established 
by the Creator a simple sys¬ 
tem of natural law or ethics, and that the 
constitution and frame of humanity had 
been so contrived that if we but pur¬ 
sued our own “tme and substantial hap¬ 
piness” we could not fail to be in tune 
with the universe of nature. More¬ 
over, according to Adam Smith, the great 
Scottish philosopher who founded a sys¬ 
tem of thought known as political econ¬ 
omy, each of us in pursuing his own 
welfare and happiness is led as by the 
Divine Hand to promote the welfare 
of his fellowmen. 

This new philosophy of natural law led in due course to 
practical results of great significance. First, innumerable 
laws restricting the freedom and the initiative of the 
individual were repealed. Second, industry and trade 
were relieved from a multitude of hampering regulations. 
Third, national boundaries came largely to be ignored 
through the removal of barriers and restrictions against 
the free intema^tional movement of trade and currency, 
and against the migration of people from country to 
country. The conception of a world society was bom, 
in which men should be free not only to develop their 
individual capacities to the utmost, but also to live in 
whatever spot on the globe they desired and to conduct 
their business operations without reference to any national 
boundaries. 

All this, it may be seen, constituted a theory of economic 
and social evolution or a science of society. New concep¬ 
tions resulting from discoveries in the field of natural 
science came in time to be the foundations of social science. 
Moreover, the practical application of scientific discoveries 

* Bleventh Steiiunetz: Memorial Lectura delivered by Doctor Moiilton under 
auspices of the Stonmetz Memorial Foundation at a meeting of the AXBB 
Schenectady, hr. V., Section on April 6,1937. 

HaJKOLD O. Moin.TON recrived the degree of doctor of philosophy from the 
University of . Chicago in 1914, and \ras a member of the faculty until 1922. 
At that time'he resigned the post of professor of political economy to becohie 
direetbr of the Institute of Economics, Washington, D. C. The institute was 
amalgamated with the Institute for Government Research and the Robert 
Brooking Graduate School of Economics and Government in 1927, and Doctor 
Moulton was appointed prealdtiit of the newly formed Brookings Institution. 
He is the author of many books bn economic and allied subjects. 
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to tlwi processes of production gave to the business or¬ 
ganizer an ever expanding scope for his enterprise. One 
need cite only the influence of steam, electric, and gasoline 
power on transportation development to indicate the 
significance of science in broadening the area over which 
business enterprise can successfully operate. 

Rising Standards of Living 

In the short interval of time since tlie founding of the 
American Republic, man’s power over nature has been 
increased vastly more than in all preceding history. If 
we were to let the span of human history be represented 
on the face of a clock, the period elapsing up to the last 
2 centuries would be roughly the equivalent of the time 
from niKjn to 10 minutes before 12 midnight. The last 
10 minutes would represent the period during which 
science, engineering, and the system of free business enter¬ 
prise have been dominant. Economic progress during 
these last It) minutes has greatly exceeded that of the 
pi\*cetling 710 minute.s. The standards of living of the 
masses today, lu^twithstandiug an extraordinary increase 
in population, are higher than those of the classes of fonner 
times. 

Statistical measurements as U» the rate of econoniie 
progress are avuiluble only for comparatively recent years. 
But in the era of expansion from 1000 to 1929 production 
per capita in the United States increased by about 3S 
per cent; and there was a 13-per cent shortening of the 
hf)urs of labor. In manufacturing industry the increase 
in efficiency was, of course, much greater. In the 7-year 
period from 1022 to 1029 efficiency in manufacturing 
increased by 25 per cent. 

Retardation of Economic Growth 

Despite the remarkable developments that have 
occurred under the capitalistic system, no one who 
thoughtfully surveys the economic history of recent times 
can well be complacent. Not only do we have periodic 
depressions which destroy accumulated wealth and income; 
but even at best the performance of the economic system 
leaves something to be desired. It would seem, when one 
stops to think carefully about it, that the rate of economic 
progre^ ought to be a constantly accelerating one—since 
each new generation starts with larger margins above the 
requirements for subsistence and builds upon greater 


accumulations of scientific knowledge and experience. 
Certain observed tendencies, however, are disquieting. 
Apart from the long periods of business depression and 
stagnation, one notes that the older and more mature a 
nation becomes the less rapid seems to be the rate of 
economic progress. In any event, the question sharply 
presents itself: Do conditions develop in the operation of 
the economic system which seriously retard further appli¬ 
cations of engineering knowledge, and hence further 
progress? 

It has been with a view to throwing light upon this basic 
question that the Brookings Institution in recent years has 
carried through a series of investigations under the broad 
general title of the distribution of income in relation to 
economic progress. Some of the results of these studies 
are here brought to your attention by means of a series 
of charts. 

Before presenting these charts let me briefly recapitulate 
some of the conclusions reached. 

1. It was found tkat tlicrc is a substantial margin of unused pro¬ 
ductive capacity, even in periods of prosperity. In the boom 
IHiriod, 102,*>'29, the economic system as a whole was not producing 
ttl more than 80 per cent of capacity; we did produce about 81 
billion dollars worth of goods and services in 1020, but we might 
have produced about 96 billions. 

2. The failure to use all of our productive capacity could not be 
attributed to an existing excess of production as compared with 
human needs. Productitm in the United States in 1929 amounted 
to only about $660 per person—about $2,600 per family. It wotdd 
have required a vast increase in output to provide reasonably satis¬ 
factory standards of living for the American people. 

The failure to produce more was attributable to an inability to 
iiml markets adequate to absorb full productive capacity. 

4. The lack of adequate markets rellected inadequate purchasing 
power on the port of the masses of the people having large unfulillled 
desires. 

5. 'Hie inability of the masses to buy larger quantities was a result 
of the discrepancy between their money incomes and the prices at 
which goods were offered in the markets. 

This last point will be developed at some lengtli in the 
course of the discussion, but first let us have a brief look 
at the charts that bear upon the conclusions just stated 
(figures 1 to 9, inclusive). 

Effects of the World Depression 

Figures 1 to 5 relate chiefly to the predepression situa¬ 
tion and are concerned solely with the United States 


T he Steinmetz Memorial Lectures were 
established in 1925 by the Schenectady 
Section of the AIEE, as a means of recallins 
periodically to the members of the Section 
and the s«neral public the personality and 
achievements of Charles Proteus Steinmetz. 
The interest aroused by these lectures has 
been such that his friends and admirers have 
raised an endowment fund to place the 
memorial on a permanent basis, Independent 
of the future success of the Schenectady 



Section of the AIEE. This fund will insure 
that the memory of Doctor Steinmetz will be 
recalled frequently in a way most appropriate 
to commemorate a man who combined a 
lovable personality and a broad human 
Interest with the highest grade of scientific 
attainment. Previous lectures have been 
delivered by M. I. Pupin, E. J. Berg, R,j A. 
Millikan, A/\ax Mason, D. S. Kimball, W. 
E. Wicicenden, K. T. Compton, C. E. K. 
Mees, R. E. Doherty, and Gerard Swope. 
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The next series of charts (figures 6 to 8) is focussed 
directly on the effects of the depression upon economic 
progress both in the United States and the world at large. 

All the diagrams thus far mentioned fail to portray 
fully the effects of the depression because the factor of 
general growth is not included. With the population of 
the United States in 1936 about 5 per cent greater than in 
1929—^indeed with the population of working age about 
9 per cent greater—^we should e:^ect a proportionally 
larger output than in 1929. In fact, had it not been for 
the depression we might have expected the supply of 
capital and the efficiency of production to continue at 
something like its usual rate of increase, with a corre¬ 
sponding expansion in per capita output. The next chart 
(figure 9) indicates in a rough way the effects of the de¬ 
pression by comparing actual production since 1929 with 
the amount of production that we would have had if 
predepression trends had been continued. 

Figure 9 shows that in 1936 the average production 
(including agricultural and mineral as well as manufac- 
turing) should have been about 20 per cent higiipf than in 
1929; in fact, it was less than 90 per cent of the 1929 
level. In other words, the output was not quite as 
great as it would have been had there been no interruption 
to progress. 

The results of this curtailment of production are of 
course clearly revealed in the statistics of national inrnmA. 
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Fig. 1 . Per-capita income from current production 

This diasram reveals the srowth of national income over the 30-year 
period of expansion from 1900 to 1929. As already stated, the 
increase amounted to about 38 per cent per capita, while at the same 
time there was a 13-per cent reduction in working hours. The cross- 
hatched bars indicate the amount of income as measured in actual dollars, 
pie dark ones indicate the amount when adjustment is ^made for the 
fluctuations in commodity prices. It is of course the latter that represent 
the real growth in income , 


Had there been no depression and had the prewar trend 
of production continued, the total national income in 
1936 would have been more than 97 bilhon dollars (as 
^easured by 1929 prices). The actual income in 1936, 
including that received by individuals engaged in wb^rk 


relief, was only about 70 billions (again as measured by 
1929 prices). 

Engineering and Economic Fundamentals 

In the light of these graphic illustrations of economic 
retardation, we may now return to the discussion of engi¬ 
neering progress and economic progress. We shall center 
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Fig. 2. Utilization of mineral capacity 

This diagram indicates the percentage of capacity that was actually 
utilized in the various divisions of the mineral industries In 1929. Each 
bar represents a particular division of the Industry, the width indicating 
roughly its relative importance. The highest degree of utilization is 
found in electrolytic copper refineries and the lowest in black powder 
mills. It may be observed that In the main the utilization was in the 
neighborhood of 80 per cent. The large area labeled 5 is petroleum 
refineries/ 7 is bituminous coal mines/ 10, crude oil/ and 12, anthracite 
collieries 


our attention not so much upon the phenomenon of the 
depression itself as upon the longer-run persistent factors 
or tendencies that affect the rate of progress. 

The engineering attitude always has been direct and 
fundamentally simple. Moreover, its validity is not 
open to challenge.. It is based upon the elementaiy 
assumption that the function of engineering is to apply 
the new knowledge that is continuously accumulating to 
the improvement of productive instruments and processes, 
with a view to increasing the efficiency of mankind in 
adapting natural resources to the satisfaction of human 
wants. Increasing efficiency simply means producing 
more with the same effort—in consequence of which 
standards of living will be raised. 

If it be agreed that the engineering conception of 
progress i§ indubitably true, then it must follow that the 
test of aiif&onomic system is to be gauged by its efficiency 
in promoting the engineering ideal. The system of private 
business enterprise, as it has often been expounded by 
both professional economists and business leaders, does in 
fact embody this engineering conception of progress. 
The nature of the problem is complicated, however, by 
the fact that under the capitalistic ^tem production is 
financially organized and controlled. 

Business managers, use money in the hiring of labor and 
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Fig. 3. Utilization of manufacturing capacity 


This shows the desree to which manuFdcturing capacity was utilized 
on the averase in the 5-year period from 1925 to 1929. A somewhat 
wider range is indicated here, but again the general average is not far 
from 80 per cent. The highest degree of utilization is in full-fashioned 
hosiery establishments^ and the lowest in locomotive plants. The large 
area, 5, is printing and publishing; 11 is automobiles; 13, cotton 
manufactures; 14, boots and shoes; 16, men’s clothing; 19, rolled- 
steel products; and 20, lumber 

in the purchase of materials and supplies, and they sell 
their products for money. The aggregate amount of 
money received from sales of course must exceed the 
aggregate disbursements if profits are to be realized. 
Thus, business has its setting in a structure of monetary 
costs, prices, and profits; and the economic requirements 
for progress must accordingly be analyzed in these terms. 
The incentives and mechanisms by which the competitive 
system has been supposed to insure rapid economic 


progress and higher standards of living may be sum¬ 
marized briefly as follows: 

1. It is contended that each business manager naturally stands to 
gain by increasing efficiency and thereby reducing costs. He may 
accomplish this by the construction of a larger and more efficient 
plant, by the installation of better equipment, by the introduction 
of superior internal management, by improved methods of marketing, 
by integrating various stages in the productive process, or by a 
combination of various methods. 

2. Having reduced costs of production he is in a position to increase 
his profits in one or another of 2 ways: He may continue to sdl at 
the same price as before, enjoying the advantage of a wider margin 
between cost and selling price, or he may expand the volume of his 
business by means of price concessions. It was reasoned that since 
the increase in efficiency which is responsible for the reduction in 
costs commonly involved an expansion of productive capacity, and 
dnee the maximum economies can be obtained when operating at 
full capacity, the greatest profits will result if sales are expanded 
by means of a reduction of prices. In short, increased efficiency 
makes possible lower prices, while the profit incentive was held to 
insure an actual reduction of prices. 

3. The process naturally involves the continuous elimination of 
obsolescent or otherwise inefficient high-cost establishments. The 
industrially fit, as gauged by ability to sell at a minimum price, 
alone survive; moreover, the efficieirt of today promptly become the 
inefficient of tomorrow. A particular business man, firm, or corpora¬ 
tion may indeed survive over a long period of years, but only if the 
production methods employed keep always abreast of chang in g 
times. It may be seen that with the system thus operating, stand¬ 
ards of living would steadily rise. The progressive reduction of 
prices as efficiency increases would, of course, constantly increase 
the purchasing power of the masses—giving them an increasing 
volume of goods for the same money. 

It should be carefully noted that this theory of progress 
implies that the reduction in money costs must result 
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Fig. 5. Fluctuations in production of consumer and 
capital goods 


Here is a rough picture of the economic loss to the nation over a period of The most striking result of a depression is the extraordinary 

years resulting from our failure to make Full use of our productive capacity. decline in the rate of construction of new plant and equipment 

The black portions of the bars show the actual income produced in the years That is to say, the application of scientific and engineering 

1922 to 1934, inclusive. The upper areas indicate the additional amounts knowledge to the further expansion of productive capital is 

that might have been produced had our resources been fully utilized. For serioudy impeded. This diagram shows that the amount of 

lack of adequate data as to the growth.of productive capacity after 1929, the new capital construction at the depth of the depression in 

height of the bars has not been extended above the 1929 level. Since in the 1933 was only 40 per cent of thiat in 1929, being confined 

absence of depression productive capacity would have continued to expand, almost entirdy to replacement as distinguished from new 

the diagram materially understates the true situation. A later diagram (figure 9) capital construction. Even after 3 years of rebovery the rate 

• serves to reveal the indirect losses resulting from the depression of capital construction is still far below predepression levels 
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from increased eflBiciency rather than from a mere reduc¬ 
tion in money wage rates. A reduction in wage rates may 
indeed lower money costs and prices; but since it neither 
indreases efficiency nor the purchasing power of the 
masses there is no resulting economic advancement. 

In order to reveal more distinctly what is involved in 
raising living standards in a pecuniary society, I would lay 
down 2 principles as follows: 

1. The process of rating the standard of living of wage earners 
necessarily involves increasing the spread between wage rates and 
prices. That is, a wage earner can increase the volume of his 
purchases &om year to year only if wage rates are increased rela¬ 
tive to the prices of the commodities he buys. If he gets more 
dollars and prices remain unchanged, his purchasing power is ex¬ 
panded; if he gets the same number of dollars and prices decline, 
his purchasing power is expanded. It cannot be expanded, how¬ 
ever, unless the spread between wages and prices is increased. 

2. An increasing spread between wage rates and prices depends 
fundamentaUy upon increasing the efficiency of production. While 
minor and temporary increases in wages sometimes may be achieved 
by trenching upon profits, a progressive increase in the wage-to-price 
ratio depends directly upon the acceleration of technical advance¬ 
ment, improved management, increased labor efficiency, etc. Any 
practices or policies that tend to work in this direction are eco¬ 
nomically sound; any that work in the opposite direction are eco¬ 
nomically unsound. 

We may now leave for a moment the discussion of 
principles and requirements and turn again to the factual 
record. The great increase in living standards over the 
past 200 years to which reference has been made has been 
brought about by increasing efficiency and an increasing 
spread between wage rates and prices. The statistics of 
wages and prices indicate that at certain periods increased 
purchasing power has resulted mainly from wage in¬ 
creases and at other periods mainly from price reductions. 
Sometimes also improvements in living standards have 
come about simply by the process of a more rapid rise in 
wages than in prices. 

The trend of wholesale prices in relation to weekly 
wages over the period from 1800 to 1930 is shown by the 


next chart (figure 10). It may be observed that whole¬ 
sale prices show several high peaks occurring in war 
periods, with fluctuating but generally downward trends 
in between. Money wages, however, show a persistent 
upward trend over die period as a whole. In consequence, 
the general trend of real wages is sharply upward. 

For recent years data with respect to wages and prices 
are more detailed and precise. The next chart (figure 11) 
shows hourly earnings in manufacturing industries and 
both wholesale and retail prices of finished manufacturing 
products for the 15-year period 1932 to 1936. 

It may be observed that during the prosperity period 
of the tw:enties wholesale prices showed a slight irregular 
decline, while retail prices remained practically stationery. 
Hourly earnings increased sharply in 1923 but very 
moderately thereafter. Real wages, however, did not 
increase as fast as productive efficiency. 

During the course of the depression hourly earnings fell 
somewhat less rapidly than either wholesale or retail 
prices. Since the beginning of the recover period hourly 
earnings have risen much more than either wholesale or 
retail prices. In fact, hourly earnings at the end of 1936 
were actually above the 1929 level, whereas prices were 
nearly 20 per cent below. 

In concluding this discussion it should be noted again 
that the benefits of technological advancement may be 
disseminated either by increasing money wages or by 
decreeing prices. Which of these alternative means is 
the more effective? 

The answer is decreasing prices. The wage increase 
method enhances the purchasing power of only that por¬ 
tion of the population which works for wages—and this 
constitutes only about 40 per cent of the entire population. 
When prices are reduced, on the other hand, everybody is 
benefited; wage earners, salaried employees, farmers, and 
professional groups alike are able to get mote for their 
money. This method not only gives a maximum increase 










in purcimsiiix: ptnwr, but it alst) serves to maintain a better 
balance between clilTerent divisions of our economic system* 
particularly In'tween industry and agriculture. 

It dues not bdltnv, however, from the indubitable fact 
that the broadest fsjssible dissemination of income is 
attained through reductions of prices, that this method 



Fig. 7, Volumt of world tr«de 

Thu volume ol world U<id« declined from 100 in 1929 to 75 in 1932. 
In 1935 it h^d returned to only 82 per cent of the 1929 level, and 
there w«» only 4 modernte increese in 1936. Exchange depreciation 
artd controls, tariffs, and other commercial restrictions, and the drying 
op of iniemationat credit, have served to prevent any material recovery 
in international trade 


must 1 h* given sole consideration, P.sychological and 
other practical factors may also warrant wage advances. 
l*ndit sharing also may have an imporlunt rOle t<r play. 
It may \w ctmcluded, however, that price reductions • 
Ijceaiise of the universal cliaracter of their effects should 
crmslitnte the primary means of dissemimiting the benefits 
of tcchnolfigical iinprrrvcmeut.s * 

I^c« Restriction Policies 

From the preceding discussion of the operation of the 
iTonmnic .systerii and the progressive riset in standards of 
living, it wouU! almost s«^;em that the oijcration of tlte 
ccoimmie 8y.stei» is higlily .satisfactory. But such a con- 
ciusitin Is obviously not warranted in the light of the earlier 
disc««iiort of the ineffective utili/ation of productive 
ca|}aetty. The truth of the matter is that the price 
mcclianistn of increasing purchasing power docs not 
always freely operate. 

Over the last fiO years interferences have been develop¬ 
ing to the free functioning of the price mechanism. In¬ 
stead of reducing prices as a means of expanding markets, 
there has been a growing tendency to maintain prices and 
to let well enough idone. 

•T» only the high pdirtu of the anelyid* c»b ^ 

ilvm. Th# intinroAod r«wt«f B»y Snrf the full with iupporllB* d«t* 

Is 4 votiuBwi p^«b«d hy the Bfoofclsx* liutltHtion iiader the title* "AMerics's 
CsfMidty to P^iie«’% *’A«*rk«‘e Caiuwlty to Coneume"} "The Pornutlon 

of sod "liwfow* sod KcOoobiIc 


Interferences with competitive price movements have 
occurred as a result of the development of at least 3 major 
types of business organization. The first is the unified 
monopoly or industrial combination under single manage¬ 
ment. The second, found chiefly in Europe, is the cartel 
or collective monopoly’* under which there is group 
c«)iitrol of production with a view to stabilizing prices in a 
given industry. The third is the trade association which 
seeks, usually through informal co-operation, to stabilize 
certain conditions within particular industries without 
interfering with the control of production. There are, of 
course, many different types of trade associations, and not 
all are able to exert an influence upon prices; but, by and 
large, trade associations consciously or unconsciously 
pnimote price stability. These associations, unlike con¬ 
solidations, have generally been viewed with favor by the 
United States government as a means of stabilizing 
business. 

The results of these policies have been most clearly 
manifested in the decade of the twenties. This was a 



Fig. 8. Industrial production in selected countries 

In this diagram the output in the year 1929 is taken as 100. Several of 
the countries included, notably Japan, Hungary, Chile, and the United 
Kingdom, show production in June 1936 at a level substantially above 
that of 1929. The United States and Canada stand in an intermediate 
position, at about 85 per cent, while France, Belgium, Poland, and 
Czechoslovakia lag materially 


period of remarkable advancement. Both the amount of 
capital and the efficiency of its use increased in nearly all 
lines of production, in manufacturing industry generally 
the increase in efficiency was something like 25 per cent. 
But the benefits of this increasing efficiency were not 
automatically passed on to the masses of consumers either 
through the medium of proportional wage increases or 
proportional price reductions. Wholesale prices of manu¬ 
factured commodities declined a scant 5 per cent and 
retail prices did not decline at all. The rate of profi^te 
showed a considerable increase during these years. Dur¬ 
ing the recovery period from the beginning of 1934 until 
the lost quarter of 1936 the wage-price mechanism ap¬ 
peared to be working in a very satisfactory manner. As 
has already been revealed, priices of manufactured goods 
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fell somewhat, while hourly earnings rose materially. 
The result was a substantial increase in the wage-to-price 
ratio. Since this improvement in the wage-to-price ratio 
was matched by a more or less corresponding increa^ in 
efficiency, profits were not reduced. On the contrary, the 



Fig. 9. Actual production compared with predepression 

trends 

The upper line is an extension of the predepression trends of production 
from 1929 to the end of 1936. The lower line shows the actual 
production, the figures for 1936 being estimated as shown by the dotted 
projection of the line 


fuller utilization of capacity that came with an expansion 
in the total volume of business served to increase the net 
income of corporations. 

Ctirrent Trends 

At the end of 1936 the economic situation appeared in 
many ways exceptionally favorable. Production was 
steadily increasing, purchasing power was being broadly 
disseminated among the masses, speculative business 
activity was not in evidence, inventories remained low. 


and the general balance between production and con¬ 
sumption was satisfactory. Moreover, there existed 
clearly defined production requirements adequate, as some 
studies have shown,* to absorb all the unemployed. 

In recent months, particularly since February, the 
situation has changed in one vitally important respect. 
Not only have prices of raw materials been rising, but we 
have had sharp increases in wage rates. These wage 
increases, ranging from 20 to upward of 30 per cent, have 
not been related to increases in efficiency. Partly because 
of this fact, but also in part because of shortsighted indus¬ 
trial policy, the prices of manufactured products are being 
rapidly advanced. While it is too early to make reliable 
comparisons of the precise degree to which wages and 
prices respectively have advanced, there is apparently a 
strong disposition to assume that prices must be raised in 
at least equal proportion to the wage advances. The 
requirement obviously is to restrain the price increases 
just as much as possible, in order that purchasing power 
may not be undermined. 

The possible effects of the sharp increases in wages and 
industrial prices must be viewed with apprehension, for 
they are laying the basis for an old-time vicious spiral of 
inflation. Rising costs lead to rising prices, and higher 
prices in turn lead to further advances in wages, costs, 
and prices. Moreover, a new maladjustment disruptive 
of balanced relationships is being introduced into the 
economic situation. While the particular labor groups 
that receive higher wages may stand to gain for a time, 
and while the industries in question may temporarily pass 
on the higher costs to consumers, further extensive 
expansion appears to be threatened. 

The advance in the prices of such basic products as iron 
and steel and other metals, and building materials, may 
well serve as a direct impediment to the expansion of 
production in certain very important lines. The financial 
condition of the railroads has only recently improved 
sufficiently to permit extensive physical reconstruction of 
properties; but now with the prices of steel rising rapidly 
and railway wage increases also in immediate prospect, it 

* See "The Recovery Problem in the United States," published by the Brookiiies 
Institution. 


Fig. 10. Movement of wholesale 
prices and weekly wages 

The upper line indicates the movement of 
vvholesale prices; the lower one the 
movement of money wdges; and the 
middle the trend of rea/ wages as meas¬ 
ured by the relation of prices to wages 
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is doubtful whether the railroads will be able to carry out 
the comprehensive programs of rehabilitation that have 
been prepared. Similarly, the building of new houses, 
apartments, and other structures may well be held in 
check by the rising prices of building materials. If this 
happens, the recent trends will have served to prevent 
the absorption of the unemployed and the attainment of 
the higher standards of living which are so greatly desired. 

It may be noted also that, large sections of the popula¬ 
tion would soon suffer as a result of a rapid rise in prices, 
such as: (1) the farmers who do not work for wagesj 

(2) individuals who are working for fixed salaries; and 

(3) those Hving on incomes from investments. All these 
number more than 50 per cent of ihe total population. 
Perhaps the most serious phase of the problem relates to 
the disparity that may again result between industrial 
and agricultural prices. This is one of the reasons why 
the government become so seriously concerned over 
recent developments. 

Temporary Stimulating Effects 

One must note, however, that the adverse effects upon 
production may be considerably delayed. This is because 
a rise in prices usually provides an immediate stimulus to 
industrial activity. With prices going up, business men 
fl-nd others hasten to place orders and buy extra quantities 
in order to be ahead of the price advance. This expansion 
of orders accelerates business activity and for a time 
increases the demand for labor. This expansion of de¬ 
mand in turn serves to increase the demand for products 
and to raise prices more rapidly. In due course, however, 
this process serves to intensify the disturbance in price 
relationships in the different parts of the economic system. 

Profits that result from increasing efficiency and an 
expansion in the total volume of business are soundly 
based, but profits derived merely from advancing prices 
are not. Rising prices may indeed stimulate an increase 
in production and bring on an industrial boom; but since 
the buoyant activity that results merely from price in¬ 
creases is not accompanied by a corresponding expmision 
in the purch asin g power of the masses, it is not self- 
sustaining. 

It should be clear even from this brief and inadequate 
analysis of the factors and forces involved in the operation 
of the economic system that we cannot hope to have 
Acnrinmir progress commensurate with the potentialities 
opened up by modem science and engineering unless 
governmental^ industrial, and labor pohcies alike are 
based upon knowledge and understanding of economic 
fundamentals. The paramount need is for the devdop- 
ment and adoption of pohcies that will promote ever 
jT 7 /M »Aaging efficiency and ever rising standards of hving. 

Instead of having reached the limit of progr^s under 
the capitahstic system, we should be merely on the 
threshold of economic advancement. Building on the 
^cprintnip accumulations of the past and on the founda¬ 
tions of modern science, we should be able to look forward 
to a ra.te of economic progress in the future that would 
dwarf anything known ^^^ m past. The problem is 


simply one of the recognition of certain fundamental re¬ 
quirements and the operation of the economic—and 
pohtical—system in the light of those requirements. 

The Road to Progress 

In conclusion I would summarize the fundamental 
requirements for sustained progress in the foUowing terms: 

There must be constantly increasing efficiency in pro¬ 
duction on the part of both labor and capital. Only by 
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Fig. 11. Hourly earnings in manufacturing and prices of 
finished manufactured products 


everlastingly improving technical processes and lowering 
the costs of production can we obtain progressively higher 
standards of living. To try to accomplish this result in 
any other way means simply tugging in vain at our 
coUective bootstraps. 

As efficiency is increased, the benefits must be broadly 
disseminated among the masses by means of high wages, 
low prices, or a combination thereof. This is essential for 
a double reason: 

First, it is a fundamental requirement for social and political stability 
and the well rounded growth of a democracy. It is doubtful indeed 
if any economic or political system can permanently maintain itsdf 
unless it does maintain the goal of the greatest good for the 
greatest number. 

Second, a broad dissemination of the benefits of technical progress 
is necessary to provide the market demands for an expanding 
industry. Under our capitalistic system we produce to sell goods 
in the market. If we increase capacity to produce without corre¬ 
spondingly increasing the capacity of the masses to purchase, we 
simply reach an impasse. Production schedules have to be re¬ 
strained, with an accompanying retardation of the rate of economic 
progress. 

Industrial growth, development, progress, require the 
expansion of consumipg power step by step with the 

put the mattCT in 
in the economic 
anism must proceed 
ie rootage. It must 
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Some Engineering Contributions to Society 


By R. C. MUIR 

FELLOW AIEE 


R esearch and engi¬ 
neering have for their 
ultimate objectives the 
improvement of social and 
economic conditions and the 
conservation of natural re¬ 
sources. Some of the im¬ 
portant advances achieved by 
power engineers in striving 

toward these objectives briefly are reviewed in this 
article. It is hoped that this discussion may give engi¬ 
neers a better appreciation of what they have done in 
this important field, but at the same time may serve as 
an antidote to complacency, as there yet remains much 
to be done. 

Figure 1 shows data pertaining to the annual production 
of electric power from fuel for public use in the United 
States. In 1920, 27 billion kilowatt-hours were pro¬ 
duced with 41 million tons of coal; in 1934, 57 billion 
kilowatt hours were produced and the coal consumption 
was just the same, 41 million tons. Thus, engineers have 
given the public more than twice the electric power 
without increasing the fuel consumption—a notable 
achievement in the conservation of fuel resources. 

Figure 2 shows the improvement in fuel-power electric 
stations year by year, the performance of the best stations, 
and the still furtiier improvement possible with the per¬ 
fection of the mercury-steam station. As may be noted, 
it took 15 years for the average steam-station economy to 
equal the economy of the best station. Hence, 15 years 
from now the average steam-station economy might be 
expected to equal the best of today; in other words, for 
each umt of fuel used then the electric power produced 
will be iVs times as great as is produced by one unit of 
fuel today. Were it possible to have all fuel-burning 
stations equal to the best, only 26 million tons of fuel 
would be required to produce the 57 billion kilowatt- 
hours shown in figure 1 for 1934, 

Fuel is only one item in the cost of power, and the 
engineer has not overlooked other items, the most im¬ 
portant of which is reliability or availability factor. 
Goiudident with the improvement in eflBiciency, the relia¬ 
bility has increased, so that the capacity factor has in¬ 
creased and the powa: generated per dollar of plant 
investment has nuiterially increased. 

It would be impracticable in this article to cover many 
of the engineering phases that have brought about this 
improvement, but the turbine generator is representative 
of rfie progress made and the problems confronting the 
'engmeef. 

One of the most im^rtant factors in recent power-plant 
dev^opm^t is the ab^ty to. utflize high-temperature 
steam: tiiat is, steam at 850 to 925 degrees Fahrenheit. 


Getting more power from less fuel, and conse¬ 
quently providing the public with a dependable 
supply of electric power at low rates, is the goal 
toward wfrioh power engineers have aimed for 
many years. In striving toward this goal, they 
have made significant contributions to society, 
some of which are indicated in this article 


This is permitting an increase 
in the use of high-pressure 
steam without resuperheating 
and its attendant complica¬ 
tion, and gives a low-cost, 
simple, and highly efi&dent 
installation. 

The ability to use high- 
temperature steam has been 
dependent upon the development of alloy steels having 
high creep strength at high temperatures. Ordinary 
steels are subject to a slow g^rowth or plastic deformation 
called “creep” at these temperatures when under any 
appreciable stress. 

This precluded the development, up until a few years 
ago, of tyrbines to utilize steam at temperatures bi glu^r 
than 750 degrees Fahrenheit. Now, materials are availa¬ 
ble that permit a stress at high temperatures of from 3 
to 4 times what would have been permissible with older 
materials. This makes it. possible to utilize parts of 
practicable proportions. 

The General Electric Company has developed what 
might be called a second line of defense against high 
temperature by building some high-temperature turbines 
with a “double shell.” In this construction, the turbine 
wheels are smrounded by an inner shell carrying its own 
bolting flange. This shell in turn is smrounded by a 
second shell which also is bolted at the horizontal joint. 
The space between is filled with steam at a pressure of 
about 40 to 50 per cent of the pressure of the steam in the 
inner shell and at a temperature 50 to 75 degrees lower. 
The stresses thus are divided between 2 shells so that each 
can be made thinner than it would otherwise have to be. 
Figure 3 shows this principle embodied in an actual design. 

One of the most outstanding recent advances in fiie 
generation of electric power is the superposition on eYigting 
steam plants of high-pressure turbines operating at high 
bac^-pressure. These turbines take in high-pressure high- 
temperature steam, develop a certain amount of power, 
and discharge the steam from their exhat^ts into the 
present steam headers , of the low-pressure stations. In 
this way it is possible to increase the capacity of present 
stations from 40 to 90 per cent, depending upon conations. 

Theoretically, the increased capacity should require 
an increased coal consumption of about Vs pound per 
kilowatt-hour chargeable to the capacity so installed. 
Actually, the increased efficiency of the new boilers re¬ 
quired by the superposition so reduces the fuel consunip- 

Bssential substance pt an address presented at a meeting of the Amit ^'ew 
Vork Section, December 9,1930. 

R. C. Muik is vice-president in charge of ent^eeiihg, General Blectcic Coni- 
imny, Sdienectady, N, V. He is a past-chairman of the AiIBB Sjchenectady 
Seetion, and has served on the Institiite's committee on protective devices and 
education. ‘ ' ' 
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tion chargeable to the old station as . to make the 40 to 
90 per cent additional capacity obtainable at no increase 
in fuel consumption whatever. 

Since the additional capacity obtained by means of 
superposed turbines entails no additional fuel cost, it is 
in this respect on the same basis as a water-power plant; 
and since the installation cost is from V* ^ Vs the cost 
of a water-power plant, it can be seen that generating 
capacity obtamed in this way is achieved at a very great 
economy. That the industry is fully alive to this is 
attested by the fact that the turbines of this type ordered 
by public utilities during the past 2 years comprise about 
Vs the capacity of all turbines ordered by them during 
that period. The remainder, of course, have been con¬ 
densing turbines. A typical superposed installation is 
shown in figure 4. 

One of the outstanding recent installations of con¬ 
densing turbines is at the River Rouge Plant of the Ford 
Motor Company in Detroit, Mich. In the space origi¬ 
nally occupied by 2 12,500-kw turbines, 2 new 110,000-kw 
units have been installed—9 times the capacity in the 
same space. The fuel consumption per kilowatt-hour 
is but 60 per cent as much as formerly. 

The design and testing of a new type of steam-generating 
unit of good efficiency and relatively light weight, and re¬ 
quiring minimxmi space, recently was announced jointly 
by the General Electric, Babcock & Wilcox, and Bailey 
Meter companies. This new unit has been named the 
“steamotive.” In it, steam is generated at high pressure 
and temperature; and fully automatic control in response 
to changes in demand has been incorporated. The units 
are intended for capacities of from 2,000 to 10,000 horse¬ 
power. 

Two such units already have been built. The first, 
now in service in the Lynn, Mass., works of the General 
Electric Company, is used to test marine and other small 
turbines (see figure 5). It has an output of 21,000 pounds 
of steam per hour at a pressure of 1,500 pounds per square 
inch. The other, a completely co-ordinated power-gener¬ 



ating plant incorporating the “steamotive” and turbine- 
generator, with a capacity of 10,000 pounds per hour and 
furnishing steam to a turbine at 1,200 pounds per square 
inch and 950 degrees Fahrenheit, is being installed in a 
small isolated plant of a large industrial concern to supply 
dectric power and low-pressure steam for building heat¬ 
ing. Both are oil-fired. 

Two oil-fired “steamotive” units, each with a capacity 
of 40,000 pounds of steam per hour, are now being con¬ 
structed for the Union Pacific Railroad for driving 2 2,500- 


Fig. 2. Fuel con¬ 
sumed per unit of 
electric power 
produced in sta¬ 
tions In the United 
States from 1919 
to 1935, inclusive 
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Fig. 1. Electric 
power produced 
for public use, 
and fuel con¬ 
sumed, in steam- 
electric stations in 
the United States 
from 1919 to 
1935, inclusive 


horsepower electric locomotives. These umts will furmsh 
steam to the turbines at 1,500 pounds per square inch and 
950 degrees Fahrenheit. 

Ttiflirfl.ting the compactness of the “steamotive” umt, 
the one for Lynn was shipped complete from Schenectady 
on a railroad flatcar. 

Objectives sought in the design of the new equipment are 
lii gh steam pressure and temperature, minimum weight 
and size per unit of steam produced, wide range of capacity 
with ability of the unit to respond quickly to wide varia¬ 
tions in load conditions, adaptability to wide range of 
fuds, completdy co-ordinated auxiliaries, completely cp- 
ordinated automatic control, and umts of simple design 
and constructed in sizes small enough to be portable. 

Hydrogen Cooling 

A notable example of the value of engineering research 
in effecting a more economical use of construction ma¬ 
terials, and greater economy of machine operation, is ^e 
devdopment of hydrogen cooling as applied to roteting 
electrical machines. For yetos practically all dassw 
of rotating dectrical machinery were cooled with air, 
diiefly because it was more convenient to iwe than any¬ 
thing dse. Then research showed that this practice 
was wastefid— that machmes would operate more effi¬ 
ciently in gases other than air, and with a greater output 
per pound of material. Chief among these gases is hy¬ 
drogen. This gas has a density only Vm that of air, 
a result the whukige and ventilation losses of a 
rotating machine operating in hydrogen would be re¬ 
duced to Vm of their value in air. The thennd proper¬ 
ties of hydrogen also are distinctly superior to those 
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Fig. 3. Diagram showing construction of double- 
shell steam turbine for high pressure and temperature 


of air. Hence, by operation in hydrogen, instead of air, 
up to 25 per cent greater output may be obtained from 


water is circulated. Because of the smaller losses and 
the improved performance of these coolers in hydrogen, 
their size is only about 40 per cent of that of the coolers 
of an air-cooled machine of equal rating. The volume 
of active material in such a machine is about 20 per 
cent less than would be required for an air-cooled ma¬ 
chine of equal rating. To prevent the escape of hydro¬ 
gen from the generator housing along the rotating shaft 
projections a sealing gland is provided in each bearing, 
which is supplied with vacuum-treated oil from a system 
operating in parallel with the bearing lubricating system. 

In another type of hydrogen-cooled turbine-generator 
only the rotor is cooled with hydrogen, the stator being 
cooled by a number of hollow metal pads located between 
the core laminations and through which water is cir¬ 
culated. At the center of the core, pads with radial 
fins are provided, which serve both to remove the heat 
from the stator and to extract the losses from the hy¬ 
drogen which has cooled the rotor. This t 3 q 5 e of instal¬ 
lation requires the circulation of about 60 per cent less 
hydrogen than the other type, thus making possible the 
use of smaller fans and a shorter machine. 


a machine of given physical dimensions for the same 
temperature rise of the parts. 

The first applications of hydrogen cooling to rotating 
machines were to synchronous condensers and frequency 
changers. So successful have these applications been, 
that in the past 8 years 17 hydrogen-cooled machines 
of th^e types, having a combined capacity of nearly 
500,000 kva, have been placed in service. 


Commercial development of the hydrogen-cooled tur¬ 
bine-generator has just begun, but its importance to the 
industry is indicated by the fact that 17 machines of 
this type, with a combined output of nearly 860,000 kw, 
are now under construction. The yearly fuel saving for 
these 17 machines, as the result of using hydrogen cool¬ 
ing, is an item of some magnitude. 


An even greater economic gain may be realized in the 
application of hydrogen cooling to high-speed turbine 
generators. With this class of machines, the windage 
and ventilation losses with air cooling comprise about 
half the full-load losses. Hence the use of hydrogen 
reduces the total losses by nearly half, corresponding to 
a gain of about 1 per cent in efficiency. 

In one type of hydrogen-cooled turbine-generator, 
heat is extracted from the hydrogen in 4 surface coolers 
located within the generator housing and through which 


Improvements in Distribution 

After the power is generated, it must be delivered to 
the consumer with as little loss as possible, in suitable 
form ^ to constancy of voltage, and under suitable 
conditions as to continuity of service or availability. This 
is not a matter of just using large electrical conductors, 
but rather a scientific arrangement of interconnections 
of conductors, placement of transformers, protective an d 
reg^ating devices, and a reduction of losses in trans- 



Fig. 4. Hyd,og«,«ooled 3^,pm 40,000.kw sen«.te, driven by Ugh-preMure hish-temD.r.tar. 
hnbm., now being bnih lor ,upe,po.ed in,l.ll.«on in the Logen, W. V.., rtetion of the Amerieen L end 

Electric Company 


Turbid: Pressure, 1,250 pounds per square Inch; tempera¬ 
ture 925 degrees Fahrenheit (red hot). Double-shell con¬ 
struction. Superposition of this unit will add 86 per cent to 
station capacity but with only a moderate increase In fuel con¬ 
sumption 


Generator: Windage losses reduced (by use of hydrogen) to 
10 per cent of what these losses would be If the machine were 
operated in air. Water-cooled stator. Aluminum field wind¬ 
ing. Full load losses 1.4 per cent, full load efficiency 98.6 



percent 
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Fis. 5. Developmental '*sieamotive" unit 


1. 

Governor control valve 

8. 

Steam-pressure controller, high-pressure 

15. 

Fuel-oil temperature control 

2. 

Automatic lighting equipment 


trip 

16. 

Fuel-oil heater 

3. 

Drive-turbine steam valve operator 

9. 

Steam-output regulating valve 

17. 

Fuel-oil shut-off valve For automatic 

4. 

Oil flow-air flow controller 

10. 

Auxiliary-set drive turbine 


lighting equipment 

5. 

Steam-flow indicator 

11. 

Blower 

18. 

Feedwater heater 

6. 

Drum-level controller 

12. 

High-pressure surge chamber 

19. 

Fuel-oil control valve 

7. 

Steam-temperature indicator, hlgh-tem- 

13. 

Boiler feed pump 

20. 

Fuel-oil measuring orifice 


perature trip 

14. 

Fuel-oil pump 




formers and regulating devices. The average distribu- Improvemeilts in Power Cable 
tion losses of the power ^sterns of the United States in 

1920 were 21V 2 per cent; in 1936 this had been reduced Paralleling the improvement in transformers, it is 
to 15 per cent. interesting to note the progress made in paper-insulated 

The marked and continuing improvement of trans- cable since 1920. Previous to 1921 the highest voltage 
former efficiency has played an important part in re- imderground cable in use in the United States was 3- 
ducing the distribution losses. Since 1920 the losses of conductor 26-kv Y-grounded cable. In 1921, the first 
distribution transformers have been reduced an average 3-conductor 33-kv cable in the United States was in- 
of 20 per cent. The average full-load losses of power stalled, but trouble developed and the operating voltage 

transformers have been reduced 45 per cent, while the had to be reduced to 22 kv. In 1923 the first 66 -kv 

core losses have been reduced 62 V 2 per cent over the single-conductor solid-type paper-insulated cable in the 
same period. Figure 6 illustrates the rapid advance United States was installed, and in 1927 the first com-' 

in the design of network transformers. merdal installation in the world of 132-kv oil-filled cable 
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Fig. 6. Compari* 
son of 1928, 
1932, and 1936 
network distribu¬ 
tion transformers 


11 by 4 by 6 deep 
.^. 1 % 

.98.7% 

.82.5% 


Approximate vault 
space required (Feet) 

Efficiency. 

Weight (oil-filled)... 


was put into service in the United States. Approxi- dielectric losses have been greatly decreasea oy me im- 
mately 900 miles of oil-filled cable is now in service, and provements in the paper and the oil. Dielectric losses 
there has not been a single electrical failure in this cable at operating temperatur^ have been greatly reduced 
in the United States. There is an installation of 230- since 1925. This reduction in losses in the solid^ type 
kv oil-filled cable abroad but none operating at this vol- of cable has been approximately 60 per cent, and in the 
tage in this country, although manufacturers are pre- oil-filled cable since 1927 approximately 40 p^ cent, 
pared to supply it. Laboratory and field tests have Another advance in distribution equipment is illus- 
been carried on for several years to determine if 230-kv trated in figure 7. 

od-filled cable is feasible, and these tests are favorable. Direct-current power transmission is very a.toactive 
Progress in the development and application of high- from many points of view. It offers the possibility of 
voltage paper-insulated cable has been made possible operating cables with negligible dielectric losses at greatly 
by improved materials and better manufacturing methods, increased voltages with consequent reduction in cable 
and also by the devdopment of the oil-filled cable. Thor- cost, and also a means of obtaining non^chronous ties 
oughly washed wood-pulp paper has taken the place of between power stations. The General Electric Com- 
the oiled i-nanilg. paper, and fluid oils have taken the pany has a developmental installation, but at preset 

place of the old petrolatum compoimds. Low ioniza- this is regarded as just another laboratory step which 

tion has resulted from much better vacuum equipment ultimately may come into commercial use and still further 

atid the comolete fiHitia of the cable with insulating oil; reduce transmission losses. 


Fig. 7. Comparison of conventional type of 1,500-kva outdoor distribution 
substation (left) and factory-built unit-type station of same rating (right) 
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Improvements in Electric Appliances 

After the power has reached the consumer, it should 
be used efficiently in his appliances. As examples, im¬ 
provements in 2 apphances will be cited—^the incandes¬ 
cent lamp and the household refrigerator. 

More than 880,000,000 incandescent lamps were manu¬ 
factured in 1936. For each kilowatt-hour the users 
of these lamps will receive Va more light than they did 
from lamps of the same wattage in 1920, and each lamp 
will cost V« less than in 1920. 

At no time in the past has there been more activity 
in lighting research than at present. Illumination studies 
are under way on a more extensive scale than ever be¬ 
fore, and illuminating engineers have many new t 3 rpes 
of lamps to experiment with—^the sodium lamp, the 
high-intensily mercury-vapor lamp, and fluorescent lamps, 
all subject to further development. 

There are in service now approximately 7,000,000 
household electric refrigerators. Today, 3 electric re¬ 
frigerators operate with the same electric-power con¬ 
sumption as one required in 1926, and the user may 
purchase a much superior unit for less than half the 
amount he paid in 1926. Great advances have been 
made in styling or in improving the appearance of re¬ 
frigerators and all household devices. This is illustrated 
in figure 8. 

This improvement has been a matter of putting into 
these devices the same research, high technical ability, 
and iagenuity as has been applied to larger apparatus. 


Fig. 9. Consump¬ 
tion of electricity 
in domestic serv¬ 
ice and average 
cost per kilowatt- 
hour, since 1913 



Similar advances have been made in electric ranges and 
water heaters, washing machines and ironers, radios, 
food mixers, toasters, and heating appliances. 

Air conditioning is getting under way and will be 
greatly extended. One of the big problems in ak con¬ 
ditioning is the quiet and efficient movement of air; 
this has stimulated fan research, the results of which 
already have effected remarkable improvements. 

A new household servant has appeared in the disposal 
unit which macerates waste food from the kitchen, and 
discharges it into the sewage system. Some day, per¬ 
haps, this will be as compulsory as the sewage system 
itself is today. 

The result of all this is shown in figure 9, which depicts 



Fig. 8. Comparison of 1927 and 1937 domestic 
electric refrigerators 


;;'1927;:’ 1937 

Net volume (cubic feet).--- 6 .... 6 

Installed price, (approximate).. .... $310 ..;. $200 

Gapacity,Btu per hour. ..i----- 340 ,....530 

. Economy, wattrhoiirs per Btu. 450 ... . 340 

: Ice-freezins rite, pounds'per hour.. 0.66 ..2.04 

Average kilowatt-hours per month.. 55 .... 28 

Pounds weight per Btu (unit only), i 0.662.... 0.258 


how the power companies have taken advantage of these 
engineering achievements in power generation and trans¬ 
mission and distribution, and have passed them along 
to the user in the way of lower and lower rates so that 
the average rate to the domestic consumer today is but 
little more than half what it was in 1916. The consumer 
has taken advantage of the lower rates, and of the new 
and improved lamps and devices, and has increased the 
average domestic use from 260 kilowatt-hours per year 
to 709, or more than double. Furthermore the service 
has improved as to reliability, continuity, and constancy 
of voltage. What does the consumer pay for this ser¬ 
vice? If he uses the average 700 kilowatt-hours per 

year and pays the average rate, he pays just one we^’s 
wages for the average American workingman, \^at 
^e ca-Ti he purchase that does so much for him—a whole 
year’s electric service for one wedk’s pay? He can buy 
an electric refrigerator for one month’s pay, a batter 
refrigerator than the working man in Emope can buy 
for 3 months’ pay. 

In conclusion, then, it may be said that the res^ch 
and engi npj^ring objective of power engineers is te ob¬ 
tain more and more electric pbweo' from each umt of 
fuel, to lose less and less of that power in distributing 
it to theuser, and to have each unit of power do rdore 
and more for the user, all to,,1fre ei^ 1h the manmum 
benefits may be obtained from bur Uattiral resource to 
the best social and economic interest of tee nation, ; ., 
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Employment in the Engineering Profession 


Between 1930 and 1934 there was a substantial 
net loss of employment among those engineen 
in the United States who entered the profession 
before 1930, and a considerable absorption in 
employment of newcomers to the profession. 
This is one important conclusion reached by the 
Bureau of Labor Statistics of the United States 
Department of Labor after analyzing reports from 
52,589 professional engineers obtained in the 
1935 survey of the engineering profession con- 
ducted by the Bureau at the request and with the 
co-operation of American Engineering Council. 
This article,* third in the series reporting the re¬ 
sults of this survey, presents data pertaining to 
the employment of engineers during 1929-34. 


A NALYSIS has been 
made by the Bureau 
^ ^ of Labor Statistics, 

United States Department of 
Labor, of reports from 52,589 
professional engineers, showing 
the kinds of employment en¬ 
gaged in at specified periods. 

The study was undertaken in 
May 1935, at the request of 
the American Engineering 
Council. The following gen¬ 
eral findings were established 
by this analysis: 

Over the 5-year period end¬ 
ing December 1934, the num¬ 
ber of persons in the engineer¬ 
ing profession increased by 25.3 per cent. This rate of 
increase was much in excess of available engmeering em- 
ploymmt opportunities. The growth among the several 
professional classes over the period 1930-34 ranged from 
17.6 per cent for mining and metallurgical to 62.5 per 
cent for chemical and ceramic engineers. 

^ The la.ck of opportunities for engineering employment 
differed markedly among the professional classes. Thus, 
over the 5-year period, and for the profession as a whole, 
private engineering employment declined by 8.2 per cent, 
but it increased by more than a third for chemical and 
ceramic engineers. There was Kttle increase or decrease 
for electrical, mining and metaUurgical, and mechanical 
and industrial engineers. In the case of the dvil engi¬ 
neers, however, there was a decrease of about Va in private 
engineering employment. 

AH professional classes participated in the increases in 
employment of engineers by public authorities. The civil 
engineers were most affected. The proportion of thiy! 
group employed by public authorities increased from 
40.0 per cent in 1929 to 48.5 in 1934. 

The fact that available engineering opportunities did 
not keep pace with the increase in the number of men 
trained to ^ter the profession brought about changes in 
the proportions of those who were tmemployed or engaged 

hi ^n»gmeetii^w»rk. m puMc engineering emplo 

to X929p^te enpieenngfurnMiedby farthe greatest older and younger engineers, 
employment for engmeers. For civil engineers this cov- ^ 

ered 54.3 p^ cent. Thare was a range of from 80.6 to 
87.3 per cent among the 4 remaining professional classes. 

By December 1932 private engineering among civil engi¬ 
neers had dropped to 37.6 per cent, and by December 
1934 to 31.8 per cent. There was also a continuous decline 
m this type of employment among electrical engineers* 
only 63.1 per cent reporting such employment in Decem- 

. a hnprovement over 

1932 for the remaining professional classes. In 1934 
the^ 3 averaged 69.1 per cent. 

Nonengineenng emplo3rment increased sharply from 


1929 to 1932 and in equal 
measure for all professional 
dassesj absorbing many more 
engineers than did public engi¬ 
neering, in which emplo 3 mient 
also increased. But despite 
the fact that the proportions 
of all engineers in nonen^- 
neering employment rose from 
6.3 per cent in 1929 to 12.0 
per cent in 1932, there was an 
even larger increase in un¬ 
employment. This situation 
was common to all professional 
classes. 

Between December 1932 
and December 1934 there were 
further increases in nonengineering employment for all 
professional classes. The increases were not so great 
as between 1929 and 1932. Unemployment declined for 
all professional classes, except for civil engineers. 

The sharpest increases in public-engineering employ¬ 
ment occurred in the period 1932-34. 

Of all engfineers who reported being professionally active 
prior to 1930, only 46.2 per cent were in the employ of 
private firms in 1934; in 1929, 62.2 per cent were so 
engaged. Federal government employment provided for 
10.1 per cent in December 1934; in 1929, this field gave 
employment to only 5.3 p^ cent. 

Ovm the period 1930-34 there was a remarkable sta¬ 
bility in the number of engineers classified as independent 
consultants, and those engineers engaged in the teaching 
of engineering subjects. This was also true of those in 
the ^ploy of state and county, and municipal anfj other 
public authorities, especially if considered together. 

The net new private-firm employment that developed 
between 1930 and 1934 was secured by newcomers who 
entered the profession in this period. In absolute num¬ 
ber, 5,003, or 16 per cent, of the engineers active in the 
profession before 1930 sj^m’ed loss of engineering em- 
plo 3 ment. Some 3,112, or 18 per cent, of the new entrants 
found engineering work with private firms. The increase 
in public engineering employment was shared by both 


Scope and Method of Study 

The primary objectives of this analysis were to deter¬ 
mine what kinds of engineering employment were most 
stable, and what types of substitute emplo 3 rment pro- 

* Andrew Fras^, Jr. of tbe Division of Honrs. Wages. 

Md Working Conditions, Bureau of Labor Stotistics, United States Departmmt 
of Labor, article iw published in the April 1937 issue of MontUy Labor 
Mvtew, Artides reporting other phases of this surv^ were published in 
^BCTUcan Enoinbbh^ as follows: "Profesrional Aspects of 
Mucataon, ^*ust 1986, pages 868-7; "Unemploynient in the Bhgineering 
^of^ion ” ^bruary 1937. pages 216-23. A detailed report of the survey 
will be published later in bulletin form by the Bureau of Labor Statistics. 
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Table I—Distribution of All Professional Engineers by Employment Status Reported at End of 1929,1932, and 1934 

(Figures adjusted as exj^latned on page 525) 


Employment Status 


Number 



Per Cent 


Increase or Decrease in Number 

1929 

1932 

1934 

1929 

1932 

1934 

1929 to 1932 

1932 to 1934 

1929 to 1934 

Grand total, United States . 

.31,252... 

...35,691... 

...39,161... 

..100.0... 

..100.0... 

..100.0... 

...+4,439.... 

..+3,470.... 

..+7,909 

Engineering employment. 

.29,061... 

...27,787... 

...30,299... 

.. 93.0... 

.. 77.9... 

.. 77.4... 

...-1,264.,.. 

..+2,512..., 

,. +1,248 

Private® .. . 

.22,466... 

...19,797... 

...20,619... 

.. 71.9... 

.. 65.6... 

.. 62.7... 

...-2,669.,., 

..+ 822..., 

..-1,837 

Publieft. 

. 6.896... 

... 7,990... 

... 9,680... 

.. 21.1... 

.. 22.4... 

.. 24.7... 

...+1,396.... 

.,+1,690.... 

.. +3,086 

Nonengineering employment . 


... 4,290... 

... 6,623... 

.. 6.3... 

.. 12.0... 

.. 14.1... 

...+2,321.... 

..+1,233.... 

.. +3,654 

Unemployment . 


... 3,614... 

... 3,339... 

.. 0.7... 

.. 10.1... 

.. 8.5... 

,..+3,382.... 

..- 276.,,, 

.. +3,107 


a. Includes those engineers in the employ of private firms, independent consultants, reporting “any other employment,” and teaching. 
h. Includes those engineers in the employ of federal, state, county, murndpal governments, and other public authority. 


fessional engineers found during the depression years, 
1930-34, inclusive. 

The engineer was requested to check his employment 
status against only 1 of 14 items for each of the 3 years 
ending December 31, 1929, 1932, and 1934. In view of 
the small number reporting in some categories, similarity 
in the detailed distributions, and the desirability of dis¬ 
cussing unemplo 3 rment and related data as a whole, these 
14 categories were reduced to 8 and are designated in this 
article thus: (1) private firm,^ (2) independent consultant, 
(3) teaching, (4) Federal, (5) state and county, (6) munici¬ 
pal and other public authority, (7) nonengineering em- 
plo 3 rment, (8) total unemployment.* In the ensuing dis¬ 
cussion items 1 to 3 inclusive, and 4 to 6 inclusive are 
hereafter referred to, respectively, as private engineering 
employment and public engineering employment, and 
these 2 in combination as total engineering employment. 

Employment Status of Engineers, 1929-34 

During the period 1930 to 1934, inclusive, the total 
number of engineers seeking employment was increased 
by almost 10,000 per year, largely through the addition 
of new college graduates. Thkty-two per cent of these 
recent college graduates reported to the btureau, in con¬ 
trast to 15 per cent of those who were actively engaged in 
the profession prior to 1930. This disparity necessitated 
adjusting the sample to obtain the over-all distributions of 
employment status for 1932 and 1934, thus: The number 
of engineers graduating in 1930-34 and reporting employ¬ 
ment status for 1932 and 1934 were reduced in the ratio 
of 15 to 32. These derived totals were then added to the 
remaining reports for 1932 and 1934. This was possible 
because for separate age groups among both the younger 
and older engineers the percentage of replies shows 
homogeneous sampling within these 2 groups. In deter¬ 
mining the adequacy of these samples no allowances were 
made for deaths or severances from the profession occur¬ 
ring between December 1929 and December 1934. 

These distributions for the years 1929, 1932, and 1934 
are presented in table I for iJie profession as a whole. 

Between December 1929 and December 1932 the total 
number of professional engine^ in the sample increased 

1. Includes also those repotting as employees of private consulting firms and 
under “any other employment” in question 6. 

2. ' Indndes also those r^ortihg work relief and direct relief. 


by 4,439, from 31,252 to 35,691. There was a further 
increase of 3,470 to 39,161 by December 1934. The 
total increase from 1929 to 1934 amounted to 25.3 per 
cent. 

This increase took place dining 5 years of depression 
in which available engineering opportunities were insuffi¬ 
cient to absorb the supply of engineers. For December 
1932, 3,614 reported unemployment. The percentage of 
those reporting unemployment declined from 10.1 at the 
end of 1932 to 8.5 at the end of 1934. But in the face 
of the continuing influx of engineers, the absolute number 
of those imemployed dedined only slightly to 3,339 at the 
end of 1934. Furthermore, while the presence of 6.3- 
per cent of the professional engineers in nonengineering 
emplo 3 anent in 1929 indicates this was even then an 
established and normal outlet for them, there was an 
enormous increase in such work between 1929 and 1932, 
There was a further, but smaller, increase in nonengineer¬ 
ing work between 1932 and 1934. The number reporting 
themselves as engaged in such work increased from 1,969 
in 1929 to 5,523 by December 1934. Among the engi¬ 
neers reporting, 12.0 and 14.1 per cent were engaged in 
nonengineering work in December 1932 and 1934, respec¬ 
tively. There is reason to believe, from a preliminary 
examination of income data, that the spedflc nonengi¬ 
neering work of many of those reporting in 1934 was much 
more frequently of a makeshift character than in 1929. 

Engineering employment as a whole declined 4.4 per 
cent between 1929 and 1932. There was a rise by Decem¬ 
ber 1934. The number in the adjusted sample engaged in 
engineering work increased from 29,051 in December 1929 
to 30,299 in December 1934, but this was due primarily 
to the increases in the public employment of engineers. 
Private employment decreased by 11.8 per cent from 1929 
to 1932. Despite some increase from 1932 to 1934, it 
was still 8i2 per cent below the 1929 level at the end of the 
5-year period 1930-:34. 

The dependence upon public emplo 3 rment is further 
evidenced by the fact that although both classes of engi¬ 
neering employment increased between December 1932 
and December 1934, the absolute increase reported in 
private employment was only half of that obtaining in 
employment with public authorities. Rekitive, to . 
numbers so employed in 1932, the. rate of increa^ in 
public employment was almost 5 times as great as that 
in private employment. 
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Table II—Employment Status at End of 1929,1932, and 1934 of All Engineers Reporting, by Professional Class 

(Figures adjusted as explained on page 525) 


Professional Class 


Number of Engineers 
In Engineering Employment 

- . In Nonengineering 

Total Total Private^ Total Public^ Employment Unemployed" 

1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 


Total, United States.31,262.. 36.691.. 39,161.. 22,466.. 19,797.. 20.619.. 6,696. . 7,990.. 9,680.. 1,969.. 4,290.. 6,623.. .232.. 3,614.. 3,339 

Ch^cal and ceramic. 1,470.. 1,931.. 2,389.. 1,217.. 1,322.. 1,640.. 103.. 122.. 143.. 143.. 320.. 469... 7.. 167 147 

Cml, agncultural, and architectural.. .13,786.. 16,330.. 16,365.. 7,477.. 5,760.. 6,191.. 6,610.. 6,620.. 7,941.. 694.. 1,413.. 1,556.. .105.. 1,637” 1 677 

. 7.276.. 8,117.. 5,238.. 4,940.. 6,137.. 360.. 466.. 623.. 493.. 1,166.. 1,759... 31.. 726!! 698 

Mechanical and mdustnal. 8,466.. 9,687.. 10,609.. 7,374.. 6,729.. 7,512.. 604.. 643.. 802.. 617.. 1,190.. 1,618... 60.. 1.025 777 

Muungand metallurgical. 1,429.. 1,667., 1,681.. 1,160.. 1,046.. 1,139.. 128.. 14 9.. 171.. 122.. 212.. 231... 29.. 16o!! 140 

o. Includes employees of private firmsi independent consultants, "any other employment," and teaching. 
o» Includes federal state county, and municipal governments, and other public authority. 
c. Includes direct relief and work relief. 


rlsll' 

r* n*.f' 


The preceding analysis is concerned only with the 
engineering profession as a whole. Corresponding data 
for each professional class are presented on an adjusted 
basis in table II. 

Over the 5-year period ending December 1934, the 
number of persons in the engineering profession increased 
by 25.3 per cent. The corresponding increases for the 
separate professional classes ranged from 17.6 per cent 
for mining and metallurgical engineers to 62.5 per cent for 
chemical and ceramic engineers (table III). 

In no professional class did total engineering employ¬ 
ment keep pace with the growing number of engineers. 
The closest balance between the uK^ease in number of 
engineers and the increase in total engineering employ- 
nient was 62.5 per cent to 35.1 per cent for chemical and 
ceramic engineers. That is, without displacement of 
such ^gineers in the profession in 1929 about half of 
their increase in number could have been absorbed in 
engineering work. The next highest increase in number, 
namely, 32.8 per cent, occurred among electrical engineers. 
This was met by an increase of only 3.1 per cent in their 
to^ engineering employment. Mechanical and indus- 
^ engineers fared somewhat better. Their numbers 
increased by 25.5 per cent, while opportunities for engi- 

Table III—Per Cent of Change in Engineering Employment, 

by Professional Class, 1929 to 1934 

(Figures adjusted as explained on page 525) 


Profeadonal Ckta 


Par Cent of Increase or 
B X Detteaae, 192^-34 in— 

Per Cent — __ 

Total Prlmte* PubBc» 

inEwh End- End- End- 

Profi^oiul neeiinc neerinc neering 

Bmploy- Bmploy- 

1929-34 menf ment ment 


Totali United States... j_ob . ... 

, ..+25.8,;,. +4,4..., -8.2_+46,8 

busing and metallurdcal.. . . 4.1? a • j-o ■ 

“d architectaiii!! +18!?!!!! +l f ■'' ’ -5i?6’ ' tu ! 
Mechanical and industrial..... 4.2fix Ikk’" , *'+^4.1 

Blectrical... .* ”'' ^ • +l-»- • * • +«9.1 

*”^*P***^* oonMdtwrti, '*«iy .tliw 

-»ioipu 


neering employment increased by 5.5 per cent. Roughly, 
VB of the total increase in number of all engineers between 
1930 and 1934 was provided for by the growth of new jobs. 
Clearly, the wide variations in the rates of increase in 
these professional classes had an important bearing upon 
the nature of their employment distributions in the 
period 1929-34. 

The data for private and public engineering in table III 
accentuate the differences in available engineering oppor¬ 
tunities for each professional class. Thus, over the 5- 
year period, and for the profession as a whole, although 
private engineering employment declined by 8.2 per cent 
it increased by more than Ys for chemical and ceramic 
engineers. There was little increase or decrease for 
dectneal, m i n i n g and metallurgical, and mechanical 
mdustnal engineers j but for the civil engineers, there was 
a decrease of about Vs in private engineering employment. 

By contrast, no professional class was excepted from the 
increases which took place in public engineering employ¬ 
ment. It was the civil engineers, however, who were 
most affected. For them public employment was an 
important field in 1929 when 40 per cent of all civil 
engineers were so engaged. The 44.1 per cent increase by 
1934 in the amount of such employment reported meant an 
absolute increase of 2,431 jobs over the 5-year period. 
In Contrast, less then 6.0 per cent of electrical and mechani¬ 
cal engineers had been employed by public authorities 
m 1929. By December 1934, although the numbers of 
them so engaged had increased by 78 and 59.1 per cent, 
respectively, the absolute increases in jobs reported were 
only 273 for electrical and 298 for mechanical and indus¬ 
trial engineers. For chemical and cwamic, and mining 
and metallurgical engineers, the absolute increases were, 
respectively, 40 and 43. 

Since the available eng^ieering opportunities did not 
keep pace with the increases in men trained to enter the 
profession, there must obviously have been changes in 
the proportions, first, of those engaged in engineering and 
second, of those unemployed,* or engaged in nonengi- 
ne^g work. This is evidenced by considering the 
adjusted data presented in table TV. 

8, For detailed discussiem, see “Uneniploraent in the Bn<rSne»ritiir rrA fx unt ;;. . •» 
Elbctkicai, Bnoimbbxino. Pebnuny 
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Private engineering employment furnished by far the 
greatest amount of employment to engineers. In 1929, 
even among civil engineers, 64.3 per cent were so em¬ 
ployed. For the remaining 4 professional classes, the 
percentages ranged from 80.6 for mining and metallurgical 
to 87.3 for mechanical and industrial engineers. These 
proportions dropped sharply from 1929 to 1932 because of 
a decrease in the number of private jobs and an increase 
in the number of engineers. By December 1932, only 
37.6 per cent of the civil engineers reported being in 
private engineering. The range for the remaining 4 pro¬ 
fessional classes was from 66.8 to 70.2 per cent. By the 
end of 1934, there was a further decrease in the proportions 
privately employed among both civil and electrical 
engineers. The former decreased to 31.8 per cent. 
Among electrical engineers, private engineering work had 
employed 67.8 per cent in 1932 as compared with 63.1 
per cent in 1934. There was only a slight improvement 
over 1932 for the remaining professional classes. 

In all classes, excepting chemical and ceramic engineers, 
the proportions engaged in public engineering increased 
from 1929 to 1934. The most pronounced shift occurred 
among the civil engineers, namely, from 40.0 per cent in 
1929 to 48.5 per cent in 1934. This is some measure 
compensated for the large decline in the private engineer¬ 
ing employment of this professional dass. Indeed, as a 
result of public employment, the proportion of civil 
engineers in tothl engineering employment in both 1932 
and 1934 was slightly higher than in any other professional 
class. 

Lack of engineering employment opportunities in the 
period 1929-32 led to increases in both nonengineering 
employment and unemployment for all professional 
classes. In general, the loss of private employment 
occurred from 1929 to 1932. Nonengineering employment 
increased sharply, absorbing many more engineers than 
public engineering work, in which employment also 
increased. But despite the fact that the proportion of 
all engineers in nonengineering rose from 6.3 per cent in 
1929 to 12.0 per cent in 1932, there was an even larger 
increase in unemplo 3 rment. This situation was common 
to all professional classes. 

There were further increases in the proportions engaged 
in nonengineering work among all professional classes in 


the period 1932-34. Among electrical engineers, the 
rate of increase in the proportion who were in nonengi¬ 
neering employment was V 4 of that which occurred in 
1929-32. But for the remaining professional dasses the 
conesponding rates of increase were only Vj or less. In 
the case of dvil engineers and mining and metallturgical 
engineers, there were almost no increases in the proportions 
engaged in nonengineering employment. For each of 
these groups there was a greater increase from 1932 to 
1934 in public than in nonengineering employment. For 
dvil engineers it was much larger. For mechanical 
engineers the proportions in public engineering rose from 
6.7 per cent in 1932 to 7.6 per cent in 1934, whereas 
nonengineering embraced 12.4 per cent of all mechanical 
engineers in 1932 and 14.3 per cent in 1934. For mechani¬ 
cal engineers, therefore, the rate of expansion in public 
engineering emplo 3 ment was less than that which occurred 
in nonengineering employment. 

Employment Status in Comparable Age Groups 

Comparison of the distribution of employment status 
in 1929 of all engineers who entered the profession in the 
period 1925-29, with that in 1934 of a comparable group 
who entered the profession between 1930 and 1934, 
reflects the pressures to which new entrants were subjected 
during the depression years. It also emphasizes the 
abnormality of the employment status of the latter in 
1934. 

In 1929 only 5.3 per cent of the most recent graduates 
with professional training were in nonengineering work 
and 0.4 per cent were unemployed. In other words, all 
but V 20 those who entered the profession in these 5 
years were employed in engineering work in 1929 (table V). 
But in 1934, Ve of the comparable group of recent engi¬ 
neering graduates* were not in regular professional 
engineering work. No less than 10.6 per cent of them 
were unemployed in December 1934, while 29.4 per cent 
reported being engaged in nonengineering work. 

Of all recent engineers, both in 1929 and in 1934, 

4. The term “enginecriiJg graduate" is used interchaageably with "entered 
ttie profession." The tabulations cover predominantly those who recdved first 
degrees in ent^neering in the years specified, but also include all "other" engi¬ 
neers (such as those whose college work was incomplete) who were 23 to 27 
years old at the date of reported employment. 


Table IV—Percentage Distribution of Engineers Reporting, by Employment Status and Professional Class, at End of 1929, 

1932, and 1934 

(Figures adjusted as explained on page 525) 


Per Gent of Total in Bach Professional Class Reporting- 


Engineering Employment 


Prirate® 


Public^ 


Nonengineering 

Employment 


Unemployment*’ 


Professional Class 


1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

...71,9.. 

.:68.5.. 

..52.7.. 

..21.1.. 

..22,4., 

...24.T... 

...6.3... 

...12,0.. 

..14.1... 

...0.7... 

...10.1... 

.. 8,6 

...82.8.. 

. .88.6 .. 

..88.7.. 

.. 7-0.. 

.. 6.8.. 

,..5.9... 

...9.7... 

...16.6.. 

..19.2... 

...0.5... 

... 8.6... 

.. 6.2 

...54.8.. 

i.87.6.. 

..31.8.. 

. .40,0 .. 

..43.2.. 

. ..48.5... 

...6.0... 

... 9.2.. 

.. 9.5... 

. ..0.7... 

...10.0... 

.. 10.2 

...85.fi.. 

..87.8.. 

..63.1., 

..6.8.. 

.. 6.8.. 

... 7.8..; 

...8.1... 

...16.9.i 

..21.7... 


. ..10.0,. 

.. 7.4 

...87.3.. 

..70.2.. 

..70.8.. 

... 6.9.. 

6.7.. 

... 7.8... 

...6.1... 

...12.4.. 

..14.8... 

...0.7... 

.. .10.7 .. 

.. 7.8 

...80.8.. 

..88.8.. 

..67.9.. 

..8.9.. 

.. 9.5.. 

...10.1... 

...8.6... 

...13.5.. 

..13.7.,. 


. ...10.2.. 

.«* 


Total, United States.... ^... . 

Chemical and ceramic... 

CXvil, agricultural, and architectural.... 

Electrical...... ........;. 

Mechanical and industrial... 

Mining and metallturgical.............. 


0 . Includes employees of private firms, independent consultants, "any other employment,” and teaching. 
b. Includes employees of federal, state, county and municipal governments, and other public authority. 
e. Includes direct relief and work relief. 
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approximately Vs were engaged in the 3 categories of 
public engineering. In so far as any differences existed, 
there appears to have been a slight decline in the pro¬ 
portions of the 1930-34 group that secured public employ¬ 
ment. The decrease in the percentage in state and county 
employment was only from 8.8 to 7.5. But munidpd 
and other public au^orities in 1929 had employed 5.4 
per cent of the 1925-29 engineers, whereas in 1934 they 
employed only 2.4 per cent of those who entered the 
profession in the period 1930-34. On the other hand, the 
federal government employed a larger percentage of the 
recent graduates in 1934 than it had in 1929. For 1929, 
6.5 per cent of the 1925-29 engineers reported themselves 
as having been employed by the federal government, 
whereas 9.2 per cent of the recent entrants to the pro¬ 
fession were so employed in 1934. 

In 1929 nearly */< of the recent engineers were in private 
engineering employment. Only 40.9 per cent of the 
1930-34 engineers so reported for December 1934. Clearly, 
the abnormally large proportion of the new entrants to 
the profession who were unemployed or were compel le d 
to find work of a nonengineering nature in 1934 was due 
prunarily to the lack of opportunities in the principal 
field of engineering activity. A contributory factor of 
substantial importance, however, was that the number of 
those graduated from engineering courses in colleges was 
about 20 per cent higher from 1930 to 1934 than from 1925 
to 1929. In number, this increase was about 10,000 
individuals. 

This dependence upon private engineering employment 
is common to the greater part of the engineering pro¬ 
fession. A substantial number, however, is normally in 
the employ of public authorities. This is borne out by 
considering the distributions of emplo 3 unent status of all 
engineers reporting. These data are shown in table VI, 
divided into 3 broad classes, by age.® 

Of all older engineers reporting for December 1929, it 
may be noted that 71.9 per cent were engaged in private 
engineering, 21.1 per cent in public engineering, 6.3 per 
cent in nonaiginemng work and only 0.7 per cent were 
unemployed. Of the 71.9 per cent in private engineering, 
62.2 per cent were in the employ of private firms, 4.2 per 
cent in independent consulting work, and 5.5 per cent in 
teaching. In public engineering, the percentages for 
federal, state, and county, and municipal and other public 
authorities ranged from 5.3 to 7.4. This situation h qd 
an important bearing on the changes which occurred in 
the subsequent period, especially with regard to substitute 
employment. 

Over the 5-year period there was a net change in the 

^ received without 

^ younger engineers separately and, there- 

req^ed in these broad age classifications, though 
^ow^ce did have to be made for the relatively large number of reports re- 
engmeers when the groups were treated in combination. 
DriOr^to all th^e who were active in professional engineering 

tte are those who entered the prof^on if 

’ inc^ve, and are divided into 2 broad age ^oups, ^h 
embrace, nam^r, 1930-32 

engineers ana 1933-34 engineers. Furthermore in tabiilafintr the Hafa — 


distributions of employment affecting 16.8 per cent of the 
“older” engmeers; that is, of engineers who had entered 
the profession prior to 1930. In other words, out of 
every 1,000 engineers reporting, there were net changes in 
the employment status of 168. between 1929 and 1934. 
In absolute numbers, there were shrinkages of 5,255 jobs 
for engineers graduating prior to 1929. No less than 5,002 
were separated from private firms. The remaining net 
losses of employment were distributed among those en¬ 
gaged in independent consulting (60), in teaching (16), 
and in municipal and other public emplo 3 rment (177). 
These decreases in employment opportunities for older 
engineers were not counterbalanced by increases in the 
other classes of engineering employment. In fact, 
2,270 engineers reporting graduation prior to 1930 were 
still unemployed in December 1934. while 1,233 found 
employment in nonengineering work. Only 1,752 had 
been absorbed by increases in public engineering employ¬ 
ment, Ve with state and county authorities, and ®/«, or 
1,502, with the federal government. 

The major part of the loss of employment for older 
engineers occurred from 1929 to 1932. In this period 
net shifts in emplo 3 nment had affected the status of 14.7 
per cent of these men. The net change in the period 1932- 
34 involved only 4.0 per cent of them. Obviously, by 
December 1932 the engineering profession had suffered 
the major impact of the depression. Between December 
1929 and December 1932 there were net losses of employ¬ 
ment involving 4,608 engineeis. Only 2 of the categories 
of employment were involved, namely, that with private 
firms, and that with municipal and other public authorities. 
But of the 4,608 positions concerned, the shrinkage of 
employment with private firms affected 4,530; the latter, 
only 78. Of these engineers, only 884 were able to find 
other types of engineering employment by December 
1932; nearly 50.0 per cent of them entered federal- 
government employment, while Vb entered state and 

Table V—Comparative Employment Status of 2 Groups of 
Younger Engineers 


_ Wamber of Engineers 

In Public Engineering 
Employment 

.. 

Privatec Munici- BTon- 

Engi- pal and Engi¬ 
neering state Other neering 

Employ- and PubUc Employ- Unem- 

Total ment Federal County Authority ment ployed t 


Age Group 


1926-29 engineers, who 
were 23 to 27 years of 

.. • ' • ••*52.. 618.. .376... 371.... 3 

1930-34 engineers, who 
were 23 to 27 years of 

age in 1934.16,872. .6,910.. 1,644.. 1,272 ...401...4,969.. l,78i 

■ __3^ Cent 

1926-29 engineers, who 
were 23 to 27 years of 

agein l929...100.0...73.6....6.6. . . .8.8.. 6 4 6 3 0 4 

1930-84 engineers, who • • •.0.4.... 5.3... 0.4 

were 28 to 27 years of 

age in 1984......... .100.0.. ,40.9... .9.2 _7.6... .2.4..29.4.. .10.6 

"...y oth 

6 . Includes work relief and direct relief. 
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Table VI—^Distribution of Older and Younger Engineers Reporting, by Employment Status, at End of 1929,1932, and 1934 


ITttmber 


Per Cent 


Younger Engineers 


Younger Engineers 


Employment Status 

Older Engineers^ 

1930-1932& 

1933- 

1934< 

Older Engineers^ 

1930-1932& 

1933- 

1934« 

1929 

1932 

1934 

1932 

1934 

1934 

1929 

1932 

1934 

1932 

1934 

1934 

Grand total, United States. 


.31,252. 

.31,252. 

.9,469. 

.9,469.. 

.7,403.. 

.100.0.. 

.100.0.. 

.100.0.. 

.100.0.. 

.100,0.. 

.100.0 

Engineering employment. 


.25,327. 

.25,548.. 

.5,248. 

.6,067.. 

.4,070.. 

. 03.0.. 

. 81.1.. 

. 81.8.. 

. 55.4.. 

. 64.0.. 

. 55.0 

riivate employment. 


.18,142. 

.17,378.. 

.3,532. 

.3,626.. 

.2,984.. 

. 71.9.. 

. 58.1.. 

. 56.7.. 

.37.3.. 

. 41.5.. 

. 40.4 

Private firm. 


.14,864. 

.14,422.. 

.8,247. 

.3,748.. 

.2,892.. 

. 62.2. 

. 47.7. 

. 46.2.. 

. 34.3.. 

. 39.6.. 

. 30.2 

Independent consultant. 


1,459. 

. 1,243.. 

. 50. 

. 26.. 

. 17.. 

. 4.2.. 

. 4.7.. 

. 4.0. 

. 0.5. 

. 0.3.. 

. 0.2 

Teaching... 


1,789. 

. 1,713.. 

. 235. 

. 153.. 

. 76.. 

. 5.7. 

. 6 . 6 . 

. 5.5. 

. 2.5. 

. 1.6. 

. 1.0 

Public employment. 


7,185.. 

. 8,170.. 

.1,716. 

.2,131. . 

.1,086.. 

. 21.1. 

. 23.0. 

. 26.1. 

. 18.1. 

. 22.5. 

. 14.6 

Federal. 


2,063. 

. 3,149.. 

. 581. 

.1,008.. 

536.. 

. 6.3. 

. 6 . 6 .. 

. 10.1.. 

. 5.6.. 

. 10.6.. 

. 7.2 

State and county. 


2,884. 

. 2,882.. 

. 927. 

. 872.. 

400.. 

. 8.4.. 

. 9.2.. 

. 9.2. 

. 9.8. 

. 9.2. . 

. 5.4 

Municipal and other public authority . 2,316. . 

2,238. 

. 2,139.. 

. 258. 

. 251.. 

150.. 

. 7.4.. 

. 7.2. 

. 6 . 8 . 

. 2.7. . 

. 2.7. . 

. 2.0 

Nonengineering employment . 


8,047. 

. 3,202.. 

.2,661. 

.2,666. . 

.2,304.. 

. 6 . 8 .. 

. 9.7.. 

. 10.2.. 

. 28.0.. 

. 28.0.. 

. 31.1 

Unemployment . 


; 2,878. 

. 2,502.. 

.1,670. 

. 767.. 

.1,029.. 

. 0.7. 

. 0.2.. 

. 8.0, 

. 16.6.. 

. 8.0.. 

. 13.0 


a. Includes both graduates and “o^er” engineers who were professionally active prior to 1930. 
h. Includes both graduates and "other” engineers who entered the profession in the years 1930-32. 
c. Includes both graduates and "other” engineers who entered the profession in the years 1933 and 1934. 


county employment. There were 156 additional engi¬ 
neers reporting themselves as being independent con¬ 
sultants and 60 as engaged in teaching. Of the remaining 
3,724 engineers, 2,646 were unemployed and 1,078 were 
engaged in work of a nonengmeering nature. 

The shifts noted in the period 1929-32, therefore, are 
indicative of 2 trends affecting engineers who had been 
in the profession in 1929: (1) the pronoimced increase in 
federal employment and the decrease in private employ¬ 
ment; and (2) the comparative stability of the remaining 
classes of engineering employment. These trends are 
accentuated further by a consideration of the shifts which 
occurred between December 1932 and December 1934. 

In 1932-34, all categories of engineering employment, 
with the exception of that with federal government, 
decreased. Thus, an additional net total of 472 engineers 
graduating before 1930 were separated from private firms. 
The decreases in jobs in the remaining engineering classes 
ranged from 2 in the case of teaching to 216 for independ¬ 
ent consultants. Incidentally, it may be noted that the 
proportion engaged in the latter class was only slightly 
less than the proportion so engaged in 1929. This 
would seem to indicate that the increase which did take 
place by December 1932 was an artificial one. Alto¬ 
gether, the decreases in engineering employment affected 
865 engineers. Despite these decreases in many types 
of job opportunity, there was also a decrease of 376 in the 
number of engineers reporting unemployment. Only 
155 found opportunities in nonengineering employment. 
The federal government gave engineering employment 
to the remaining 1,086 (87.5 per cent) of those whose 
status shifted from 1932 to 1934. 

The net result of the changes in emplo 5 rment status 
among the older engineers was sUch that by December 
1934 only 46.2 per cent were in the employ of private 
firms, whereas 62.2 per cent had been so engaged at the 
end of 1929. Federal emplojnment provided for 10.1 per 
cent in December 1934, as against only 5.3 per cent in 
192.9. All other classes of engineering employment 
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remained comparatively stable over the period 1930-34, 
especially if state, county, and municipal employment are 
considered together. In December 1934 there were 8.0 
per cent unemployed, but it is obvious that had not 10.2 
per cent of the older engineers found work of a nonengi¬ 
neering nature, the proportion unemployed would have 
been larger by that amount. It is also obvious that by 
December 1934 it was primarily the increased engineering 
emplo 3 nment by the federal government that ameliorated 
employment conditions for these older engineers. 

Among the engineers who entered the profession during 
the depression, certain outstanding shifts may be noted. 
In the first place employment opportunities increased 
from the end of 1932 to the end of 1934 among those who 
graduated in 1930-32. Slightly more than half the 16.6 
per cent of this group who had been unemployed or on 
work relief in 1932 found employment by 1934. Further¬ 
more, they had found nonrelief engineering emplo 3 mient. 
There was no change in the proportion engaged in non¬ 
engineering work. The gain was almost equally divided 
between private employment and public emplo 3 rment. 
Fewer engineers were teaching or engaged in consulting 
work. The increase in employment by private firms, 
however, absorbed 5.3 per cent of all engineers in these 
classes. Similarly, there was a slight decline in the pro¬ 
portions employed by states and counties, but this was 
much more than offset by an expansion of federal engineer¬ 
ing employment that absorbed an additional 5.0 per cent 
of the total number. 

A comparison of the distributions of employment of 
1933-34 graduates ha 1934 may be made with employment 
in 1932 of those graduating in 1930-32 to show how condi¬ 
tions had changed as regards the most recent graduate. 
This comparison is not perfect because in the one case 3 
graduating classes are considered and in the other only 2. 

From 1932 to 1934 there was almost no change in the 
proportions of the most recent graduates who found engi¬ 
neering emplo 3 rment. Unemplo 3 mient was slightly lower,; 
primarily because 3.1 per cent more 1933—34 graduates 
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were in nonengineering work in 1934 than had been true of 
1930-32 graduates in 1932. 

. While recent graduates in 1934 had as much opportunity 
for engineering employment as a comparable group had 
had in 1932, this was because of an expansion in private 
employment and particularly emplo 3 rment with private 
firms. In 1934, 4.9 per cent more of the 1933-34 gradu¬ 
ates were employed by private firms and 1.8 per cent fewer 
were in teaching or acting as independent consultants ttia-n 
had been the case in 1932 among 1930-32 graduates. 

The total opportunities for public employment were less 
in 1934 among the most recent graduates than had been 
true of a similar group in 1932. The federal government 
did employ 1.6 per cent more of them in 1934, but this 
could not offset the decline of employment opportunities 
with states, counties, and municipal authorities from 12.5 
per cent of the 1930-32 graduates in 1932 to 7.4 per cent of 
the 1933-34 graduates in 1934. 

The preceding discussion has shown the barriers that the 
depression threw in the way of newcomers to the profes¬ 
sion. It now remains to examine the effect that even the 
partial absorption of the newcomers had upon the em¬ 
ployment opportimities of the older engineers. 

This interrelationship is best studied in 2 different phases 
of the employm^t cycle: (1) during a period of an abso¬ 
lute contraction in job opportunities, and (2) during a pe¬ 
riod of expansion. These conditions are represented, re¬ 
spectively, by the 2 periods 1929-32 and 1932-34. In the 
first, it may be recalled that total engineering employment 
for the adjusted sample decreased from 29,051 to 27,787. 
In the second period, it grew to 30,299 by the end of 1934. 
The adjusted data are presented in table VII. 

By December 1932 employment with private firms had 
dedined by 15.5 per cent. The loss of emplo3ment by 
private firms among older engineers was even greater 
than this. In absolute numbers, 4,530 were put out of 
work. Despite the enormous drop, even at this period of 
the depression no less than 1,522 of those engineers who 


Table VII—Increases or Decreases in Employment of Older 
Engineers and Younger Engineers, by Glass of Employment, 
1929 to 1934 

(Fisures ddjusted as explained on pase 525) 

bicrease or Decrease 
1929 to 1932 1932 to 1934 

Total ITtmber Reportin g 01der<» Wow» oid«o~ir^ 

!»» ^ tSito ^ 

•.+»W +«M +8,873 

+l.«» -478 +1.890 

municipal gov* 
eniment' and 
other piibUc au- 

F^.Sf^;e^;nent: t’SJ? IS IS is -101 +228 

Noaengineering.,... 1,969 4:289 5.525 +to7l +tS +tSt 

6. Include aU who m^m^^*®****^^^-*^^* prior to 1930. 

indiisiye. in Uie years 1930 to 1932 


I entered the profession in the period 1930-32 found op¬ 
portunities for engineering emplo 3 ment with private com- 
' panies. Thus, approximately Vs of the loss of employ- 
[ ment among older engineers was due to a decrease in the 
total amount of private employment available; Vs of it 
was due to the fact that older engineers were unable or 
unwilling to take employment which newcomers to the 
profession secured. 

By the end of the second period, private-firm employ¬ 
ment increased by 1,118 or 6.8 per cent, over that reported 
for December 1932. Here again there was a repetition 
of the condition noted for the period 1929-32. Even in 
this period there was a reduction in emplo 3 rment with 
private companies, affecting 472 of the older engineers. 
In passing, it should be noted that this decrease did not 
affect those who entered the profession from 1925 to 1929, 
but was confined to those who graduated prior to 1925. 
Essentially, therefore, those who entered the profession in 
the years 1930-34 secured all the net new employment 
that developed with private firms and also continued to 
find some openings at the expense of older engineers. 
Over the entire 5-year period 1930-34, although 5,002 
older engineers suffered loss of employment with private 
firms, no less than 3,112 of the new entrants found engi¬ 
neering work. 

A considerable number of the younger engineers were able 
to enter engineering activity with private firms, apparently 
at the expense of the older engineers. But this was prob¬ 
ably not the result of a direct displacement on a particular 
job of any one group of older by younger engineers. The 
explanation is to be found m the relative ease with which a 
younger engineer found a new job as compared with an 
older one who had lost a job. The older engineer inevi¬ 
tably had a greater concern with the suitability of the em¬ 
ployment and remuneration offered than had the man 
without an established position. Furthermore, the enor¬ 
mous ii^ux of new entrants to the profession caused keen 
competition for all kinds of engineering employment, 
which, under the then prevailing conditions, were very 
d^itely not of the type to suit the older engineers and 
which, further depressed salary rates for the more elemen¬ 
tary types of work. 

The changes effected by the depression upon the engi¬ 
neers in the employ of state and county, and municipal and 
o^er public authorities, are in striking contrast to those 
which occurred among older engineers in private firms. 
Between 1929 and 1932 there was a 14.7 per cent increase 
over the total of 4,948 who were engaged by state and 
TOunty and municipal and other public authorities in 1929. 
The mcrease was shared by both the older engineers and 
number of the former increased by 
174, the latter by 555. By December 1934 the total so 
employed had increased to 5,804. But in this secondperiod 
oidy the new entrants increased—by 22&-whereas the 
older engineers decreased by 101, a net change in favor of 
engineers of 127. It may be noted, however, 
^at 73 of the net number of older engineers who entered 

th^e fields of employment by December l932 were retained. 

_ Clearly, the older engineers in the employ of these par¬ 
ticular public authorities held on to their jobs tenaciously 
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during the depression. The most marked shift as regards 
this type of employment was the decrease in the propor¬ 
tion of younger engineers who found work with such au¬ 
thorities. The decrease in the number of older engineers 
so employed by December 1934 may not have been due 
wholly to the increase of new entrants. Many of the older 
engineers may have found this emplo 3 unent an easier pas¬ 
sage to federal emplo 3 nment, which, in the period 1932-34, 
required a large number of engineers as a dmini strators and 
supervisors for the work-relief programs then under way. 
These positions may have been more in keeping with tiie 
older engineers’ previous training and experience. 

This last statement is substantiated by the changes 
which occurred in federal emplo 3 rment. In both periods 
the absolute number of older engineers who found this 
kind of work was greater than that for yoimger engineers. 
Thus, by the end of December 1932, federal employment 
increased 40.0 per cent from 1,647 to 2,312. This increase 
covered 665 engineers, which comprised 62.5 per cent 
older and only 37.5 per cent younger engineers. In the 
second period, the total number in the employ of the fed¬ 
eral government increased from 2,312 to 3,872, an increase 
over 1932 of 68.0 per cent. The absolute increase was 
divided in the ratio of 70.0 per cent of the older to 30.0 
per cent of the younger engineers. Over the 5-year pe¬ 
riod, the respective total absolute increases were 1,502 and 
723. It was also be noted that, while in the period 1929- 
32 the rate of increase of older to younger engineers was 2 
to 1, it increased 2 V 2 times for the older by the end of 
December 1934. From this marked preference for older 


engineers in federal government emplojrment, it can only 
be assumed that the nature of the work did more closely 
meet their criteria for re-employment, at least for such 
opportunities as were available. 

Over the 5-year period the younger engineers also had a 
decided advantage in securing nonengineering employ¬ 
ment. Thus, while 1,233 older engineers were so engaged, 
2,323 of the younger were able to find work of a nonengi¬ 
neering nature. This is made dear from an analysis of 
age groups of the relative increase in the number of those 
engaged in nonengineering to the total number displaced 
from engineering. The ratio of those who secured non¬ 
engineering work decreased progressively with age. Thus, 
15 per cent of the displaced engineers who were over 52 
years old in 1934 secured nonengineering work. The re¬ 
mainder were unemployed. Among those who were 28 to 
32 years of age, 52 per cent secured nonengineering em¬ 
ployment. But even the ratio of 52 for engineers entering 
the profession in 1925-29 was very much less than either 
of thos6 for the 1930-32 and the 1933-34 engineers; for 
the former this was 78 and for the latter 69. 

This analysis indicates that, taking all factors into con¬ 
sideration, between 1930 and 1934 there was a substantial 
net loss of employment by the engineers active before 1930, 
and a considerable absorption in employment of new- 
(X)mers to the profession. Some of this shift may have 
been due to direct displacement; some of it to the securing 
of newly created positions by the younger men. There is 
no evidence bearing on the proportions affected by these 2 
tendencies. 


Unemployment as of February 1937 

Reported by National Industrial Con^erence Board 

T he total number of unemployed workers in 
February 1937 was 8,914,000, according to estimates 
of the National Industrial Conference Board made public 
April 19,1937. This is a decrease of 203,000 (2.2 per cent) 
from the revised estimate for January 1937 and a decrease 
of 1,865,000 (17.3 per cent) from February 1936. 

Emplo 3 ntnent in all types of enterprise in the United 
States in February 1937 as reported was 43,881,000 
workers, an increase of 252,000 workers (0.6 per cent) 
over January 1937 and 2,457,000 (5.9 per cent) over 
February 1936. The number of workers employed in 
February 1937 was reported as 3,395,000 (7.2 per cent) 
below the average of 47,276,000 workers employed in 1929. 

From January 1937 to February 1937 the increases 
reported in employment, by industrial groups, were: 
manufacturing; 233,000; service, 49,000; transportation, 
29i000; construction, 20^000; trade, distribution and 
finance, 17,000; mining, 6,000; and public utilities, 1,000. 
The only decrease, amounting to 113,000, was found in 
agriculture. 

Compared with February 1936, according to the report, 
emplbymmit in February 1937 increased 13.4 per cent in 


manufacturing; 7.7 per cent in trade, distribution and 
finance; 7.5 per cent in transportation; 5.7 per cent in the 
public utilities; 5.4 per cent in mining; 5.2 per cent in the 
service industries; 1.7 per cent in forestry and fishing; 
and 0.9 per cent in agriculture. The only decrease, 
amounting to 13.2 per cent, was found in construction. 

The accompanying table prepared by the Conference 
Board shows the number of employed workers in the 
various industrial groups in 1929, February 1936, January 
1937, and February 1937. 


Number of Employed Workers (in Thousands) Reported by 
National Industrial Conference Board 


Gtovp Division 

1929 

Average 

* .■ 

February* janusry* February** 
1936 1937 1937 

Agriculture... 

,.10,660. 

.. 268. 

..10,386.. 

.. 172.. 

..10,642.. 
.. 176.. 

..10,429 
.. 175 

Industry 

Mining.. • • • 

Manufacturing................. 

Construction, public and private. 

Transportation... 

Public utilities...... 

Trade, distribution and finance.... 
Service industries................. 

.. 1,087. 
..11,073. 
.. 2,841. 
..2,416. 
.. 1,167. 

.. 7;328 . 
.. 9,070. 

.. 726 .. 

.. 9,518.. 
.. 1,387.. 
.. 1,764.. 
... 888.. 

.. 6,761. . 
...8,620.. 

.. 768.. 

..10,565.. 
.. 1,184.. 
.. 1,867.. 
.. 938.. 

. . 7,251.. 
.. 9,016.. 

.. 764 

,.10,798 
.. 1,204 
.. 1,886 
... 939 

..7,268 
.. 9,066 


Misc. industries and sendees. 
Total employed............. 


1,381. 


.47,276....41,424.. ,'.48,629.,..48,881 


* Kevised. Preliminary. 
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Police Radio Communication 


By EDWIN LEE WHITE E. C. DENSTAEDT 






Synopsis 

The history and develop¬ 
ment of police radiocommuni- 
cation is discussed and an out¬ 
line given of the federal regu¬ 
lations under which this type 
of service is rendered toge^er 
with reasons therefor. The 
problems arising in the selec¬ 
tion of equipment and during 
the installation and operation 
of police radio systems are 
discussed. The methods of 
operation of the various classes 
of police radio services are de¬ 
scribed. The various uses of 
radio covered by this paper 


1. By mtinicipalities for one-way 

conuntmication to mobile units and 
remote poUce stations Illinois state police 

2. By municipalities for 2-way 
communication Miith mobile units 

3. By states in the gen^ai dispatching of state police imits 

4. By states and municipahties for the ratiotelegraphic exchange 
of police information 

6. ^ By harbor poHce in connection with the dispatching of harbor 
police boats and general policing of shipping 

6. By stotes for emergency radiotelegraphic use in the event of 

interruption of the wire teletype network 

History and Regulation 

A GENER^ study of the histoiy of police com¬ 
munication systems indicates that the police of 
the United States have always been progressive in 
adapting new communication facilities to police uses. As 
new systems were developed they were pressed into police 
service to assist in the never-ending battle with crime. We 






Illinois state police radio station, Chicago 


thus find the wire telegraph used by New York City PoHce Hce de ^ smtable manner of fitting radio into po- 


Department m 1^. In 1878 just 2 years after its inven¬ 
tion by Dr. BeU, the Chicago PoHce Department installed 
a pohce telephone system. Emergency poHce dispatching 
jjrst^s with telephones for communication were in use 
before the automobile had replaced the bicycle and horse 

as a means of transportation. 

^Probably the first use made by any police department 
o radio was on June 2,1916, when a private coastal station 
WM established by the New York Police Department, 
tte ^ letters EUVS (now WPY) for communica¬ 
tion with harbor pohce boats and for the general poUcing 
of shipping in the New York harbor. This station is stih 


in existence, has been modern¬ 
ized from time to time, and 
is rendering a useful service. 

In 1923 the State of Penn¬ 
sylvania estabUshed a S3rstem 
of radiotelegraph stations to 
provide a means of communi¬ 
cation between important po- 
Hce headquarters. With the 
growth of wire teletype com- 
mmiication the necessity of 
these stations has been greatly 
reduced and at the present 
time they are used primarily 
in emergencies when wire com¬ 
munications have been dis¬ 
rupted. 

As far as is known the first 
use of radio in the manner in 
which we are now familiar was 
by the City of Detroit. Ex- 
idio station, Chicago periments were initiated in 

this city in 1920 when a radio 
receiver was installed in a 
poHce^ car and tuned to the broadcast station of the 
Detroit News, the only broadcast station in the city at 
that time and one of the first in the country. The result 
warranted further investigation and in 1921 a station 
was estabHshed using the appropriate call KOP. 

The early Detroit experiments although partially suc¬ 
cessful, did not immediately result in a radio equipped 
poHce department. The cumbersome receivers and fragile 
tubes available at the time resulted in unreliability and a 
high cost of maintenance. However, in 1924, a regular 
broadcast of stolen automobiles and crime reports was in¬ 
augurated, primarily for the use of outlying poUce depart¬ 
ments in the Detroit area. ^ 

During the next few years sporadic tests and experi¬ 
ments were made along various Hues with a view to deter¬ 
mining the most suitable manner of fitting radio into po- 


City of New York conducted experiments and purchased 
some equipment for station house use with a view to es¬ 
tablishing a system which would permit, by the use of a 
smtably designed dial call system, the transmission of a 
mes^ge to all stations simultaneously, to an individual 
receiver, or to a selected group of receivers. 

The early experiments were conducted on the band of 
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frequencies now assigned to the broadcast service. With 
the growth of broadcasting it became evident that it 
would be necessary for a separate band of frequencies to 
be assigned for police activities. This situation resulted 
in the allocation of 8 frequencies between 1,700 and 2,500 
kilocycles by the Federal Radio Commission, which were 
set aside for use by state and municipal police departments 
without distinction. 

The development of the screen-grid tube and discovery 
of methods of reducing ignition interference simplified 
technical difficulti^ and in 1928 the first successful radio 
patrol was inaugurated. The remarkable success of this 
patrol caused the system to spread rapidly. Several cities 
added this equipment in 1929 and 1930. In 1931 the 
State of Michigan installed a 5-kw transmitter at Lansing 
to serve those cars of the Michigan State Police which 
operated over the lower Michigan peninsula. 

At the time the Federal Radio Commission made its 
first allocation of frequencies it did not appear that spe¬ 
cific provision of radio for state police wotdd be a particu¬ 
larly serious problem. However, it quickly became ap¬ 
parent that the allocation of frequencies to municipalities 
must of necessity be carefully considered and the issuance 
of authorizations closely co-ordinated if radio facilities 
were to be made available to all municipalities throughout 
the country. 

It was determined that any plan of allocation must meet 
the following conditions: 

1. It must provide for the issuance of authorizations to any munici¬ 
pality regardless of its location within the United States, or the 
status with respect to radio of adjacent municipalities. 

2. It must be capable of administration in congested areas, such 
as Philadelphia, Chicago, and New York as well as in sparsely 
settled districts such as Nevada. 

3. Considering the number of frequencies available it must provide 
the maximum service with the minimum of interference. 

In the consideration of the establishment of a system of 
allocation of frequencies the following principles were used 
as a basis: 

1. It is not necessary that the police cars receive a high quality of 
service, as long as signals are sufficiently intelligible through inter¬ 
ference to ensure accurate reception they are satisfactory. 

2. There is a higher incidence of crime in densely populated areas 
than in sparsely settled districts. Consequently, more messages 
per thousand population would reqiure transmission in large cities 
than in rural areas. 

3. The poor transmission conditions of the congested areas and the 
level of electrical noise in such areas require more watts per mill* 
than in the rtural districts. 

Considering these factors and after much study the 
United States was divided into areas, the size of the area 
depending upon the population to be served as well as the 
density of population. For instance, for all practical 
purposes the cities of New York and Chicago embody single 
frequency allocation areas while the whole state of Nevada: 
likewise embodies a single allocation area. Under this 
plan all cities within a single area are required to co-operate 
in the use of the area frequency. The power is in general 
limited by the total population to be served. In order to 
limit interarea interference a maximum power limitation 
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of 500 watts night, 1,000 watts day is placed on these sta¬ 
tions. 

It is desirable for adjacent municipalities to pool their 
radio activities. Provision was, therefore, made for the 
establishment of a station to serve a number of munici¬ 
palities and the authorization of power necessary to serve 
the total area, provided that an agreement was submitted 
with the application for increased power showing the es¬ 
tablishment of a metropolitan area t 5 q)e of system. 

Referring again to lie frequency-assignment problem, 
in 1933 as a result of a regional international conference 
held in Mexico City, frequencies were made available for 
police use by international agreement. At this timp a gen¬ 
eral readjustment of municipal police area boundaries was 
made and in addition provision was made for the estab¬ 
lishment of state police radio stations. A specific fre¬ 
quency was allocated for the use of the state police of each 
of the 48 states without reference as to whether the state 
was at the moment contemplating either the establish¬ 
ment of a state police or of a state police radio system. 

Referring to figure 1, which gives the present allocation 
of frequencies to states, you will note that on an average 
each frequency is shared among 4 states. The frequencies 
allocated by the Mexico City conference have been, by 
agreement with Canada, further allocated as among the 
United States and adjacent nations. The allocation plan 
shown in this figure gives due weight to this situation and 
it is possible for Canada, Mexico, Cuba, and other coun¬ 
tries adjacent to the United States to establish police 
radio stations in the recognized bands for such service and 
to receive the same quality of service as is rendered by 
these stations as established in the United States. 

Figure 2 shows the existing plan of allocation of fre¬ 
quencies to municipal police stations. As in the case of 
the state police service shown in figure 1, the allocation 
shown in this figure also makes provision for the establish¬ 
ment of police stations in foreign countries. 

Perhaps the most important effect of the use of radio has 
been in the growth of a co-operative feeling by the various 
police agencies of the nation. Possibly because of the 
necessity for co-operation in the use of radio frequencies a 
general feeling of co-operation has grown until at present 
every police officer is wiUmg to give and anxious to receive 
all possible information which may be available with re¬ 
gard to crime in any adjacent locality. 

In line with this co-operative feeling a need was felt for 
point-to-point commimication between police depart¬ 
ments. As a result many cities began exchanging com¬ 
munication at night using facilities allocated' primarily 
for communication with mobile units. The service was 
found to be valuable and resulted in the rapid solution of 
many crimes which might otherwise have gone unsolved 
or have had the solution delayed for an extended period. 

Approximately 2 years ago the organization “Asso¬ 
ciated Police Communication Of&cers” was established and 
practically the first action of this organization was to 
recommend to the Commission that steps be taken leading 
to the establishment of a police radiotelegraph communica¬ 
tion system designed to meet the need of police depart-' 
ments for a means of exchanging information. After a 
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Fig. 1. State police frequency allocation plan as of March 1, 1937 






















Fig. S. Municipal police frequency allocation plan as of March 1,1937 







































































An automobile equipped for 
2-way police radio communi¬ 
cation 


The system is operated on ultra- 
high-frequency channels. The 
transmitter weighs 20 pounds, has 
a power output of 5 watts, and its 
frequency is crystal controlled. 
To talk from the car, the patrolman 
merely lifts the telephone from the 
instrument board and the first 
sound of his voice puts the car’s 
transmitter on the air. It switches 
off automatically the instant he 
ceases talking. The transmitter 
uses 4 pentodes; the receiver is a 
6-tube heterodyne 





co-operative study in which not only the Communications 
Commission but also the police, the Army, and the Navy 
participated, a system has been established and is now in 
operation. It is based primarily upon the type of com¬ 
munication system employed by the militaiy services. 
The same general procedure is used and the same type of 
control of communication is required. 

Under this system the United States is divided into 
zones, each of which is under the jurisdiction, as far as the 
use of radio facilities by zone police stations is concerned, 
of a zone control station. In general, under the supervi¬ 
sion of the zone control station, municipalities within the 
zone are permitted to exchange messages freely with each 
other. However, messages from zone to zone must be 
routed through the zone control stations involved for 
final dispatch. Figure 3 shows the extent to which this 
system had grown on March 1, 1937. A number of sta¬ 
tions have been added since this illustration was prepared. 

The Commission will continue its policy of co-operation 
with the using service in order that modifications may be 
made from time to time to best fit this new instrument to 
the hands of police officers. 

A few years ago the frequencies above 30,000 kilocycles 
were deemed to be practically useless. As a result of the 
activity of amateurs in the band between 66,000 and 60,000 
kilocycles it was demonstrated that these frequencies 
could be quite useful for many types of local communica¬ 
tion. The Commission then received requests from cer¬ 
tain police organizations for authority to establish sta¬ 
tions for use by their police departments on frequencies 
in or adjacent to the amateur band. After considerable 
study and consultation with those interested and well in¬ 
formed with regard to the propagation characteristics of 
the frequencies above 30,000 kilocycles, the Commission 
authorised 4 frequencies lying between 30 and 40 mega¬ 
cycles which might be licensed temporarily to general 
experimental stations which were to be operated as munici¬ 


pal police stations. Although licensed experimentally, 
from the point of view of the police officer in the car these 
stations were not experimental since they were used for the 
regular dispatch of police officers in the same manner as if 
a regular license had been granted. They might perhaps 
be considered as units in a program of experimental re¬ 
search conducted by the Commission to determine the 
frequency in these bands best suited to police departments 
and to determine a number of other engineering questions 
such as the total number of frequencies necessary to serve 
the police, the mileage separation which must be main¬ 
tained between assignments of identical frequencies, and 
the frequency separation which must be maintained be¬ 
tween adjacent channels. 

On the frequencies assigned to municipal police stations 
the establishment of 2-way communication between the 
police officer in his car and police headquarters has always 
been prohibited for various reasons, some of which are 
technical. However, the use of frequencies above 30,000 
kilocycles offered an opportunity for the establishment of 
a 2-way communication system. Although initial instal¬ 
lations on these high frequencies were identical in all re¬ 
spects to those on frequencies used by municipal police 
stations, very quickly a number of municipalities began 
the experimental use of 2-way police communication. 
The first authorization issued by the Commission for 2- 
way police radiocommunication was to the city of Bayoime, 
New Jersey, on December 22, 1932. On March 1, 1937, 
226 cities were operating 1,367 mobile police transmitters 
providing for such 2-way communication. Of this num¬ 
ber of cities 22 made new installatiohs after January 1, 
1937. 

The experimental program of the Commission on fre¬ 
quencies above 30,000 kilocycles has practically completed 
one of its phases. On June 15,1936, the Commission hdid 
an informal engineering conference at which time the needs 
of all tbp various services were discussed with particular 
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respect to their needs in the band of frequencies above 
30,000 kilocycles. As a result of this hearing allocation 
plans have been studied and hi the near future routine 
commercial licenses will be issued to various stations to re¬ 
place experimental licenses outstanding. 

InstaUations and Equipment 
of Municipal Police Systems 

The installation of police radio equipment in a city is 
essentially a radio-engineering problem but it is unusual 
for it to be handled upon a strictly theoretical basis, a com¬ 
promise generally being made between the ideal and the 
most economical arrangement. A pr eliminar y survey 
usually is made to determine if present dty owned prop¬ 
erty or buildings are in a favorable position for a trans¬ 
mitter location and also contain the necessary connections 
to the police telephone system. Since the average police 
department has a number of precinct stations, all of course 
connected into the police wire system, it is generally pos¬ 
sible to pick out a building that is in the proper geographi¬ 
cal position with respect to the city boundaries and also 
not in too unfavorable a transmitting location. In 4 cities 
it has been found necessary to use more than one trans-, 
mitting station to give adequate coverage. In those 
cases the transmitting locations cannot be decided upon 
by considerations of the territory each is to serve alone 
but also must be considered with respect to one another as 
well. 

In some cases cities have been able to gain some of the 
advantages of an open location by erecting the transmit¬ 
ting station in a park within a few miles of the district in 
which a heavy field is desirable. In other cases transmit¬ 
ting stations have been erected in residential sections com¬ 
posed mainly of small homes and fairly clear of large 
buildings. 

In the majority of the early police radio installations the 
equipment was of composite manufacture. At present, 
however, radio manufacturers are offering equipment that 


fits this field and the average installation today uses com¬ 
mercial equipment. 

Police radiotelephone transmitters are in general de¬ 
signed for good speech reproduction, but do not need the 
high standards of fidelity that are built into modem broad¬ 
cast transmitters. The relay and switching systems must 
be very sturdy, however, since some of these transmitters 
are turned on and off over 1,000 times in 24 hours. Standby 
voltages must be maintained upon the filaments and if ro¬ 
tating equipment is used it must run continuously, it being 
desirable to have those transmitters come on the air with 
a delay of not more than one second. 

Since the transmitters are used primarily for emergency 
transmissions, delay in a message becomes serious and it 
is necessary rapidly to repair the transmitter. To avoid 
delay a number of cities have installed standby equipment. 

The usual troubles encountered are tube, relay, or con¬ 
trol circuit failures. Regular inspection and maintenance 
can reduce the relay and control circuit failures to a mini¬ 
mum. 

Fixed receivers at stations offer no particular problems 
in municipal installations. Antinoise-t 3 q)e antennas are 
often necessary because of the electrical disturbances origi¬ 
nating from call box and telet 3 q)e circuits in the precinct 
stations. A simple doublet-type antenna with a twisted 
pair lead-in is usually satisfactory in such installations. 

Automatic volume control may or may not be an ad¬ 
vantage. The particular location at which the receiver is 
to be placed should be studied with respect to this factor. 
If the station is in an area having a low field strength it may 
be necessary to use automatic volume control in order to 
insure reception during periods of low signal. However, 
in such circumstances a carrier operated antinoise device 
should embodied in the receiver in order that the oc¬ 
cupants of the station house may not be aimoyed by at¬ 
mospherics and other forms of interference during the time 
no signal is being received. 

The important thing in station receivers is to obtain 
equipment designed for continuous service. Most cities 

are using receivers de¬ 



signed for the job and are 
experiencing little trouble. 

The mobile-unit re¬ 
ceivers are, however, a 
different story and practi¬ 
cally every department can 
furnish many woeful tales 
about their experiences. 
Troubles with mobile in¬ 
stallations are divided be¬ 
tween those caused by car 
ignition, battery, or an¬ 
tenna and those in the 
receiver itself. 

Troubles in mobile po¬ 
lice radio receivers are 
much more numerous than 
tiiose experienced in 
brbadcsuit receivers for 
automobiles. Police re- 
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ceivers operate 24 hours a day and are mounted in cars 
that will drive 50,000 to 75,000 miles in a year. Several 
attempts to modify standard broadcast auto receivers 
so as to be used in police cars have resulted in disap¬ 
pointment and today the great majority of police depart¬ 
ments gladly pay the increased cost necessary to obtain 
receivers manufactured for police service. 

Tube life in police mobile receiver service is now very 
good, particularly when the cars are equipped with voltage 
regulated generators. 

A life of 1,000 hours is often used as a standard for tubes 
and vibrating equipment in radio work. While this may 
represent a life of over one year in ordinary passenger car 
service, it only represents a life of 6 weeks in police service. 

The great majority of police receivers in service use 
dymamotors for B supply, a few using vibrating rectifiers. 
In general better life has been experienced from the dy- 
namotor and it, in spite of its greater cost, is in greater use. 

The detuning or drifting of police receivers, once the 
greatest single source of trouble, has been fairly well taken 
care of as far as municipal police work is concerned. State 
police organizations, however, needing greater sensitivity 
and selectivity in their receivers, are still experiencing 



Fig. 5. Average daily load chart of a representative 
municipal police radio station 


trouble. In some cases recourse has been made to the use 
of crystal-controlled receiving equipment. 

The average police receiver draws from 4 to 7 amperes 
from the car storage battery. This drain when continuous 
and coupled with the fact that police cars cruise slowly 
would result in discharged car batteries unless special 
provision is made. Standard generator and battery equip¬ 
ment on automobiles has proved to be inadequate for 
police radio service and special voltage regulated ^nera- 
tors are generally installed on cars for municipal police 
patrol. 

The generator used should be able to balance the radio 
and ignition load on the car battery at the slowest cruising 
Speed of the cars, usually about the slowest speed at which 
the engine runs evenly. This varies from 6 to 10 miles an 
hour. The generators should peak at a speed between 15 
and 20 miles an hoiir and should have a peak current of 
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Fig. 6. Average hourly load chad of a represenla> 
tive municipal police radio station 

from 18 to 25 amperes. They must be equipped with a 
voltage regulator. Such generators are now commer¬ 
cially available. 

It is also considered desirable to advance the battery 
size in mimicipal patrol cars in order to carry over periods 
when it is necessary to leave the radio on but the motor off. 
Such cases happen quite frequently when car crews are 
“planted” to watch a car or house. 

A screen antenna in the top of the car had proved to be 
the most satisfactory antenna for police radio work. How¬ 
ever, with the advent of the steel top, police were forced to 
use various forms of undercar antennas, none of which are 
entirely satisfactory. A better antenna is provided by 
use of an insulated steel rod rising from the dash, either 
straight or curved back over the top. The rods, or “fish- 
poles,” are flexible and n,o harm results from their hitting 
something. 

The reduction of electrical noises set up by Ike ignition 
system is accomplished in much the same manner as is 
standard with broadcast receivers but, because of the 
higher frequencies used, it is a slightly harder job. Stand¬ 
ard spark-plug resistors together with condensers on gen¬ 
erators, gas, and oil gauges are used, bonding and shielding 
are carefully installed. If after an instaUatidn is made it is 
found that ignition noise remains at a high level, different 
things are tried until the noise is eliminated. As a general 
rule Spark-plug resistors are kept as low in resistance as it 
is possible to use, since resistors of 25,000 ohms and up 
have caused some engine trouble. 

Some police car receivers have a Sensitivity control as 
well as an hudio volume control to take care pf the 
“carrier off ” condition. If the sensitmty control is re-r 
tarded sufficiency to reduce the electrical noise at points 
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Fig. 7, Radio patrol districts 
of a representative city 




in the city where electrical noise levels are high it may also 
automatically cut out the signal because of the relatively 
weak radio field from the police transmitter, a dangerous 
condition in police work. Antinoise circuits have aided 
in reducing the noise but at best police receivers in patrol 
cars on busy streets several miles from a transmitter, are 
rather noisy. 

The crews of police cars shade into 2 general classes. 
One p-oup who keeps the controls turned up and seem 
oblivious to the noise, the other who keeps the control re¬ 
tarded so much, that when street noises are high they have 
to turn up the volume to understand the broadcast. Ob¬ 
servations indicate that this second group senses the pres¬ 
ence of the transmitter carrier by the change of the back¬ 
ground noises m the receiver, and, therefore, seldom miss 
any broadcast information due to the practice of carrying 
the receivers at low volume settings. 

There are some types of men, usually of a nervous dis¬ 
position, who should not be put on radio patrol cars. 
The combinations of noises, mental strain due to the pres- 
en^ of a receiver which at any moment may reproduce an 
ordp, and ^e lack of physical exercise have a bad effect on 
tteir health. In one of the larger cities the police medical 
division is at present quite concerned over the problem. 

Operation of Municipal Police Systems 

The police radio system is simply a development and 
extension of previous communication systems. It is logi¬ 


cal to expect then, that the radio system would be fitted 
into the regular dispatching system with as little change as 
possible. Actually the radio system fits nicely into the 
older system, the only change being occasional elimination 
of parts whose work is done more efficiently by the radio 
system. 

Speed of message handling is the primary consideration 
involved, and of course, a system whereby the person 
wanting emergency police assistance could call directly to 
the policeman coming to his assistance would be the ideal 
method. Obviously this is impossible, yet in smallpr 
towns only 2 intermediate persons are involved, one the 
telephone operator who makes the connection, second, the 
police dispatcher who sends the help, figure 4A. In the 
larger cities this simple system, although just as desirable, 
becomes impossible because of the volume of the traffic. 
It becomes necessary to set up a system similar to 4B 
whi<*, while it may look complicated, is as simple as it is 
possible to arrange and still have a system that wiU oper¬ 
ate smoothly and wi^ rapidity during peak periods. 

Figures 5 and 6 show the average load charts of a repre¬ 
sentative police radio station. Actually these average 
peaks are increased considerably upon such evenings as 
Hallowe’en, New Years Eve, etc. 

The sources of police information of all natures are ex¬ 
tremely numerous, however, the sources of information 
requiring emergency action are fewer in number. While 
the detective bureau is shown as a source of information in 
diagram 4B the reference is to emergency cases only which 
are a small part of their activity. 

By far the greatest number of emergency requests comes 
from the public over the telephone system. The incoming 
telephone switchboard in larger cities thus has to be used 
in multiple sections so as to allow any one of a number of 
op^ators to answer any incoming trunk line. In some 
cities all incoming calls come in on the one board, in New 
York, however, emergency calls, and routine calls ate seg- 
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regated by having the pub¬ 
lic call one telephone num¬ 
ber when emergency service 
is desired, and another when 
making routine calls. Each 
board, of course, can handle 
emergency messages in cases 
where the public makes a 
mistake. 

The switchboard oper¬ 
ators handle all routine calls 
much as any telephone oper¬ 
ator. They are trained, 
however, in proper handling 
of an emergency call and in 
how to get the most inform¬ 
ation from an excited per¬ 
son, and get it reliably. 

At best the information is 
none too accurate. The 
operators then pass this in¬ 
formation along to the dis¬ 
patchers who either broad¬ 
cast the necessary order or t ^ t 

• XI- i X -x- ‘x iransmitting equipment of 

in the largest cities pass it ,. . n i- < 

^ ® ^ . radio system. Duplicate \ 

on to another man for » j V .j 

, . . a stand-by unit, are provid 

broadcast. .■ i.a •. i 

•'"plifier, whici 

The uispatcher s ooarcL ^ 

besides receiving informa- * ^ 

tion from the general board 
may get information from 

several other points as noted in 4B. Bank alarm systems 
usually are terminated in precinct stations, sometimes in 
headquarters; fire-alarm systems also occasionally have a 
wire into the police department and policemen are dis¬ 
patched simultaneously with fire equipment. Other 

sources of information include police, via the patrol-box 
system, precinct stations and substations, radio operators, 
and fire and other city departments. 

It will be noted that the dispatcher has other facilities 
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Transmitting equipment of the Newark, N. J., police 
radio system. Duplicate transmitters, one of which is 
a stand-by unit, are provided. The unit at the right is 
the power amplifier, which may be fed by either of 
the other sets 


emergency vehicle in his 
own precinct without per¬ 
mission of the dispatcher. 
This of course means that 
the dispatcher in addition 
to being a good police officer, 
must be familiar with the 
dty, must know the terri¬ 
tories patrolled by each car, 
and must have a continual 
accurate check upon the 
condition of each car. The 
dispatcher is often assisted 
by a clerk, while various 
check boards, maps, me¬ 
chanical or electrical ar¬ 
rangements are used to keep 
track of the cars. The dis¬ 
patcher must know where 
his cars are at all times, 
whether they are in or out 
of service, when they are on 
a run, and when they need 

, I ki I I. radio or garage service. To 

he Newark, N. J., police . , - ,. 

... ’ / I. L . the dispatcher and his as- 

nsmitters, one ol which i$ . . . . * x jxi- • t 

, .. . .1 . L. . sistants IS delegated the job 

3. Ihe unit at the right is , , x i ^ i • 

, , , , .A t of keepmg track of a large 

may be fed by either of n j. £ • v • 

. ' fleet of cars. This job is 

made harder by the fact 
that these cars are continu¬ 
ally prowling about the city 
doing routine police work on their own initiative while 
waiting for emergency broadcasts or specific orders. The 
details involved in this position are considerable and a 
mistake may mean a missed run or possibly a lost life. 

Messages broadcast by police radio stations fall into 4 
general types: 

1. Emergency dispatches: Orders to a particular car to proceed 
to the scene of a crime, fire, or disturbance. This is the most numer¬ 
ous and most important of the 4 types of messages 


i ^ - 




besides the radio patrol at his disposal. Patrol wagons 
and other emergency vehicles are kept at precinct stations 
and substations, and ambulances, pulmotors, etc., at 
other points. He decides as to what vehicle is to be used, 
dispatching it or passing the information to the person 
who mahes the dfepatch as the case may be. 

The dotted lines on diagram 4B indicate routes taken 
by messages of 2 general types. First: routine unimpor¬ 
tant traffic with which it is not desirable to load the dis¬ 
patcher since the emergency dispatch is not involved; 
second: exceptionally important or “hot” information 
which must be transmitted without the slightest'delay. 
Most systems are flexible enough to allow some deviation 
from regular routine in particularly important cases. 

The majority of cities have centralized the dispatching 
authority into the dispatchers. These men and no others 
are responsible for the proper dispatch of policemen to the 
scene of a crime, fire, or disturbance. In some cities the 
dispatcher’s word is absolute law in all precincts, and the 
commanding officer of a precinct cannot move a single 


2. General broadcasts: Crime reports, stolen cars, missing person 
reports, descriptions of wanted person^, etc. 

3. Station calls: Routine police work, orders to cars to call their 
stations, go for gasoline or repairs, take care of a detail or traffic, etc. 

4. Intercity traffic: Messages of police nature transmitted to other 
police radio stations by radiophone 

The police radio station exists primarily for broadcast 
of types 1 and 2. Type 3 is more or less routine and is 
handled if time permits, while type 4 is not handled at all 
by some cities. It is expected that police radiotelegraph 
vdll eventually handle most of this latter type of traffic. 

An interesting point to note here is that because of the 
general unreliability of information coming from the pub¬ 
lic, very often a broadcast of type 1, sending a poUce car 
to the scene is made before a general broadcast of the 
Clime (type 2). The actual descriptions, etc., sure ob¬ 
tained by a policeman from the persons at the scene. 

In municipal one-way systems the patrolmen, aft^ hav¬ 
ing been sent on a run, call back over the police or city 
phone systems. The dispatcher or radio’ operator d®" 
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pends entirely upon the car crew hearing the run and obey¬ 
ing instructions. If, however, the car crew does not re¬ 
port back in a specified time after the order is broadcast 
(from 5 to 30 minutes depending on the city), another car is 
dispatched. 

No system is perfect and occasionally a run is missed. 
A follow-up is desirable on important runs, therefore, 2 or 
more radio cars are often sent. In some cities station 
cars are dispatched by telephone in addition to those dis¬ 
patched by radio. 

The efficiency of the radio equipment is attested by the 
fact that accidents, car failure, and mistakes made by the 
operating personnel each result in as high a percentage of 
runs missed as does failure of radio. Radio failure as a 
cause of missing runs is of course eliminated by the use of 
a 2-way system and most larger cities are now experiment¬ 
ing with 2-way equipment. In a 2-way system if the dis¬ 
patcher does not get an immediate “OK" from the car 
crew dispatched, he dispatches another car. 

As the radio system follows the plan of the precinct sig¬ 
nal systems, so are the territories of the radio patrol cars 
influenced by the precinct boundaries. Each precinct is 
broken up into patrol territories and a radio patrol car 
assigned to each. In addition there may be other cars, 
usually better equipped and carrying a larger crew, who 
patrol through the whole precinct or through several terri¬ 
tories and still other crews and cars that work more or less 
free lance or on special police problems. Each territory 
and car are assigned a number and this number alone is 
used in dispatching. Often individuals are assigned 
numbers to permit their being called without mention of 
names. 

Figure 7 is a representative layout of the city of Detroit 
(neither correctly numbered nor accurate) that shows how 
cars may be arranged in a large city. In this case the ac¬ 
tual car numbers are replaced by letters that have no 
significance.. 

The patrol districts are chosen systematically with the 
following factors in mind: 

1. Density of popthation 

2. The crime record of the territory under consideration 

3. The traffic problem, in which account is taken of the density 
of traffic, of possible congested points, and of impediments such as 
ra^oads. canals, etc. The traffic problem affects the speed of 
police cars, and therefore, the time required to respond to a call 

4. <^er pohee protection. (Such as detectives, traffic officers 

etc., in the business sections) ’ 

6., Records of the radio, station as to the frequency and number of 

runs onginating in the territory considered 

By this mehod the available cars are placed where they 
will result in the most effective patrol. 



A view of the equipment at station WRDP, of the Michigan 
state police, located at Paw Paw 


Certain types of crimes can be solved in many cases if 
rapid efficient communication can be maintained between 
the police dispatcher, or radio operator and a crew on the 
scene. This refers only in part to continuous pursuits, 
where other cars can be used to block off escape. These 
are spectacular and have attracted press notice but more 
important are the cases where information immediately 
furnished by the car crew on the scene results in a broad¬ 
cast and a capture by another car crew before a clean geta¬ 
way can be made. In hit-and-run cases it is often pos¬ 
sible to obtain a hit-and-run license number from a crew 
on the scene, check registration and have another car 
waiting at the driver’s home when he gets there. Since 
only a few minutes are available, by eliminating the time 
required for the patrolman to get to a phone and get a 
connection to the dispatcher or radio operator, 2-way often 
means the difference between success and failure. Seconds 
count in police work. 

Two-way radio makes the patrol force more efficient. 
The efficiency of a police department depends considerably 
upon attention to details. Routine and uninteresting 
though they may be, they are important. As an ex¬ 
ample, a patrol car crew passes a parked car, something 
about it makes them slightly suspicious, if the patrol car is 
equipped with 2-way communication, in such a case they 
woifld call for a check on the license and sometimes find 
their suspicions are correct. Only once in 100 times pos¬ 
sibly, but that once may be extremely important. 

^Consider now, that the cost of a 2-way system is but a 
fraction of the yearly salary cost of the patrolmen as¬ 
signed to radio cars and we see why 2-way growth has been 


TVo'Way Police Radio Systeins 

Itseems mmecessaty to justify the additioiua expense of 
^ 2-wa7 system, yet a number of departments have been 
hampered m obtainjng funds for installation of 2 -way 

e^mmt because of the fact that they have a one-way 

^emmsucc^fulpp^ation. 
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ultrahigh frequencies exclusively, the other using a mediui 
high-frequency station transmitter. Cities which are mgt 
ing an initial installation of a complete system now usuall 
instaU the first type. The second type exists in thos 
cases where cities already equipped with, a one-way sys 

tern add ultrahigh-frequency transmitters to their mobii 

equipment. There are also certain situations in whic 
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installations of the second type are made due to the fact 
that the municipality involved has assumed responsibility 
for the rendition of service to surrounding areas, such as 
the county, which lie beyond the range of any ultrahigh- 
frequency transmitter which could be considered. 

The method of operation of 2-way systems also varies 
and can be classified as follows: 

1. Simplex operation: One frequency is used for both station and 
car, transmitters. Only one can be on the air at a time, direct 
car-to-car communication, when the cars are not separated too far, 
is possible 

2 . Duplex operation: The station transmitter is on one frequency, 
the cars on another. Both can talk at once if necessary and opera¬ 
tion is similar to ordinary telephone conversation. Car-to-car 
communications not possible except by rebroadcast through the 
fixed station (sometimes called triplex) 

ii. Voice break-in operation: A system using voice operated relays 
that control transmitter and receiver. In this case one station can 
break in on the other during pauses in speech. Direct car-to-car 
communication is also possible in this method under the same 
conditions as specified in the first case. 

In its actual operation the 2-way system does not differ 
greatly from the one-way system. Calls are received and 
handled as noted in figure 4. The difference is that re- 
tuni calls from the car crews are made by radio instead of 
wire. The dotted lines in figure 4B from patrol car to 
dispatcher or radio operator indicates this communication 
channel. The only possible addition is direct car-to-car 
communication, which is not shown in the figure. 

State-Wide Radio Systems 

The last few years have seen increasing interest in state¬ 
wide radiotelephone systems and, while state-operated 
systems are not as yet in operation in the majority of 
states, the time is not far away when they will be. In 
some states teletype systems are used while in others a 
state patrol force does not exist. Parts of states are some¬ 
times given the benefit of radio coverage by arranging 
with municipalities having transmitters for broadcast of 
necessary messages, all of which tends to delay state 
police installation. 

The engineering problem involved in the installation of 
a statewide police radio system differs considerably from 
that in the municipal police system. Electrical noises, 
shadows of steel buildings, and high noise levels at certain 
points provide the major problems in the selection of a site 
for a municipal pfffice station. However, the problem 
involved in a state police system is primarily the size of the 
area to be covered and the average conductivity of the 
ground within that area. The problem is so involved that 
it is doubted the selection of the most economic facilities 
can be based on anything less accurate than actual field 
strength surveys. 

It is characteristic of the frequencies used by state police 
radio systems that at a more or less definite distance from 
the transmitter, depending upon the conductivity of the 
ground pronounced fading occurs which is usually suffi¬ 
cient to make the signals practically useless. Increase in 
power will not obviate this difficulty The distance at 
which this so-called fading wall appears is dependent upon 


the conductivity of the ground and the type of antenna in 
use. On the basis of a field-strength survey the location 
of the fading wall can be quite accurately determined, as 
can the amount of power necessary to place the min im um 
useful signal at the inner edge of the fading wall. The use 
of any power beyond this figure is wasteful. Thus some 
states have found from 3 to 7 transmitters necessary. 
Figure 8 illustrates the arrangement of the stations in the 
state of Illinois. This arrangement was determined on the 
basis of a field strength survey. The circles shown indi¬ 
cate the lOO-rriicrovolt contour which was estimated to 
be the inside boundary of the fading wall or the maximum 
range at which satisfactory service might be expected. 
At the present time it is possible to operate the cars at a 
considerable distance beyond this range. 

In selecting transmitting locations for municipal police 
stations it is the usual practice, as stated above,, to select 
city-owned property as a site for the transmitting station. 
However, in a state system it is often found economical 
to purchase new property, erect new buildings, and move 
existing state police headquarters to the location best 


Fis. 8. Arrange¬ 
ment of state po¬ 
lice radio stations 
in the state of llli- 
noiSfShowing cov¬ 
erage of each sta¬ 
tion 



suited for radio transmission. In selecting this location 
the primary factors to be considered are: 

1. The most suitable location for statewide coverage with the 
minimum number of stations 

2. The location of the property as nearly as possible to a highway 
network center 

3. Availability of commercial power and wre communication 
circuits 

The use of a number of transmitters for state police serv¬ 
ice has an advantage in addition to that of pure econom¬ 
ics. Many of the situations that arise requiring the trans>- 
mission of a message over state police radio stations are of 
restricted interest and may be handled by the local station. 
Each of these stations then becomes a unit in a statewide 
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system and each has its own sphere of activity. This 
feature results in a strengthening of the patrol, since in 
major crimes or statewide man hunts all departments act 
together, usually under the direction of one of the state 
stations. It may also provide a local police radio service 
to the county sheriff’s officers, or the stnall communities 
that would of necessity be unable to afford a system. 

Many states are providing, in addition to stations at 
fixed locations, state police stations located in trucks that 
can be moved to scenes of disturbance or disaster to oper¬ 
ate with a temporary state police headquarters in order 
that the greatest facility may be had in han dling the situa¬ 
tion. The utility of this type of installation was amply 
demonstrated during the recent flood, m which the State 
of Ohio operated 4 such installations and the State of 
Indiana 13. 

It is necessary where communications are exchanged for 
each state police station to monitor not only the transmis¬ 
sion of the other state police stations within the same 
state but also those of adjacent states and of municipal 
police stations in the vicinity in order that in an emergency 
there may be a facihty available for the most rapid distri¬ 
bution of crime mformation. As an illustration in certain 
police stations nine radio channels are continuously ob¬ 
served. 

Figure 9 illustrates the importance of a state radio sys¬ 
tem in a communication network. This figure shows the 
extensive police communication system that has been 
built up in and around the state of Ohio. Columbus, the 
control station of the Ohio State Highway Patrol, is the 
focal point and radio circuits extend from there in all di¬ 
rections. 

This figure shows all the various systems of police com¬ 
munication that are in use for intercommunication, in¬ 
cluding telet 3 q)e, radiotelephone, and radiotelegraph. 
Long-distance telephone and wire telegraph are used in 
emergencies and as extensions of this system. Since ultra¬ 
high-frequency stations do not enter this network such 
mstallations are omitted as are receiving points not 
equipped with transmitters. These latter points are very 
numerous as sheriffs’ offices and the majority of cities 
monitor the transmissions of the state system. There are 
additional city-to-city circuits in existence within this 
territory which are not shown since they do not clear mes¬ 
sages through Columbus. 

The use of radio to set up blockades so as to isolate an 
area in which a serious crime has occurred is a valuable 
point in a statewide radio system. The co operative sys¬ 
tem in use by Michigan, Ohio, and Indiana is a splendid 
example; these 3 states have a planned system laid out on 
maps wi^ which the dispatchers are familiar. Each police 
car, police post, sheriff, and municipal organization has a 
^ to play in setting up a blockade and knows its duties 

m advance. Main highways and strategic points such as 

bridges, etc., are closed immediately, the border between 
states IS sealed by cars and then the hunt in the territory 
be^s. In the ease above mentioned the 3 states act in 
i^n whenever a crime is committed near the border 
the care of one state watching certain points while those of 
the other states watch others. Police organizations of 
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Fig. 9. Police communication channels in and 
around the state of Ohio 


these states, numerous counties, and a score of cities par¬ 
ticipated in a recent successful man hunt and blockade. 

As a general rule the state police radio system acts as a 
clearing house for information regarding automobile-li¬ 
cense data and stolen- or wanted-Car records. The cities 
having police transmitters depend upon the state police 
system to collect and maintain these records-as well as to 
provide access to auto records of the state licensiiiv au¬ 
thority. 

In adffition, it is generally considered the duty of the 
state police system to keep a crossfile on criminals working 
in the state and to advise individual departments of crimi¬ 
nals’activities elsewhere. 

Summarizing it may be stated that the police depart¬ 
ments are using radio for 6 purposes: 


1. By mumcipalitie«« for one-way communication to mobile units 
and remote police stations 

2. By municipalities for 2-way commimication with mobile units 

3. By states in the general dispatching of state poUce units 

4. By stetes and munidpaUties for the radiotelegraphic exchange 


6. By harbor police in connection with the dispatching of harbor 
police boats and general policing of shipping 


6. By states for emergency radiotdegraphic 

interruption of the wire tdetype network 


use in the event of 


All of these systems have their peculiar problems and 
uses. Therefore, no police radio installation should be 
mde until adequate study has been given to the problem, 
m order t^t the equipment purchased and instaUed may 
suit the situation. 
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A New Approach to the Industrial Lighting Problem 
Specific Lighting (or Different Services 

By H. B. DATES 

FELLOW AIEE 

Comprehensive surveys have shown the general inade- Development of the Lighting Art 
quacy of artificial lighting in industry. The rapid increase 

of scientific knowledge on the relations of light and seeing The incandescent lamp for the first time in the history of 
has opened a new approach to the specification of lighting iUummants opened possibilities for a safe, convenient, 
for industrial processes involving critical studies of the inexpensive light. 

visual tasks, g-nd the quality and g tignt ity r>f tfip ■ill tiTnitifl. - The excessive brightness of the bare bulbs, with its 
tion needed. Results of the application of this new accompanying discomfort, and fatigue, led to the shielding 
method are described in tliig paper. fhe filament from the eye by crude shades which 


Introduction 

F or perhaps thousands of years manufacturing 
was a home industry, pursued only in daytime, and 
to a considerable extent out-of-doors—^the forge 
under a tree; the loom in front of the cottage. 

Learning was the special business for the few; the 
mass of the human race ignorant and poor, engaged in 
homely, coarse occupations. 

Even after the art of printing was invented and books 
and periodicals became cheap and abundant, artificial 
light was costly and scarce. 

In the evolution of industry, the change from home to 
group production in factories, manufacturing, in the 
absence of any but the most primitive of light sources, 
was of necessity a daytime occupation but carried on 
indoors under a tiny fraction of the light out-of-doors. 
Gains in learning and the supplying of material manu¬ 
factured necessities were at the heavy cost of impaired 
eyesight—a large capital expenditure. 

Daylight 

It is not generally appreciated, even today, how inade¬ 
quate, in most cases, natural lighting is for indoor work 
requiring dose, visual applications. 

Daylight varies through an enormous range of bright¬ 
ness values. On a June day from as high as 10,000 
foot-candles in the sunlight to 200 foot-candles or more 
just inside the window of a room. It also varies accord¬ 
ing to the time of day, the season of the year, and the 
state of the weather. But indoors, 25 feet back from the 
window, the light may be but '/loo of that on the 

window sill. In interiors daylight decreases surprisingly 
fast as distance from the windows increases. 

Consider then the conditions for seeing fine details, 
under natural light, in literally thousands of factories 
with but moderate window area, wide floors> and often 
with adjacent buildings shutting put the siy. It is not 
a question of needing artificial light only at night, but of 
needing it in most of the work places throughout the day. 



developed into open bottom, inverted glass bowls, metal 
reflectors, and enclosing glass globes. 

Gradually as lamps unproved and their use enlarged, 
the art of lighting developed and with it a large variely 
of fixtures and reflectors adapted to industrial applica¬ 
tions. 



A paper recQinnieoded for publication by the AIBB committee on produeUon 
and application of light. Manoscript submittied March 8 , 1937; rdeased for 
publication Msurch 18, 1937 . 

H. B. Patbs is professor and h«aid of the department of eieetrical engineering,' 
Case School of Applied ^ence, Cleveland, Ohio, and chaii^n of the industrial 

and school lighting committee of the Illuminati^ Bngineoring Society. 
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Progress was made in lighting practice as a result of 
studies on the effect of better lighting on quality and 
quantity of output, on the prevention of accidents, and 
the efficiency of workers. However, lighting remained 
largely an empirical art rather than a practice resting 
on a scientific basis. Lighting specifications were formu¬ 
lated mainly from experience and opinions and tended to 
emphasize foot-candles, size, and spacing of lighting imits, 
rather than lighting for the best seeing conditions for the 
visual tasks involved. 

Seeing 

The physiology and pathology of the eye have been 
stuped intensively by the medical profession over a long 
period of years. The correction of refractive errors of the 
eye has long been on a scientific basis, but only in rela¬ 
tively recent years has serious attention been given to the 
problems of seeing and the relation of seeing and illu¬ 
mination. 


This science of the relations between light and sight 
has made large strides and while admittedly still incom¬ 
plete, knowledge has so greatly increased during the last 
decade that many of the physical, physiological, and 
psychological factors comprising the complex process 
called seeing can be appraised and measured; thus there 
is building up a truly scientific background for the lighting 
art. 

As has been the case in every important scientific 
advance, so in this field there is a reluctance to abandon 
old empirical methods. However, the last few years 
have witnessed a tremendous public awakening to the 
importance of eyesight and a rapidly growing recognition 
that the primary objective of light and lighting is to 
promote the most accurate, comfortable, and easiest seeing 
and that the production and control of light are but means 
to this end. 

Prevailing Industrial Lighting Conditions 


The act of seeing involves many factors; the recognition 
of outline; of size; of form and detail; the perception of 
light and shade; quickness of seeing as involved in the 
observation of rapidly moving objects; the brightness 
contrast of the object viewed with that of its immediate 
background and more distant surroundings; color and 
glare. In additipil psychological reactions must not be 
overlooked. I 

The influence of illumination on each of these factors 
must be studied separately; the fundamental laws deter¬ 
mined, and methods of measurement and of evaluation 
developed. 


Of the need for comprehensive studies in industrial 
lighting there is no question. During the years 1933 and 
1934 extensive surveys were conducted throughout the 
United States to determine the lighting conditions in 
various industries as well as the average conditions in 
industry as a whole. In figure 1 and table I are sum¬ 
marized some of the findings of the surve 3 rs. 

The Federal Census of 1930 listed 220,670 industrial 
plants in the United States. 

It will be noted that as of October first, 1934, 54 per 
cent of the lighting equipment used in industry was of 
obsolete types. The average age of the lighting equip¬ 
ment, 8*74 years, and the 
average level of illumination 
in the work areas, 2.85 foot- 
candles. 

However, it must not be 
inferred that all industrial 
lighting is inadequate. Much 
good lighting is in use pro¬ 
viding excellent seeing condi¬ 
tions, though as yet it repre¬ 
sents far too small a percent¬ 
age. 

The surveys further pointed 
out that there is a lack of 
proper standards for the satis¬ 
factory solution of specific 
lighting problems; that com¬ 
paratively few industrial light¬ 
ing problems have been solved 
to the mutual satisfaction of 
illuminating engineers and in- 
dustrid executives, and indi¬ 
cated the need of fundamental 
studies to dsifinhme the illu¬ 
mination values adequate for 
all types of industrial processes 
and the best methods for sup- 
ptying these values., These ; 
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studies dejfinitely show that 
good lighting saves eyesight, 
minimizes accident hazards, 
reacts favorably on the morale 
of the workers, decreases spoil¬ 
age and waste of materials, and 
is generally effective in iihprov- 
ing the quality of finished 
products. 

New Approach to 
Industrial Lighting 

Thirty years ago industrial 
plants if provided with any 
artificial illumination had a 
drop lamp over each machine 
or workplace. Sometimes re¬ 
flectors were used, often lamps 
were bare and glaring. In 
those days if general illumina¬ 
tion was used at all, there were 
a few high-powered arc lamps 
or clusters of carbon incandes¬ 



cent lamps under flatreflectors. 

This was followed by a more or less universal adoption 
of general illumination methods where medium and large 
size tungsten filament lamps in scientifically designed 
reflectors were s)nnametrically spaced throughout the work¬ 
ing area and various levels of more or less uniform generSil 
illumination were supplied. Many times these levels 
were of a decidedly low order and on some occasions 
reasonably satisfactory for most types of work. 

What then is this new approach to industrial lighting? 
It is to study for each manufacturing process in an in¬ 
dustry the visual task; to appraise this task in terms of 
the fundamental factors of seeing; size, contrast, glare, 
etc.; to determine the quality of the lighting and the 
quantity of light needed to perform this visual task 
accurately and quickly with comfort and ease, and with¬ 
out abuse to the eyes or the frequent results of eye strain 
noticed as headaches, irritability, and general fatigue;- 


thus is developed as a result—a lighting specification for 
the process in question, and there then remains the 
determination of light sources and equipment to produce 
the specified results. 

Researches in Industrial Lighting 

To these ends the industrial and school lighting com¬ 
mittee of the Illuminating Engineering Society, 2 years 
ago, initiated a series of comprehensive studies to deter¬ 
mine adequate lighting solutions for industrial seeing 
tasks. It is the hope that as a result there may eventually 
be formulated, on as scientific a basis as present knowl¬ 
edge permits, lighting specifications for all of the impor¬ 
tant industrial operations. 

To date studies have been made on: 

1. Lighting in the printing industry 



CluBification of Manufacture 


Federal Census— 
Ifumber of Plants of 
This Type 


Average Age of 
Present Lighting 
Equipment in Years 


Average Foot-Candle 
Intensity 


Per Cent Increase in 
Light necessary for 
Good niuminatioa 


Per Cent of Plants 
Using Obsolete 
Redecting Equipment 


Baking.... 16,084...... 

Building materials........ 14,792. 

Canning.........;.... 2,917...... 

Chemical manufacturing. .. 8,871...... 

Foodstuffs, candy, dairy...... 40,113.-- 

Glass...... 8,478..,... 

Laundry.... 21,926...;.. 

Leather goods.. 4,796. 

Machinery and tool manufacturing..... 11,807. 

Metal working ......... 12,021...... 

Paints and varnishes.....923. 

Printing.. ... 22,725. 

Pulp and paper manufacturing.................... 3,783.... 

defining.,..;.;...............,................ 2i906..... 

Rubber produrts.... ...................;........ 498..... 

Shoe manufacturing,,.......... 1,460..... 

Textiles and clothing...... 24,443. 

Woodworking,.,....,.'...,,....'............... 16,627. 

Totals and averages..... .... . .;... .,......220,670. 


...1.24. 196.0. 

...0.6 .1600.0. 

:..0.6 ..1160.0. 

...1.3 . 208.0. 

...3.1 . 271.0. 


.1.2 . 460.0. 

.4.76. 189.0. 

.6.88.. 62.6; 

..<5.1 . 106.6. 

.1.8 ...;. 662.3. 

.1.4 ....:.. 494,0. 

.6.6'. 109.8. 

......6.29.. 193.6. 

.0.02 . 592.6. 

.0,8 ... 496.0. 

.....l.g ... 263.0. 

..7.0... 118.2. 

.3.6 . 367.0. 

___2.86. 404.7. 
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exceeds too greatly the bright¬ 
ness of the surroundings. The 
absolute permissible brightness 
ratio is still a subject of inves¬ 
tigation, but current practice 
tends not to exceed a ratio of 
10 to 1. 

In making recommendations 
for lighting specific processes, 
instances occasionally arise 
where existing equipment is 
not adequate or adaptable to 
meet thelightingrequirements. 
Equipment designed for a 
particularly difficult task often 
is found highly suitable for 
other applications not previ¬ 
ously realized. 

It is obviously impractical 
here, due to space limitations. 


2. Lighting in the shoe manufacturing industry 

3. Lighting in the textile industry (grey goods and denim) 

4. Lighting in the candy manufacturing industry 

6. Lighting for radio assembly and inspection and small parts 
manufacturing 

According to the complexity of the industry, these 
studies represent from 8 months to 2 yearn critical and 
painstaking study by veiy competent groups of engineeis. 
It is not claimed that they are completely exhaustive for 
any one industry, but as more are completed, investiga¬ 
tions of the processes in one industry begin to overlap 
into other industries and progress becomes more rapid 
—^the coverage more complete. 

The projects which have been completed have been 
exceedingly valuable to that particular industry. In 
each of the completed studies it has been found that by 
providing proper quality of lighting and quantity of light, 
the ease and speed of production have been enhanced. 
The better morale of the workers and their lack of eye 
fatigue have been manifested in the amount of work 
accomplished. The value of this method of approach is 
further evidenced by the rapidly growing application of 
these methods by competent, progressive lighting engi¬ 
neers, to the large number of industrial and other lighting 
problems which they are called upon to solve in their 
daily work. 

In provic^g good quaHty lighting at adequate levels 
of illumination, it has often been necessary, for economic 
reasons, to supplement general lighting by localized 
mstaUations. The status of the art at the present time 
mdicates that where more than about 50 foot-candles 
are needed, it is often more practical and economical to 
secure and control the higher level of illumination needed 
for good vision, by the use of supplementary lighting for 
the relatively small work areas involved. However, 
where such supplementary lighting is used, seeing condi¬ 
tions are impaired rather than improved if the brightness 
of the area bemg iUuminated by the supplementary units 


to quote in detail from the Il¬ 
luminating Engineering subcommittee reports. It is the 
author’s principal desire to give the AIEE members a 
general picture of how the specialist or the illuminating 
engineer now tends to approach the problem. Lighting 
is a specialized branch of electrical engineering and much 
valuable data on the subject is to be found in the 
Transactions of the Illuminating Engineering Society. 
It is recommended, therefore, that the electrical engineer 
who is not a specialist in lighting refer to these Trans¬ 
actions when he wishes specific and detailed informa¬ 
tion on particular subjects. In the references are given 
some of the most recent and vital presentations along 
specific lines. 
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Fig. 7A. Diffused quality of light, 
even though of 100 foot-candles in¬ 
tensity, does not show defects but 
washes out detail 

Diffused lighting, 100 foot-candles 


Fig. 7B. Directional light from an 
oblique angle and from one direction 
plainly reveals the wrinkle defects 

Oblique lighting, 13-15 foot-candles 


An appreciation of the value of this new approach may 
be enhanced by a few examples of its application to the 
solution of fairly diflGLcult visual tasks. 

In the printing industry critical studies of seeing type 
indicated that the ideal lighting should be from a large 
area, low brightness light source, giving a highly diffused 
light with an illumination of the order of 50 foot-candles. 
Figure 2 shows an application of this quality of lighting 
to the lighting of type cases, proof press, and page form, 
composing stones in a large newspiaper plant, while 
figure 3 illustrates how a large light source of low bright¬ 
ness is effective in reducing the reflections from the sur¬ 
faces of highly polished cylinders upon which are etched 
the various illustrations and type matter which will 
appear in a printed rotogravure page. 

In the cotton textile industry, the weaving of grey 
goods presents diflBLcult seeing tasks due to lack of con¬ 
trast between the thread and the warp and finished cloth. 
The operator must locate and repair broken ends and see 
the finished cloth exceptionally well so as to locate defects 
and determine if all the factors contributing to the pro¬ 
duction of first-class cloth are functioning properly. 
Shadows on the work area are particularly annoying. 
The position of the lighting unit, and the quality of the 
emitted light have a tremendous effect on the clarity 
with which details are revealed. 


Fig. 7C. Combination general and 
oblique lighting. With considerable 
diffused lighting to approximate 
general daylight conditions in factory, 
defects still show up plainly under 
sufficient oblique component 

Diffused—^30 foot-candles 
Oblique—^15 foot-candles 


Good general lighting is not always sufficient in itself 
to provide adequate seeing conditions where most needed 
and supplementary lighting must be supplied. Figures 
4 and 5 illustrated the improvement in punch-press light¬ 
ing by the addition of local lighting to the general lighting. 

Inspection processes frequently present difficult light¬ 
ing problems. For example: It was necessary to detect 
small defects such as scratches and buffed-through places 
on small chromium plated parts. To detect the defects 
rapidly it was found necessary to have the light highly 
diffused, with a fninimum of glare and an illumination of 
the order of 50 to 60 foot-candles. The problem was 
further complicated by the large areas involved. The 
solution adopted is shown in figure 6. 

A manufacturer of abrasives had a very difficult in¬ 
spection problem, inability to detect defects in the fin^hed 
product causing expense in rectifying mistakes and a 
considerable loss of business. In spite of rigid inspection 
of all the grades of sandpaper passing over inspection 
tables at a slow rate of speed, and being constantly watched 
by expert observers, the defects were slipping by, and not 
showing up until the eventual customer had installed 
this abrasive sheet upon his automatic machinoy. Then 
an uneven abrasion appeared on the veneer or other 


May 1937 


Dates—Industrial Lighting 

































surfaces and caused no end of trouble in attempting to 
turn out a uniform product. This always produced a 
retroactive effect on the abrasive manufacturer by causing 
an expense in adjustment as well as a loss of good will. 
Many times, it meant an abrupt termination of a contract. 
Under the general conditions of factory lighting with a 
good daylight component, these defects were unable to 
be detected. 

The problem consisted of seeing the siriall wrinkles in 
the abrasive sheet, which cannot be seen under ordinary 
general lighting. Th^ wrinkles occur during the process 
of putting the abrasive on the cloth or paper background. 
Since the abrasive consists of small jagged particles, 
which have specular surfaces, general lighting, with its 
components of light from every direction, causes a multi¬ 
tude of reflections toward the eye, so that the net effect is 
to see a mass of abrasive surface without seeing any 
minute detail. Since the light penetrates into the sligM 
hollows as well as on to the high spots, the reflections are 
uniform from the depressions as well as from the rest of 
the surface, so that the depressions or wrinkles cannot be 
distinguished. However, with veiy oblique lighting, with 
the r^ys of light just grazing the surface, the light impinges 
upon the higher surface, but completely misses the de¬ 
pressed wrinkles. This causes a shadow in the depres¬ 
sions, so that the wrinkles can readily be seen. 

The 3 photographs (figures 7^, B, and C) illustrate 3 
steps showing the procedure in solution of the lighting 
problem. 

Figure 7A shows that even with a high intensity diffused 
quality of light, the defects did not show up, but on the 
contrary were obliterated. 

Figure 7B demonstrates the fact that directional light 
from an oblique angle, and from one direction, plainly 
revealed the wrinkle defects. 

Figure 7 C illustrates the typical conditions under which 
the abrasive sheet will be seen under the proper lighting. 
It shows a combination of general lighting of a diffused 
nature, of about 25 foot-candles and an oblique compo¬ 
nent of light, of approximately 15 foot-candles. There 


is sufficient quantity of oblique light to still plainly show 
the defects, despite the tendency of the general lighting 
to fade them out. 

If progress in industrial lighting has, in the past, been 
relatively slow, it may be attributed in part to a lack of 
proper standards for the satisfactory solution of lighting 
problems, and in part to the lack of appreciation of the 
value of good lighting not merely from the standpoint of 
production, but of its effect on human efficiency, human 
welfare, and eyesight conservation. 

Much real progress is being made and the next few 
years will undoubtedly witness greater progress in indus¬ 
trial lighting than has resulted during the last 20 years. 
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New 1,000-Watt Bipo$t-Base Lamp 

A rugged 1,000-watt general service lamp, equipped with a medium 
bipost base and an inside-frosted tubular bulb, recently was developed. 
The bulb is made of special heat-resisting hard glass which resists shock; 
and because of an extremely low coefficient of thermal expansion, such 
temperature changes as result from rain, snow, and sleet have been 
found in tests to cause no breakage. The bipost base offers the ad¬ 
vantages of more accurate focusing of the filament, a simplified socket, 
and more dependable electrical contact; production also is simplified. 
The comparatively smaU size of the lamp makes possible the design of 
luminaires of relatively high efficiency and small size. Two screens or 
grids mounted above the filament within the lamp collect much of the 
normal blackening which in usual lamps is deposited on the bulb; the 
lamp shown in the illustrations, of cour^> is designed to be burned 
base up. The simplified production is said to result in reasonable cost. 
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Expulsion Protective Gaps 

By W. J. RUDGE, JR. E. J. WADE 

ASSOCIATE AIEE ASSOCIATE AIEE 


E xperience with the expulsion protective gap 
since 1932, when the first commercial installation 
was made, has demonstrated the efl&cacy of this 
device as a means of improving service by preventing 
lightning outages on overhead transmission lines. 

The expulsion protective gap (figure 1) consists of a 
weather-resisting “textolite”-wrapped fiber tube, whose 
ends are fitted with metal electrodes. The lower electrode 
has an opening through which the gases generated by the 
power arc are expelled. The breakdown voltage through 
the tube is less than that of the insulator which is in 
parallel, hence the lightning discharge is kept within 
the tube. This prevents damage to the insulator, either 
from the lightning or the power arc, which would result 
if the tube were not present. The lightning arc through 
the tube establishes a path for the power current whicli 
flows until the next normal current zero, at which time 
the expulsion action in the tube prevents further flow 
of current. The tube is isolated from the line by a series 
air gap which prevents full line-to-ground voltage being 
applied under continuous operation. 

Expulsion gaps are particularly applicable on grounded- 
neutral circuits. Their ability to prevent lightning 
flashovers of insulators and the resulting outages and 
possible damage to the insidators is not dependent upon 
tower-footing resistance. They are equally applicable 
on low- and high-voltage lines. To date they have been 
applied on circuits ranging from 13.8 kv to 138 kv (figure 
2). Experience is being obtained with installations on a 
230-kv line. 

Several of the major applications have been made 
on 338-kv systems which already had overhead ground 
wires and insulation consisting of 10 disk insulators. 
In these cases, the lines passed through areas where it 
was difficult to obtain the low tower-footing resistances, 
which are essential for proper operation of the ground wire, 
without considerable expense. Expulsion gaps were 
placed on each tower as a means of preventing insulator 
flashovets and subsequent experience has proved the appli¬ 
cation to operate as expected. They have also been 
applied to circuits varjdng from 13.8 kv upward, both on 
lines with and without overhead ground wires. Economic 
considerations show that in many cases they can be 
applied to each insulator string at a lower cost than 
that of lowering the tower-footing resistances by addition 
of cottttterpoisesi ground rods, etc. 

Expulsion protective gaps have been found particularly 

A pap^ rMomipendcd Tor publiration by the AIBB committee on protective 
devices. Mtuiuscript submitted March 20, 1937; released for publicatiou 
h^h 26,1987. ; V : /; ^ ^ 

W. J, RtTDOE, Jr., is an electrical engineer and B, J. Wads is a research engir 
neer in die lightning arrester department of the General Blectric Company, 
Pitt8fieW,;Ma8s^, > 

1. For all number^ references see list at end of paper. 


valuable as a means of protecting pole-top switches and 
river crossings. Often pole-top switches have a. lower 
line-to-line and line-to-ground flashover than the adjacent 
structures on the line, making them a susceptible point 
to lightning flashovers. Also, pole-top switches are 
often used as emergency ties operated normally in an 
op^ position, which means that they are located at a 
reflection point and therefore subjected to higher volt¬ 
ages. River crossings frequently have taller structures 
and longer spans than normal, which means greater 



exposure to lightning. On several river crossings the use 
of expulsion gaps has not only eliminated circuit outages 
but has prevented damage to the insulators as well. 

Where it is found necessary or desirable to obtain the 
best available lightning protection in important stations, 
expulsion gaps used at the line end of the shielded zoue 
(approximately 2,500 feet long) adjacent to the station, 
serve to limit the magnitude of the surge Voltage which can 
be transmitted over the conductors to the station lightning 
arresters. In some cases it is difficult to install an effec¬ 
tive shielded zone for the distance of 2,500 feet frpni ^e 
station. Expulsion gaps installed on aU stnictures jput 
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from the station for a distance of approximately one-half 
mile will provide parallel paths to ground for the lightning 
currents and will reduce the severity of the stroke cur¬ 
rents which must be handled by the station arresters. 
By using this means of discharging a part of the direct 
stroke currents to ground the voltage wave wiU be chopped 
and its length greatly reduced, so that protection will be 
secured for strokes which might otherwise result in damage 
to the station equipment. The gain which can be obtained 
in either of the above cases is greatest for lines with un¬ 


expulsion gaps have low-resistance grounds, to gain 
maximum effectiveness in reducing stress on the adjacent 
unprotected structures. 

Volt-Time Flashover Characteristics 

Expulsion protective gaps have a somewhat flatter 
volt-time flashover characteristic than plain rod gaps or 
disk insulators. The volt-time characteristic of a 115-kv 
expulsion gap is compared with that of a rod gap in 


usually high hne insulation, such as wood pole lines hav- figure 3. It may be noted that the expulsion gap is 
ing large spacings, and no guy wires. equivalent to a rod gap having a 34-inch spacing on the 

Expulrion gaps give the best lightning protection full 1 Vs x 40 positive wave. However, wh^ tested on 
when iusMed on every structure. However, in several a wave rising to flashov^ at the rate of 1,000 kv per 
instances it has been foimd that a material reduction in microsecond, the expulsion gap is equivalent to a 22-inch 
outages can be realized by equipping only the guyed rod gap. A similar situation exists with regard to disk 
pol^. In o^d: cases it has been found economical to insulators. When tested in parallel with a string of 6 
equip a particular section of line or a feeder where light- disk insulators, the expulsion gap wa^ found to give 
ning troubles have occurred frequently. When they are protection on the full iVs x 40 positive wave. However, 
not installed on all structures, it is essential that the when tested bn a wave rising at the rate of 1,000 kv per 


A —13.8-kv system 


Fig. 2. Typical installation of expulsion protective gaps 

69-Icv system D—^138-kv system, gap on one phase durins tests 
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^^^ond, the expulsion gap protects 5 disk insulators burst the tubes. Lewis and Foust have shown that only 
have been made on various combinations of one per cent of the 358 strokes measured have tower 
gaps and disk, pin, and pedestal insulators, currents exceeding 100,000 amperes. A similar investiga- 
"that where protection is obtained on the IV 2 x tion in Germany, in which 224 strokes were reported, 
^ I^ositive wave, protection will also be obtained for showed a tnaximum tower current of 70,000 amperes. It 
waves and waves rising in shorter times. Wave appears, therefore, from these data that the probability 
lias little effect on the flashover voltage of the of an expulsion gap being burst from lightning is very 
protective gap. snxall. Furthermore, field experience with many thousand 

? Expulsion gap does not have a suflS.ciently flat expulsion gaps over the past 4 years has 3 rielded only 
characteristic to make it suitable for protecting Y 40 of one per cent where the evidence indicated that 
insulation. Comparative tests between the the lightning current was great enough to cause bursting. 
V'eir characteristics and the breakdown strength of 

-tion pads such as used in transformers, show that Operating Cliaracteristics of Expulsion 
over of the expulsion gap rises more rapidly than Protective Gaps 

r^^lcdown voltage of insulation pads, as the time to 

becomes less. In addition to providing a discharge path for lightning 

installing expulsion gaps, it is necessary to allow to earth, the expulsion gaps must be capable of interrupting 
tolerances in the settings of the series air the powmr current which flows after the lightning discharge. 
Olziviously, increasing the series gap raises the The maximum power current which they will safely 
voltage. Figure 4 shows how the protection interrupt depends upon the pressure generated in the 
of a. 115-kv expulsion gap is increased as the series fiber tube by the arc current. An extensive series of 
3 xra.ised from 11 inches (the standard setting) to tests has established the relation governing the pressure 
:lx.es. To estimate the increase in flashover voltage, generated as a function of the particular design, the 
rxrom a rod-gap curve, the spacing corresponding to physical dimensions of the fiber tube and the crest current. 
t 2 Ci:>xj.lsion-gap voltage (IV 2 x 40 positive wave). This makes possible the determination of the tube dimen- 
-O -tliis spacing the number of inches by which the sions for any particular current (figure 5). 

g‘£tp is to be increased. From the rod-gap curve Since the test data is of necessity taken and correlated 
■tlie voltage corresponding to the larger rod-gap against crest current, it becomes necessary to convert 
Lg". This will be a close approximation for the the current values to corresponding symmetrical root- 
level of the expulsion gap with increased mean-square values when applying expulsion gaps to a 
gap spacing, given system. When making the conversion from crest 

current to the equivalent symmetrical root-mean-square 
1.1s O Discharge Characteristics value, it is necessary to apply a factor which takes 

into account the transient d-c component and the wave 
view of the increased amount of data on direct form occurring in the first half cycle of current flow, 
i cixirents, it is of interest to speculate as to the If the resistance of the circuit is zero, and the current 


■fc>ili 1 :y of an expulsion gap tube being burst by direct 
s ciarrents. Laboratory tests have shown that 
x-fcs in excess of 100,000 amperes are required to 



'r is/i e: *^0 spark-over- mi crosecon ds 


Fig. 5 (right). Maximum currents (or 
expulsion protective gaps 

Fig. 4. Effect of chang- 
I200|-”| {„g series gap set- 

u “T-ting on impulse spark- 

y 1000 —V — over voltage of 115-kv 
^ J— expulsion protective gap 

^ QOO —^- 1.5 40 X positive wave 

^ SERIES GAt^* 

I 600 —| . 

S SERIES GAR 

i< [-(STANDARD)]-^ 


TIME TO SPARK-OVER —MICROSECONDS 
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flow starts at the zero of the voltage wave, this conversion 
factor has a value of 2.82. However, the resistance always 
has a finite value and if the lightning occurs exactly 
at the zero of the voltage wave, follow current will 
not be started. Therefore, this m axim um conversion 
factor will never be obtained. The available data from 
systems on which short-circuit tests have been con¬ 
ducted indicates that the maximum conversion factor in 
service does not exceed 2.4 which corre.sponds to a ratio 
x/R of 8.2 (figure 6). The ratio of xfR is the relation be¬ 
tween the inductive reactance (i.e., the transient reactance 
or that reactance which is effective during the first cycle 
of current flow) and the resistance of the circuit. The 
curve shown in figure 6 gives the maximum conversion 
factor in a single phase circuit where the current is agfiufnpH 
to start at the voltage zero. 

It should be noted that measurements of short-circuit 
currents having a duration of j cycle, using bushing-t 3 rpe 
current transformers whose ratings are satisfactory for 
metering and rela)dng are likely to be in error due to 


fiber raises Hie minimum or required clearing current 
beyond the point of successful operation. 

In a given circuit there are 3 factors which determine 
whether or not a particular expulsion gap will extinguish 
the arc in one cycle: 

1. The current 

2. The crest value of the (recovery) voltage which appears imme> 
diately following the power current zero 

3. The rate of rise, of the recovery voltage 

Figure 7 shows the relation between the recovery 
voltage which an expulsion gap can withstand and the 
current during the preceding half cycle. It is apparent 
from these relations that the minimum current or the 
current required to clear depends upon the circuit char¬ 
acteristics. The application problem, therefore, becomes 
one of determining the short-circuit current and the 
recovery voltage of the particular circuit being considered. 


core saturation as the result of residual magnetism guff 
overloading. Staged tests made where a special current 
transformer was used in series with a standard bushing 
current transformer showed differences greater than 400 
per cent. This does not mean that differences of this 
order will exist in all cases, but it does indicate the neces¬ 
sity of eliminating this source of error when determining 
the current which is the basis for selecting the expulsion 
gap. 

It is always advantageous to sdect the expulsion gap 
whose rated maximum current is only slightly above the 


Fig. 6. Relation between 
symmetrical root-mean- 
square current and crest 
offset current 

Assuming circuit closed at zero 
of voltage wave 
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Circuit Characteristics 

A number of papers dealing with the recovery voltage 
characteristics of circuits have been presented before the 
Institute. 1-® However, most of these papers have dealt 
with this problem in connection with oil circuit breakers, 
in which very high rates of recovery voltage were en¬ 
countered. In the case of expulsion gaps, the recovery 
rates obtained in service are much lower than those for 
breakers. This is true because the capacitance of the 
line or line to earth is always in parallel with the gap. 
In the case of simple 3-phase circuits a fair determination 
of the recovery voltage can be made by calculation, 
however, with an extensive interconnected network, the 
calculation of recovery voltage becomes very complicated. 
Much less effort and time are required to determine the 
recovery voltages by test. Furthermore greater con¬ 
fidence can be placed in the test results, as they do not 
involve any assumptions. Extensive tests on a number 
of systems form a background of knowledge for applying 
expulsion gaps. Therefore tests are not necessary in 
every case to insure a successful application. 


Field Tests 


30 40 50 


m^mum available system current, as by so doing the 
imnimum or required clearing current can be kept to its 
lowest values, thereby extending the range of system 
conditions for which the expulsion gap is appHcable. 
The advantages are twofold. First, the expukion gap 
sdected can be used in locations where the available short 
cu-cuit current is lower, i.e., on structures having higher 
tower footing resistance, or systems with greater neutral 
resistance. Second, the expulsion gaps will be capable of 
a greater number of operations before erosion of the 


To facilitate the determination of recovery voltages 
on power systems, and to obtain other fundamental 
data on operating systems, a truck has been equipped 
with the apparatus suitable for field testing. 

The truck is equipped with the following: 

1. An automatic 3-element cathode-ray oscillbgrapH shown ht left 
on figure 8 which may be used to measure current or voltage on 
three phases of a system. The osciUograph utUizes a rotating 
nun type film holder, the speed of which can be varied, and a thyra- 
Won-controlled circuit which may be adjusted for different exposures. 
Records can be obtained from a high film speed corresponding to 
25 mwosecon^ per mfllimeter down to speeds which can be suc¬ 
cessfully recorded by the magnetic oscillograph. 

The oscillograms are bbtained by photographing the phenomena 
on the fluorescent screen of the cathode-ray tube using/2.0 l^ses 
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Fig. 8. Interior 
of truck for male- 
ins fi«W l««h. been solidly I 

View showins 3- operate ““ 
element cathode- Pieros, 
ray oscillograph 
and 6-element MountillgS 
magnetic oscillo¬ 
graph 
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AMPERES 

Effect of bore and recovery rate 
on clearing current 


A — ^Varying recovery rate—bore constant 
B —Varying bore—recovery rate constant 


Proper mounting arrangements are vital to successful 
operation of expulsion gaps. The series gap must be 


controlled to prevent its becoming either too great or 


and 35-millimeter “cine” film. The magazine film drmns hold 100 
feet of film, and means are provided for cutting off the exposed 
portions after each test. 

Porcelain-housed coupling capacitors are used as voltage dividers 


too small. Where the series gap becomes too small, a 
greater percentage of line voltage is applied continuously 
to the tubing, which results in corona tracking and damage 
to the fiber. The limits for the series gap setting are 


for the cathode ray oscillograph. determined by 2 factors: 


2. An automatic 6-element oscillograph is used for current and 
pressure measurements. This oscillograph is equipped with a 
mirror to provide the initial sweep motion, and a motor which 
brings the recording paper up to speed before the mirror reaches the 
end of its travel. 

3. A pressure recorder is used for measuring the pressures de¬ 
veloped in the expulsion protective gap and recoil forces developed 
during its operation. The pressure record is automatically recorded 
by the 6-element oscillograph during the test. 

4. A ground resistance meter. 

6. A dark room which enables film to be developed and examined 
in less than 6 minutes after the measurement. 

6. A portable 110-volt power supply for operating the equipment 
where no such supply is available. 

The equipment described above is so versatile that 
the effect of all circuit conditions on recovery voltage can 
be determined. 

Figure 9 shows both the cathode-ray oscillograph and 
mag:netic oscillograms obtained during a staged 3-phase 
test on a 26.4-kv system utilizing a 75-ohm neutral 
ground. It may be noted that the expulsion gap on 
phase 3 opened the circuit ahead of phases 1 and 2. 
The expulsion gaps on phases 1 and 2 opened simultane¬ 
ously on phase-to-phase current as this current was much 
greats than the ground current. Had the system neutral 


1. The minimum setting allowable is that which prevents excessive 
continuous voltage being applied to the tube, or an unnecessary 
number of operations. 

2. The maximum setting is that beyond which protection will not 
be obtained for the insulators in parallel. 

It is preferable to have the series gap setting as large 
as possible and still protect the insulation as it reduces 
the normal operating voltage on the fiber tube and is in 
the direction to keep the number of gap operations at a 
tninimnm . The ionized gases must be properly directed, 
to avoid flashovers due to their conductivity. Figure 10 
shows the length of the flame path as a function of the 
power current through the flashover protector. Obviously 
the circuit voltage and the expulsion gap dimensions 
should enter in such a relation. However, the curve can 
be used to estimate the safe distance for objects in the 
dir^tion of the flame having a diff^^t potential from 
that of the discharge gases. Sufficient clearance should be 
provided between the expulsion gap and the structure 
to which it is attached to assure that lightning flashovers 
will be confined within the expulsion gap. 

Recoil forces must be considered when designing the 
mounting hardware. The magnitude of the recoil force 
is a function of the velocity and pressure of the dis(toge 
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Fig. 9. Oscillograms taken on the 3-element 
cathode-ray oscillograph and automatic magnetic 
oscillograph during staged tests on expulsion pro¬ 
tective gap for a 26.4-kv system 


While exp^ence to da.te has shown the textolite- 
covered tubes to have excellent weathering characteristics, 
and to be free from warpage, organic^materials cannot be 
ejected to have a life comparable with inorganic materials 
such as porcdain. Periodic refinishing of the tubes with a 
weather-resistant paint, will increase the weather resist¬ 
ance, although examination of expulsion gaps from both 
service and accelerated life tests, have indicated that the 
textolite wrapping retains its dielectric and mechanical 
prop^es when subject to the weather under normal 
conditions, and that refinishing of tubes is not essential. 
There is a slight discoloration of the outer la.yer of the 
laminated paper after the original finish disappears. 
However, a careful checkup has shown this condition to 
have had no harmful effect on either the operating char¬ 
acteristics or life. The electrodes and all metal parts 
are of selected weather resisting alloys. 

Operating Experience With E:q)ulsion Gaps 

Operating experience whererecordshavebeenobtainedon 
expulsion protective gaps installed since 1933 is given in 
table I. It may be. noted that they have been equally 
successful in overcoming the lightning outages for both 
low- and high- voltage systems. Care should be ex¬ 


gases ^d the shape of the opening at the end of the 
expulsion gap. Tests have been made on flexible mount¬ 
ings which show that the recoil force is a function of the 
current and the design. The relation between these 
factors has been determmed by an extensive series of 
tests and is taken into account in the finished designs. 
The pressure-time relation of the recoil force is of nearly 
the same shape as the current, although shghtly lagging. 
While the recoil force may reach values in the order of 
3,000 pounds, ^e time is so short that the expulsion gap 
and. its mounting hardware does not move appreciably 
until the pressure has ceased. The acceleration imparted 
to the expulsion gap during this short period results in 
further movement and an oscillation whose frequency is 
determined by the mass of the expulsion-gap assembly 
and the rigidity of its mounting. The greater the mass of 
the assembly, the less the energy imparted by the dis¬ 
charge. The greater the rigidity of the mounting, the 
greater the stress in the mounting. 

It is of utmost importance that the mounting hardware 
be designed to facilitate ease of installation. This results 
m a direct saving to the operator and broadens the 
field of application. 


^dsed, however, when interpreting the data regard¬ 
ing operations. The discharge indicator consists of a 
strip of soft copper bent across the open end of the tube. 
The escaping gases cause the strip to be moved from its 
position. Obviously this indicator does not coimt the 
actual number of operations. UsuaUy the line is patroUed 
at intervals of from 1 to 2 weeks or only after Hghtning 
storms. Therefore a blown indicator can only be token 
to mean that an operation has occurred since the last 
inspection of the line. Whether there has been one or 
more operations such as might occur with multiple 
lightning strokes will not be disclosed. It should be 
noted that every blown indicator does not necessarily 
mean a separate stroke to the line, as a severe lightning 
stroke may not only cause operation of all expulsion gaps 
on the structure nearest the point struck, but may cause 
operations on the adjacent structures as well. At present 
there is not sufficient data available to arrive at a factor 
which vipl permit determination of the number of strokes 
to the line in terms of indicator operations; however, it is 
expected that the number of strokes to the line will be 
somewhat less neglecting multiple strokes. 


Weathering 


It IS felt that insufficient time has elapsed to form any 
definite opinion as to the ultimate life expectoncy of 
pulsion gaps. Past experience with plain fiber tubes 
for expidsion gaps as well as in other applications has 
mdicated toe real necessity of providing a weather resist¬ 
ant covering to avoid deterioration of the fiber and 
warpage. 


Fig. 10. M 
mum fli 
lengths for 
pulsion pro 
tive gaps 



656 


Rudge, Wade—Impulsion Gaps 


Electrical Engineering 












Table I—Expulsion Protective Gap Operation 


Year 

Line Notes 

13.8-Xt Lines 

1935... 

.. 13,862 

13,863.2-4... 

1936... 

..13,862 

13,863..... 2-4... 

1935... 

87 

88 .3-4... 

1936... 

87 

88 .3-4... 

1936... 

60 

61.1-4... 

59-Kt Lines 

1935.. 

. .Holtwood** 
Bngleside . 

1936.. 

. .Holtwood** 
Bngledde . 

1934.. 

. .Safe Harbor 
Donegal . 

1935.. 

. .Safe Harbor 
Donegal . 

1936.. 

. .Safe Harbor 
Donegal . 

1935.. 

,.. Donegal 

Harrisburg. 

1936.. 

... Donegal 

Harrisburg. 

llO-Xv Lines 

1934... 

. .Laurinburg to 
Lumberton. 

1935... 

. .Laurinburg to 
Lumberton. 

1936... 

. .Laurinburg to 
Lumberton. 

1934... 

. .Lumberton to 
Abbotsburg. 

1985... 

.. Lumberton to 
Abbotsburg. 

1934... 

. .Abbotsburg to 
Wilmington. 

1935.. 

. .Abbotsburg to 
Wilmington. 

1936... 

,. .Abbotsburg to 
Wilmington. 

132-Kt Lines 

1933.. 

, ..Olenlyn 

Roanoke. 

1934.. 

... Glenlyn 


Roanoke. 

1934.. 

.. .Roanoke- 

Fieldale . 


Company 


' Consolidated Oas Blectric Light & Power Company 


Pennsylvania Water & Power 


. Pennsylvania Power & Light Company 


Carolina Power & Light Company 
(Steel tower) t 


Carolina Power & Light Company 
(Wood H-frame)t 


Tidewater Power Company 
(H*frame)t 


' Appalachian Blectric Power Company 


Tube 

Stmetore Flaahover 

Length No. With Tube or 

Line No. Gaps Structares Gaps Operation Failed Tripouts 


. 0.62.. 

.. 240 Ph.. 

...120... 

. .. 40... 

. . 25 Ph. .. 

.. It 



40 Gr. 



2 Or. 



. 0.62.. 

.. 240 Ph. . 

. . .120... 

... 40... 

.. 13 Ph... 


...0 


40 Gr. 



6 Gr. 



. 3.38.. 

.. 213 Ph.. 

...142... 

... 71... 

.. 33 Ph,.. 

.. It.. 

...0 


71 Gr. 



6 Or. 



. 3.38.. 

.. 213 Ph.. 

...142... 

... 71... 

.. 66 Ph. .. 

.. 0 .. 

...0 


71 Gr. 



9 Gr. 



. 3.46.. 

.. 240 Ph.. 

.. .160. .. 

... 40... 

.. 37 Ph... 

.. It 



40 Or. 



6 Or. 



.16.6 .. 

..648 

...108... 

...108... 

..78 

.. 4t.. 

..16* 

.15.6 .. 

.. 648 

...108... 

...108... 

..83 

.. 0 .. 

.. .5 

.13.4 .. 

. 390 

...130... 

...130... 

. 28 

.. 0 .. 

...0 

.18.4 .. 

.. 390 

...180... 

...180... 

.. 140 

.. 0 ., 

...0 

.18.4 .. 

.. 890 

...130... 

...180... 

..166 

.. 0 .. 

...0 

.17.6 .. 

..560 

...176... 

...176... 

.. 66 

.. 0 .. 

...0 

.17.5 .. 

..550 

...176... 

...176... 

.. 138 

.. 0 .. 

...0 

.26.6... 

... 648 

...216... 

...216... 

.. 150 

.. 1 .. 

...1 

.26.6. .. 

... 648 

...216... 

...216... 

.. 37 

.. 0 .. 

...65 

.26.6... 

... 648 

...216... 

...216... 

.. 19# ., 

.. 2 .. 

...55 

.18.7 .. 

...491 

...167... 

...167... 

.. 23 

.. 0 .. 

.. .0 

.18.7 .. 

....491 

...167... 

...167... 

..7 

.. 0 .. 

...0 

.48.6 .. 

...1230 !. 

...410... 

...410... 

.. 12 

.. 2 .. 

...0 

..48.6 .. 

...1230 

...410... 

...410... 

.. 17 

.. 1 .. 

...46 

..48.6 .. 

..1230 

.. .410... 

.. .410... 

.. 16 

.. 1 .. 

.. .1 

.65 ,. 

... 816 

...292.. 

...292... 

.. 16 



.66 .. 

... 816 

...292... 

...292... 

...87 

...12t.. 

...9 

..68 .. 

...921 

...801... 

...301... 

...166 

... 3t.. 

...2 


1. Gaps on every fourth structure. 

2. Gaps on every third structure. 

8. Gaps on every second structure. 

4. Gaps on each circuit of structures equipped (double circuit lines). Multiplex connection neutral tube common to both circuits, 
f The cause for these flashovers has been determined and remedied. 

* Twelve operations due to improper relay settings. 

** Double-circuit steel-towtu- line. 

|These records are incomplete, 
f Operations for only one patrol of line. 

§Part of tripouts due to towers being knocked down and other causes than lightning. 


Field experience has indicated to date that the average 
number of times an expulsion gap will be called upon to 
operate will not cause sufficient erosion of the fiber tube 
to constitute a factor in its Kfe. From table I the number 
of operations per year has been worked out for the 3 
circuit voltages for which records are available: 13.8, 69, 
and 138 kv, for which the years dapsing between opera¬ 
tions of a given expulsion gap are, respectivdy, 6.7, 5.12, 
and 9.76. 

While the present data indicate that operations occur 
on the lower voltage circuits more frequently than on 
the higher voltage circuits, further experience may show 
otherwise. In general this appears logical as the flash- 
over voltage is lower and less stroke current is required 
to cause operation. 

The operating records which have beein obtained over 
the past 5 years with many thousand expulsion protective 
gaps are in themsdves proof that line tripouts and out¬ 


ages caused by lightning can be practically eliminated. 
Thus, expulsion gaps increase the reliability of the system, 
improve the system stability, and reduce maintenance 
by preventing damage to the line insulators. 
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Synopsis 


It is difficult to find a mathematical formula which will 
fully agree with observed data on corona loss under all 
conditions. Therefore, a purely empirical method of 
corona loss calculation has been developed, based on 
analysis and co-ordination of the experimental data which 
have been accumulated at Stanford University. 

Introduction 

T here is great need for a method whereby the 
corona loss which will occur on a transmission line of 
any given description can be predetermined with a 
fair degree of accuracy. It is difficult to find a mathe¬ 
matical formula which will fully agree with observed data 
under all conditions. For this reason it has been thought 
desirable to develop a purely empirical method of corona 
loss calculation, based on analysis and co-ordination of the 
experimental data which have been accumulated at Stan¬ 
ford University over a number of years. These data are 
usefffi for such a purpose because they were obtained with 
considerable accuracy on sections of line erected out-of- 
doors in 3-phase configuration on actual insulator strings, 
and corresponding with present-day high voltage transmis¬ 
sion practice in regard to the size, height, and spacing of the 
conductors. 

The method developed is based on the experimental 
observation that the shape of the curve of corona loss 
v^us voltage for cables of sizes used in high voltage 
transition is virtually constant, and that the effect of 
variation in such factors as spacing, diameter, altitude, 
etc., is simply to shift this fundamental curve parallel to 
its^ t^^evoltage axis. Having established thecharac- 
teristic curve shape, the problem reduces to developing 
cmP^cal rules for determining its location under any 
given set of conditions. 

Basic Data for Study 

The results of the e:q)erimental work at Stanford Uni¬ 
versity have been incorporated in a series of papers* * 
which will be used as the basic material for the present 
study. The effect of incomplete removal of die grease 
was not at first fully appredated, and puzzling inconsist- < 

A paper rerammended for publication by the AIEE committee on bow« tran* 

mrT^Sd ^ 

electrical engineering at SUnford 


encies resulted in some cases. Hence only certain curves 
of the references cited are suitable for use in the present 
analysis, and these with due qualification for the degree of 
cleanliness of the conductor surface. This matter is dis¬ 
cussed in greater detail in appendix I. 

The curves selected for use are assembled in figure 1 , 
having been replotted to semilogarithmic co-ordinates 
from the original test points. It is readily seen that the 
relative positions of the curves, when considered with re¬ 
spect to conductor diameter, are somewhat inconsistent 
with one another. These apparent inconsistencies are 
largely due to differences in spacing, air density, and sur¬ 
face condition. It is the purpose of this paper to analyze 
the effect of these factors and properly co-ordinate the 
curves. 

Characteristic Shape of Corona Curve 

The essential similarity in shape of the corona curves is 
apparent from figure 1 . For calculations of ordinary ac¬ 
curacy any one of the curves (except that for the rope-lay 
cable) could be selected as typical with good results. 
However, close analysis shows divergencies which may 
possibly be of significance if very fine comparisons are be¬ 
ing drawn or if the curves are to be extrapolated very far. 
Apparently the loss level at which the tr ansi t io n to the 
steeper slope occurs becomes higher as the diameter is in¬ 
creased. Apparently, also, the curves for the smooth 
segmental surface are slightly steeper than those for the 
stranded surface. In 2 cases the curves for str^ded 
aluminum appear to be a little steeper than those for 
stranded copper, but this is believed to be largely a matter 
of experimental conditions. The curve for weathered 
stranded cable drops faster in the lower region, than does 
that for the same cable unweathered. 

The curve for the rope-lay cable has a distinctive shape 
which should not be regarded as t 3 Fpical for any other 
cable. The corona characteristics of the rope-lay cable 
are notably poor. 

For the convenience of the reader a few curves are as— 
seinbled in figure 2 which are bdieved to be reasonably 
typical for various cases noted. For purposes of repro¬ 
duction the numerical co-ordinates of several points on: 
each curve are listed in table I. If any fine distinctions' 
axe m be drawn or comparisons ma,de between the merits 
of different types of conirixuction. However, the curves of 
figure 2 should by no means be accepted as basic, but the 
reader should go directly to figure 1 and use his own judg- 

mentas to what typiqal shape or shapes to select; ; 
Turning to figure 3, the solid line represents the shape of 

a composite corona-loss curve for a cable Vj inch to 2 
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Fig. 1. Curves taken from 
references 

See table ! For detailed description oF 
conductors 


Curve 

From Figure Number In 
Curve Reference Number in Reference 
Symbol Number Reference Figure 


a.-..1.11. 

b .1,....11. 

c.1.11. 

d .1.11. 

e.3. 7. 

e.3. 5. 

f .3. 7. 

B .3. 7. 

h .3. 7. 

/.3. 5. 

/.4.12. 

k .4.12. 

1 .4.12. 

m.4.12. 

n.5. 2. 


.2 

.3 

.4 

.5* 

.2 

.5 

.4 

.5 

,7 

.4 

.3 

.4 

.6 

.8 

.1 


* Caption in original paper should have read 
“unused.” 
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inches in diameter, based on figure 2 but plotted in the of the curve position. If the value of ei selected is, let us 
more familiar rectangular co-ordinate form. The loca- say, 10 per cent in error and the shift to be applied is 5 
tion with respect to the voltage scale is selected at random, per cent, the curve after being shifted will be within one- 
If this curve is arbitrarily projected downward from a half of one per cent of its correct position, 
point A corresponding to about 4 kw loss, it intercepts the The curves plotted on semilogarithmic co-ordinates, fig- 
voltage axis at a point ei. The shape of this curve ei AB ures 1 and 2, show a distinct “break” or increase of slope at 
then closely resembles that of the curve for a small highly about 2 to 9 kw loss. This break no doubt corresponds to 
polished wire (V 4 inch diameter or less), although the lat- the transition from the unstable brush pattern region to 
ter would of course be located farther to the left on the the region of general corona. The curves apparently 
voltage axis. For the small polished wire, corona is of a follow the law y = a* fairly closely, with one or more 
fairly uniform character and begins at a definite voltage changes in the value of a. 

Si which in general is a function of the electrostatic gra¬ 
dient at the surface for a given impressed voltage, the Shift for Air Density 
nature and condition of the surface, and the air density. 

On the large cable, localhied brushes of an unstable nature Air density is given by the expression 
begin to occur at a relatively low voltage and cause the 17 9 j 
curve below point to diverge from the small-wire form. ** 459 ^^^ 

However, the upper part of the curve vlF, corresponding 

to general corona, is the controlling'element and fixes the where h is barometric pressure in inches of . mercury, t is 
location of the entire curve. Hence it is this upper portion temperature in degrees Fahrenheit. The denominator 
or its projection ex on the voltage axis, which should be 459 t represents absolute temperature, 
given consideration in analyang the relative locations of With lowered density the air breaks down at a reduced 
various corona curves. gradient and ex is decreased, shifting curves to the left. 

Analy^sis of many test curves for large cables shows that Hegy and Dunlap® conducted experiments at Stanford 
if the upper part .45 is projected to find 61 the latter falls University using number 2 B and S gauge copper wire in a 
approximately at the voltage; corresponding to one kw tank which could be evacuated to shnulate various baro- 
loss. This is a purely empirical observation of curve - metric pressures. The curves for different pressures were 
shape, but is Very convement for general use. individual found to be parallel, furnishing a striking demonstration 
curves may deviate slightly from this general rule; but of the constancy of curve shape. Owing to the small size 
even so, the eriror resulting from such deviation is of second of the wires there was virtually ho brush-pattern region, 
order magnitude. This is because in performing shifting but the wires went almost directly ihto teguW corona, 
operations Si is used merely as a basis for calculating the Hence it was easy to locate thejr int^cepts on the voltage ; 
kilovolts shift corresponcfihg to a pertain percentage shift axis. These intercepts were found to be spaced in propor- 
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tion to a function somewhat tmder the first power of the 
pressure. Other tests have substantiated this conclusion. 

The Hegy and Dunlap results also show that when the 
absolute temperature of the ambient air changes, produc¬ 
ing an inverse change in the value of 5, the intercepts fol¬ 
low the fiirst power of 8. However, studies made by Nut- 
tali'^ indicate that when the cable temperature is li jgVr 
than that of the ambient air, 8 should be calculated on the 
basis of a temperature corresponding to the ambient plus 
Vs the rise above ambient. 

Although the Hegy and Dunlap tests were made on 
small-size conductor, they actually concern not so much 
the conductor itself as the mobility of the ions in the air 
around it. Therefore, the results should apply equally 
well to any conductor in full corona. Hence, if the upper 
or general-corona portion of a curve for large-size cable be 
projected onto the voltage axis, its intercept Ci should 
vary with air density by a law similar to that demon¬ 
strated by Hegy and Dunlap for smaU-size conductor. 

It will be convenient to reduce aU the curves of figure 1 
to terms of the normal barometric pressure at sea level 
(29.9 inches) and 76 degrees Fahrenheit, which mat-pg 5 
= 1.00. Since the tests were all made dose to sea levd 
the pressure changes involved are very small, and it will 
be suffidently accurate to assume that the projected inter¬ 
cept ei varies as the first power of the pressure. As the 
intercept also varies inversely as the absolute tempera¬ 
ture, this means that the intercept can be taken as varying 
in direct proportion to 8 , 

In table 11 the air densities for each curve of figure 1 are 
computed, using in each case a temperature equal to the 
ambient plus Vs the cable rise above ambient. These 
values of 8 are reproduced in column 4 of table III. Col- 
umn 6 of the latter table shows the kilovolts for one kw 
loss for each curve, which is taken as representing tfj. 
Then in column 6 the kilovolts for one kw loss is multi¬ 
plied by 1.00/5 to give a shifted position of Ci for standard 
air density 8 = 1 . 00 . 

Shift for Spacing 

Curves (/) and (g), figure 1 , are both for 1.49-inch 
copper conductor with stranded surface. The former is 
at 30-foot spacing, the latter at 22-foot. The curves 


Table l—Points for Typical Cor ona Curves of Figure 2 

S-Phase 

Line Voltage—XJloTolts Above or Below Kilovolts for 4-Kw Loss 
Xtf088 Per ■ _ 


Mile Curve 1 


,-84 

,-51 

,-19 

. —12 (break) 


9 (break) 


. 0.. 

.. —14 (break) 

.. 0.. 

h 

.,..+ 9. 

.. +15.. 

..+ 6... 


.. +32 (break) 


.... -|-20. 

.. +34. 

..-(13. 

....-(-35. 

..+55. 

..+24. 

....+50......... 

..+66.. 

..+34..... 

.... +70. 

..+88. 

.. +48. 


Fig. 2. Typical 
corona curves for 
weathered cable 

Voltages above and 
below voltage for 
4-kw loss 

Curve 1—Concen¬ 
tric strand 0.9- to 
1.0-inch diameter 

Curve 2—Concen¬ 
tric strand 1.4- to 
1.5-inch diameter 

Curve 3—^Smooth 
segmental 1.1-inch 
diameter 

Curve 4—^Smooth 
segmental 1.4-inch 
diameter 
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appear quite paralld, with possibly a slight divergence at 
the higher losses. Column 6 of table III shows that the 
kilovolts for one kw loss on the 2 curves are respectively 
307 and 296, after the shift to 6 = 1.00 has been applied. 
The curve for the smaller spacing is therefore to the left 
of that for the larger spacing. The reason for this is that 
with the smaller spacing the electrostatic capacitance be¬ 
tween the wires is greater, and hence the concentration of 
stress at the conductor surface is greater with the gamp 
applied voltage. Since the amount of charging current is 
an index of the concentration of stress, we might expect 
the variation in charging current to be an inverse index of 
the variation in ei. 

The ratio of voltages, 30-foot spacing to 22-foot spacing, 
at the one-kw loss level is 307/295 = 1.04. Charging 
currents at the 2 spacings, calculated by the method given 
in Pender’s Handbook,® show an inverse ratio of 1.052 for 
the center conductor, and 1.037 for either outer conductor. 
These values agree with the actual observed values of 
charging current. Apparently the outer conductor charg¬ 
ing current is the more accurate index of the variation in si. 

Of course, the mere fact that the ci ratio checks the 
charging current ratio for one e:q>erimental point does not 
prove that the charging current is necessarily a correct 
index of ei for all other variations in spacing. It is merely 
the best hypothesis that is available in the light of present 
knowledg;e., It should be applied with caution, especially 
where the range covered is very different from that repre¬ 
sented by the change from 22 -foot to 30-foot spa oing - 
Fortunately the curves in figure 1 are all at spacings of 20, 
22 , or 30 feet, and so in reducing them all to terms of a 
common spacing—say 22 feet——no correction need be 
applied greater than that of 1.04 already experimentally 
established for the change from 22 to 30 feet. For the 
small change from 20 to 22 feet an interpolation, direct 
or logarithmic, should be sufficiently accurate, giving in 
either case a correction factor of 1 . 01 . 
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If the transition from one spacing to another occurs with 
a conductor size different from the 1.49-inch diameter 
applicable to curves (f) and (g), the correction factor would 
not be expected to be affected much, as a study of capaci¬ 
tance tables indicates that the ratio of charging currents 
for two different spacings varies only slightly with con¬ 
ductor diameter in the range Vs to 2 inches. 

In column 7 of table III are listed the factors for correct¬ 
ing each curve to terms of 22-foot spacing. Applying 
these factors to the kilovolts for one kw at 5 = 1.00 given 
in column 6, there are obtained the values of column 8. 
The latter represent the kilovolts at one kw for 5 = 1.00, 
22-foot spacing. Comparing these figures with the corre¬ 
sponding points from the original curves, column 5, the 
difference (colmnn 9) represents the net kilovolt shift to 
cover the corrections to'standard air density and spacing. 
Since it has been established that changes in air density 
and spacing produce virtually parallel shifts of the curves, 
then the kilovolts shift at any other loss level will be the 
same as the kilovolts shift at the one-kw loss level. For 
instance, column 10 of table III gives the kilovolts for 4- 
kw loss on the original curves of figure 1, and column 11 
gives the same figures with the kilovolt shift of column 9 
added or subtracted as the case may be. Thus column 11 
represents the kilovolts for 4 kw loss at 22-foot spacing, 
5=1.00. 

Shift for Weathering 

Curves (s) and (i) of figure 1 show the effect of weather-^ 
ing on a new 1,125-inch copper stranded cable after it had 


been dragged in loose gravel on level ground. In the origi- 
n£d record (figure 5, Carroll and Cozzens®) the intermedi¬ 
ate stages are also shown. It is there seen that the drag¬ 
ging moved the corona curve very sharply to th%left, 
a>mpared to its position just after the gasoline, soap and 
water wash of the new cable; but that almost at once, the 
curve started to move back to the right due to weathering. 
After 4 months it had returned approximately to its origi¬ 
nal location. In fact, in figure 5 of Carroll and Cozzens 
(and also in figure 1 of the present paper, where the initial 
and final curves are reproduced), the final curve lies ac¬ 
tually to the right of the initial curve. However, the tem¬ 
perature was higher, and the barometric pressure lower, at 
the time the final curve was taken; hence the air density 
was appreciably less. When the curves are both placed on 
an equal footing of standard air density, as is done in 
table III, column 8, it is found that they become virtually 
coincident at the one-kw point. Observation showed 
that after the 4-month weathering period no further ap¬ 
preciable change occurred. 

The weathered and unweathered curves differ in shape 
in the lower or brush-pattern region. Hence their true 
relationship is shown more clearly by focussing attention 
on a higher level of loss—say 4 kw, where the general 
corona region is entered and the 2 curves become nearly 
parallel. At this level column 11 of table III shows that 
under standard air density conditions the curve (i) for 
dragged and weathered conductor lies at 291 kv and the 
curve (e) for new conductor at 296 kv. This represents a 
correction factor of 291/296 = 0.983 to be applied to the 
kilovolts for 4-kw loss of any curve taken just after a gaso- 

Table II—^Values of Air Density for Curves of Figure 1 


Figure 1 
Curve 
Symbol 

Ambient 
Tempera- 
Barometric ture, 
Pressure Degrees 
in Inches Fahren- 
Mercury heit 

Cable 

Tempera¬ 

ture, 

Degrees 

Faben- 

heit 

Rise 

Degrees 

Fahren¬ 

heit 

Ambient 
+ */, Rise 
Degrees 
Fahren¬ 
heit 

Air 

Density 
Based on 
Preceding 
Column 

a . 

. .29.00.. 

.. .67.6.. 

...76.6*.. 

_9*. 

_73.6... 

... 1.006 

b . 

. .29.87.. 

...64 .. 

...73* .. 

.... 9* . 

....70 ... 

...1.011 

c . 

...29.90.. 

...68 .. 

...77* .. 

.... 9* . 

....74 ... 

... 1.006 

d . 

. .20.94.. 

...80 .. 

...89* .. 

_9* . 

....86 ... 

...0.986 

e . 

...29.84.. 

...77 .. 

...86* .. 

.... 9* . 

....83 ... 

...0.987 

/. 

...80.06.. 

...71 .. 

.. .80 .. 

.... 9 . 

...,77 ... 

...1.002 

s . 

...29.86.. 

...80 .. 

...82 .. 

.... 2 . 

....81 ... 

...0.990 

k . 

...30.06.. 

...66 .. 

.. .80 .. 

....14 . 

....76 ... 

...1.007 

i . 

...30.17.. 

...60 .. 

...68 .. 

.... 8 . 

....66 ... 

... 1.030 


...29.76.. 

...93 .. 

..102 .. 

.... 9 . 

....99 ..: 

...0.956 


...20.02.. 

...71 .. 

...80* .. 

.... 9* . 

....77 ... 

...1.000 

1 .. 

. .29.91.. 

...76 .. 

...88 .. 

....12 . 

....84 ... 

...0.986 

* m . 

. .29.67.. 

...82 .. 

...94 .. 

....12 . 

....90 ... 

...0.966 

n . 

. .30.16,. 

...60.6.. 

...68 .. 

.... 7.5. 

....66.6... 

... 1.032 


* Bstimated 

line, soap and water wash of the degree of thoroughness 
which prevailed in the experiments for the Carroll and 
Cozzens paper,® to represent the effect of dragging and 
weathering as described in the same paper. 

It may be said at this point that despite the divergence 
in shape, the use of the kilovolts for one kw loss to repre¬ 
sent in applying the spacing and air-density shifts to the 
curve for dragged aiid weathered cable introduced ho. ap- 
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Fig. 4. Co-ordination curves 

Kilovolts for 4.kw 3.ph,so coroos loss p„ mile. Drsjsed snd withered condoclor, 22.|oot Hot spsclns, s« level, sir densilv - 1.00, 
60 cycles per second; Curve 1—Concentric strand; Curve 2—Smooth segmental; Curve 3—Rope lay 


preciable error, because in that case the relation of a weath¬ 
ered to an unweathered curve was not under analysis. 
The one-kw point might have been a few kilovolts in error 
in representing the true si of the dragged and weathered 
curve, but this would have a negUgible effect on the 
^ount of the shift obtained by applying the correction 
factors for air density and spacing. 

It has been stated that the correction factor for weather¬ 
ing as deteiii^ed from curves 

when the initial condition is similar to that just after a 
gasoline, soap and water wash of about the degree of 
thoroughness which prevaffed in the experiments for the 
Cairoll and Cozzens paper.® This covers only curves (e) 
to (i), figure 1. Ciurves C/) to (w) inclusive, which were 
t^en from the Ca^oU, Cozzens, and Blakeslee paper^ and 
the Carroll and Simmons paper,® represent a somewhat 


more thorough type of cleaning than do the curves of the 
earlier papers, and hence may be expected to lie relatively 
a little farther to the right than do the earlier curves. 
Hence it would not be reasonable to ejqpect the weathering 
process to be able to return the cable, after dragging, to a 
condition having a curve as close to the initial one, as 
w^ true in the earlier cases. A weathering factor of 0.92 
might be estimated for the later curves O') to («). Con¬ 
versely, the very early curves (a) to (d), taken from figure 
11 of Carroll, Brown, and Dinapoli^ were not quite so well 
cleaned as the Carroll and Cozzens curves, and so would 
have a weathering factor of perhaps about 0.99. 

It is recognized that the estimates of weathering factor, 
other than that for the curves of the Carroll and Cozzens 
paper where a definite experimental tie exists, are more or 
less empirical. However, they are believed to be quite 
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reasonable, because when the kilovolts for 4-kw loss under 
standard conditions given in coliunn 11 of table III are 
corrected for weathering according to the factors derived 
above and the resulting voltages (column 13) are plotted as 
functions of conductor diameter, the points fall in such a 
way as to define a set of smooth curves (see figure 4). 

Co-ordination Curves 

The curves of figure 4 represent the kilovolts for 4-kw 
loss for a group of conductors of Various diameters and 
structures all reduced, so far as is possible in the light of 
present knowledge, to terms of the same air density, con¬ 
ductor spacing, handling, and weathering. As such they 
constitute a co-ordination of existing data and furnish a 
convenient means of interpolation for determining losses 
on conductors not covered by published corona-loss curves. 

The points fall naturally into 2 groups—one for the 
smopth segmental cable (type C of the Carroll, Cozzens, 
and Blakeslee paper^) and the other for stranded cable. 
In addition there is a lone point for rope-lay cable which 
falls far below the curve for concentric strand. This rope- 
lay cable has an extremely irregular- surface, as it consists 
of 7 large strands twisted together, each of these large 
strands being composed of 7 wires, 0.101 inch in diameter. 
Hence it is not surprising that its corona characteristics 
should be notably poor. 

At the other extreme of surface smoothness lies the 
segmental cable, the 3 points for which lie well above the 
curve for stranded cable and appear to define a curve of 
their own. The authors have ventured to apply a curve 
shape for this cable which misses the point for 1.65 inch 
diameter, because the sample of the latter which was 
tested was of foreign manufacture and had been handled 
much more than the other cables. 

That the curve for smooth segmental cable actually 
belongs above that for stranded cable is brought out es¬ 
pecially well by the 3 points for 1.4 inch diameter. These 
were all taken from the curves of the Carroll, Cozzens, and 


Blakeslee group and hence the cleaning conditions were 
similar. 

The transition from rope-lay to smooth segmental 
cable represents a variation between the extremes of very 
large strand size and zero strand size. Between these ex¬ 
tremes lie the points for the ordinary concentrically 
stranded cable; and as already noted, these points all 
fall very close to a representative straight line. This is 
despite the fact that the strand sizes in the individual 
cables vary considerably. However, it is probable that 
the ratio of strand size to diameter is the really significant 
factor, because this is a measure of the degree of irregu¬ 
larity of the cable. In this respect the cables classed as 
“stranded” varied from a ratio of 0.065 to a ratio of 0.11. 
Attempts to find any reliable evidence of variation in loss 
with strand size ratio within this range were unavailing, 
and it is apparent that the differences, if they exist, are so 
small as to be masked by slight differences in surface 
cleanliness, etc. 

The points for stranded aluminum might possibly be 
thought to define a curve of slightly different location than 
that for stranded copper; but it is believed that this is 
merely a matter of slight variations in experimental con¬ 
ditions and that no true distinction exists. Many at¬ 
tempts to establish a difference between the characteris¬ 
tics of the copper and aluminum surfaces have led to the 
conclusion that there is none. (See for example, Weid- 
lein’s paper. 2) 

Effect of Conductor Height 

Nothing has been said as yet of the effect of conductor 
height above the groimd. This can be neglected in most 
cases, because the height of the experimental lines at 
Stanford corresponded fairly well with general transmis¬ 
sion-line practice. The minimum clearance to the earth was 
30 feet, and the maximum 46 feet. No difference in the 
corona on the upper and lower parts of the catenary could 
be observed. . A mean conductor height of 35 feet gave a 


Table III—Reduction of Curves oi Figure 1 to Standard Conditions 


Column 


10 11 12 13 

KiloTolts for 4-Kilowatts Loss 


Curve 

Symbol 

Outside 

Diameter, 

Inches 

Conductor 

Flat 

Spacing, 

(Feet) 


Kilovolts for One Kw Loss 

Ket 

Elilovoli 

Shift 

Original 

Curve 

Corrected 

Curve, 

22-Foot 

Spacing 

S - 1.00 
(Column 10 
+ 

Column 9) 

Further 

Correction 

for 

Weather¬ 

ing 

Weathered 
Curve, 
22-Foot 
Spadng 
a -1.00 

Air 

Density 

S 

Original 

Curve 

Times 

1.00/i 

Correction 

to 

22-Foot 

Spacing 

Corrected 
Curve, 
22-Foot 
Spacing 
a B 1.00 


.0,91 ... 


..20... 

.1.000... 

..,208... 

..207... 

...1.01 .. 

.,.209... 

...+ 1.. 

...237., 

...238.... 

..0.99 .. 

...236 

b.... 

.0.91 ... 


.,20.., 

.1.011... 

...227... 

...224... 

... 1.01 .. 

,..22k .. 

... 0.. 

...267.. 

...267.... 

...0.99 .. 

.. .264 


.1.0 ... 


. .20... 

.1.006... 

...239... 

...238... 

... 1.01 .. 

...240... 

...+ 1.. 

...276.. 

...277.... 

...0.99 .. 

.. .274 

i.... 

.1.0 ... 


...20... 

.0.986... 

...239... 

,,243... 

...1.01 ,. 

...246... 

...’-i- 6.. 

...278.. 

...284.... 

...0.99... 

., .281 


.1.125.,, 


.. .22... 

.0.987.. 

...249... 

. .262... 

... 1.00 .. 

...252... 

... + 8.. 

...293.. 

.. .296.... 

...0.983.. 

...291 

f. . .. 

. 1.49 ... 


, .30... 

. 1.002.. 

...308... 

, .307... 

...1/1.04.. 

...295... 

... —13.. 

...370.. 

...357.... 

...0.983.. 

...361. 


.1.49 ... 


. .22... 

.0.990.. 

...292... 

...296... 

... 1.00 .. 

...296... 

... + 3.. 

...362.. 

.. .356.... 

...0.983.. 

.. .349 

h..(. 

,2,0 ... 

.Stranded aluminum.. 

...30... 

.1.007.. 

...383... 

...381... 

...1/1,04.. 

...866... 

...-17.. 

..,467.. 

...480.... 

...0.983.. 

...442 


. 1.126... 


. .22.,. 

.1,030., , 

,.,259... 

, ,261... 

...1.00 .. 

...251... 

... - 8., 

...299.. 

...291.... 

..1.00 ,. 

...291 

j.... 

..1,4 ... 

.Stranded aluminum., 

...30... 

.0.956... 

...325... 

...840... 

...1/1.04.. 

...327... 

...-h 2.. 

...376.. 

...378. 

..0.92 .. 

...348 


.,1.4 ... 

. Stranded copper. 

. .30.., 

. 1.000.. 

...315... 

...316,., 

...1/1.04.. 

...303... 

...-12.. 

...385.. 

...373.... 

...0.92 

...343 

1.... 

.1.4 1 


30... 

.0.986... 

...360... 

...366,,. 

...1/1.04.. 

...361... 

...- 9.. 

...427.. 

i..418.... 

. . .0^92 .. 

...384 

m... 

,1.65 k: 

. Se^ental copper_ 

, .30... 

.0.966... 

...376... 

...389... 

...1/1.04.. 

...374... 

2.. 

...447.. 

...446,... 

..0.92 .. 

...409 

n.... 

.1.1 


22... 

. 1.032 

...326... 

,.,316.. 

....1.00 .. 

...816... 

...-10.. 

...371.. 

...361.... 

...0.92 .. 

...332 : 


f D^ged and weatbered; all ol^er curves immediately after gasoline, soap and water wash 
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calculated value of charging current which checked well 
with observed values. In these calculations the ground 
plane was assumed to be at the surface of the earth, which 
appears to be true electrostatically for the normal balanced 
condition even where it is not true from the standpoint of 
return flow of ground fault currents. Thus the element 
of variation of ground plane level below the earth’s surface 
is eliminated from corona calculations, and hence different 
transmission lines will hot vary greatly in mean conductor 
height. Any correction that is to be applied will be quite 
small, as it enters logarithmically from the inverse charg¬ 
ing-current calculation. 

Effect of Frequency 

The curves of figure 1 were all made at 60 cycles. For 
other frequencies there will be no horizontal shift of the 
curves, but all ordinates should be multiplied by a correc¬ 
tion factor. For frequencies not far different from 60 
cycles this factor is given closely enough by//60. 

Effect of Atmospheric Conditions 

Humidity wiU have practically no effect on the corona 
loss if the conductor is absolutely clean. When the cable 
is dirty or greasy, however, increase in humidity tends to 
increase the loss. 

A rainstorm increases the corona loss temporarily, due 
to the formation of brushes from the drops of water which 
adhere to the surface of the conductor. The same is true 
of a deposit of fog droplets or dew upon the surface. 

Abundance of rain may be expected to accelerate the 
weathering process somewhat, especiaUy if grease removal 
is involved. 

Summary—Determination of Corona Loss 
Under Any Given Conditions 

To determine the corona loss to be expected from any 
conductor under any set of conditions, the procedure is as 
follows: 


nearly to the condition of a new clean cable. See (d). Much 
progress beyond this point seems unlikely. 

(d). For a new cable thoroughly cleaned by the technique of the 
Carroll, Cozzens, and Blakeslee paper* the kilovolts for 4-kw loss' 
will exceed the values of figure 4 by about 8 per cent (representing 
division by the factor 0.92). 

3. Plot the kilovolts for 4-kw loss, corrected as above, 
on semilogarithmic co-ordinates representing loss verti¬ 
cally and voltage horizontally. 

4. Draw through the point so plotted, a corona curve 
of appropria,te shape. As a short cut this may be based 
on the “typical curves” of figure 2, though if any fine dis¬ 
tinctions between different types of cable are to be drawn, 
it is recommended that the reader use his own judgment 
based directly on the experimental curves of figure 1. 
If a new clean cable is to be considered, the slope of the 
lower portion of the curve should be made a little less steep 
than is indicated by figure 2. 

5. After the curve is drawn, it should be shifted at the 
one-kw loss point to correct for air density and conductor 
spacing. For the spacing shift use the following table: 

22 to 30 feet—^multiply kilovolts by 1.04 
22 to 20 feet—divide kilovolts bo 1.01 

Interpolate logarithmically. For extrapolations of any 
great range, correct in inverse proportion to the charging 
current on the outer wire. This method of extrapolation 
has not been completely verified, however, and should be 
used with caution. 

For the air density shift, since the values of figure 4 are 
based on a density of 1.00, multiply the kilovolts for one 
kw by the anticipated air density, using a temperature 
equal to the ambient plus Vs the cable rise. This will be 
sufl&aently accurate where the change in barometric pres¬ 
sure is not very great. If a wide range is to be covered, as 
by going to a high altitude, the shift should probably be 
made more nearly in proportion to the Vs power of the 
barometric pressure. Until experimental work can be 
earned out at high altitudes it is impossible to be com¬ 
pletely certain of this rule, as it now rests largely on labo¬ 
ratory evidence. 


1. Read from figure 4 the root-mean-square kilovolts 
corresponding to 4-kw 3-phase loss per mile for the con¬ 
ductor in question. If the ratio of strand size to diameter 
^ much above 0.11, interpolate a new curve between that 
for concentric strand” and that for “rope lay.” 

. 2. Figure 4 represents the ultimate condition of a 
cable dragged over crushed rock in the manner described 
^ Ca^oU and Cozzens paper* and subsequently 
weathered for several months. If any departure from 
t^s condition IS anticipated an appropriate correction 
should be applied to the kilovolts for 4-kw loss, as follows: 

not matter much whether the cable was brigitiaUy clean 
^^y, ^ept that m the latter case it may take longer for the 

condition of figure 4 to be attained. ger tor tHe 


..-j ciic axxuL at me one-icw 

pomt is to compute the total net shift and determine the 
new kilovolts for one kw. Then make a movable voltage 
scale and slide it sidewise until this new voltage is directly 
under the one-kw loss point of the curve. Securing the 
rnovable scale in this location it is then possible to read off 
tim loss at any desired voltage, as for example 230 kv. 
This rnethod is ^peciaUy helpful if a number of different 
con(htions of altitude, temperature, etc., are to be investi¬ 
gated for a given line. 

A numeric^ example of the loss calculation is worked 
out m appendix II. 

Conclusions 


^ which 

“ ““ «P=cted to rrttan to 

the condition represented by figure 4. 

(c). If the cable is instaUed with no dragging at ail the weatherin. 
process should gradnaii,return it, even 


1. Erperimental evidence shows that the shape of the curve o 

ioK v^ vdtage for cables of sises used in high voitag. 
transmission is virtually constant 

2. The major effect of variations in diameter, spacing, altitude 
temperature, surface structure, and surface conditim is to shift th* 
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characteristic curve paralld to itself along the voltage a-gie 

3. The amount of the shift which will result from any given change 
in conditions can be determined empirically on the basis of experi¬ 
mental data. Thus the characteristic curve can be placed in a 
location corresponding to any given set of conditions and the loss 
for any voltage determined 

4. By this means corona-loss calculations for large conductors are 
placed on a foundation of carefully co-ordinated experimental 
evidence. 


Appendix 11—Numerical Example 
Problem 

Determine the corona loss to be expected on a 50-mile section of 
line located at 1,250 feet elevation, temperatiu-e 100 degrees Fahren¬ 
heit. The line is to be built of 0.95-inch concentric-strand cable 
and operated at 230 kv. The conductors will be arranged in a flat 
horizontal configmation with 26-foot spacing. They will be ren¬ 
dered reasonably free from grease at the factory. 


Appendix I—^Selection of Curves From References Solution 



The paper by Carroll, Brown, and Dinapoli^ is the earliest of the 
references to be considered, and in this paper the importance of 
thorough cleaning was just beginning to be understood. Though 
some washing of conductors was carried on, it is now ^own that 
by later-day standards this cleaning was imperfect in many cases, 
leaving some die grease between the strands which kept oozing out, 
collecting dust, and giving erratic results. It is believed, however, 
that the curves of figure 11 may be accepted for comparison with 
later data, having been taken immediately after a fairly good gaso¬ 
line, soap and water wash. Curve 1 of figure 11 is to be rejected, 
however, because the conductor had surface irregularities which 
resulted in abnormally poor corona characteristics. 

The paper by Weidlein,* next in order of publication, contains no 
curves taken with conductor sizes and spacings used in high-voltage 
transmission lines, but is important in pointing out the effect of 
surface conditions and in showing that "corona losses from copper 
and aluminum conductors are the same after weathering." 

In the next paper, that by Carroll and Cozzens,* the washing 
methods were fairly good. Curves 2,4,6, and 7 of figure 7, namely, 
those which are marked "washed,” may be accepted for use in the 
present analysis. Those marked "new" cannot be used due to the 
grease present on the surfaces. Figure 6 of this reference is also 
very important because it shows clearly the relation between corona 
loss on a washed new cable and that to be expected after the cable 
has been dragged on crushed rock and then erected and allowed to 
weather for several months. Figures 4 and 6 are not particularly 
pertinent in the present study as they have to do with cable which 
has been buffed, scratch-brushed, etc. 

In the paper by Carroil, Cozzens, and Blakeslee,^ improvement 
was made in cleaning methods, as it had been learned that all grease 
must be removed from between the strands and inside the cable to 
avoid any traces of oozing afterward. All the earlier curves of this 
paper are summarized in figures 12 and 13. Figure 12 is for the 
cables after gasoline, soap and water wash; figure 13, after a clear 
water wash. The latter gets the cables a little cleaner for the moment 
but the results do not last any length of time at all, so that com¬ 
parative measurements are most difficult. The gasoline, soap and 
water wash, however, leaves the conductor surface in a quite stable 
condition which is satisfactory for comparisons and which is modi¬ 
fied only very gradually as weathering occurs. Furthermore, it is 
important to stick to the "gasoline, soap and water wash" curves 
to preserve the important tie-in between loss under this condition 
and that occurring after dragging and weathering, given by figure 
5 of Carroll and Cozzens. 

In figure 12 of Carroll, Cozzens, and Blakeslee, curves 6 and 9 
are reproductions of curves 4 and 7, figure 7, Carroll and Cozzens. 
Curve 1 is to be diminated due to incomplete grease removal and 
difficulty in obtaining smooth stranding with the multiple I-beam 
construction. Curve 2 is also eliminated because it was calculated 
from single-phase measurements and because the cleaning is be¬ 
lieved to have been incomplete. Curve 7 is eliminated because it 
was made on a sample of cable produced before manufacturing 
methods had been perfected, tesulting in surface irregularities. This 
leaves curves 3, 4, 6, and 8 of figure 12 as the only ones furnishing 
data pertinmit to the present study. 

In the Carroll and Simmons paper* the washing methods were of 
the best and curve 1 of figure 2 can well be utilized in the present 
study.^ 


From figure 4, curve 1, the kilovolts for 4 kw = 267. 

In the absence of any information to the contrary it is a fair 
assumption that the dragging and weathering conditions will be 
similar to those applying in figure 4 (except for the first few months 
when residual grease may be present to increase the loss). Hence 
the kilovolts for 4 kw read from figure 4 can be used directly with 
no correction applied. 

Curve 1 of figure 2 may be used as a short cut to indicate the 
typical curve shape. The zero of the voltage scale then represents 
267 kv. The curve passes through one-kw loss at minus 40 kv, 
which would then represent 267 — 40 = 227 kv. This can be taken 
as the approximate value of ei. 

The spacing is to be changed from 22 feet in figure 4, to 25 feet in 
the actual case. A change from 22 feet to 30 feet, or 8/22, gives a 
correction factor of 1.04. The change contemplated is from 22 feet 
to 25 feet, or 3/22. 

By logarithmic interpolation the new correction factor would be: 


c, = 1.00 -I- 


‘ log (3/22) 
log (8/22) 


X (1.04 - 1.00) 


log 8 


1.00 -h 




4771 

9031 


X 0.04 


1.02 


The barometric pressure at 1,260 feet is approximately 28.6 inches 
of mercury. Hence 


17.9 X 28.5 
469 -h 100 


0.913 


Hence net correction factor for ei is 0.913 X 1.02 =» 0.931 
Corrected ei — 0.931 X 227 = 211 kv at one kw. 

If curve 1 of figure 2 is considered to be so located that its one-kw 
loss is at the new ci, or 211 kv, then —40 on the scale represents 211 
kv. 230 kv will be 19 kv farther to the right or at (—40 -1- 19) = 
—21 kv. The loss for this point on the scale is seen to be about 
1.9 kw per mile. Hence the loss for the 60-mile section of line will 
be 60 X 1.9 = 96 kw. 
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Properties of Saturants for Paper-Insulated Cables 

By G. M. L SOMMERMAN 

MEMBER AIEE 


Synopsis 

The results of tests made on 9 viscous mineral oils of 
various types and on mixtures of these oils with 8 resins 
are presented. The physical and electrical properties, 
stability to oxidation, and stability to gaseous ionization 
are correlated with the viscosity index and chemical com¬ 
position of the oils and resins. The catalytic effects of 
metals on oil oxidation are studied. Gaseous ionization 
in insulation voids is found to exert a physical pressure 
and to accelerate saturant oxidation. 

Introduction 

I T is generally agreed that the selection of saturating 
compounds for impregnated paper insulation is a prob¬ 
lem of great importance and one which requires con¬ 
siderable investigation. This problem has been reviewed 
in the past by Riley and Scott^ and others. The satu¬ 
rants must meet a number of requirements concerning their 
physical properties such as viscosity, set point, coeiEficient 
of expansion, and surface tension. These are piarticularly 
important for materials used in solid-t)pe, paper-insulated 
cables (the type commonly used at 66 kv and lower volt¬ 
ages). Here, correct physical properties are necessaiy 
to minimize migration of the saturant and consequent 
void formation caused by the combined action of gravity 
heads and cable operating temperature cycles. In addi¬ 
tion, the saturants must meet certain requirements con¬ 
cerning electrical and stability properties, the most im¬ 
portant of which are the following: 

1. A reasonably low power factor. 

2. A high oxidation stability (as measured by power factor change) 
so that the power factors of cables may be uniform notwithstanding 
unavoidable chances for oxidation in manufacturing operations, and 
so that possible exposure of the cable insulation to oxygen will not 
result in greatly increased power factor. 

3. A low susceptibility to contamination (as affecting the power 
factor) so that possible exposme of the saturant to impurities both 
before and after it is absorbed by the paper will not result in greatly 
increased power factor. 

4. A high stability to gaseous ionization (resistance to wax forma¬ 
tion and gas evolution) caused by electrical stress in voids which 
may form iti the msulation with use so that the amount of gaseous 
ionization will not increase cumulatively. 

It is sometimes stated that it is better to expend effort 
in reducing the possibilities of oxidation and contamination 
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than to mitigate them in other ways. Higher impregnat¬ 
ing tank vacuums, inert gas flushing, and improved tech¬ 
nique in both manufacturing and installing cables are 
steps in this direction. The users of cables, however, 
have obtained considerable evidence that the power fac¬ 
tors of the most carefully made cables increase with time, 
even when the cables are stored. It is therefore still con¬ 
sidered advisable to choose saturants which are resistant 
to oxidation and contamination, provided other proper¬ 
ties are not sacrificed. 

Cable saturants usually consist of mineral oils and mix¬ 
tures of these oils with resinous materials. Materials of 
these classes have recently been considerably improved in 
certain respects. In this paper are presented the results 
of an extended research in which both the older and more 
recently developed materials have been investigated to 
deteimine their suitability as saturants for solid-type, 
paper-insulated cables. Much of it is also applicable to 
impregnated paper and insulating oils in general. 

The general procedure followed in this investigation was 
to subject various prospective materials to a series of 
chemical, physical, electrical, and stability tests in order 
to determine how well they meet the requirements. The 
advantages of this procedure are several: (1) a great 
many materials may be investigated at comparatively 
small expense, leaving only the most promising materials 
to be tried out on the larger scale of fabricating test 
lengths of cable and subjecting them to load cycle life- 
tests; (2) small scale tests are subject to closer control 
than large scale tests; (3) the exact points of strength or 
weakness of a material are indicated and not merely the 
fact that it is good or poor; (4) the physical, electrical, and 
stability properties may be correlated with fundamental 
chemical properties. This last information can be used 
to indicate directions in which to look for better materials. 

Experimental Method 

Measuremente of power factor and dielectric constant 
were made On the materials at 60 cycles by means of a 
modified Schering bridge. The detector circuit of the 
bridge consisted of a 4-stage resistance-capacity coupled 
amplifier, 60-cycle band-pass filter, and an oriflnary 
copper-oxide voltmeter which was not affected by me¬ 
chanical vibrations. Magnetic pick-up was eliminat ed 
by connecting the amplifier directly to the detector ter¬ 
minals of the bridge, the entire detector circuit being 
shielded at guard potential. The power factor sensitivity 
was 0.00001 with 2,000 volts applied. 

The electrical properties of the saturants were me^ured 
at 25, 45, 65, and 85 degrees centigrade at a stress of 15 
volts per mil. The test cell was of m<flcel and glass con¬ 
struction, of the type described by Balsbaugh, Kenney, 
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and Herzenberg,® but of larger dimensions so that the air 
capacity was 89 micromicrofarads. 

The electrical properties of cable paper impregnated 
with the saturants were also measured at 26,46, 66, and 85 
degrees centigrade. The test cell pictured in figure 1 was 
used, the method of preparing the samples being as fol¬ 
lows. Several sheets of paper were placed between the 
disk electrodes and subjected to a mechanical pressure of 15 
pounds per square inch by means of the springs in order 
to ensure good contact between paper and electrodes. 
The paper was dried at 110 degrees centigrade and 1 milli¬ 
meter mercury absolute pressure for several hours and the 
saturant was simultaneously degassed under the same 
conditions. The saturant was then admitted to the cell 
and allowed to impregnate the paper for 2 hours. After 
this period the specimen was cooled to 85 degrees centi¬ 
grade and an inert gas was admitted until one-half atmos¬ 
pheric pressure was attained. With this procedure the 
moisture content of the impregnated paper was less than 
0.2 per cent when measured by the ASTM method D95-24 
using aylol. Variations in moisture content below 0.2 
per cent were found to have no measurable effects on the 



power factor of the impre^ted paper. That the proce¬ 
dure yielded a thorough impregnation was shown by the 
fact that the ionization factor (increase in powar factor on 
raising the stress from 25 to 125 volts per nul at room tem¬ 
perature) was less than 0.00003. 

The rdative oxidation stabilities of the saturants were 
determiued by means of aging tests. Porcelain beakers 
containing samples of the materials were placed in an oven 
held at 120 degrees centigprade. The beakers were pro¬ 
vided with loose fitting, cover? which kept dust out of the 


samples, but which did not prevent free access of air. 
The samples were removed at intervals for electrical meas¬ 
urements. This was accomplished with a minimum dis¬ 
turbance to the sample by immersing the measuring cell 
in the beaker, cooling them to 85 degrees centigrade, and 
placing them in a temperature-controlled box. After 
testing, the beaker and ceU were removed from the box and 
heated to 120 degrees centigrade, the cell then removed, 
and the beaker placed in the oven for further aging. Oxi¬ 
dation tests made at various temperatures indicated that 
the rate of oxidation increased by 7 per cent per degree 
centigrade. The aging temperature was therefore main¬ 
tained to within 0.5 degree centigrade of 120 degrees centi¬ 
grade in order to minimize errors in oxidation stability re¬ 
sults. Also, it was found that the rate of aging depended 
on the amount of the sample in the beaker, i.e., on the 
surface-to-volume ratio. A sample with a surface-to- 
volume ratio of 0.182 centimeteraged 1.60 times as 
rapidly as one with a ratio of 0.066 centimeter"^ (This 
may mean that the rate of removal of dissolved oxygen by 
combination with the oil was comparable with the rate of 
diffusion and convection of the ojygen through the oil, 
resulting in a lower concentration of dissolved oxygen in 
the lower portion of the sample.) By dose control of 
aging temperature and surface-to-volume ratio (at 0.066 
centimeter"^), it was possible to duplicate beaker oxida¬ 
tion test results to within 3 or 4 per cent. 

The stability of the saturants to gaseous ionization was 
determined by applying an electric stress of 85 volts per 
per mil to saturated paper sheets in the cell shown in 
figure 1. In the preparation of the sheets, holes were 
punched in some of them and connecting slits cut between 
the holes and the edges of one of the sheets, so that artifi¬ 
cial voids of known size were created in the sample after 
drainage of the excess saturant. (This scheme is similar 
to that developed at the Detroit Edison laboratory.) 
The ceU was evacuated and a certain amount of inert gas 
was admitted so that the voids became filled with this gas. 
Carbon dioxide at 20 centimeters mercury absolute pres¬ 
sure was used in most of the tests, as this gas is exten¬ 
sively employed in flushing cables prior to saturation. 
The gas in the voids was ionized by the electric stress, the 
ionization factor of the sample being 0.04. After 96 hours 
exposure to ionization the sheets were removed and ex¬ 
amined for wax formation. This was facilitated by ex¬ 
tracting the saturant from the sheets and dyeing some of 
them as described by Robinson.® 

Materials Investigated 

Results obtained for 9 mineral oils and 8 resins are pre¬ 
sented in this paper. Descriptions of these materials and 
data concerning their chemical composition aregivenbelow. 

The Oils 

The oils are the most viscous cylinder stocks made for 
commercial use by a number of different refiners. They 
were selected so that the principal fields of etude supply 
and types of refining procedures are represented. See 
table I. 
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In order to obtain information concerning the composi¬ 
tion of the oils, various methods of analysis were used. 
One method was that of viscosity index developed by 
Dean and Davis/ In this method, an extreme Pennsyl- 
vania-lype (paraffin base) oil having a relatively flat vis¬ 
cosity-temperature curve is assigned a viscosity index of 
100, while an extreme Califomia-type (asphalt base) oil 

Table I—Description of Mineral Oils 

Viscosity Proportiona of Basic Conatitaents 

Oil Index Paraffinic Naphtlienic Residual 

0-1.-1. 0.70.80 

0-2. 4. 0.66.86 

0-3 . 66.86 .30.86 

0-4. 84.66.86.10 

0-6. 90.60.80.10 

0-6 . 96.66.86.10 

0-7. 96.66.30 .6 

0-8.100.,66.30 .6 

0-9...104.86.10.6 

0-1 to 0-3 Gulf Coast and East Texas crudes 
0-4 to 0-9 Midcontinent and Pennsylvania crudes 
0-1 to 0-4 Acid refined 

0-6 to 0-9 Solvent, fuller’s earth or aluminum chloride refined 

having a rdatively steep viscosity-temperature curve is 
aligned a viscosity index of 0. The viscosity indices of 
the 9 oils were calculated from their respective viscosity- 
temperature curves, and are included in table I. 

Further information on the composition of the oils was 
obtained by subjecting samples to selective solvent ex¬ 
traction processes. With the processes used, it was pos¬ 
sible to separate an oil into 3 classes of constituents; (1) 
paraffinic, (2) naphthenic, and (3) residual. (These 
terms, commonly used in petroleum technology, will be 
defined on the basis of molecular structure in the discus¬ 
sion,) In this way the relative proportions of the basic 
constituents in the oils given in table I were obtained. It 
is seen that the oils of high viscosity index are rich in 
paraflfinic constituents; these oils are hereafter called 



paraflSmc oils. The oils of low viscosity index are rich 
in naphthenic constituents; they are hereafter called 
naphthenic oils. 


22-2, 22-3 are various grades of commercial wood rosin con¬ 
taining appreciable proportions of oxidized constituents 
(o^abietic acids, aldehydes, ketones) and of nearly neu¬ 
tral oils. Resin 22-4 was obtained by treating 22-2 with 
solvents which removed most of the oxidized constituents 
and oils, while 22-5 was obtained from 22-4 by a fiuther 
treatment which 3 rielded a white crystalline form of pure 
abietic acid. By causing rosin to react with alcohols un¬ 
der special conditions, the resin esters 22-6 and 22-7 of low 
acid number were obtained. Resin 22-8 was produced by 
a polymerizing reaction which also removed a large pro¬ 
portion of oxidized constituents. 

Solubility of Resins in Oils 

When a resin is mixed with heated oil, a certain amount 
may fail to dissolve. Part of the insoluble matter settles 
to the bottom of the mixing container as a sludge, while 
part remains suspended in the oil. Data are given in 
table III. Resins 22-1, 22-2, 22-6, which contain large per¬ 
centages of oxidized constituents (table II) are highest in 
insoluble matter. Oils having a high content of certain 
types of residual constituents, such as 0-3, dissolve much 
of the oxidized resin, while oils which are low in these 
constituents, such as the paraffinic oil 0-9 or the naphthe¬ 
nic oil 0-2, dissolve little of the oxidized resin. 

The resins 22-3, 22-4, 22-5, 22-7, 22-8 are practically en¬ 
tirely soluble in all the oils. When some of these oil-resin 
mixtures are allowed to stand at room temperature over a 
period of weeks, however, a gradual crystallizing out of 
some of the resin occurs. This behavior has also been ob¬ 
served by Kirch and Riebel.® It indicates that a certain 
amount of impurities is necessary in the resins in order that 
they may stay in solution in the oils. In the present work 
it was found that the optimum piurity of the resin depends 
on the oil used. For example, resin 22-4 is of greater than 
optimum purity for use in highly paraffinic oils 0-7, 0-8, 
0-9, as it crystallizes out when mixed with them, but this 
same resin mixed with oils containing more naphthenic or 
residual constituents, such as 0-1, 0-2, 0-3, stays in solu¬ 
tion perfectly, even when cooled to —10 degrees centi¬ 
grade. 22-5 is of greater than optimum purity for all the 
oils. 

When oil-resin mixtures are oxidized, many of them 
form a resinous sludg;e. This is disadvantageous mainly 
in cable manufacturing aS the impregnating tanVit} and 
pipe lines may become coated with sludge, and also the 
entrainment of suspended sludge on the outer layers of the 
cable insulation may hinder impregnation. The labora¬ 
tory aging tests indicated that the sludge formation was 
large in mixtures made with resins which originally con¬ 
tained much oxidized material. Mixtures made with the 
purer forms of resin sludged somewhat when the oils used 
were predominantly paraffinic, but did not sludge in the 
other oils. 


Thb Resins 


Physical Properties 


^ 'iesaiptive and The principal requirements concerning the physical 
pope les is given m table II. The resins JJ-1, . properties of saturants for solid-type cables are the follow- 
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ing. The surface tension must be fairly high to enable the 
saturant to be drawn into and held by the paper capillaries. 
The viscosity at the impregnating temperature (105 to 115 
degrees centigrade) must be fairly low in order to obtain a 
thorough and economical impregnation. Throughout the 
temperature range in which cables may be installed or 
operated (—10 degrees to 80 degrees centigrade) the vis¬ 
cosity must be high to minimize saturant migration and, 
in case of injury to the lead sheath, bleeding of the satu¬ 
rant, yet the saturant must possess sufficient lubricating 
value to enable the cable to be bent. The coefficient of 
expansion should be low in order to mi n imiz e void forma¬ 
tion caused by expansion and contraction of the saturant 
arising from temperature changes in service. 

Data on the physical properties of the oils and oil-resin 
mixtures are given below. 

Viscosity 

The viscosities of the oils at 100 degrees Fahrenheit are 
from 1,800 to 6,000 Saybolt seconds, and at 210 degrees 
Fahrenheit are from 100 to 180 Saybolt seconds. While 
discussing viscosity it is valuable to introduce the term 
viscosity ratio, which may be defined as the ratio of the 
viscosity at 100 degrees Fahrenheit to that at 210 degrees 
Fahrenheit. For oils of a given viscosity at 210 degrees 
Fahrenheit, the viscosity ratio is related to the viscosity in¬ 
dex. Thus, for an oil of 140 Saybolt seconds viscosity at 
210 degrees Fahrenheit, and viscosity index x, the viscosity 
ratio is 15 + 0.22 (100-x). 

From the viscosity requirements it follows that the vis- 



Fig. 2. Variation of viscosity with temperature and 
viscosity with percentage of resin for mixtures of 
resin and oil 0-4 


cosity-temperature curve of an ideal saturant for solid- 
type cables should exhibit a uniformly high value from —10 
degrees centigrade to 85 degrees centigrade and then drop 
rapidly to a low value above 100 degrees centigrade. Un¬ 
fortunately, no saturant having this characteristic has 
been found. The best compromise seems to be to select a 
saturant whose viscosity is fairly low at 110 degrees centi- 


Table III—Percentage of Resin Insoluble in Oil 


ou 




Resin 




R-1 

R-2 

R-3 

R-4 

R-S 

/i-6 

R-7 

RS 

0-2... 


...6... 


... 0.... 

..0... 



..0 

0-8... 


...2... 


... 0.... 

..0... 




0-4... 

...10... 

...4... 

...0... 

... 0.... 

..0... 

:. .5... 

.. 0... 

..6 

0-9... 


...7... 


.. 0.8.. 

..0... 

.. .8... 

.. 0.3. 

. .0 


grade and which rises rapidly with decrease in temperature, 
but not so rapidly as to destroy the lubricating value at 
—10 degrees centigrade. Highly viscous saturants 
possessing viscosity ratios between 30 and 40 have been 
found very satisfactory. 

The addition of resin to oil changes the viscosity charac¬ 
teristics as shown in figure 2. The effect is greater if 
the polymerized resin R-8 is used. It is seen that the 
addition of resin not only raises the viscosity, but also the 
viscosity ratio. This is due to the fact that the viscosity 
ratio of the resin itself is extremely high, about 10.® This 
effect of resin additions is advantageous if the oil alone 
does not possess a high viscosity ratio, as it leads to greatly 
reduced migration of the compound in service, without 
requiring a much longer impregnation period. 

Pour Point 

The pour points of the oils are all below 0 degree centi¬ 
grade, in some cases as low as —12 degrees centigrade. 
The oils do not set even at these temperatures because 
they are dewaxed. The addition of 15 per cent resin 
raises the pour point about 5 degrees centigrade. How- 


Table IV—^Specific Gravity and Coefficient of Expansion of 

Oils 


VIseoRity Index 

Spedfic Gravity 
p (at 25 Deg C) 

Coefiicient of Expand*^ 

— (l/p)(dp/dT)(per Degree C) 

BSgh.,.. 

.0.90 to 0.92_ 



_. 0.92 to 0.94_ 

.0.00064 



ever, mixtures of resins with the most viscous oils possess 
sufficient lubricating value at -10 degrees centigrade 
for cable bending requirements. 

SpBCIPIC GKAVnY AND COEFFICIENT OP EXPANSION 

Oils of low viscosity index have higher spedfic gravities 
^nd lower expansion coefficients than oils of high vfecosity 


May 1937 Sommerman—Properties of Saturants 


569 






















index as shown in table IV. The addition of 15 per cent 
resin to the oils increases the specific gravities and redu<^ 
the expansion coefl&cients 1 or 2 per cent. 

Surface Tension 

The values for the different saturants at 110 degrees cen¬ 
tigrade are from 28.5 to 32.5 dynes per centimeter. The 
variations in surface tension with temperature, type of 
oil, and addition of resin are similar to the corresponding 
variations in specific gravity. 

Electrical Properties 

Dielectric Constant 

For well-refined mineral oils, the variations in dielectric 
constant e with temperature and with t 3 rpe of oil are ac¬ 
counted for by the corresponding variations in specific 
gravity.® This may be seen by comparing the dielectric 
constant curves for oils 0-2, 0-4, and 0-8 in figure 3 with 
the specific gravity data in table IV. The addition of resin 
to oil increased the dielectric constant as is also shown in 
figure 3. Part of this increase is caused by the increase in 
specific gravity imparted by the resin, and the remainder 
by orientation of the polar resin molecules. The data in- 


tionship between the power factor and the viscosity, as has 
been shown by Kirch and Riebd® and Whitehead.'^ Com¬ 
pare figure 4 with figure 2. For this reason oils of high 
viscosity ratio often possess relatively steep power factor- 
temperature curves. It will be shown later, however, 
that relative steepness of the curve of the saturant has 
little effect on the curve of the saturated paper unless the 
absolute value of the saturant power factor at 86 degrees 
centigrade is high. 

The effect of adding resins to oil on the power factor is 
shown in figure 5. It will be seen that if the resin contains 
oxidized constituents {R-2, R-6) or volatile constituents 
(R-Z, R-7), the power factor of the resulting oil mixture is 
greater than that of the oil alone. This increase in power 
factor is especially large for oils which dissolve much of 
the oxidized resin as shown by the curve for 0-3, R-2. 
If the resin has been largely freed of impurities (R-4, R-5), 
the power factor of the oil mixture is about the same as 
that of the oil alone. (Low power factors for purified 
resins in oils have also been reported by Kirch and Rie- 
bel.®) In some cases the addition of resin actually re¬ 
duces the power factor, as may be seen by comparing the 
curves for oil 0-9 with and without R-4. This may be due 


dicate that the dipole moments of the ester R-7 and the 
pol 3 mierized resin jR-8 are larg^ than the moment of pure 
abietic add R-5. 

The dielectric constants of the materials increased 
slightly (less than 6 per cent) during the aging tests. The 
changes in didectric constants were roughly proportional 
to the changes in power factor which are discussed later. 

Power Factor 

The power factor-temperature curves of the oils are 
plotted in figure 4. Although there are large percentage 
differences in the values for the different oils, all the values 
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Fig. 3. Di¬ 
electric con¬ 
stant-tempera¬ 
ture curves of 
oils and oil- 
resin mixture 
(15 per cent 
resin) 


are less than 0.004 at 85 degfrees centigprade which is satis¬ 
factory for cablemanufacturing purposes. These curves 
show that the relative increases in power factor per degree 
centigrade are about 6 per cent. 

For a given oil, there is an approximately inverse rela¬ 


Fig. 4. Power 
factor-tem¬ 
perature curves 
of oils 
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in part to the fact that some volatile constituents are 
driven off in the mixing operation, and in part to the re¬ 
duction of the mobilities of conducting ions existing in the 


The power factors of oil-resin mixtures bear no relation to 
the add numbers. 

Conductivity 

Values of a-c conductivity are related to the 60-cyde 
power factor thus, « 3.33 X 10-“€5. Whitehead'^ 
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has noted that the ratio of a-c conductivity to long-time 
d-c (final) conductivity may be high for new oils, but is low 
for deteriorated oils. This has been confirmed in the pre¬ 
sent work, in which d-c measurements were made at 85 de¬ 
grees centigrade on the saturants. Typical data are given 
in table V. Included in the table is the conductivity at one 
minute after voltage application, a measurement widely 
used in commercial insulation tests. This value lies be¬ 
tween the a-c and final values, but at 85 degrees centigrade 
it is generally nearer the final value. The ratios of a-c to 
one-minute conductivity are from 1.2 to 3 for the new oils, 
but are usually only a few per cent greater tban one for 
aged oils. For oils aged in contact with many metals, the 
ratios are also little more than one, but for oils aged with 
lead, the ratios are higher, often about 2. If the oil con¬ 
tains moisture, the ratio is high; if the oil is then aged 



Fig. 5. Power 
factor-tem¬ 
perature curves 
of oil-resin 
mixtures (15 
per cent resin) 


slightly, the a-c conductivity decreases while the final 
conductivity increases. The addition of resin to oil in¬ 
creases the final conductivity, even when it decreases the 
a-c conductivity. 

Power Factor of Impregnated Paper 

The effect of variations in the saturant properties on 
the power factor of impregnated paper was investigated. 
Power factor-temperature curves of a high density paper 
impregnated with various saturants were determined, some 
of which are shown in figure 6. The typically flat power 
factor-temperature curve of the dried, unimpregnated 
paper is also shown. It is seen that if the saturant has a 
low power factor (either a straight oil or a mixture of an 
oil and a purified resin), the curve for the saturated pap^ 
is similar to that for the dried paper. If the saturant has 
a high power factor (either a straight deteriorated oil or a 
mixture of an oil and an imptire resin), the curve for the 


saturated paper partakes more of the nature of the curve 
for the saturant, exhibiting high power factors at the higher 
temperatures. 

The conditions necessary for the existence of a functional 
relationship between the power factor of a given type of 
paper impregnated with various sattuants and the satu¬ 
rant power factors were deduced from Whitehead’s work 
on dielectric loss.’ These conditions are that the saturant 
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dielectric constants do not differ greatly and that the satu¬ 
rants have equal viscosities. For these conditions, values of 
saturant power factor 5, and power factor of saturated 
paper 5^ were read from the power factor-temperatiue 
curves. A family of curves of versus 6, was drawn, 
eadi curve corresponding to a certain saturant viscosity 
ij, as shown in figure 7. It is apparent that is not 
greatly affected by variations in 6, below 0.003 at 85 de¬ 
grees centigrade. 

The curves m figure 7 are approximately of the form 
= A -|- (J5 + Ci7)5g, where A, B, and C are parameters. 
A depends on the electrical properties of the paper, and 
B and C depend on the oil-to-paper ratio. 

Oxidation Stability - 

From the data presented in figures 4, 5, and 6, it is ap¬ 
parent that the power factor of impregnated paper is sat¬ 


iable V—Conductivities of Saturants at 85 Degrees 
Centigrade 


Saturant 

Xa(i 

Xi 

X/ 

Xoc/Xi 

Xagj/X/ 

0-9 NeWi...... 

. 7.6... 

. 4.2... 

. 2.3.. 

..1.78.. 

..3.26 

Aged 50 hours.... 

. 6.8... 

. 4.1... 

. 3.0.. 

..1.66.. 

.2.27 

New -i* 10 per cent R ^.. 

. 6.8... 

. 3.6... 

. 2.6.. 

..1.66.. 

..2.23 

0-4 New.................. i. 

. 29.6... 

. 21.0... 

. 16.3.. 

..1.41.. 

..1.82 

Aged 100 hours........ *. 

.117 ... 

.116 ... 

.112 .. 

..1.02.; 

.1.06 

Aged 100 hours (lead)... . 

.208 ... 

.127 ... 

.119 .. 

..1.64.. 

;.li76 


ccmdiictivtty; one minute conductivity, X/ " final conductivity 
CInit " 10"M mho per centimeter 
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isfactory throughout the cable operating temperature 
range if the saturant power factor is satisfactory at 85 
degrees centigrade. Consequently, in studying the oxida¬ 
tion stability of cable saturants, it is important to follow 
the changes in power factor at 85 degrees centigrade. 

The oxidation test data are presented in the form of 
power factor versus time-of-aging curves. In these 
curves a slow rate of rise of power factor with time of ag¬ 
ing indicates a high stability to oxidation. 

The aging curves obtained for the 9 oils are shown in 
figure 8. Oils 0-1 and 0-3 (of the light acid refined t 3 rpe), 
which contain appreciable amounts of certain types of 
residual constituents, are seen to be poorest in oxidation 
stability. Oils 0-5, 0-6,0-7, 0-8, and 0-9 are more stable, 
the stability being proportional to the degree of refining. 
Most of these more stable oils were refined by recently de¬ 
veloped processes which yield highly paraffinic oils (see 
table I). It should be pointed out, however, that naph¬ 
thenic oil 0-2 and paraffinic oil 0-4, refined by similar 
acid processes, have nearly the same stability. This sug¬ 
gests that naphthenic oils are not inherently less resistant 
to oxidation, and that their stability might be improved 
if better methods of r efinin g them were used. 

The oils which are poorest in oxidation stability also 
have the greatest solvent powers for impurities, and are 
therefore most susceptible to contamination. 

The effect of adding various resins to oil 0-4 on the oxi- 



Fig. 7. Variation of power factor of saturated paper, 
with saturant power factor, S^p for various saturant 
viscosities, ri 


Cuive 

V- 

Polses 

Approximate 
Temperature—Deg C 

Approximate 

Equation of itp 

A..... 


..85. 

... .0.0033 -1- 0.48 S, 

B . 

.1 ... 


... .0.0027 + 0.60 h 

C..... 

.2 ... 

....58. 

... .0.0025 + 0.84 i. 

D . 

.4 ... 

.47. 

....0.0024+ 1J22 3, 


dation stability is shown in figure 9. The power factor of 
the oil mixed with the impure resin R-2, altiiough higher 
than that of the oil initially, changes but little with aging, 
and is much less than tlmt of the oil alone after aging. 
The power factor of the oil mixed with the purified resin 


l?-4 increases but slowly from its low initial value with 
aging. Such stabilization of the oil is also produced by 
additions of the resin esters R-6 and R-7 and the poly¬ 
merized resin R-8, although to a lesser extent. 

In the series of resins ^-2, R-4, and jR-5, the stabilizing 
value decreases somewhat with increased purification. 
The partially purified resin jR-4, however, is nearly as ef¬ 
fective as the unpurified resin R-2, for part of the apparent 
effectiveness of jR-2 is due to the fact that some of the orig¬ 
inally dissolved oxidized constituents sludge out during 
aging. 

The oxidation stabilities of all t 3 rpes of mineral oils is 
improved by the addition of resins, as may be seen by com¬ 
paring the aging curves for the mixtures of R-4 with the 
oils, figure 10, with the curves for the oils alone, figure 8. 
Each oil-resin mixture has a useful life which is about 6 
times that of the corresponding oil alone. 

There are often large and varying departures from line¬ 
arity in the power factor versus time-of-aging curves 
shown in figures 8, 9, and 10. If, therefore, the power 


Table VI—Catalytic Powers of Metals on Oxidation of Oil 

0“4 


Power Factor at 6S Degrees Centigrade 


Catalyst 

New 

Aged 

Increase 

(Inerease-O.0OS)/O. 

None. 

..0.0013. 

.0.0063. 

..0.0050. 


Pb... 

..0.0018. 

.0.0183. 

..0.0170.. 


Cu. 

..0.0013. 

.0.040 . 

..0.030 .. 


CuO. 

.0.0013. 

.0.026 . 

..0.025 .. 

. 4.0 

Cu-CuO-Pb. 

.0.0018. 

.0.084 . 

..0.083 .. 

.15.6 

Cd. 

.0.0018. 

.0.0138. 

..0.0125.. 

. 1.5 

Sn>plated Cu. 

.0.0018. 

.0.0079. 

..0.0066.. 


Sn-plated Cu (scratched). 

.0.0018. 

.0.0080. 

..0.0067.. 



1,100 cubic centimeter samples of oil aged at 65 degrees centigrade for 176 days. 
Surface area of metal strips » 105 square centimeters 


factors before and after 100 hours of aging are analyzed 
alone, as is often done in evaluating the oxidation sta¬ 
bility of liquid dielectrics, false conclusions may be drawn. 

Catalysts 

When the oils were aged in contact with copper, lead, 
and steel strips, the catalytic effect of the metals acceler¬ 
ated the rate of power factor change for most of the oils, 
as may be seen by comparing the aging curves in figure 11 
with those in figure 8. The rates of deterioration of the 2 
oils of lowest viscosity index, 0-1 and 0-2, were not ac¬ 
celerated, but slightly retarded. This result was care¬ 
fully checked. 

The presence of metals in oil-resin mixtures did not 
change the rate of deterioration. This may be due to the 
fact that the dissolved oxygen was consumed near the sur-. 
face of these mixtures. It at least indicates that the resins 
do not readily form harmful compounds with metals. 

A study was also made of the relative catal3rtic powers of 
metals on the deterioration of oil. In these tests the aging 
temperature was reduced to 65 degrees centigrade so that 
the ordinary chemical combination of dissolved oxygen 
with the body of the oil would be reduced to a low value, 
and so that most of the oxidation would take place at the 
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Fig. 8. Straight oils 



metal surfaces. The differences in catalytic effects of the 
mfttals were thus accentuated. It was found that the 
power factor versus time-of-aging curves were nearly linear 
and so only the initial and final values are given in table 
VI. It is of interest to note that the catalytic effect of 
copper is 21 times that of tin. The presence of dissimilar 
metals in contact causes little or no additional effect 
through battery action, because the absolute conductivities 
of the oils are very low. 

Effects of Gaseous Ionization 

In the tests for the determination of stability to gaseous 
ionization, the applied electric stress produced highly eher" 
gized gaseous ions in the voids. These ions, on striking 
the saturated paper at the ends of the voids, caused chemi¬ 
cal changes iff the materials. The changes were chiefly 
polymerization and condensation of the saturant mole¬ 
cules, Ipflding to the formation of the fa mili a r “X” or wax 


and to the evolution of gas. Chemical changes involving 
gas molecules also occurred under certain conditions. 

Wax Formation and Gas Evolution 

Some of the wax patterns obtained in the tests are shown 
in figure 12. It is apparent that there is a large variation 
in the tendencies of ^e oils to form wax. A correlation 
was found between the wax formation, es 5 )ressed in arbi¬ 
trary units, and the viscosity index of the oils. This is 
indicated in figure 13. The correlation is nearly as dose 
as the probable error in estimating wax formation, some 
10 per cent, even though the oils studied are of different 
typM and methods of refinement. Oils rich in naphthemc 
or residual constituents are much more resistant to g^ase- 
ous ionization than the highly paraflfinic oils. Figure 13 
indicates also that the addition of resin to oils increases the 
stability to ion bombardment, at least for the more paraf¬ 
finic oils. 

The data plotted in figure 13 are the amounts of wax at 
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the ends of the artificial voids. For most of the com¬ 
pounds this was the only wax formed. But for oils of veiy 
low viscosity index, both with and without resin, wax was 
also present on the surfaces of the paper sheets at other 
places. If the total wax were considered, the wax forma¬ 
tion versus viscosity index curves would be U-shaped, the 
values at very low viscosity mdices being too ill-defined to 
be indicated. 

No gas evolution was detectable in the ionization tests 
performed with hydrogen gas present. A small amount 




Fig. 12. Photographs of wax 
formation on impregnated 
paper exposed to gaseous 


ionization. Saturants used: 
0-3 (above), 0-4(leftabove) 


0-9 (left) 


pregnated sheets increased markedly during the tests 
under reduced air pressure, although tins effect was much 
smaller for resin-containing saturants than for straight 
oils. The data are given in table VII. 

Gaseous Ionization Pressure 

Gaseous ionization in insulation voids, in addition to 
promoting chemical changes, was observed to exert a 
physical pressure on the insulation surrounding the voids. 
One manifestation of this pressure is that much of the wax 
formed in the oil films on the paper surfaces at the ends of 
the voids was forced to the edges of the voids where the 
ionization was less severe. This caii be observed in the 
wax patterns in figure 12. Another manifestation, which 
was most pronounced after very long periods of ionization, 
is that some wax was forced, through the paper sheets in 
the direction of the field. It is likely that ionization pres¬ 
sure was responsible for the effects observed by Proos,® 
namely, that the displacement of saturants away from re¬ 
gions of high stress in cables was greater with simultane¬ 
ous application of voltage and heat cycles than with appli¬ 
cation of heat cycles alone. It is also likely that the ioni¬ 
zation pressure, by forcing the saturant from the paper, 
facilitates the formation of the microscopic carbonized 
paths through paper which have been found by Robinson^ 
to be sufficient to initiate a “treeing” mechanism resulting 
in eventual breakdown of the cable insulation. In order . 
that the tendency of the ionization pressure to force the 
saturant through the paper may be resisted without the 
application of hydrostatic pressure, as in the oil-filled 
cable, it is necessary that the paper be dense and that the 


was observed when COj was used, but this was independ¬ 
ent of the saturant. There is evidence that this gas evolu¬ 
tion was due to the breaking down of CO 2 into CO and O 
in the regions of very high stress at the electrode edges. 
Part of the evolved oxygen entered into the wax formation 
at the electrode edges, but not in the artificial voids. No 
significant changes in power factor of the saturated paper 
occurred in the ionization tests carried out under CO 2 or 
hydrogen. 

The results of preliminary tests in which saturants in a 
glass cell under high vacuum were subjected to electric 
stress indicate that the gas evolution varies with the vis¬ 
cosity index of the oil and the addition of resin in a man¬ 
ner similar to that depicted by the curves in figure 13, ex¬ 
cept that the range of variation is much less. 

Combined Ionization AND Oxidation 

When gaseous ionization tests were carried out under 
reduced air pressure instead of under an inert gas, it was 
fotmd that the gas pressure in the cell decreased with time. 
This took place at room t^perature only when voltage 
was applied and ionization occurred. This indicates 
that the glow discharge facilitates the combination of oxy- 
^n with cable saturants by what might be termed an 
electrocatalytic” action. This is substantiated by the 
fact that the wax formed in these tests was much greater 
in amoimt and darker in color than that formed in the 
tests with inert gases. Also, the power factor of the im¬ 


saturant be high in viscosity and surface tension, and 
strongly adsorbed by cellulose. 

Discussion 

The observation made in the ionization stability tests 
that the gas evolution from oils of low viscosity index is 
less than that from oils of high viscosity index may be ex¬ 
plained by the fact that the former oils contain more resid¬ 
ual constituents than the latter (see table I). The residual 
constituents of the oils include aromatic compounds. 
Compounds of this type, although simpler in character, 
were found to evolve less gas than simple parade com¬ 
pounds in the early tests carried out at the Detroit Edison 
laboratory.® It has also been recently shown by Neder- 
bragt“ that additions of small amounts of aromatic com¬ 
pounds to mineral oils are sufficient to lower the gas evolu¬ 
tion considerably. The explanation usually given for this 
is that much of the gas, chiefly hydrogen, which is evolved 
instantaneously is reabsorbed by the double bonds in the 
molecules of the aromatic compounds. Since the mole¬ 
cules of the resins discussed in this paper also conta.in 2 
double bonds, the reduction in gas evolution by resin addi¬ 
tions to oils is also explained. 

The majority of the molecules comprising the paraffinic 
and the naphthenic constituents of oils do not cohtyin 
double bonds. It is possible that, on exposure to ioniza 
easier for hydrogen atoms to be detached from the 
open ^ain groups which form: a large part of the structure 
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the use of resin in cables of recent manufacture has re< 
suited in increased stability and life. 

Conclusions 

The results of the investigation may be summarized as 
follows: 

1. Much valuable information can be obtained by subjecting cable 
saturants to various simplified tests and by correlating the results 
with viscosity index and chemical composition. 

2. The addition of resin to mineral oils reduces migration of the 
saturant in cable operation without correspondingly increasing the 
time required for impregnation. 

3. Oil-resin mixtures are not high in power factor unless the resin 
contains oxidized or volatile constituents. 

4. The power factor of paper impreg^ted with mixtures of oils 
and properly purified resins is approximately the same as tliat of 
straight oil saturated paper. 

6. For a given type of paper and for satturants of the same vis¬ 
cosity, the power factor of impregnated paper is a function of the 
saturant power factor. 

6. Both naphthenic oils (low viscosity index) and parafiSnic oils 
(high viscosity index) may possess good oxidation stability. The 
most stable oils now available are paraffinic. 

7. The catalytic effect of metals on oil oxidation is greater for 
paraffinic oils than for nonparaffinic oils. The catal 3 rtic effect of 
copper is much greater than that of lead which in turn is much 
greater than that of tin. 

8. The addition of resin to all tjrpes of mineral oils improves the 
oxidation stability as measured by power factor change. 

9. Highly paraffinic oils are less stable to gaseous ionization than 
oils low in paraffinic constituents. 

10. The addition of resin to oils containing some paraffinic con¬ 
stituents increases their stability to gaseous inniy.ation . 


11. Gaseous ionization in insulation voids exerts a pressure which 
tends to force the saturant from the paper. 

12. Gaseous ionization in the presence of oxygen exerts an * ‘electro- 
catal 3 rtic" effect on the oxidation of cable saturants. This results in 
a copious, dark wax formation and an increase in power factor which 
is less for resin-containing saturants than for straight oils. 
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Distribution Lishtnins Arrester Performance Data 


T he inteUigent application of lightning arresters 
requires a knowledge of their performance character¬ 
istics under conditions which are likely to be en¬ 
countered in service. Data have been presented relating 
to the impulse characteristics of insulation both as used on 
lines and in transformers. In order to know what pro¬ 
tection nmy be secured with certainty in service, data are 
also required concerning the rates of voltage rise to be ex¬ 
pected on distribution type arresters and the current en- 
coimtered ^ a r^ult of natural lightning. These data are 
being obtained, in some measure at least, through the use 
of impulse current measuring devices in series with ar- 
resters in service. Veiy httle sa tisfactory information is 

PersmiMl of AIBB lightning arrester subcommittee: J R North ehairmn^. 
H. W. Collins, R, H. Earle. I W Gross w TTni, .. t cAoIrwon; 


available, hoover, with respect to the actual rates of po- 
totial rise, in fact most of such information is based on 
deduction rather than actual measurement. 

It ™ necessary, some years ago, to arrive at a reason¬ 
able ba^ for comparing the operating performance char- 
a^tics of arresters, and standards were finally set up 
wfach admttedly are on a basis which is somewhat em- 
pmcal. The test wave for arresters having a marimum 
permissible hne to ground voltage of 6 kv or less is med- 
fied as 50 kv per microsecond, while the test wave for 
aiders ^vmg a marimnm permissible line to ground 
TOltage above 6 kv and including 15 kv is specified as 100 
kv per microsecond. luu 

^hti^ arresters have not only a breakdown charac- 
tenstK^ but they also have in general a potential drop 
acr^ the arres^due to the flow of current through the 
resistance m series with one or more gaps provided in the 
^t^. mth ^ types of distribution arresters this po¬ 
tential drop, or IR drop as it is usually called, incteases*^as 


Lightning Arrester Performance . 


Electrical Enginbbrin< 


Table I—Line Type Arrester Characteristics (3 Kv-15 Kv) 

Voltage (IR Drop) Across Arrester—Crest SHT 
Arrester Gap When Discharging Currents of 


Rating— Breakdown-—--- 

'■‘Kt Crest Kt 1,S00 Amp 3,000 Amp 5,000 Amp 

Max-22.0.13.6.16.6.17.6 

8 _• Ave_17.0.10.6.12.0.18.6 

,Min....12 0.7.6....8.6.9.6 

Max... .46.0.27.0.30.0.82.6 

6_{Ave... .34.6.20.6.23.0.26.0 

\Min....24.0.14.6.16.0.17.6 

Max... .64.0.40.0.44.0.48.0 

9 _• Ave_49.0.30.6.34.0.87 0 

.Min_34.0.21.6.24.0.26.0 

Max... .76.0.52.6.68.5.62.6 

12.. .. • Ave_68.0.40.5.46.0.48.0 

Min_41.0.28.6.81.5.38.6 

Max... .86.0.66.6.78.0 78.0 

16.. .. { Ave_66.0.60.6.66.0 60.0 

, Min... .46.0.36.6.39.0.42.0 


Cap breakdown taken on rate of voltage rise of 50 kv per microsecond for 8 kv 
and 6 kv arresters, and 100 kv per microsecond for 9 kv, 12 kv, and 15 kv 
ratings. 

All arresters tested with a 10 x 20-ndcrosecond wave. 

The 60-cycle spark potential of all arresters shown in this tabulation will not 
be less than 160 per cent of the arrester rating. 

* These ratings are maximum permissible line to ground root-mean-square 
voltages. 

the current increases, but not linearly. Therefore, data 
relating to the potential across the arrester during the time 
of current flow are necessary for the proper evaluation of 
the long time protective ability of the arrester. 

The present Standard requires a test current having a 
crest vdue of 1,500 amperes, with a rate of current rise of 
150 amperes per microsecond and a decay to half value in 
a time not less than 10 microseconds. Certain tolerances 
are, of course, permitted. Since, however, the current 
values to be expected in practice are known over a con¬ 
siderable range of values, performance data at other cur¬ 
rent magnitudes than those specified in the Standard are 
required. 

To make these necessary data generally available to the 
industry, the lightning arrester subcommittee has asked 
the manufacturers of arresters to submit information on 
their products, with respect to breakdown characteristics 
under standard rates of rise as outlined and IR drops for 





crest values of current of 1,500, 3,000, and 5,000 amperes. 
The manufacturers have supplied this information together 
with the expected tolerances in production. With these 
data available, table I and the accompan 3 nng graphs have 
been prepared showing the protective characteristics of 
line type arresters rated 3 kv to 15 kv. 

The impulse breakdown data from table I are plotted 
in figure 1, showing not only average values, but also the 
maximum and minimum . Figure 2 shows the maximum, 
minimum , and average IR drop characteristics for the 
standard current wave of 1,500 amperes crest. The corre- 
q)onding potentials across the arrester for 3 values of cur¬ 
rent are shown on figure 3. In each, case where average 
values are given, they are the nmnerical average of the 
average value given by the manufacturers. The maxi¬ 
mum and minimum values for each make of arrester were 
obtained by applying the tolerances given by each manu¬ 
facturer to his average value. For each rating, the high¬ 
est and lowest values of the maximums and minimums 
were selected as representing the total spread in perform¬ 
ance characteristics. 

It is hoped that these data as here presented will be of 
material assistance in determining the proper place of the 
lightning arrester as a protective device. The compari¬ 
son between the surge voltages allowed by ah arrester 
under various conditions and the performance charact^- 
istics of other apparatus associated with the arrester 
should lead to an intdligent eyaluation of the protection 
provided by the arrester. 
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Coincidental Electric Drives 


By L. E. MILLER 

MEMBER AIEE 


^^“coincidental electric drive” may be defined as a 
drive consisting of several units of one mactoe, 
* ^ or a group of machines; each unit or machine 

driven by a separate motor. For successful operation, 
each unit or machine must have a speed bearing a definite 
relation to the speed of each of the other units. This 
speed relation may be constant or varying. 

In operating a coincidental drive, 2 classes of speed 
must be considered, designated as primary speed and 
secondary speed. The primary speed is the speed of a 
group of motors as a whole. The change in this basic 
speed is of greatest importance, since the speed must be 
changed in order to change the output of material from 
the machine. 

The secondary speed is that speed of any of the indivi¬ 
dual units, differing from the primary basic speed, and 
which accomplishes a successful degree of coincidence 
between the various units or machines in the drive. In 
operating a group drive, it is desirable to separate the 
means of accomplishing primary speed changes from the 
means of accomplishing secondary speed changes. With 
a-c motors, primary speed changes can be readily accom¬ 
plished by changing the frequency, and, therefore, the 
basic speed of the whole system. On d-c drives, the 
primary speed change can readily be accomplished by 
changing the applied voltage, thus changing the basic 
speed of the whole system. 

Secondary speed changes are much ihore easily accom¬ 
plished in d-c drives than in a-c drives, since changes may 
be accomplished by change in field strength of individual 
motors. Due to the ease with which this secondary 
chan^ may be accomplished on d-c motors without 
affecting primary speed changes, d-c motors are used more 
frequently in coincidental drives than are a-c motors. 

To consider drives consisting of 2 or more motors which 
must opiate in a different speed relation to each other, 
a review is desirable of that which basically determines 
speed at which any motor, a-c or d-c, will operate. A 
clear understanding may be possible if the subject is 
approached from the standpoint of torque required and 
torque produced by the motor. If, at any instance, the 


the excess torque will result m acceleration of the motor. 
If the torque required is in excess of the torque produced^ 
the motor will decelerate. The acceleration or deceleration 
will continue until the torque balance is established. 

If there is a change in certain of the electrical values, 
such as the voltage oh d-c motors, or the frequency oh a-c 
motors, the Speed Wm certainly be affected, b ecause these 
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changes in electrical values will have an effect upon the 
torque produced. This change in speed, either upward or 
downward, will continue until the torque balance is again 
established. If the torque demand changes, an unbalance 
will result and there will be a speed change either upward 
or downward, which will result in such a readjustment of 
the electrical factors as to accomplish the torque balance; 
at which point there will be no further change. This 
method of approach requires no distinction between a-c 
or d-c motors, and is universal in its application. 

The torque of either a d-c or an a-c motor is represented 
by the following equation: Torque = a constant X 
number of conductors in the rotor X flux per pole X the 
current per rotor conductor X the cosine of the angle 
between the stator and rotor flux. (In the case of a 
d-c motor this cosine is 1.) 

In either an a-c induction motor or a d-c motor, a 
reduction in the speed of the rotor results in an increased 
rotor current with a consequent increased torque, other 
conditions remaining the same. (In the case of an a-c 
motor, this resulting increase in torque continues only 
until the breakdown torque of the motor is reached.) 

Coincidental electric drives are very largely used in 
the handling and processing of material. If, during the 
handling or processing, there is no elongation or contraction 
of the material, it is quite obvious that each unit or 
machine must operate at such a speed as to handle the 
same length of material per minute. If there is elongation, 
each following section or machine must handle a longer 
length of material per minute. If the speed of the follow¬ 
ing section is too slow, loops will develop. If the speed 
of the following section is too fast, excessive tension will 
be produced in the material, possibly resulting in slippage 
or breakage. The process may require , the reeling of 
material on a spindle with a constant rate of delivery of 
the material in the reel. The speed of the reel must de¬ 
crease in proportion to the increased diameter of matpriaV 
and reel. 

Considering again the definition previously given for 
,coinddental electric drives, it can be seen that this 
defimtion may be expanded to coyer a number of drives 
^d in industry. For convenience, such coincidental 

drives may be grouped under 4 headings: 

True OR Exact Coincidence 

In such a drive, the various motors may operate at 
exactly the same speed. The electric clocks throughout 
me country may be epnsid^ed as an illustration of thte 
type of coincidental drive. Another iUustration is the 
^ of 2 ihotora, each driving pne-half of a leaf bridge. 
Still another ^d quite interestihg illustration is the 
remo^ control of a steering gear on a skip by means of a 
synchrotock. 
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Adjusted Coincidence 

This group covers those drives where some modification 
of true coincidental relation is required, but after this 
relationship has been established, it becomes fixed and 
does not chang:e. This may be illustrated by a sectional- 
ized paper machine drive where there is some draw or 
shortening of the paper due to the drying process. 

Approximate Coincidence 

This heading is used to cover those drives where various 
units operate at approximately a fixed speed relation, 
but where for short periods there may be a considerable 
departure from coincidental speed with the final recovering 
of the over-all coincidental relation. A textile range with 
storage boxes furnishes an illustration of this type of 
drive, as does also a continuous pickling line with storage 
pits. 

Instantaneous CoiNaDENCE 

Under this heading may be classed a drive where the 
desired speed relationship between the different units is 
constantly changing at a predetermined rate of change. 
One of the more interesting cases of instantaneous coin- 
cidency in practical application occurs in the winding of 
strip material on a reel and maintaining approximately 
constant tension at the time. In such cases, coincidency 
between the mill and the reel must be maintained from 
the time the strip is first drawn taut by the reel until the 
strip leaves the miU, but as can readily be seen, the rela¬ 
tions required for coincidency change inversely as the 
diameter of the roll of material changes. 

In drives of this type, it is not only necessary to obtain 
coincidency in speed, but it is also desirable to obtain 
uniform tension during the reeling of the material. This 
uniformity of tension has been especially stressed in the 
reeling of metallic strips in order to obtain more accurate 



Fig. 1. A continuous pickling iine illustrating an 
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strip and to obtain this result with less annealing between 
rollings. Slipping clutches have been used in the past 
on many such drives, but since they fail to function as 
well as desired, and since they do not even approach uni¬ 
form tension, there has been a constant demand for 
other and more accurate means of accomplishing the 
results desired. 

The ideal condition for an application of this sort is 
obtained when the torque produced by the driving unit 
varies directly with the diameter of the roll on which the 
material is being wound, and since the diameter of the 
roll varies inversely with the speed at which the roll must 
rotate, we arrive at the conclusion that the torque of the 
driving unit must vary inversely with the speed at which 
the driving unit operates. 

A d-c motor, having its armature current maintained 
constant by varying its field, fulfills this requirement for 
all practical purposes, since as is shown in the torque 
equation, its torque varies directly with its field strength, 
and its speed varies inversely with its field strength. 
The problem in producing such a drive, therefore, becomes 
one of producing a regulator which will automatically 
maintain a constant current in the armature of a d-c 
motor by adjustment of the field strength. 

An ideal type of regulator should: 

a. Respond rapidly to changes in current, and adjust its rate of 
response to the current change required. 

b. Continue its change in the field strength until current change is 
entirdy corrected. 

c. Respond to small changes of current. 

d. Respond properly to either an increase or decrease in current. 

e. Make minimum change in field strength to get proper correction 
in current. 

/. Be sufficiently dampened in action to prevent causing surging, 

Various.types of regulators have been used in maintain¬ 
ing constant current on such applications. Of these, the 
following four are the most common. Each has given 
satisfactory results. 

1. The vibrating type relay having one or more contacts connected 
across fixed resistors was probably the first type used. 

2. A motor-driven rheostat, with the direction of armature rotation 
of the regulator controlled by relays responsive to the current in the 
red driving motor armature, was devdoped as early as 20 years ago, 

3. A regulator consisting of vertical stacks of graphite or carbon 
plates with silver inserts near one end arranged to tilt by the action 
of a torque motor, which is responsive to the current of the arma¬ 
ture of the driving motor, has been used on many applications. 

4. The regulator with which the author is most familiar is sufiK- 
ciently different from the regulators previously mentioned, to merit 
a more detailed description. It is fdt that in this regulator are 
incorporated those features of a good regulator previously men¬ 
tioned. This regulator consists of a control motor and a rheostat 
which is in series with the shunt fidd of a driving motor. The 
rheostat is made up of a number of resistance tubes having a large 
number of taps. These taps are connected to a commutator. A 
slip ring is motmted at one end of this commutator and this ring is 
dectrically connected to the last tap of the rheostat. Thus it can 
be seen that the commutator and ring form paralld dectrical 

■ paths. 

The control motor, in its mechanical construction, is 
quite similar to a small d-c motor except that it has 2 
separate and distinct windings on the armature; each 
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Fi^. 2. A mill and wind-up reel illustrating an application o( insfaintaneous coincidence. 

the mill to the reel 


Strip is delivered directly from 


winding being connected to its own commutator. One 
winding, referred to as a spring or reference winding, 
consists of a large number of conductors of a small cross- 
sectional area. This might be considered as a very slow 
speed motor winding. It is connected in series with a 
resistance across a constant potential line. It gives the 
effect of a very long spring capable of being extended an 
infinite distance without changing the force produced. 

The second winding is referred to as the torque winding, 
and consists of a fewer ntunber of turns of a larger cross- 
sectional area. This winding might be considered as an 
ordinary high speed motor winding. It carries a definite 
proportion of the current passing through the armature 
of the motor being regulated. 

The armature with its 2 windings operates in the flux 
field of a conventional d-c motor, and hence, current 
passing through either or both of the windings tends to 
produce rotation of the armature. The shaft of this 
combination armature has an arm mounted on it which 
carries 2 brushes electrically connected to each other, 
but insulated from the arm. One of the brushes rides 
upon the commutator of the rheostat mentioned before, 
and the other rides upon the slip ring which is electrically 
connected to one end of it. The result of one complete 
revolution is to change the condition of the rheostat, 
step by step, from a condition of full resistance to a 
condition of zero resistance. 

The windings of the control motor are so connected that 
the current passing through the torque winding causes 
rotation in a dhection tending to reduce the resistance in 
the rheostat, while current passing through the spring or 
reference winding causes rotation in a direction tending 
to increase the resistance in the rheostat. Thus, it can 
be readily seen that a condition of balance can be obtained 
which will cause a stationary condition of the armature, 
but when this condition of balance is disturbed by a 
change in the current in the torque winding, a rotation 
causing a corrective change in the rheostat will be pro¬ 
duced. This rotational correcting action will continue 
until correction is established. 

In regulating devices performing a function similar to 


that described there is frequently a tendency to hunt or 
to cause hunting on the part of the motor they are con¬ 
trolling. This is especially true of devices which tend to 
give true correction, and where the strength of the response 
to change is, as it should be, proportional to the change in 
current. This, of course, can be eliminated by dash 
pots, frictions, clock escapements, and other mechanical 
means. All such means, however, introduce friction 
which reduces the sensitivity of the regulator, since the 
frictional part of the retarding force is the same regardless 
of whether a small or large correction is indicated. 

To remove this possible cause of trouble, a copper 
cylinder surrounding the armature of the control motor is 
introduced. This serves as an effective dampener and 
does not reduce the sensitivity for small changes in current. 
When the change in current is small, the rotation is 
slower, and the dampening action is negligible. When 
the change is current is large and the tendency to respond 
is greatly increased with the possibility of over-running 
and causing hunting, the dampening action from the 
cylinder is increased as the square of the change in speed 
of the control motor. 

Referring to figure 4, we have a simplified schematic 
diagram showing the connections for a typical application 
making use of a regulator such as described. A generator 
G is connected mechanically to a mill for processing 
material. This generator G supplies a source of potential 



Fig. 3. A constant-current regulator of the type 
described in the context. The cover has been 
removed from the rheostat to give a clearer view 
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Fig. 4. Simplified schematic diagram of 
connections as used with the regulator 
described 


R —Reel motor 
G—Main generator 
B —Booster genera¬ 
tor 

7—Torque • winding 
5—^Spring winding 
M —^Main line con¬ 
tactor 

C—Torque winding 
contactor 

1— Tension rheostat 

2— :Regulator rheo¬ 

stat 

3— ^Main generator 

rheostat 

4— Booster genera¬ 

tor rheostat 
D —Regulator field 
rheostat 
F —Field rheostat 

shorting contactors 


to operate a reel motor R. Connected in series with the 
generator G and reel motor i? is an independently driven 
booster generator B. This generator B supplies current 
to the reel motor when the generator G is stationary, and 
thus tTiflintains a tension on the material between the 
mill and the reel, when the mill is shut down while ma¬ 
terial is still being processed. 

Since the generator G operates at the same speed as the 
mill, the normal speed of the reel motor R will be such as 
to give the same lin^ speed of take-up material as is 
being delivered by the mill. Adjustments from the 
normal speed of the reel motor R to accommodate the 
build-up of material on the reel are automatically pro¬ 
duced by the regulator rheostat. 

The torque winding R of the regulator, parallel with an 
adjustable resistance, is connected in series with and 
between the generator G and the reel motor R. The 
spring winding S of the regulator is connected in series 
with a fixed resistor and an adjustable rheostat across a 
source of constant potential. The regulator rheostat 2 
is connected in series with the shunt field of the reel motor 
R and across a constant potential. Major changes in 
tension, produced by changjing the current at which the 
regulator functions, are caused by changing the adjustable 
resistance paralleled with the torque winding, and minor or 
vernier changes are accomplished by changing the rheostat 
in series with the spring winding. 

The operation of the regulator is such that once the 
balanced condition is predetermined and set, an increase 
in current will cause the torque of the torque winding to 
overcome the torque of the spring winding, and the rheo¬ 
stat arm will be moved in a direction to increase the 
field strength of the motor being regulated. This motion 
will continue until correct current is established. A 
decrease in current will have an opposite effect, and motion 
will be in the direction of decreasing the field strength. 

In studying regulators, such as the one described and 
others, we should not be misled into t h i nk ing that we 
have absolute accuracy of tension at all times. A motor 
is not a meter, and even a meter is not absolutely accurate. 
By this we do hot refer to the calibration inaccuracy 


which is common with most meters, but rather, due to its 
dampening and inertia, to its lack of instantaneous 
accuracy. In a motor we have similar inaccuracies 
considerably magnified. For instance, in a motor we 
have a dampening action due to the inductance of the 
armature circuit. Also, we have present an inertia not 
only of a motor armature, but also of the mandrel on 
which the material is being wound, as well as the material 
on the mandrel. 

No method has as yet been developed that will main¬ 
tain constant tension by the use of a regulator or other 
device during the accelerating or decelerating period. 
It should be pointed out that extra current is necessary 
during the accelerating period. However, since the 
accelerating rate will vary from time to time, and the 
frictional losses will be more or less variable, the extra 
torque for acceleration can bear no fixed relation to the 
torque required to produce tension; and the current 
cannot be determined with any degree of accuracy. On 
the other hand, it is generally desirable to cause, either by 
the regulator or other control devices, extra current to 
flow during the accelerating period. The reverse of 
this is true during the decelerating period. 

In view of the fact that it is difficult to determine by 
watching meters just what is taking place in one of these 
wind-up drives, it would seem that a better study could 
be made by the use of undamped oscillograph readings. 
Such readings have been made on a t 3 rpical application 
of a drive of this sort. 

Oscillogram figure 5 shows the speed, armature voltage, 
armature current, and field current. The film was taken 
during the fimal period of winding a coil from strip steel. 
The armature voltage is apparently quite steady. The 
speed shows, as it should, a steady decrease. The field 
current shows indications of vibrations of small amplitude 
and a steady increase in value. This again is more or 
less normal. The armature current shows variations of 
small amplitude, and the maximum change in value is 
about 5 per cent. This does not come, as can be noted, 
in the form of a gradual increase from the beginning to 
the end of the process, but occurs only as infrequent 
peaks or valleys. The mean change appears to be not 
exceeding 3 per cent. 
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Fig. 5. Oscillogram obtainedl during the winding 
of strip steel into 0 coil. Shows gradual rate of 
change of motor field current and speed, and ap¬ 
proximately constant armature current and voltage 
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Oscillogram figure 6 is a continuation of oscillogram 
figure 5 carr 3 dng the build-up to very close to its final 
value. The characteristics are the same as in figure 5. 
It is impossible to see the rheostat steps in the field cur¬ 
rent curve, since there are 180 steps in the rheostat, and 
the change per step is only about 0.04 inch on the original 
6-inch wide film. From the film we find that the regulator 
responded rapidly enough to keep the current from var 3 dng 
to any great extent from the predetermined value, and 
the response was not so rapid as to give any tendency 
toward a hunting condition. Visual observation bore 
out the fact that the regulator did not over travel, and, 
therefore, did not have to correct itself by returning from 
a too advanced position. This test was made on a reel 
driven by a 100-horsepower 3- to 1-speed range motor. 
The build-up on this particular coil was such as to cause 
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Fis. 7. A higher speed oscillogram of the same 
operation as figures 5 and 6. Peaks and valleys oc¬ 
curring in armature current are shown in more detail 


the motor to operate through a speed range of 2 to 1, 
and required about V 4 of the normal full load rating. 

In attempting to get as much of a complete run as 
possible on one oscillograph reading, the film was, of 
necessity, run at a very slow speed. In doing this, 
however, as can be noticed, the peaks and valleys of the 
armature current reading were so bunched together as to 
make an almost solid line. A further study was desired 
in order to bring more plainly into view the actual fluctua¬ 
tions of the armature current. Figure 7 shows the results 
of this study. In this case the film speed was increased 
to about 6 inches per second, as can be seen by the timin g 
wave made from a 60-cycle power supply. Here the 
c^e of armature current was sufilciently elongated to 
give a very defimte view of the peaks and valleys sepa¬ 
rated from each other. On this curve, the armature volt¬ 
age shows 2 very definite frequencies, one a compara¬ 
tively low frequency, with a change of not veiy great 
amplitude, and another a quite high frequency with a 
ctoge of an even smaller amplitude. The ripple of 
vibration in the voltage curve does not seem to bear any 
particular relation to the ripple found in the armature 
current curve, but no doubt, has some influence on it. 
Another fact which may have had some influence in 
causing a variation in the armature current was noted in 
watching the actual winding up of the strip upon the 
mandrel. The catch for securing the strip to the mandrel 
projected beyond the periphery of the mandrel, f'^njoiri g 
an eccentric shaped coil. This was only a minor eccentric- 





ARMATURE 
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Fig. 6. Continuation of figure 5. the coil hai now 
approached its maximum size 


ity, and while theoretically it had some effect upon the 
armature current, we are not justified in concluding that 
it was the entire cause of the ripples occurring therein. 

In considering an application of this type, there is still 
another inaccuracy present which should be recognized; 
namely, the frictional losses in the motor, gears, and reel. 
When operating near the normal load, this inaccuracy is 
for all practical purposes negligible, but when operating 
at very low loads, as may be the case when only one mill 
and reel are available to cover a wide range in tension, 
this inaccuracy can easily become very ma tpr igl, 

As an example of this, let us assume the current re¬ 
quired to produce the torque to overcome friction is 10 
per cent of the normal current rating of the motor, and 
let us assume that current variation permitted by the 
regulator is 6 per cent, as shown in dscillogpraph figtires 
5, 6, and 7. Then if the current required for overcoming 
friction and producing tension is 100 per cent of the normal 
rating, the variation in tension will be 5/(1.00 — 0.10) = 
5.66 per cent, which is a very good result. If, on the 
other hand, the current required to overcome friction and 
produce tension is assumed to be 20 per cent of thp normal 
rating of the motor, then the variation in tension will be 
5/(0.20 — 0.10) = 50 per cent. This may be satisfactory 
on many applications, but is certainly too great on many 
others, and seems to indicate the possibility of unsatis¬ 
factory operation in attempting to make a mill and reel 
cover too great a range, in tension. It is the author’s 
belief that a 5 to 1 range in tension is as high as is practic¬ 
able in an application of this type. 

Conclusion 

Coincidental electric drives are being used more and 
more in industrial applications. Many such drives have 
been applied with insufficient knowledge of the actual 
requirements of those drives, and with insufficient study 
of the details of that which must be accomplished to 
produce a successful drive. Some of these drives are now 
working with passable, although hot entirely satisfactory, 
results. Improvements, both as to economy and opera¬ 
tion, can be expected in the future by the study of those 
drives already applied, and by continued effective co-opera¬ 
tion between the operating and manufacturing engineers. 
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Impulse Operation of Magnetic Contactors 


By CARROLL STANSBURY 

MEMBER A]EE 


'Magnetic contactors as commutating devices for the 
^^P^lication of power for very brief periods (as in resistance 
practice) have encountered limitations which have 
, considered inherent in their nature. The author 

® found that this is not necessarily the case, and de- 
a method of operating magnetic contactors which 
o a. great extent avoids the usual limitations and gives 
® periods of great accuracy. 


T he magnetic contactor has been one of the 
most important factors in the application of elec¬ 
tricity to industry. Although its most extensive 
in the past has been in motor control, another applica- 
tion. of g^eat and growing importance in recent years has 
been, in the resistance-welding industry. The duty 
whioh the contactor is called on to perform in this field 
is tlxe commutation of a single phase circuit of low power 
factor, with loads ranging from 1 or 2 kva'up to over 
1,000 kva. The periods of power application vary from 
2 oar 3 cycles up to one second or more (references 1, 2, 
3, d:) . 

Tlxere are certain very important classes of resistance 
welding, however, on which it- has been found essential 
to use periods of power application which are too short 
for the use of magnetic contactors by conventional 
•metliods. Such welding includes the welding of aluminum 
alloys, stainless steel, and various light welding of non- 
ferrous metals in small light parts where the extreme 
locaulization of heat resulting from short-time welding is 
advantageous, (reference 5). The timing periods in¬ 
volved are on the order of 1 or 2 cycles or even Va 
cycle in some cases. 

Oaxn-operated contactors driven by synchronous motors 
have been used for this purpose and also all-electronic 
controllers using thyratron and ignitron tubes have been 
widely applied (references 6, 7, 8, 9, 10). (Reference is 
made to control for single 'spot welding as distin- 
guielxed from the type of seam welding control which 
consists of a series of over-lapping spots applied at very 
hig-lx speed through roller electrodes.) 

magnetic contactor has not been able to enter 
field successftiUy heretofore because certam limita¬ 
tions appeared to mark off a range of application below 
abon'fc cydes to which it is not applicable. However, 

in -tite natural competition of ideas and practices it was 
j^^^itable that attempts would be made to overcome 
theSI^ limitations. , The incentives for such a,ttdnpts were 
^oj^^iderable, provided magnetic contactors could be 

——'-"'Ter recommended for publication by the AI£B committee on-general power 
A p^^Ttions. Manuscript submitted March 4, J.887; released for publication 
n. 1937. 
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CA^^*^er, Inc,, Milwaukee. Wis. 


applied to this field with a simplicity and cheapness 
comparable to that with which they are applied to the 
less critical installations. 

General Problem 

It will perhaps best bring out the nature of the prob¬ 
lem to suppose at first that power is to be supplied to a 
single-phase load in separate periods of 10 cycles duration. 
If a contactor of suitable size is selected and oscillograms 
relating magnet-coil current to the closed or open con¬ 
dition of the main contacts are examined, it is found 
that if the coil circuit is closed at a given instant, the 
main contacts will touch about 2 cycles later, and that 
the contactor magnet will seal about 2 cycles after that. 


Fig. 1. Essential elements of 
typical magnetic contactor 

Elements represented are: sta¬ 
tionary masnet structure 1, magnet 
coil 2, armature 3, moving contact 
4, contact spring 5, stationary con¬ 
tact 6 

Magnetic blowout and return 
("tail”) spring omitted for sim¬ 
plicity 


Similarly, in opening, the contactor requires about 2 
cycles after the coil circuit is interrupted before the main 
contacts separate. To meet the above requirements, 
therefore, some sort of timmg device is used which closes 
the magnet circuit for 10-cycle periods. Its contacts 
close 2 cycles before the main contacts touch, and open 
2 cycles before the main contacts separate. For pur¬ 
poses of the present analysis it will be assumed that the 
timer used is non-synchronous in action. That is, the 
closing and opening of its contacts are at random relative 
to the phase of the alternating ^pply voltage. 

The timing results obtained would be somewhat dis¬ 
appointing if accurately measured, for reasons which 
would include some or all of the following; 

1. The tuning device itself would probably have an error of =*» V 2 
cycle or more 

2. There would probably be a variable amount of arc on the pilot- 
device contacts, affecting the accuracy of commutation of the coil 
circuit 

3. Due to the honsynchronous closing and opening of the coil circuit 
of the contactor, variable transients would occur affecting the 
duplication of action of the contactor magnet 

4. The use of a contactor with an a-c magnet involves having a 
direct iron-to-iron seal on the magnet face, The actual sealing 



lif' i 


■ I 

11 -^ / 




1937 


Siansbury—Magnetic Contactors 







would be slightly different each time, which would affect the accuracy 
of opening of the contactor 

6. There would be a variable amount of arc on the main contacts 
of the contactor. 

None of these factors is serious at 10 cycles, but all 
become increasingly so as the required period is reduced. 
Experience has shown that 3 or 4 cycles is the lower limit 
for most applications, because the percentage variation 
in the energy input to the weld becomes excessive at 
shorter periods. 

It is possible to set up a specification for an ideal 
program of energizing the contactor magnet simply by 
prescribing that the above defects should be absent. 
Such a specification would be something like the following: 

1. The timing device proper must be accurate to a very gmatl 
fraction of 1 cycle. 

2. The pilot device must operate without arc. 

3. The timing device must be synchronous in operation. 

4. The contactor magnet must operate without direct iron-to-iron 
seal. 

6. Arc on the main contacts must either be eliminated or be held 
to a uniform effect. 

Accurate Timing Element 

The essential elements common to practically all 
magnetic contactors are indicated schematically in figure 


total mass which is set in motion by the magnet. In 
order to obtain fast operation for resistance welding and 
similar applications, design tendencies have naturally 
been toward reducing the moving mass, increasing the 
magnet pull by using intermittent duty coils, and increas¬ 
ing the opposing spring forces in contact springs and tail 
spring, if used. 

When a magnetic contactor is energized, only part of 
the armature travel is completed when the contacts 
meet. Further forward movement of the armature is 
necessary (during which contact spring 5 compresses) to 


Fig. 3. Motion 
of armature dur¬ 
ing impulse opera¬ 
tion of contactor 
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Fig. 2. Curves 
representing 
opening motion 
of magnet arma¬ 
ture 


provide for contact wear and for magnet travel during open¬ 
ing before the contacts separate, so that suitable separating 
speed may be attained. Expressed briefly, armature 
movement equals arc gap plus wear allowance. 

Assume that the magnet is holding its armature in the 
sealed position with the contact spring 5 correspondingly 
compressed and that the magnet is then de-energized. 
The resulting outward motion of the armatiue is that of a 
mass accelerated by a spring (frictional and gravity 
forces being* small compared with that produced by the 
spring). Then if 

7 *= moment of inertia of armature 

r, = initial outward torque due to contact spring 

^ ™ angular travel of armature outward from sealed position 

t = seconds after mitiai instant 

^ = reduction in contact, spring torque per radian of opening 
motion 

^ <U‘ - ^0) = 0 (1) 


The solution of this is (assuming 0 = 0 when t = 0) : 




1. It is immaterial for the present discussion whether 
toe armature is hinged or slides, or whether it moves 
horizontally or vertically. The number of contacts and 
contact springs is also immaterial. 

In a typical magnetic contactor of average size the 
moving armature 3 is a laminated steel structure weighing 
several pounds. It constitutes as high as 85 per cent of toe 


If / is in pound-inches,2 in inch-pounds, K in inch- 

pounds per radian, and 0 in radians: 


ri-smJl2X S2.iaEA , » 

J " 'll 
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112 X 32.16 .K/J 


Using equation 3, the angular motion of the armature 
may be plotted as a function of time as in figure 2, wherein 
toe full-line curve shows the armature motion following 
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its release from the sealed position (the curves of figure 2 
apply to an actual contactor which may be considered as 
t 3 rpical). 

Now if the armature were held at some position inter¬ 
mediate between the sealed position and that at which the 
contacts just touch, as at JS or jB,^ and released, equation 
3 shows that the armature would move in accordance 
with the corresponding dotted curve of figure 2. It can 
be Shown that these curves constitute a family all of 
which intersect at point P, which is the angular position 


Fig. 4. Circuit 
providing actuat¬ 
ing current im¬ 
pulse for contac¬ 
tor coil—charg¬ 
ing type 
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at which deformation of the contact spring 5 is entirely 
relieved. However, in an actual contactor the contact 
spring 5 is restrained by a mechanical stop of some sort 
before this point is reached. As a result, the contact 4 
is moved away from engagement with contact 6 at the 
angular position of the armature represented by the line 
A — B. The slope of the various curves at points 
C — D—E is proportional to the speed of separation of the 
contacts. 

Evidently the process of acceleration of the armature by 
the spring is reversible. This fact is represented by 
figure 3. If the armature were in some way caused to 
move in the closing direction at an angular speed corre¬ 
sponding to the slope of the curve at at the instant the 
contacts engage, its movement thereafter would be in 
accordance with ihe full-line curve, and the total period 
during which the contacts would maintain a closed circuit 
would be represented by the interval E^E. (This state¬ 
ment neglects friction losses, which experiment proves to 
be justifiable.) Similarly, a slower armatmre speed at the 
instant the contacts touch would result in movement in 
accordance with one of the family of dotted curves, 
with slightly reduced interval. The only reason the 
interval is reduced is the restraint of the contact spring, 
as explained above. 

We are thus dealing with the inherent period of the 
mechanical system consisting of the contactor armature 
and the contact spring. The armature might be likened 
to the balance wheel of a watch, while the contact spring 
plays the part of its hair spring. Operated in this way 
the contactor is its own timing device. 

If the mechanical arrangement were such that the 
armature could oscillate in both directions under influence 
of the spring, it can be shown from equation 3 that the 
period of full oscillation would be 


Therefore the interval p in figure 3 is 


It would appear from the above that a contactor 
timed in this way is inherently inflexible as far as time 
adjustment is concerned. In fact it is the fixed nature of 
the timing which gives the system its inherent stability 
and reliability. Nevertheless, it is found to be a simple 
matter in practice to obtain timing adjustments over a 
sufficient range, as will be brought out in a later paragraph. 

Actuating Impulse 

It was assumed in the foregoing that the armature was 
in some way to be put in rapid motion prior to the instant 
the contacts touch. It was further assumed that the 
application of the accelerating force would not be con¬ 
tinued after that instant. This could be done mechani¬ 
cally by the action of a motor-driven cam, by the sudden 
release of a compressed spring, by pneumatic means, 
etc., etc. However, it has been found most convenient 
and satisfactory to accomplish this by momentarily 
energizing the contactor coil by a single unidirectional 
pulse of current. A suitable current pulse for this pur¬ 
pose must be accurately reproducible and it must bear a 
definite phase relation to the a-c supply voltage. Other 
desirable characteristics will appear later in the description 
of the control. Apparently the simplest method of 
generating suitable current pulses is by the use of charging 
or discharging currents of capacitors. 

Figures 4 and 6 show the 2 alternative circuits which 
have been successfully used in practice. It will be seen 
that both circuits involve a single-pole double-throw 
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Fig. 5. Circuit providing actuating current im¬ 
pulse for contactor coil—discharging type 


pilot device, a capacitor C, and a thyratron T. For 
either circuit, when the pilot device is put in the posi¬ 
tion, these elements are connected in series with the 
contactor coil. 

As the contactor (»il has both resistance and self¬ 
inductance, the circuit of figure 4 (neglecting the action 
of thyratron T) is the classical case of X, C, and J? con¬ 
nected in series with a d-c source (reference 11). (For 
the convenience of the reader, formulae appropriate to 
this type of transient are given in an appendix to this 
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paper, together with a brief descaiption of the method by 
which the electrical and mechanical performance of a 
given contactor and circuit may be predicted.) 

As is well known, if in the L, C, R circuit of figure 4, 
CR^<4L the current flow when the pilot device is closed 
will consist of a series of damped oscillations (or would, 
but for the presence of the thyratron T). This is illus¬ 
trated in figure 6 which was made with the thyratron 
omitted. By way of comparison, figure 7 illustrates the 



Fig. 6. Oscillogram of impulse operation of 
contactor 


Actuatins current as In figure 4, except thyratron omitted 
Upper trace—Potential across capacitor C 
Middle trace—^Magnet-coil current 
Lower trace—^Magnet armature motion 
Interruptions In trace are at one-cycle intervals 


of each oscillogram shows the motion of the magnet arma¬ 
ture. In each case, this trace is shown in relation to 2 
horizontal lines, one of which represents the position 
of the armature with the contacts just touching, while the 
other represents its position when in the sealed position. 
These lines were made in turn by holding the armature 
in the touch and sealed positions, respectively, during a 
passage of the oscillograph film. The time interval 
between the 2 points of intersection of the trace of arma¬ 
ture travel with the toiich line therefore corresponds to the 
actual closed-circuit period. The portion of the trace 
between these points is equivalent to the curves of motion 
of figure 3. The quantitative agreement will be evident 
by comparing figure 8 with figure 3, the timing gaps in the 
former being at one cycle, or 16.7 millisecond, intervals. 

It will be noted in the oscillograms that, after opening, 
the armature pulls out further than the position of rest 



case m which the constants are such that no current 
oscillations occur. 

Examination of the type of current pulse in figure 6 
or 7 shows neither to be well suited for the present pur¬ 
pose, which obviously requires for clean-cut operation a 
single pulse of current, without either subsequent smaller 
pulses as in figure 6, or gradual cutoff as in figure 7. 
The presence of the thyratron T (together with the use of 
suitable circuit constants) provides for such a pulse by 
preventing subsequent current flow after the first single 
half-oscillation. To show this figure 8 was made under 
the same conditions as figure 6 except for the presence of 
the thyratron in the circuit. Figure 8 and figure 9 are 
typical of actual operation with the charging and dis¬ 
charging circuits, respectively. 

The thyratron also serves to time the start of the pulse 
to the desired synchronous relation to the a-c supply to 
the welder circuit. This triggering action is accomplished 
by applying a shaip-peaked wave to the grid to allow the 
th3rratron to start conducting (after the pilot switch is 
closed) only at a definite point in the a-c cycle (reference 
12). The phase position of the peahed wave is tnade 
adjustable throughout 360 electrical degrees to permit 
adjustment of the phase of the instant of separation of 
the contacts. 

As explained in the caption of figure 6, the lower trace 


Fig. 7. Impulse operation with aperiodic actuating 
impulse 

Circuit as in figure 4/ C/?* > 4L 


and is then restored thereto in a period of about 4 cycles. 
This action is possible on this particular contactor because 
it includes a flexible stop in the open position which 
a snubbing action of this type to prevent bouncing. 

The operation of the circuit in figure 5 is essentially 
the same as that of figure 4 except that operation is 
obtained on the discharge instead of the charging current. 
Figure 4 is suited for use on a d-c supply circuit whereas 
figure 5 is suited for a-c supply or may be used on d-c with 
the rectifying tube omitted. 

Time Adjustment 

From the explanation accompanying figures 2 and 3 
above, it will be seen that adjustment of timing by mechani¬ 
cal means would be possible, either , by use of weights 
attached to the moving armature, to increase its mass, 
by adjustment or interchange of contact springs, or both. 
In practice, however, ^tirely electrical adjustment by 
changing the capacity in the circuit is very much more 
convenient and desirable. Such adjustment results in 
variation of the speed of the armature at the instant the 
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contacts touch, and figure 3 shows that some time adjust¬ 
ment is available in this way, as the closed interval can 
be changed from E^-E to D^-D and so on. Fmthermore, 
by providing more capacity than necessary for sealing 
the armature, longer periods than that represented by the 
interval E^-D in figure 3 are available. Ejcperience has 
shown that, by providing a nonmagnetic spacer to pre¬ 
vent an iron-to-iron seal on the magnet face, quite satis¬ 
factory accuracy for longer timing periods up to about 
5 cycles is obtainable. 

The greatest percentage of the work for controllers of 
this type is in the short range where the contactor operates 
on the true impulse basis. Where such short time with 
suitable accuracy is available in the controller, it is gen¬ 
erally preferable to hold the time of application constant 
and adjust the energy input for different t)q)es of work 
by adjusting the welding current. 

The performance curves of figure 3 and the oscillograms 
herein apply to a contactor having a somewhat higher 
natural period than would generally be applied to this 
work. Actual contactors now being used have lighter 
armatures and higher spring tensions and have a natural 


operated. Commercial installations used to date have, 
however, had manual adjustment only. 

Commercial Applications 

Figure 11 shows a commercial impulse controller using 
the circuit of figure 5. The contactor which is used with 
this control is of more or less conventional type as far as 
appearance is concerned, but has an unusually small 
magnet for the size and capacity of the contacts and has 
unusually high contact spring pressure in order to reduce 
its natural closed period to 1 cycle. 

Commercial experience covers a period of about 18 
months at the time of writing and includes separate 
installations in regular production service on stainless 
steel, aluminum, light nonferrous welding, and machine 
driven operation in one-cyde wdding on steel at more 
than 5 welds per second. The method is particularly 
suited to applications of the last-mentioned t 3 pe because 
operating without sealing the magnet eliminates the 
principal cause of magnet wear. Operation is quiet for 
the same reason. 


Conclusions 



Fig. 8. Impulse operation with oscillation prevented 
by thyration 

Circuit as In figure A) CR^ < 4L 
This is normal type of impulse operation with the charging 
circuit 


dosed-contact period of about 1 cyde. Laminated 
magnets are necessary in order to obtain suitable speed. 

Arc on Main Contacts 

Phase adjustment of the coil current pulse makes 
possible adjustment of the instant of opening of the main 
contacts to avoid objectionable arcing. It is possible 
to adjust away from a condition of heavy arc, and experi¬ 
ence shows that the arc that is obtained is quite uniform 
and pennits excellent uniformity of the wdding results. 
On stainless steel and light nonferrous welding the ardng 
is not a factor, but it becomes important on the high 
currents used in aluminum wdding. 

Automatic means for adjusting the instant of opening 
of the contacts have been developed and successfully 


The method of control described herein conforms to the 
specifications given in a early paragraph of this paper 
as essential for successful short period operation of mag¬ 
netic contactors. Moreover, it results in a contactor 
control in which the noise of magnet impact, and the 



Fig. 9. Normal impulse operation with discharging 


circuit 

Circuit as in figure 5? C/?* <; 4/. 

problem of magnet wear, are ditnihated. The controls 
built on this prindple have fulfilled expectations in service 
over a considerable pdiod and on a variety of work. 

Although the present exposition of the method has 
emphasized its application to the residance welding 
fidd, this is primarily for purposes of illustration; and 
because that fidd appears to be the most important 
immediate applica,tion. : It is quite .possible that the 
method is applicable aS a machine elem^t for pthd ; 
■purposes.:,;" 
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Appendix—Calculation of Armature Motion 

In order to predict the performance of a given contactor 
in impulse operation, it is necessary to have the following 
information; 

1. The self-inductance L and a-c resistance R of the magnet coil as 
a function of turns and of magnetic gap. (It appears to be a satis¬ 
factory approximation to use 1.6 times the d-c resistance for R) 

2. The pull characteristics of the magnet as a function of ampere- 
turns and magnetic gap 

3. The moment of. inertia of the armature, contacts, and other 
moving parts, both when moving freely and after contacts engage. 
Calculated values based on estimated gyration radii of components 
are sufBciently accurate for practical purposes 

4. Torque of unbalanced weight and friction torque of armature 
and other moving parts 

6. Torque exerted by contact springs as a function of magnetic gap. 
Symbols • 

i = instantaneous coil current, amperes 
e = instantaneous potential across capacitor, volts 
E = d-c supply volts in figure 4 or initial (fully charged) capacitor 
volts in figure 5 

t — seconds from instant pilot device is put in on position 
L — self-inductance of coil, henries 
R “ a-c resistance of coil, ohms 


and, for figure 5: 


1 CL 4L 


Although for a given coil I. is a variable depending on the mag¬ 
netic gap, and although the armature is in motion during the passage 
of the pulse of coil current, analsrsis of a number of oscillograms of 


Be 2i ( cos jS/ + sm pt j 


By the use of equation 6 it is possible to plot an approximate curve 
representing the coil current pulse as a function of time for any 
assumed set of constants. 

Having this prediction of coil current as a function of time and 
the other information listed above, it is a matter of straightforward 
mechanics to predict the motion of the armature. The method used 



Fig. 11. Commercial controller for impulse opera¬ 
tion of contactor 

Contactor not shown/ handwheel in center of panel Is for 
phase adjustment; the row of snap switches is for adjustment of 
the main capacitor; relay and thermal strip timer allow time 
for heating of thyratron cathode 



Fig. 10. Method of 
recording armature 
movement on oscillo- 


,OSCILLOGRAPH 
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The brush of the voltage- 
divider rheostat (mass and 
friction of which are negli¬ 
gible) is moved by the 
armature 


coil current ^d armature motion has shown that a good approxi¬ 
mate prediction of Ihe current pulse is obtainable by using for L 
value corresponding to the armature at rest in the open position. 
Usmg this value of L it is essential, in order to obtain a circuit in 
transient has an oscillating tendency, to make 
CK < 4L. If . this requirement is met by the circuit constants 
selected (reference 11), 

£ 

lor either agure 4 or agure 6. Equations lor potential «ios, ea- 

paator are, for figure 4; 


— .E 2l ^cos pt -h sin — 1J 


by the writer for doing this is a step-by-step calculation in which 
the net torque and resulting acceleration is taken as constant for 
each of a succession of equal short periods of time (0.002 sec. has 
been found suitable for the time increments). 
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A-C Motor Protection 


By C. W. KUHN 

MEMBER AIEE 


S3rnopsis 

An investigation of motor protection can be made by a 
comparison of the proper motor and thermal overload 
relay data. Convenient data for this are motor “pro¬ 
tection” curves for comparison with “tripping time” 
curves of thermal overload relays. These motor curves 
should include single phase operation of polyphase motors 
as this is one of the abnormal conditions for which motors 
should be protected. The capacity of the motor at 
different expected ambient temperatures should be com¬ 
pared with the capacity of the overload relay at its 
corresponding ambient temperatures. 

M otor protection is an important considera¬ 
tion in any a-c motor installation. This is recog¬ 
nized in industry by the almost universal use of 
motor protection. It is of particular importance in the 
design and use of automatic motor-driven equipment such 
as compressors, pumps, electric refrigerators, oil burners, 
and the like, which may represent definite fire hazards 
as the result of motor failure. 

Almost all a-c motor protection today is by means of 
thermal overload devices. These thermal overload devices 
are not necessary units for the operation of the motors 
they protect but increase the use which can safely be 
made of them. Frequently they are not given the con¬ 
sideration they merit. This is partly due to lack of 
data, in convenient form, for the adequate consideration 
of a thermal overload application. 

It is the purpose of this paper to outline the data 
necessary for a study of a-c motor protection by thermal 
overload devices and to present a method of calculating 
some of the more important factors based on the usual 
motor performance curves. 

Motor Characteristics 

The important motor characteristics to determine 
adequate motor overload protection are: 


The temperature rise of the motor windings is conveni¬ 
ently measured by means of thermocouples placed in the 
motor slots. Figure L4 and figure LB show “protection” 
curves for 2 designs of a-c motors. Curves are included 
for single-phase operation of pol 3 rphase motors. Such 
single-phase operation may result from a blown fuse and 
is one of the hazards against which polyphase a-c motors 
should be protected. 

While the curves of figure lA show that any protection 
satisfactory for polyphase operation would protect the 
motor when operating single phase, the reverse is some¬ 
times true. Single-phase operation of some pol^hase 
motors results in higher temperatures of the active winding 
than would be obtained for the same current with normal 
polyphase operation. This is an important factor in 
motor design and one which is not always given considera¬ 
tion. 

“Locked rotor data” merits special consideration and 
should consist of the following particulars: 

1. Current at normal voltage 

2. Current at normal voltage of polyphase motors with only one 
phase in circuit 

8. Time required to reach the maximum safe temperature for 1 and 
2 starting with ambient temperatmre of 26 degrees centigrade 

The motor “load” curve shows the continuous load in 
amperes at which the motor will reach a ma ximum safe 



Fig. 1A 


1. “Protection” curve 

2. “Locked rotor data” 

3. “Load” curve 

“Protection” curves show the time required for the 
motor windings to reach a certain ma xim u m safe tempera¬ 
ture. Time values for these curves are preferably meas¬ 
ured, starting with windings at 25 degrees centigrade. 

A paper reconmended for publicatioii by the AISS co nu ni t tee on general 
power i 4 >plications. Manus^pt submitt^ January 4, 1987; released for 
publication Idarch 1, 1937. 

C. W. yitJHN is development engineer with Cutler-Hammer, Inc., Milwaukee, 
Wis. 
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the basis of a 40 degree centigrade rise of the motor 
windings at full load. The current and watt loss causing 
this temperature rise can be obtained from the efficiency 
and currmt curves of the motor. The approximate 
temperature rise at higher current loading is proportional 
to the watt loss in the motor. A “temperature rise” 
curve calculated on this basis is shown in comparison 
with an actual test curve for the same motor in figure 5. 
From these data we can determine a motor “load” curve 
as previously explained. 

Thermal Overload Relay Characteristics 



Fig. 3 


temperature for various ambient temperatures. Such 
curves are shown in figure 2 for 2 designs of motors. 
Data for motor “load” curves can be obtained by deter¬ 
mining the temperature rise of the motor winding for 
continuous operation at different loads as shown in 
figure 3. The permissible temperature rise at any ambient 
temperature is the difference between the selected maxi- 
mmn safe temperature and the ambient temperature 
considered. 

Calculating Motor Temperature Curve 

In the absence of actual test data, an investigation 
for determining motor protection can be made from the 
usual motor performance curves as shoym in figures 44 and 
4B. From these curves a “temperature rise” curve for 
continuous duty standard motors can be calculated on 


Two important thermal overload relay characteristics 
for motor protection are: 

1. “Tripping time” curve 

2. “Tripping current” curve 

The “tripping time” curve for a thermal overload relay 
shows the time required to trip the relay at various 
current values, in an ambient temperature of 25 degrees 
centigrade. One convenient method of varying the per¬ 
formance of the simple industrial thermal overload relay 
in this respect is by changes in heater coil design. Curves 
of figure 6 illustrate some possibilities in this respect. 
Curve A is suitable for the protection of most standard 
lypes of motors. Curve B shows the performance of a 
fecial fast tripping heater coil for the protection of the 
internal start type of motor. Curve C shows the per¬ 
formance of a special slow tripping heater coil for use with 
the more rugged types of motors with high-inertia start¬ 
ing loads. 

To provide thermal overload relays whose operating 
characteristics more closely follow motor characteristics, 
designs can be used with additional heat-storage to 
assimilate the effect of the motor frame. Such designs, 
however, are not generally used for industrial or small- 
motor applications, their added cost being justified only 
on large generators and motors. 

The “tripping current” of a thermal overload relay 
depen^ upon the ambient temperature in which it is 
operating. This is illustrated by the curves of figure 7. 
These further show a difference in the effect of ambient 
temperature as a result of different tripping temperatures 
of the thermal overload relays. For an ideal thermal 
overload relay design^the tripping temperature should be 
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such that ambient temperature will change the tripping 
current to maintain a maximum, safe motor temperature. 

The current rating of a thermal overload relay as 
established by the Underwriters Laboratories requires 
that it must trip at rated current in a 40 degree centi¬ 
grade ambient temperature. Any manufacturing varia¬ 
tion must be such as to cause it to trip at a value below 
its rated current. 

Thermal Overload Relays 

There are 2 general types of thermal overload relays 
used for industrial applications, i.e., bimetal and solder 
film. Each of these is manufactured in a variety of 
ingenious mechanisms. Similar performance can be 
obtained with either type, as to tripping temperature, 
time characteristics, etc. Either type can be made with 
or without current adjustment. 

The solder-fihn type of overload relay is capable of 
current adjustment by movement of the thermal member 
with respect to the overload heater. The amount of 
current adjustment obtainable by this method is limited 
to approximately 20 per cent. A relay of this type is 
shown in figure 8. Another method of obtaining current 
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adjustment with this type of thermal overload relay is by 
use of current transformers with variable taps and adjust¬ 
ment of the magnetic circuit. 

Current adjustment is most readily accomplished with 
a bimetal overload relay by changing the movement 
(which changes the tripping temperature) required for 
the bimetal to trip the overload relay. An adjustable 
thermal overload relay of this type is shown in figure 9. 

The chief advantage of the adjustable overload relay 
is the possibility of its use for motors of different current 
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Fig, 8. Adjustable solder-film thermal overload 
relay (Cutler-Hammer) 


ratings. Current adjustment is unnecessary on a parti¬ 
cular motor application. If the overload rating is proper 
for that motor, higher current adjustments are dangerous 
from tJie standpoint of motor burnout, and lower adjust¬ 
ments are unnecessary for motor protection. Twomanuail 
a-c starters with nonadjustable thermal overload units 
of the solder-film type are shown in figure 10. 

Motor-Mounted Overload Devices 

Overload devices built into the motor are at present 
receiving increased consideration, particularly , in the 
small-motor field. These devices are of the same general 
type as the separately mounted overload units and should 
be distin^hed from those operating primarily from 
motor temperature. They differ, of course, ih: detail of 
construction to meet space and mountmg conditions. 
In general, they incorporate separate heaters for adequate 
motor protection under locked-rotor cphditionSi In 
some designs they are heated by the emrrent which 
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Cycling Overload 


The “cycling overload” is an automatic resetting ther¬ 
mal overload device. The contacts are placed in the 
line circuit to the motor. When it trips, the motor is 
de-energized. When it resets, the motor again attempts 
to start. This t 3 rpe of motor protection is only used 
commercially for fractional-horsepower motors. Its prin¬ 
cipal application is on motors for refrigeration. Such 


inasmuch as the motor requires materially increased 
current at lower ambient temperatures for a given maxi¬ 
mum safe motor temperature. Therefore, the motor 
will tend to run cooler at normal ambient temperatures 
if adequately protected at maximum ambient temperature 
by a built-in overload device. 


Fig. 9. 


Adjustable bimetal thermal overload relay 
(General Electric) 



Fig. 10. Manual starters with nonadjustable solder- 
film thermal overload units (left, Cutler-Hammer/ 
right. General Electric) 


through the overload mechanism or the bimetal operatine 
strip. 

The performance of a thermal overload device built 
into a motor differs from that of a separately mounted 
overload unit. Its tripping current is obviously influ¬ 
enced by motor temperature. Consequently, the time 
characteristics of such an overload device more closely 
approximate those of the motor, and greater capacity is 
obtained for carrying short time, heavy overloads. Figure 
11 shows motor “protection” and thermal overload relay 
“tripping time” curves for a solder-film overload relay 
mounted in the end bell of a capacitor-start motor. 

Such motor-mounted overload devices do not, however, 
foUow motor characteristics as closely with variations in 
ambient temperature. If the motor were to reach the 
same maximum safe temperature under all conditions, 
the temperature surrounding the overload would tend 
to remain constant and the tripping current would be 
constant. Obviously such conditions cannot be obtained 



Fig. 12 
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motor protection is not a new development in this field 
although its use has recently become more widespread. 

The use of cycling overloads” for domestic refrigera¬ 
tors has 2 advantages over the manually reset type of 
overload protection. It permits the use of a smaller 
motor for starting a refrigerator which has been out of 
service in warm weather by stopping the motor periodi- 
cally. This first starting, after being out of service, 
requires considerably more power than that required to 
cycle the refrigerator after it has reached normal operating 
temperatures. The other advantage is that it will 
restart the refrigerator after a shutdown due to such 
temporary conditioiis as, low voltage during a storm, 
which may cause the refrigerator motor to stall and the 
overload device to trip. 
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The “cycling overload” like any other can be used either 
as a separately mounted device or it can be built into the 
motor. Figure 12’ shows motor temperatures for con¬ 
tinuous cycling on overload at various heavy overloads 
including locked rotor conditions. 

Determining Motor Protection 

Motor overload protection can be determined by a 
comparison of the proper motor and thermal overload 
relay data. For industrial control applications the follow¬ 
ing considerations are important. 

1. The tripping time of the thermal overload relay should be less 
than the time required for the motor to reach a dangerous tempera¬ 
ture at any load. This can be determined by comparing the “trip¬ 
ping time” curve of the thermal overload relay with the “protection” 
curves of the motor. The latter should include single phase as well 
as pol 3 rphase operation for polyphase motors. 

The thermal overload relay will have a higher rating than the full 
load ra ting of the motor for most applications. This overload 
capacity must be decided upon when comparing “tripping time” 
and “protection” curves and both considered in common terms of 
amperes or motor full-load current. 

2. Locked-rotor protection can be determined from motor “locked- 
rotor data” and the “tripping time” curve of the thermal overload 
relay. The tripping time of the thermal overload relay selected 
should be less than the time for the motor windings to reach a 
dangerous temperature. Consideration should be given single¬ 
phase performance as well as polyphase performance of polyphase 
motors. 

3. To obtain the best motor protection and to permit operating 
the motor continuously at maximum safe load, it is generally desir¬ 
able to have the thermal overload relay installed where it will be 
subject to the same ambient temperature as the motor. When this 
relation exists it is an easy matter to determine motor overload 
protection by comparing the motor “load” curve with the “tripping 
current” <mrve of the thermal overload relay. Again this compari¬ 
son can best be made on a common basis of amperes or per cent 
motor full-load current. 

Installations which require the thermal overload relay to operate 
at materially different ambient temperatures than the motor should 
have motor “load” curve and thermal overload relay “tripping 
current” curves investigated for the corresponding expected ambient 
temperatures. Complete motor overload protection tmder such 
conditions will result in limiting motor capacity below the safe value 
which would be permitted if both motor and thermal overload relay 
were installed in the same ambient temperature. 

The performance of thermal overload devices built 
into motors can best be determined by tests of the com¬ 
bined assembly. Such installations are effected by air 
circulation in the motor and heat conducted from the 
motor parts to the thermal overload device. 

“Cycling overload” applications are likewise best 
made from actual test data of the combination motor and 
“cycling overload.” An investigation can be made for 
separately mounted “cycling overload” applications, 
gimilflr to that outlined for industrial control. It is 
essential, however, to investigate cycling conditions par¬ 
ticularly those for locked rotor. The time fhe “cycling 
overload” contac^ts are cdosed under sucdi conditions is 
very short and the motor is energized only a small per¬ 
centage of the time. A necessary requirement for motor 
protections is that the “cycling overload” have a smaller 
“per cent time on” at locked rotor cairrenib than the ratio 

of fuU-load motor loss watts to locked rotor watts. 
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Industry is conscious of its a-c motor overload protection 
problem. This is indicated by the development work being 
done by both control and motor manufacturers. Perhaps 
further advancement will be made in the art in the not too 
distant future. 


Survey of Marine Radio Progress 

A paper entitled “A Survey of Marine Radio Progress, 
With Special Reference to R. M. S. ‘Queen Mary’ ” by 
Commander F. G. Loring, W. L. McPherson, and W. H. 
McAllister, was read before The Institution of Electrical 
Engineers in London, England, on March 3, 1937. This 
35-page paper, with 29 illustration and tables, gives a 
general survey of the field of marine radio with a view to 
placing on record the state of the art as of 1936. A short 
summary of progress during the past 5 years with particu¬ 
lar reference to the nature and volume of traffic, the 
types of communication involved, and the growing use of 
dbrection-finding equipment by navigators is given., Spe- 

■ cial attention is paid to the types of radio equipment now 
customarily fitted in cargo vessels and in passenger vessels 
other than those of the “express steamer” class. 

In order to give a description of the problems and how 
they are met on “express steamer” class of vessels, the 
R. M. S. “Queen Mary” is used as an example. The 
actual radio station of this ship and its associated power 
supply and antenna systems are described. The control 
room arrangements handle 4 independent duplex circuits 
which require special precautions to insure efficient multi¬ 
plex working, quick change of wave length, high-speed 
transmission and reception, and simultaneous commu¬ 
nication on both telephony and telegraphy with both sides 
of the Atla,ntic. 

With the introduction of subscriber’s ship-to-shore 
radiotelephone service, terminating equipment was re¬ 
quired for ship installation. The prmary function of 
the equipment is to prevent local interaction between 
radio transmitter and receiver, and in addition it may 
provide a “privacy” system to render speech unintelligible 
to unauthorized listeners. 

On the “Queen Mary” service was planned to be of 
the same nature as that furnished on the transoceanic 
radiotelephone links, so that the terminating equipment 
is more complete than hitherto fitted in ships and includes 
a privacy system. Communication equipment is housed 
in 3 separate rooms: the power room, near the engine 
room of the ship, which contains 2 45-kva alternators 
(one a spare unit) operated from the d-c supply of the 
ship; the transmitting room, on the sun deck, which 
contains the 4 main transmitters and the power control 
and distribution board; and the operating room, on the 
sun deck and about 400 feet from the transmitting room, 
which contains all receivers, telephone terminal equip¬ 
ments, remote-control apparatus, transmitting keys, 
high-speed transmitting and receiving apparatus, and a 
complete emergency station. Thirteen antennas are re¬ 
quired for transmitting and receiving on various 
quencies and for the direction finder. 
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Sixty-Cycle Calibration of the 50-Centimeter Sphere Gap 

By C. S. SPRAGUE G. GOLD. 

ASSOCIATE AIEE NONMEMBER AIEE 


O NE OF the important functions of the Institute is 
to provide specifications relating to the standard¬ 
ization of testing equipments and methods. Since 
the pubhcation of AIEE Standards No. 4, May 1928, con¬ 
siderable progress has been made in the extension and 
revision of the calibrations for the grounded sphere gap 
for both 60-cycle and impulse voltages. This paper pre¬ 
sents data which should be of assistance in establishing 
the calibrations of ungrounded sphere gaps. In addition 
to these data, the paper also describes the equipment and 
method used in determining the crest voltage applied 
to the spheres and the means of determining the spacing 
at spark-over. Data are also presented upon the effect 
of ultraviolet irradiation of the spheres. 

Stunmaiy 

1. Ultraviolet radiation of the spheres materially improved the 
consistency of the sphere gap. 

2. As compared with the nonirradiated gap the spark-over spacing 
of the irradiated gap was slightly but definitely increased’ over the 
whole range. 

3. The curve of the nonirradiated gap checks the calibration as 
given in AIBE Standards No. 4 up to approximately 300 kv but 
falls below standard curve above this point. 

4. The vacuum-tube type crest voltmeter used in conjunction with 
a capacitance potential divider was found to be very satisfactory 
and convenient both for calibrating the sphere gap and for everyday 
measurements of 60-cycle crest voltages. 

General Description of Equipment and Setup 

The photograph of figure 1 illustrates the spheres, resis¬ 
tors, leads, etc. and the manner in which they were sup¬ 
ported. The spheres were of copper, 50 centimeters in 
diameter, conforming to the AIEE specifications. The 
shanks were of 3-inch diameter smooth brass tubing, and 
were 6 feet long. As will be seen from figure 1, each sphere 
w^ supported at the shank by 2 pairs of ropes, each pair 
arranged iii the form of a F and fastened to the shank in 
such a manner as to leave the shank free of loose rope ends, 
collars, etc. At the upper ends of the V each rope was 
passed over a small pulley fastened to the wooden frame. 
The axis of the gap was 12 feet above the concrete floor of 
the laboratory. With the exception of "the shanks, sup¬ 
porting ropes, Uviarc lamp, floor, etc., no other bodies 
were mthin 16 feet of the spheres. Individual adjust- 

A paper recMiminended for publicatida by the AIEE committee on instruments 
and.mMsur^Mts, Manuscript recrived March 12, 1937; released for pubU- 
cation March 31, 1937. ' . 
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ment of the 8 supporting ropes allowed careful aligning of 
the gap. 

A total series resistance of 2 ohms per volt (effective 
value) was enclosed in the shields at the ends of the shanks, 
half of the resistance in the lead to each sphere. The leads 
from the resistances to the transformer terminals were 
composed of 3- and 4-inch diameter galvanized iron pipe. 

It will be seen that some considerable precautions were 
taken to eliminate corona formation. In this respect the 
arrangement was satisfactoiy as corona became noticeable 
only at voltages greater than the accepted accurate range 
of the gap. 

The gap spacing was adjusted by pulling back either or 
both spheres. It may be noted here that the upper ends 
of the ropes supporting the spheres were so located that 
there was always tension upon the ropes used to piill back 
the spheres, thus eliminating all slack or tendency of the 
spheres to swing. One sphere was provided with a rela¬ 
tively coarse adjustment and the other with a closely con¬ 
trolled continuously variable adjustment. This allowed 
each sphere to be pulled back approximately the same 
amount so that the sphere axes would be in line at spark- 
over. 

The sphere spacing at spark-over was measured by 
means of a telescope, set with its axis perpendicular to the 
axis of the sphere gap and arranged to slide on carefially 
aligned ways in a direction parallel to the axis of the sphere 
gap. A white background shown in figure 1 facilitated 
accurate setting of the vertical cross hair on the sphere 
surfaces. The spacings were determined from the readings 
of a centimeter scale, fixed in position relative to the tele¬ 
scope base. Repeated checks of a gjiven spacing indicated 
'that the error of setting the telescope cross hairs and read¬ 
ing the scale was less than 0.3 millimeter. 

Variable voltage for the spheres (tip to 600 kv effective 
center grounded) was provided by 2 135-kva 300-kv (effec¬ 
tive) transformers having their primary windings sup¬ 
plied from a tap-changing regulating transformer. Ter¬ 
tiary windings in the transformers were used only to 
provide a check upon the regulator settings. . Each trans¬ 
former was equipped with a condenser-type high-voltage 
bushing which was used as the high-voltage condenser of 
a capacitance potential divider. The capacitance of each 
bushing was carefully determined over the entire voltage 
range. 

The crest voltage applied to the sph^es was measured 
by means of a vacumn-tube crest voltmeter used in con¬ 
junction with the capacitance voltage divider. This crest 
voltmeter, primarily developed for use in this cdibration 
work,, has proved itself to be a reUable and consistent in- 
striunent for day-to-day measurement, of 6G-cycle crest 
voltages. Wit^ operation of the vacmun 

tubes and other parts, it appears that the instrument re- 


Spt(ig,U€i Gold—^SphcTc Gcip 


ELBC'ndCAL ENGiNEERING 



r.k-^ 


tains its calibration for an indefinite period. Some other 
advantageous features of the vacutun-tube crest voltmeter 
are: 

1. Crest voltage readings are obtained independently of wave 
shape. 

2. The crest voltage reading is proportional to the average crest 
of a number of successive cycles and is unaffected by occasional 
surges or high-frequency oscillations in the voltage supply. 

3. It does not load the capacitance voltage divider, or otherwise 
affect its ratio. 

4. Provides a continuous indication of crest voltage and responds 
quickly to changes in the crest voltage. 

6. Crest voltage readings are to a high degree independent of the 
supply voltage to the instrument. This is because the operation 
depends not upon the absolute currents in the vacuum tubes, but 
rather upon the differential current which is caused to be a fimction 
of the applied crest voltage. 

The obvious disadvantage of the instrument is that a 
high-voltage capacitor of known and constant capacitance 
is required for the potential divider. 

The source of ultraviolet radiation was a 220-volt Uviarc 
operating at approximately 4 amperes and with a drop of 
170 volts across the tube. This source was placed 12 feet 
from the axis of the gap and at the same height above floor 
level. 

Method of Calibration 

The general procedure in determining the relation be¬ 
tween voltage and spark-over distance is to assume one of 
the variables as independent, and to adjust the second 
until spark-over occurs. The choice usually depends upon 
the manner and convenience with which the respective 
factors may be uniformly varied or held constant as the 
case may be. Thus the spacing may be fixed and the volt¬ 
age increased to spark-over or the voltage may be set at 
some desired value and the spacing reduced. The latter 
method was chosen in this case, since, with the voltage 
controlled by a tap-changing regulating transformer, this 
latter method eliminated the possibility of surges or oscilla¬ 
tions ill the voltage due to sparking at regulator contacts. 


In determining the spark-over distance corresponding 
to a given voltage each sphere was pulled back an equal 
amount to provide a spacing approximately correct for the 
voltage used. The sphere with fine adjustment was then 
pulled back still farther and the voltage applied and set to 
the desired value. The spacing was then gradually and 
uniformly reduced until spark-over occurred. The spheres 
were held at this spacing and the spacing determined by 
means of the telescope. In this way a large number (10— 
20 ) of readings, both with and without ultraviolet irradia¬ 
tion, were taken for each voltage with an average interval 
of about 3 minutes between readings. 

In the first calibration 12 points were taken up to spac- 
ings approximately equal to the sphere cfiameter. A 
second calibration was then made using 11 intermediate 
points and later several of the original points were re¬ 
checked. The fact that a smooth curve na n be drawn 
through all the points should be reasonable proof of the 
accuracy of the work and of the consistency of the setup. 

Barometer, temperature, and humidity readings were 
obtained frequently and the final results corrected to a 
relative air density of unity. 

It was quite frequently noticed, when beginning a series 
of readings after an interval during which the gap had not 
been sparked over, that the first 2 or 3 spacings obtained 
were higher than subsequent spacings, in other words, the 
^p seemed to break down easier. Accordingly from 3 to 
6 “clean up” spark-overs were allowed before actually 
taking data. 

With due care, the spacing of the spheres could be re¬ 
duced very gradually and uniformly with no tendency 
toward mechanical osdllation or other undesirable motion 
of the spheres. During this operation the crest voltmeter 
reading was observed up to the instant of spark-over. 
Thus, any slight and gradual changes of voltage would be 
indicated. In general, however, neither the tertiary volt¬ 
meter nor the crest voltmeter indicates the presence of 
short-time surges or high-frequency oscillations which may 
exist in the power supply system due to external causes, 
such as switching operations or suddenly changing loads. 
Occasional erratic readings were obtained and these were 


Fig. 1. Photograph show¬ 
ing arrangement of 50- 
centimeter ungrounded 
sphere gap 
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attributed to the above factors and were not used in averag¬ 
ing the results. 

Calibration Data 

Table I presents the calibration data for the actual test 
points and is presented principally to illustrate the effect 
of ultraviolet radiation in decreasing the scattering of in¬ 
dividual readings and increasing the spacing. 

Table II provides the final calibration data, the values 
being taken from a smooth curve drawn through the 
points of table I. Data from the calibration as given in 
AIEE Standards No. 4 is also provided for comparison. 

Accuracy of Results 

As stated before the telescope settings for a given spacing 
could be repeatedly checked within 0.3 millimeter or within 
0.15 millimeter of the average of a large number of read- 

Table I—Test Data for 50-Centimeter Ungrounded Sphere 
Gaps Corrected to Standard Atmospheric Conditions 
(Delta = 1) 


Voltage, 

EilOTolta 

Crest 


Average Spacing, 
Millimeters 

iron- Irradiated 
irradiated 


Maximum Deviation From 
Average Spacing in Per Cent 


account and considerable care was taken to assure that the 
motion of the telescope was as nearly truly parallel as pos¬ 
sible. It is believed that the maximum possible error is 
not greater than one millim eter and that the probable er¬ 
ror, in consideration of the averaging processes mentioned 
above, is of the order of 0.5 millimeter. 

The accuracy of measurement of the crest voltage de¬ 
pended upon the accuracy of the calibration and of the 
reading of the crest voltmeter, and on the accuracy of the 

Table II—Calibration Data for 50-Centimeter Ungrounded 
Spheres (Delta ~ 1) 


Sphere-Gap Spacing, 
Centimeters 


Nonirradiated 


Sparh-Over Voltage, 
Kilovolts Crest 

Irradiated 1 


Standards No. 4 


Nonirradiated 

+ 


Irradiated 
+ — 


. 26.1.. 

... 26.1... 

...,2.7.. 

.,..0.4.. 

..,.0.4.. 


. 37.4.. 

... 88.2... 

....1.6.. 

,..,1.0.. 

...0.1.. 


. 44.9... 

... 45.8... 

... ,0.4.. 

....O.7.. 

...0.9.. 


. 66.1... 

... 67.0... 

_0.8.. 

_0.8.. 

- - .0 7 


. 78.3... 

... 79.5... 

_0.6. , 

_1.1.. 

‘ ,0 0 


. 95.2... 

... 96.6.... 

....1.4., 

....1.6.. 

...0^3!! 


.107.8... 

...109.8.... 

...,0.9.. 

....O.8.. 

...0.6., 


.126.0... 

...127.5.... 

_ 0.8. . 

_0.1, . 

...02 


.138.7... 

...140.8.... 

,,. ,0,6. . 

.. .0.4.. 

0 1 


.144:8... 

...146.0.... 

....1.5,. 

....1.0... 

...0.7... 


.101.6... 

...164.0.... 

..,.0.7.. 

...0.4... 

...0.1... 


.164.1... 

...167.1..., 

.., .2.2. . 

., .1.8. . ■ 

1 0 s 


.181.6... 

...183.0.... 

_ 0.5. . 

...0 8. 

0 0 


.200.0. .. 

., ,204.0. ... 

...,0.3.. 

...0.3... 

. ! .0.2!! , 


218.4. ., 

...223.0.... 

.., .0.7. . 

...0.9... 

...0.5... 


244.0... 

...244.7..,. 

... ,0.4. . 

...00 

0 4 


266.9... 

.. .260.0_ 

_1.4.. 

...08, 

0 2 


292.6.. . 

...293.6 _ 

..,.0.4.. 

...0.3... 



808.8... 

...311.9 _ 

_ 1.1.. 

.. .1.0 



337.5. .. 

...336.6.... 

_ 1.0. . 

.. J„2^ 

1 0 


866.1... 

...870.2 _ 

_ 0.7... 

0 0 



381.9... 

..383,7..,. 

....0.4... 

...oie.!. 

...0.2... 


428.4. .. 

..431.3.... 

...0.8... 

...0.6... 

.. .0.4.! ■ 


445.0. .. 

..443.1.... 

...,0.9... 

...0.9... 

. .0 9 

. 


ings. There was, however, a second possible error in the 
measurement of spacing due to a possible change in the 
angular position of the telescope as it was moved laterally 
along the paraUd ways. Such a change could be caused 
either by a localized high spot, or by a general and gradual 

c^ature or bowing of the ways. In the former case the 
high spot might be permanent iu which case its effect 
would be averaged out in drawing the final smooth curve, 
or the high spot might be caused by loose foreign matter 
so that its effect would be minimized in averaging a large 

number of readings for a given point. In the case of a 

gradual bowing of the ways the error would tend to be of 
constant percentage. These factors were duly taken into 


determination of the ratio of the capacitance voltage 
divider. The crest voltmeter as mentioned before is not 
affected by surges and reads the average crest value of a 
number of cycles. Hence any individual voltage reading 
might be in error by an undetermined amount depending 
on the presence and magnitude of any high-frequency 
surges in the distribution system. Such disturbances were 
relatively infrequent and it is felt that their ultimate effect 
was negligible. 

The accuracy of calibration and of reading crest 
voltmeter were each within V* of 1 per cent. The ratio of 
the voltage divider was determined by individual measure¬ 
ments of the capacitance of the condenser-type bushing 
ov^ the entire voltage range and of the capacitance of the 
series low-voltage condenser. Except for the extreme 
upper end of the curve where corona became noticeable, 
it IS beheved that this ratio was determined within 1 per 
cent. Thus the maximum possible error in determining 
the crest voltages was of the order of 1V 2 per cent with an 
estimated probable error of the order of one per cent. 

In consideration of the probable errors in determining 
the spacing and the crest voltage, and of the averaging 
processes previously mentioned, it may be stated that the 
final calibration data of table II are accurate to a probable 
one per Cent. 

Conclusions 

Ultraviolet irradiation of spheres produces a distinct 
lowering of the spark-over voltage for a given spacing and 
{Concluded on page 600) 
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Probable Outages of Shielded Transmission Lines 

By S. K. WALDORF 

MEMBER AIEE 


I. Synopsis 

Based on the observed phenomenon that flashover 
of transmission-line towers provided with 2 overhead 
ground wires occurs only when the product of tower¬ 
footing resistance and tower surge current exceeds the 
insulation strength, the probable outages that will occur 
on a line can be obtained by a simple method. Only 
those factors enter into the calculations which have 
become generally accepted quantitatively. 

Computations have been made for 3 transmission lines 
and the results compared with operating records. The 
agreement has been veiy good. 

II. Introduction 

S INCE the introduction of the surge-crest ammeter and 
complementary magnetic links, data have been ac¬ 
cumulating which indicate that flashover due to a 
lightning stroke to a tower occurs only when the product 
of tower surge current and tower-footing resistance exceeds 
the insulation strength of the line.^. If an insulated line 
conductor is struck, flashover almost invariably occurs. 
Hence, for a transmission line to be highly resistant to 
lightning, overhead ground wires are needed to shield the 
line conductors from direct strokes, and tower footing 
resistances must be co-ordinated with line insulation. 

In order for estimates of line performance to be made 
in any particular case, several factors must be known 
quantitatively. These factors are: 

1. Degree of shielding of line conductors provided by the overhead 
ground wires 

2. Line insulation strength 

3. Tower-footing resistance of every tower of the line 

4. Tower surge currents caused by lightning 

III. Evaluation of Factors 

At the present time, the art has advanced sufficiently 
that overhead ground wires can be so placed as to be 
highly effective in shielding line conductors from light- 
jiing. 1 . 2.8 jtqj. evaluating the efficacy of any given ar¬ 
rangement of ground wires and line conductors, scale 
models can be tested in the laboratory, utilizing an 
impulse generator. 

The second factor to be evaluated is insulation strength, 
which is much affected by the rapidity of rise and fall of 
the applied voltage. There is evidence available, though 

A paper recommended for publication by the AIBB committee on power trans- 
mi^on and distribution. Manuscript submitted January 13, 1937; released 
for publication March 6,1937. 
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not conclusive, that most lightning strokes cause tower 
voltages which do not attain their maxima for several 
microseconds.®'®'^*® These data indicate that the im¬ 
pulse strength of line insulation can be taken without 
serious error as that obtained with the standard V■|^ 
X 40 microsecond wave rather than with the 1x5 micro¬ 
second one.® Due to capacitive-coupling effects between 
overhead ground wires and line conductors, the strengfth 
of insulation installed on a transmission line is greater 
than that of the insulator strings alone. “ 

The values of ground resistance used for the calculations 
are those obtained by conventional methods of measure- 



Fig. 1. Distribution of lightning currents in towers 
believed struck by lightning 


ment. The resistance of a tower footing should include 
only that of the foundation and that of any auxiliary 
grounding connected to the tower which is in the immedi¬ 
ate neighborhood of the tower. The overhead ground 
wires should be insulated from the tower during measure¬ 
ment. 

Observations made with the surge-crest ammeter have 
shown that tower currents of various intensities produced 
by lightning occur in a fairly regular maimer. The 
distribution of intensities of current in towers struck* by 
lightning is shown in figure 1. The General Electric 
Company^ and Pennsylvania Water and Power Company 
curves are in relatively close agreement. The tower 
currents included in the former curve were caused by 
358 separate strokes. The data induded in the Pennsyl¬ 
vania Water and Power Company curve wde obtained 
during 1934, 1935, and 1936 from 419 strokes. From 
these curves, the fourth factor needed for calculation can 
be evaluated. 
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Fig. 2. Single circuit, horizontal con¬ 
figuration, suspension tower of the Safe 
Harbor-Westport-Takoma 230-i(v line 

Two overhead sround wires are installed 



Fig. 3. Four-circuit, single-phase sus¬ 
pension tower of the Safe Harbor- 
Perryville 132-l(v line 


Two overhead sround wires are installed 


Fig. 4. Tower of Holtwood-york 


IV. Basis of Probability Calculations 


69-kv line before installation of 
lightning protection 


When calculating the number of outages which will 

probably occur on a transmission line by the method effective during lightning discharges to a line structure, 
presented here, there are some assumptions made which 3. Flashover occurs on a shielded line only when the product of 
operating experience has indicated are reasonable. These footing resistance and tower crest current exceeds the insula- 

are: tion strength of the line at the struck tower. 


1. Two overhead ground wires can and will be so provided that 
any strokes termuiating on the line will contact only a tower or 
overhead ^ound wire. If the shielding provided is imperfect, 
strokes to line conductors will nullify any estimates to some extent. 

2, Ohmic ground resistance as determined by conventional 
methods in most cases approximates the footing impedance 


Table l-^robabllity of Outage Deta and Glculatioiu 
Safe Hatbor-Weatport-Takoma 230-Kv Line 


Ranges of 

JoS Towers in Range 
Resistance Number Per Cent 


M a xim um Percentage 
Safe Tower of Tower 
Current for Currents in ProbabiU 
Towers in Excess of of 
Range Safe Values Flashore 


0- 5.... 
6-10..., 
'11-15.,.. 
16-20.... 

.... 49... 
...141... 
...126... 
...136... 

...,10.3... 

....29.6... 

....26.4... 

....28.5... 

...495,000.,.. 
...247,500.,.. 
.. .165,000.... 
...124,000.... 

...0 ., 
...0 ., 
...0 .. 
...O.2.. 

21-25..., 
26-80.,., 
31-35.., 

... 13... 
... 5... 

.... 2.7... 
.... 1.1... 

... 99,000,... 
..; 83,000,... 

...O.7.. 

...1.5., 

36-40.... 

... 2... 

. 0.6... 

.... O.4.... 

... 71,000.... 
... 62,000.... 

...2.4.. 

...3.O.. 

41-45.... 
46-50.... 

1... 

0 

.... 0.2... 

... 56,000.... 

...4.5.. 

51-55_ 


. •.. 0.0.,. 

... 50,000.... 

...5.5.. 

Totals... 

...477*..' 

... i 0.2... 
...100.0.,, 

... 45,000.... 

...7.5., 


.0 

.0 

.0 

.0.00057 

.0.00019 

.d.00017 

.0.00014 

.0.00012 

.0.00009 

.0 

.0.00015 

-0.00143 


crosecon^ wawe*^- °1610 string (20 6 V«-inch units) with IVt 


4. The insulation strength of the line referred to in 3 is that deter¬ 
mined by the conventional 1 Vs x 40 microsecond wave with electro¬ 
static coupling effects taken into account. 

6. Clearance between ground wires and line conductors at midspan 
is such that the flashover value there is co-ordinated with that at 
towers. 

6. Oyer a period of time, and with a large number of instances, 
lightning phenomena and related data are amenable to statistical 
methods. 

7. All sections of a transmission line are equally subject to light¬ 
ning. If such should not be the case, the line may be divided into 
sections which meet this requirement. 

To illustrate the underlying probability theory, a 
transmission line of a towers will be considered. Over 
a period of time, there is one chance in a that any one 
particular tower will be struck by a particular stroke of 
lightning. If there should be more than one stroke, the 
chances are increased in direct proportion. 

As flashover is not caused by every stroke terminating 
on a tower, the critical intensity of the lightning current 
for a given tower can be found from the following relation: 

Maximum safe tower current - voltage of insulator strings 

' (1-Coupling factor) X Tower footing 
resistance 

From figure 1, suppose that b per cent of the number of 
strokes c to the line per year are found to cause tower 
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currents which exceed the critical value calculated for the 
particular tower considered. Then, the probable number 
of flashovers which will be experienced by this particular 
tower is: 

1 h 

- X — X c flashovers per year 
100 

If the probable flashovers per year are found for every 
tower of the line, and then summarized, the probable 
flashovers per year for the entire line will be obtained. 


Table II—Grounding Data; Safe Harbor-Perryvilie 132-Kv 
Line and Holtwood-Vorlc 69-Kv Line 


Rang*! of 
Tower Footing 

Towers in Range 

Safe Harbor-Perryrllle 

Holiwood-York 

Resistance 

Number Per Cent 

Number Per Cent 


0-5. 

.24. 

.... 13.4. 

.36. 

.... 20.4 

6-10. 

.70. 

.... 39.1. 

.87. 

_49.1 

11-16. 

.48. 

.... 26.8. 

.41. 

_23.2 

16-20. 

.34. 

_ 19.0. 

. 18. 

.... 7.3 

21-25. 

.. 2. 

.... 1.1. 

. 0. 

.... 0 

26-80. 

. 1. 

.... 0.6. 

. 0. 

.... 0 

Totals. 


.... 100.0. 

.177...... 

_100.0 


As shown later, the calculation need not be made for 
each tower of a line, but only for groups arranged accord¬ 
ing to tower footing resistances. 

V. Typical Application of Method 

The probable outages that will be experienced on the 
Safe Harbor-Westport-Takoma 230-kv line'^’^^ have 
been calculated by the method just outlined. The 
procedure followed will be given in detail. 

Sample Calculation: (See table I) 

. . . . , 1610 1610 „ , 

Maximum safe tower potential = ;-- =« -- 2,476 kv 

(1 - 0.36) 0.66 

2476 

Maximum safe current for towers of 21-26 ohm range = — = 

25 

99,000 amperes 

From the upper curve of fig^e 1, approximately 
0.7 per cent of measured tower currents exceed 99,000 
amperes. Also, from table I it is found that 2.7 per cent 
of the towers comprising the line have footing resistances 
in the 21-25-ohm range. 

Therefore, probability of outage due to towers in 
21-25-ohm range = 0.027 X 0.007 = 0.00019. The 
probability for the entire line is the sum of those for the 
towers in the individual ranges. 

Hence, probability of outage for entire line = 0.00143. 
Lightning current observations have indicated 115 strokes 
to this line in 1935 and 108 in 1936, or an average of 112 
strokes to the line per year. 

Probable outages per year = 112 X 0.00143 = 0.16. 
This is equivalent to one probable outage in 6 or 7 years. 
The method can be used for estimating the performance 
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Table III—General Line Data; Safe Harbor-Perryville 132-Kv 
Line and Holiwood-york 69-Kv Line 


Safe Harbor-Perryrille Holtweod-Tork 


Length (miles).. 31.5 . 22.8 

Insulator size. 5^4 inches. 4*/4 inches 

Insulators in suspension. 12 8 

IVt X 40 microsecond flashover.1,025 lev .075 kv 

Average strokes to line per year. 48 31 


of projected transmission lines or of existing lines for 
which improvements are comtemplated. This was done 
for the Holtwood-York line described in section VI 
before improvements in lightning protection were installed, 
and the result obtained was not greatly different from that 
reported in section VI. The principal difficulty in apply¬ 
ing the calculation in such cases is estimating the tower 
footing resistances which will be obtained. The best 
approach to the solution of this difficulty is the analysis 
of data obtained on lines situated in territory comparable 
to that of the line considered. 

VI. Calculated Performance and Operating 
Experience 

The test of any method of estimating the probable 
performance of transmission lines during lightning seasons 
must necessarily be the operating records. At this time 
it is possible to give such a comparison of estimated and 
actual performance for three transmission lines over 
various periods of time. Although the operating period 
is relatively short in each case for any conclusions to be 
drawn, the results thus far are believed to be significant. 


Fig. 5. Double-circuit, verti¬ 
cal configuration, suspension 
tower of the Holtwood-Vork 
69-kv line 

Present appearance, with 2 over¬ 
head sround wires installed 
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As shown in section V, calculations indicate that over 
a period of timp. there should be about one outage of the 
Safe Harbor-Westport-Takoma 230-kv line every 6 or 
7 years. This line has actually been in service for only 
5 years, during which time one outage occurred. 

In figure 3, is shown a tower of the Safe Harbor-Perry- 
ville 132-kv line which supplies energy to the electrified 
section of the Pennsylvania Railroad between Washington 
and Perr 3 rville. This line has been in operation through 


Table iV-^Aciuai and Probable Outages of 3 Transmission 

Lines 



Years of 

Lightning Outages per Tear 

Line 

Operation 

Actual 

Probable 

Safe Harbor-Westport-Takoma... 

.....6 . 

_0.20. 

.0.16 

Safe Harbor-Perryville. 

.2 . 

.0 . 


Holtwood-Vork (improved). 

...:. 1 V 4 . 

.0 . 

.0.38 


the lightning seasons of 1935 and 1936 without any outage 
occurring, even though the surge crest ammeter Hnlra 
indicated 27 strokes to the line in 1935, and 69 in 1936. 
In tables II and III are given data for this line. Calctda- 
tions indicate that there will probably be one outage 
every 4 years over a period of years. 

The Holtwood-York 69-kv line until 1935 operated 
without any overhead ground wire or auxiliary grounding. 
The appearance of the line at that time is shown m 
figure 4. By August 1935, 2 continuous counterpoises^® 
and 2 overhead ground wires were installed which elimin¬ 
ated all fiashovers in the subsequent period through 1936 
(about IV 4 lightning seasons). The present appearance 
of the line is shown in figure 5. Line data are given in 
tables II and III. Calculation shows that one outage 
in about 3 years can be expected on this line. 


Vn. Summary 


Data have been accumulating which permit the com¬ 
putation by a simple method of the probable lightning 
outages of a transmission line protected by overhead 
ground wires. Only those factors enter into the calcula¬ 
tions which have become generally accepted quantita¬ 
tively. 

The results of computation and the operating record of 
3 transmission lines are compared in table IV. 

The agreement of results of computation and experience, 
and the simplicity of the method warrant its use for esti¬ 
mating the probable lightning performance of shielded 
transmission lines over a period of years. 
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Calibration of the 50-Centimeter Sphere Gap 

{Continued from page 596) 

has a decidedly beneficial effect in reducing the scattering 
of individual readings. 

If ulteaviolet light is to be used with sphere gaps, the 
gap cahbration should be determined under the irradiated 
condition. Although no tests were made in this work 
using varying intensities of irradiation, it seems probable 
that the calibration and use of the irradiated sphere gap 
should be, for the greatest accuracy, specified for a par¬ 
ticular, range of radiation intensities. 

The results of this investigation indicate that, for non- 
irradiated spheres, the previous calibration gives crest 
voltages which,, in the range above 250 kv, are from 2 to 
12 kv too high. For the irradiated spheres the previous 
cahbration appears to be in error by a StiU greater amount, 


and gives voltages which are too high over the entire 
range. 
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Expansion Theorems 
for Ladder Networks 

Discussion and authors' closure of a paper by 
Michel G. Malti and S. E. Warschawski 
published in the January 1937 issue, pages 
153<-8 and 152, and presented for oral 
discussion at the electrophysics session of the 
winter convention, New York, N. V., January 
28,1937, 


J. J. Smith (General Electric Company, 
Schenectady, N. Y.): This paper gives a 
systematic method of finding the currents 
and voltages in ladder networks under 
steady-state conditions. The usual method 
for such problems has been to find a general 
solution containing unknown constants and 
then evaluate these by satisfying certain 
boundary conditions. While this is readily 
done for the simpler types of networks, the 
determination of these constants corre¬ 
sponding to a given physical problem is 
often a difficult one for more complicated 
networks. For such cases the solutions 
given in equations 24a and 24& supply a 
direct method of obtaining the result. 

It would appear desirable to make it 
clear at the outset of the paper that these 
solutions apply only to steady-state condi¬ 
tions since this is not apparent now until 
one has followed through the work. I 
wonder if the authors have made any further 
studies with regard to the extension of their 
solution to transient conditions. 

The problem solved by the authors is of 
the type Heaviside refers to as "given the 
cause, fibad the effect" since they assume a 
certain network and derive its admittance 
at a given frequency. In his paper last 
yeay Haiti showed how the method he 
followed was also directly applicable to the 
inverse of the Heaviside expansion theorem 
since such problems do not require the solu¬ 
tion of the complex integral corresponding 
to equatioyi 6. The inverse problem of the 
type "given the effect, find the cause" is 


also of interest since in this case we are given 
the admittance we desire at various fre¬ 
quencies and wish to find a physical network 
which will have such characteristics. I 
should like to inquire if the authors have 
looked into the possibilities of applying 
their method to this type of problem. 


M. G. Haiti: Smith raised 2 important 
questions which I shall answer separately. 

a. We are now engaged in preparing a 
paper covering the extension Of this work to 
the transient state. We hope to publish 
this paper at some future date, 

I. The inverse problem (given the cause, 
required the effect) is extremely involved. 
We hope to undertake this problem after 
we have worked out some of the compara¬ 
tively more simple cases. 

Abrasion—A Factor 
in Electrical Brush Wear 

Discussion and author's closure of a paper by 
V. P. Messier published in the January 1937 
issue, pages 8-12 and 16, and presented for 
oral discussion at the electrical, machinery 
session of the winter convention, ^lew York, 

N. Y , January 28,1937. 


M. S, Coover (Iowa State College, Ames): 
The research investigations on electrical 
brush wear that are being conducted under 
the direction of Hessler have served to bring 
to light some significant fundam^tal infor¬ 
mation on the subject. Anyone even super¬ 
ficially familim: with the phenomena of 
sliding electrical contacts is aware of the 
many variables that are not only sinndtaae- 
ously present in the normal operating cycles 
of machines from time to time, but that 
they are probably difficult to separate and 
evaluate piositively in a research of any kind.' 
Only by eliminating as many of the vari¬ 


ables as possible and attempting to control 
those elements that the investigator chooses 
to retain can anything like dependable 
data be procured. The information sub¬ 
mitted indicates that Hessler has a good 
understanding of the problems involved and 
that he has made a logical approach to them. 

The photomicrographs of ring surfaces 
show a striking contrast between the paths 
produced by graphite anode and graphite 
cathode brushes. It seems clear that 
these photomicrographs give rather con¬ 
vincing evidence that the more rapid wear 
of the graphite cathode brush is produced 
by a ring surface condition most likely 
attributable to the ionization of the ring 
material. 

The test data indicate that brush wear is 
caused largely by abrasion. It is interesting 
to discover from the information in figure 11 
that the trailing metallic brush without 
cmrent actually wore more rapidly than the 
leading metallic brush did with curreUt. 
This is quite the opposite from the experi¬ 
ence with graphite brushes. Since the 
author has so advantageously made use of 
photomicrographs to explain at least in part 
the action of wear in the case of carbon or 
graphite brushes, it suggests that possibly 
the same procedure might be employed for 
metallic brushes. Hesder does hot present 
such photomicrographs in his paper, nor 
does he make reference to than. Perhaps 
he intends to bring out this point later. 

The writer beeves that the test data 
plotted in figure 8 and figure 9 give some 
quantitative idea of the breakdown of total 
wear into its principal components, namely, 
mechanical brush wear, and dectrical brush 
wear, although no information has been 
inbluded on the current densities used. It 
would be instructive to make comparison 
of these data with observations using zero 
current on all four brushes, other conditions 
remaining the same. 

It is hoped that this important study can ' 
be carried further. Certainly, the new 
information justifies it. A better under¬ 
standing of the phenomena that take place 
with moving dectrical contacts would be 
of inestimable value to both designer and 
operator. 


R. M. Baker (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): Hessler has shoWn in a very interesting 
manner the large effect of abrasion on 
brush wear and an extension of this invedi- 
gation to include operation with different 
gases, different brush grades and different 
ring material should not only hdp a great 
deal in plaining the whole process of 
brudi wear but should also be of great 
value in assisting the design diginecT: in the 
choice of brushes for variotK applications. 

It has been gaierally realized that the 
smoothness of the brush track affects brush 
wear, for brushra oftai wear mudi: more 
rapidly just aftw the ring surfaces have 
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been freshly turned or stoned than later, 
after the rings have become polished in 
operation. It has not been realized gener¬ 
ally, however, that abrasiveness could be 
produced in a bnish track by current- 
carrying brushes, so that a currentless brush 
running in this same track would wear 
almost as rapidly as the brushes which carry 
current. 

There is a seeming contradication to the 
findings of this paper which will be 
described. If a number of brushes operate 
in parallel on a slip ring and one of these 
brushes voluntarily drops its current, this 
brush simultaneously ceases to wear. This 
condition is probably brought about either 
by some inhomogeneity in the brush or 
more likely by some foreign material being 
picked up from the ring surface. This not 
only would cause the brush to drop its 
current but would also cause it to stop wear¬ 
ing. Thus one might reconcile the experi- 
Mice with brushes operating in parallel and 
having poor current division with the results 
of Hessler’s paper. 

The writer must raise a question regard¬ 
ing conclusion 2 of this paper. A great 
deal of testing experience has shown the 
polarity effect to be in agreement with what 
the author finds for carbon brushes, but 
opposed to what he finds for metal graphite 
brushes. Using his nomenclature, it is 
always the cathode brushes which have 
been found by the writer to wear most 
rapidly. This polarity also shows many 
times as much ring wear as the other polar¬ 
ity. The discrepenfcy may be due to the 
high absolute humidity maintamed by 
Hessler in his experiments. The moisture 
content (14 grains per cubic foot) is about 
double what one finds on the average warm 
summer day. The high ambient tempera¬ 
ture may also have some effect but the ring 
temperature probably does not rise much 
above the ambient due to the small electri¬ 
cal and mechanical losses in the contacts. 
The high humidity may also account in 
part for the large difference in brush wear 
at the two polarities when the brushes are 
not tracking. Some of the author’s own 
data (reference 2 in paper) indicates this fact. 


M. S. May (Speer Carbon Company, Saint 
Marys, Pa.); Hessler is to be congratulated 
on his article for the large number of 
ridings which he has apparently made and 
for the new ideas brought out relative to 
brush wear. It was formerly thought that 
some mysterious ‘‘electrol 3 rtic action” 
caused the increased brush wear when cur¬ 
rent was flowing as compared with that 
under no-load conditions. Hessler has 
shown that this difference is due to some 
roughening of the commutator by current 
■mth a renting abrasion of the brush mate¬ 
rial. It is unfortunate, however, that the 
test could not have been of greater duration 
between individual readin£[s as 24 hours is 
a very short period on which to base results 
of brush wear. 

One point brought out by Hessler was of 
oarticular interest to me. In his present 
aper as well as his earlier one presented a 
^ar ago, he shows that the anode brush 
ars faster than the cathode in case of 
:tal grades and that the cathode wears 
ter than the anode with the electro- 
.phite or carbon grades. This condition 
avails whether the anode and cathode 
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Table I 


At 100 Amperes Per 
Square Inch 


Wear per Watts 

Grade Type 1,000 Honrs at Surface 


A. 

.Electrograpfaite... 

..10.. 

.112 

B. 

.Blectrograpliite... 

..10.. 

.100 

C. 

.Carbon-graplute.. 

..16.. 

.82 

D. 

. Carbon-graplute.. 

..16.. 

. 75 

E. 

.Metal-grapUte... 

..88.. 

. 11 

F. 

. Metal-graphite... 

..44.. 

. 16 

G. 

. Metai-graphite... 

..88.. 

.12 


brushes run on individual tracks or in the 
same tracks. To my knowledge, there is 
no satisfactory explanation of this condition. 
It appears possible that the metal may be 
carried with the current to a degree sufficient 
to reverse the condition that prevails with 
the non-metal grade. This would be going 
back to the electrol 3 dic theory and I would 
appreciate Hessler’s comments. 

Hessler’s statement that brush wear is 
due primarily to abrasion is borne out by the 
following data tabulated from his article 
and indicating the brush wear is least in 
the grades having the maximum amount of 
electrical energy dissipated at the brush 
surfaces. 

But if we assume that the abrasion is due 
to roughening of the ring by the current, 
we still have to explain why the roughening 
and brush wear are in inverse ratio to the 
wattage dissipated and bear no- relation to 
the amperage carried. 

Tests conducted over long periods on 
slip rings using a-c current and brushes of 
standard rotary-converter size indicate that 
other factors are involved than those dis¬ 
cussed by Hessler. For example, a hard, 
heavy metal brush may wear the ring con¬ 
siderably more but show a low^ rate of 
brush wear than another metal grade nm 
under identical conditions. In this case, 
the brush which runs on the rougher ring 
shows the lower rate of wear, apparently 
due to properties of the brush itself. 

Hessler’s comments on the use of metal 
and nonmetal brushes on the same ring, 
call to mind the troubles encountered 
occasionally in winter on rotaries and attri¬ 
buted to high Metion resulting from low 
ht^dity. These manifest themselves in 
vdy rapid brush wear. We have had some 
success in such conditions by using one 
pure graphite bru^ on each ring to supply 
lubricant to the metal brushes which carry 
the load. 

There is one point that I believe should be 
brought out in considering Hessler’s reports. 
The abrasion action mentioned by him as 
causing brush wear is not to be confused 
with the abrasive action discussed in brush 
catalogs and by brush salesmen. Tliis 
latter is a characteristic of the brush itself 
due to the presence of hard mino’al or 
carbon particles in the brush material. It 
is desirable under certain conditions to use 
such an abrasive brush to assist in keeping 
clean the ring or commutator surface or to 
wear down the mica whore it is not undercut. 
It will generally be observed that an abra¬ 
sive brush has a shorter life than a non¬ 
abrasive one, othor things bong equal, and 
in this respect, abrasion built into a brush 
has the same net result as that considered 
by Hessler. 

Disemsions 


R. E. Hellmund (Westinghouse Electric & 
Manufacttiring Company, East Pittsbmrgh, 
Pa.): Various investigators of contact phe¬ 
nomena are all in agreement that the oxide 
film forming on the slip rings in air is an 
important factor. A great deal of evidence 
has been submitted to substantiate this 
point of view and some additional evidence 
is contained in the papers presented today. 
However, it is difficult to explain the differ¬ 
ence in behavior of various grades of carbons 
and ring materials by the oxide film forma¬ 
tion alone. Some investigators offer in 
explanation of some of the differences found 
the presence of varying amounts of abrasive 
material in the carbons, and the specific 
resistance of the carbon material is, of 
course, also considered of influence. I have 
always felt that in addition to these factors, 
certain loose graphite particles may have 
some influence on contact resistance. (See 
"Sparking under the Brushes of Commuta¬ 
tor Machines,” R. E. Hellmtmd and L. R. 
Ludwig, Electrical Enoinberino, March 
1935, page 315, and my discussion of paper 
"Sliding Contacts—Electrical Character¬ 
istics,” by R. M. Baker, Electrical 
Engineering, July 1936, page 821.) It is 
rather surprising to me that this point of 
view has not been accepted by various 
investigators at least to the extent of making 
investigations along this line, particularly 
in view of the fact that they make reference 
to the loose graphite particles in their 
investigations of brush and ring wear. In 
an article on the subject, "Brush Wear in 
Hydrogen and in Air,” Electric Journal, 
June 1936, page 287, Baker has advanced 
what appears to be a plausible explanation 
of certain phenomena observed in connec¬ 
tion with the wear of brushes. In this 
article it is assumed that the high tempera¬ 
tures prevailing near certain spots of the 
carbon surface tend to loosen some graphite 
particles by the oxidation of the binding 
material that takes place in the presence of 
oxygen. Regardless of how these graphite 
particles become loose, there is no doubt of 
their presence because they can frequently 
be observed in practice. It-would therefore 
seem expedient to investigate any possible 
influence they may have on the contact 
resistance. 

Figure 1.4 shows the ring, brush, and 
oxide film and it is assumed that at a the 
oxide film has been punctured. If, as a 
result of this, current passes from the brush 
to the ring or from the ring to the brush, 
^e highest brush temperatures will exist 
in this neighborhood and it is quite likely 
that graphite particles 1,2, and 3 will become 
loose. If this occurs any appreciable 
distance from the edges of the brush, any 
theory must take into account the subse¬ 
quent location and behavior of these parti¬ 
cles. It they happen to be located in the 
puncture of the film as indicated in figure 14 
they are bound to participate in current 
conduction and therefore will probably 
influence the contact resistance until they 
are disposed of, either by burning up or by 
behig removed from under the brush. It 
is difficult to imagine that all of these par¬ 
ticles will remain within the puncture; it 
is more likely that at least some of them will 
be carried along and thus may enter between 
the oxide film and the brush, as indicated 
by prides 4,5, and 6 in figure IB. If this 
condition prev^, which it is likely to do 
under the negative biush where as a rule 
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the greatest amount of brush wear talrpg 
place, the separation of the brush from the 
oxide film by the particles as shown in 
figure 15 would no doubt have some influ¬ 
ence on the contact resistance and might 
lead to irregularities and sparking under the 
brush. It is not impossible that the irregu¬ 
larities in the contact voltage shown in 
figure 2C of the paper by Baker and Hewitt 
can be explained in this manner. Another 
possibility which should be considered is 
that the graphite particles are harder than 
the oxide film and therefore may be forced 
into the film as shown in figure 1C. Under 




this condition it is evident that these par¬ 
ticles may fonn conducting bridges between 
the brush and the ring, and it is possible 
that the change in contact resistance 
observed with increasing current density 
may be caused largely by an increased 
number of particles acting as conducting 
bridges. However, the extremely short 
time required for decreasing the contact 
resistance when the current is increased 
suddenly, makes this possibility somewhat 
doubtful. It would further have to be 
assumed that when the current is inter¬ 
rupted these particles will gradually fall out 
thus permitting the oxide film to reform. 
This latter assiunption is not at all contrary 
to observed data such as given in the papers 
presented. 

By assuming that these loose particles 
have a bearing on the contact phenomena, it 
would seem relatively easy to explain the 
differences observed even in carbons having 
the same electric conductivity. A mere 
comparison of figures ID, E, and F, under 
the assumption of relatively small particles 
of equal size in figure 15, relatively large 
particles of equal size in figure 1£, and a 
combination of small and large particles in 
figure F, brings out very different condi¬ 
tions of current conduction. If the condi¬ 
tions of figure 15 apply, the particles may 
have little influence upon the contact resist¬ 
ance, while just the opposite might be 
expected with the large particles of 1£. In¬ 
cidentally, the conditions shown in figure 
1,£ and 5 might explain some of the brush- 
wear data given in Kessler’s paper. Differ¬ 
ences might also be expected with the same 
3 conditions of particles but under the 
assumption that the particles are not forced 
into the oxide film but merely ride on top 
of it. Another conceivable condition is 
that the graphite particles penetrate not 
only the oxide film but also the metal sur¬ 
face to a c^ain extent and that they lodge 


in the crevices of the metal ring surface as 
indicated in figure IG. This might explain 
diff^ences which have been observed with 
different finishes of the metal surfaces as 
well as differences found between ordinary 
cast material and other materia-ls having a 
denser or harder surface structure. Finally, 
it seems possible that the graphite particles 
might dent the oxide film and force it into 
existing crevices of the ring without, how¬ 
ever, penetrating it mechanically. In real¬ 
ity, the phenomena are probably even more 
complicated than indicated by any . of the 
individual figures, as a combination of the 
various conditions shown in the figures may 
exist. As suggested in my brief disn ig,Q^r>n 
of Kessler’s paper on “Electrical Brush 
Wear’’ (Electrical Enqinbering, April 
1936, page 406), the possibility of cuprous 
(red), low-resistance oxide forming in the 
neighborhood of the high temperatiure 
breakdown points may also enter into the 
phenomena. The abrasive effect of the ash 
particles in the carbons, previously referred 
to, and also the specif r es istance of the 
carbons must as a matter of course be given 
due consideration. 

Regardless of which of these factors are 
the most important under normal operat¬ 
ing conditions, it would seem that the me- 
chanicalstructureof the carbons as infliienee<l 
by the number of graphite particles, their 
size, and the ease with which they become 
loose, is likely to be responsible for some of 
the differences observed in the contact 
resistance when different grades of carbons 
are operated on the same tsrpe of rings and 
tmder otherwise identical conditions. 


V. P. Hessler: The tests of figures 8 and 9 
were made at 60 amperes per square inch, 
of figures 10 and 11 at 120 amperes per 
square inch, and of figures 12 and 13 at 80 
amperes per square inch. This information 
should have been given in the paper. 

Baker’s suggestion that the investigations 
be extended to include the effect of other 
gases, more brush grades, and other ring 
materials is in order. As suggested at the 
close of the paper it would be "^ery instruc¬ 
tive to repeat the investigations in the 
absence of oxygen. Perhaps a series of 
experiments of a similar nature, but designed 
to ascertain the conditions which produce 
electrical wear rather than abrasion would 
be most instructive. The cathode brush of 
figure 8 in the paper shows a large ratio of 
electrical wear to abrasion. 

In every experiment performed by the 
author to date the anode metallic bru^ has 
always worn very much more rapidly than 
the cathode brush, whereas Bak^ has 
always observed the opposite effect. Ah 
extended conversation with Baker seemed to 
indicate that the only important variation 
in operating conditions was a difference in 
hmnidity. Some experiments will be per¬ 
formed with the lower humidity at the 
earliest possible date. 

Baker’s attempt to reconcile the action 
of a shirking brush on a slip-ring with the 
results of the paper illustrates a daily occur¬ 
rence in a brush laboratory. The results 
of brush tests seem replete with incbnsist- 
ehcies when viewed from the standpoint of 
our present knowledge. However, it is 
hoped that many of these apparent incon¬ 
sistencies will, disappear with a complete 
understanding of brush phenomena. 


Coover suggests that it would be inter¬ 
esting to obtain photomicrographs of metal¬ 
lic brush paths also. Only one of the slip¬ 
ring mechanisms was arranged for taking 
photomicrographs and it so happened that 
none of the metallic brush tests were made 
on this mechanism. 

It is desirable to make the individual 
wear tests as long as possible, but whenever 
one test is extended over a longer period 
some other test must necessarily be deleted. 
The 24-hour period seemed to represent 
the best compromise. Actually some of 
the tests, in effect, were much longer than 
24 hours. In figures 10 and 11 is change 
which was made in the operating conditions 
for 8 days. 

May’s theory that metal may be carried 
to the ring from the anode metallic brush 
has been considered as a possible explana¬ 
tion. The writer has planned to operate 
metallic brushes on a ring of some metal 
other than copper and study the paths 
carefully with the aid of microchemistry. 
The dissimilar metals should simplify the 
problem of detecting transferred materials. 
Of course, wear studies will have to be con¬ 
ducted simultaneously to ascertain whether 
the new material gives brush wear compar¬ 
able to that with copper. 

The tabulation of watts at the contact 
surface and wear made by Mr. May is very 
interesting. Previous studies made by the 
writer on wear indicate that there is no 
correlation between contact drop and wear, 
except in the case of a copper impregnated 
brush. This brush gave very similar wear 
and contact drop curves. 

While the writer does not see any close 
connection between Hellmund’s theory and 
the wear studies presented in the paper, it 
does relate to a very interesting observation 
made several years ago by a graduate stu¬ 
dent in the writer’s laboratory. A very 
well developed “photograph’’ or blackened 
spot, had formed on a ring with a resulting 
high contact drop. With the hope of 
ascertaining the film resistance of the 
“photograph’’ the ring was stopped with the 
“photograph” tmder the brush and voltage- 
current data obtained. Then the ring was 
rotated until a normal ring surface was 
under the brush and the test repeated. 
The "photograph” showed by far the lower 
contact resistance and the voltage current 
characteristic was straight. From this the 
writer assumed that the black film consisted 
largely of carbon particles imbedded in the 
copper itself, but projecting through the 
oxide film, much as Hellmund has drawn 
this in figure IG. 


Arc Characteristics 

Applying to Flashing on Commutators 

Discussion and author's closure of a paper by 
R. E. Hellmund published in the January 1937 
issue, pages 107-13, and presented for oral 
discussion at the electrical machinery session 
of the winter convention. New York, N. Y., 
January 28,1937> 

J. N. Jones (Westinghbuse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The methods and data given in the 
paper make it possible to answer various 


May 1937 


60.3 


Discussions 




questions regarding flashing, and one practi¬ 
cal example may be of interest. Originally 
most railway motors were operated on full 
line voltage of 600 volts, but several years 
ago 2 motors in series were advocated by 
Westinghouse engineers under certain rail¬ 
way operating conditions in order to improve 
flashing. It was felt at the time that such 
improvement would be accomplished by 
this, but the question could not be analyzed 
and it required several years of experience 
to prove the soundness of the proposed 
change. With the data now available, the 
analytical answer to this question can be 
given. 

In the accompanying figure, the arc 
characteristics for 10 to 60 amperes at a 



COMMUTATOR INCHES 


Fig. 1 


speed of 2,200 feet per minute are given; 
the dotted lines indicate the voltage induced 
around the commutator, die upper curve 
applying to a 600-volt and the lower to a 
300-volt machine. If we select a point of 
intersection on the 20-ampere curve of the 
high-voltage motor we find it to be at a 
distance of 0.93 inch from the zero line. 
The same motor operated from 300 volts 
would carry the same load with 40 amperes, 
and thus we have to find the intersection 
point for 40 amperes with the lower curve. 
This point is 1.38 inches from the zero line, 
which means an increase of 48 per cent and, 
correspondingly, a reduced tendency to 
flash. Similarly, the intersections of the 
30-ampere curve with the high-voltage 
curve and of the 60rampere curve with the 
low-voltage curve indicate an increase of 
41 per cent. Practical experience has 
demonstrated that 300-volt motors are less 
subject to flashing in service, a fact which 
is somewhat in accord, with the values 
indicated in these curves. 

By a sfriular analysis of curves for a higher 
speed, 3,200 feet per minute, it was found 
that the distance from the zero line to the 
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point of intersection of the 40-ampere, 300- 
volt curves was 44 per cent greater than 
that of the intersection of the 20-ampere, 
600-volt curves. By a comparison of the 
60-ampere, 300-volt and the 30-ampere, 
600-volt points of intersection, the distance 
from the zero line of the first was 37 per cent 
greater than that of the latter. 

For a speed of 1,100 feet per minute, the 
distance from the zero line to the 40-ampere, 
300-volt point of intersection was found to 
be 52 per cent greater than that for the 20- 
ampere, 600-volt intersection. The corre¬ 
sponding distance for the 60-ampere, 300- 
volt point was found to be greater, by 46 
per cent, than that for the 30-ampere, 
600-volt. 

From the results of these comparisons it 
would seem: (1) as the speed of the motors 
increases the adyantage of having the motors 
in the series arrangement becomes slightly 
less but is still appreciable; (2) as the 
load becomes greater the advantage of the 
series connection over that of the full line 
voltage decreases. 


R. C. Mason (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): Without commenting on the interest 
and value to engineers of Helhnund's work, 
I would like to point out how some of his 
results can be explained in a general way by 
recent advances in our knowledge of gas 
discharges. 

1. Figures 5 and 6 of Hellmund’s paper 
are a little misleading where they show arc 
voltage increasing continuously from zero. 
Actually, as soon as an arc is drawn, a 
definite arc voltage develops, and the curves 
should start at that point. Even fairly 
high-speed cathode-ray oscillograms show 
that the voltage across a pair of opening 
contacts suddenly increases from a low con¬ 
tact drop to an arc drop of some 10 or 12 
volts. 

2. When the current through an arc of 
constant length decreases, the arc voltage 
changes in a mmmer which depends on the 
speed with which the current reduces: the 
arc voltage will be lower, the more rapidly 
the current decreases. In these experi¬ 
ments, however, where an arc is drawn by a 
moving commutator, an increase in arc 
leng;th accompanies (causes) the decrease in 
current. WMe perhaps the losses from the 
arc may be influenced because air currents 
about the arc vary with commutator veloc¬ 
ity, it seems that the predominant effect 
upon the arc voltage when the arc has 
reached a definite length and current must 
come from the speed with which the 
arc has been lengthened. How this may 
result can be seen by considering 2 extremes: 
suppose an arc for which the gradient in the 
positive column is 10 volts per centimeter 
has its length increased extremely slowly by 
one centimeter, while the current remains 
constant; the arc voltage will merely 
increase by 10 volts. If, however, the arc 
length could be instantly increased one 
centimeter, by the introduction of one 
centimeter of cold unionized gas, then the 
arc voltage would increase by the many 
thousand volts required to br^ down the 
one centimeter of cold gas. Of course, the 
latter extreme is never realized in practical 
cases of arcs on commutators, but the point 
is that whenever a new Iragth Of positive 
column is created, the voltage required to 
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maintain any particular current in that 
length depends upon the temperature and 
state' of ionization of the gas. If the arc 
lengthens quickly, the temperature and 
degree of ionization of the gas in the newer 
parts of the positive column lag behind those 
of the older parts; hence to maintain the 
arc, a higher gradient must be applied in the 
newer than in the older parts. If, however, 
the arc length increases gradually, the energy 
lost from the older parts of the positive 
colunrn has time to flow into the newer parts, 
and not much increase in gradient arises. 
Thus, the arc voltage should increase with 
increased speed of drawing of the arc, just 
as shown in figure 7. 

3. In the experiments described in the 
last part of the paper, the cathode or anode 
spots cannot actually move continuously 
over the commutator, because of the insula¬ 
tion between bars. Hence for advance¬ 
ment, new arc terminjals must form. It is 
well known that a new cathode spot will not 
be established unless the electrode is at a 
potential considerably negative with respect 
to the adjacent arc stream, but it is perhaps 
not generally appreciated that likewise 
a new anode terminal will not form until the 
electrode is several volts positive. Figure 
12A illustrates this i^ery well; on the right 
side, no current flowed to the first bar from 
the shorted sector, the arc anode transfer¬ 
ring directly to the second bar. In this 
case, it was necessary for the new electrode 
to be at least some 16 or 20 volts positive 
with respect to the adjacent positive column 
in order for the new anode to strike. The 
commutator bars are cold, while the gas in 
the arc column is at some 6,000 degrees or 
6,000 degrees, so no matter how closely the 
arc stream hugs the commutator, always a 
transition region exists in which the gas 
temperature falls from the high value of the 
arc to the low temperature of the metal. 
Through reduction of electron mobility 
within the cold gas, the flow of current is so 
impeded that considerable voltage must be 
applied across this region in order to carry 
the full arc current and establish a new 
anode spot. 

At a new cathode spot additional require¬ 
ments, not well understood, must be met 
which demand even a higher voltage than at 
the anode. Thus in figure 12B, left, not 
even the voltage drop across 2 commutator 
bars, perhaps some 30 to 40 volts, was 
sufficient to transfer the cathode. In 
figttre 12C and D the sudden breaks in the 
arc voltage give a measure of the voltage 
required to strike the new cathodes; these 
range from 30 to 176 volts, while evep 
higher voltages in some cases caused no 
transfers. 


R. E. Hellmund: The discussion contiibuted 
by Jones indicates how the data presented 
in the paper can be used to advantage to 
clarify certain practical questions. 

Mason’s reference to figures 5 and 6 of the 
paper is quite correct. These curves should 
start somewhat abqve the zero line if they 
axe to represent arc voltages; they were 
extended to the zero line merely to indicate 
the starting curraat on which the curves 
were drawn. His other remjnks are exceed¬ 
ingly interesting and give some very valu¬ 
able explanations of the arc ph^oniena. 

Penney’s discussion indicates that with a 
roughness of 0.0003 the brushes may leave 
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the commutator a distance of one or two 
inches. Everybody familiar with railway 
practice knows that a figure much greater 
than the one given by Penney has often been 
allowed for the roughness of commutators, 
especially in some of the older motors. It 
therefore seems that a great deal of the 
commutator flashing in practice can be 
explained by commutator roughness, which 
supports the feeling I have had for some 
time that other causes, such as shocks 
caused by rail joints or mechanical vibra¬ 
tions of the motor as a whole, are of minnr 
importance. The conclusion to be drawn 
from this is that commutator maintenance 
is possibly of even greater importance in 
reducing flashing in railway motors than any 
changes in the design of the motors. A 
review of the data given in the paper p lainly 
indicates that flashing may occur with any 
motor design no matter what the field form 
of the motor may be. In railway work, 
space limitations make it practically impos¬ 
sible in the smaller motors to make the 
total distance between brushes more tVian 
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5 or 6 inches, and since the total coimter- 
voltage of the motor has to be induced within 
the distance between the brushes, the arc is 
likely to be drawn into the high-voltage 
region if the brush is off the commutator 
long enough. 

Since it was not done in ray paper, it may 
be well to call attention here to the fact that 
the transient arc characteristics as deter¬ 
mined in the paper are not entirely independ¬ 
ent of the circuit constants of the test 
arrangement. This may be illustrated by 
reference to the figure in this discussion. 
If a total voltage E is impressed on the 
circuit, the ohmic drop in the circuit can be 
represented by the distance Ir between the 
horizontal line EB and the curve A . Curve 
A must obviously be a straight line because 
the ohmic drop is proportional to the cur¬ 
rent. This simply means that with stable 
arc conditions the arc voltage Eat is repre¬ 
sented by the difference between the im¬ 
pressed voltage and the ohmic drop. If we 
consider, however, transient current condi¬ 
tions with a decreasing current, and if there 
is any self inductance in the circuit at all, a 
self-inductive voltage JB< is induced, leading 
to a voltage E^a for the arc voltage. This is 
the condition found in figures 5 and 6 of the 
paper. It is therefore evident that under 
transient - conditions, the valtie JSf will 
depend to some extent upon the inductance 
in the circuit. In a series motor, whidi is of 
the greatest practice importance in this 
study, conditions are different but the 
final results are somewhat similar Instead 
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of the large ohmic drop /r, there is a otriall 
drop Ifi, and in addition ^ere is a counter 
electromotive force Ec which is proportional 
to the current, at least as long as the motor is 
not saturated. The net result is that the 
Slim of Ifi and Ec is about equal to Jr, anrl 
the effect of any self induction is a gain 
represented by the value Ei. Under tran¬ 
sient conditions the counter voltage may be 
influenced temporarily to some extent by the 
damping effects of the eddy currents in a 
solid h'ame portion upon the flux. Never¬ 
theless, it is believed that the experimental, 
data given in the paper are quite applicable 
to series motors, although it may be inadvis¬ 
able to assume without further investigation 
that the same curves can be applied indis¬ 
criminately to entirely different conditions. 

Contact Drop and 

Wear of Sliding Contact 

Discussion and authors* closure of a paper by 
R. M. Baker and G. W. Hewitt published in 
the January f937 issue, pages 123-8, and 
presented for oral discussion at the eledrical 
machinery session of the winter convention, 
New York, N. Y., January 28,1937. 


R. £. Hellmund; See discussion, page 602. 

V. P. Hessler (Iowa State College, Ames): 
The results presented in this paper are very 
interesting and worthwhile as a step toward 
the ultimate goal of a complete understand¬ 
ing of sliding contact phenomena. The 
importance of the oxide film in contact drop 
phenomena seems to be definitely estab¬ 
lished by these and the former investiga¬ 
tions of one of the authors. However, a 
large amount of experimental work will have 
to be done before the relative importance of 
the various factors involved in contact drop 
will be determined. For example, the oxide 
film alone does not expkun the difference in 
contact drop obtained with the various 
grades of brushes. The difference might be 
attributed to abrasion but this seems hardly 
likely in view of the following simple experi¬ 
ment performed by the writer. 

A pair of electrographitic brushes had 
been operated on a copper ring for several 
days with a current of 50 amperes per square 
inch. Then the ring was cleaned with fine 
carborundum paper and contact drops 
obtained simultaneously with the follow¬ 
ing results shown in table I of this discus¬ 
sion. 

While the above indicates that abrasion 
does have an effect upon contact drop, the 
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60. .0.68. .1.57. .0.86. .Before sanding:. 

60.. 0.68. .1.46.. 0,77.. After sanding lightly. 

60.. Q;67., 1.40.. 0.73. . While sanding with 360 grit 
50. .0.60. .1,48. .0.80. .Running 2 minutes dnee 
sanding. 

60.... 1,20........While sanding with 230 grit. 

60. .0.66. .1.42. .0.76. .Running a few minutes since 

50. .0.62. .1.10. .0.68.v.Whilesandingwith'280grit. 
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results were not nearly as pronounced as 
were expected. The abrasive paper must 
have cut through the oxide film, and the 
re-established film must necessarily have 
been of molecular dimensions considering 
the time required for an eighth of a revolu¬ 
tion at 1,600 revolutions per minute. 

The authors suggest the possibility of a 
quasi-dectrolytic action as a factor in ring 
wear, but show that the amount of material 
transferred is negligible compared to that 
in ordinary electrolytic action. In the case 
of brushes, the rate of wear is often not even 
proportional to the amount of current flow. 
With brushes not tracking the cathode 
metallic brush and the anode graphite brush 
always showed rates of wear independent of 
current density in the tests made by the 
writer. Of course, this does not apply to 
excessive values of current density. 

The authors also suggest that, since there 
is less ring w^ at the cathode section of 
the ring than. at the zero-current point, 
material may have been picked up from 
some other part of the ring and deposited on 
the cathode section. It seems more logical 
to the writer to consider that the abrasion 
has been less at the cathode section than 
at the zero-current section. Very often a 
commutator will become threaded and the 
brushes dust under light loads, whereas 
these difficulties will all disappear under full 
load conditions. The same phenomena 
may be occurring in this synchronously 
operated ring. 

The effect of operating sliding contacts 
in inert gases is indeed interesting. It will 
be another important step in advance when 
it is learned just why the presence of oxygm 
produces such a large increase in bruA 
wear. The writer sincerely hopes that the 
authors will consider it worth while to repeat 
some of their experiments with a trailing 
brush to determine the importance of abra¬ 
sion in this phenomena. It would also be 
interesting to analyse the gas in the tank 
for CO and CO 2 after a period of operation. 


R. M. Baker: Hessler cites experiments in 
which he sanded sUp rings while the brushes 
carried normal current, and fotmd that the 
sanding operation resulted in only a small 
reduction in contact drop (contact resist¬ 
ance). It was inferred from this, experi¬ 
ment that the oxide film is not an important 
factor in determining contact resistance. 
It must be pointed out, however, that quite 
different results would have been obtained 
if the experiment had been performed with 
a few milliamperes instead of normal cur¬ 
rent flowing; in the contact. With normal 
current flowing through the contact) the 
film was already broken-down to such an 
extent that sanding the ring had little 
effect. Sanding the ring with very low 
current flowing in the contact will some 
times result in a 1,000-to-one change in con¬ 
tact resistance. 

It was unfortunate that the authors used 
the word "electrol^c” in describing the 
material transfer indicated in figure 5, for 
this word indicates the existance of an dec- 
trolyte. It w:as thought more likdy that 
the material was transported by gaseous 
metal ions produced in the coutaetby vapori¬ 
zation, or some other process. The unequal 
Wear might occur as Hessler and several 
others have suggested simply by nature of 
the fact that the abrasiye ^ect of the brush 







is different over different parts of the rings, square inch of brush area for each foot of 

depending upon the amount and direction travel. This gives some idea of the number 

of the current flowing. There are 2 facts, of particles released in the contact during 

however, which indicate very strongly that normal operation in air. It is surprising 

there is actually a transfer of material from when one realizes that on the above assump- 

the ring to the brush and Vice versa. First, tion a brush one square inch in area, operat- 

the polarity at which rapid ring wear occurs ing on a ring with a speed of 5,000 ft. per 

is correct for material transfer by positively minute, would give off half a million parti- 

charged metal ions; secondly, the variation cles in onC minute. 

in the west curves is veiy nearly propor- It is not known just how these particles 
tional to the cutrent. If the results are to leave the contact or what part they play 

be explained on the basis of abrasion, it is during the time they are in the contact, 

necessary that the abrasion be not only Hellmund makes a niunber of interesting 

dependent upon the direction but also upon suggestions, and following these, an investi- 

the magnitude of the current. gation will be undertaken by the authors to 

Hessler mentions the fact that the brush determine experimentally the size and 

wear data which he has obtained for metal number of the particles given off by different 

graphite brushes cannot be explained by the brushes. 

picture of material transfer given above. Hellmund suggests that the roughness of 
This is to be expected, because brush wear the voltage records (figure 2 of paper) for 

is hundreds of times more rapid than ring the negative polarity might be explained by 

wear and the small component produced by the movement or disappearance of loose 

material transfer in the contact would never carbon particles in the contact. It will be 

be noticed. This also raises another possible seen, however, by a comparison of alternate 

point of question which should be straight- periods of the voltage wave (fignure 2 of 

raed out. Since the brush wears so rapidly, paper) that the variations are a function of 

it is unlikely that much of the copper picked the ring position and must therefore be due 

up off the ring would ever be redeposited. to some condition existing on the ring sur- 

Thus, if copper is deposited on some part of face rather than in the brush face. This 

the ring surface it probably is copper origi- same effect is even more noticeable during 

nally included in the body of the brush. d-c operation where the voltage drop record 

^ Some e:q>eriments with trailing brushes repeats almost exactly over successive 

in an oxygen-free gas will be made as sug- revolutions when 3 or 4 revolutions are 

gested by Hessler. It is doubtful, however, observed on one oscillogram, 

if such tests will give any evidence as to the Hellmund mentions an earlier article in 
process whereby brush wear is reduced upon which the authors suggested that oxidation 
going from air operation to operation in of the brush material immediately adjacent 
some oxygen-free atmosphere. to the contact resulted possibly in a weaken- 

The authors have talked often about mak- ing of the brush structure and the high rate 

ing an experiment to determine the amount of brush wear commonly observed in air. 

of carbon monoxide and carbon dioxide Further evidence along this line is given by 

grvra off by brushes during operation in air the curves of figure 1 of this discussion, 

or m oxygen but have never found time to To test the weakening effect produced in 
e^eiment. Such an experiment a brush material by exposing it to various 
wmd furnish interesting information. temperatures in air, the following experi- 

HeUmund has rightly brought out the ment was made. Samples of an electro- 

fact that^mvestigators of carbon brush graphitic lamp-black, % inch wide by 

problems ^ve neglect^ to consider the 3 inches long by Vw inch thick, ware sub¬ 
effect of the carbon or graphite particles jected to various temperatures for 20 hours 

which are continuously being set free in the in an electric furnace. These samples were 

cwtact through the process of brush wear. later subjected to a breaking test with the 

If one assumes ^ that all the brush wear restilts indicated in figure 1. The strength 

results from particles 0.0001 inch in diameter recorded is the modulus of rupture in 

being tom out of the brush face, one cal- pounds per square inch. 

inn for normal brush wear, about It will be seen ^at in air the material 
oU to 100 particles are liberated from each began to loose its strength around 360 


degrees cmtigrade and had zero strength 
around 670 degrees centigrade. Even the 
samples whidi had zero strength, still 
retained essentially their original size and 
shape and it seemed as if the weakening had 
occurred by a surface oxidation of the indi¬ 
vidual particles of the brush to weaken the 
bonds until the sample was just ready to 
fall apart. In hydrogen, similar samples 
were heated up to 880 degrees centigrade 
with practically no weakening. This is in 
line with previous arguments and is a little 
more evidence that oxidation of the brush 
material adjacent to the contact is an 
important factor determining the rate of 
brush wear in air. 

In closing it should be mentioned that 
R. Holm of the Siemens Company in Berlin 
made experiments some years ago which 
demonstrated some of the results given by 
figure 2 in the paper. A copper ring was 
operated with a low value of direct current 
until the contact resistance was high. The 
ring was then stopped and part of the sur¬ 
face was subjected to a heavy current. 
Afterward the ring was allowed to run with 
only a small current flowing while the con¬ 
tact drop was observed with the oscillo¬ 
graph. The variation of contact drop 
around the ring showed that the section of 
the ring surface which had been subjected 
to the heavy current continued for some 
time to offer a much lower resistance to the 
flow of current than did other sections of the 
ring surface. The results of this experi¬ 
ment were never published but were com¬ 
municated verbally to one of the authors 
during his visit to Berlin in 1932. 

Self-Regulated 

Compounded Rectifiers 

Discussion and authors' closure of a paper by 
W. Melvin Goodhue and R. Burton Power 
published in the November 1936 issue, 
pages 1200-5, and presented for oral dis¬ 
cussion at the electrical machinery session of 
the winter convention. New York, N. Y., 
January 28,1937. 


F. N. Tompkins (Brown University, Provi¬ 
dence, R. I.): The authors are to be con¬ 
gratulated for producing such a timely and 
interesting paper. 

Since little mention was made of a single¬ 
phase full-wave rectifier working in the 
manner described in the paper, it was 
thought worth while to set one up in the 
laboratory. It was fotmd to give results 
comparable with those given in the paper. 
For instance, with a straight rectifier, i.e,, 
not self-regulated nor compounded, when the 
input voltage was varied from 160 to 250 
volts the output voltage varied from 102 to 
178 volts. With the input voltage held 
constant at 230 volts and the load varied 
from zero to full load, the output voltage 
varied from 184 to 169. With the rectifier 
self-regulated but not compounded, a varia¬ 
tion of input voltage from 160 to 260 gave 
a change of output voltage from 97 to 119 
volts. When the input voltage was held 
constant at 230 volts a variation of load 
from zaro to full load gave an output voltage 
diange from 119 to 116 volts. It is quite 
possible that with changes in the apparatus 
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used even better results would have been 
obtained. These tests, besides indicating 
that the circuit may well be used with single¬ 
phase input, pointed out several facts 
which either were not stressed or were not 
mentioned by the authors. 

The current transformer used in the 3- 
phase arrangement seems to be of special 
design, being for 3-phase operation. Three 
common single-phase current transformers 
should not be used since they would be 
working into a half-wave rectifier and would 
have no secondary load every alternate 
half cycle. This would lead to saturation 
of the cores and a high voltage drop across 
the primaries. In the single-phase com- 
poimded rectifier, as set up in the laboratory, 
it is necessary to use a current transformer 
with a center tap in order that the current 
compounding may be supplied from a full- 
wave rectifier. It was also found to be 
advisable to filter the output of this rectifier 
for best results, a choke and condenser 
being used for this purpose. 

The ratio of the main transformer must 
be carefully chosen when designing a rec¬ 
tifier of this kind. To secure either voltage 
compensation or compounding, it is neces¬ 
sary to operate the rectifier at some lower 
voltage than would normally be given by 
the chosen transformer ratio. This is neces¬ 
sary in order that the regulating voltages 
from the drop wire across the output and 
from the current-transformer rectifier may 
have control of the grids of the tubes. The 
amount of voltage below normal at which 
the rectifier tmit must operate depends upon 
the amount of voltage regulation desired. 

In the paper small lamps are shown m the 
grid circuits acting as protective resistors. 
In the single-phase arrangement it was 
found advisable to use much higher values 
of resistance than is represented by these 
lamps, 5,000 ohms being a good value. 
The grids should not take any more current 
than is necessary. 


L. A. Kilgore (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The authors describe a method of 
automatically controlling the voltage of 
grid-controlled rectifiers, which utilizes the 
output voltage of the rectifier to control the 
grids. The authors show a smoothing 
inductance which takes out part of the pulsa¬ 
tion of output voltage. If the smoothing 
action is not complete, the grid picks up 
when the output voltage is at the minimum 
point. Hence, it attempts to regulate for 
a constant minimum voltage. The differ¬ 
ence between the average and minimum 
voltage will be the function of the load 
•current, load-circuit inductance, and resist¬ 
ance. The authors describe a means of 
compounding which takes care of the change 
due to load current. The writer would like 
to ask whether or not they would expect 
•changes in average voltage if the character 
•of the load circuit changed, especially if the 
load inductance changed. 

If the ripple in the output voltage was 
completely filtered out, then any slight 
variations in the critical voltage of the grids 
would cause wide variations in the firing of 
individual anodes and cause smous unbal¬ 
ance of load. It would seem that to keep 
the same accuracy of firing, the ripple volt¬ 
age must be of the same order of magnitude 
as the sine wave grid voltages which haVe 
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been previously used for controlling the 
firing of grids. If this is ^e, nothing is 
gained over the conventional method of 
impressing grid voltages from a grid trans¬ 
former, and it has the disadvantage of being 
dependent on such factors as the inductance 
of the load circuit. The writer would 
appreciate the authors' co mm ents on these 
points for it may be that some of the func¬ 
tions of the apparatus described have been 
misunderstood. 

When considering the control of rectifier 
voltage 'by grids, whether automatic or 
manual, it should be observ^ed that any 
reduction of voltage is accompanied by a 
nearly proportional reduction in power 
factor, and an increase in harmonics. This 
fact somewhat limits the general application 
of such control, but the writer feels that 
there will be numerous applications where 
the automatic control of rectifier voltage 
will be used. Several automatically regu¬ 
lated rectifiers have been built, one using a 
conventional current regulator, such as 
might be used on a rotating machine. 
Another rectifier using voltage and current 
compensation was found to give very flexible 
control of the regulation characteristics. 


Didier Joumeaux (AUis-Chalmers Manu- 
facttnring Company, Milwaukee, Wis.): 
The authors are to be given credit for pre¬ 
senting a method of ra:tifier control of 
sufficient interest to make their readers 
desirous of obtaining additional information 
on the details of the process of operation of 
their system. In particular, curves would 
be desirable showing the different character¬ 
istics obtained by varsdng the voltage of 
the bias battery and the tap of the potenti¬ 
ometer, and by maintaining the tubes in an 
oil bath at different constant temperatures. 
Oscillograms of the input and output volt¬ 
ages, of the d-c load current and of the 
grid voltage during steady state operation 
and during transients would also be of 
assistance in obtaining an insight into the 
action of the grids. The omission of a d-c 
load-smoothing inductance in figure 7b 
appears to be inadvertent. 

^Pi^le the results reported by the authors 
are quite interesting, it is necessary to bear 
m mind the limitation to which the system is 
subject. In particular, the action of the 
grid contror relies on idie curvature of the 
grid characteristic and is of extreme sensi¬ 
tivity. This renders the system easily dis¬ 
turbed by any irregularity in the action of 
the tubes to the extent that, in some of the 
circuits, tubes must be selected and perhaps 
also matched to give reliable results. If the 
grid characteristic is subject to variations, 
the output voltage or current will receive the 
same variations amplified in a constant 
ratio. This would probably render the 
regulator entirely inapplicable to. the control 
of rectifiers of the mercury-pool type, for 
which mechanical regulators of the rocking 
sector type have been found entirely satis¬ 
factory. Such regulators have been used 
with great success in this country and abroad 
for controlling constant voltage, com¬ 
pounded, and constant current rectifiers, 
the latter being utilized in some large 
electrolytic plants. While rocking sector 
regulators have not been used on currents 
requiring relation through a load range 
including short circuits, they are perfecHy 
adapted for that purpose. By the addition 
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to the regulator of a high-speed relay, 
regulation could be maintained through 
suddenly applied short circuits within such 
limits and at such speeds as to meet the 
requirements of most practical applications. 


C. L. Dawes (Harvard University, Cam¬ 
bridge, Mass.): DuriniT the past few years 
it has become increasingly evident that 
ionic devices were certain to replace relays, 
certai n t 3 pes of rotating machinery and 
many types of regulating devices. For 
example, in new substation installations, 
the mercury-arc rectifier hsis virtually super¬ 
seded rotating machinery in the conversion 
of alternating to direct current. Because of 
the absence of rotating elements, windings 
and iron cores, such rectifiers are inherently 
more efficient, especially so at light load, 
and are much lighter than equivalent rotat¬ 
ing machines. Moreover, because the ions 
constituting the fectifying mediiun have 
insignificant inertia,- and respond with 
extreme rapidity to both electric and mag¬ 
netic fields, it is possible to obtain character¬ 
istics, and to control current and voltage in a 
manner which is impossible with rotating 
machinery. This paper by Goodhue and 
Power is an excellent illustration of some of 
the results which can be obtained with such 
ionic devices. 

I am first calling attention to the method 
of grid control which they employ as is 
illustrated by figures lo, 16, and 7a and 76. 
The usual method of grid control is to apply 
an alternating electromotive force to the 
grid and to control the instant of firing either 
by shifting the phase of this electromotive 
force, or by changing its magxiitude. The 
authors obtain greater sensitivity, less 
effects from temperature, and more positive 
action by connecting all the grids together 
and applying a direct-current voltage to 
them. This electromotive force is supplied 
jointly by a constant source of electromotive 
force, such as a battery, and a potenti¬ 
ometer coimected to the d-c system supplied 
by the rectifier. As the authors state, the 
regulator operates so rapidly that the pointer 
of a d-c voltmeter shows no noticeable 
flicker^with large and sudden changes in 
input voltage. 

By the addition of current compounding 
a wide range of voltage-current character¬ 
istics may be obtained, from almost any 
desired degree of cumulative compounding 
to ahhost any degree of differential com¬ 
pounding as shown by figure 3. Also con- 
stant-ciarent characteristics and character¬ 
istics combining constant-current to the 
limit of the rectifier operation and then 
through nearly constant potential to zero 
current all may be obtained merely by suit¬ 
able adjustments of the shunt and series 
regulating resistances as shown by figure 4. 

Hence it appears that these methods offer 
possibilities in industrial motor control, 
not readily obtainable with the usual drc 
sources. As pointed out by the authors,; by 
the use of the diaracteristics of figure 4 
motors may be started with any desir^ 
value of constant torque and brought 
smoothly up to rated speed. All starting 
equipment is eliminated together with the 
pulsations in starting; Current caused by the 
intermittent dosing of contactors. The 
method makes possible by ample means the 
precise control of many processes which 
control heretofore was udy ^J^ible by 
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means of complicated and cumbersome 
electromagnetic control equipment. As an 
example, if it were desired to maintain the 
speed of a motor constant it could be separ¬ 
ately excited and a direct-current magneto 
connected to the shaft. The terminals of 
the magneto would be substituted for the 
potentiometer S, figures la, lb. Any change 
in speed of the motor would change the 
electromotive force applied to the grids, and 
the electromotive force at the motor ter¬ 
minals would change correspondingly. If 
compensation for the small effects of tem¬ 
perature on the critical grid voltage were 
desired, a slight degree of current compound¬ 
ing could be introduced, using the con¬ 
nections of fig^e 1&. There are many 
other applications of such automatic con¬ 
trol such as maintaining the correct dis¬ 
tances in alignment processes, controlling 
temperature and pressure, etc. 

Heretofore constant direct current has 
been obtained by means of the constant- 
current transformer supplying constant 
single-phase current to single-phase recti¬ 
fiers. As shown by figure 4 the methods 
devdoped by the authors make it possible 
to obtain such constant direct current 
from a pol3rphase rectifier, with advantages 
over the constant-current transformer 
method. The moving coil with the accom- 
pan]ring mechanism is diminated. The 
constant-current transformer cannot main¬ 
tain constant current during sudden changes 
of load. With the moving coil in any 
position the current locus is a circle. Hence 
the coil must move to maintain constant 
current, and, owing to the inertia of the 
mechanical syst^, considerable time is 
required for readjudment of the position of 
the coil. WilJh the system shown by the 
authors, response to load change is practi- 
<^ly instantaneous.' Moreover, their system 
constitutes a balanced 3-phase Ipad whereas 
the single-phase, constant-current trans¬ 
former produces unbalancing in 3-phase, 
systems which tinder some conditions ■may 
be objectionable. 

To my mind this paper is valuable, not 
only in showing the defcite characteristics 


that are obtainable with a controlled mer¬ 
cury-arc rectifier, but it also shows the 
flexibility that is obtainable by means of 
ionic control devices and it opens up wide 
possibilities in the field of industrial power 
applications. 


Reuben Reiter (Harvard University, Cam¬ 
bridge, Mass.): The data presented in the 
curves of this paper show that the maximum 
power controUed by the authors in their 
experiments was of the order of 2 kw. It is 
desirable to know the economics of this 
method of control when applied to much 
larger blocks of power. The dollars and 
cents saved by this method over other 
existing methods will determine its present 
value. 

Would it not be possible to economize on 
the initial cost of the control installation by 
employing a single phase for control rather 
•than 3 phases. The system shown by 
the authors employs 3-phase transformers 
and requires 3 rectifying units to supply the 
d-c control voltage. The method is a 
balanced one, but is it necessary for the 
ordinary installation. 


G. H. Rockwood (Bell Telephone Labora¬ 
tories, Inc., New York, N. Y.): The com¬ 
pounding circuits suggested by the authors 
are of considerable interest since they permit 
of cumulative compounding so conveniently. 
As the authors suggest differential com¬ 
pounding makes possible the construction 
of a rectifier which may be used for d-c motor 
control, or one the output of which may be 
short-circuited without damage to tubes 
or associated equipment. Because of the 
convenience of differential compounded 
circuits it seems pertinent to call attention 
to another t 3 T>e of circuit which makes 
possible differential compounding in a cheap 
and simple manner. The circuit for a 
single-phase rectifier is shown. In this 
circuit the load current fe passed through a. 
seii^ resistance, the drop across which 
supplies the grid excitation for the rectifier 


tubes. If this series resistance is a nonlinear 
device such as a tungsten-filament ballast 
lamp, the voltage drop across it even at 
full-load current may be made small enough 
so that the grids have very little negative 
bias, but for overload currents the grid bias 
rises rapidly. Because of the curvature of 
the grid characteristics of negative grid 
tubes, a small grid bias causes practically 
no change in output of the rectifier. Con¬ 
sequently, the load-regulation character¬ 
istics for the conventional rectifier and the 
differentially compounded grid-control recti¬ 
fier are substantially identical except in the 
overload region. It will be observed from 
the figiure that the rectifier may be short- 
circuited without having the load current 
rise to excessive values. It should be added 
that the rectifier operation is stable even 
under short circuit conditions. 


Myron Zucker (Detroit Edison Company, 
Detroit, Mich.): The authors are to be 
commended for trying to apply the inherent 
speed of electronic equipment to work-a-day 
jobs. Such development, especially toward 
simplification, is needed if industry is to 
profit by electronics. Despite the quick 
action theoretically obtainable with elec¬ 
tronic regulators and controllers almost all 
regulating work can still be done more 
economically by other means. Even in 
such a wide-open fidd as the high-speed 
regulation of distribution circuits to elimi¬ 
nate lamp flicker, no satisfactory regulator 
has yet been developed: it is still necessary 
to resort to the "brute force” method of 
making every element in the circuit over¬ 
size. As long as transformer capacity and 
copper come cheaper than tubes, there can 
be no quarrd with the present method of 
handling the situation. Perhaps a continual 
^ault on the regulation problem will some 
day produce more refined solutions. 

However, despite the desirability of the 
study, the authors’ solution seems to be 
limited to certain special applications. 
Several factors seem to make it unsuitable 
for commercial work. 

The first control scheme described in. the 
paper^ is the most attractive because of its 
simplicity. It depends on balancing the 
output voltage of the rectifier against a 
battery, to energize the grids. This has 
2 disadvantages: 

1. An ordinary battery is not as reliable a long¬ 
time voltage standard as is commonly considered, 
so that—espedally with the sensitive differential 
prmdple used in the grid circuit—erratic operation 
is likely to occur. How much currOTt—instan¬ 
taneous and average—and in which direction—was 
drawn through the battery? 

2. Ripple is demanded in the output voltage. 
Although too much is undesirable, it is obvious that 
too little would. be even worse. In the extreme 
case of no ripple, the average voltage would be 
obtained from a series of "full on” operations 
followed by all tubes being entirely "off” for several 
cycles. 

It would help if the authors would tell 
how iquch ripple they have found desirable 
in their tests, and also whether they have 
rtm any tests for extended periods of con¬ 
tinuous operation. Also, what magnitudes 
of battery voltage was used? How do the 
values depend on load,, voltage, and the 
range coyered by these? What are the 
quantitative conditions for figure 2, the 
curve showing perfect regulation? Can 
this curve be reproduced at -will for various 
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loads and voltages? Once the proper 
adjustment has been made for a certain 
voltage-load characteristic with a given 
supplyi, voltage, will a similar curve be 
obtained for a different value of supply 
voltage? 

It seems that the ripple might be reduced 
by placing filters on the load side of the con¬ 
trol potentiometer 5. Have the authors 
tried this? Since a certain minimum of 



Fig. S 


ripple is required for control, is it not true 
that the ripple is worse with this type of con¬ 
trol than with other types unless such filter 
can be used? 

Use of tubes that “fire” with negative 
grid voltages is suggested by the authors. 
This might better some of the curves and 
permit use of weaker grid circuits (or ease 
the battery service), but would increase the 
chances of erratic operation. These "nega¬ 
tive grid” tubes have a tendency toward 
random firing even with the best of grid 
excitation; it might be too much to expect 
them to give good service on the slim margin 
provided by voltage balancing. 

It might be suggested that similar curves 
including compounding have been obtained 
in a more reliable way by a-c excitation. 
For instance the circuit shown in the dia¬ 
gram will give very close regulation. “Com¬ 
pounding” can be added with phase adjust¬ 
able, giving a wide range of characteristics 
available. Such a control circuit has been 
applied to rectifiers and to excitation of an 
alternator. In the latter case, an added 
feature is that overspeed may be made to 
remove excitation and trip the main alter¬ 
nator circuit breaker. This type of circuit 
does what the authors set out to do—control 
without auxiliary tubes—and at the same 
time provides a definite, predictable voltage 
to the main grids. 


W. M. Goodhue: Tompkins reiwrts verify¬ 
ing the circuits given in the paper with a 
single-phase circuit in his laboratory. The 
authors appreciate the interest, which he 
shows, particularly in view of the difficulties 
encountered in a different laboratory ; not 
having equipment specially designed for this 
new circuit. For example, the amount of 
smoothing inductance must be co-ordinated 
with the rectifier circuit in order to obtain a 
specified uncompensated characteristic. 

The current transformer is stated in the 
paper to be poljThase. It would naturally 
follow that, with a single-phase set, trans¬ 
formers with the center tap would be em¬ 
ployed. In filtering the pilot rectifier, it 
should be remembered that too much grid 
filtering will introduce time lag, and Tomp¬ 
kins perhaps uses grid filtering to compensate 
a long commutation period in the main 
rectifier. 
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In all grid-controlled rectifiers and 
inverters it is usual and essential to employ 
a main transformer turn ratio giving a 
maximum d-c voltage greater than the 
operating voltage. Even in a d-c dynamo, 
the shunt-field coils are designed for 80 per 
cent or so of full voltage, the remainder 
being absorbed in the field rheostat. 

The value of grid resistance to be used 
depends on the choice of tubes, and must be 
co-ordinated with potentiometer resistances. 
Tompkins may have used a different tsrpe 
of tube than the authors. Also, the v^ue 
of resistance is not critical. 

L. A. Kilgore asks whether the authors 
would expect any change in average voltage 
if the load inductance is changed. This 
condition is peculiar in that load inductance, 
unlike the smoothing inductance, is outside 
of potentiometer 5. This tends to increase 
the voltage ripple across potentiometer S, 
and hence the average voltage. This 
effect may perhaps be overcome by the 
insertion of condenser-resistance filtering in 
the contact S lead, in place of smoothing 
inductance in the power circuit. 

The question of the accuracy of firing does 
require expounding. Inspection of curves, 
such as figure 2, shows extraordinary accuracy 
all out of proportion to any results obtain¬ 
able with staiic grid circuits having similar 
magnitudes. Protective devices were em¬ 
ployed in these experiments and would have 
shut down the equipment if serious anode 
unbalance ever occurred. No shutdown 
due to unbalance occurred, showing that 
this effect was not serious. The peak cur¬ 
rent equals the load current, so that only 
firing-time unbalance need be considered. 
Kilgore neglects the fact that imbalanced 
firing would produce an unbalanced ripple. 
The resulting regulator action would auto¬ 
matically restore balance immediately. In 
other words, failure of a tube to fire at the 
appointed time causes the ripple to continue 
dipping beyond the appointed time with 
accelerating downward slope, forcing the 
tube to fire close to the appointed time. 

‘ Therefore, ripple voltage in this circuit 
may be much .smaller than the sine-wave 
voltages usually employed in grid circuits. 
Of course, if complete filtering is desired, it 
can be added in the d-c load itself beyond 
the potentiometer S, without depriving the 
grid circuit of ripple. 

With large ripple, compounding would 
still work, and high voltage sets (250 volts 
up) would have a small per cent ripple and 
hence reg^ulate. The authors agree with 
Kilgore that the advantages of grid control 
far outweigh the reduction in power factor. 

Didier Joumeaux suggests oscillograms for 
the purpose of understanding the grid action. 
Different states of operation are possible, 
all satisfying the equations of the paper and 
giving the regulator action. The extra¬ 
ordinary accuracy (figure 2) compared with 
the small ripple voltage operating the grids 
would require special experiments to imder- 
stand. Artificial variation of critical volt¬ 
age of one tube must be introduced. 

Therefore, the number of oscillograms and 
amount of research would be so large as to 
properly belong in a second paper on the 
subject. 

The omission of smoothing inductance in 
figure 7b was probably due to the custom of 
combining intaphase transformer and 
smoothing inductance by the use of a high- 
leakage interphase transformer. 
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The characteristics varying the potenti¬ 
ometer taps and bias battery are shown in 
figures 3, 4, and 6. Only slight improve¬ 
ment with oil bath may be expected, since 
other factors such as per cent ripple still 
vary with current. 

The question of tube irregularity and grid 
variations has been considered in answer to 
Kilgore’s discussion. The grid control does 
not rely on the curvatiue of the grid char¬ 
acteristic. The authors wish to thank 
Joumeaux for calling attention to the fact 
that mechanical regulators can possibly be 
designed for high speed, where the grid 
current to be controlled is small. However, 
such regulators are limited economically to 
large size rectifiers. 

G. H. Rockwood has a very interesting 
differential-compoimded rectifier. It seems 
to depend directly on the grid critical volt¬ 
age and hence be subject to wide variations 
with temperature and supply voltage. In 
the dotted curve portion, the current varies 
considerably, whfie the authors’ character¬ 
istics are linear (figure 4) with nearly con¬ 
stant current. This is because the use of a 
bias battery in the authors’ circuit reduces 
the per cent of variation due to critical grid 
voltage. For example, assume a critical 
grid voltage of 6, which varies say one volt, 
and a battery of 90 volts. For Rockwood’s 
circuit, 1 volt in 5 is 20 per cent variation; 
for the authors’ circuit, 1 volt in 90 is 1.1 
per cent variation. With a 180-volt battery, 
the variation is only 1 volt in 180 or 0.55 per 
cent. Thus, the use of a bias battery or 
its equivalent is essential in any d-c con¬ 
trolled rectifier circuit to eliminate grid 
variations. The use of a tungsten-ballast 
filament introduces time lag, especially for 
currents of 5 or more amperes; this lag is 
minimized by operating smaller filaments in 
parallel. The power loss in the ballast 
probably equals the tube loss, limiting 
application to small equipment, where first 
cost rather than efficiency is important. 
Of course, voltage regulation and cumula¬ 
tive compoimding are not obtainable. 

C. L. Dawes offers a very illuminating 
discussion of the industrial applications of 
the new circuit, and also the principles of 
operation. As He states, the moving-coil 
type of constant-current transformer is 
practically helpless during a rapid change, 
and reverts to an inferior circle-diagram 
characteristic. When the moving coil is 
near the stationary coil, the dynamic chara- 
teristic is especially inferior, the short- 
circuit current being several times the 
operating current, because the reactance is 
low. The authors feel with Dawes that the 
flexibility of grid control methods is en¬ 
hanced by the new circuit. 

Reuben Reiter evidently wishes tihe 
authors to (^cuss economics of this circuit. 
With large blocks of power the following 
relations exist: 

1. Entire control-circuit leva and power loss is 
negligible. No phase shifters are necessary. 
Tbei^ore, the expense of control equipment, both 
initial cost and operating cost, is very small com¬ 
pared to the main equipment. 

2. Other methods of obtmmng constant cumnt 
from a constant-imtential source are expensive, 
such, for example, as mqying-cml transformers, 
monocyclic networks. 

3. In addition, the dollars and cents problem 
involves other factors introduced in connection 
■with the purpose of the equipment, the faqilitiM 
available, and the finandal nature of the, appli<»- 
tion. Obriously, too general statements are mis¬ 
leading. ■ 





Reiter also suggests a single-phase control 
with polyphase power. To avoid throwing 
the power anodes out of balance, consider¬ 
able filtering of the pilot rectifier may be 
necessary, with resulting time lag. Initial 
cost is usually vital in small installations. 
For these, the entire power equipment may 
be single-phase, the pilot rectifier may con¬ 
sist of a cheap full-wave radio tube (t 3 rpe 83, 
83», or 80), and the current transformer of 
inexpensive power-pack constniction. 


Dyadic Alsebra Applied 
to 3-Phase Circuits 

August 1936 Issue, pages 876-82. 

Complex Vectors 
in 3-Phase Circuits 

December 1936 Issue, pages 1356-64 

Discussion of 2 papers by A. Pen<Tung Sah 
published in the August 1936 and December 
1936 issues and presented for oral discussion 
at the tensor analysis session of the winter con> 
vention. New York, N. Y., January 26,1937. 


Giuseppe Calabrese (The New York, N. Y. 
Edison Company, Inc.): When new meth¬ 
ods of analysis are applied to any branch 
of science, the first step taken is that of 
explaining well-established facts with the 
new methods. In this respect, and in con¬ 
nection with Sah's papers, perhaps, it may 
be of some interest to derive the formula of 
the force betyreen 2 elements of conductors 
carrying currents, in the light of the theory 
of dyadics, and to show how this force may 
be visualized as being proportional to the 
direct product of a vector by an antiself¬ 
conjugate dyadic. 

With reference to the figure below, let 
I and Ii indicate the magnitudes and space 
directions of the currents flowing in the 2 



Fig. 1. 


elements ds and dsi of the 2 conductors 
located respectively in M and P. Let f 
be the vector PM positive from P to M. 

The force Fo exerted on the element dsi 
of the conductor carrying the ciurent Ii 
by the element ds of the conductor carrying 

the current I is given by (the dot on the 
letters 7, 7i, r, Fo, is used to indicate vector 


quantities. The same letters without any 
additional sign indicate scalar quantities: 

■. SI dsdsi 1 L 

Fo «-— 7i X (f X 7) (1) 

where JiT is a constant depending upon the 
physical nature of the medium interposed 
between 2 elements. 

From vector analysis, it is known that the 
vector (f X 7), when used in cross multi¬ 
plication, is equal to the anti-self-conjugate 
dyadic (7r — r7) in direct multiplication, 
used as a prefactor or post-factor, depend¬ 
ing on whether (f X 7) is used as a prefactor 
or post-factor. The expression (1) of the 


ductors carrying currents may be calculated. 
In the practical applications, if the expres¬ 
sions (3) are used, the vectors 7, h, r may 
be decomposed in such a manner, or if using 
equations 4, the systems ijk may be so 
chosen as to reduce the necessary calcula¬ 
tions to a mimmmn. 

The forces on finite lengths of conductors 
are calculated by means of appropriate 
integrations. 

Of course the same conclusions may be 
reached, without much difficulty, from 
equation 1 by expanding the triple vector 
product according to the rules of vector 
analysis, without any knowledge of dyadics. 


force Po may, therefore, be rewritten as 
follows: 


Po 


K dsdsi ; 

-:— 7i-(7r 

f* 


ri) 


( 2 ) 


That is, the electromagnetic force exerted 
on an element dsi of a conductor carrying 
the current 7i, by the element ds of a second 
conductor cartidng the current 7, is pro¬ 
portional to the direct product of the current 
vector 7i into the anti-self-conjugate dyadic 
(Ir — rl). It will be recalled now, and it 
is apparent from equation 2 that the direct 
product of a vector by an anti-self-conju¬ 
gate dyadic lies in the plane common to 
the antecedents and consequents of the 
dyadic. It will be recalled also (or it may 
be proved directly by expanding the dot 

product Po-7i = iviir - f7).7i = 0) 

that the direct product of a vector by an 
anti-sdf-conjugate dyadic is perpendicular 
to the vector. Once these 2 rules are recalled, 
the space position of the force Po is im¬ 
mediately visualized from equation 2. 
Po lies in the plane of r and 7 and is per¬ 
pendicular to 7i. From (2), the 2 com¬ 
ponents of the force Po along r and 7 may 
also be readily computed respectively at: 


Kdsdsi 


{.Ivl)r and 


Kdsdsi 


Furthermore the 3 space vector 7, 7i, r 
may be expressed in terms of any arbitrarily 
chosen orthogonal system ijk as follows: 


7 ■■ -f yj -|- zk 
7i = xii 4- + *1* 

r ■■ rii + rij -f rjt 


R. L. Wildes (Massachusetts Institute of 
Technology, Oxbridge): The authors of 
this group of papers have shown remarkable 
genius in the application of 2 closely related 
branches of mathematics to electric-circuit 
problems. The method of Sah is limited 
to 3-phase, or 3-branch circuits, since it is 
based upon the 3-dimensional vector analy¬ 
sis of Gibbs. I am inclined to agree with 
Sah, however, that the better initial ap¬ 
proach to the whole subject of "higher cir¬ 
cuit analysis" is through the vector algebra 
rather lhan the tensor algebra. 

During the term just closing at MIT I 
have been presenting, as a part of one of 
my graduate courses in electric power- 
circuit theory, this vector algebra method 
of solving 8-phase unbalanced circuits. 
From this experience it is my opinion that 
the best pedagogical approach to this whole 
matter is, fibrst, to study thoroughly the 
elements of vector algebra and linear vector 
functions, as developed by Gibbs and Wilson. 
This would be followed by a study of Sah’s 
first paper in which the application is made 
to instantaneous 3-phase voltages or cur¬ 
rents as phase components of a 3-dimen¬ 
sional vector. This paper also develops the 
simpler operations with impedance and 
admittance dyadics. Then, just as we 
usually go from the study of instantaneous 
values of alternating quantities to the com¬ 
plex representation, we proceed to Sah’s 
second paper, in which we find the vector 
method applied to currents and voltages 
in the complex form. This transition is not 
difficult because the differences between 
vectors whose components are instantane¬ 
ous values and those whose values are com¬ 
plex are practically the same differences 
as those which exist between single-phase 
quantities. 

The final, and perhaps the most difficult 
step in the application of this method to the 


Correspondingly the dyadic (7r — ri) in 
nonion form becomes: 

(7r - ri) = (rjz - riy){ij - ji) -|- 
(r3» - rizXik - ki) -f {rsy - r^)(jk - kj) 

From which; 


solution of circuits, is the development of 
the technique of solving equations once they 
are written. This technique involves great 
ingenuity, as well as a great deal of ex¬ 
perience in handling vector equations. 
Many of these applications and ingenious 
methods of solving vector equations have 
been worked out by Sah, and it is my hope 


that these will soon be made available in 
future papers, or prderably in the form of 
a book. 

[ X^viy ~~ ^ Vliriz — r**) j i + Since this method is a direct competitor 

{xiirtx — riy) -f zifrjz — r»y)} j -j- of the method of S3mimetrical components 
[xiixix — riz) -f yi(rsy — riz) }^] in solving unbalanced 3-phase circuits, it 

( 4 ) may be in order to make a comparison of 

these 2 methods. It has been our experi- 
By means of either (3) or (4), the electro- ence that circuits involving balanced im- 

magnetic force between 2 elements of con- pedances, except at a single point, 5r 


Kdsdsi 

'ri* + rj* + r«* 
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possibly 2 points of imbalance, are more 
easily solved by the method of symmetrical 
components, while circuits possessing im¬ 
pedances of considerable imbalance are 
probably solved with about the same ease 
by the new method as with symmetrical 
components. There is probably some 
degree of complexity at which the vector 
method of solution becomes easier than the 
component method. This is especially 
true if some systematic, or perhaps mechani¬ 
cal method, of aiding the solution to the 
equations can be developed. The tech¬ 
nique of understanding and using the method 
of symmetrical components is certainly 
much simpler than the new method, and 
would be, I should say, a prerequisite to 
studying it. For. example, in the paper 
dealing with complex vectors the zero- 
sequence, positive-sequence, and negative- 
sequence components of a vector repre¬ 
senting a set of voltages are found by 
dotting this vector with the isoclinic or 
zero-sequence vector u, the positive- 
sequence vector /and the negative-sequence 
vector h, respectively. In our class work 
we have duplicated the sjrmmetrical- 
component solutions of circuits with im¬ 
pedances unbalanced at one point in terms 
of the new vector notation simply to become 
acquainted with this notation. We have 
then proceeded to solve the same problems 
by not only a notation, but a process, 
which characterizes Sah’s work. 

A careful study of this vector method not 
only has merits of its own, but forms 
an excellent foundation for the understand¬ 
ing of tensor algebra which is the subject 
of the papers by Kron, Boyajian, and 
Bewley. ' 

In conclusion, I cannot refrain from 
saying that I have great admiration for the 
fundamental development of these methods 
of analysis by Sah and Kron. The time 
for evaluating their contribution has not 
yet arrived, but it is the responsibility of the 
electrical engineers and the professors of 
electrical engineering in the colleges to 
give attention to these methods and to 
come to a sound evaluation of their utility 
within the next 2 or 3 years. Not until 
many problems have been worked out 
to final numerical results can we say 
definitely whether the new methods are 
capable of organizing and clarifying large 
classes of problems, or whether, in general, 
the use of these methods makes the prob¬ 
lems more obscure and more difficult of 
solution. I am personally enough inter¬ 
ested to attempt to find the answer to this 
question. 


Joseph Slepian (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The 2 papers by ^h are to be com¬ 
mended for the interesting material they 
present, and the temperate tone used by the 
author in estimating the value of his results. 
In all cases, the arbitrary character of 
certain assumptions are plainly, stated. The 
definition of a scalar as having magnitude 
but no direction, and a vector as having 
magnitude and direction is in agreement 
with all previous usage. If any fault is to be 
found, it is that the mathematical termin¬ 
ology is a form which seems to be passing 
out of use. The dyadics of Gibbs are per¬ 
haps in the same class as the quaternions of 
Hamilton, namely, sddom used in modem 
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mathematical works. It is an interesting 
evidence of the rapidity of progress in 
mathematics that the reference book, used 
by Sah, reference 1 in his first paper, is 
only 12 years old. 

The first section describing “Three Phase 
Impedance as an Entity” makes it quite 
clear, by leaving out all irrelevant notions, 
that the impedance may be regarded as an 
entity, with 9 components in the 3-phase 
case, without requiring it to be a tensor, 
dyadic, or anything other than a set of 
numbers describing an electrical system. 

The next section introduces the dyadic 
notation with the pairs of unit vectors oc¬ 
curring as symbols. Strangely enough, 
these double unit vector ssrmbols occur 
nowhere else in the paper. I think this is the 
best evidence of their unnecessary and ir¬ 
relevant quality. 

As Sah states, the geometrical representa¬ 
tion which he gives to a 3-phase set of cur¬ 
rents or voltages, namely, an ellipse with 
center at a fixed origin, and a specified 
initial point on the ellipse, is in a certain 
sense arbitrary. But so too is the geometri¬ 
cal representation of a single aternating 
quantity as a vector in a plane. But in this 
latter case, all the arithmetic calculations 
we make with single-phase quantities cor¬ 
respond to simple geometric operations 
upon their corresponding vectors. Thus 
the addition of 2 single-phase quantities 
corresponds directly to the vector addition 
of their corresponding vectors. It is these 
correspondences which make the vector 
representation of single-phase quantities so 
valuable. 

But unfortunately, hot quite so good a 
case can be made out for Sah’s ellipse 
representation of 3-phase quantities. The 
ellipse corresponding to the sum of 2 sets of 
3-phase quantities is not related in any so 
obvious or suggestive a maimer to the 
ellipses corresponding to the individual sets 
of 3-phase quantities. However, certain 
calculations, made with 3-phase quantities 
do have simple, geometrical equivalents in 
Sah’s representation. The 3 symmetrical 
components are represented by 2 circles 
and a line which have very simple rdation- 
ships to the ellipse as Sah shows. Similarly, 
changing from delta to wye components or 
vice versa, corresponds to simple operations 
upon the representative ellipse. 

In his second paper, Sah generalizes from 
the notion of a vector with real components 
to that of a vector with complex com¬ 
ponents, and shows well the value of these 
ideas in application to 3-phase alter¬ 
nating quantities. The mathematics is 
all good and valid. It seems to me, how¬ 
ever, that it might be put into more at¬ 
tractive form by generalizing from the real 
space to the “unitary” space with complex 
components, now used so extensively in 
quantum mechanics. 

In vector analysis in real Euclidean 
space, a fundamental scalar is the product 
of two vectors defined as 

X'Y xiyi -H afjya + any* 

with obvious significance to the notation. 
This expression must be generalized to meet 
the cMe where *i, xa Xi, yi, ya, y*. uiay be 
complex numbers instead of only real 
numbers. Now it is not necessary in mak¬ 
ing the generalization, to use precisdy the 
same formula as for the case of reals, but 
it is sufficient, to use a formula for the case 
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of complex components which will reduce 
to the above formula when the com¬ 
ponents become real. Thus we may define 
for the scalar product, instead of the above 
expression, which Sah Uses, the following: 

X-y = Xi*yi -t- X2*y2 + Xi*yi 

where X\ *, »2 *, Xa * are the conjugates of Xi, Xj, 
xa. Obviously when Xi, xj, xa are real this 
expression reduces to the preceding one. 

The definition of the scalar product in 
this way, by a Hermitian instead of a quad¬ 
ratic form, has many advantages. By this 
definition, the scalar product of a vector by 
itself is the square of its length or magnitude 
as Sah defines it, and is never negative, 
and is zero only when all the components of 
the vector are zero. If we call 2 vectors 
mutually perpendicular when their scalar 
product thus defined is zero, then no vector is 
perpendicular to itself. In 3-dimensional 
complex space a set of no more than 3 mu¬ 
tually perpendicular unit vectors can be 
found. If 7, J, K, are any 3 such mutually 
perpendicular unit vectors, and if X is any 
vector, then X = (7-X) I + (7*X) J -f 
iKX)K if this definition of scalar product 
is used. 

Vector space with complex components 
and with this definition of the scalar prod¬ 
uct is much used in quantum mechanics. 
It is called unitary space, and has many 
properties similar to those of Euclidean 
space. A good account of unitary space is 
given in Weyl’s “Group Theory and Quan¬ 
tum Mechanics.” 

With this definition of scalar product, the 
unit vectors «, /, ft in Sah’s paper, which 
represent unit symmetrical components 
(divided by Vj) become mutually perpen¬ 
dicular. The transformation to symmetrical 
components becomes a “unitary” trans¬ 
formation which may be regarded as a gen¬ 
eralization of the “orthogonal” transfor¬ 
mation in real space, that is a rigid rotation 
of orthogonal axes. 


Irven Travis (University of Pennsylvania, 
Philadelphia): The statements in this 
discussion are restricted to linear networks. 
In such networks the calculation of the 
currents resolves itself into the calculation 
of the values of the 7’s in a set of equations 
of the form 

^ii7i + Ziili Zin^n “ 

Zftih -J- ZrfiXt -h+ Zymin Vn) 

Methods of evaluating the Z*s in a 
particular problem are well known. If the 
calculation of the J’s is to be rendered 
simpler than seems to be indicated by these 
equations some scheme must be devised to 
circumvent the indicated algebraic work. 
Any such scheme, however, must ultimately 
express the J’s in terms of the P’s; or at 
least certain known functions of the J’s in 
terms of certain known functions of the 
P’s. Methods for accomplishing this have 
been variously described as vector, tensor, 
dyadic, matrix, etc, methods. It seems 
that the success of any of these schemes for 
simplification must depend upon special 
properties of the array 

ZiiZis. . . Zin ) (2) 

ZniZffi . . •Znn ) 

(Conventional bars are not placed on titw 
array nor is any name assigned to it lest 
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the writer's position be prejudiced.) 

If the array (2) has special properties, 
as for example S5anmetry, any system 
designed to take advantage of these proper¬ 
ties will meet with success. It the array 
has no special properties the various 
schemes suggested amotmt to statements 
of the same problem in terms of different 
notations and no particular advantage 
accrues to any one. 

In January 1933, it was suggested to the 
writer by Carl Chambers, then a graduate 
student at the Moore School, that the 
Stokvis-Fortescue transformation could be 
expressed in matrix form more simply than 
in terms of the “sequence operators” used 
in Fortescue's 1918 paper. A matrix 
formulation for 3-phase circuits was de¬ 
veloped, in which the matrix 



and its inverse 


||1 1 1 

1 a* o (4) 

ill a ai 

play an important part. After having been 
used in mimeographed form in the senior 
machinery course at the Moore School for 
3 years this method of presenting ssrmmetri- 
cal components was included in section 3 of 
•the "Electrical Engineer’s Handbook,” 
Pender-DelMar, John Wiley and Sons, 
1936. I was very much interested in 
Sah’s paper as several of his expressions 
from the vector viewpoint are in complete 
agreement with similar expressions obtained 
from the matrix viewpoint. 


or zero. 

Therefore equation 28d, page 881 in this 
article is presented incorrectly, due prob¬ 
ably to a typographical error. It is written 
as: 


(VStt X Zm)%i 

. 12.12 1.46 
^ ll.30 0.08 


. -2.20 -3.42 
^ 7.90 2.12 


+i 


-2.20 -1.64 
-6.70 0.08 


in which An... Aaj are the elements of the 
principal diagonal of the inverse for the 
matrix under consideration. The matrix: 

0 -1 1 
10-1 
-110 

which appears several times in this article 
is nothing more or less than: 


the right-hand side of which is expressed 
M the sum of 3 dyadics of rank 2, whereas 
it should have been written as: 


a ij ik 
ji jj jk 
ki kj kk 


(Via X Zn,)u = 

2.12 1.461 
1.30 0.081 


1-2.20 -3.421 

I 7.90 2.I2I 

1-2.20 -1.64| 

1-6.70 0.081 “ 

- 11.66 


because it is the sum of 3 determinants of 
rank 2, and involves neither a matrix nor 
a dyadic and is numeric only. 

Again, equation 19, page 880, is written 


y<ia yob Vae 

Via ybb ybe — Z~^ = 

yea yeb yecj 

\(j^bbl^ee “ ^b^eb'i . 


C^aa^bb 

It is not necessary when writing a tensor 
equation, which contains only electric 
tensors, to define the voltages under con¬ 
sideration, as covariant tensors which they 
are, but when once a convention has been 
established as it is in this article by equation 
1, page 876, which is written as: 


1^ 

D 


obtained by combining the 3 unit vectors, 
2 at a time, into dyads multiplied by —1. 

Professor Gibbs, part of whose theorems 
A. Pen-Tung Sah employed, proved that 
a dyadic 4> possessed 3 scalar invariants; 
namely' 

01 = ail + a»s 

02 = All + ■'422 + An 

an 012 ois 

0 “ ^21 022 O 28 

an ant an 

A transpose is a dyadic, or matrix, which is 
obtained by interchanging rows and col- 
tuims. The simplest definition of a tensor 
is, I believe; that if the 9 quantities; 


Oil 

an 

an 

Oil 

O 22 

023 

an 

a»2 

033 


possess the property that when written as 
SottOffe* = aiiOi^i + onCihi -|- anaibi. .. 


However, neither the vector nor the 
matrix presentation has any virtue other 
than neatness of notation and clarity of 
expression. Any simplification in actual 
calculation of any given problem must be 
due to symmetry m the impedance matrix 
of the system. If there is no s ymm etry 
there can be no simplification. 

From a pedagogical view point it is 
highly desirable to use some scheme which 
systematizes an analysis and correlates all 
calcuUtions of a given class. Special cases 
are pven added clarity if they appear as 
special cases of a general formulation rather 
th^ as isolated and imrelated problems. 
It is in this aspect and not in reduction in 
actu^ labor of calculation that tensors and 
matrices are of value in electrical engineer¬ 
ing. 


C. E. Rose (Federal Emergency Administra¬ 
tion of Public Works, Washington, D C )• 
Bdievihg that the foUowing discussion 
of ^ie artide entitled, "Dyadic Algebra 
Applied to 3-Phase Circuits," by A. Pen- 
Tung Sah, which appeared in the August 
issue of Electrical Engineering, may be 
hdpful to oth^ interested in the appli¬ 
cations of dyadics and tensors to the solu¬ 
tion of dectrical problems, I submit the 

rollo'wmg: 

A dyad is nothing more or less than the 
product of 2 vectors written as AB, and 
the s^bohc sum of a number of dyads is a 
dyadic. 

A matrix is a system of rdated but 
independent quantities whereas a deter- 
mmant is either a real or complex number, 


Cffl “ ZaaH + ^abh + ZaeOoc^e, etc. 

and which properly defines the voltages as 
a covariant tensor of rank 1, and the 
impedances as a covariant of rmik 2, then 
it is thought that the admittance Y would 
be better defined as a contravariant tensor 
of rank 2, because this corresponds to 
reality in which case we would write: 


The matrix Z~\ which is the inverse of 
matrix F is obtained from it by replacing 
each dem^t of the F-matrix by its 
cofactor, with the superscrips changed to 
subscrips and permuted once, divided by 
the determinant of the F-matrix because 

namdy it is a skew-symmetric tensor, and 
is nothing more than the vector product 
of 2 generalized vectors. Thus if we write 
vectoiially: 

Vector A times vector B « A • B -f A 
+ B, the last term is really a skew-sym¬ 
metric tensor of rank 2, which is written in 
tensor form as: 


The simplest matrbc whidi we encounter is 
the co-ordinate of a point in 2-dimensional 
Space as {X, Y). 

The "scalar of the second” used in this 
artide is simply 

0» * ( 0»)2 An + A 22 + ^ii 
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Cartesian co-ordinate system, wherein 
A and B are any arbitrarily chosen vectors, 
then this last matrix presented above is a 
tensor. This definition also yidds a simple 
method to test for the existence of a tensor 
by subjecting it to a rotation and if, after 
simplifications, it returns to the identical 
original form we know that it is a tensor. 


An Analysis of the 
Shaded-Pole Motor 

Disrassion end author's closure of a paper by 
Tricicey published in the September 
1936 issue, pages 1007-14, and presented 
ror oral discussion at the induction machinery 
s^mn of the winter convention. New York, 

N.y., January 27,1937. 

Selby Haar (Board of Transportation, City 
of New York, N. Y.): Emphasis has been 
laid on the small rating of the usual shaded- 
pole motor. Have you ever observed with 
mese motors that the current at fractional 

loads IS less than at no load? 

G. G. Veinott (Westinghouse Electric fit 
Manufactu^ Company,, Springfield, 
Ma^,);. Trickey has presented an il¬ 
luminating analysis of a type of motor of 
^eat ^ commerdai importance, and bis 
analysis is probably the first of its kind ev«^ 
pres^ted before AIEE on this important 
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motor. The “shading principle,” that is 
the action of a short-circuited coil placed 
around a portion or all of a magnetic cir¬ 
cuit, is a familiar one; it is used in damper 
or amortisseur windings of synchronous 
machines, it is used in watt-hour meters, 
a-c contactors and in many other places. 

Once when studying damper windings, I 
discovered some fundamental equations of 
the damped magnetic circuit which were 
most helpful quantitatively and qualita¬ 
tively. So far as I know, these equations 
and concepts are original and 1 am now 
publishing them for the first time because 
of the light they throw upon the principle 
of the shading coil. 

The conventional method for analyzing a 
damped magnetic circuit is to compute the 
current induced in the damping coil by the 
changing flux and subtract the magneto¬ 
motive force due to this current from the 
primary-exciting magnetomotive force, ob¬ 
taining a resultant magnetomotive force; 
from this resultant magnetomotive force is 
calculated the flux, which in tlie case of an 
a-c supply, is assumed to be proportional 
to and in phase with this resultant magneto¬ 
motive force. 

A-c circuits containing resistance and 
inductance could be solved in an analogous 
manner by computing the voltage induced 
in the inductance, subtracting it from the 
impressed voltage, obtaming a resultant 
voltage; the current would then be pro¬ 
portional to, and in phase with this re¬ 
sultant voltage. It has been found more 
convenient to analyze such circuits by in¬ 
troducing the concent of reactance, which 
might be termed a “quadrature resistance.” 
The method of analyzing a damped mag¬ 
netic circuit wliich I am about to outline is 
exactly, analogous to the conventional 
method of treating a-c circuits; in it I intro¬ 
duce a concept of what might be termed 
“quadrature reluctance” since, in the mag¬ 
netic circuit, it bears the same relation to 
reluctance that inductive reactance does 
to resistance in an electrical circuit. 

The fundamental equation for the in¬ 
stantaneous value of flux in a magnetic 
circuit of reluctance (R excited by a sine- 
wave magnetomotive force, m = Mm, sin 
<j>l, and interlinked by an electrical circuit 
of N turns having an ohmic resistance of 
r ohms and no leakage inductance, can be 
shown to be 

_ , 4 trn,^ d4 . , /,\ 

w = ^(R H--r •— « Mm sm ut (1) 

r •lU* at 


Now let. 




solutions must also be identical in form and 
therefore, we may write at once (or solve 
equation 3 if we wish) 

Mm. 

= Ce £ -|- y=====z sin (at — d) 

V (R» + («£)* (S) 

or, neglecting the transient term, the root- 
mean-square value of flux is 

M 

“ \/(R® + («£)» 

and the flux $ lags behind the exciting mag¬ 
netomotive force by an ang^e 


Thus, it can be seen that a damper coil 
affects a magnetic circuit the same way self¬ 
inductance affects an dectric circuit, even 
so far as transient effects are concerned. 
That is to say, in a-c magnetic circuit, a 
damper or shading coil reduces the effec¬ 
tive a-c component of flux and causes this 
flux to lag behind the exciting magneto¬ 
motive force. 

Nearly all elementary text books refer 
to the Ohm’s law of the magnetic circuit. 
Likewise, all a-c textbooks extend the Ohm’s 
law of the d-c circuit to the a-c circuit by 
using a “quadrature resatance” or react¬ 
ance in combination with resistance. None 
of them, apparently, extend the “Ohm’s 
law of the magnetic circuit” to damped 
magnetic circuits excited by alternating 
current. I would propose to do so by 
introducing a few new terms which I list 
below; those terms in italics are of my own 
invention. 

Thus, the angle of lag of the flux in a 
shading coil, behind the flux in the un¬ 
shaded portion is 


e 


(R 


cos' 


V (R* + («£)* 
_ (R 


(7) 

( 8 ) 


Moreover, in a damped magnetic cir¬ 
cuit, the ratio of the damped flux, to that 
which would exist with no damping is given 
by the equation 


(R 

cos 0 «“ — / - ==• 

V (R* + («£)* 


(9) 


Equation 9 might be called the damping 
factor. 


The foregoing analysis has been given 
because of the light it throws on the prin¬ 
ciple of the shading coil. It does not con¬ 
tradict any point of Trickey’s analysis but 
will, I hope, help to explain how a shading 
coil reduces the flux and causes it to lag 
behind its magnetomotive force producing 
in effect a sort of makeshift rotating field 
in a shaded pole motor. 

It is to be noted that this method of 
analysis automatically eliminates one vari¬ 
able, namely, the current in the shading 
coil. Perhaps, by using this concept, 
Trickey could reduce his analysis to 3 
simultaneous equations, instead of 4 as he 
now has. This is merely offered as a sugges¬ 
tion which may or may not be of value. 

Trickey has compared the performance 
of the shaded pole motor with the split- 
phase motor with no starting switch. In 
the light of the foregoing analysis, an 
interesting comparison can be made be¬ 
tween these types of motors. In both types 
there are 2 magnetic fields set up approxi¬ 
mately 90 degn^ees apart in space. In both 
motors these fields are displaced slightly 
in time. In both motors these fields are 
each set up as a result of the same single¬ 
phase electromotive force. In both types 
of motors, it may be said, there are 2 mag¬ 
netic circuits. But herein lies the differ¬ 
ence: in the split-phase motor there are 
2 magnetomotive forces displaced in time 
phase from each other acting on similar 
magnetic circuits, so the fluxes are dis¬ 
placed by the same phase angle as the 
magnetomotive forces; in the shaded-pole 
motor there is only one magnetomotive 
force acting upon 2 magnetic circuits in 
parallel and the phase displacement in 
fluxes is due to dissimilarity in the mag¬ 
netic circuits. Thus, it is scarcely to be 
wondered that the performance of the 2 
types of motors should be similar. 


P. H. Trickey: It is quite possible for a 
shaded-pole motor to have less input under 
load than at no load. In fact, the losses of 
shaded-pole motors very often decrease 
with load. If the motor is highly satu¬ 
rated, this will sometimes result in an actual 
decrease in watts input in going from no load 
to full load. 

Veinott’s discussion is very interesting, 
and it seems to me to have possibilities in 
Tiflndling the difficulties of shaded pole 
circuits. In this case of the shaded pole 
motor, if it 'will result in the reduction in 
the number of variables from 4 to 3. even at 
the expense of adding another constant or 
two, it ■will probably make possible a much 
more satisfactory solution. 
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Then equation 1 becomes 
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dt 


Mm sin uit 


(3) 


The fundamental equation of an a-c 
circuit cohtainirig resistance and self¬ 
inductance is 


V; di ; 

■e :^ Ri L ~ = sin at 
at 
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The Tensor—A New 
Engineerins Tool 

August 1936 issue, pages 856-62 

Tensor Algebra in 
Transformer Circuits 

November 1936 Issue, p^ges 1214-19 

Tensor Analysis of 
Multielectrode-Tube Circuits 

November 1936 issue, pages 1220-42 

Discussion of papers by A. Boyajian, L V. 
Bewley, and Gabriel Kron published in the 
August 1936 and November 1936 issues and 
presented for oral discussion at the tensor 
analysis session of the winter convention. New 
York, N. y., January 26,1937. 


W.E.Bynie (nonmember; Virginia MUitary 
Institute, Lexington): One of the best 
ways in which to find out what is contained 
in a newly organized theory is to teach the 
material. During the first term of this 
school year I have given a course one hour 
a week on vector analysis, polyadics, 
matrices and tensors to a small group of 
students and instructors. As an applica¬ 
tion of these mathematical topics I took 
up the first 2 papers of Kron {General 
Electric Review, 1935). Naturally such 
applications are not as general as the basic 
mathematical theory since the connection 
matrices are specialized, in that the ele¬ 
ments are merely —1, -|-1, and 0. Kron 
and others working in this field are to be 
commended for developing such powerful 
and general methods of attacking problems 
of electrical engineering. It is interesting 
to note that engineers and mathematicians 
protmse to have more and more in common 
in the future. 


M. G. Malti (Cornell University, Ithaca, 

N. Y.); If we look back to the early rec¬ 
ords of the use of the algebra of complex 
numbers in connection with electrical¬ 
engineering problems we would find that 
the problems of those days (early twentieth 
and late nineteenth century) are just as 
readily solvable with as without the use of 
complex numbers. The introduction of 
complex numbers into engineering paved 
the way for a deeper, more comprehensive 
and more forceful analysis of these and 
later problems. 

I shall go a step further and state that 
most of the early problems were too simple 
to require more than the mere algebra of 
complex numbers. The application of the 
theory of functions of complex variables 
to electrical-engineering problems was un¬ 
heard of in those days. Now, within the 
life span of those who witnessed the first 
introduction of the algebra of complex 
numbers, we see a rather common use of 
the theory of fuctions of complex variables 
in connection with operational analysis, 
Laplace and Fourier Transforms, etc. 

There was little sympathy and no under¬ 
standing shown to those select few who used 
the albegra of complex numbers in the 
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early days. Little sympathy is shown now 
to those who talk of Laplace transforms 
and contour integration and downright 
opposition to those who dare mention 
tensors. 

It is undoubtedly true that our present 
engineering problems do not call for tensor 
analysis. But who can predict that the 
engineers of the future will not need tensor 
analysis to solve their problems? Any 
engineer who 30 years ago dared make the 
statement that engineers would have to 
become thoroughly acquainted with mathe¬ 
matical works on functions of complex 
variables to solve their knotty theoretical 
problems of network analysis would have 
been laughed at. But here we are today 
using these works most effectively in circuit 
analysis. 

I make these statements more to express 
a point of view than to support one faction 
or another. We aU agree that it is impos¬ 
sible to guess what the problems of the 
future will be and what type of analysis 
these problems will require. Hence it 
behooves us to view with sympathy and 
understanding all work of an advanced 
nature in the hope that, if it is not immedi¬ 
ately useful, it might prove to be so in the 
future. 


M. F. Gardner (Massachusetts Institute of 
Technology, Cambridge): The linear alge¬ 
braic transformation expressing the element 
currents i\t) in terms of the loop currents 
<“(/) in a connected network is 

i\t) - Ca^m (1) 

in which Ca* is the connection matrix, and 
in which the k and a run over the elements 
and loops, respectively. 

The linear equations expressing the 
envarience of the total instantaneoxis 
power p{t) under transformation from ele¬ 
ment variables [#*(?) and w*(/)] to loop 
variables [i“(/) and »«(?)] is 

p{t) = V]i.(t)i^{t) = Va{t)^{t) (2) 

If the voltages and currents are sinu¬ 
soidal—and only steadystate relations are 
of interest— the *’s of equation 1 can be 
replaced by their complex amplitudes. 
With the t’s of (2) replaced by their com¬ 
plex amplitudes, the »’s must be replaced by 
the conjugates of their complex amplitudes. 
The p is then replaced by the so-called 
“vector power.” This use of conjugate 
complex amplitudes works satisfactorily 
for this particular case—^the steady state 
with .sinusoidal functions or sums of sinu¬ 
soidal hmetions. 

Barnes (of Tufts College) and I have 
noted that the use of conjugate complex 
amplitudes in this way does not carry over 
to the case of transients, which involve 
nonperiodic functions. Since we have not 
seen a satisfactoiy statement in the litera¬ 
ture of a generalization to cover such cases, 
we shall indicate one here. 

Before we can state the essential idea 
of this extension it perhaps will be helpfid 
to make a few preliminary remarks about 
the Laplace transformation (hereafter 
abbreviated L-trausformation) by which 
the extension will be made. 

Let ^ V -|- be a complex variable 
corresponding to the real variable t. Then 
a general time function f{t) can be trans- 
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formed into its corresponding generalized 
frequency function F(s) if/(?) is given and 
is such that the following dtiEinite integral 
is absolutely convergent, 


Jme~*^dt --F(s) Ca <(Si{s) (3) 

This integral defines F{s) for that part of 
the complex s-plane wherein the real part 
of s is sufficiently great to insure the integral 
having a finite value. 

If, on the other hand, F{s) is the function, 
known and the corresponding /(/) is un¬ 
known, (3) becomes an integral equation,^ 
but its solution is given by the integral 




0<t Ca<c(4> 


This is a line integral in the complex 
plane. The path of integration is a straight 
line paralleling the axis of imaginaries and 
lying in that part of the s-plane in which 
F{s) is defined. 

The integrals of (3) and (4) constitute, 
respectively, the direct L-transformation 
and its inverse, Further, an f{t) and its 
F{s) constitute an Z-transform pair and can 
be written as 


m Fis) (5) 


For application of these ideas in the 
present discussion it is necessary to know 
that, given 2 Z-transform pairs 


MO 

MO 


m I 
m \ 


(6) 


the pair which results when the 2 time 
functions are multiplied is 


1 >-ci+y CO 

MO MO r". I Fiiw)Fi{s — w)dw 

^Oi ^ Cl ) 

Coj < (Jl(r - w j 


(7) 


For interpretation of this it is helpful to 
have also the pair which results when the 
2 frequency functions are multiplied. This 
pair is conunonly found in engineering 
literature. It is 


j^Mr)Mt - r)ir F,{s) F,(s) (8) 

Pairs (7) and (8) can be abbreviated by 
introducing the notation 

MO MO F,{s)*Ft{s) (7a) 

MO *M0 Fy{s) Fiis) (8a) 

In (7) the integration in the complex 
w-plane is along a straight line paralleling 
the axis of imaginaries-and lying in that part 
of the w-plane in which Fi{w) is defined. 
In (8) the integration is along the positive¬ 
time axis. In both integrals the functions 
are said to be convolved. In (8) the ft. 
function is “folded” before multiplication 
by the fi function. In (7) the Ft function 
is rotated by 180 degrees and shifted by the 
amount s before multiplication by the 
Fi function. Various forms of the con¬ 
volution integral for functions of real, 
variables shown in (8) are referred to in 
the engineering literature as Borel’s integral,.. 
Duhamel’s integral, and the superposition 
integral. For frequency functions, the- 
counterpart of this superposition-type in- 
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tegpral is the complex convolution integral 
appearing in (7). 

Applying these ideas now to the original 
equations I and 2, each member is trans* 
formed by use of (3), i.e., each member is 
multiplied by the exponential e“** and 
integn^ted from 0 to co. Equation 1 trans> 
forms to 

iHs) » ( 9 ) 

Equation 2 presents cases of time-function 
products. In their transformation (7a) 
is used. The result is 

Pis) = FfcCO I\s) = Vais) *Hs) (10) 


used by Blondel and Park, among others, 
in the theory of electrical machines, do not. 
To prove this, take, for example, the expres¬ 
sion 

ds* “ 

c^ed the Riemannian metric in certain 
geometrical interpretations of dynamics 
and connected with the kinetic energy. 
The coefficient gij is a tensor because of the 
fact that 


HJ 


gctfi* 


dg^ bg^ 


Each typical term in (9) and (10)—^instead 
of being a function of ^ as in (1) and (2) 
—is a function of s. The currents, voltages, 
and power involved may be any functions 
of time, provided only that they are L- 
transformable by (3). When it is necessary 
to return to functions of time, the inverse 
transformation (4) is used. 

It should not be concluded from what has 
been said here that in practical work it is 
advi.sable, even though possible, to replace 
the simple operation of multiplication by 
the complicated operation of convolution 
(i«). But in theoretical work it may be 
very convenient to make this replacement, 
especially when it is not necessary to 
actually carry out the indicated convolution. 

Summarizing, for theoretical work utiliz¬ 
ing tensor or matrix notation a scheme is 
provided for handling general time functions 
by means of their L-transforms much as 
sinusoidal functions are now treated by 
means of their complex amplitudes. The 
condition remaining which these time 
functions must fulfill is that they be L- 
transformable. In addition to furnishing 
a generality needed for theoretical work, 
the transform method provides a compact 
symbolism, which fits conveniently into the 
tensor or matrix scheme of notation. 


W. H. In gram (nonraember; New York, 
N. Y.): On page 1220 the author mentions 
a "first generalization theorem" and says 
that by the use of the notation advocated 
the behavior of the most complex systems 
are "described' by the application of the 
theorem to equations of motion governing 
the simplest of all systems, namely, that of 
one degree of freedom. 

This should be a theorem of great impor¬ 
tance, as its .statement and the italics used 
would suggest, but on examination it would 
appear to be merely a statement that from 
the equation e — Zi governing a simple 
system we can deduce the equation Sn “ 
ZnmiP' for a “ore complex system al¬ 
though, presumably, the fact that the 
ordinary equation 

Cn “ 

rests in some way on the simpler one is not 
claimed as requiring the new theorem. 

If this is the generalization claimed, we 
are brought immediately to the question 
of what a tensor is and what bearing the 
concept of a tensor has on the solution of 
network, machine and vacuum-tnbe prob¬ 
lems. 

To begin with, a tensor has no meaimg 
except in reference to, or conjunction with, 
admissible co-ordinate systems. Not all 
co-ordinates used by electrical engineers 
come under this head: the co-ordmates 


token the g’s with Latin superscripts and 
those with Greek form 2 admissible co¬ 
ordinate systems. Given the first system, 
a second can always be obtained by a 
linear transformation, that is, of the form 

as a matter of fact, an infinite number of 
admissible systems exist in this case. 

However, in the theory of electrical 
machinery, transformations of the form 

occur where the dx’s are the differentials of 
quasico-ordinates and where the right-hand 
side is a not completely integrable Pfaffian 
so called, that is, the right-hand mde is not 
a complete differential. Substitute this 
last equation into the formula for the 
metric and we obtain 

so that 

die® d 

Si} = 5^ 

where x is the total derivative of x with 
respect to the time or any other parameter. 
This last expression is not in agreement with 
the rule for the transformation of a covari¬ 
ant tensor of the second order. Hence the 
«’s, which include the co-ordinates intro¬ 
duced by Blondel and which are indis¬ 
pensable in the theory of electrical ma¬ 
chinery, do not form an admissible co-ordi¬ 
nate system. 

The functions 0i*, • • d* are regarded 

by geometers as the components of a 
covariant vector, in the manifold of the 
g’s, tangent to a congruence of the curves 
defined by the equations 

dg* dg* dg" 

and the dx's, given by dac^ = a/dg^, may 
be interpreted as the differential co-ordi¬ 
nates of a neighboring point in the associ¬ 
ated space of the tangents mentioned and 
forming a Cartesian reference system. A 
different system of congruences chosra in 
the g-space gives a different associated 
space and this is also so in general when 
there is a metric defining the associated 

space. , , . 

In the present case the metric m question 
would be g*, the x’s referring to arcs of the 
congruences, and the associated space is 
Riemannian. But no tensor discussion 
involving this space is possible except when 
based upon the underlying g-system of 
co-ordinates. In other words, no tensors 


occur in, or can enter, the theory of any 
commutator machine until the latter is 
regarded as a transform of a slip-ring 
machine and then only writh reference to the 
true co-ordinates involved. 

When the commutator machine has 
fewer degrees of freedom, certain dx’s are 
identically zero and the theory of non- 
holonomic metrical subspaces comes in. 
(Vranceanii, “Les espaces non-holOnomes," 
Paris, 1936 page 18.) 

The que.stion has been suggested: can 
tensors enter the congruence space via the 
asymmetric “coefficients of aflfine connec¬ 
tion” of ultra Riemannian geometry and, 
if so, has that fact any bearing on the theory 
of electrical machines and circuits? It is 
known (Eisenhart,"Non-Riemanniau Geom¬ 
etry,” page 14) that the paths of the 
manifold corresponding to geodesics of a 
Riemannian space are given by the curves 
defined by the equation 

g^(g' + r'wg^g') - g*(g^ + T^wg^g*) = 0 
where 

2T^jk = L^jk + k} 

provided transforms according to 

the fundamental equation 


bg“dg'* •'* 2>g“ 


bq_ 

bq* 


Now we cannot take 


Vji = R*^%k.s 

as has been done (Kron, "Non-Riemannian 
Dynamics of Rotating Electrical Ma¬ 
chinery,” Journal of Mathematics and Phy¬ 
sics, volume 13, 1934, page 156) for the *[s 
would appear in place of the g’s in this 
last equation and the existence of the 
derivatives bx*/boc» cannot be established. 
A search for a more suitable "coefficient” 
might be in order if no metric were avail¬ 
able, but in the theory of electrical machines 
and circuits a metric is always at hand and 
the geometry of the dynamics of electrical 
machinery and circuits is in fact ordinary 
Riemannian, as I have remarked elsewhere 
{Bulletin of the American Mathematical 
Society, September 1934, page 666). This, 

1 gather, is also the opinion of Synge 
("Tensorial Methods in Dynamics," Univ¬ 
ersity of Toronto Press, 1936). 

The author calls C»,® a "transformation 
tensor.” The transformations involved 
are of such a special kind that the name 
used may be misleading. Consider the 
system of seven variables Xi, * 2 ... upon 
which 2 conditions are imposed, say the 
conditions that the equations «i-X2-i-*3 

— »5 = 0 and X* — xs + *4 — x? = 0 be 
satisfied. We can solve these equations for 

2 of the variables, say Xs and xr. The 
remaining variables may be thought of as 
the independent ones and we may wish to 
designate them by special letters, say 
yx, ys- • -y*- Hence we may write Xi =* yi, 
x* * y2, xs = ya, Xi =» y*, xt = y*, xe «= yi 

— yi + y*» *7 “ ya — ys + y*- The nmtrix 
of this "transformation" (it will be noted 
that there is no inverse) happens to be the 
author’s matrix (48) in this case. The 
original 7 x’s could represent the currmts 
in 7 parts of a net and the equations of 
condition could represent the application of 
Kirchhoff's law at‘2 junction points: the 
y‘s would then represent the currents in 
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comfiete circuits. This and many related 
topics are adequately expounded by Quade 
('‘Klassifikation der Schwingungsvorgaenge 
in gekoppelten Stromkreisen,” Leipzig, 
1933) in terms of matrices. Redundant 
constraints, detectable by the rank of the 
Jacobian involved, are treated in the same 
way. 

The fact that there are many ways of 
eliminating 2 of the ac's ordinarily would not 
be interpreted as bringing in as many 
admissible co-ordinate systems in the tensor 
sense particularly in the case where the 
x’s are the differentials of quasico-ordinates. 
Tensors come in only when the co-ordinates 
in one admissible co-ordinate system are 
related one-to-one to those in another, when 
the functional relation between them is of 
class C"* (that is, having continuous partial 
derivatives up to and including the j«th 
order, m^l), and when the functional 
Jacobian is not equal to zero. If tensors 
really were being considered here, Quade’s 
circuitization matrix would contain func¬ 
tions, that is, (48) would contain partial 
derivatives of one set of co-ordinates ^th 
respect to another admissible set instead of 
the 0*s and I’s shown. The author’s 2 
paragraphs between equations 20 and 21 
would appear to be therefore erroneous. 

To sum up the discussion above as it 
bears on the question of tensors, the situa¬ 
tion would seem to be that to date tensors 
have not been brought into the theory of 
electrical nets and machines. When this 
has been done, the question of their useful¬ 
ness will be less difficult to settle. 

Equations 41 and the discussion of 
figure 3 would appear to be new develop¬ 
ments, but on close inspection the addition 
theorem given by (41) is found to be quite 
trivial because of the fact that both the 
circuitizing matrix C and the impedance 
matrix of (a) and (Jb), figure 3, have to be 
of the same order. One does not know how 
to write down either of these matrices for 
(&) unless the order of the impedance 
matrix of the system that is to be connected 
at gj and p 2 is known in advance. 

In the paper by L. V. Bewley the author 
implies that his method C is dynamical 
but his use of the terms "ignoration,” 
"constraint,” and "canonical” seem to be 
at variance with the meanings of these 
expressions in classical dynamics. No co¬ 
ordinate is "ignorable” in dynamics when 
there is dissipation involved, a force polygon 
being closed implies no constraint and the 
canonical equations iu dynamics are equa¬ 
tions of motion in terms of the displace¬ 
ments and momenta as variables exclu¬ 
sively. The equation 

or its equivalent, was called more appropri¬ 
ately the "generjffized Ohm’s Law” by 
Eennelly. 

The author says that the "connection 
tensor” Cc/ expresses old cturents "before 
interconnection” in terms of new currents 
"after interconnection.” The false impres¬ 
sion may be conveyed that there is a physi¬ 
cal rearrangement of the net to correspond 
to the mathematics, or vice versa. Both 
the "old” currents and the "new” cmrents 


elimihated by algebraic processes. The 
theory has been given matrix form by 
Quade and others and the above mentioned 
"connection tensor” appears to be nothing 
more than Quade’s circuitizing matrix. 

Given a system of circuit segments or 
meshes arranged in the form of a net, with 
or without inductive coupling, and specified 
by the kinetic energy, the potential energy, 
the Rayleighean dissipation and the external 
work fimctions, Quade ("Klassifikation der 
Schwingungsvorgaenge in gekoppelten 
Stromkreisen,” Leipzig, 1933) has shown 
(a) how force equations free from Lagran- 
gean multipliers can be obtained in a more 
fimdamental manner than usual, (b) how 
the operational determinant or matrix of 
a system classifies it on the basis of the 
elementary divisors of the determinant, and 
(c) the significance of representatives of 
the classes in question, which are exhaus¬ 
tively studied. The author’s first trans¬ 
former circuit (windings in series), load- 
ratio control circuit, and forked auto¬ 
transformer circuit come under one or other 
of these classifications. 

The author’s procedure differs from 
Quade’s in 2 minor respects: the use of 
equations of ampere-tum balance and the 
inclusion of the electromotive forces so, «i, 
etc. Some of these electromotive forces 
are not truly external but are reactive 
(with one sign or another) which it is neces¬ 
sary to introduce together with the equa¬ 
tions of ampere-tum balance when any of 
the mutual inductances are left out of the 
analysis. This procedure seems to be 
necessary when it is desired to take into 
account excitation losses (which the author 
does not dp) but otherwise the method 
adopted by Quade would seem to be simpler. 
Quade’s method of finding the external 
forces acting in the circuits, given those 
acting in the meshes, can hardly be im¬ 
proved upon for simplicity (cf. ibid. If 18). 

As the author’s discussion is really one in 
terms of matrices it is not clear how tensors 
come in at all. The use of tensor notation 
is one thing, to have a tensor enter is 
another. B6cher used • vector notation 
for matrices but that does not make them 
vectors. On the other hand, we may have 
tensors without using tensor notation as is 
evidenced by the fact that the German 
mathematician Voigt, who originated the 
idea of a tensor, never omitted the summa¬ 
tion sign, as is now done, and did not use 
dummy indices. There seems to be nothing 
against the use of tensor notation, except 
perhaps that it is too condensed, but if it 
is used it seems reasonable to demand that 
tensors really be involved in the discussion. 


V. Earapetoff (Q)meli University, Ithaca, 
N. Y.): Tensor analysis has been proved 
to be a powerful tool in the solution of quite 
advanced electrical problems; it is of 
interest to note, however, that some simpler 
problems involving stationary networks 
require only matrix algebra. This means 
that students of the subject may be able to 
solve a certain class of problems withont 
going into the general theory of invariants. 


must refer to the same system arrangement: 
in the first case to where the variables are 
not independent and in the second case to 
where redundant variables have been 
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In particular, it has been fdt that some of 
the earlier treatment in Eron’s epoch- 
ttiaking articles in th& General Electric 
Review (volume 38, page 231) could be 
developed in greater detail and shown to 
agree with Kirchhoff’s law, without ex¬ 
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plicitly using power as an invariant. 

Let figure 1 represent a stationary net¬ 
work with impedances and sources of volt¬ 
age (indicated by small circles) in each 
branch. Only instantaneous values of the 
currents and the voltages will be considered, 
so that it is immaterial whether the inserted 
voltages are direct or alternating, and 
whether the regime is steady or transient. 
The individual conductors (or branches) 

are denoted by the letters c, b, _n, p. 

The positive directions of the currents in 
the individual branches are arbitrary and 
are indicated by arrowheads. An applied 
voltage in a branch is to be considered 
positive if it tends to produce a current in 
the positive direction in that particular 
branch. 

Following Maxwell {Electricity and Mag¬ 
netism, volume 1, page 406), fictitious mesh 
currents, x, y, z, t, u, v, are introduced, with 
the positive Sections arbitrarily taken 
clockwise. These currents are supposed 



to circulate in the individual loops of the 
network; an actual branch current is an 
algebraic sum of the corresponding mesh 
currents. For example, the current in a 
is equal to v —x. It is well known that in 
this manner Eirchhoff’s first law is satisfied 
automatically and need not be expressed 
by separate equations. We shall use the 
following notation and terminology: 

The individual conductors (or branches), 
the currents flowing through the same, and 
the inserted (or applied) voltages will all 
be denoted by the same symbols, a, b, .c ,... 
n, p. No confusion need arise as to whether 
a current or a voltage is meant, or the 
conductor itself. The potential differences 
between the terminals of the respective 
conductors will be denoted by the corre¬ 
sponding capital letters. A, B, C,.. .N, P. 
The letters x, y, z, t, u, v, will mean inter¬ 
changeably the respective loops of meshes, 
the fictitious currents circulating around 
these meshes, and the sums of the applied 
voltages in the same meshes. Those 
somces of voltage which give a positive 
energy output with the corresponding 
mesh currents are to be considered positive, 
when summing up around that particular 
loop. As a test, a source may be re¬ 
placed by a storage battery; if the 
positive mesh current discharges that 
battery, Idie voltage of the source is positive; 
if the battery is charged, the Source is 
negative. 

Consider now the matrix shown in figure 
2, with the "branch” letters written to the 
left, and the "mesh” letters on top. The 
first row; is to be interpreted as d = —jc -f- e, 
that is, the current in conductor a is equal 
to that in mesh v l^s the current in mesh x; 
this agrees with the sketch of the network. 
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The other horizontal rows have a similar 
meaning for the other branches of the 
network, as may be readily verified. The 
matrix thus represents the relationship 
between the branch currents and the mesh 
currents. The number of rows is equal to 
that of the branches, and the number of 
columns to that of independent loops or 
meshes. The idea behind this representa¬ 
tion is to refer Kirchhoff’s first law to the 
same meshes for which the second law is 
written, and thus to have all the relations 
among the currents and among the voltages 
represented by the same matrix. 

Now read the last column of the dyadic 
from the top down, assuming the letters to 
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refer to the voltages, and not to the currents. 
This column reads w a + & + c + d + e, 
in other words, it states that the total 
applied voltage around the mesh v is equal 
to the sum of the applied voltages in the 
branches a, b, c, d, e. The other columns 
contain the corresponding relationships for 
the other meshes; a comparison with the 
network itself will show the signs of the 
voltages to be also correct. Thus, for the 
total current the dyadic is written using the 
current vector combinations ax, ay, etc., 
whereas for the voltage it is written with 
xa, xh, etc. The second dyadic is called 
transpose or conjugate with respect to the 
first. The underlying reason for which the 
same dyadic is correct for both the currents 
and the voltages is now seen to be that 
currents are added in parallel, whereas 
voltages are added in series. Consequently, 
following the mesh letters (x, y, z, etc.) 
horizontally by rows, one encounters the 
meshes between which a given conductor 
is situated. Following the branch letters 
, vertically by columns (a, &, c, etc.) one 
follows the branches which combined fonn 
a given loop. In this manner, the repre¬ 
sentation by dyadics becomes fitoly estab¬ 
lished on the basis of the fundamental 
electrical principles. 

Let the impedance of the individual 
branches of the network be denoted by 
Z’s with the corresponding double suV 
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scripts, the subscript nn meaning that the 
resistance, the self-inductance, and the 
capacitance of the n-th conductor or branch 
are meant. In a steady state, Z is a func¬ 
tion of the frequency. In a transient state, 
the operator p = d/dt is included in it. 
The mutual magnetic inductance between 
the «-th and the m-th branch is denoted 
by Xmn> It is identically equal to Xnm, 
and for this reason the impedance matrix 
of a stationary passive network is always 
symmetrical. In the dyadic notation Z 
stands for both and Xnm, so that the 
general expression for the voltage drop in 
the individual branches is 

E + e^Z i (1) 

where E is the voltage between the ter¬ 
minals of the conductor and «is the sum of 
the external voltages inserted in the branch. 
The term Z-i includes a summation over all 
the branches which posses a mutual induct¬ 
ance with the branch under consideration. 
When summing up equation 1 over a closed 
mesh, the stun of the E’s becomes zero, and 
we have the usual expression for Kirchhoff’s 
second law. 

In accordance with Kron’s notation, let 
the vector of the fictitious currents cir¬ 
culating over the meshes be denoted by 

and the vector of the sums of the external 
applied voltages over the meshes by 
In other words, let £' = i** -b i^y etc. 
Then, since all the relations are linear, we 
may write the dyadic expression in the 
form 

e' = Z' • £' (2) 

wha'e Z' for the present simply stands for 
a dyadic of coefiicients of proportionality 
between the new currents and the voltages. 
The relationship between e and e' on the 
one hand and between £ and £' on the other 
hand is determined by the matrix in .figure 
2; consequently, there must be a definite dy¬ 
adic relationship between the actual bran^ 
impedance Z and the new impedance Z'. 
The components of the latter may be called 
mesh impedances or equivalent impedances, 
since they do not refer to the real branch 
currents, but to the fictitious mesh currents. 
Knowing Z' and c', these latter currents 
may be computed, and then the real branch 
currents calculated from t^ rows of 
ithe matrix in figure 2. Thus, our next 
problem is to find the relationship between 
Zsnd Z'. 

Let the matrix in figure 2 be denoted by 
C. It is called a transformation matrix, 
because by means of it the variables are 
changed from the branch currents to the 
mesh currents. The physical circuit itself 
is not modified. Thus 

£ - C- £V (3) 

For the voltages, the traitepose matrix, 
Q, must be used, as is explained above, 
and we have 

, e' « C, e W 

This equation may also be written as 
C< - 

because a stunmation of the JE’s over a 
mesh gives zero., From equations 1, 2> 3, 
and fi, the relationship between Z ^d Z': 
nuiy be determined as follows: Multiplying 
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both sides of equation 1 by Ci and sub¬ 
stituting for the left-hand side its value 
from equation 2 we get: 

Z' • £' = Q • Z • £ 

Using the value of £ from equation 3 and 
cancelling £', we finally obtain 

Z’ = C,-Z-C (6) 

This is Kron’s equation 19, and from here 
on the procedure is the same as in his 
articles, namely: First find Z' as on page 
232, and then compute Y' — \/Z^. Mul¬ 
tiply vector e' by Y'. This will give the 
mesh currents V = Finally deter¬ 

mine £ from V by using the transformation 
matrix C. 

In the foregoing deduction of equation 6, 
it has not been necessary to introduce the> 
power output, P = £-e = £'*e', as an invari¬ 
ant. In fact, this mode of approach permits 
to deduce that the power is an invariant. 
Branch currents are changed to the mesh 
currents, but physically everything remains 
the same. Another advantage is that the 
inverse of the dyadic Ct is not used in the 
deduction of equation 6. The dyadic 
being singular in its very nature, its deter¬ 
minant is equal to zero; therefore, it is 
preferable not to use Cf''- at all. 

Because the transformation formulas are 
not derived from an invariant form, the 
foregoing deduction is not an example of 
tensor analysis; one is not permitted to use 
lower and upper indices in that sense. It 
is of interest to investigate the posribilities 
of generalizing this method, for example, by 
opening the network at a few points and 
connecting another circuit to it. 


Joseph Slepian (Westinghouse Electric & 
Manufacturing Company, East Pittsbmgh, 
Pa.); The first basis of good mathematics 
is probably the careful definition of terms. 
We have learned to follow and even improve 
upon the model set by Budid, and to desire 
that each new term introduced into a 
mathematical work will be given a careful, 
and predse definition. We hope that the 
definition will have content. That is, that 
it should be free from self contradiction, and 
actually apply to some object. We hope 
that the de^tion will be sufficient. Tlmt 
is, that it will state all the qualities or 
properties ■ necessary to distinguish the 
defined object from other objects. We 
hope the definition will be permanent. 
That is, that the meaning of the newly 
defined term will stay the same throughout 
the mathematical work. Lastly, we hope 
that so far as possible, the de^ition will 
conform to previous usage. The more 
widespread that previous usage, the less 
will we approve of any radical departure 
from previously used meanings. 

The papers of Kron and Boyajian, 
appear to me to err in all these respects. 
Their definitions of the new terms or con¬ 
cepts which they introduce, seem mutually 
contradictory, insufficient, impermanent, 
and differ from previous wid generally 
accepted tisage. 

From the titles of the papms, we would 
expect at least that adequate definitions pf 
the ‘‘tensor” would be given. Also since 
the tensor is gaierally bdieyed to be a 
generalization of the “vector,” and opinion 










apparently concurred with by Boyajian, 
but dissented from by Kron, we would 
expect an adequate definition of the 
“vector.” 

Kron, in his paper, page 1221,1st column, 
refers to General Electric Review, volume 38 
April 1935, page 181-91, and May 1936, 
page 230-43, "in which all the necessary 
definitions are stated.” Turning to these 
references, we find in the first, page 181, 
first column, "the theory of tensors (known 
also imder the name of hypercomplex 
numbers, polyadics, matrices, etc.).” 
Apparently then, the as yet undefined terms 
"tensors,” “h 3 rpercomplex numbers,” poly¬ 
adics,” "matrices,” “etc., ”all stand for the 
same thing. Perhaps a little dismayed by 
the plethora of names, includdng the "etc.” 
for &e same thing, we nevertheless proceed 
on in the reference. 

The next suggestion of a definition we 
find on page 182j second column, .re¬ 
placed by hypercomplex numbers, that is, 
by sets of numbers arranged in a row 
(vector) or a square (matrix), etc.” Here 
the terms "vector” and "matrix” seem to 
be no longer equivalent to the term "hyper¬ 
complex munbers,” as before, but now the 
"vector” and "matrix” seem to be special 
cases of "hypercomplex numbers.” 
"Vector” seems to refer to the capability of 
a set of numbers of being arranged in a 
row. Since, howeva:, any set of numbers 
can obviously be arranged in a row, at 
least if it is a finite set, we seem to be told 
that any finite set of numbers is a "vector.” 
Likewise "matrix” seems to refer to the 
capability of a set of numbers of bang 
arranged in a square. But since any »* 
numbers, where » is an integer, can be 
arranged in a square, we seem to be told 
that any set of »* numbers is a "matrix.” 
These n* numbers, if we like can also be 
arranged in a row, so apparently a 
"matrix” is also a "vector.” 


Proceeding further in the reference, we 
find after 3Vi full pages of text, the first 
«plicit definition, page 184, column 2, 
"An expression such as («a 0 -j- g^) 

.. .is called a vector.” Apparently, now, 
to be a "vector,” the set of numbers must 
not only be placed in a row, but must be 
written with symbols, o, b, c, following each 
number, and with plus signs between 
successive numbers. But since obviously, 
^y ^te set of numbers can be set down 
in this way, if the writer chooses, a ggin we 
seem to be told that any finite set of 
numbers is a "vector.” 


JSoyajian is even more outspoken 
enunciating this view, although thert 
some suggestion of uneasiness about 
necessary relationship of the set of numt 
to reference a.xes. Thus (Electrk 
Enginbewng, August 1936, page 8 
colunm 2), "Stated broadly, a vector i 
quantity resolvable into a set of indep 
dent components.” Again (Electrk 
Engineering, August 1936, page 8 
columns 1 and 2), "to constitute a genei 
ized vector, the set of quantities CiCt.. 
ueed not represent a physicaUy direct 
quMtity m space, nor a harmonic quant 

necessary to kn 
j physic^ quantity they represent, 
decide whether or not they c( 
stitute a generalized vector. They mav 
a^idered, at least tentatively, as cc 
stituting a generalized vector., .if th 
.. .constitute one group of related b 


independent quantities.” 

Since the members of any set of numbers 
are related, by being parts of one set, and 
independent, by being distinct from one 
another, Boyajian apparently also believes 
that any finite set of numbers is, "at least 
tentatively,” a vector. 

Thus according to these views, we have 
so bizarre a "vector”' as today’s closing 
quotations of the New York Stock Ex¬ 
change. These are certainly a group of 
related quantities; in fact they are printed 
on the same newspaper page because of 
tibieir common quality. That they vary 
independently, any speculator can testify. 
Although in the newspaper, they are usually 
arranged in columns, they could be arranged 
in a row. Actually on the ticker tape they 
are so arranged, and each number has set 
beside it a symbol, as GM 68 V*. • • GE 59 Vs 
. ■. GP 128, which, except for the absence 
of plus signs, is very reminiscent of Kron’s 
+ egc. Apparently according 
to the definitions of ]&on and Boyajian, 
the stock market quotations are "at least 
tentatively” a vector. 

But these definitions are entirely different 
from the generally accepted meanings 
given to vectors. Let us limit outselves to 
vectors in ordinary Euclidean space. All 
the usual treatments of vectors in Euclidean 
space begin by assigning to vectors the 
notions of length or magnitude, 
direction. These seem to be the primary 
defining properties of vectors which prac¬ 
tically all text books agree upon. "Com¬ 
ponents” then come in only as the appropri¬ 
ate mathematical means for describing 
magnitude and direction. 

In these days of relativity, we are all 
aware that length and direction have no 
absolute significance. We caimot describe 
the direction of a vector except with refer¬ 
ence to other objects having direction, nor 
can we specify its length except with refer¬ 
ence to some other object having length. 
Thus the "components” of a vector whidi 
mathematicians introduce to properly de¬ 
scribe its length and direction are not 
absolute, but are relative to some system of 
reference object which themselves have 
length and direction. The “components” 
of a vector are relative to a reference 
system of vectors. 

A vector, then, has not one set of com¬ 
ponents, but infinitely many sets, one for 
every vector reference system that may be 
chosen. Furthermore, all these various 
sets of components must be mutually 
related so that each in its own reference 
system indicates the same "directed magni¬ 
tude.” The so-called transformation equa¬ 
tions which the sets of components must 
satisfy are merely the expression of the 
property of the vector of having length and 
direction. 

A displacement in space which is the 
typical vector, hw length and direction, 
and therefore has infinitely, many mutually 
related sets of components referred to the 
various possible reference displacement 
systems, but the report of stock market 
quotations, which has only one set of com¬ 
ponents, has neither length nor direction 
and is not a vector according to usual 
notions. 

Evidently _^the definitions of Kron and 
Boyajian which make an arbitrary set of 
numbers, such as a stock market report, 
a vector, "at least tentatively," must differ 
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very radically from the generally accepted 
meaning given to "vector.” 

If we pursue further the reference given 
by Kron, we go through over 15 pages of 
text with the word tensor used scores of 
times. Although they are as yet undefined, 
“tensors,” "dyadics,” "polyadics,” "ma¬ 
trices,” "hypercomplex numbers,” and 
"etc.,” seem to be used indiscriminately 
synonomously. But, at last, page 234, we 
come to section VTl,' “Definition of a 
Tensor.” We learn, "those polyadics whose 
formulas of transformation are the simple 
ones given in equations 37 are called 
'tensors,'.. .the word tensor is limited to 
a definite class of polyadics...” Appar¬ 
ently the preceding use of the words 
"tensor” and "polyadic” as synonymous in 
Elron’s work was a mistake. 

Boyajian seems to be able to use the 
word "tensor” without requiring "polya¬ 
dics.” But his test for the tensor quality 
of his "transformation tensor” on page 862, 
seems to involve only such manipulation 
of indices as Kron performs upon all his 
"polyadics,” which Kron states are not 
always "tensors.” May I ask Boyajian 
whether his test may not merely demon¬ 
strate the “Kronian polyadic?” . quality 
of his “transformation tensor” and perhaps 
not its tensor quality. 

Going a little further in Kron's reference, 
page 234, column 2, "Whether a vector or 
a dyadic, etc., is a tensor or not, does not 
depend....” Apparently according to 
Kron a vector need not always be a tensor. 
However, every book, which I have consulted 
makes the vector a special case of a tensor, 
that is, a tensor of rank one. Boyajian 
also in liis paper, says, page 867, column 2, 
"vectors come in as a special class of ten¬ 
sors” and page 860, column 1, "the common 
vector is merely a special case as a one¬ 
dimensional tensor, or a tensor of rank one.” 
Can Kron justify his usage of the word 
vector which seems to differ from that of all 
others? 

On page 236, column 2, of his reference, 
Elroti. becomes even more specific. He 
now ^ys that a vector has "length,” or 
magnitude, and "If the magnitude of a 
vector is the same irrespective of the co¬ 
ordinate system...it is called a tensor.” 

But Kron gives no definition of the 
"length” or "magnitude” of a vector. 
Would he find the "length” of the vector 
current such as he uses in his present paper 
by taking the scalar product ’ of it with 
itself, meaning thereby the sum of the 
squares of its components? If so, then he 
woidd violate his rules for manipulating 
indicM. But how otherwise? A similar 
question might be addressed to Boyajitui 
who, on page 868, column 2, gives examples 
of a purportedly purely contravariant 
vector, and a purportedly purely covariant 
vector, each having length or magnitude. 
However, whatever the resolution of this 
dilemma may be, Boyajian, contrary to 
Kron, seems willing to let the lengths or 
magmtudes of his vectors vary with trans- 
fomation of co-ordinates, without their 
losing their tensor character. 

We^ might also ask Kron wheth^ his 
criterion for the t^sor character of a 
vector last quoted is consistent with the 
previously quoted "Definition of a Tensor” 

M th(^e "polyadics” which satisfy the 
equations” 37. If the components of a 
vector satisfy the "equations” 37 will its 
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"lengfth” necessarily be tmchanged by the 
transformation and vice versa? 

One more question of definition. On 
page 239, column 1, of Kron’s reference, 
we find “A tensor whose elements are 
complex numbers is called a spinor.” 
Since “spinors” are used now quite widely 
in the literature of quantum-mechanics, 
and not at all in the sense of the quoted 
definition, will Kron give one reference to 
justify his definition? 

I have already intimated that I believe 
Boyajian’s treatment of covariance and 
contravariance to be unsound. If the 
space under consideration is metrical, as 
seems to be the case since Boyajian refers to 
the “magnitude” of his vectors, then any 
vector has both covariant and contravari- 
ant components as Sah brings out in his 
second paper in the section “Covariant and 
Contravariant Measure Numbers.” 

Refer to the equation in Kron’s paper, 
page 1231, bottom of second column. This 
gives a relation between the components of 
the variables AX’ in the “old reference 
system” AX” and the "new,” AX“. 
Is it not then the “transformation equation” 
and therefore does it not define the “trans¬ 
formation tensor?” But on page 1224, 
second column, we find “In this presenta¬ 
tion all transformation tensors have only 
constant components..." In other words, 
is there not a contradiction with equations 
38? 

In Kron’s paper page 1233, first column, 
the complex number 

A^i = Aci -1-jA^i' 

is set down equal to a real number. Is this 
not a contradiction? The title of this 
section is called complex Taylor’s series. 
But “Taylor’s series” usually means the 
expansion of a function of a variable into 
a power series, such as equation 61 where the 
coefficient in each term is l/»! times the 
value of the nth derivative of the function 
taken at some definite point. I fail to 
find any such expanison in this section. 
How does Kron justify the title, “Taylor’s 
Series?” 

In this section, where the applied voltage 
As is supposed to be resolvable into n 
components with different frequencies, it is 
said that there will in general be n -H 2n* com¬ 
ponents of current, (if, as I presume, higher 
powers than the second of the component 
Ac’s are neglected). Apparently the 
only distinguishing or defining feature of 
these components is their frequency. But, 
even in the most general case there will not 
by as many as n 4- 2»» different frequencies. 
For obviously in the square array of com¬ 
ponent currents shown in the second column 
of page 1233, the frequency + ttfj is 
equal to the frequency W 2 + «»i, etc. 
Hence in this square array there will in 
general be only */*»(» + 1) distinct fre¬ 
quencies. Does Kion intend the component 
Aiw« + wi tQ be different from Ai®’* ’•’*? 
If so, will he not need a different notation? 
Or is + wj not equal to W 2 + wi? Will 
the total current Ai always contain the two 
terms Ai®‘ + •+• Ai*** always summed 

together? If so, why not use only a single 
letter for this sum, since the component 
terms can never be determined by any 
test, and may therefore perhaps be said not 
to exist individually. 

Similar remarks may be applied to the 
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matrix for The frequency «>i — Wi 

is the negative of the frequency Ws — wi. 
Does Kron permit the frequency to be 
negative? If so, how do these negative 
frequencies make their presence apparent? 
If not, then ^/i n(n — l)of the n* frequencies 
referred to in disappear. Also in 

the matrix for the frequencies for 

the diagonal terms are all alike and zero. 
Apparently even in the most general case 
there are for these n -f 2»* components of 
current only -j- « -{-1 distinct frequencies 
But if the n -j- 2 m* components of current 
dealt with in this section are not defined by 
their individual frequencies, how are they 
defined? 

In the next section, page 1234, entitled 
“Compound Series,” Kron assumes that for 
any given total impressed voltage it is 
somehow po.ssible to separate and dis¬ 
tinguish components of “fundamental fre¬ 
quency” from components of “product 
frequency.” But such a resolution is not 
at all unique. For example, suppose we 
have actually impressed upon a system a 
voltage having components of 10, 15, 25, 
and 35 cycles, and let us say each of these 
components has the value one. Then if 
we like, we may regard these all as "funda¬ 
mental frequencies,” and in Kron’s equa¬ 
tion 85 set Ae(ff), and Ac (-y) Ac(«), each as 
unity, and the Ac(-y) (d=s) each as zero. 
But we may, if we l^e, take only the 10 and 
25 cycles as fundamental, and regard the 
15 and 35 cycles as product frequencies. 
Then in Kron’s equation 55, Ae^ir) stands 
for Acio and Ac 26 , each to be taken as one; 
Ae(Y), Ac( 2 ) also stand for Acto andAc 2 sand 
eadh to be taken as one. But Ac(y) (*«) 
now stand for Ac 26 * 10, that is for Acu and 
Ac 26 and are now to be taken as unity. Simi¬ 
larly we may take 10, 15, and 25 cycles as 
fundamental and regard only the 35 cycles 
as product frequency. Since each of these 
equally plausible ways of regarding the 
applied voltage, when applied to the equa¬ 
tion 85 would seem to give different results, 
some doubt may be cast upon the correct¬ 
ness of the treatment. 

At the end of this section, page 1234, 
column 1, it states that “all symbols,—such 
as Z(«)(<r)are not “polyadics” (as detoed in 
reference Wa ),...” This contradicts the 
statement quoted earlier that “all. the 
necessary definitions are stated” in refer¬ 
ence lA. It is most disconcerting, after 
receiving the impression in Kron’s refer¬ 
ence, from April 1936 to Jan. 1936, that 
“polyadics” and “h 3 rpercomplex numbers” 
are synonymous, to at last receive a defini¬ 
tion in February 1936, which makes them 
different. 

The section called “Inverse of the Com¬ 
plex Series,” on page 1236, seems to deal 
with what were called “Compotmd Series” 
on page 1234. 

Here, again, the lack of definition enabl¬ 
ing one to distinguish between A»®'i*l*“’* 
and and the ambiguity as to 

what are to be called “fundamental fre¬ 
quency” and what “product frequency” 
make the value of the work seem quite 
doubtful. 


A. P. T. Sah (National Tsing Hua Univer¬ 
sity, Peiping, China): The gateway to 
Kron’s work hinges on his “connection 
tensor” C. It is tmfortunate that Kron has 
not explained this fundamental quantity 


clearly in his writings, since 2 easily 
recognized inconsistencies in the exposition 
of the “connection tensor” C have appeared 
in his papers. In the first place the “con¬ 
nection tensor,” by its very nature, is 
necessarily singular and cannot have a 
reciprocal. And yet the reciprocal of C 
or of its transpose has been not only written 
down in explicit equations (See equation 37, 
General Electric Review, volume 38, page 
234, May 1935 and equation 38, Elbctrical 
ENomBBioNG, page 1226, November 1936) 
but also used in making demonstrations. 
The second inconsistency has to do with 
Kron’s "generalized network” (See figure 4, 
Electrical Engineering, page 1228, 
November 1936). In figure 4fl, the so- 
called “generalized network” is shovra with 
all coils .short-circuited through applied 
electromotive forces. From such a diagram 
one would necessarily conclude that the 
currents in the coils are tmiquely deter¬ 
mined when all the electromotive forces and 
the impedances are known. But these 
current values cannot satisfy the constrain¬ 
ing conditions as shown in figure 4& for the 
same applied electromotive forces and the 
impedances of figure 4a. It is believ ed that 
Kron’s generalized network is entirely 
uncalled for since it represents neither a 
mathematical fiction nor a physical reality. 
In fact, it is in plain contradiction with the 
physics of the problem 
Leaving aside the question of the engi- 
rteering utility of the “connection tensor” 
in setting up circuit equations in any case, 
which, as correctly pointed out by Bewley 
(Electrical Engineering, page 1216 
November 1936), is neither simpler nor 
shorter than the old-fashioned Kirchoff’s 
laws, it is hoped that Kron will revise his 
statements and demonstrations so as to 
make his “connection tensor” a flawless 
tool. 


A. W. Tucker (nonmember; Princeton 
University, Princeton, N. J.)t Professor 
Struik has pointed out that my recent work 
on tensor algebra in topology has a bearing 
on the applications of tensors to electrical 
engineering. To illustrate let us consider 
a network consisting of (directed) lines 
numbered 1, 2, 3, etc. and terminals I, II, 
III, etc.; an example, with figure, is given 
bdow. The combinatorial structure of 
such a network is exhibited by the array of 
incidence numbers. 

/ 1 if the line o ends at the ter- 

I minal a 

Jia" => ( — 1 if the line a begins at the ter- 
j minal a 

\ 0 othervrise. 

In each line a let there be a current com¬ 
ponent and at each terminal a a com¬ 
ponent ha of potential. Then, using the 
summation convention, 

/« - 

ia’=haNa“. ( 2 ) 

P - ^ haNa^e^ -^haf* (3) 

measure (1) the current flowing out of the 
network at the terminal a (say, into an 
external lead), (2) the voltage in the line a, 
and (3) the power In the network. If we 
now consider the same network in terms of 
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new elements 1 ', 2 ', 3 ', etc. and I', II', 
III', etc. formed from the old by a reversible 
process, we get new incidence numbers 

Naf“' » Ca^'Na^Caf"^ 

and new components of current, potential, 
voltage, etc., 

g«' = ha' = haCcct“.iat^ hafNa'^' * 

haNa^^Ca/^, etc., 

where Ca'“, C/' are inverse transformations 
(i.e. Ce'“ Cj“^ *= 1 if a = b and 0 otherwise) 
as are C«/“, C«“^. 

Example 



incidence 

table 


_3 _ 4 

0 -1 


III 0 -1 


4 _6 

1 0 
0 1 
0 0 


change of line-basis: 


IVl 0 0 -1 1 -1 


1' 

- 1, 2' - 2, 

3 ' = 

3 , 4 ' =» 




6'- 

5-2 


1' 2' 

3 

4 ' 

5 ' 

1' 

1 0 

0 

-1 

0 

2 

0 1 

0 

0 

-1 

3 

0 0 

1 

0 

-1 = 

4 

0 0 

0 

1 

0 

6 

0 0 

0 

1 

1 


1 2 

3 

4 

5 

1' 

1 0 

0 

1 

0 

2' 

0 1 

0 

-1 

1 

3 ' 

0 0 

1 

-1 

1 = 

4 ' 

0 0 

0 

1 

0 

6' 

0 0 

0 

-1 

1 

change of terminal-basis: 

I' = II - I 



II' 

III' 

= II - 

IV 


IV' 


I' 

II' 

III' 

IV' 

I 

-1 

0 

0 

0 

II 

1 

1 

0 

0 

III 

0 - 

-1 

1 

0 

IV 

0 

0 

-1 

1 


I 

II 

III 

IV 

I' 

-1 

0 

0 

0 

II' 

1 

1 

0 

0 

III' 

1 

1 

1 

0 “ 

IV' 

1 

1 

1 

1 


1 ' 2 ' 3 ' 4 ' 5 ' 

. / I' 1 0 0 0 0 

mcidence table with 1 II' Q i q 0 0 

respect to new bases jlll' o 0 10 0 

UV' 0 0 0 0 0 

= iVa/“' 


In topological parlance a network of lines 
and terminals is a graph of edges and vertices 
or a. 1-complex (i.e. one-dimmsional com¬ 
plex) of 1 -cells and 0 -cells. Numbers c® 
attached to the 1-cells give a 1-chain. 
The numbers /* = iVa“e® attached to the 
0-cells give a special 0-chain called the 
boundary of the preceding 1 -chain. Notice 
that Elirchhoff’s law asserts that the bound¬ 
ary of a current vanishes—except at ter¬ 
minals with external connections. Num¬ 
bers het attached to the 0-cells give a “dual” 
O-chain—^here the terminology is not well 
established for the notion is new. The 
"dual” boundary of this is the dual 1-chain 
given by the numbers 4 = haNj* attached 
to the 1 -celIs. Instead of basing our 
chains on cells we may ba.se them on suit¬ 
able combinations of cells (i.e. chains). 
Thus we are led to consider changes of 
basis. The particular changes chosen in 
the above example serve to reduce the 
table of incidence to an especially simple 
form. The components of a chain such as 
current change contravariantly and those 
of a dual chain such as voltage change 
covariantly; hence their scalar product, or 
intersection index, is invariant under change 
of basis. 

I hope these remarks indicate how topol¬ 
ogy enters as an inter mediar y in the 
application of tensors to electrical engi¬ 
neering. There is nothing new in the 
separate items of the above discussion; 
the only novelty lies in putting them to- 
getter. The topology involved seems 
quite e.< 3 .sential although being one-dimen¬ 
sional it is rather trivial from the geo¬ 
metrical point of view. However it is 
far from ruled out that higher dimensions 
may not come into the development as it 
unfolds. 


C. E. Rose (Federal Emergency Administra¬ 
tion, Washington, D. C.): Vector and 
tensor symbols will be written in capital 
type and since a vector is in reality a tensor 
of rank zero no ambiguity will result, be¬ 
cause in this convention a vector will be 
defined as such by being without a sub- or 
superscript, whereas a tensor will always be 
written with its definitive subscripts and 
/ or superscripts. Given any 2 arbitrary 
vectors A and B, existing within orthogonal 
or aflBne space, we write their product as 
AB, This is neither their scalar product 
A-B, not their vector product A ^ B, and 
it is therefore at this point undetermined. 

Write; 

A = -|- ajj -f- atk, (1) 

B = bii -j- bzj -|- bik (2) 

in which *, j, and k are the unit vectors and 
Ui, fla, and bi, 6j, bt are the respective 
projections of A and B upon the axes 
measured by these respective unit vectors. 

We know from elementary vector analy¬ 
sis that: 

•/= *•* = 1 ( 3 ) 

i.j ,-,j . ^ k’i = 0 

as the scalar products of these unit vectors. 

We also know that: 


j y k — —kyj = i (7) 

k X i = —i X k = j (8) 

as the vector products of these unit vectors. 

We, therefore, now write the product of 
equations 1 and 2 as: 

AB = aibiii -f- <7i&2*7 + axb'dk -|- 
o^biji -|- Oibijj -i- Oib-fk d- 
athki -f- aabikj + ajb^k (9) 

We may now, as usual, substitute an, an 

.ffsj for the coefficients of aibi, oi&j... 

... .aaba above, and write the scedar prod¬ 
uct of AB as, the matrix: 

ciiflifti 0 0 

A ’ B ^ 0 anatjbt 0 ( 10 ) 

0 0 azaUabt 

and the vector product of AB as, the 
matrix: 


A y B 


0 aiaUiba 

“ 02102^1 0 
dtiaabi —aaaatbi 


a\ap,ibi — fliaPiibz 
0 ci2^iiba 

aasaabi 0 


add equations 10 and 11 , yields: 

AiB = (A ‘ B) + iAyB) ^ 

ano-ibi aiiUiba anaiba 

0210261 0220262 0220263 (12) 

O31O361 aaaOabi 0330363 

We may further condense equation 12 
and write: 

AB = ^anfifbk = 

ik 

O11O161 -f- 0120162 H" 0130163 “|- 
O21O261 -|- Ot^aaba -f- 0220263 -f* ( 13 ) 

031O361 -f 0320362 -1- 033O363 

If the right hand member of equation 13 
remains invariant in form when subjected 
to any rotation about its co-ordinates, then 
we may write in tensor notation: 

Tik - ^atkOibk (14) 

ik . ' 

and equation 14 defines a covariant tensor 
of rank 2 , 

To test whether equation 14 is invariant 
let us rewrite equation 9 as before and 
rotate it 90 degrees around the t-axis. To’ 
do so write: 

Oi6i« -|- aibaij -f 016326 -f- 
AB = Oahji -f- Oabajj Oabajk + . ( 9 ) 

03616* -f- 036367 -j- 036366 

and to apply to it the versor: 

0 = a cos eijj -f 66 ) -f sin s (67 — Jk) 

(IS) 

Since the original imit vectors in equation 
9 are *, 7 and 6 , then by multiplication of 
equation 9 by equation 16 we have rotated 
equation 9 90 degrees around the *-axis 

*' = j ■ ■ 

j' => 7 ’ cos c -f 6 sin s, ( 16 ) 

h' =* — 7 ’sin fi -|-6 cos e 

e, the ^gular rotation in this cases being 
90 degrees, equation 16 rediices to 


ixi =7 x7 =6x6 « 0 
i xj = —jxi = 6 


( 5 ) 

7 *= 6 or 

( 6 ) 6 ' = -7 
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Substitution of the values of i, j and k, 
in terms of V, j', and h' from equation 17 
into equation 9 yields: 


AB 


a\hii*i' — aibii'k' + o-ihii'j' — 
OtHbiWi' “1* Oibik'k' ~ Oibzkij' -f" 
{(hbifi' — azbij'k' + atbaj'f 


(18) 


which is identical in form to equation 9. 
We may designate the coefficients as usual 
of the componaits aibi....ai, by an.. 
. .038 without losing any generality and the 
result is again equation 13, which proves 
that equation 9 and its developments, 
equations 12, 13, and 14, define a tensor, 
because its form is identical after this 
rotation of 90 degrees. 

A contravariant tensor represents the 
"Path”; a covariant tensor represents the 
force along the "Path”; the first is defined 
by superscripts, the second by subscripts 
and the mixed tensor by both, as A*, 
Aft, and Af* respectively. 


Induction Motors on 
Unbalanced Voltages 

Discussion and authors’ closure of a paper by 
H. R. Reed and R. J. W. Koopman published 
in the November 1936 issue, pages 1206-13, 
and presented for oral discussion at the induc¬ 
tion machinery session of the winter conven¬ 
tion, New York, N. Y., January 27,1937. 


H. J. Reeves (Paul and Reeves, Spokane, 
Wash.): The authors treatment of the 
3-phase motor on single-phase voltage 
might be presented in a slightly different 
manner. Sketch B of their paper could be 



POSITIVE SEQUENCE 


—^A/V- \ 00 


Ip2- 


- rp2 Xp2 
■VSA-vQi^Ln 


^S 2 


9 m 2 < 
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L> ^ 

> -Icvi 


NEGATIVE SEQUENCE 

Fig.1 


changed to show the separate sequence cir¬ 
cuits as in figure 1 of this discussion. 

For the negative sequence circuit, the 
slip, 52, is equal to 2 minus the positive se¬ 
quence slip 5i. Thus, 

1 — S 2 1 — 2 Si 

Sji 2 — St 

2 -s-/:^- 

where 5i is tnade equal to 5 for the sake of 
brevity. ^ 

May 1937 







Fig. 2 



I <0 




ZERO SEQUENCE 


Fig. 3 


For the 3-phase motor operating single 
phase we may assume a phase open. The 
following relations will hold: 

/« => 0 
A *7 
I, = I 

1,1 - V « (0 + «/-«*/) - 

CK — a* 7 

- - - J = 

3 V? 


*■/* (0 + — «/) 


/ = -I .1 


Vi, 

V, 

VI, c 


Vti 4" ttY,, 

« Y 31 -|- a* 7,1 

Vg — Vi « (« — a*) 7,1 +(«* — «) 7,2 

- (« - «*) (7,1 - 7«) = 

i(V37,i - 7 , 2 ) 


( 1 ) 

( 2 ) 


7,1 •“ 7,2 

^-V„-Va 

For analytical purppses, connect the se¬ 
quence networks together as in figure 2 to 
satisfy the conditions of equations 1 and 2. 
This solution will permit the use of the 
faihiliar tabulation in columnar form for 
the calculation of motor performance curves. 
To the table for balanced 3-phase voltage* 
operation wiU be added the neg;ative-se- 
quence calculations for the corresponding 
values of dip, and the changes in positive- : 
sequence values resulting from the changes 
in positive-sequence voltage. 

Discussions 


The practical limits of 


and infinity, and of — 
and —0.5rr. 


1- 5 
5 
- S 


r, are zero 


fr are zero 


2-5 

It will be noted that in the 

working range, — may be assumed 

to be —0.6 without appreciable error. 
Since the values of negative-sequence volt¬ 
age near synchronous speed are low we may 
assume 

lyi = Jgl 

and the negative sequence torque will then 
be 


-0.176 


Pfr 


f(2-S) 


The loss in speed necessary for a balance 
between negative and positive sequence 
torques is slight and is usually less than one 
per cent. 

Another interesting application can be 
made to the Y-connected motor operating 
on a 4-wire 3-phase circuit, with one of 
the phase wires open. A motor operating 
under this condition will have considerable 
starting torque, since a positive angular 
displacement between the 2-phase windings 
is maintained. The following solution 
for this condition might be used. 


7a - 0 » 7i -f 7* + 7 d 

7»+7c+7;, = 0 

7ft = a* 7i 7, + 7o 

= a* "h oelz Vi — (7i H“ It) Zi 
7i (q!*Zi — Zo) 4* It (ctZi — Zt) 

Vi - 7i (tt«Zi - Zo) 

“ aZi - Zo 

7e = a 7i 4- a* 72 + 7o 

= a JiZi 4 - a* liZi — (7i -j- 73)Zo 
= 7i (oZi - Zo) 4- 72 (a*Z* - Zo) 


(3) 


(4) 


( 6 ) 


(S) 


= h (aZi - Zo) 4- 


Fft - 7i(««Zi -Zo) ^ 
aZt — Zo 

(a*Z 2 - Zo) 


7e(aZ8 — Zo) — 7ft(ot^Z2 — Zq) 


X 


‘ (aZi-Zo) (aZ 2 -Zo)-(a*Zi-Zo) 

(a*Z2-Zo)(7) 

The sequence networks are shown in 
figure 3. These should be coimected to¬ 
gether to satisfy the conditions of equations 
3, 4, and 5, but as this condition does not 
lend itself readily for simple solution, 7i 
may be calculated from equation 7 and Ts 
from 6. 

For this solution the values for 3-phase 
balanced operation may be utilized and the 
values for the negative-sequaice circuit 
may be taken from the additions which have 
been noted above. 

The starting torque and current values 
of table I and the speed-torque characteris¬ 
tics of figure 4 have been calculated from 
the following constants of a 5-horsepower, 
220-volt, 3-phase, 60-cycle, 6-pole motor, 
all being expressed in unit values^ 


Ta ■■ 

rn ■■ 
rb 

Xa 


rat 

rrt 


0.Q44 

0,067 

0:044 

= 6.140 


Xn 

Xi 

Zm 

bail 


^ Xr 


0.140 

o:i«3 

0.023 

0.380 
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I':!;'' 
I -w' 

.li'= 

liM- 


i- -:- 

|.;V< ! 
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'i'i 
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UA 

t bij !J 






Table I 



A 

B 

c 

Starting current. 

Starting torque. 

.8.42. 

.8.42 . 

A 

.3.74/3.93 

Maximum power. 



. .1.23 

Maximum torque. 



.1.38 

Unit current. 


1 00 


Power. . 




Speed. 

.0.94. 



No load ( Current. 


. 67 


(Speed. 



.i.bo- 


A —Motor operating on balanced S-phase voltage 

B —Motor operating single-phase line-to-line voltage 

C—Motor operating on 2 phases of the 3 line-to-neutral volUges 


Selby Haar (Board of Transportation, 
City of New York, N. Y.): Tests of a 
number of 3-pbase squirrel cage rotor 
motors of 1 to 2 V 2 horsepower, presumably 
with balanced windings, on a circuit with 
approximately 1 per cent unbalance of 
voltages showed unbalanced currents as 
high as 20 per cent. If the motors are 
provided with controllers of standard type 
with overloads in 2 lines only, an overload 
setting sufficient to carry the larger current 
may be too high to protect the other phase 
windings of the motor. Hence unbalanced 
voltages in a polyphase supply system may 
be a serious matter. 


G. F. Corcoran (The State University of 
Iowa, Iowa City.): The authors have com¬ 
bined symmetrical-component circuit theory 
with classical polyphase-induction-motor 
theory to advantage. By strict adher¬ 
ence to accepted principles in these 2 fields 
they have simplified the general problem 
of predetermination of induction-motor 
characteristics imder unbalanced voltage 
conditions. 

An important feature of the method pre- 
smted in this paper is the absence of em- 
piricri constants and other data that can be 
obtained only by elaborate tests. No para¬ 
meters other than those which can easily 
be calculated from ordinary test data or 
from ordinary design data have been em¬ 
ployed in the calculations. It is obvious 
that gt, he, and Tq are not exactly the same 
for the 2 equivalent circuits, namely, the 
positive-sequence circuit and the negative- 
sequence circuit. With the aid of empirical 
data and various assumptions several re- 
toements in ge, bg, and might be affected. 
However, the amount of additional labor 
involved and the inaccuracies encountered in 
obtmning actual magnetizing reactances 
discourage any general attempt in this 
connection. 

For a particular operating condition, 
Mrtam refinements are entirely feasible. 
For example, at low values of slip si the 
negative-sequ^ce voltage is low and g« 
m the negative-sequence circuit could be 
adjusted accordingly with due regard for 
the saturation effects caused by the posi¬ 
tive-sequence flux. It wffl be observed, 
however, ^at quite uniform results have 
been obtained neglecting "saturation ef- 
f^ts entirdy. Also at low values of si 
the approximate double-frequency rotor 
ciurent in the negative-sequence circuit 
will make for higher rotor resistance and 
simultaneously there will be a high-fre¬ 
quency core loss. Both of these effects 
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could, conceivably, be taken into account 
in the present method by increasing fg 
in the negative-sequence circuit by the ap¬ 
propriate amount for each different value 
of slip. Refinements of this nature are, 
of course, incidental to the general theory 
involved because accurate results neces¬ 
sarily involve the use of accurate circuit 
parameters. 

The remarkable feature of the present 
method is that the experimentally deter¬ 
mined results agree as well as they do with 
those calculated on the basis of constant 
ie, he, and tg. As shown in the paper, the 
calculated values agree with the experi¬ 
mentally determined values better for low 
values of si than for higher values of ^i. 
Certain irregularities due to inherent space 
harmonic effects are to be expected for 
particular low values of si. 

The theoiy underlying the introduction 
of a negative resistance 

~ ^ 2 ) 

I 

^2 

where Sj > 1 

is of some importance because the dectro- 
inagnetic power devdoped by the negative- 
sequence field is: 

In this connectioi^it is interesting to note 
that power crossing the gap via the negative- 
sequence field is: 

b’'i\ ® 

Physically, of course, there are watts 
dissipated in heat in the q branch of the 
negative-sequence circuit and this is sup¬ 
plied only partially by the power that 
crosses the gap via the negative-sequence 
field. 

7 ,. p(3) 

Si Si \ / 

The voltage rdations involved in the 
negative-sequence circuit when S 2 > 1 are 
shown in the accompanying sketch. A 
comparison of these relations with the 
well-known positive-sequence circtdt rda¬ 
tions when Si < 1 wiU further disclose 
the reason for the introduction of negative 
resistance into the negative-sequence equiva¬ 
lent circuit. 

Although the present method as applied 
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Fig. 4. Voltage and current relations in the 
rotor of the negative-sequence circuit 


From a rotor point of view 

I _ 

"" r 2 — V St 2 
rg Xj $2* 

From a stator point of view 

/ =—A_ 


to the single-phase case possesses certain 
features which are contained in the com¬ 
mon 2 -network single-phase equivalent 
circuit, it is definitdy superior in several 
respects. The voltage to employ in connec¬ 
tion with each circuit can be calculated in a 
straightforward maimer. This particular 
feature is distinctly advantageous in the 
single-phase case and it is thought that the 
present method of attack will find its 
greatest fidd of usefulness in single-phase, 
motor analysis. 


P. H. P^phrey (Rutgers University, New 
Brunswick, N. J.): I have been interested 
in the presentation of this paper primarily 
as a teacher of the subject of electrical 
machinery. The schools have faced tre¬ 
mendous pressure to reduce the amount of 
time spent in the study of dectrical machin¬ 
ery. One of the ways that this has been 
accomplished is by obtaining a closer co¬ 
ordination of the theory of machines. 
With this in view, several years ago, I dis¬ 
carded the cross-fidd theory of single-phase 
induction motor operation, and adopted 
the symmetrical-component analysis as 
presented in this paper. It has had several 
advantages. First, it has given an ex¬ 
cellent illustration of the use of symmetrical 
components, second, it has permitted me to 
use all of the polyphase motor theory that 
had been built up and thus save time, and 
third, it has given, I bdieve, a better physi¬ 
cal understanding of the phenomena. I 
should wdcome comments from designing 
engineers as to the rdative merits of the 
symmetrical-component attack versus the 
cross-fidd theory where time permits the 
presentation of but one. 


P. H. Tnckey (Diehl Manufacturing Com¬ 
pany, Elizabethport, N. J.): Is it possible 
to use this method when the turns and 
weights of wire in the two windings of a 
capadtor motor are not equal? (NTote; 
(1) Kingsley of MIT replied to this ques¬ 
tion; ( 2 ) A professor from Rhode Island: 
State asked what was bdng taught at 
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present, the revolving field or cross-field 
theory of single-phase motors; (3) Kingsley 
said that at MIT, they were teaching the 
revolving field theory exclusively; (4) 
Karapetoff, of ComeU, implied in a dis¬ 
cussion that these methods of calculating 
capacitor motors were based on superposing 
2 separately revolving fluxes, and that there 
was danger of inaccuracies due to satura¬ 
tion effects.) 

1. The question as to whether the re¬ 
volving field theory or cross-field theory 
should be used in single-phase motor 
analysis has been debated for many years. 
The engineers in our company are using 
both methods side by side in every day 
routine design problems, and I want to 
urge very seriously that neither method be 
allowed to drop out of the minds of men 
engaged in teaching. 

For instance, the single-phase calculation 
method developed by C. G. Veinott and 
H. R. West, is based on the cross-field 
theory and is used by engineers of at least 
4 large engineering companies. There are 
certain features that seem to be illustrated 
much more vividly than by the revolving 
field theory. On the other hand, such 
phenomena as the double-frequency rotor 
currents in a single-phase motor are not 
easily visualized by the cross-field method. 

2. I think the authors of these papers on 
methods of calculating capacitor motors are 
to be commended, and I want to urge them 
as well as others, to keep working on this 
problem. There are now a number of 
different methods of attack, all of which 
can be used to calculate the performance. 
The principle difficulty now is the length of 
time involved. Those of us engaged in 
routine design need very badly a calcula¬ 
tion method which is not appreciably 
longer than that which we use on single¬ 
phase motors. Our present method for 
polyphase motors involves 26 slide rule 
operations to calculate the performance for 
any given slip while the single-phase method 
takes 35 operations. The best I have been 
able to arrange any of the capacitor motor 
methods so far has been 107 operations. 
If we could cut this down to 40 or even 45, 
it would become very useful. This, of 
course, must be for capacitor motors where 
the two phases are nqt alike as we very 
seldom use equal windings. 

3. I believe the inaccuracies due to satura¬ 
tion are not very serious due largely to the 
primary impedance dropping the induced 
voltage and the flux as the slip is increased. 
In any case, we need a method and it would 
be useful even with some error due to 
saturation. 


G. F. Tracy (University of Wisconsin, 
Madison.): Reed and Koopman have used 
the expressions developed in their paper in 
order to predict the torque, currents, and 
voltages of a 3-phase motor operating as a 
capacitor motor at all slips from standstill to 
S 3 mchronous speed. From a practical 
standpoint the values of torque and line 
current at standstill are most significant, 
since tibese values determine the prac¬ 
ticability of siich a method for starting the 
motor. In a paper entitled “^lit-Phase 
Starting of Three-Phase Motors,” by 
Tracy and Wyss, in Elbcxricai. Enginbbr- 
INO, October 1935, page 1068, expression 
for torque and current similar to those in 
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Reed and Koopman’s paper were developed 
for the case of spUt-phase starting using a 
noninductive resistance in series with one 
terminal of the motor, and an inductive re¬ 
actance in series with the second terminal; 
the third terminal being connected directly 
to the other side of the line. The expres¬ 
sion for torque was further analyzed by 
differentiation to find the “best” values of 
resistance and reactance in terms of the 
constants of the motor; i.e., that pair of 
values which will produce maximum start¬ 
ing torque (equation 22 in Tracy and Wyss* 
paper). A similar analysis of the com¬ 
panion case using a resistance and a ca¬ 
pacitive reactance was subsequently carried 
out by J. W. Soule, graduate student at the 
University of Wisconsin. The best value 
of resistance was found to be zero in all 
cases (actually slightly negative); while 
the best value of reactance was shown to be 
given by the surprisingly simple and valu¬ 
able expression Xe =“ l- 62 » where Xe is the 
value of capacitive reactance in ohms 
and z is the value in ohms of the equivalent 
impedance per phase of the motor at stand¬ 
still, motor assumed Y-connected. The 
validity of the above expression was veri¬ 
fied in a series of tests by Soule; and it is 
also interesting to observe that when ap¬ 
plied to the V 4 -horsepower motor in Reed 
and Koopman’s paper this expression yields 
a value of capacitance of 245 microfarads, 
whereas figure 8 of the paper shows the 
maximum starting torque to occur at 240 
microfarads. In the case of the 5 horse¬ 
power motor, Reed and Koopman do not 
show starting torque as a function of 
capacitance. The best value of capacitance 
according to the above expression is 690 
microfarads; i.e., more than 4 times as 
large as that used in the curves of figures 
5-7. Had the value of capacitance used 
in their tests been 690 microfarads in¬ 
stead of 160 microfarads the starting torque 
would have been 150 per cent of the 3- 
phase starting torque instead of i approxi¬ 
mately 13 per cent as in figure 5, The 
starting torque corresponding to the best 
value of Xc is readily computed from T = 
28.8 r/(z — x), where T is in per cent of 3- 
phase starting torque, and r, z, and x are 
respectively the numerical values of the 
resistance, impedance, and reactance, in 
ohms per phase of the motor at standstill, 
motor assumed Y-connected. 

In general, the starting torque obtainable 
with an inductive reactance and a resistance 
connected as described above does not ex¬ 
ceed 20 per cent of 3-phase starting torque 
even with the best values used for the 
resistance and reactance. It is a rela¬ 
tively inexpensive method, however, and 
is thus adaptable to large machines. On 
the other hand, the torque obtainable with 
a condenser only (as in sketch C of Reed and 
Koopman’s paper) is of the order of 100 
per cent of 3-phase starting torque. This 
means that a 3-phase motor operating from 
a single-phase line and started as a capacitor 
motor has starting characteristics com¬ 
parable with those of a repulsion-start 
single-phase motor or those of a 3-phase 
motor. The over-all cost, however, is 
greater than that of a repulsion-start motor 
at the present price of condensers. 

The authors make the statemeat in the 
opening paragraph of their paper that their 
method is “quite different from those which 
have appeared in the recent literature." 

Discussions 


The writer would like to state that it ap¬ 
pears to him that the procedure used by the 
authors in treating the 3-phase motor 
operating single phase and also the 3-phase 
motor on unbalanced 3-phase supply is 
essentially the same as that used by O. C. G. 
Dahl in his book "Electric Circuits, Theory 
and Applications,” volume 1, and also by 
C. F. Wagner and R. D. Evans in their book 
“Symmetrical Components.” Also the au¬ 
thors’ procedure in hsmdling the case of 
the 3-phase motor operating as a capacitor 
motor does not appear to differ fundamen¬ 
tally from that used in the paper by Tracy 
and Wyss quoted at the beginning of this 
discussion, together with the discussion 
of this reference by E. M. Sabbagh (in 
Electrical Enginbbriko, March 1936, 
page 286). 


H. R. Reed and R J. W. Koopman: Reeves’ 
treatment of the induction motor operat¬ 
ing on 4-wire 3-phase with one line open is 
interesting, especially since this point was 
raised in oral discussion by Karapetoff. 
This is not a common method of operating 
induction motors, and the problem of deter¬ 
mining the impedance to zero-sequence 
current which would flow imder these condi¬ 
tions should be of interest. Wagner and 
Evans in the December 1929 issue of the 
Electric Journal discuss this problem. 

The statement by Selby Haar that un¬ 
balanced voltages in a polyphase supply 
system may be a serious ma.tter has been 
considered by the writers from the point of 
view of decreased efficiency, in an article 
in a recent issue of Electrical World. 

Tracy states that the “best" value of 
capacitance to have been used in the illus¬ 
trative curves of figures 6-7 is that which 
produces maximum torque at starting. In 
the Tracy and Wyss paper referred to, how¬ 
ever, the a.uthors, using inductive react¬ 
ance starting, state that “By ‘best’ values 
of R and X is meant that pair of values 
which will produce maximtun starting 
torque—or, if such values should be m- 
companied by an excessive line .emrent, 
the ‘best’ values would then be those which 
produce rnfl-vininTn torque at an arbitrarily 
fixed line current.” 

It would seem that the best value of 
capacitance to be used at starting should be 
that which would most nearly duplicate 3- 
phase conditions at the motor. It can be 
shown that for 3-phase motors with 3-phase 



Fig, 5. $tart|n9 torque-capacitance char¬ 
acteristic for 5-horsepower 3-phase motor 
starting on single-phase supply as capacitor 
^ ^ ^ / motor ^ 
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Figs. 6-8. Characteristics for 5-horsepower 3-phase motor operating on single-phase supply as capacitor motor 
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Starting power factors less than 0,5, exact 
3-ph^e conditions can be reproduced 
starting smgle-phase with a capacitor and a 
senes resistor of proper size connected be- 
tw^ the free terminal and one line. This 
resistor should have zero resistance if the 
3-phase starting power factor is 0.6. Like¬ 
wise it can be shown that for 3-phase start¬ 
ing power factors greater than 0.6, exact 3- 
phase conditions can be duplicated by- 
placing an inductance of proper be¬ 
tween the terminal connected to the con¬ 
denser (now without a series resistor) and 
the other line. 

The rdationship between starting torque 
and capacitance in microfarads for the 6- 
horsepower 3-phase 220-volt motor con¬ 
sidered in appendix II of the paper is given 
in figure 6 of this discussion. The curve 
sho^ra that the maximum starting torque is 
obtained with 700 microfarads capaci- 
tmce; applying the expression Xc = 1.6s 
gives 705 microfarads. The starting torque 
with 700 microfarads is 160 per cent of 
normal 3-phase starting torque; but the 
terminal voltages are 337,296, and 220 volts, 
or 163, 136, and 100 per cent, respectively, 
of rated terminal voltage, and the coil 
64, and 63 amperes, or 
657, 457, and 379 per cent, respectively, of 
rated full load current. 

Figure 6 is a comparison of the speed- 
torque curves when the motor operates 3 
phase, single phase with the 160-micro- 
fMad capacitor, and single phase with the 
7W-microfarad capacitor. The relation- 
^ps between the terminal voltages and 
the coil currents and per cent of synchro¬ 
nous speed are shown in figures 7 and 8 when 
toe motor operates with toe 700-micro¬ 
farad capacitor. These curves show that 
when the motor operates wito toe 700- 
mcrofarad capacitor at 6 per cent sUp it 
devdops only 26.7 per cent of 3-phase torque 
at the corresponding slip, while toe 160- 
microfarad capacitor it develops 108.5 
p^ cent 3-phase torque. Figures 6 and 7 
of the paper show that at this value of slip 
the ctrrrents and voltages are essentially ' 
normal whereas figure 7 of this discussion 
shows that the voltage Va, is 181 per 

624 


cent of normal. The coil currents from 
figure 8 are seen to be 429, 339, and 307 
per cent rated full load. It is also of interest 
to note from figure 6 that the no-load slip 
when operating wito 700 microfarads is 3.5 
per cent and that the above-named 3-phase 
torque is produced at a slip of 11 per cent. 

In view of the foregoing discussion it 
would seem to be uneconomical to use a 
large capacitance, which would cause ex¬ 
cessive coil currents to flow and which in 
itself would have to carry a large current as 
is shown in the preceding curves. In choos¬ 
ing the value of 160 microfarads to be used 
in the tests the writers were desirous of ob¬ 
taining a value of capacitance which would 
give to the motor opm-ating characteristics 
which were essentially normal. To obtain 
such characteristics it was obviously im¬ 
possible to obtain a high starting torque. 

Pi’fl'Ctice, the motor would be started 
using that value of capacitance which would 
either give ample torque to start the load or 
most nearly duplicate 3-phase conditions 
and as the machine comes up to speed toe 
capacitance would be reduced to a value 
which gives normal operation. The "best” 
value of capacitance to use in star ting this 
motor would obviously not be that which 
produces toe maximum starting torque as 
Professor Tracy indicates in his discussion, 
and that value would certainly not be used 
over the working range of the motor. 

The ejqjression Xg = 1.6s, which gives 
toe value of capacitive reactance to produce 
maximum starting torque is noteworthy, 
as is likewise the expression, which yields 

the per cait of 3-phase starting torque. 

The writers are cognizant of the fact 
that toe fundamentals are s imilar to those 
used by Dahl, Wagner, and 
others. In considering toe 3-phase motor 
operatmg single phase, Wagner, and Evans 
combme toe sequence networks in an en- 
turely different manner. The paper by 
Tracy and Wyss deals only with toe induc- 
txve method of split-phase starting of 3- 
phase motors and considers neither t he 
capacitor motor nor speed-torque curves 
the accurate prediction of which the Writers 
believe to be of paramount importance. 

Discussions 


With reference to Trickey's question 
concerning operation with unequal wind¬ 
ings we would refer to reference 3, "Analysis 
of Unsymmetrical Machines,” by Lyon and 
Kingsley, AIEE Transactions, volume 65 
May 1936. 

In the oral discussion the question of 
saturation was raised by Karapetoff. The 
writers believe that this question is ade¬ 
quately answered in the discussions of 
Corcoran and Trickey. 


Lightning Investigation 
on Transmission Lines—VI 

Discussion and authors' closure of a paper by 
W. W. Lewis and C. M. Foust published in 
the January 1937 issue, pages 101-6 and 
189, and presented for oral discussion at the 
power transmission session of the winter 
convention, New York, N. Y., January 26, 

iOO*T ' ' 


J» J. Smith (General Electric Company, 
Schenectady, N. Y.): During toe last 10 
years much work has been done on toe 
problem of lightning interruption of electric- 
power service and now insulation and pro¬ 
tection CM be arranged in most cases to 
reduce tripouts to a very small number. 
WhUe this process is due to a number of 
circumstances it is nevertheless quite out¬ 
standingly evident from a survey of recent 
literature that an important factor has beM 
the introduction of practical measuring 
instruments for direct connection to the 
transmission line. At toe time toe present 
investigation began there were available 
almost no direct measurement data which 
assisted toward an unders tanding of the 
problem. 

■ Into this situation was introduced the 
Lichtenberg figure cam^as such as the 
Hydonopraph, surgewoltage recorder, and 
lightning-stroke recorder. All these pro¬ 
vided for toe measurement of cr^t -^ues of 
surge voltages and the determination of 
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Rg. 1. Lightning currents measured in towers of 1324cy Glenlyn-Roanoke line/ May 4-15,1936 


polarity. Conductor and structure po¬ 
tentials were then obtained by the hundreds. 
Lightning surges were followed along 
the conductor and attemtation directly 
measured. The Lichtenberg camera as a 
surge-voltage recorder therefore served to 
redirect the attack on the tripout problem, 
to take it away from the de^ and labora¬ 
tory and to concentrate effort on the task of 
requiring the lightning surge to locate and 
describe itself through the medium of such 
recorders. 

The surge indicator or flashover indicator 
followed the surge recorder. This was a 
device whidi through the disruption of a 
small breakable powder link provided an 
indication of insulator assembly flashover 
until the patrolman observed it from the 
ground and reset it for the next flashover. 
Agam many indicators, several thousand in 
fact, were used and hundreds of insulator 
flashovers and surges recorded. 

The cathode-ray oscillograph was also 
applied to the measurement of lightning- 
surge waye shapes on line conductors. The 
daborate equipment arid somewhat com¬ 
plicated tedmique of operation required 
permitted the use of only a few oscillographs. 
Many valuable wave-shape records were 
obtained, however, among them one of 
conductor potential at a point within a feW 
feet of a direct stroke. 

All the instruments up to this time were 


used to obtain information concerning volt¬ 
age conditions. The accumulating records, 
however, directed attention toward the 
necessity for lightning-current measure¬ 
ments and out of this need came the surge 
crest ammeter. Measurement stations 
again were established by the thousands. 
Entire lines were covered mid many loca¬ 
tions in the line structure such as tower legs, 
tower arms, overground wires, lightning 
rods, counterpoise and occasionally even the 
live conductor. Thousands of records were 
obtained and these when fitted in with the 
records from earlier instruments provided 
a greatly clarified picture of the lightning 
tripout problem. It is a thoroughly differ¬ 
ent picture from the previous dedc-labora- 
tory picture common at the beginning of the 
investigation, and this difference is mainly 
due to the devising of suitable recording and 
low cost, indicating and measuring devices 
through which the lightning surge has lo¬ 
cated and described itself automatically. 

Table I of the paper gives an interesting 
comparison of the tripouts per 100 miles per 
year on different lines. Some of the differ¬ 
ences are due to changed conditions on the 
same line over a period of years. However, 
for lines in different localities it is difficult to 
make a direct comparison since there must 
exist differences in the lightning conditions 
experienced. I wonder if the authors 
can suggest a way of taking these dif¬ 


ferences in lightning conditions into account. 

On page 103 the authors show good corre¬ 
lation between the measurements when volt¬ 
age exceeded flashover of the insulators and 
actual flashover. It is not quite clear, 
however, whether th^ have expoienced 
flashover in cases where the measured volt¬ 
age was well below that required. I should 
like to know their experience in, this respect. 


Philip Spom (American Gas and Electric 
Company, New York, N. Y.): This paper 
is devoted in a large part to presentation and 
discussion of the field data obtained in the 
research and investigation that has been 
carried out over the past 4 or 6 years on the 
Glenlyn-Roanoke 132-kv line of the Appala¬ 
chian Electric Power Company. Howler, 
the period covered by Lewis and Foust deals 
almost entirely with records Obtained prior 
to 1936. Some of the most interesting data 
were not obtained until the year 1936, and 
in view of the fact that it was not found 
possible to present these data in summary 
form at this meeting of the Institute, owing 
to the shortness of time, it may be interesting 
to give some of the high lights of the 1936 
investigation, and particularly those l^t 
bear directly on, and tie in with, the data 
presented by the au^ors of this paper. 

In figure 2 is sho^m the magnitude and 
frequency of lightriing stroke currents 
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Fis. 2. Magnitude and frequency of lightning 
stroke currents, 1933-36 

eround-wire currents 
or Adjacent tower currents 
C—-By tower-top lightning rods 
D—^Single tower currents 
£—-Average of A, B, and C 


measured in the field by 3 different methods 
immely, cmrents in’the ground wire, by addi- 
tim of adjacent tower currents, and by 
direct measurement in tower-top li ghtning 
ro^. While the current values recorded in 
this manner show some spread, the average 
of the 3 curves gives what is believed to be 
a fair representation of conditions which may 
be encountered in the fi eld , 

A considerable part of the investigation 
centered around the measurements of 
lightning currents in counterpoise wires. 
Figure 3 shows graphically the flow of cur¬ 
rent along the counterpoises, the counter¬ 
poise arrangement being shown in the upper 
right-hand comer. 

The Client in the long (160-foot) 
counterpoise is on the average 4 titnuf; the 
current in the short (40-foot) counterpoise, 
as measured at the point where coimected 
to the tower. At the free, distant ends the 
currents are about equal in both. Uniform 


leakage of current from the long 
counterpoise is indicated by the 
averaged data. Clearly the long 
counterpoise is much more effective 
than the short one in draining cur¬ 
rent to ground. Other data, not 
presented here, indicates the short 
counterpoise behaving much like a 
plain ohmic resistance, while the 
long counterpoise displays an ability 
to carry current in excess of expec¬ 
tations on the basis of its d-c resist¬ 
ance alone. 

An interesting relation between 
the current in the tower leg and 
connected coxmterpoise is shown in 
figure 4. It might be expected 
the current in any counterpoise 
wo^d be less than the tower leg to 
which it is connected. However, it 
will be seen this was found to be 
true of the short counterpoise; but 
the reverse was tme for the long 
counterpoise, where in some! cases 
the long counterpose at the tower 
end carried some 30 per cent m o re 
thM the tower leg. The reason for 
this has as yet not been fully ex¬ 
plained. 

Typical field records on which the 
correlation and intopretation of 
data were based are shown sche¬ 
matically in figure 1. One interest¬ 
ing feature of this record is the 
66,000 amperes found in the ground 
wire associated with an apparent 
lightning stroke of 110,000 amperes to the 
line. Another feature is suggestive of a 
br^ched lightning stroke terminating at 2 
adjacent towers and also midspan between 
them. These may, of course, be separate 
strokes during the same or different storms. 

Still anoth^ feature of this one record is 
the high indicated tower potentials at the 
4 adjacent towers, 2 of them being 9,800 kv 
and 8,830 kv, respectively, these being 
cal^ated on the basis of tower footing 
resistance and tower leg currents. Line 
flashover occurred at all 4 towers, as might 
be expected. 

All this work is particularly interesting 
from the standpoint of showing what can be 
accomplished once measurements in terms 
of fundamental units, and particularly in 
teiius of units of potential and current, are 
initiated. The great progress made in 
understanding the Hghtning phenomena is 
due in no small degree to the measurement 
of currents that have been made over the 
last 3 years under natural lightning condi- 



Fig.3. Attenua¬ 
tion of lightning 
currents in counter¬ 
poises on Glenlyn- 
Roanoke line, 
1935-36 
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Fig. 4. Relation between currents in 
tower leg and attached counterpoise on 
Glenlyn-Roanoke line, 1934-35-36 


A —Short counterpoise 
^Short-counterpoise tower leg 
C—Long counterpoise 
D—Long-counterpoise tower leg 


tions, and these in turn as this paper, and as 
I hope the brief discussion just given has 
brought out, have been directed more and 
more toward a detailed study of the various 
parts of the lightning circuit and an attempt 
to trace the lightning current from the time 
it discharges from the cloud until it definitely 
complete the circuit to ground, and all the 
current in the various parts of that circuit 
are accounted for. 

A great deal more data along this line 
were obtained in last year’s work on the 
Glenlyn-Roanoke line. A much more com¬ 
plete summary of some of this data, it is 
expected, will appear in an early issue of 
Electrical Enginbbring. 


L. V. Bewley (General Electric Company, 
Pittsfield, Mass.); In these papers there is 
the implication that the counterpoise 
"collects cturent” or "drains charge” 
throughout its length. Lewis and Foust, 
from measurements on 160-foot and 40-foot 
counterpoises arrive at a uniform collection 
per foot, but Bell shows records over several 
spans on continuous counterpoises of very 
irregular collection of current. The authors 
apparently do not regard the action as a 
simple traveling wave phenomenon, but 
rather as a diffusion of curr^t up from the 
ground and along the counterpoise to the 
tower. That is, instead of a negative wave 
coming down the tower and moving out 
along the counterpoise, there is a veritable 
suction of positive charge; up out of the earth 
which flows—^but not as a wave—^toward 
the tower and on up the ligh tning stroke to 
the cloud. Lewis and Foust speak of an 
essentially uniform potential along the 
countMpoise, and the natural inference is, 
then, that the counterpoise behaves merely 
as a concentrated resistance,. presumably 
equal to its leakage resistance to earth. If 
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this were so, it would make no difference 
whether a mile of wire were employed as 
one long counterpoise, or as many short 
ones in multiple. Moreover, a sufficiently 
low leakage resistance would be the only 
criterion for a counterpoise. For these 
reasons it seems to me somewhat dangerous 
to adopt such a point of view; at least until 
the traveling wave point of view has been 
found incapable of explaining the results. 
I therefore wish to demonstrate that the 
records obtained by the authors are in no 
wise contrary to ordinary theory and tests 
on the counte^oise. 

It has been shown both by theory 

and by field tests that the action of a 
counterpoise is essentially characterized by 
3 effects: 

1. The transient surge impedance starts at an 
initial value of 150 to 200 ohms and decays in a 
roughly exponential fashion to a final value equal 
to its leakage resistance. 

2. The velocity of propagation is approximately 
*/i the velocity of light, and due to the heavy 
attenuation, a single reflection is sufficient to 
equali 2 « a riven length of counterpoise, so that a 
length X is reduced from its initiri surge impedance 
to its final leakage resistance in a time in micro¬ 
seconds equal to 6 times its length in thousands of 
feet. 

3. The coupling with overhead conductors is of 
minor importance, amounting to less than 10 per 
cent for a parallel counterpoise. 

Assume that a travding wave E comes 
down the lightning stroke of surge imped¬ 
ance Zo and strikes a tower having a counter¬ 
poise of transient impedance Z(t). Then 
according to elementary theory, the voltage 
and current of the counterpoise are, respec¬ 
tively 


e 


i 


2Z(t) 

Z{t) -f Z, 



This also explains why the IR products 
are usually too small to account for the 
flashovers known to have occurred, espe¬ 
cially in view of the fact that the voltage 
across the insulators is actually 

F « (1 — coupling factor)!?! 

and the coupling factor will be from 0.20 
to 0.40. 

Thus it appears that the observed results 
are in full accord with the ordinary travd¬ 
ing wave theory and tests of the counter¬ 
poise. Nor does the available surge crest 
ammeter data in itedf offer any plausible 
reason for changing to a “diffusion” theory 
yidding a very mudb. smaller voltage. It 
may be remarked, however, that the longer 
the wave front the more nearly do condi¬ 
tions approach the leakage resist^ce condi¬ 
tions of the counterpoise, but dais is a natural 
result of wave theory and in no wise a sub¬ 
stitution of mechanism. 
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which is a double-drcuit sted-tower line 
having 2 overhead ground wires and a 
double continuous counterpoise system. 
Formerly, this line had no overhead ground 
wires nor auxiliary grounding. Tower foot¬ 
ing resistances ranged from 17 to 525 ohms, 
with an average of 183 ohms. Its operating 
record was particularly bad, having an 
average of 19.3 single- and double-circuit 
outages per year in the 6-year period, 1929- 
1934, indusive. After the counterpoise was 
installed, the maximum tower-footing resist¬ 
ance became 20 ohms, with the average 
value at 9.2 ohms. In the V/a lightning 
seasons since the lightning protection has 
been added, there have been no outages. 
This record is worthy of spedal notice because 
it indicates that tower lines operating at as 
low as 69 kv in high-resistivity territory can 
be made to behave‘well with counterpoise 
and overhead ground wires. 


P. L. Bellaschi (Westinghouse Electric & 
Manufacturing Company, Sharon, Pa.): 
These in'vestigations clarify further the 
lightning behavior on transmission lines 
particularly the current distribution in the 
ground-'wire network, the towers and the 
counterpoise. Perhaps there may be the 
impresdon that rather complete data are 
now available on the lightning protection 
problem. Practically speaking this view¬ 
point is correct in a good measure. That 
more need be known on the lightning 
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Obviously, the counterpoise voltage e, 
and therefore the tower top voltage, is a 
raaxi,mum in the ndghborhood of the crest 
of E, but the counterpoise current t does not 
reach its maximum until later. If £ were 
a moderatdy long wave, i would not reach 
its maximum until Z{,t) => R, where R is the 
final, or leakage, resistance of the counter¬ 
poise. Now a surge crest ammeter merdy 
measures the maximum current; and as is 
e'vident above, this maximum current 
does not coincide with maximum voltage, 
because the counterpoise impedance is 
changing. In other words, the leakage 
resistance of the counterpoise is not avail¬ 
able at the instant of maximum voltage, 
and therefore the tower voltage will exceed 
the RI of the counterpoise. The point is 
illustrated in figure 1, when a 10,000-kv 
lightning wave with a 1.5-microsecond front 
strikes a counterpoise. For simplicity the 
ground wires and tower footing resistance 
are neglected. The 500-foot counterpoise 
transient impedance falls from 200 ohms 
initially to 20 ohms finally in 6 x 500/1,000 
= 3 microseconds. By the equations, the 
voltage is seen to reach a maximum of 
2,600 kv at 1.0 microsecond while the cur¬ 
rent does not reach its maximum of 46,000 
amperes until about 2.0 microseconds^ If 
this maximum current were multiplied by 
the leakage resistance of the counterpoise 
the result of 920 kv would only be V* the 
actual maximum voltage. 
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AIEB Transactions, volume 60. 

2. Thb Coitntbrpoisb, L. V. Bewley. General 
Petrie Review, February 1934. 

3. CoimTBRFOisB Tests at Trafford, C. L. 
Fortescue. Electrical Enoinbbrino, July 1936. 

4. Thborv and Tbsts of thb Countbrpoisb, 
L. V. Bewley. Electrical Enoinebrino, August 
1934. 

6. Discussions by J. H. Hagenguth and L. V. 
Bewley, Electrical Enoinbertno, February 1936. 

ft. FnaNO Counterpoise Length, L. V. Bewley 
and J. H. Hagenguth. EUdrical World, March 2, 
1936. 


S. K. Waldorf (Pennsylvania Water and 
Power Company, Baltimore, Md.): Lewis 
and Foust present additional evidence that 
lightning difficulties can be practically elimi¬ 
nated by the use of overhead ground -wires 
and counterpoise. The experiaice of the 
Pennsylvania Water smd Power Company 
shows markedly the efficacy of these 
lightning protective measures. The Safe 
Harbor - Westport - Takoma 230-kv. line 
passed through 1936 without a single outage, 
Tnfl.lcitig the record of this line only one outage 
in 5 years. Also the Safe Harbor-Perryville 
132-kv line has passed through its second 
year of operation without any outages 
occurring in its lifetime. 

Of particular interest has been the experi¬ 
ence with the Holtwood-York 69-kv line 



phenomena even at this advanced stage need 
hardly be emphasized. I shall illustrate 
with an example which is rather typical of 
similar experiences encountered in the study 
of lightning. 

Lightning struck the top end of a wood- 
pole ground wire (figure 1). Due to the 
high voltage resulting from the lightning 
current through the driven ground, flashover 
occurred from the ground wire to each of 
the 3 phase conductors. No indication of 
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flashover was observed at the adjacent 
poles. 

Judging from the data on wood and insula¬ 
tors alone, the voltage time-lag curve for the 
combined insulation would be quite flat 
‘ from the full wave (1.5x40 microsecond) 
down to a few microseconds and essentially 
the same for positive and negative polariti^. 
Refinements are unnecessary for the pur¬ 
poses here. The estimated strength for the 
wood cross-arm and the insulator string 
(figure 1) is in the order of 1,400 kv. 
Though the resistance of the driven ground 
at the pole as measured by ordinary methods 
is 96 ohms, the effective surge resistance 
when a lightning current discharges through 
it would be some */« that amount (see for 
example discussion by Lewis and Foust, 
Electrical Engikbbiung, March 1936, 
page 279). The surge impedance of the 
3 lines in parallel is approximately 200 ohms. 
The accuracy of all these figures are within 
practical tolerance—amply adequate for 
this example. The effective impedance 
from the wood pole-ground wire to zero- 
potential earth calculates in the order of 
40 ohms. The coupling factor between the 
ground wire and the line conductors is 
rather small. 

By token of the same methods as 
employed in the investigations here discussed 
and in other irnportant work, the maximum 
current associated with the stroke in ques¬ 
tion is estimated to have been in the order of 
50,000 amperes. 

Consideration of all the available evidence 
reveal additional, pertinent information. 
The tip end of the wood pole ground wire 
which was struck by the lightning stroke 
was studied. This is a number 4 soft-drawn 
copper wire, i.e., 0.20-inch diameter. The 
tip end was fused and the molten metal 
flowed down the sides a length equal about 
the diameter. Evidence of overheating 
extended down a length of a few diameters. 
Tests were conducted in the laboratory on a 
similar conductor. Lightning currents 
from 50,000 to 100,000 amperes (approxi¬ 
mately) and of a totsd duration of 100 micro¬ 
seconds were applied at an interval apart 
(2 minutes approximately) sufficient for the 
tip end of the conductor to cool down 
between applications. These tests indicate 
that Vs inch of the tip down the side was 
r^ed near or to fusion temperature. Be¬ 
sides the oxydized surface extended down¬ 
ward some Vj inch. 

A close comparison of the field specimen 
and the samples tested in the laboratory 
lead to the following coneluaons; (a) A 
repetitive stroke consisting of some 3 or 4 
discharges apparently hit the conductor; 
(6) The maximum current in the discharges 
appears to have been in the order of 50,000 
amperes. 

The data pertaining to figure 4 in a paper 
by the writer (Electrical Engineering, 
August 1936, page 839), similar information 
OT the kind and the recent experiences abroad 
CNormder in Sweden) further strengthen 
the conclusions above. 

The case here described would appear to 
be similar to the 2 cases indicated as items 
11 imd 12 in table III of the paper by 
Lewis and Foust. Measurements with the 
crest ammeter would undoubtedly have 
contributed information on the crest value 
of the Client but, as in the 2 cases in table 
III, no information on the "time factor”— 
an important element in lightning studies. 
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It can be seen from this illustration and 
from similar cases that could be added that 
further methods of measurement and analy¬ 
sis than those employed in the investiga¬ 
tions discussed are susceptible of giving 
additional, useful data on the lightning 
phenomena. This critique does not detract 
from the valuable contributions by Edgar 
Bell and Lewis and Foust. 


W. W. Lewis and C. M. Foust: The authors 
wish to thank all those who have contributed 
discussions. J. J. Smith asks about the 
tie-in between lightning severity at particu¬ 
lar locations and tripouts per 100 miles per 
year as given in table I of the paper. In 
course of this investigation, lightning- 
severity meters have been used at several 
locations over a period of a few years’ 
time. The condusion reached from their 
use was that severity does vary greatly at 
any particular location from year to year. 
It was not found possible to tie in the sever¬ 
ity meter results dosdy with line perform¬ 
ance, particularly because the latter 
depended so much on line construction. 
The most interesting scientific information 
on lightning frequency is obtained with the 
ceraunograph. These are dectromagnetic 
instruments used by the weather bureau and 
through which the whole country is marlrf^d 
out in isoceraunographic lines of equal 
thunderstorm frequency. The transmis¬ 
sion lines in table 1 extend over a tetritory 
from Albany, N, Y., to Washington, D. C., 
across New Jersey, eastern Pennsylvania, 
Maryland, and 1%ginia. The thunder¬ 
storm-frequency average ranged from no 
thunderstorm days in January to 160 to 
200 thunderstorm days in July. The 
northern end of this territory has an average 
of about 46 storms per year and the southern 
end 56 from isoceraunograph records. 

Smith also asks if flashovers have been 
experienced in cases where tower potential 
is well below that required. There are, 
according to the best analysis possible, 
several of such cases, but the preponderance 
of flashovers are co-ordinated with high 
tower potentials, and it is on this basis that 
the condusions are drawn. It must be 
borne in mind at aU times with regard to 
such data that corrdation of flashover with 
a current record is never direct and positive 
unless by chance observation. Where auto¬ 
matic oscillographs are used to locate flash- 
over, a strong evidence of tie-in is obtained, 
otherwise it is necessary to consider opem- 
tor’s reports, storm data, insulator inspec¬ 
tions, tube performance, as well as current 
records in arriving at a corrdation. It is to 
be expected that occasionally incomplete 
records do result in wrong correlation. 
However, these are infrequent, but may 
explain some of the few corrdations of low 
tower potentials with flashovers. 

In Philip Spom’s intaresting discussion, > 
attention is called to the case where the long 
counterpoise carried some 30 per cent more 
current than the tower leg to which it was 
attached. The explanation has been ad¬ 
vanced that this is due to high currents in 
cross tower members, occasioned by the 
xmsymmetrical counterpoise arrangement 
used. . ^ . .' ■. 

Referring to L. V. Bewiey’s discussion, 
the term "diffusion” as a name for the light¬ 
ning mechanism is inappropriate. We liko 
to call it the Ohm’s-law theory if a name is 
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required. True, we do not regard the 
phenomena as a negative wave coming down 
the tower, nor do we regard it as a "veritable 
suction of positive charge up out of the 
earth.” It is considered that, for the main 
stroke, current flows from the positive 
potential grotmd to the negative potential 
doud. This conception is the common one 
of a current flowing from positive to nega¬ 
tive. It is realistic to regard the counter¬ 
poise as practically at uniform potential 
in so far as flashover voltages are concerned. 
The counterpoise resistance to earth, how¬ 
ever, is not a "concentrated resistance,” but 
exactly the opposite, a distributed one and 
low because of it and tliat is just why it 
serves its purpose of holding down tower 
potential. Only by spreading out the con¬ 
ducting earth terminal by such wires at the 
tower footings is there deliberately achieved 
a decrease of tower-to-ground resistance. 
Comparing the extreme of a niile of single 
counterpoise to a number of short ones in 
multiple has no practical significance as the 
condition is not realistic. The stun total 
effect required is that of reducing the "across 
ground” voltage drop by reducing ground 
resistance which is highest immediately at 
the tower footings. Such a reduction in 
footing resistance shifts the ground potential 
up into the air arc. 

Pertaining to Bewiey’s demonstration 
that records obtained are in no wise contrary 
to theory and tests on the counterpoise, it is 
regretted that the proof is not more convinc¬ 
ing. • Artificial lightning field tests are not 
particularly interesting in connection with 
such a proof. These are concerned with a 
quite different phenomenon from that of 
natural lightning. A 10,000-kv lightning 
wave with a 1.5-microsecond front striking 
a coimterpoise is quite imaginary. The 
coupling factor of 0.2 or 0.4 may be correct 
or not, it should be measured and quite 
likely will in process of these investigations. 
The IR products of footing resistance and 
current are not usually too small to accoimt 
for flashover, in fact the reverse is true, as 
w:e have pointed out, and these potentials 
are usually high enough to account for 
flashover. 

Bewiey’s closing sentence is interesting 
and it is suggested that he consider carefully 
longer wave fronts, particularly those very 
slow in building up at the start, and then 
more rapidly as time increases. 

Mr. Waldorf’s discussion is valuable in 
that it calls attention to the usefulness of 
counterpoise and overhead g^round wires as 
demonstrated by several cases of actual 
operational experience. 

Electrical Characteristics 
of Suspension-Insulator Units 

Discussion and authors’ closure of a paper by 
C. L, Dawes and Reuben Reiter published in 
the January 1937 issue, pages 59-66, and 
presented for oral discussion at the power 
transmission session of the winter convention, 
New York, N. Y., January 26,1937. 

W. M. Goodhue (Harvard University; 
Co^bridge, M^.): The curves obtained 
by the authors m-e remarkable in involving 
linear relationships, and particularly in . 
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using absolute humidity instead of relative 
humidity as the variable. As is well known, 
the moisture content (including adsorption 
as in vegetable fibers, glass surfaces, etc.) 
of materials is not related to the absolute 
humidity, since materials tend to evaporate 
their moisture when the temperature is 
raised, just as water itself evaporates more 
at a higher temperature. Evidently some 
mechanism other than the moisture itself, 
but dependent on the moisture and tempera¬ 
ture, is acting to counteract the effect of 
relative humidity. 

The authors suggest that the island 
deposits are sputtering of the pin or cap 
metal in conjunction perhaps with chemical 
action. It would be important to know the 
effect of temperature on this action. A 
large increase of action with temperature 
increase would compensate the effect of 
temperature in reducing the relative humid¬ 
ity, when the absolute humidity is constant, 
and thus make absolute humidity the near¬ 
est significant variable, as it has been shown 
to be experimentally. A new avenue of 
experimentation would be to study corona 
sputtering itself, over a wide temperature 
range (say 20 degrees to 100 degrees centi¬ 
grade), with temperature and absolute 
humidity as variables; something very 
practical may result from a pure scienlifie 
investigation of corona sputtering. 

Time lag or hsrsteresis in corona measure¬ 
ments have doubtless been noticed in many 
t 3 T>es of apparatus. Some measurements 
that I made on flat uniform dry air flints 
involved time lag. Evidently the authors 
have revealed new causes of hysteresis, so 
that in insulator work we have now a very 
large list: corona itself (electrical action), 
composition of the surrounding atmosphere 
(chemical change), sputtering (islands, sur¬ 
face action), heat (due to power loss), 
humidity (moisture acting merely as surface 
conductor), etc. 


M. G. Malti (Coniell University, Ithaca, 

N. Y.): The results of this excellent paper 
recall to mind similar curves obtained on 
various insulating materials, as early as 
1893, by Janet,' Potter,®.* Morris,®-* and 
others.*"'* Many writers'*"'® have observed 
a hysteresis effect in the resistance of dielec¬ 
trics with varying voltage gradient, 
varying temperature,'*.'* varying mechani¬ 
cal pressure '* and varying humidity,"^ The 
dielectric permittivity is also known to 
reveal a hysteresis effect with voltage 
gradient'* and with temperature.*''®* Finr 
ally the loss in dielectrics displays a hystere¬ 
sis effect with temperature.®*'** These are 
only a few of the many hysteresis effects 
that have been known to men interested in 
the study of dielectrics. The present paper 
adds the fact that porcelain and glass insula¬ 
tors display hysteresis effects in their loss, 
power factor, and capacitance when these 
are measured with varying voltage, varying 
mechanical pressure and varying degrees 
of humidity. These results are both inter¬ 
esting and significant. Biit I believe the 
authors could have laid more stress on the 
hysteresis and the hystero-viscosity phe¬ 
nomena in their inteipretation. 

It is impossible to interpret the hysteresis 
effects of figures 8 to 7 and 10 to 14 by the 
circuit figure 2 of the paper. This circuit 
owes its origin to Mwcwell who used it as a 
model to interpret absorption and loss in 
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Fig. la (left). Magnetic hysteresis 


Fig. 1 b (right). Dielectric hysteresis 


dielectrics. It served its purpose for a time. 
But very soon it became evident that dielec- 
rics had properties which cannot be inter¬ 
preted by such a simple model. This model 
has therefore been discarded and, to physi¬ 
cists, is now of historical interest only. 

To interpret the results of this paper, as 
well as those of the researches mentioned in 
the bibliography, quantitatively would 
require an elaborate theory which we do not, 
at present, possess. A general qualitative 
interpretation, such as the autWs have 
attempted, may be readily given on the 
assumption that dielectrics possess hystere¬ 
sis just as magnetic materials do. In order 
to make this statement more real let us 
examine dielectric and magnetic hysteresis 
side by side to see the analogy. 

In figure la is shown a magnetic hysteresis 
loop plotted with B against JS which, by a 
change of scale, can be converted into 
<t> = BA against M = HI, Now, we engineers 
work directly with the B-H curve. We 
never say that such a curve can be imitated 
by a model consisting of a series-parallel 
combination of pure inductances and pure 
resistances. The hysteresis loop is sufficient 
unto itself, is accepted as a physical fact and 
dealt with directly with no intermediate 
models to obscure the facts or becloud the 
issue. 

Dielectrics display a similar behavior as 
shown by this paper and references 1-12. 
Indeed figure 1& is taken from reference 12 
and represents the charge Q plotted against 
the potential E. The h 3 rsteresis effect is 
unmistakable. Moreover, if we take the 
charge Q figure 16, as corresponding to the 
magnetic fiux ^ (figure lo) and the voltage E 
(figure 16) as corresponding to the magneto¬ 
motive force M (figure la), the analogy 
becomes irrefutible and complete. 

Now the phenomena described by the 
authors in their figures 3 to 7 are purely 
dielectric hysteresis phenometw and show a 
part of the hysteresis loop figure 16. Indeed 
the capacitance curves figure 3 and figure 6 
of the paper can be easily shown to be 
simply hysteresis loops similar to figure 16 of 
this discusKon by the following simple 
transformation: 

We know that q — ce. Hence for any e, 
g varies as c. Thus by merely changing the 
scale in figures 3 andfi the curves c versus e 
may be changed to g versus e, which are, 
respectively, the abscissa and ordinate of the 
curve figure 16. 

One more word about this research. The, 
authors have an excelleht experimental setup 
blit they have introduced so many variables 
that their work has lost mudi of its ftmda- 
mental importance. It is wdl known** that 
the following factors affect the capacitance, 
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loss, and power factor of a dielectric: 
(a) voltage gradient; (6) shape of voltage 
wave; (c) time of application of voltage; 
(d) frequency; (c) temperature; (/) mechani¬ 
cal pressure; (g) humidity; (A) ionizing 
radiation; (i) shape of material; (j) shape of 
electrodes; (k) material of electrode; (f) 
electrode area; (m) thickness of dielectric; 
(«) physical condition of dielectric; 

(o) chemical composition of dielectric; 

(p) ionizing radiations. 

Several of these factors entered simul¬ 
taneously into the research under discussion 
and no attempt was made to eliminate all 
but one factor. For this reason the results 
cannot be generalized and must be re¬ 
stricted, in their application, only to the 
conditions under which they were taken. 
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Sidney ‘Wlfhington (New York, New Haven, 
and Hartford Railroad, New Haven, 
Conn.): This paper has developed insulator 
characteristics of much interest, and the 
authors are to be complimented for their 
contribution to this very important subject. 
It is to be hoped they will continue their 
tests, and that their work will inspire others. 

It is apparent, as the authors have stated, 
that in the case of the 2 insulators tested, 
each, it is imderstood, rated at 18,000 pounds 
a definite change of some kind occurs in the 
porcelain insulator at approximately 8,000 
pounds and in the glass insulator at about 
12,000 pounds. Any such change, while 
undoubtedly very small in extent and 
observable only in the laboratory, never¬ 
theless may be of considerable interest and 
may indicate some slight damage to the 
porcelain or cement connection. 

The loads at which this change occurs 
may be within the range of loads imposed 
under service conditions, especially in the 
case of the porcelain insulator, when this 
point occurs at less than half the designed 
M. and E. stress. Even if, as intimated by 
the authors, the change is due only to some 
readjustment of the pin, the cement and the 
compotmd used for sealing, nevertheless if 
this readjustment is recurrent each time the 
stress passes this point, there may ulti¬ 
mately be serious deterioration. 

It would be of much interest I believe to 
continue these tests with other t 3 rpes of 
insulators to determine whether or not this 
is a general characteristic. 


J 4 J. Torok (Coming Glass Works, Coming, 
N. Y.); This paper by Dawes and Reiter 
is quite interesting and timely. Some of the 
effects which they describe have previously 
been recognized and in some cases well 
xmderstood. However, so sporadic was the 
work in this field that important secondary 
effects have been frequently overlooked. 

The effects of the so-called island deposits 
can be often detected by radio interference 
measurements in the following manner: 

The radio interference level of a Hpan 
insulator is first obtained. Then a voltage, 
sli^tly below fiashover is applied for 5 
minutes or more, after which the radio 
interference is again obtained. It will be 
found that the interference level after the 
application of voltage is somewhat higher 
than when the insulator was first tested. 
This rise in interference level is due to the 
deposit raising the surface conductivity 
around the pin and head of the insulator 
and reducing the gradient adjacent to the 
metal parts. The increase in surface con¬ 
ductivity seems to last tor a considerable 
period of time. 

Tests in which glass pin type insulators 
have been subjected to abnormally Tii g ii 
voltages for periods of years show that the 
surface of the glass has not changed. This, 
of cotuse, would be expected from the known 
(^emical resistivity of glass. However, the 
tie wires and even the large conductor 
attached to the insulators were corroded. 
Apparently the acid depositing on the metal 
parts hastened the corrosion. This effect 
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at first seemed quite rapid but after a period 
of several months when the protective 
coating was fully formed the rate of deterio-. 
ration was considerably reduced. The lead 
head pins on which the insulators were 
mounted were likewise corroded. The con¬ 
ductors and pins on the no-static type of 
insulators that were included in these tests 
were practically free of corrosion, only the 
natural oxidation seemed to have taken 
place. The conducting layer in the pin 
hole and around the head eliminated the 
corona and prevented corroding acids from 
forming. 

The study of electrical characteristics with 
varying loads, as the authors point out, 
shows only that relative movement between 
the hardware and porcelain or glass does 
■ take place. 

One of the difficulties of- measuring the 
loss in a sample dielectric is in obtaining an 
intimate bond between the electrodes and 
the dielectric. If the electrodes are not 
thoroughly bonded to the dielectric the 
resultant voids bring about losses and other 
inaccuracies of measurement. These factors 
in higher voltage measurements may even 
overshadow the losses in the dielectric. 
Therefore any slight movement of the cap 
or pin causing a change in the bond between 
the electrodes and the dielectric should be 
detected by power factor or capacitance 
measurements. 

A study of the effects of mechanical load¬ 
ing on the electrical properties of glass has 
been made by Doctor Guyer and the results 
published in the Journal of the American 
Ceramic Society in 1933. In brief he fotmd 
that mechanical stresses set up by shear, 
cantilever, or pure compression did not 
affect the electrical conductivity of glass. 
The variations in the properties of the 
insulator as shown in figure 13 are therefore 
undoubtedly caused by slight readjustment of 
the alloy both in the pin hole and in the cap. 


Philip Spom (American Gas and Electric 
Company, New York, N. Y.): The authors 
of this paper have done an excellent sys- 
tematic and painstaking job in investigating 
the subject of insulator characteristics a 
hitherto altogether too neglected field. It is 
astonishing to find electrical characteristics 
of suspension insulators such as power factor, 
capacitance, watts loss, following a hitherto 
undiscovered trend detected here by the 
accurate measurements of small quantities 
under controlled laboratory conditions. 

It is of course too soon to predict where 
this study of porcelmn-insulator character¬ 
istics may lead us but the fact that the 
authors have developed and applied a tech¬ 
nique for insulator testing ought, without 
doubt, to be of considerable benefit to the 
particular art and to the particular industry 
in general. 

Specifically the application of this method 
of testing ought to be of great help in design 
testing of insulators, both present and new 
types, with a view of detecting those physi¬ 
cal characteristics which are not obvioudy 
measurable but which do have an appreci¬ 
able effect in determiding insulator detericn-a- 
tion and insulator life. We, ourselves have 
carried out some work in this connection but 
the amount of further work to be done is 
astonishingly large and the handicap that 
we have been faced ydth heretofore owing to 
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lack of proper instruments and technique 
ought to be at least partially removed by 
the application of some of the methods 
already disclosed by the authors and by a 
development and perfection of these methods. 
It is hoped that the authors themselves will 
continue their systematic research on insula¬ 
tor characteristics. I personally believe 
that the results so obtainable will be of con¬ 
siderable benefit to the electric power indus¬ 
try and to the electrical industry in general. 


C. L. Dawes and R. Reiter: W. M. Goodhue 
states that it is remarkable that our power 
factor-absolute humidity characteristics are 
linear. We felt this same way when these 
characteristics were first obtained and in 
order to verify these relations we performed 
a considerable amount of experimental work 
over considerable periods of time and under 
wide ranges of atmospheric conditions. 
Moreover, data obtained by graduate stud¬ 
ents who conduct insulator tests as part of 
their laboratory work show this same linear 
relation, so that it seems to be an experi¬ 
mental fact. There has not, however, been 
opportunity to determine whether or not 
this relation is due to any fundamental law. 

The material in this paper first appeared 
as part of a doctorate thesis, and specific 
humidity, rather than absolute humidity 
was used as the humidity parameter. The 
same linear relations of power-factor to 
humidity were obtained, however. The 
change to absolute humidity was made at 
the suggestion of the Institute Committee 
in order to conform to previous practice. 
Over the usual range of atmospheric condi¬ 
tions, the ratio of specific to absolute humid¬ 
ity is nearly constant, so that the character 
of the curves is not appreciably affected by 
the change. Goodhue states that evapora¬ 
tion from materials tends to increase with 
temperature just as water itself evaporates 
more at higher temperature, and the infer¬ 
ence is that the insulator characteristics 
would seem to be functions of relative rather 
than absolute or specific humidity. This 
conclusion is logical and our initial reasoning 
was the same as his. Hence, as stated in 
the paper, every attempt was made to 
relate our chatacteristics to relative humid¬ 
ity, but we could find no definite relation. 
Fundamentally, with the insulator the 
phenomenon is one of adsorbed moisture. 
Surface adsorption of gases is often con¬ 
sidered a physical effect and the gases 
adhere rather tenaciously to a surface. 
Possibly the relation of adsorbed moisture 
to temperature is quite different from that 
of water vapor intermingled with the atmos¬ 
phere, which may be the explanation oft he 
fact that the characteristics are not directly 
related to relative humidity. There may 
be some temperature effect which is not 
yet known. 

Goodhue feels that it would be important 
to know the effect of temperature on the 
sputtering action of corona on the metal 
wire and cap. This would, of course, be 
valuable as fundamental knowledge and 
might assist in the explanation of the 
humidity effects obtained. However, in 
our tests, although the temperature varied 
several degrees, the proportionate change in 
absolute humidity was very much greater 
than the proportionate diange in tempera¬ 
ture. Hence, the authors fed that the 
changes in humidity must have a much 
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greater effect on sputtering than does 
temperature. 

The lag in corona measurements observed 
by Goodhue is undoubtedly due to the fact 
that corona formation is in part determined 
by the ionization conditions in the ambient 
air. It requires time for the number of 
free positive and negative ions in the ambi¬ 
ent air to reach the steady-state value. The 
lag found by us is due primarily to the time 
required for the temperature of the surface 
to change and to the time required for the 
accumulation of surface deposit. In both 
cases lag is due to the fact that appreciable 
time is required for conditions to reach 
equilibrium. In his concluding comment, 
Goodhue summarizes quite completely the 
several factors contributing to the "hystere¬ 
sis” effect. 

In M. G. Malti’s discussion, he has 
apparently confused the lag or hysteresis 
effect shown by us with the cyclic hysteresis 
occurring in magnetic and dielectric mate¬ 
rials. Although both phenomena involve 
lag of the effect relative to the cause, the 
two are quite different phenomena. With 
magnetic and dielectric materials hysteresis 
involves molecular rearrangements and also 
storage of energy. The hysteresis observed 
by us is merely a lag of surface conditions 
with respect to the effects producing them, 
and no energy is stored at any part of the 
C 3 mle. In fact, it is being dissipated con¬ 
tinuously at each point on the hysteresis 
C 3 mle. In the porcelain itself true dielectric 
hysteresis of course does occur, but this is 
a rapidly changing cyclic phenomenon, and 
except for the almost negligible energy loss, 
its ^ects do not appear in our steady-state 
measurements. 

The circuit shown in figure 2a is not the 
usual Maxwell series-parallel combination 
of resistances and capacitances purporting 
to simulate the behavior of dielectrics when 
an electromotive force is impressed on them 
as stated by Haiti. The circuit is an actual 
one consisting of true surface resistance in 
series combinations with the actual capaci¬ 
tances between the surfaces of the shell. 
Accordingly, the circuit is not a model and 
it can be replaced by the equivalent circuits 
of figures 2h and 2c, just as electrical net¬ 
works can usually be replaced by more 
simple circuits. 

The hysteresis effect shown in our capaci¬ 
tance characteristics as stated in the paper 
is due to the fact that changes in surface 
resistance vary the amount of effective 
shell capacitance in circuit between cap and 
pin. This does not involve the ratio of 
2 to e in the same sense that it occurs during 
the cyclic changes in dielectrics. 

In the last portion of his discussion, 
Haiti numerates the several factors which 
affect the results obtained by us and states 
that the work lacks fundamental impor¬ 
tance. Host of the factors which he enumer¬ 
ates have been investigated in a funda¬ 
mental manner and are represented by a 
large amount of published data, some of 
which are given in his bibliography. Yet so 
far as we know, up to now no one has been 
able to apply these data to a porcelain 
insulator to reach the conclusions given in 
the paper. It must be remembered that 
this is practically pioneer work in this 
particular field, and it is only due to these 
experiments with complete commercial 
insulators that we now know the several 
factors which affect the insulator character¬ 


istics. We have already been able to iso¬ 
late some of the factors suggested by him 
and hope to publish these in a subsequent 
paper. We realize that these experiments 
have opened a wide field of research, as 
Malti’s suggestions imply, and undoubtedly 
as time progresses, more will be known of 
the subject. 

Sidney Withington refers to the effect of 
mechanical load on the electrical character¬ 
istics of the insulator. As he states, at 
certain loads there is a definite but .o rna l l 
change in these characteristics. We agree 
with him that since these changes show 
some readjustment of pin and the cement 
they may be of some importance. In the 
time available we did not investigate thta 
effect nearly as completely as we would 
have desired. He suggests that the effects 
of mechanical loading should be studied 
under recurring stress. We have done this 
to a limited extent, but the work should be 
carried much further to include several 
different designs of insulators and tests 
should be made under varying electrical 
stress and at different temperatures. 

It is gratifying to learn from J. J. Torok 
that the results presented in the paper 
substantiate some of the effects noted in the 
past, such as radio interference. In fact, 
our discovery of the island deposits such as 
are shown in figure 8, and the statement 
that they cause radio interference, seem to 
be in accord with the measurements of 
radio interference, which he describes. His 
statement that the surface of glass does not 
change after being subjected to abnormally 
high voltages for periods of years we assume 
does not mean that the surface is immune 
from the surface deposits described in the 
paper. Although there was not opportunity 
to examine the surfaces of the glass insula¬ 
tor with the care devoted to the porcelain, 
the characteristic shown in figure 7 would 
indicate a pronounced surface deposit. 

The information obtained by Doctor 
Guyer that the mechanical loading of glass 
does not affect its electrical characteristics 
shows that the changes in electrical char¬ 
acteristics shown in figure 13 must be due to 
readjustment of the alloy at the pin and cap. 

It is also very gratifying to learn that 


Philip Spom, who has had wide experience 
with msulators in service and under diverse 
operating conditions, feels that our work 
will be of considerable practical importance. 
We are continuing the work and hope 
further developments in our technique will 
be of assistance in improving the d^gig n 
of insulators and in detecting faulty insula¬ 
tors. 

Lightning Protection 
For Transmission Lines 

Discussion of a paper by A. W. Gofhberg 
and A. S. Brookes published In the January 
1937 issue, pages 13-16, and presented for 
oral discussion at the power transmission 
session of the winter convention. New York, 
N. y., January 26,1937. 

L. V. Bewley (General Electric Company, 
Pittsfield, Mass.): The analysis given by 
the authors is based on a lightning stroke of 
constant magnitude (40,000 amperes) with 
a imiform rate of rise of 1,000 kv per micro¬ 
second. Figure 1 of this discussion shows the 
results of some calculations for the equiva¬ 
lent of 8 standard 10 x 5.76 suspension 
insulators based on assinning definite 
front lightning waves of 1-2-4 microseconds 
and the lightning expectancy cturve given in 
"FlashOvers on 'transmission' Lines,” 
Elbctricai, Enginberino, April 1936. 

These curves take into account the tower¬ 
footing resistance, surge impedances of 
phase wires and lightning stroke (400 ohms), 
coupling factor, time lag of insulator flash- 
over, and a "crest factor” depending upon 
the length of spans, ligh tning wave front, 
and successive reflections. 

The left-hand curves give the percentage 
flashovers for a stroke to a protected pole, 
the middle colimm for strokes to an unpro¬ 
tected pole midway between protected poles, 
and the right-hand curves the consolidated 
results. The following conclusions may be 
drawn: 

1. The longer the lightning wave front the fewer 
the flashovers, a l-microsecond front cau^ng 



3 MICRO¬ 
SECONDS 



STROKE TO 
UNPROTECTED POLE 



TOWER-FOOTING RESISTAN 



Fig. 1. Per cent flashovers for stroke to protected and unprotected poles with expulsion gaps 
on top phase only and with ideal shielding; 125-foot spans and 10- by 5.75-inch Insulator uni6 
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perhaps twice as many flashovers as a 4-nitcro- 
second front. 

2. The lower the tower-footing resistance the 
fewer the flashovers. But the curveis are ra.ther 
fiat and the benefits of low footing resistance are 
by no means as good as in conventional ground 
wire practice. The reason is that resistance plays 
a minor rdle for a stroke at or near a pole not 
equipped with an expulsion gap, and as the number 
of unprotected poles between gaps increase, the 
bulk of flashovers become more independent of 
resistance. A stroke to an unprotected pole corre> 
spends to a midspan stroke to a ground wire, with 
the essential difference that midspan flashover 
requires a very high voltage, whereas flashover of 
the insulation at the pole is comparatively small. 
The curves show that a reduction of resistance is 
about equally beneficial, regardless of wave front. 

3. The percentage flashovers increase as the dis¬ 
tances between gaps become greater, thus con¬ 
firming the contention that the gaps should be 
installed at short intervals to realize their full 
advantages. Thus for a 2-microsecond wave front 
and footing resistances of 40 ohms the flashovers 
are: 


Distance Between Gaps.. 125... 250... 500... 1,000 
Per CentPlashovers. 4... 18... 42... 67 


Lightning Investigation 
on a 220-Kv System—II 

Discussion and author's closure of a paper by 
Edgar Bell published in the December 1936 
issue^ pages 1306-1 Z, and presented for oral 
discussion at the power transmission session 
of the winter convention, New York, N. Y., 
January 26,1937. 


L. y. Bewley: See discussion, page 626. 

P. L. Bellaschi: See discussion, page 627. 

S. K. Waldorf (Pennsylvania Water and 
Power Company, Baltimore, Md.): The 
swrge current measurements on counterpoise 
conductors reported by Bell are of great 
value and more of them are needed, because 
they give an indication of the answer to one 
of the open questions in the design of light¬ 
ning protection for transmission lines. This 
question is the proper length for counter¬ 
poise conductors. Bell has shown that 
currents flow along the counterpoise toward 
the point of stroke contact from as far away 
as IV* miles. This is a remarkable condi¬ 
tion with tower footing resistances being as 
reported between 1 and 2 ohms. It would 
seem that such low footing resistances would 
permit neutralization of charge in the 
vicinity of a tower without charge flowing 
along the counterpoise for long distances. 
If such were the case, counterpoise condtic- 
ors would not need to be so long. 

The records presented in figure 2 of the 
paper must have been caused by a stroke 
having a relatively slow rate of voltage rise. 
Sevej^ microseconds must have been 
required for charge to travel more than a 
mile to the struck tower. The current law 
of Kirchhoff was followed at junctions of 
counterpoise and towers, a point hot at 
first clear, as surges travel with different 
velocities on unbuiied and buried condiic- 
tors. Maxima of surges on overhead ground 
wires and buried counterpoise under these 
conditions would not occur simultaneously 
at junctions, and the crest surge currents 
recorded would npt obey Kirchhoff's current 
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law. Apparently this effect did not enter 
into the measurements reported, indicating 
slow rates of current change. 

The matter would be clarified to some 
extent if Bell would give details of the 
measurement of tower footing resistances on 
the line, such as amount of counterpoise and 
overhead ground wire included in the pro¬ 
tective system during measurement and the 
reference used for the measurement. On 
this depends the conclusion which can be. 
drawn whether the behavior noted is com¬ 
mon to all types of counterpoise installation 
or only to counterpoises installed in soil of 
high resistivity. 


Edgar Bell: Surge-crest ammeter records 
are not precision measiurements and only 
tell the maximum or crest value of current 
without any indication of the time at which 
this maximum occurred, nor any direct 
indication of the current wave shape. Pres¬ 
ent technique allows any measurement to 
have an uncertain error; and the degree of 
accuracy of any single measurement is 
unknown. In' general, however, surge- 
crest ammeter measurements appear to be 
consistent and reliable, but they have their 
limitations. Consequently, although the 
fact that the crest magnitudes of currents at 
various junction points in the overhead 
ground wire-tower structure-ground network 
apparently obey Kirchhoff'slaw, the accuracy 
of measurement does not permit us to say 
that reflections did not occur, but merely 
that such reflections were not particularly 
large. 

Measurements of tower footing resistance 
were made during 1929 on the 14-tower 
section of line now eqtdpped with continuous 
counterpoise. These were made Under 
4 conditions, namely: 

1. Before installation of counterpoise, and with 
overhead ground wires disconnected from the 
tower under test. 

2. Same as (1) but with overhead ground wires 
in place. 

8. After installation of counterpoise and with 
overhead ground wires disconnected from the tower 
under test. 

4. Same as (3) but with overhead ground wires in 
place. 


Summarized results were as follows: 


Method 

Maximum 

Ohms 

Minimum 

Ohms 

Average 

Ohms 

1. 

...150 _ 

....60 .... 

....93 

2. 

... 3.0.... 

.... 2.1.... 

.... 2.6 

3. 

... 1.8- 

.... 1.0.... 

.... 1.4 

4.. 

... 0.8_ 

_0.8_ 

_0.8 



These resistance measurements were made 
with a megger ground tester. Measure¬ 
ments made in 1926 using a Kolrausch 
bridge and before overhead ground wires 
were installed gave approximately the same 
results as method 1. 

The 1935 and 1936 counterpoise-current 
measurements show that cturents flow for 
long distsmces, (except for extremely small 
lightning dis^arges) and indicate that 
lightning surges have relatively slow rates 
of voltage rise. The numerous records 


sequently the megger resistance measure¬ 
ments, except for the fact that they were 
made at low voltage and small current, more 
nearly approximate the resistances existing 
under ligh tnin g conditions than if lightning 
surges were of steep wave front. 

First Report of 
Power System Stability 

Discussion and closure of a report of the 
AIEE subcommittee on interconnection and 
stability factors published in the February 
1937 issue, and presented for oral discussion 
at the power transmission session of the winter 
convention. New York, N. Y., January 26, 
1937. 


A. C. Monteith (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The committee should be congratu¬ 
lated on the completeness of this first report 
on a ve^ broad and involved system 
problem. 

The vital facts are pres^ted for a large 
number of systems already in operation. 
The introduction of the a-c calculating table 
has given a tool that simplifies the solution 
of involved systems being planned. Its 
use has allowed a very accurate treatment 
of the interconnection and stability problem 



(ot)—Zero ohms tower-footing resistance 
(b )— ^3 ohms tower-footing resistance 


with considerable saving in time and also 
the elimination of the htunan factor from 
a large part of the splution. The attached 
figure not only illustrates the results ob¬ 
tained from the a-c calculating board on a 
particular 6-machine problem but further 
shows the effect of considering 3 ohms 
tower-footing resistance in the zero-sequence 
circuit for a fault just outside station 1. 
This is a very nominal amount of resistance 
and its consideration in this case saved 
going to higher speed breakers or the use of 
higher speed relaying. 

In another study the system was stable 
when 6-cycle break^s and carrier-current 
raying was used assuming no tower¬ 
footing resistance. The syston was in a 
high-resistance area and no ground wires 
wnre contemplated. The consideration of 


10 ohms tower-footing resistance allowed 
obtained some years ago from lightning the use of standard 8-cycle breakers and 
stroke recorders also suggest that lightaing impedance-type r^ays resulting m a large 
strokes themselves do not have as rapid saving in the equipment. The value:of 
wave fronts as formerly assumed. Con- res^tance selected and when it can be used 
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will depend on the particular system under 
consideration. 

The effect of tower-footing resistance is 
emphasized in this discussion to point out 
that the proper consideration of ground 
resistance sometimes permits the use of 
less expensive equipment. It is possible 
also that data of this character might have 
been collected from the operating com¬ 
panies and included in table III. 


E. F. Scattergood (Bureau of Power and 
Light, City of Los Angeles, Calif.): This 
report has been of particular interest to me 
because the field covered and the results 
presented so closely parallel the similar 
work done with respect to the design of the 
Boulder Dam transmission system of the 
City of Los Angeles. 

In coimection with the study of system 
stability, a point that should receive special 
consideration in the future is the effect of 
the characteristics of system load. A 
considerable part of the load on a metro¬ 
politan system is not pure resistance or 
pure impedsmce but consists of induction 
motors. Under the lower voltages existing 
during the recovery period after the fault, 
such motors tend to draw increased cur¬ 
rents, a condition unfavorable to system 
stability. 

To account for this effect on our system 
in an approximate way that was reasonably 
easy to apply, the system load was assumed 
to be 40 per cent motor load; and the load 
conductance representing this portion of 
the total load was assumed to vary inversely 
as the square of the voltage at the load dur¬ 
ing the recovery period. 

Power limits fotmd by this method are 
about 15 per cent lower than if the usual 
assumption of fixed impedance load is made. 

Also in connection with table III of the 
paper, I should like to made certain correc¬ 
tions with respect to item I, the Boulder 
Dam-Los Angeles line: Line A-4 should 
read 265,000 kw. 

This corresponds to the minimum head 
rating of the 4 turbines. The value of. 
240,000 kv which you used is the operating 
capacity representing load delivered at the 
receiving end. This is taken as 0.8 of the 
theoretical stability limit determined as 
outlined in greater detail in my paper giv^ 
in your bibliographical reference 158. 

In line C-2, the short circuit ratio should 
have been given as 2.74 at 60 cycles. 

In line F~5, in designating use of lightning 
arresters, it should have read: at terminal 
stations, yes; at switching stations, no. 

C. W. Frai^lin (Consolidated Edison 
Company of New York, N. Y., Inc.): In 
discussing methods of increasing the sta¬ 
bility of metropolitan power systems; the 
"Report of Power System StabiUty," 
includes the system arrangement known as 
"synchronized at the load/’ Since this 
arrangement was placed in operation in the 
New York area in 1929, it is fdt that a 
review of operating experiences in this area 
and the modifications resulting from those 
experiences should be helpful to those cbii- 
templatmg such an arrangement. 

In the ori^dnal concept of a S 3 ^tem of this 
type, each gen^atoir was connected to a 
group of feeders and tience to the load/ 
The only paralleling oohnections between 
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generators were to be at the load, which in 
the ultimate, would be the low-voltage 
network mains, and during the transition 
period would also be through the low- 
voltage busses at substations. Service con¬ 
tinuity was assured by the segregation of 
sources and the connections to a given net¬ 
work were deversified between as many bus 
sections as were available in a generating 
station and where economically feasible, 
also by feeder connections to 2 stations. 
Circuit breaker duty was greatly reduced 
due to the high impedance of the connec¬ 
tions between generators. Economical 
loading of generators was accomplished 
partly by rearrangement of station switching 
and in part by unbalancing feeder loads. 
Stability both steady state and transient 
was assured by calculation, test, and sub¬ 
sequent experience. 

In attempting to operate generators and 
stations at their economic loadings, some 
unbalancing and thereby overloading of 
network transformers resulted, and difficulty 
was experienced due to premature operation 
of network protectors at light loads. Late 
in 1930, while transferring load from 
Hudson Avenue to Hell Gate, the sub¬ 
station connections opened and the accom¬ 
panying unbalance on network transformers 
and mains in one of the districts resulted in 
some equipment damage. 

As a result of these experiences, it was 
decided that there should be no load trans¬ 
fer through the high-impedance connections. 
Stations and sections within the stations 
were to be operated substantially in phase and 
economy transfer was obtained by switching 
within the stations and between stations, by 
direct tie feeders with load control devices. 

The maximmn size of network which 
could be re-energized after shutdown had 
long been a matter of concern and study and 
the system was therefore divided into a 
number of separate low voltage networks, 
several of which were supplied from 2 
stations. The difficulty of co-ordination 
between different stations during sjrstem 
trouble led to the conclusion that quicker 
restoration would be effected after an inter¬ 
ruption if each network is under the control 
of one operator and thereby supplied from 
one station. 

As a result of these experiences we have 
adopted the following as our fundamental 
plan of system development. Generating 
stations will be interconnected by a system 
of direct tie feeders and the ffistribution 
load win be segregated into blocks which 
are small by comparison with the capacity 
of the intri-connected stations. 


4. £ach network area should be supplied from a 
single station except during periods of initial 
when the station has insufficient 
facilities to meet the above requirements. When 
it is necessary to feed an area from 2 or more 
stations,^ the supply should be such that one of 
the stations can pick up and carry the area in 
emergency without the other stations. This 
requires that the base station should have connected 
to it at least */s of the feeder and distribution 
transformer capacity to the area. 

6. Ties between stations should be adequate to 
pick up and carry the load of certain predetermined 
network areas fed from a station temporarily out 
of service due to mechanical trouble. These ties 
will generally be of capacity required for normal 
operating purposes such as economy of operation 
and pooling of reserve capacity. 

A network system of this type has the 
following merits: 

1. It is simpler to operate under normal conditions 
than any other type of system. 

2. It requires a minimum of voltage and phase- 
angle control devices. 

3. It minimizes the amount of operating co¬ 
ordination required for the restoration of service 
in the event of interruption and correspondingly 
simplifies the operating rules covering the re¬ 
energizing procedure.. 

4. In the event of the loss 'of communication of 
failure of the interconnections between stations, it 
enables each station to operate as an independent 
unit which in most cases will be able to supply all 
the load to the network areas which it serves. 

5. It offers great flexibility in planmng the ex¬ 
pansion of the system. 

To satisfy the above principles a station 
must be. dectrically segregated so as to 
substantially provide the equivalent of 
three or more stations at one location. This 
requires segregation of the switch and bus 
galleries by fire walls, so that fire will be 
confined to a small section of the station. 
In addition to automatic bus protection, 
any coimections between major sections 
should be indirect physically and should 
have sufficient sets of automatic protection 
in the link to preclude the spre^ of elec¬ 
trical trouble. It is also desirable, if practi¬ 
cal to sectionalize or make prevision for 
quick sectionalization in case of failure on 
a steam or water main. 

The work necessary at Hudson Avenue to 
satisfy these principles is practically com¬ 
plete and the new Waterside 60-cycle instal¬ 
lation is being made in accordance 'with the 
fundamental plan. Plans for the revamping 
of Hell Gate are complete whereas plans 
for the rebuilding of the Sherman Creek 
galleries are being formulated. Further 
sectionalization of the network : proceeds 
whenever the load in an area exceeds the 
peimissible limit. 




1. The a-c network will continue to be divided 
into network areas, each area being completely 
segregated from all other network areas. The 
load in each area should be small enough, so that 
the area can be re-energized by the station which 
serves as its base supply. Stations vnll be properly 
subdivide to meet the following requirements. 

. 2, NetWork feeders should carry load in only one 
network area and should not be bifurcated adth 
feeders to other areas. 

3. The supply to each network area should be 
distributed between 2 or more major bus sections 
Md further distributed among 4 or more sub¬ 
sections, and network cap^bv provided so that 
each network area fed from the station may be 
caitied in emergency with one major section out of 
service. If the station has 3 or more major sec¬ 
tions, it should be possible to re-eneigize a dead 
network area with one o^ljbr ^tion out of service. 
Bach major bus section or subsection should have 
complete automatic protection. 


Discussims 


R. D. Evans: Franklin’s discussion of -the 
sjfstem arrangement known as "sjntichron- 
ised at the load’’ is of considerable interest. 
While the report referred to this method 
principally for the purpose of illustrating a 
principle applying to system arrangements, 
it is pertinent to include an authoritative 
statement coyering the recent de'velopments 
in coimection with this scheme. 

Mpnteith’s discussion has emphasized 
the importance of tha a-c calculating board 
in the solution of system stability problems. 
He has ^so called attention to the part 
which fault and toyrer-footing resistances 
plays in the stability studies. It may be 
pointed out ^at while fault resistance is 
usually a beheficial factor, it is pq^ble for 
the fault path to be of very high resistance 
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and to accentuate the problem. It is 
suggested that in the preparation of future 
subcommittee reports consideration be 
given to the inclusion of data on faults and 
tower-footing resistance as part of the 
tabulations along the line suggested. 

The method of representing the load at 
the receiving end of a transmission system 
has a considerable effect on the stability 
limits as pointed out by Scattergood. The 
particular method of approximation which 
he described is of considerable interest. 

Scattergood’s discussion has called atten¬ 
tion to certain corrections to be made in 
table III of the report. In the same table 
on pages 278-9 Sels has called attention to 
the fact that the tabulation should show 
high tension bussing arrangements at both 
the sending and receiving ends of all eight 
lines listed tmder the Philadelphia Electric 
Company, Pennsylvania Power and Light 
Company, and Public Service Electric and 
Gas Company. If any other errors exist in 
the table it is quite desirable that attention 
should be called to them by subsequent 
written discussions. 


Capacitor Motors With 
Windings Not in Quadrature 


Discussion and authors' closure of a paper 
by A. F. Puchstein and T. C. Lloyd published 
in the November 1935 issue, pages 1235-9, 
and presented for oral discussion at the induc¬ 
tion machinery session of the winter conven¬ 
tion, New York, N. Y., January 27,1936. 


C« G« Veinott (Westinghouse Electric 
& Manufacturing Company, Springfield, 
Mass.): This paper is an interesting ex¬ 
tension of Morrill’s paper on the revolving 
field theory of the capacitor motor. In 
Morrill’s paper, the 2 stator windings'”are 
assumed to be displaced by 90 electrical 
degrees in space; therefore, the voltage 


induced in one stator winding, by a revolv¬ 
ing field set up by the other stator winding, 
is displaced 90 degrees in time from the 
voltage induced by its own rotating field. 
(This displacement may be either forward 
or backward, as the case may be.) This 
phase displacement of 90 degrees is taken 
care of in Morrill’s paper by the use of the 
familiar j operator; it is -hi or —j; de- 
pendmg upon whe^er the displacement is 
forward or backward. The operator j 
always revolves a vector 90 degrees. 

Puchstein and Lloyd use a more general¬ 
ized operator, namely, a vector operator ex¬ 
pressed in exponential form. 


or 


where ct = any angle, expressed in radians. 

This vector operator rotates a vector, 
either forward or backward by the angle a. 
The authors study the case of the capacitor 
motor where the windings are displaced by 
an angle, say a, and the more generalized 
operator just given is used to take care of 
the angular time phase displacement of a, 
occurring between the voltage induced in a 
winding by its own field and the voltage 
induced by the field of the other winding. 
The 2 generalized v^tor operators above, 
of course, have to be reduced to the slightly 
more familiar formsi 


s= cos a -h i sin a 




cos a — J sm a 


before they become usable in practical 
equations. 

The new idea of this paper is the introduc¬ 
tion of this general vector operator into Mor¬ 
rill’s equations, which are then reworked, 
just as Morrill originally worked them; but 
with the different operator. This idea is 
the principal contribution of the paper. 
The authors are to be highly commended, 
however, for their working out quantita¬ 
tively of a practical example showing the 
effect of using winding displaced by angle 
other than 90 degrees by comparing the 
performance with a conventional 90 degrees 


motor. Would that more AIEE authors 
followed this example! 

The use of vector operators other than j is 
not new. 

Fortescue uses a 120 degree operator or 


^ 1 . V3 


in his classic paper on symmetrical co¬ 
ordinates. 

Capacitor motors with windings not 90 
degrees apart are of little commercial im¬ 
portance. The analysis of this paper is 
applicable to shaded-pole induction motors 
with distributed windings, a type which is of 
some commercial importance. The meth¬ 
ods of this paper might also be used to 
analjrze the performance of a 3-phase delta- 
connected induction motor with one open 
primary phase. This latter case could like¬ 
wise be studied by Fortescue’s methods. 


A. F. Puchstein and T. C. Lloyd: We agree 
in general with the points expressed by 
Veinott. 

He states, however, that e must be put 

into the form cos a ^ j sin a before it be¬ 
comes usable in practical equations. This 
of course (although a minor point) depends 
upon whether the calculation is carried on 
in rectangular or polar co-ordinates, since 
is always equivalent to lZ=ba. 

Material for this pap^ aside from the 
reasons given therein, arose from the at¬ 
tempt to obtain torque equations which 
would be applicable to motors of various 
types in which the number of slots would 
not divide properly for 90 degrees displace¬ 
ment of windings. Replacement of the j 
operator by its more generalized form was 
not so obviously simple as it appears when 
dealing with such torque equations. The 
final value was obtained as the result of an 
integration covering 24 letter-size pages, 
although Lyon and Kingsley, by the aid of 
sjmmetrical co-ordinates, have given what 
appears to be a shorter process. 


A portion of the business district of Milwaukee, Wis., scene of the Institute's forthcoming summer convention 
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Of LiMtilnle anJ[ Relaite J ^dlTiileai 


Institute s 1937 Summer Convention 
Offers Unusual Vacation Opportunities 


■ HB Institute’s annual sununer conveu- 
tion, which will be held in Milwaukee, 
Wis., June 21-25, 1937, with headquarters 
in the Schroeder Hotel, offers many unique 
features. Milwaukee, situated on the shore 
of Lake Michigan, and the State of Wis¬ 
consin, with its numerous inland lakes, 
possess an unusual appeal for all lovers of 
sports and nature to combine business with 
vacation. The schedule of events includes 
the annual business meeting, 10 technical 
sessions, and 1 general session which is 
designed to interest a great many members 
and which is not concurrent with any of the 
other sessions. The afternoons will be de¬ 
voted principally to committee meetings, 
conference sessions, sports, and inspection 
trips to plants of internationally known 
manufacturers. Evenings will be devoted 
to social functions and entertainment. 

Vacation Opportunities 


only interesting and valuable from a tech¬ 
nical standpoint, but also outstanding in 
their personal or social aspects. A spirit of 
friendliness and hospitality will be exhibited 


Monday, June 21 

9:00 a.m.—Rec^stration 

10:00 a.ai.—Opening Session—Crystal Ball Room 

Annual Business Meeting 

Annual report of board of direc¬ 
tors, in abstract, by H. H. Hen¬ 
line, national secretary 

Report of committee of tellers on 
ele^on of officers 


along with production processes, new equip¬ 
ment, and new products: (See special 
message from summer convention com¬ 
mittee elsewhere in this issue.) At least 3 


Wednesday, June 23 

10:00 a.m.—General Session 

12:30 p.m.—Inspection trip to Allis-Chalmers 
Manufacturing Company—lunch¬ 
eon 

2:30 p.m.—Conference on Electrical Apparatus for 
3-Pbase Arc Furnace 

Evening —Boat trip on Lake Michigan—dancing, 
cards, and buffet service on 
steamer 


Schedule of Events 


Members of the Institute are urged to 
consider the opportunities afforded for 
combining their vacations with the summer 
convention. Regardless of the kind of 
of vacation desired—^whether it be the 
social gayety of a smart hotel, the peaceful 
comfort of a small resort, the rugged sport 
of a fishing lodge, the restful seclusion of a 
private cottage, or the good fellowship of 
tourist camps—all are available near Mil¬ 
waukee. To the fisherman, Wisconsin 
offers 7,000 inland lakes and 10,000 miles 
of trout streams all well-stocked. To lovers 
of nature there is an abvmdance of wild i 
life. The northern forests in many places 
are untouched by man; deer frequently are 
seen right from the highways. Wisconsin 
has 160,000 acres in 19 scenic state parlss 
and forests at various points in the state, 
each possessing its own peculiar and im¬ 
pressive characteristics. To lovers of sports 
there is almost ever 3 rthing that could be 
sought, including bathing and swimming 
in inland lakes or Lake Michigan and Lake 
Superior, motor boating, sailing, canoeing, 
golfing and tennis. Members desiring 
additional information regarding Wisconsin 
as a Vawaition land may write to the chairman 
of publicity, summ^ convention committee: 

W. E, Gundlach, 231 West Michigan Street, 
Milwaukee, or to the Wisconsin Conserva¬ 
tion Commission, State Capitol, Madison. 

Eribnduness AND Hospitality 

Will Pervade the Inspection Trips 

According to the committee, a feature of 
the inspection trips is that they wW be not 

May 1937 


Introductiou of and response from 
president-elect 

Presentation of prizes for papers 

Presentation of Lamme Medal to Doc¬ 
tor Frank Conrad 

President's address by A. M. Mac- 
Cutcheon 

p.m.—Inspection trip with luncheon at 
Hamischfeger Corporation, after 
which the group will divide for a 
lecture on prefabricated houses or 
inspection of the National Avenue 
plant 

p.m.—Inspection trip to Cutler-Hammer, 
■ Inc. 

2:00 p.m.—Conference of Officers, Delegates, and 
Members (a) Section delegates 
(6) Student Branch counselors 

2:30 p.m.—-Inspection trip to A. O. Smith Corpora¬ 
tion 

Evening —Stag Smoker 


Tuesday, June 22 

10:00 a.m.—Power Transmission 

General Power Applications 
Instruments and Measurements 
Education 

1:80 p:m.—^Inspection trip to Schlitz Brewery— 
refreshments 

2:00 p.to.—^Conference of Officers, Dele^tes, and 
Members (continued) 

Evening —Lecture by Doctor Vannevar Bush 


Nenios 


Thursday, June 24 

10:00 a.m.—^lightning Protective Equipment and 
Insulation Co-ordination 

Power Generation and Electrical Ma¬ 
chinery 

Illumination 

12:30 p.m.—Directors’ luncheon meeting 
Afternoon—Inspection trips to: - 

1. Port Warirington Power Plant 
' 2. A. O. Smith Corporation 
8. Cutler-Hammer.'Tnc. 

2:30 p.m.—Conference on Field Problems ' 

Evening —President’s Reception—dinner and 
dancing 

Friday, June 25 

10:00 a.m.—^Lightning Protective Equipment and 
Insufotion Co-ordination 

Vibration and Balance 

Communication and Research 

Afternoon-r-Inspection trips to: 

1. Glpbe-Uhion Manufacturing 
Company. 

2. Allen-Bradley Company : 

3. A. O. Smith Corporation (if 
shut down on previous days) 

Evening —Farewell gathering at Blue Mound 
■Country: Club 
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of the principal industries already have 
indicated a desire to provide luncheon for 
their visitors. 

Trips already have been arranged to 
plants of the following companies: Allis- 
Chalmers Manufacturing Company, lead¬ 
ing manufacturers of all types of heavy 
electrical equipment, including generators, 
motors, rectifiers, transformers, and switch- 
gear, and also steam and hydraulic tur¬ 
bines, and tractors; A, 0. Smith Corpora¬ 
tion, makers of automobile frames, steel 
pipe, and pressure vessels; Cutler-Hammer, 
Inc., producers of electrical control and 
switching equipment; Hamischfeger Cor¬ 
poration, manufacturers of electric cranes 
and hoisting equipment, electric welders, 
and more recently a prefabricated steel 
home of new design; the Port Washington 
Power Plant of The Milwaukee Electric 
Railway and Light Company; and the 
Schlitz Brewing Company. 

Milwaukse’s Lake Shore 

AND Harbor Facilities Add Interest 

Attendants at the convention will have 
an opportunity to enjoy the natural scenery 
and recreational facilities along the beautiful 
shores of Lake Michigan. Lincoln Memorial 
lihive leads from downtown Milwaukee 
nor^ along the lake shore for a distance of 
6 miles to Lake Park. It affords a view of 
the harbor entrance, the Coast Guard 
station, Milwaukee Yacht Club, fine swim¬ 
ming beaches, Milwaukee Gun Club, and 


Future AIEE Meetinss 

Summer Convention 
Milwaukee, Wis., June 21-25, 1937 

Pacific Coast Convention 
Spokane, Wash., Aug. 30-Sept. 3, 

1937 

Middle Eastern District Meeting 
Akron. Ohio, Oct. 13-16, 1937 

Winter Convention 

New York, N. Y;, January 24r-28, 

1938 

North Eastern District Meeting 
Pittsfield, Mass,, Spring 1938 
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the beautiful treed ravines of Lake Park. 

At the north end of the Drive is Mil¬ 
waukee’s new $5,000,000 water purification 
plant which is rapidly nearing completion. 
The plant is on 24 acres of made land on the 
shore of Lake Michigan. It will have a 
rated capacity of 200,000,000 gallons daily 
and uses what is known as the rapid sand 
or mechanical type of filtration. All pump¬ 
ing is by electric drive using a total of 4,000 
installed horsepower. 

Milwaukee has long been known as 
of the important harbor cities of the Great 
Lakes, receiving and shipping a wide variety 
of commodities in both foreign and domestic 
commerce. It is a principal grain shipping 
port and the foremost coal receiving port 
on Lake Michigan. More than 4,000 
vessels arrive at and clear this port annually. 
The tonnage in and out over a period of 
years averages in excess of 7,600,000 net 
tons annually. 

Post-Convention Trip to the Dells 

Many people attending the convention 
will not want- to miss the opportunity of 
seeing the deUs of the Wisconsin River. 
For this reason special arrangements are 
being made for a chartered-motor-bus trip 
to this and other scenic and historical spots 
on Saturday, June 26, the day following the 
dose of the convention. The trip will in¬ 
dude a visit to the dells in the morning, 
a chicken dinner at Kilboum, a visit to 
Devil's Lake and the University of Wis¬ 
consin campus in the afternoon and evening 
dinner at the Hotd Lorraine at Madison, 
returning to Milwaukee after dinner. The 
expense of the trip will be very reasonable. 

Technical Sessions 

Ten technical sessions have been tenta- 
tivdy scheduled to provide a program of 
broad scope and current interest. Two 
sessions will be hdd on the subject of light¬ 
ning protective equipment and insulation ■ 
co-ordination. These sessions are sponsored 
jointly by the committees on protective 
devices, power transmission and (hstribu- 


devdoped by joint committees of the 
Edison Electric Institute and the National 
Electrical Manufacturers Association. TwO’ 
others consist of reports by the lightning 
arrester subcommittee of the committee on 
protective devices and the transformer 
subcommittee of the committee on dectrical 
machinery. The remaining papers are by 
operating-company engineers. 

The subjects for other sessions are as 
follows: power transmission, general power, 
applications (control), education, power 
generation and dectrical machinery, illumi¬ 
nation, vibration and balance, communica¬ 
tion and research and instruments and 
measimements. Those interested in the 
tecMque of measurement should find the 
scions on insulation co-ordination and 
vibration and balance also to be of interest. 
Several papers in the various sessions treat 
subjects of general interest, such as police 
radio, industrial economics and business 
methods, and industrial lighting. 

General Session 

Wednesday morning, June 23, has been 
set aside exclusivdy for a general session 
to be hdd in 2 parts. The first part will 
consist of an adchess by Ralph E. Flanders 
"The Engineer in a Changing World." The 
second part will consist of discussions by 



A sample of the scenery in the "The Dells". 
of the Wisconsin River near Kilbourn. A 
special post-convention trip to this attraction 
is being arranged 


various members of the Institute on the 
topic: "How Can the Institute Programs 
Be Made of Greatest Value to the Memberr 
ship?”^ (See spedal announcement dse- 
where in this issue.) 


RXH.ES ON PrESSENTINO 

AND Discussing Papers. 


tion, and dectrical machinery. The subject 
of insulation co-ordination was first intro¬ 
duced about 1928 and since has been dis¬ 
cussed frequently by both operating com^ 
panies and represditatives of dectrical 
manufactxirers. Two of the papers report 
the latest information on the subject as 

JVews 


At some of the technical sessionsi' a few 
papers may be presented only by title. 
This will permit the devotion of more time 
to discussion. At ptiier sessions, papds 

ELBCtkiCAL ^NGINISE^ING 








Tentative Technical Prosram 


Tuesday, June 22 

10:00 a.in.—Power Transmission 

PowBR System Faults to Ground—Part I: 
Characteristics, C. L. Gilkeson, Edison Electric 
Institute, and P. A. Jeanne' and J. C. Davenport, 
Bell Telephone Laboratories, Inc. 

April issue, pages 421-8 

Power System Faults to Ground—Part II: 
Fault Resistance, C. L. Gilkeson, Edison Elec¬ 
tric Institute, and P. A. Jeanne and E. F. Vaage, 
Bell Telephone Laboratories, Inc. 

April issue, pages 428-40 

System Recovery Voltage Determination by 
Analytical and A-C. Calculating Board 
Methods, R. D. Evans and A. C. Monteith, West- 
inghouse Electric & Manufacturing Company. 

Scheduled for June issue 

New Oil-Filled Cable Lines in Chicago, 
Herman Halperin, Commonwealth Edison Com¬ 
pany, and O. B. Shanklin, General Electric Com¬ 
pany. Scheduled for June issue 

10:00 a.m.—General Power Applications 


In this program, reference 
issue and, in so far as possible, 
to the page in. Electrical ItNOi- 
NEERiNG, is given for all papers. 


2:30 p.nL-—Conference on Electrical 
Apparatus for 3 -Pliase Arc Furnaces 


Thursday, June 24 

10:00 a.m.—^Lightning Protective 
Equipment 

FlASHOVBR CHARACTICRiaTICS OP Rl >i» Cai*m AXII 
Insulators, 'subcommittee on eorreliition of Ittborn- 
tory data of Joint NEMA-ISICI t'oniiiiittcc on 
Insulation Co-ordination. 

Schcduleil for June i»Hiu; 

Expulsion PROTBcrrvK Gaps, W. J. Riuigc untl 
E. J. Wade, General Electric Comintny, 

May i»stir, ijukch firt I - 7 


A-C Motor Protection, C. W. Kuhn, Cutler-. 
Hammer, Inc. May issue, pages 589-03 

Impulse Operation of Magnetic Contactors, 
Carroll Stansbury, Cutler-Hammer, Inc. 

May issue, pages 583-8 

Coincidbntal Electric Drives, L. E. Miller, 
Reliance Electric & Engineering Company, 

May issue, pages 578-82 

10:00 a.m.—^Instruments and 
Measurements 

A New Magnetic Flux Meter, G. .S. Smith, Uni¬ 
versity of Washington. April issue, pages 441-5 

Sixty-Cycle Calibration op the 50-Centimbtbr 
Unoroundbd Sphere Gap, C. S. Sprague and G. 
Gold, Purdue University. May issue, pages 594-6 

A New Photoelectric Hystekbsiokaph, R, F. 
Edgar, General Electric Company, 

Scheduled for June issue 

A New High-Speed Cathode-Ray Oscillograph, 
H. P. Kuehni and Simon Ramo, General Electric 
Company, Scheduled for June issue 

10:00 a.m.—Education 

A Suggested Course on Industrial Economics 
AND Business Methods, R. E. Hellmund, Westing- 
house Electric & Manufacturing Company. 

April issue, pages 446-54 

Current Loci in the General Linear A-C Net¬ 
work, L. A. Hazeltine, Stevens Institute of Tech¬ 
nology. March issue, pages 325-30 

Per Unit Quantities, Irven A. Travis, University 
of Pennsylvania, 

Fundamental Concepts of Synchronous Ma¬ 
chine Reactances, B. R. Prentice, General Elec¬ 
tric Company. 


Wednesday, June 23 

10:00 a.nL—General Session 

1. Address: The Enoinbbr in a Changing 
World, RElph B. Flanders, chairman, engineering 
economics committee, American Engineering Coun¬ 
cil; President, Jones and Lamson Machine Com¬ 
pany, and past-president, ASMS. 

Intermission 

2. Discussion by members of the institute 6n 
How THE Institute Programs Be Made of 
Greatest Value to the Membership? 


May 1937 


Distribution Lioiitnino AuKiiSTjcu I'uki'orm. 
ANCB Data, lightning; arrester Kttbeuniniitlec iif (lip 
committee on protective devices. 

May issue, pmkps ,'i7(5 7 

Surge Protbcfion of l>i.sTRn«tfTioN .Svs'r|.;HS, 
J. K. Hodnette and L,. K. Ludwig. WestlnKbitiPip 
Electric & Manufacturing Coinpuuy. 


10:00 a.m.—^Power Generation and 
Electrical Machinery 

Switchboards for Boiildkk PtiwHU Pi.ant, 1.. N, 
McClellan, U. S. Bureau of Heelutnutliui. A. J. A. 
Peterson, Westinghouse Klcctric Muiuifiudiiriui; 
Company, and C. P, Oarmon, Btu’cnu <if I'nwcr tinil 
Light, City of Los Angeles. 

F'ebruary issue, iiag*:’* 224 3ll 

End-Connection ILractancn of Kl.t!cruiCAi. 
Machinery, J, F. H. Douglas, Murciuettc Univer¬ 
sity- l’’cl»ruury issue, pages 2 .'i 7 -!» 

End-Winoino Lbakaok Inixictancu of a ,Syn 
CHRONOUS Machine, B. It. Caldwell, Jr., General 
Electric Company. April issue, imges 4 rf.'j 111 

CkARACTBRISTZC ConSTANTB of HtNOLE-PlIASK 
Induction Motors—Part I: Aim-Gaf Rbac- 
TANCBS, W. J, Morrill, General PUectrie Company. 

March isHue, png**** 333 8 


Notice of 
Annual Meeting 

The annual meeting of the Aincri- 
can Institute of Electrical KngineiTS 
will be held at the Hotel Schroeder, 
Milwaukee, Wis., at 10 a.tn. on Mon¬ 
day, June 21, 1937. This will con¬ 
stitute one session of the uiititial 
convention which is to be 
held tlus year in Milwaukee, Wis. 

At ttas meeting, the annual rt‘i>ort 
of the board of directors, and there- 
committee of tellers on 
<>lt-*ction of 

officers will be presented. 

Such other business, if any, as 

^^.ne«iu.«ay^aer.a. 

^dtional Secrett^y 


■N'ews 


10:00 a.m.—Illumination 

A Niiw Ai-fkoacii to tiiic Iniiustkiai. l.uiiiri.M: 

Putllll.KM; Sl-KCIKIC r.li'dlTlNli FfIR l>IKF|.:i<ICN't 
Skuvicks. H. B. Dales, Cast* Sekuol of A|*|>litTl 
Sficiifc. May issue, puKfs “I'lfi 50 

Adilrt'ss; VViiAT A ll.NrvKKHiTV 1U» DunrTowakii 
P aoTKCTiNfi niK EYEKitsiir OF Its STUufcisrs, 1*’. A. 
Kurluk, Miirquettr ITiiivPDiity. 

l•IIKrlIKK CtlAKACTKKI.STICS Ol' Tin? CAKIIO.N- AkV. 
W. C. Kulb, Nutiniinl Carbon Company, luc. 

March issue, pages 3111 24 

Dcmoii.s(rutioii Atldiess: New Light .Souucus. 
'1‘iiisiii CiiARAtMTsunmes and Ai*i*licationh, D. VV, 
Atwater, Wesliughonse Lamp Cnatpuiiy. 


2:30 p.iu. Conference on Field Problems 


Friday, June 25 


10:00 a.m. - Insulation Co-ordination 

Mask; lMi*nt..HK Lnsui.aiiu.n l.KVitLS, KKl-NI’JMA 
joint Caniniiiii-v on Syslem liniulalion Cn nnliHa- 
Seheiliileil foi Jutiebma* 

iNsin.ATtoN .Si uKMurit UF TitANaFiiKMicKn, trans¬ 
former .-nilicoiimilitc-o t»f the- coininiUet- on elec- 
irical muchiuvry. .SchediiU-d for June ifiMiie 

Af[*(,icaitun of Amuksticru and rnif .Si.:lectton of 
INHIILATION r,itvni.H, J. It. Foate umt j. 11. Norili, 
The Conimomveallli Smitheni CorpfiralioH, 

Sdieiliik-tl for June issm? 

Inholation Q.‘i) oKiitNATtoN, Philip Si>orn and 1. W. 
Gro'ts, Ann-riain Gas Ife Kleetric Couipaay. 

Sehediiled for June Is'iae 

AFFi.icAtH).N OP .Si«n.i. Gaps and Siclbctuih tfP 
lN.Hni.ATioN LKVi«.a, II. I.. Melviu and K. K. 
Pieree, l*3nif>(.-n Scrviecs ineurporuted. 

Sdiedulcd for June iiwuc 


10:00 a.m, - Vibration and Balance 

DVNAMIC liALANCINO OF .SMALL GyROHCOFE Ro- 
TORS, O. E, Esval and C. A. P'rinche, Sperry 
Gyrawopc Company, Inc. 

SeltRcluied for June issue 

VlllRATION MbASURINO INSTRUMENTS: FUNDAMEN¬ 
TAL CoNSlDURAflONS IN THEIR DilSION, C. D. 
Green tree, General Klectric Company. 

Scheduletl for June is.suc 

Tub Viukation Isolation of MAcniNiiitY, L. H. 
IfanscI, 'Ihc Fetters Company, Ihc. 

.Seheduled for June tasue 

Preliminary ItEFOMT on a Profohbo Trst Code 
for Affaratus Koise Measurement, suheommit- 
tce on ooutid of standards committee. 


10:00 a.m.- “Communication and Research 

Police KAmo Commiinication, E. L, Wliite, 
Federal Commuiiicationa Commission, ami E, C. 
Denstaedt, Police Deportment, Detroit. 

May lasuc, pages 632-44 

Oxidation in Inbmlatino On., J. B. Whitchcotl, 
The Johns Hopkins University, and F. B, Mauritz, 
April issue, pages 465-?4 

Prufehtiks of Satueants for Pafer-Insulated 
Cablsh, G. M. I,. Sommennan, American Steel & 
Wire Company. May issue, pages 600-70 

‘ITtB DiBLECTMIC BTRBNUTII of NoNINirLAMMABLB 

.Synthetic Insolatino Ligums, P, M, Clark. 
General Electric Company. 

Scheduled for June issue 
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To Summer Convention 


\JeMUTLICHKEIT is the only 
word to e:q)res8 adequately the spirit 
which will pervade the coming summer 
convention in Milwaukee. The enter¬ 
tainments, the hospitality extended to 
inspection-trip guests, and the sports¬ 
manship displayed on links and courts, 
will all bear the stamp of gemutlichkeit. 

One dictionary translation of this 
word is “quality of good nature,” 
but experts in philology say that no 
English word, or combination of words, 
conveys its precise meaning. It is 
representative of a state of mind which 
must be lived and felt to be under¬ 
stood; that is, whatever it stands for 
must be “experienced” to be fully com¬ 
prehended. • 

In Milwaukee a committee consist¬ 
ing of more than 60 able and alert men 
and women is so planning the conven¬ 
tion that no one will leave without 
knowing the meaning of the word 
“gemutlichkeit.” Never again will 
they have to look in the dictionary or 
inquire about this word whose meaning 
is so finely shaded and elusive that it 
can hardly be expressed with any de¬ 
gree of exactitude in any other lan¬ 
guage. 

However, there are some ways in 
which you, our guests, can materially 
assist the committee to accomplish the 
task to which it has set itself, and I am 
sure we shall have your hearty co¬ 
operation. 

(1) The committee will greatly ap¬ 
preciate it if you will make a serious 
effort to be present at the opening ses¬ 
sion of the convention. The tenor of a 
convention is often determined by the 
spirit which prevails at the first session. 

If this meeting is well attended and 
enthusiastically stq>ported, the con- 


ers 


vention is sure to be a success. Fur¬ 
thermore, this session is the occasion 
of several impressive ceremonies, such 
as presentation of prizes and medals. 

Above all, the members should keep 
in mind that the president delivers his 
annual message to the Institute at the 
opening session. Always of interest 
and importance to Institute members, 
the president’s address has special s^- 
nificance when stirring times issue a 
challenge to professional organizations 
to take an active part in shaping the 
destinies of our civilization. No one 
attending the convention should miss 
the president’s address. 

(2) Some of the industries, to which 
inspection trips will be made are plan¬ 
ning to serve luncheons to their guests, 
and it will help them greatly to know 
as early as possible how many to pre¬ 
pare for. Therefore, register as early 
as you can for the inspection trips you 
intend to take. 

(3) Elsewhere in this issue is pub¬ 
lished a list of the principal hotels in 
Milwaukee. All these hotels are within 
a 12- to 15-minute ride firom conven¬ 
tion headquarters (Schroeder). Be¬ 
cause of these excdlent facilities to 
please visitors with regard to housing, 
Milwaukee is a very popular conven¬ 
tion city; and in order to avoid last 
minute congestion, choose your hotel 
and send in your reservation early. 
In case you have any difficulty, get in 
touch with the housing committee and 
efforts will be made to get you placed to 
your satisfaction. But do it early. 

Geaeral Chairman 
Summer Convention Committee 


wiU be presented in abstract, 10 minutes 
b^g allowed for each paper nnlpiga other¬ 
wise arranged, or the presiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot¬ 
ment of time for papers and discussion. 
Authors will be notified officially in e ach 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is thrown Open for general 



Hotel Schroeder, Milwaukee, headquarters 
for the summer convention 


discussion. Usually 6 minutes is allowed 
to each discusser for the discussion of a 
single paper or of several papers on the samp 
g^eral subject. When a member si gnifipq 
his desire to discuss several papers not 
dealing with the same general subject, he 
may be permitted a somewhat longer titr iP 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser is to step to the front of the room 
and announce, so that all may hear, his 
name ^d professional affiliations. Three 
typewritten copies of discussion prepared 
in advance should be left with the presiding 
officer. 

Other discussion to be considered for 
publication must be submitted, typed 
double spaced, in triplicate to C. S, Rich, 
secretary, technical program committee, 
AIEE headquarters, 33 West 39th St., 


New York, N. Y., on or before July 9, 
1937. Discussion received after this date 
will not be accepted. 

Women’s Entertainment 


Advance Registration 

Members who will attend the convention 
are urged to register in advance by promptly 
returning the addressed advance-registration 
card which they will receive by Tnail . This 
will be helpful to the committees and permit 
badges to be made ready in advance, tints 
avoiding congestion at the registration 

A mini mum registration fee of 1(2 will be 
charged all nonmembers, except Enroll ed 
Students and the immediate families of 
members. 

Hotel Reservations 

All members planning to attend the con¬ 
vention should make their own hotd reserva¬ 
tions, and the committee urges that this be 
done w^ in advance. A list of the prindpal 
hotels in Milwaukee and their rates for 
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Principal ‘Hotels in Milwaukee, and Rates 

Hotel Single Room Double Room 

Scbroeder.......-;F3.00-4.00... .|0.00-20.00 

Wisconsin..... 3.00-6.00.... 6.00-10.00 

5«^ton....... 2.60-4.60.... 4.00-16.00 

NewPfister..... 2.60-3.00.... 4.00-16.00 

.. ..... . 3.60-5.00.... 4.00- 6.00 

Ambassador.. 3.00-4.00.... 5.00- 6.00 

New Randolph. 2.60-3.60.... 3.60- 6.00 

puckerbocfcer... 3.00 ....6.00- 6.00 

Martin ...... 2.26-6.00.... 

Juneau.;- 2.00-3.00.. .. 8.00- 6 00 

Medford.... 1.76-3.00.... 2.76- 6.00 

R^ubhcan,.. 1.60-2.60.... 2.60- 4.00 

.... 1.60-8,00,... 3.00- 6.00 


In addition to the regular entertainment 
the women’s entertainment committee is 
a^anging an attractive program for the 
visitmg ladies, which .will be announced 
later. 

Sports 

The annual tournaments for both the 
Mershon golf and tennis trophies will be 
held as usual, as well as the competition 
for the Lee golf Ixophy. The details of the 
sports program will be announced in a 
subsequ^t issue as soon as they have been 
made avmla-ble by the sports committee. 
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single and double rooms are given in an 
accompan 3 dng tabulation. All are within 
a 12- to 16-minute ride from convention 
headquarters (Schroeder). Any one having 
difficulty in obtaining rooms should contact 
the housing committee. 

Committee 

The personnel of the 1937 summer con¬ 
vention committee is as follows: Otto H. 
Falk, honorary chairman; K. L. Hansen, 
chairman; L. H. Hill, vice-chairman; C. H. 
Krueger, secretary; W. E. Crawford, treas¬ 
urer; R. R. Benedict, A. G. Dewars, 
C. F. Harding, H. S. Osborne, G. G. Post, 
J. A. Potts, D. L. Smith, and W. H. Timbie. 
Subcommittee chairmen: J. F. H. Douglas, 
technical program; E. W. Seeger, finance; 
L. W. Copeland, entertainment; C. D. 
Brown, transportation; W. O, Helwig, 
registration and housing; W. E. Gimdlach, 
publicity; G. F. Crowell, sports; S. H. 
Mortensen, inspection trips; and Mrs. A. C. 
Flory, women’s entertainment. 

Session on Economics 
and Institute Activities 

A special "general” session on the eco¬ 
nomic aspects of engineering and Institute 
activities has been scheduled for Wednesday 
morning, June 23, during the Institute’s 
1937 summer convention. The session, 
which will not be paralleled by any other, 
has been arranged by the newly appointed 
special committee on Institute activities, 
of which H. S. Osborne is chairman. The 
session will be divided into 2 parts, con¬ 
sisting of: (1) an address "The Engineer 
in a Changing World,” by Doctor Ralph 
E. Flanders, president of the Jones and 
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Lamson Machine Company, Springfield, 
Vt.; and (2) a discussion of the topic "How 
Can Institute Programs Be Made of Great¬ 
est Value to the Memb»ship?” by vari¬ 
ous members of the Institute. 

Doctor Flanders has devoted a large 
amount of time to engineering society ac¬ 
tivities, having served as president of the 
American Society of Mechanical Engineers 
and as member or chairman of many ASME 
committees. He is a vice-president of 
American Engineering Council and chair¬ 
man of its committee on the relation of 



Ralph E. Flanders 


consumption, production, and distribution; 
since 1932 he has been active in the public 
works program of Council. During 1936 
he was chairman of Council’s committee 
on engineering economics, and has been a 
director of the Social Science Research 
Council. He has written numerous tech¬ 
nical papers and 2 books. 

Doctor Flanders was born September 
28, 1880, at Barnet, Vt., and started his 
technical career as an apprentice machinist 


in 1897. In 1903 he became a desi^er 
for the International Paper Box Idachin- 
ery Company, Nashua, N. H., which position 
he held until 1905, when he became asso¬ 
ciate editor of Machinery, with offices at 
New York, N. Y. He hdd that position 
for 6 years before joining the engineering 
staff of the Fellows Gear Shaper Company. 
Springfield, Vt., in 1910. In 1912 Doctor 
Flanders became director and manager of 
the Jones and Lamson Machine Company, 
and has been president of that company 
since 1933. He has received several hon¬ 
orary degrees. 

At the conclusion of Doctor Flanders’ 
address, the meeting will be opened for any 
questions that those present may wish to 
ask concerning the subject. Then, after 
a brief intermission, the second part of 
the session will begin with brief discussions 
of various phases of Institute activities 
by several prominent Institute members, 
leading up to a general discussion from the 
floor. 

AIEE Executive 
Committee Meets 

A meeting of the executive committee of 
the American Institute of Electrical Engi¬ 
neers was held at Institute headquarters. 
New York, N. Y., On March 26, 1937, in 
place of the regular meeting of the board of 
directors. 

Present: President A. M. MacCutcheon 
(chairman), F. M. Farmer, W. H. Harrison, 
Everett 8. Lee, and W. I. S|lichter, members 
of the committee; Vice-President A. C. 
Stevens, and National Secretary H. H. 
Henline. By standing vote, resolutions were 
adopted in memory of Junior Past-President 
E. B. Me 3 rCT, who died on January 30, and 
Past-President and Honorary Member Elihu 
Thomson, deceased, March 13. (The resolu¬ 
tions were published in the April issue of 
Elbctrical Enginbbkino.) 

Reports were presented and approved of 
meetings of the board of examiners held 
February 17 and March 17, 1937. Upon 
the recommendation of the board of examin¬ 
ers, the following actions were taken: 

1 applicant was elected to the grade of 
Fellow; 14 applicants were elected and 19 
were transferred to the grade of Member; 
96 applicants were dected to the grade of 
Associate; 106 Students were enrolled. 

Monthly expenditures were reported by 
the finance committee and approved, as 
follows: February, $27,819.71; March, 
$17,691.20. 

The selection by the District meeting 
committee of the dates, October 13rd6> for 
the previously authorized 1937 meeting of 
the Middle Eastern District, at Akron, 
Ohio, was reported. 

Doctor 'William McClellan was appointed 
a representative of the Institute upon the 
Hoover Medal board of award for the six- 
year term beginning in May 1937, succeed¬ 
ing Doctor F. B. Jewett, whose term expires 
at that time. 

Professor R. W. ’Warner was appointed 
a third alternate of the Institute Upon the 
delegatory committee for region V of the 
committee on engineering schools of the 
Engineers’ Council for Professional De- 
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Membership- 


Mr. Institute Member: 

The Institute has done much to improve the status of electrical 
ensineerins as a profession but much remains to be done. Increased 
membership will materially aid achievement of one of the aims of the 
Institute—public recognition of our profession. 

Too many of us regard our membership in the Institute as a matter 
of paying dues. We should attend meetings frequently and take an 
active part in the affairs of our local Section. We cannot arouse 
interest in nonmember electrical engineers unless we display interest 
ourselves. 

. Let’s all take a nonmember guest to our next Section meeting and 
show him the advantages of membership in the Institute. 



Vice-Chairman, District No. 7 
National Membership Committee 


News 









Machining a fabricated-steel stator yoke on a 40-foot boring mill in the plant of the Allis- 
Chaimers Manufacturing Company, Milwaukee, Wis. / n inspection trip to this plant during 
the forthcoming AIEE summer convention has been scheduled 


velopment, in connection with the accredit¬ 
ing of engineering schools by ECPD. 

The executive committee confirmed the 
appointment, upon nomination by the 
standards committee, of Doctor Clasrton 
H. Sharp to represent the Institute upon the 
subcommittee of the United States National 
Committee of the International Commission 
on Illumination to consider a proposal of 
the National Bureau of Standards for the 
international standardization of photometric 
units. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 


President MacCutcheon 
Visits New England Sections 

During the week of March 8, 1937, 
President A. M. MacCutcheon, accom¬ 
panied by National Secretary H. H. 
Henline, Vice-President A. C. Stevens, and 
R. G. Lorraine, secretary of the North 
Easteim District, visited 6 Sections and one 
Student Branch of the Institute. This 
brief report of the tour has been prepared 
from information supplied by District 
Secretary Lorraine. 

The following meetings were attended by 
the group: 

Wew Haven, Conn. Dinner followed by meeting of 
Connecticut Section. 

Lynn, Mass. Meeting of national members of 
Lynn Section and dinner as guests of the General 
Electric Company, followed by general Section 
meeting. 

Boston, Mass. Dinner followed by Section meet¬ 
ing. 
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Providence, R. I. Luncheon with Providence 
Section and Brown University Branch followed by 
joint meeting of Brown University and Rhode 
Island State College Branches. 

Worcester, Mass. Dinner followed by joint meet¬ 
ing of Worcester Section and Worcester Polytech¬ 
nic Institute Branch. 

Springfield, Mass. Dinner followed by Section 
meeting. 

President MacCutcheon spoke on "The 
Selection and Training of Electrical Engi¬ 
neers" at the New Haven, Boston, Provi¬ 
dence, and Springfield meetings; and on 
"The Section's Part in Institute Activities” 
at the Worcester meeting. The dinners 
preceding the meetings were featured by 
intimate and informal discussions of Insti¬ 
tute policies and procedures. At some of 
the meetings, in addition to the talks by the 
president, Vice-President Stevens made 
short talks on District activities; National 
Secretary Henline discussed the Sections’ 



At the Worcester Section meeting/ left to 
right: District Secretary Lorraine, Professor 
T. H. Morgan (A’23, M’31) of Worcester 
Polytechnic Institute, President MacCutcheon, 
Admiral Ralph Earle, National Secretary 
Henline, and Vice-President Stevens 

News 


records as the national organization sees 
them, and District Secretary Lorraine 
discussed the forthcoming District meeting. 

In addition to the meetings, the group 
visited the Cambridge (Mass.) plant of the 
Simplex Wire and Cable Company, where 
they were conducted on the inspection trip 
by officials and other members of the organi¬ 
zation; this was followed by a luncheon in 
the private dining room of the company. 
At Springfield, Mass., an inspection was 
made of the Westinghouse plant under the 
direction of Section Chairman C. G. 
Veinott and others, and of the United 
American Bosch plant by officials of that 
company. 

Baltimore Section Is Host to 
Student Branch Convention 

In 1925, the Philadelphia Section initiated 
the idea of AIEE Student Branch conven¬ 
tions. Since that time, other Sections in 
the eastern portion of the Middle Eastern 
District have joined with the Philadelphia 
Section in promoting and supporting this 
successful phase of Institute activities. 
During the ensuing 12 years, the idea has 
been widely and effectively adopted by 
other Sections and Districts. 

Monday, April 19, 1937, was Student 
Branch convention day at The Johns Hop¬ 
kins University school of engineering, Bal¬ 
timore, where the thirteenth such meeting 
of the eastern section of District No. 2 
was held, with about 190 students, faculty 
members, and others interested in attend¬ 
ance. The day’s program was full, with a 
technical session in the morning, a noon 
luncheon, ah afternoon inspection trip, and 
an evening diimer meeting. 

At the technical session, 4 student tech¬ 
nical papers were presented : 

A Labokaxory Polypbasb Powbr Rbciipibr, 
T. Chase, Drexel Institute, Philadelphia, Pa. 

Blbctricai. Timb Standards, T. R. Brown, Lehigh 
University, Bethlehem, Pa. 

An Alobbraic Equation Solvbr, D. L. Herr and 
R. H. Graham, University of Pennsylvania, Phila¬ 
delphia, Pa. 

Applications op a Sonic Oscillator, L. Broomell, 
Swarthmore College, Swarthmore, Pa. 

By decision of a committee of judges, Mr. 
Brown was awarded a first prize of $10 
and Mr. Chase a second prize of $6. Pre¬ 
siding throughout the session was Chair¬ 
man H. B. Peck of the Johns Hopkms stu¬ 
dent Branch. Preliminary introductory 
remarks were made by AIEE Past-Presi¬ 
dent J. B. Whitehead, dean of the school of 
engineering of Johns Hopkins University, by 
AIEE President A. M. MacCutcheon, who 
discussed Institute activities, services, and 
affaurs, by R. L. Thomas, chairman, Balti¬ 
more Section,, and by National Sectary 
H. H. H^ine. 

Those attending the sessions were the 
guests of the Johns Hopkins Student 
Branch at luncheon where Dr. Isihh Bow¬ 
man, pr^ident of The Johns Hopkins Uni¬ 
versity, -addressed the j^oup on "Flood 
Control." An afternoon inspection trip to 
the plant of the Locke Insulator Corpora¬ 
tion gave to those attending an opportunity 
to witness a demonstration of high-voltage 
insulator testing, and also to observe the 
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A group of those that attended the recent Southern District Student Branch conference at Alabama Polytechnic Institute 


manufacture of porcelain insulators by the 
wet process. 

The evening dinner meeting was held 
jointly by the Johns Hopkins Student 
Brandh and the Baltimore Section in honor 
of President MacCutcheon, who spoke on 
“The Selection and Training of Electrical 
Engineering.” Past-President Whitehead 
and President-Designate Harrison, and 
others spoke briefly. 

With the co-operation of the Baltimore 
Section, the meeting was jointly partici¬ 
pated in by the 8 Student Branches of the 
eastern section of the Middle Eastern Dis¬ 
trict: 

Drexd Institute, Philadelphia, Pa. 

The Johns Hopkins University, Baltimore, Md. 
Lafayette College, Easton, Pa. 

Lehigh University, Bethlehem, Pa. 

University of Pennsylvania, Philadelphia, Pa. 
Princeton University, Princeton, N. J. 

Swarthmore College, Swarthmore, Pa. 

Villanova College, Villanova, Pa. 

Although having no Student Branches, the 
University of Delaware and Haverford 
College both contributed support. Visiting 
Branches also participating in the meeting 
were: 

Catholic University of America, Washington, D. C. 
George Washington University, Washington, D. C. 
University of Maryland, College Park, Md. 

A generous delegation of students and fac¬ 
ulty was present representing each of the 
Branches. 

Plans already decided upon provide for 
similar meetings at Lehigh University in 
1938, and at Drexel Institute in 1939. 


1937 AIEE Year Book 
Is Now Available 

In accordance with the provisions of the 
Institute’s 1936-^7 budget as approved 
by the finance committee and the board of 
directors, the 1937 edition of the AIEE 
Year Book has been issued, in limited edi¬ 
tion, and is available to members of the 
Institute who have use for it. The book 
contains essentially the same material 
as was included in the 1936 edition; busi¬ 
ness wd mailing addresses have been cor¬ 
rected as of February 27,1937. 

In k^ping with established custom, 
copies of the Year Book have been dis¬ 


tributed to all national. District, and Section 
ofiicers, to Student Branch counselors, 
and to all members of all national commit¬ 
tees. Other members wishing to secure a 
copy may do so by writing to the AIEE 
order department, 33 West 39th Street, 
New York, N. Y., giving correct mailing 
addresses. 

The Year Book is not available to non¬ 
members of the Institute, nor is its use per¬ 
mitted for commercial, promotional, or 
other circularization purposes. 


Student Conference Held 
at Alabama Polytechnic 

Some 140 of the South’s top-ranking 
students in electrical engineering, and 
Student Branch counselors from 15 colleges 
and universities registered at the annual 
student conference of the AIEE Southern 
District, held April 1-3 at Alabama Poly¬ 
technic Institute, Auburn. All principal 
features of the program were confined to 
Friday, April 2, with Thursday afternoon 
given over to registration followed by an 
informal smoker in the evening, and &tur- 
day devoted to inspection trips to Tuskegee 
Institute and to hydroelectric plants of the 
Alabama Power Company on the Coosa 
River. 

For the first time since the initiation of 
the Student Branch conferences in the 
Southern District, evriy Branch in the 
District was represented: 

Alabama Polytechnic Institute, Auburn, Ala. 
University of Alabama, University, Ala. 

Clemson Agricultural College, Clemson, S. C. 

Duke University, Durham, N. C. 

University of Florida, Gainesville, Fla. 

Georgia School of Technology, Atianta, Ga. 
University of Kentucky, Lexington, Ky. 

Louisiana State University, Baton Rouge, La. 
Univertity of Louisville, Louisville, Ky. 

Missisappi State College, State College, Miss. 
North Carolina State College, Raleigh, N. C. 
University of North Carolina, Chapel Hill, N. C. 
University of South Carolina, Columbia, S. C. 
University of Tennessee, Knoxville, Tenn. 

Tulane University, New Orleans, La. 

Virginia Military Institute, Lexington, Va. 

Virginia Polytechnic Institute, Blacksburg, Va. 
Univeraty of Virginia, University, Va. 

Six technical papers were presented at the 
. Friday morning technical session: 

Elimination of Man-Madb Static, Gordon 
Rogers, Clemson College, Clemson College, S. C. 


A Trbatisb on Rural Blbctkipication, J. E. 
Lowery, Alabama Polytechnic Institute, Auburn, 
Ala. 

Tbstimg Vacuum-Tubbs, T. M. Perril, Jr., Missis¬ 
sippi State College, State College, Miss. 

High Frbqubncy Radio Transmittbrs, Wayne 
Mason, University of Florida, Gainesville, Fla. 

An Electrical Nurse, J. A. Potter, Georgia 
School of Technology, Atlanta, Ga. 

Notes on a Sbribs Schbub of Modulation, C. W. 
Harrison, Jr., University of Virginia, University 
Va. (Presented by Mr. Porter of University of 
Virginia.) 

At. the elaborate banquet held Friday 
evening, a first prize for the best technic^ 
paper was presented to Mr. Mason, with 
second and third honors conferred, respec¬ 
tively, upon Mx. Potter and Mr. Rogers. 
The presentation of prizes was made by 
Professor W. W. Hill, counselor of the 
Student Branch at Alabama Polytechnic 
Institute and chairman of the District 
committee on student activities. Pro¬ 
fessor Hill carried the principal responsi¬ 
bilities of the conference, ably assisted by 
L. C. Balch, chairman of the API Student 
Branch. 

Principal speaker at the banquet was 
National Secretary H. H. Henline. The 
gist of his address was to the effect that 
engineering, instead of having in the near 
future a decad^t place in modem civiliza¬ 
tion, will have an increasingly important 
place and opportunity to function in the 
world’s development. He stressed the need 
for engineers of the future to have a greater 
knowledge of economics and a better un¬ 
derstanding of social problems. Mark 
Eldredge, AIEE vice-president forv the 
Southern District, also spoke briefly as did 
some others including API President L. N. 



The student authors of papers presented at the 
Southern District Student Branch conference 

(Left to risht) James A. Potter (fid prize) Geoi^ld 
T. M. Ferrill, Jr., Mississippi States G. J. Porter, Vfr- 
sinis; Gordon Rogers (3d prize) Glemsoni John £ 
Lowery, AUbama Poly.; Wayne Mason (Itt prize) 
- . , - Florida- 
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Dtmc^. The toastmaster was Professor Willard Gibbs Medal of the Chicago (HI.) 

John C. McKinnon of the API mechanical section of the American Society 

engmeering faoilty. FoUowing the ban- Doctor McCoy, for 16 years a tn>>«iKpr of 

quet ^engmeers’ ball was held for visitors the faculty of the University of Chicago 

^d API engineering students at the col- and now vice-president and director of 

lege s newly corseted WPA HaU, research of the Lindsay Light and Chemical 

At a short official business session Fri- Company. Chicago, was cited as “pioneer 

day afternoon, Virginia MiUtary Institute in a greater number of fundamental dis- 

was selected as the location for the next coveries than any but 3 or 4 living Ameri- 

^ual District Student Branch conference. can chemists.’* The medal was founded 

Colonel S. W. Anderson, professor of elec- in 1911, and is awarded by a national jury 

trical engineering at VMI and counselor of its of scientists. 

Student Branch, accordingly was elected 


chairman of the District committee on stu¬ 
dent activities and designated so to repre¬ 
sent the Fourth District at the forthcoming 
summer convention. An extended discus¬ 
sion among counselors and students led 
to a decision to restrict to 20 minutes the 
time allowed for the presentation of tech¬ 
nical papers, but to allow unlimited timft for 
discussion of them. The papers committee 
decided to give preference to papers based 
upon original investigations. 

Chicago Section Sponsors 
Joint Meeting on Economics 

At a joint meeting on March 22, 1937, 
the Chicago Section of the AIEE and the 
Western Society of Engineers heard 2 
papers on “A Broader Field of Action for 
the Engineers.” In the first, P. B. Juhnke 
(M*20, F*36) discussed the position of the 
engineers in the general economic struc¬ 
ture of the nation and urged that they be¬ 
come better acquainted with questions 
involving the production and consumption 
of goods and the effect of changes in the 
monetary system. The second paper, pres¬ 
ented by F. R. Innes (A'25, M’26) western 
editor of Electrical WorU, discussed the 
part that the engineer can take in directing 
the activities of the government in the 
electric-power field. 

Some 200 members and guests of the 
participating bodies attended the meeting. 
According to Earle Wild. (A’27, M'36) 
chairman of the publicity committee of the 
Chicago Section, those present expressed 
themselves as being highly in favor of 
meetings of this type. Further, it was the 
reported consensus of Opinion that engi¬ 
neering societies in gener^ should take 
more effective action concerning public 
affairs and broad economic problems within 
their respective fields. 

ASTM Standards Index. An index to the 
standards and tentative standards of the 
American . Society for Testing Materials 
tvhich gives information as of January 1, 
1937, has been made available. Copies are 
furnished without-charge; pn request to 
ASTM headqtiariiers, 260 South Broad St., 
Philadelphia, Pa. 


WIQard Gibbs Medal Awarded. Doctor 
Herbert Nfewby McCoy, internationally 
known for his achievements in radio¬ 
activity and in many other fields of dhemi- 
cal science, has been awarded the 1937 
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High-Voltage Conference 
to Be Held in Paris 

The ninth session of the International 
Conference on High Voltage Electric Sys¬ 
tems (CIGRE) is scheduled to be held in 
Paris, France, from June 24 to July 2,1937. 
This permanent organization of CIGRE 
was created in 1921 under the auspices 
of the International Electrotechnical Com¬ 
mission, and its biennial sessions bring 
together delegations from 40 different 
countries for the discussion of all problems 
relating to the design, construction, atiH 
operation of high-voltage electric systems. 
The last session in 1935 was attended by 
more than 1,200 delegates including govern¬ 
ment officials, power-utility engineers atid 
executives, electrical manufacturers, 
university professors interested in high- 
voltage developments. 

At the June session in Paris, 112 tech¬ 
nical papers from 20 different countries are 
already scheduled to be presented, includ¬ 
ing the following 6 American papers: 

1. Hioh-Spbbd Clbarinq and Ultra-Hiob- 
Spbbd Rrclosibo op FAin.TBo High-Voltaob 
Tkansmission Linss, by Flulip Sporn (A’20. 
F’80) American Gas and Electric Company, New 
York, N. Y., and D. C. Prince (A’16, F’26) General 
Electric Company, Philadelptiia, Pa. 

2. Liqbtnino Currents on Transhission Linbs, 
by W. W. Levns (A'09, M’13) General Electric 
Company, Sdienectady, N. Y. 

3. Liobtnino-Strokb Tbsts on Higb-Voltaob 
Apparatus in the Laboratory, by P. L. Bellaschi 
(A’20,_ M'34} Westinghouse Electric and Manu¬ 
facturing Company, Sharon, Fa. 

4. Liohtnino-Proof Transmission Lines, by 
A. F. Bang (A’ll) and Edmn Hansson (A’19, 
M'35) both of the Pennsylvania Water and Power 
Company, Baltimore, Md. 

5. Investigation by Precise Measurements of 
Suspension-Insulator Design Characteristics 
From the Standpoint of Service Rbquirbmbnts, 
by L. A. Meisse and J. J. Taylor, both of the Ohio 
Brass Company, Barberton. 

6. Insulating Oils, by K. S. Wyatt (A'32) 
The Detroit (Mich.) Edison Company. 

The proceedings are conducted in English, 
French, and (merman, and advance copies 
of all papers are available to all registered 
delegates. All delegates and their families 
are accorded reductions of 60 per cent in 
railway fares, and 40 per cent in hotel rates 
in Prance, and visits have been arranged 
for the delegates to the Paris International 
Exposition and to interesting. electrical 
installations as well as to points of historical 
and scenic interest. 

A permanent United States national com¬ 
mittee has been formed, composed of 
Frederic Attwood (M’27), F. A. AUner 
(A’12 M’14), P. L. BeUaschi (A'29, M’34), 
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^ XT I'- M*«r<*la«d 
W. W. Lewis (A’09, M’lS)* and 


W. W. Lewis (A’09, WIB?* and 

(A’ll, F’21), PhiKp Spom to 

a large American delegatic»*t>.j 3 t-is. i- nrihw 

attend the June session ixx CIGRE 

information may be obtaiJ:i^.^i.*.,-iii, Paris, 
Headquarters, 64 Avenue '*• Hfairs 

or from the president of 
national committee, Frede****^.,.* 

Church Street, New York, ^ 


P^kin Medal for 1937 h J 

Midgley, Jr., vice-president 

Gasoline Corporation, was ii 

the Perkin Medal for 1937 c>f * 

Chemical Industry at a joint t 

society and the American V 

held on January 8, 1937- *”*'!*"’ f 

awarded annually for the 
work in applied chemistry a.n d I** * 

to Mr. Midgley in recognition *»» 
in the development of antikm ***♦ •* * *** 

and safe refrigerants. MCx". ^*»***l**'^ •’‘ a 
fellow of the American Assoeit*-^***** tw 

Advancement of Science, and £*■ »if 

the American Chemical Soeiet rY* Awirikaii 

Institute of Chemical Enginec,**’#^* «f 

Automotive Engineers, and 
tions. 


Joint Summer Session 
on Economics Pldsunnedl 

The seventh annual econnxnitr** t imfrr- 
ence for engineers will be Ixelrl Ml Hfrvrnt 
Institute of Technology 

burg, N. J., June 18-26, lOaT, rmtnif 
rently with a summer sesaiotx 
by the Society for the Promot i* »ii nf 
neering Education on the stttdy #4 nrrrt- 
nomics in engineering colle.g:o», MritilN'i* 
of the conference will be weloojii** »t uity r4 
the lectures arranged for the 
A series of evening lectures “by »tt« 

thorities on economic and iiuttrs 

has been arranged for botht S 

4 courses planned are: 

1. Industrial Management, concf !•»« 

W. o. 

..a “oauotwj-,,; 

3. Industrial Economics, cond[i«c*«. « , 

Derter S. Kimball, formerly deeiw 

Cornell Univeraty. and Professojp xrf * 

Stevens Institute of Technology. * * ** I.wittls w 

4. Industrial Psychology, co*a cl. 
tor R. W. Uhrbrock, head of reseat^******* 
industrial relations division. The 

Company. ik 

Correspondence on enroUn,*,,,, . 

be addressed to President Hairxr#** 

Stevens Institute of Technolo»-%ji?^ 41* 

N. J. 


Semiannual Meeting of A.QiTVi*i* 

American Society of Mechaxxi^^^C, 
will hold its semiannual meet;ia-» * ^**8 Itmirti 
Mich., May 17-21, 1937. l^eiroitt 

will stress the contribution ojp Hittftillf 

tive industry to industry Jj, uatomth 
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though power plant engineering and other 
subjects will be included. The use of the 
Diesel engine will be discussed in several 
railroad sessions. Inspection trips to. points 
of interest in the vicinity of Detroit have 
been arranged and include the River Rouge 
plant of the Ford Motor Company, Connors 
Creek station of The Detroit Edison Com¬ 
pany, and the continuous strip mill of the 
Great Lakes Steel Corporation. 


Triennial Monteflore 

Prize Award Now Open 

Constituting interest on 150,000 Belgian 
francs, distributed triennially in inter¬ 
national competition for the best original 
work presented on scientific advancement 
and progress in technical application of 
electricity in every field, the George Monte- 
fiore Fotmdation prize award now is open 
again to candidates. The amount available 
for 1938 is 18,000 francs (about $600); 
the closing date for entries is April 30,1938. 

The competition is limited to works pre¬ 
sented during the 3 years that immediately 
precede the meeting of the jury of award. 
Papers either signed or anon 3 rmous are 
acceptable in typewritten manuscript or 
printed form, and must be written in either 
French or English and submitted in dupli¬ 
cate. By a V» vote of the jury of award, 
composed of 5 Belgian and 5 other electrical 
engineers, Va of the available amount may 
be awarded to a person who has not taken 
part in the competition, or to a work which 
without completely fitting the program, 
discloses a new idea that may have impor¬ 
tant developments in the electrical field. 

The secretary-registrar of the foundation 
may be addressed at the headquarters of 
the Association des Ing6nieurs 6lectriciens, 
31 Rue Saint-Gilles, Liege, Belgium. 


TVA Report. The annual report of the 
Tennessee Valley Authority for the fiscal 
year ended June 30, 1936, has been printed 
as a 377-page paper-boxmd volume, and 
may be obtained from the Superintendent 
of Documents, Washington, D. C., at 
66 cents per copy. 


Niagara Hudson 

Companies Consolidate 

The Buffalo General Electric Company, 
the Niagara Electric Service Corporation, 
and the Tonawanda Power Company have 
filed a certificate of consolidation with the 
department of state at Albany, N. Y., fol¬ 
lowing receipt of an order of the public 
service commission approving the consoli¬ 
dation of these companies as the Buffalo 
Niagara Electric Corporation. The an¬ 
nouncement by Colonel William Kdly, 
(F’26) president of the Buffalo Niagara & 
Eastern Power Corporation, parent com¬ 
pany for the 3 operating units involved 
in the consolidation, points out that the 
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move is a further step in the simplification 
of the corporate structure of the Niagara 
Hudson power system, and reduces the 
number of system companies to 33 from a 
total of 59 in existence on December 31, 
1929, the year the Niagara Hudson Power 
Corporation was formed. 

The Buffalo General Electric Company 
was incorporated in 1892 from a consoli¬ 
dation of 2 smaller companies, and in 1915 
absorbed a third company. Under another 
name, Niagara Electric Service Corporation 
also was formed in 1892, and adopted its 
present name in 1915; in 1928 2 ."anflUar 
companies were acquired. The Tonawanda 
Power Company was incorporated in 1899 
as a consolidation of 2 companies. To¬ 
gether these companies serve over 700,000 
people. 

Pennsylvania Railroad 
Continues Electrification 

The Pennsylvania Railroad has awarded 
contracts to 5 companies for continuation of 
electrification work. The ehtef liiip.<s now 
to be electrified are the main line from Paoli, 
near Philadelphia, to Harrisburg, Pa.; the 
freight line from Morrisville, Pa., tifrar 
Trenton, N. J., to Harrisburg; the freight 
line from- Columbia, Pa., to Perryville, 
Md,; and the freight line from Monmouth 
Juction to South Amboy, N. J. This will 
mark the completion of Ae original electrifi¬ 
cation program on the eastern lines as an¬ 


nounced by the railroad in 1928. The 
work will be financed by a $52,670,700 bond 
issue, and is expected to be completed in 18 
months. 

The new work will involve electrification 
of 316 miles of line and 773 miles of track. 
Upon completion of the work, the Pennsyl¬ 
vania Railroad system will have 2,677 miles 
of electrified trackage. The new construc¬ 
tion work will be of the same type as that 
now employed elsewhere in the railroad’s 
eastern electrified territo^. It is known 
as the cross-catenary construction, based 
on a system of overhead conductors held 
in place by an arrangement of flexible wires 
supported between structural steel poles 
set in concrete beds beyond the outer edges 
of the track. 

The 4-track main line of the Pennsyl¬ 
vania is now electrified between New York, 
Trenton, Philadelphia, Wilmington, Balti¬ 
more, and Washington, as are also the 
commutation lines around Philadelphia and 
New York. 


Aimual Convention of American Transit 
Association. The 56th annual convention 
of the American Transit Association and its 
affiliates will be held September .19-23, 
1937, at White Sulphur Springs, W. Va. 
The convention is expected to bring to¬ 
gether executives, operators, and mechan¬ 
ical men representing more than 90 per cent 
of the transit operations in the United 
States, Canada, and Mexico. Representa¬ 
tives of manufacturing companies also will 
attend. 
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W. D. CooLiDGE (A’lO, M’34, Edison 
Medalist ’27) director of the research lab¬ 
oratories of the General Electric Company, 
Schenectady, N. Y., recently was awarded 
a John Scott Medal “for the application 
of a new principle in X-ray tubes,” as an¬ 
nounced in the April 1937 issue of Elec¬ 
trical Engineering, pages 495-6. Doctor 
Coolidge was bom October 23, 1873, at 
Hudson, Mass., luid received the degrees 
of bachelor of science in electrical engineer¬ 
ing (1896) and doctor of philosophy (1899) 
at Massachusetts Institute of Technology 
and the University of Leipzig (Germany), 
respectively. Following his graduation in 
1899 he was appointed to the faculty of 
Massachusetts Institute of Technology 
in 1901, as an instructor in physical chem¬ 
istry. In 1904 he was promoted to a^is- 
tant professor' of physicochemical research/ 
but served in that capacity for only one 
year before joining the ^aff of the General 
Electric research laboratories at Schenec¬ 
tady. From 1908 until 1927 Doctor 
Coolidge served as assistantfdirwtor of the 
research laboratories, and in 1928 was tnade 
associate director. He has been director of 
the laboratories since 1932. He has been 

active in many branchesof electrical re^rdi, 
but is most widely known for his develop¬ 

News 


ment of a process for manufacturing ductile 
tungsten for use in incandescent lamps, 
for the Coolidge X-ray tube, for improve¬ 
ments in submarine detecting devices, and 
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for researches on cathode-ray tubes. Doc¬ 
tor Coolidge recdved the Effison Medal hi 
1927 "for his contributions to the incan¬ 
descent electric lighting and the X-ray 
aris;” He has been honored by several 
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other scientific organizations, having re¬ 
ceived the Rumford Medal in 1914 “for 
invention and applications of ductile tung¬ 
sten,” the Howard N. Potts Medal “for 
development of a new and improved X-ray 
tube,” the Louis Edward Levy Medal of 
the Franklin Institute, the gold medal of 
the American College of Radiology, a mpttai 
of award at the Panama-Pacific Interna¬ 
tional Exposition in 1916, the Hughes 
Medal of the Royal Society in 1927, and 
the Washington Award in 1932. Doctor 
Coolidge served the Institute as a mem¬ 
ber of the committee on electrophysics 
from 1927 to 1929. He has contributed 
the results of his original researches to 
many scientific publications, and has pre¬ 
sented several papers before the Institute. 
Doctor Coolidge is a member and past- 
vice-president of the Washington Academy 
of Sciences, and honorary member of the 
American Roentgen Ray Society, a fellow 
of the American Academy of Arts and 
Sciences, and a member of the American 
Chemical Society, American Electrochemi¬ 
cal Society, American Physical Society, 
National Academy of Sciences, American 
Associa,tion for the Advancement of Science, 
Radiological Society of North America, 
American College of Radiology, and several 
foreign scientific societies. He was a mem¬ 
ber of the Corporation of Massachusetts 
Institute of Technology from 1930 to 
1936. 


In 1936 he was dected vice-president of 
the Consolidated Edison Company of New 
York when the New York Edison Company, 
Inc., was merged with the Consolidated 
Edison Company. For the last 6 years 
Tapscott has been co-ordinating the 
engineering, construction, and operation 
of the electric companies affiliatM with 
the Consolidated Edison Company. He 
served the Institute as a director (1930-34) 
and as a vice-president (1934-36) ; in ad¬ 
dition, he has been a member of the com¬ 
mittee on standards, 1924-29; electrical 
machinery, 1926-27; power transmission 
and distribution, 1926-28; headquarters, 
1928-36 (chairman, 1929-33); Edison 
Medal, 1930-34; finance, 1931-36 (chairman, 
1934-36); and co-ordination of Institute 
activities, 1934-36. Mr. Tapscott was 
active in the former National Electric 
Light Association. He was chairman of 
the electrical apparatus committee, and 
later a member of the engineering national 
committee of that organization. 


R. H. Tapscott (A’18, F’29, past vice- 
president) who has been vice-president in 
charge of electrical operations. Consolidated 
Edison Company of New York (N. Y), 
Inc., recently was elected president and a 
trustee of that company. Mr. Tapscott was 
born in Brooklyn, N. Y., August 31, 1886 
and was graduated from Union College 
with the degree of bachelor of science in 
electrical engineering in 1909, following 
which he joined the testing department of 
the General Electric Company, Schenec¬ 
tady, N. Y. Shortly afterward he was 
transferred to the lighting engineering 
department, where his work largely in¬ 
volved co-operation with a group of New 
York utility companies. In 1917 Mr. 
Tapscott left the General Electric Company 
to become assistant chief electrical engineer 
of the New York Edison Company. In 
1926 he was promoted to the position of 
electrical engineer, and in 1932 became 
vice-president of that company and of the 
United Electric Light and Power Company. 


Andr6 Blondel (A’06, HM’12) pro- 
f^sor of applied electricity at I’Ecole Na- 
tionale des Fonts et Chaussees, Paris, France, 
has be^ awarded the Faraday Medal of 
the British Institution of Electrical Engi¬ 
neers. The medal is awarded once each year 
for notable scientific or industrial advance- 
m^t in electrical engineering, ot for con¬ 
spicuous service rendered to the advance¬ 
ment of electrical science. Professor Blon¬ 
del was bom at Chaumont, France, in 1863, 
and was graduated from the universities 
of P^is and Dijon in 1889. He was then 
appointed engineer in the Department 
des Fonts et Chaussees (dvil engineering), 
and from 1890 to 1927 was engaged in the 
Hghthouse service of that department, 
with the titles of engineer-in-chief and in¬ 
spector-general. He has held his present 
position as professor of applied electricity 
since 1904. During his long service. Pro¬ 
fessor Blondel has been instrumental in 
introducing many important changes in 
signaling on the coasts of France, prin¬ 
cipally by means of mdio. In 1897 he 
conducted an exhaustive series of experi¬ 
ments on the electric, arc, which led him 
to study the measurement of electrical 
quantities and to develop the art of photom¬ 
etry, a field in which he has long been a 
leading authority. His investigations have 
been extended to include the advancement 
of electrical theory and practice in relation 
to many types of equipment. He is per- 
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haps most famous for his 2-reaction theory 
of synchronous machines and his work on 
the oscillograph, although he has to his 
credit many inventions in widely diversi¬ 
fied dectrical applications. His published 
contributions to dectrical-engineering litera¬ 
ture have been extensive. He has pre¬ 
sided over committees and commissions, 
na,tional and international, and has re- 
cdved many honors in his own land and 
abroad. 


R. A. Millikan (M’22, HM’33, Edison 
Medalist ’22) director of the Norman Bridge 
Laboratory of Physics and chairman of 
the executive council of California Institute 
of Technology, Pasadena, has been awarded 
a 1937 Franklin Medal of the .Franklin 
Institute for his isolation and measure¬ 
ment of the fundamental unit of dectricity 
the dectron.” Doctor Millikan was born 
at Morrison, Ill., March 22, 1868, and re- 
cdved the degree of bachelor of arts at 
Oberlin College in 1891; in 1896 he re- 
cdved the degree of doctor of philosophy 
at Columbia University, and during the 
following year attended the universities of 
Berlin and GSttingen. He has recdved 
honorary degrees from universities in the 
United States and other countries. From 
1891^ to 1893 Doctor Millikan tutored in 
physics at Oberlin College, and in 1896 be- 
c^e an asastant in physics at the Univer- 
aty of Chicago, becoming assistant pro¬ 
fessor in 1902. In 1906 he became assodate 
profe^or and continued to serve in that 
capadty until he was appointed professor 
iq 1910. Since 1921 he has been director 
of the Norman Bridge Laboratory of 
Physics and chauman of the executive 
council of California Institute of Technol- 
ogy. Doctor Millikan has conducted many 
fundamental experiments in physics that 
have become important contributions to 
^entific knowledge. Recently he has 
been active in researches pert aining to the 
so-called cosmic ray and to the physics of 
the electron, although many of his earUer 
investigations were more directly appli- 
^ble to ^ electrical engineering. Doctor 
M^ikan is a member of many technical 
and sdentific sodeties in the United States 
and in foreign countries, and has served 
as president of several of them. 


H. A. WiNNE (A’16) manager of sales 
in the mining and steel mill section of the 
industrial department. General Electric 
Company, &henectady, N. Y., has joined 
the engineering department of that company 
M general assistant to the vice-president 
m charge of engineering. Mr. Winne, a 
native (1888) of Cherry VaUey, N. Y., 
attended Syracuse University, gradualiag 
in 1910 with the degree of dectrical engineo:. 
In the same year he entered the employ 
of the- General Electric Company as a 
student digineer in the testing department; 
In 1911 he became head of the large motor, 
gdierator, and sjnachronous converts test, 
aqd in the following year was made as¬ 
sistant general night foreman of the 
department. In 1916, Mr. Winne was 
promoted to the powtt ami mining engi- 
heoing department, w:here he remained imtil 
1922, when he was tr^ferred to the sted 
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mill section of the industrial engineering 
department. He became head of the steel 
mill section in 1930, and in 1936 was ap¬ 
pointed manager of sales of the combined 
mining and steel mill sections, Mr. Winne 
is a member of the Institute’s committees 
on electric welding and applications to iron 
and steel production. 

E. V. Caton (M’23) chief engmeer and 
manager of power production, Winnipeg 
(Man., Canada) Electric Company, has 
been elected president of the Association 
of Professional Engineers of Manitoba. 
Mr. Caton, a native (1884) of Hore, Eng¬ 
land, attended Brighton Technical College 
and Sheffield University, and received an 
honors certificate from the City of Guilds 
Institute in Electrical Engineers. He re¬ 
ceived his early technical training in various 
English jSrms before going to Canada in 
1912 to accept a position as chief engineer 
of the Hydro Electric System of the City 
of Winnipeg, with full charge of extensions 
and construction. In 1922 he became 
electrical engineer for the Winnipeg Elec¬ 
tric Company and has been manager of that 
company since 1925. 

C. H. Sharp (A’02, F’12, member for life) 
consulting engineer, White Plains, N. Y., 
has been appointed to represent the Insti¬ 
tute upon the subcommittee of the United 
States National Committee of the Inter¬ 
national Commission on Illumination to 
consider a proposal of the National 
Bureau of Standards for the international 
standardization of photometric units. Doc¬ 
tor Sharp is a member of the Institute’s 
committee on standards and of the Thomas 
Alva Edison Foundation. 

W. S. Gordon, Jr. (A’27, M’35) has 
resigned as superintendent of electrical 
construction at the Philadelphia,. (Pa.) 
Navy Yard to accept a position as super¬ 
vising engineer with Vare Brothers, Phila¬ 
delphia, in connection with that firm’s por¬ 
tion of the Harrisburg electrification of 
the Pennsylvania Railroad. Mr. Gordon 
is co-author of a paper "A Reyiew of Euro¬ 
pean Railway Electrification,” published 
in the April 1932 issue of Electrical 
Engineering, pages 244-52. 

William McClellan (A’04, F’12, past- 
president) president of the Potomac Electric 
Power Company and the Washington 
(D. C.) Railway and Electric Company, 
has been appointed a representative of 
the Institute upon the Hoover Medal board 
of award for the 6-year term begmming in 
May 1937. Doctor McClellan is also the 
Institute’s representative on the council 
of the American Engineering Council. 

■ A. A. Thompson (A’08) Downers Grove, 
HI., an employee of the General Electric 
Company, has received a 1936 Charles A. 
CofiGbn Foundation award "in recognition 
of his unusual keenne^ in seeing trouble 
and his persistence in correcting it.” Mr. 
Thompson has been associated with the 
General Electric Compriiy since 1905, 

R, W- Warner (M’28) professor of 
electrical engineering, Univerrity of Kansas, 
Lawrriice, has been appointed a tlurd al- 
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temate upon the delegatory committee for 
region 6 of the committee on engineering 
schools of the Engineers* Council for Pro¬ 
fessional Development, relative to the 
accrediting of engineering schools by the 
Council, 

T. O. SwEATT (A’33) recently resigned 
from the electrical department of Gibbs & 
Cox, Inc., marine architects and engineers. 
New York, N. Y., to accept a position with 
the consulting engineering firm of Gibbs & 
Hill, Inc., New York. 

E. C. Brown (A’26) assistant manager, 
Connecticut Valley Power Exchange, Hart¬ 
ford, Conn,, recently was elected chairman 
of the New England System Operators’ 
aub. 

H. A. Wagner (A’98, M’03) president of 
the Consolidated Gas, Electric Light, and 
Power Company of Baltimore, Md., has 
been elected a member of the executive 
committee of the Baltimore Association of 
Commerce, 

H, C. Hamilton (A’23, M’26) super¬ 
intendent of the standardizing and testing 
department of the Edison Electric Illu¬ 
minating Company of Boston, Mass., has 
been elected chairman of the New England 
Electrical Equipment Committee. 


OLituaury 


Edgar Knowlton (A’ll) electrical en¬ 
gineer, General Electric Company, Sche¬ 
nectady, N. Y., died January 19, 1937. 
Mr. Ejiowlton was bom July 7, 1871, at 
Portland, Me., and received his formal 
engineering education through corre¬ 
spondence schools and independent study. 
He entered the employ of the General 
Electric Company in 1893 as a draftsman 
on a-c motor and generator design, and 
was continuously associated with that com¬ 
pany for almost 44 years. In 1899 Mr. 
Knowlton was transferred to the a-c en¬ 
gineering department on prdiminary me¬ 
chanical and electrical design of a-c machin¬ 
ery, and in 1903 was transferred to the • 
design of turboaltemators. Later he was 
placed in charge of turbogenerator design, 
and for many years was mgaged in a-c 
engineering problems. 


Jambs Dhu Andrew (A’06) manager 
of The American Boiler Manufacturers 
Association, New York, N. Y., died March 
22,1937. Mr. Andrew was bora October 29, 
1874, at Brooklyn, N. Y., attended the 
school of mines of Columbia University 
and in 1899 became a. mechanical engineer 
for the Metropolitan Street Railway Com¬ 
pany of New York, N. Y. From 1903 to 
1906 Mr, Andrew was chief engine for 
the New York .Edison Company. For 
6 years thereafter he was superintendent 
of power for the Boston (Mass.) Elevated 
Railway Company, following which he was 
superintendent of engineering for the 
Edison Electric TlluTninH.rtng Company of 


Boston. Later he was manager of ship 
construction of the Hog Island Shipyard, 
president of the American Balsa and Balsa 
Refrigerator Company, New York, and 
president of the Standard Tank Car Com¬ 
pany, Sharon, Pa. He served also as vice- 
president of Stevens and Wood, Inc., of 
New York, in charge of design, construc¬ 
tion, and operation of some power plants 
in Ohio. From 1926 to 1929 Mr. Andrew 
was a general consulting e n gineer for Ar¬ 
mour & Company, Chicago, Ill. Later 
he was chief engineer of the Niagara Hudson 
Power Corporation. He was a member of 
The American Society of Mechanical Engi¬ 
neers and the Society of Naval Architects 
and Marine Engineers. 


Frederick Stewart Cutting (M’31) 
deputy public service engmeer of the City 
of Providence, R. I., died March 13, 1937, 
Mr. Cutting was bom January 18, 1882, 
at Cranston, R. I. In 1904 he became as¬ 
sistant to the president of the Massie 
Wireless Telegraph Company, Providence, 
and was placed in charge of design, con¬ 
struction, testing, and mmntenauce. He 
remained in the employ of that company 
until 1912, when he was engaged as an 
electrician for the New London (Conn.) 
Sliip and Engine Company. In the fol¬ 
lowing year he became chief clerk of the 
power and line department of The Rhode 
Island Comply, which later became the 
United Electric Railways Company. Dur¬ 
ing the World War, and until 1923, Mr. 
Cutting served in the United States Navy] 
first as an instructor in electrical engineer¬ 
ing at the United States Naval Radio 
School at Harvard University, and later 
as an engineering officer and inspector of 
machinery. From 1923 to 1926 he was 
employed in electrical construction work 
for the Dwight P. Robinson Company 
and the Carleton-Mace Company, of 
Boston, Mass., and for a brief period was 
employed as appraisal engineer for Jackson 
and Moreland, consulting engineers. In 
1927 Mr. Cutting was appointed deputy 
^oke inspector for the City of Providence; 
in 1929, deputy public service engineer. 
He was a member of The American Society 
of Mechanical Engineers. 


Frank George McRae (A’07) New 
York Power and Light Corporation, Al¬ 
bany, N. Y., died January 24,1937. Mr. 
McRae was born February 5, 1879, at 
Schuylervffie, N. Y., and was graduated 
from Cornell University with a degree b 
electrical engineering in 1902. In 1903 
he entered the employ of the Hudson River 
Electric Power Corporation, Albany, where 
he served in various capacities in the oper¬ 
ating department^ of that company until 
1914. At that time he became superin¬ 
tendent of distribution of the Adirondack 
Electric Power Corporation at Glen Palls, 
Ni Y, In 1922 Mr. McRne was transferred 
to the Amsterdam (N, Y.) office of that 
company and m the following year to the 
Schenectady offices. He remained iii the 
Schenectady offices of the Adirphdack 
Electric Power Corporation until 1928, 
when he, became associated with the N^w 
York Power and Light Corporation at 
Albany. 






Recommended 
for Transfer 

examiners, at its meeting on April 
14, 1937, recommended the following members for 
transit to^ the grade of membership indicated. 
Any objMtion to these transfers should be filed at 
once with the national secretary. 

To Grade of Fellow 

Chiltohose, E. A., senior engineer, Federal Power 
Commission, New York, N. Y. 

Don^l, P. S., deu of division of engineering, 
Oklalmtu Agncnltural and Mechanical Col¬ 
lege, Stillwater, Okla. 

Eshbach, O. W., special asssistant, personnel depart¬ 
ment, Ammcan Telephone and Telegraph 
Compai^, New York, N. Y. 

Newton, J. M., president. The Roland T. Oakes 
Conmai^, Holyoke, Mass. 

4 to Grade of Fellow 


Cupitt, I. M. (Member) American Telephone and 
^ Tel^aph Company, New York, N. Y. 
lJa*ley, ]• A., General Electric Company, ICansas 
City, Mo. 

Devereaux, A. J., Central Nebraska Public Power 
and Imgation District Hastings, Nebr, 
Dietsch, R. C., Texaco Development Corporation. 
Los Aneeles. Catlf. 


To Grade of Member 

^****55* t®®J**deal assistant to executive staff. 
The Narragansett Electric Company, Provi¬ 
dence, R. I. r J. 

Barron, !>■ W., '^c^president and assistant engi- 
New York, N, 
engineer, Allis-Chalmers 
Company,^ Boulder aty, Nev. 
Con^l, D. J., electrical engineer. The Scranton 
Electm Company, Scranton, Pa. 

Crui^ey, H. L., rfectrical engineer, E. M. Gilbert 
Engmeenng Corporation, Reading. Pa 
Defa^oif, F. M., physidat, Nationid Bureau of 
Standards, Washinrton, D, C. 

R. W,, transmission and protection end- 

Lonft Marvin, engineering assistant to toll funda¬ 
mental plM erigin^ Bell Telephone Company 
of Pei^lvania, Philadelphia. 

^ttenon, J, B., aeronautical engineer. Natiotifi.1 
- . Bureau of Standards, Washin^^fa. C, * 
faciUties endneer. National 
<^.“iPany^ Inc.-, New York, N. Y, 
wichum, ^do^ duef engineer, C. J. Tagliabue 
Company, Brooklyn, N; Y 

.ei^neer,^eJ^-ghouse 
Blrotric & Manufactunng Company, Portland, 

12 to Grade of Member 

Applications 
for Election 

reedved at headquarters 
bSStJ? si election to men^ 

bjaimp in the Institute. If the applicant has an. 

direct admission to a grade hiaher th^ 
^aa®e^fe, the grade folllows inunediately after the 
“**“*•, member objecting to the election of 
these cat^^tes should so inform the na- 
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^“4?k£4, ^®^®" Company, 

New 

Technology, 

®“^S>o. 111*^““®“^®®**^ Company, 

Kodak Co., Rochester, 
Bend^ b. s., 1836 Arch Street, Philadelphia, 

^***^^’ -D ■ ®*',^us®hdated Gas, Electric Light 
Bran^^u^fJSr®*’ Baltimore, Mi ^ 

Comply, 

To* Oon««y, . 

^felSatSS" <=»«P“3r. J 


. --—, ... .ucuu .vcvciuifiacai. v.o[poraaon, 

“• Los Angeles, Cahf. 

« Edwards, J. H. (Member) General Cable Corpora¬ 
tion, New York, N. Y. 

Enquist, E. A. Tr., Consolidated Edison Company 
of New York, Inc., New York, N. Y. 

Fletcher, G. R. (Member), Virginia Public Service 
Co., Alexandria, Va. 

i, To°°dsee Valley Authority, Ejiox- 

Garrett, P. A. (Member) Commonwealth Edison 
t- ^ .9.9‘upa“y> Chicago, Ill. 
jj GasdU, H. R., 4416 Pine Street, Philadelphia, 

Gatchell, O. W. (Member) Cooper IWre Engineering 
Association, Washington, D. C. * 

Gibson,^ G. P.j Westinghouse Electric & M.nHf . y.- 
tr Bast Pittsburgh, Pa. 

Corpor.tIo., 

; ’'“oS&.Sroffi” 

Hend^soi^W. D., 3721 Locust Street, Philadel- 

HehS-i^, J. The Milwaukee Electric Railway 
Milwaukee, Wis. 

T>^‘* and Queens Electric Light 

Blushing, N. Y. 

^mrotid|!‘N.®Y.°“®”* Company, 

Hughey P. E., Star Route, Newburgh. N Y 

^ iii&oi; ch.wo!l£“ 

Conp«.y. 

C.‘ ^“Pany, Charlotte, 

f ?a* i^/:.^ ‘*r^®®*^3house Electric and Manu- 
^ ,*actumg Cimpany, Sharon, Pa. 

^ ^^a^afo^;’ Company, At- 

y!’ Theatre, New York, 

F* (^«™her) New York and Queens 
El^nc IsgM and Power Company, Flushing, 

'^“xoirfS, Appiw Con... 

'''*?foV/Tiic^T'‘"'*“' !*>»“«»*». l™.. 
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Nicholson, H. H., Electric Storage Battery Com¬ 
pany, Cleveland, Ohio. 

Nofrey, C. E., 8014 Clay St., San Francisco, Calif. 
NoriMn^G. H. L., Aerovox Cotimration, Brooklyn, 
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New Books 

In the Societies Library 

Among the ^new books recdved at the Engi¬ 
neering Societies Library, New York, recently, 
are the following which have been selected be¬ 
cause of their possible interest to the electrical 
mgineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
in the following outlines, information for 
which IS taken from the preface of the book in 
question. 


VDE-FACHBERICHTE, volume 8. 1986. 

Berlin-Charlottenburg, Verband Deutscher Elek- 
trotechniker. Illustrated, 12x8 in., paper, 10.20 
rm.: bound, 13.50 rm. Contains papers delivered 
at the 1936 meeting of the Verband Deutscher 
Blektrotechniker. Discusses many branches of 
electrical engineering: power generation, distribu¬ 
tion, communications, lighting, and high-frequency 
engineering. 

SYMPOSIUM on RADIOGRAPHY and 
X-RAY DIFFRACTION METHODS, held at the 
89th Annual Meeting of the American Society for 
Testing Materials, Atlantic City, N. J., June 80- 
July 1, 1986. Philadelphia, American Society for 
Testing Materials, 1937. 350 pages, illustrated, 
9x6 in., cloth, 84.00. A collection of papers on the 
u^ of X rays and gamma rays for testing mate¬ 
rials. Provides an account of the available meth¬ 
ods and suggests future developments. 

PROTECTION of ELECTRIC PLANT. By 
P. F. Stritxl. .London and New York, Pitman 
Publishing Corporation, 1936. 200 pages, 

illustrated, 9x6 in., cloth, 86.00. Provides a 
rewew of developments in protective devices. 
Chapters are devoted to the protection of genera¬ 
tors, transformers, and high- and low-voltage lines 

DESIGN of ALTER-' 
NATING CURRENT MACHINES. By M. G. 
&y and E. N. Pink. London and New York, 
Pitman Publishing Corporation, 1936. 562 pages, 
illustrated, 9x6 in., cloth, 86.00. Limited to the 
pnndpal types of a-c machines; the transformer, 
the S-phase induction motor, and the synchronous 
motor and generator. Outlines the theory of each, 
and discusses details of performance, control, test¬ 
ing, construction, and design, 

.MANAGING for PROFIT. By C. E. Knoeppel 
with the collaboration of £. G. Seybold. New 
York and London, McGraw-Hill Book Company, 
1937. 848 pages, illustrated, 9x6 in., cloth, 88.50. 
Discusses working methods for profit planning and 
control and describes recently developed aids to 
management in the way of profit-making tools and 
methods. 

INDEX to ASTM STANDARDS and TENTA¬ 
TIVE STANDARDS, January 1, 1937. Phila¬ 
delphia, American Society for Testing Materials. 
118 pages,. 9x6 in., paper, gratis. Enable the user 
to ascertain whether the society has issued stand¬ 
ard or tentative standards, test methods, or defini¬ 
tions upon any engineering material or subject, and 
to locate the volume in which the latest informarion 
is found. 

ELEMENTS of APPLIED ELECTRICITY. 
4 volumes. By B. C. Chatterjee. 2 edition. 
Benares, India, Shiva Narayan Chatterjee, 1 
Laksha Road, 1981—1936. 8x5 in., cloth. Volume 

I, 412 pages; volume 2, 736 pages; volumes 3—4, 
1142 pa|;es. apply. Presents a course in practical 
engineering intended primarily for students. 

_ HISTORY of the DISCOVERY of PHOTOG¬ 
RAPHY. By E. Potonni^e, translated by E- 
Bpstean. New York, Tennant and Ward, 1936. 
272 pages, 10x6 in., cloth, 88.00. Affords an 
account of the origin of photography and of its 
development to the end of the Daguerrean period, 
about 1661. 

THEORETICAL ASTROPHYSICS, Atomic 
Theory and the Ana^sis of Stellar Atmospheres 
and Envelopes. . By S. Rosseland. Oxford, Engr 
land, Clarendon Press; New York, Oxford Um- 
yersity Press, 1936. 865 pages, illustrated, 10x6 
in., doth, .88.00. Presents a mathematical and 
physical picture of the constitutions of stellar 
atmosphere, nseous nebular and inter-stellar 
clouds projected to atomic physics as a ba^grotmd. 

Introduction to PBtYSlCAL OPTICS. By 

J. K. Robertson. 2 editions. New York, D. Van 
Nostrand Compatv, 1985. 471 pages, illustrated, 
9x6 in., cloth, 84.00. Aims to provide a compre- 
henrive introduction to the subject. 


MEN, MONEY, and MOLECULES. Hty W. 
Haynes. Garden City, N. Y., Doubleday, Doran 
wd Company, 1936. 214 pages, illustrated, 8x5 
in., leather, 81.60. An informal history of the 
American chemical industry, intended for the 
general reader. 

Deutsches Museum Abhandlungen und Berichte, 
Jg, 8, Heh. 1. GROSZE und MASSE der MOLE- 
XULE und ATOME. By E. Ruchardt. Berlin, 
VDl-Verlag, 1936, 27 pages, illustrated, 8x6 in., 
paper, 0.90 rm. A brief account of the methods 
used for investigating the size and mass of mole¬ 
cules and atoms. 

74. VDI-HAUPTVERSAMMLUNG DARM¬ 
STADT 1936 und 80-Jahrfeier des Vereines 
Deutscher Ingenieure. FACHVORTRAGE. Berlin, 
VDI-Verlag, 1936. 406 pages, illustrated, 12x8 in., 
paper, 6 rni. Contains papers presented at the 
annual meeting of the Ve'rein Deutscher Ingenieure. 
Sjpecial attention is given to problems connected 
with national resources in food, raw materials, and 
power. 

PHOTOGRAPHY. By C. E. K. Mees. New 
York, Macmillan Company, 1937. 226 pages, 
illustrated, 9x6 in., cloth, 83.00. A review of the 
whole subject of photography. Based upon a se¬ 
ries of Christmas lectures at the Royal Institution, 
London; simple and popular in style. 


ART and the MACHINE, an Account of Indus- 
toal Design in 20th-Century America. By S. 
Chen^ and M. C. Cheney. New York, McGraw- 
BSll Book Company (V^ttlesey House), 1086. 
807 pages, illustrated, 10x7 in., cloth, 83.76. Dis¬ 
cusses the new firid of 'mdustnal design.** 
Traces the development of this blending experi¬ 
ment through the last few decades. 

DEUTSCHES MUSEUM. Abhandlungen und 
Benchte, Jg. 6, Heft 5, 1936. ENTWICKLUNG 


Benchte, Jg. 6, Heft 5, 1936. ENTWICKLUNG 
der KINOTECHNIK. By R. Thun. Berlin, 
VDI-Verlag, pages 111-138, illustrated, 8x6 in., 
paptf, 0.90 rm. Gives a bnef, popular outline of 
the development of moving pictures. 

^ EVERY DAY BUT SUNDAY, the Romantic 
Age of New England Industn^. J. F. Copeland. 
Brattleboro, Vt., Stephen Daye Press, 1986. 294 
pages, illiMtrated, 9x6 in., cloth, 82.60. The story 
of Mansfield, Mass., csuried to the end of the nine¬ 
teenth century. Gives a picture of an early indus¬ 
trial commumty; of considerable historic interest. 

HANDMAIDEN of the SCIENCES. By E. T. 
Bell. . Baltimore, Williams and Wilkins Company, 
1937. 216 pages, illustrated, 0x6 in., cloth, 82.00. 
Shows that mathematics, in one sense queen, is also 
' the servant of the sciences. Explains and demon¬ 
strates the usefulness of such concepts as conic sec¬ 
tions, fourth and higher dimensions, continuity and 
discreteness, chance and probability. 

COMMUNICATION ENGINEERING. By 
W. L. Everitt. 2nd edition. New York and London, 
McGraw-Bfiil Book Company, 1937. 727 pages, 
illustrated, 9x6 in., cloth, 85.00. Treats the sub¬ 
ject of communication systems as distinct from 
power systems. Consideration is given only to 
general and fundamental aspects of network' theory 
and layout. Based on the assumption that the 
re^w already has the necessary groundwork in 
principles of a-c and d-c systems, and leaves specific 
applications to be studied in the field. The chap¬ 
ters on complex quantities and methum- and high- 
requency measurements have been deleted. 

DEUTSCHES MUSEUM, Abhandlungen und 
Berichte, Jg. 8, Heft 6, 1936. Die ENTWICK¬ 
LUNG der FUNKENTELEGRAPHIE, by J. 
Zenneck. Berlin, VDI-Verlag, 1936. Pages 189- 
171, diagrams, 8x6 in., paper, 0.90 rm. Traces the 
fundamental ideas of mreless telegraphy and the 
principal steps in its development. 

ELECTRICAL MEASUREMENTS, Precise 
Comparisons of Standards and Absolute Deter¬ 
minations of the Units. . By H. L. Curtis. New 
York and London, McGraw-Hill Book ^mpany, 
1937. 302 pages, illustrated, 9x6 in., cloth 84.00. 
Deals with methods used in absolute measurements 
of elTCUic units. The introductory chapters cover 
definitions and the history of electrical units. Dis¬ 
cusses each absolute measurement determination 
given; but considers only the prerise ones. Brief 
appendixes give the computation of elliptic inte¬ 
grals and the rraults of absolute determinations of 
riectncal units in various countries. 

_ ELEKTRISCHE MBSSGERXTB und MESS- 
EINRICHTUNGEN. By A. Palm. Berlin, 
Julius Springer, 1987. 231 pages, illustrated, 9x6 
in.i cloth, 16.50 ra. A textbook for engineers and 
students, presenting the principles and construction 
of electrical measuring instruments and their prac¬ 
tical applications. 


elements of ELECTRICITY. By W. H. 
Timbie. 3rd edition. New York, John‘mley and 
Sona 1937. 569 pages, illustrated, 9x6 in., cloth, 
83.00. Provides a brief treatment of a few funda¬ 
mental ideas that a technical student must know 
well. Presents new material on electronics and 
vacuum tubes, and covers electrical Imeasurements, 
batteries, and d-c and a-c machinery. 

(The) IDENTITY THEORY. By B. Stevens. 
2nd edition, revised and enlarged. Manchester, 
England, Sherratt & Hughes; New York, C. E. 
Stechert and Co., 1936. 243 -|- 16 pages, illus¬ 

trated, 9x6 in., cloth, 7s. 6d. - Presents a mathe¬ 
matical theory of space-time relations as applied to 
the universe. Text is divided into articles, each 
one presenting a single argument. The reader is 
assumed to have had mathematical training. 

INDUSTRIAL ELECTRICITY and WIRING. 
W J. A. Moyer and J. F. Wostrel. 2a.d edition. 
New York and London, McGraw-Hill Book Com- 
Pa^, 1937. 602 pe;ges, illustrated, 8x6 in., cloth, 
82.75. Based on the latest regulations of the. Na¬ 
tional Electrical Code. Covers fundamental 
theory and practical wiring information. 

INSTRUMENT TRANSFORMERS. By B. 
Hague. London, Sir Isaac Pitman and Sons; 
New York, Pitman Publishing Corporation, 1936. 
656 pages, illustrated, 9x6 in., cloth, 810.00. An 
^te^ve summary of papers and mag^azine articles, 
with the object of giving a general view of the com¬ 
plete field covering theory, construction, character¬ 
istic features, and testing of instrument transform¬ 
ers. 

JONES ANTENNA HANDBOOK, 1937 edition. 
®y .?• Jones. San Francisco, Pacific Radio 
Pubhshmg Company, 64 pages, illustrated, 9x6 in., 
paptf, 80.50. Aims to provide practical guidance 
in the selection and instruction of the best type of 
antenna for any specified purpose and location. 

LEHRBUCH der HOCHFREQUENZTECH- 
NIK. By F. '\^Ibig. Leipzig, Akademische Ver- 
jagsgesellschaft, 1937. 775 pages, illustrated, 9x6 
in., cloth, 82.80 rm. Aims to provide a review of 
theory and current practice in the field of high- 
frequency engineering. 

MARINE ELECTRIC POWER. By Q. B. 
Newman. New York, Simmons-Boardman Pub- 
Ushing Corporation, 1937. 169 pages, illustrated, 
9x6 lUy cloth, 82.00. A collection of material re- 
pnnted from Marine Engineering and Shipping Re¬ 
view, derigned to present simply the basic prinriples 
underlying the electrical equipment used on ships. 
Intended primarily for those who have had little 
groundwork in physics and mathematics. 

MATHEMATICAL RECREATIONS and ES- 
.SAYS. By W. W. R. Ball. 10th edition. Lon- 
non and New York, Macmillan and Conmany, 1931. 
366 pages, illustrated, 8x5 in., cloth, 83.o0. Covers 
arithmetical, geometrical, and mechanical problems. 


NATIONAL ASSOCIATION OF RAILROAD 
and UTILITIES COMMISSIONERS. PRO¬ 
CEEDINGS of 48th Annual Convention, held at 
Atlantic City, N. J., November 10 to 13, 1936. 
New York, State Law Reporting Co., 641 pag;es, 
tables, 9x6 in., cloth, 86.00. Contains the mscus- 
sions on the topics set for this meeting. Includes 
uniform^ systems of accounts for gas and electric 
companies, the operation of the federal motor-ear¬ 
ner act, the regumtion of electric utilities and of 
telephone companies, progress in public-utility regu¬ 
lation, and public-utility rates. 


Engineering Societies Library 

29 West 39th Street/ New York, N. Y. 

M aintained as a public reference library 
of engineering and the allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modern technical boob is 
available to any member residing in.North Amer¬ 
ica at a rental rate of live cents per day per 
volume, plus transportation charge. 

, Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. - 
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Large Generating Units on Order.—Orders 
have been placed by the Public Sendee 
Electric & Gas Co. (of N. J.) for a 50,000- 
kw txurbine-generator and 2 high pressure 
steam boilers to be installed at the Essex 
pnerating station in Newark. This will 
increase the station’s generating capacity 
from 193,000 kw to 243,000 kw. Boilers 
will be operated at 1,400 pounds pressure 
and at a temperature of 960 F, the highest 
combined temperature and pressure ever 
to be utilized in a generating station in this 
coimtry. The turbine-generator will be 
built by the General Electric . Co., and the 
ste^ boilers by the Babcock & Wilcox Co. 
Boilers will be equipped to bum either oil 
or ptdverized coal and each will have a 
capacity of 605,000 pounds of steam per 
hour. 

A third 110,000-kw turbine-generator 
umt will be added to the present River 
Rouge power plant of the Ford Motor Co. 
at Detroit, making the total installed capa^ 
city 350,000 kw. The new vertical com¬ 
pound turbine will be a duplicate of the 
second 110,000-kw unit, recently installed, 
for steam conditions of 1,200 pounds, 900 F. 
Hydrogen cooling is employed for the gen¬ 
erators, which will be the 13th and 14th 
large turbine-driven units designed for hy¬ 
drogen cooling to be built at the Schenec¬ 
tady works of the General Electric Co. 

New Equipment for Pennsylvania Rail¬ 
road. ^After the April 14th directors' meet¬ 
ing of The Pennsylvania Railroad aimounce- 
ment was made that 2,800 new steel freight 
cars and the chassis for 11 new electric pas¬ 
senger locomotives of the heaviest and most 
powerful design will be constructed at the 
railroad’s Altoona, Pa., works. The loco¬ 
motives, known as the GG-1 type, will be 
assembled at Altoona with electrical parts 
supplied by the electrical manufacturing 
companies. • The total cost of the equip¬ 
ment will be slightly in excess of $10,750,000. 
The new locomotives will supplement 68 
o^ers of the same type and 28 of a slightly 
different type already in use for high-speed 
passenger service in the electrified terri¬ 
tory, and will provide part of the additional 
motive power required for the extension of 
the electrification now under way westward 
to Harrisburg, Pa. 

Fansteiel Annual Report—^The recently 
issued annual report of the Fansteel Metal¬ 
lurgical Corp., No. Chicago, Ill., shows an 
increase of slightly more- than 50 per cent in 
s^es over those for the corresponding period 
of 1936, de^ite a “sit-down” strike in Feb¬ 
ruary which interrupted all operations for 
nearly 2 weeks. The products of the com¬ 
pany are based upon, 4 metals—tantalum, 
colimbium, tungsten and molybdenum 
having wide application in n^y industries, 
mduding the electoical manufacturing field, 
Thnt^um is used in the production of elec- 
tromc tubes and is tiie basis of the BaUdte 
rectifies and condensers. In addition to 
ite Use in lamp filaments tungsten has num- 
rarpus uses in vacuum tut^, X-ray tubes, 
and neon tisns; One of its principal uses 



is that for electrical contacts. The most 
cotrunon use for molybdenum is in electronic 
tubes and incandescent lamps. It is also 
used extensively in mercury switches and 
electrical contacts. Development of new 
metal allos^s to be added to the company’s 
line of products is in process and should be 
completed this year. 

Manufacturers Report Record Orders.— 
General Electric Co. reports sales billed for 
the first quarter of 1937 as $73,412,420, com¬ 
pared with $51,423,071 for the same quarter 
last year, an increase of 43 per cent. Orders 
received during the first quarter of this year 
amounted to $105,747,030, compared with 
$59,569,879 for the same quarter of 1936, 
an increase of 78 per cent. This was the 
largest first quarter in the history of the 
Company. 

Orders booked for the 3 months ending 
March 31, amounting to $74,242,584, by 
Westinghouse Electric & Mfg. Co., were the 
highest for any quarter on record and un¬ 
filled orders for the same period were the 
highest since 1923. The orders booked for 
the first 3 months of this year show an in¬ 
crease of 75 per cent over the same period 
in 1936. 

General Electric Opens Exhibit.—An exhi¬ 
bit of electrical products for indmtry has 
been opened in the General Electric Build¬ 
ing, 670 Lexington Ave., New York City. 
It brings together, in 7,000 square feet of 
floor space, a complete line of representative 
products of General Electric and its affili¬ 
ates. Cable, distribution equipment, frac¬ 
tional-horsepower and integral motors, in¬ 
dustrial control, industrial heating, light- 
ing, meters and instruments, police radio, 
s^tchgear, transportation products, tur¬ 
bines and welding; the products of the in¬ 
candescent lamp department, air condition¬ 
ing department, and the construction ma¬ 
terial division and the plastics division of 
the appliance and merchandise department; 
and the products of the Trumbull Electric 
Co., General Electric X-Ray Corp., Warren 
Telechron Clock Co., General Electric Vapor 
Lamp Co., Bailey Meter Co., Locke Insula¬ 
tor Corp., and Carboloy Co., are on display. 
Much of the equipment is in operation. 


Lileraiiire 


Insulators.—^^Catalog supplement and 2 
articles, 5 pp. Outlines the theory of the 
design of 0-B radio-interference-free pintype 
insulators, known as “Silentypes;” 
complete descriptions of the units available 
Ohio Brass Co., 360 N. Main St., Mans¬ 
field, O. 

Relays.—^Folder. Describes a comprehen¬ 
sive line of ^relays, timing devices, thermo¬ 
stats, electric counters, melting pots, ladles 
etc. Struthers Dunn, Inc., 139 North 
Juniper St., Philadelphia, Pa. 


Recording Insixuments.—Bulletin OEA- 
1061F, 32 pp. Describes strip-chart re¬ 
cording instruments; illustrates some of the 
more important improvements that have 
been made in the complete line of portable 
and switchboard type CD equipment. 
General Electric Co., Schenectady, N. Y. 

Circuit Breakers.—Bulletin 33-226, 8 pp. 
Describes construction, operation and ap¬ 
plications of type F-124 indioor oil circuit 
breakers for industrial and central station 
use. Rated at 60,000-kva interrupting 
capacity, manually and electrically oper¬ 
ated, non-automatic and automatic, single 
throw. Westinghouse Electric & Mfg. Co. 
E. Pittsburgh, Pa. 

Motor-Control Units.—Bulletin 67, 16 pp. 
Describes steel-clad motor-control units, 
each complete with disconnect switches, bus 
bars, contactor-type switching mechanisms, 
safety door-interlocks, meters and all the 
equipment necessary to meet the require¬ 
ments of the individual application. The 
Electric Controller & Mfg. Co., Cleveland, O. ' 

Magnetic Relays.—Bulletin 81, 8 pp. Lists 
more than 100 relays for intermediate duty 
(10-16 amperes) on d-c and a-c circuits for 
2 and 3 wire control. Includes valuable 
coil and contact data, contact arrangements, 
enclosures, and illustrates relays assembled 
from standard parts for use on special ap¬ 
plications. Ward Leonard Electric Co., 
Mount Vernon, N. Y. 

Aerial Cables.—Bulletin GEA-2215, 52 pp. 
The book is intended mainly as a treatise on 
power cable and aims to facilitate selection 
of insulated cable for overhead transmission 
and distribution. Tables are presented 
showing the current carrying capacities ojf 
cables in air and also methods of calculating 
regulation. Some installation data is in¬ 
cluded in the bulletin. General Electric 
Co., Schenectady, N. Y. 

Trolley Coaches.—Bulletin B2088, 32 pp., 
“The Modern Trolley Coach.” Includes 
the essential data on typical electric-powered 
coaches of which there are at present over 
one thousand in use. The booklet traces 
the development and growth of this means 
of commutative transportation and studies 
its field of application. Westinghouse Elec¬ 
tric & Mfg. Co., E. Pittsburgh, Pa. 

Utility Distribution Supplies.—Catalog 37, 
166 pp. A comprehensive listing of elec¬ 
trical distribution and-transmission under¬ 
ground and street lighting equipment. 
Items included cover heavy and secondary 
cable racks, guy guards, anchors, clamps and 
clevises of many types, cross arms, insula¬ 
tor and pole top pins, brackets, glass and 
porcelain insulators, fuswitches, mast arms 
and accessories, etc. Utilities Service Co., 
Allentown, Pa. 

Street Lig^tmg Equipment.—Catalog Secs. 
60-250,-260,-270,-276,-280,-300, -330, -^40 
and -460. Describe lighting standards 
and fittings. These sections include de¬ 
scriptions of cast iron standards. Hollow- 
spun Granite (concrete) standards, Union 
Metal steel standards, top sections. and cas¬ 
ings for standards, brackets and equipment 
for poles, ornamental crooks; also lumin¬ 
aires for street lighting, street lighting glass¬ 
ware, and paragon and octagonal pendants. 
Westinghouse Electric & Mfg. Go., Lighting 
Division, Cleveland, O. 
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Itadiobroadcasting. Although radiobroad¬ 
casting stations in the United States operate 
on frequencies assigned so as to provide ser¬ 
vice to listeners throughout the country, 
practical limitations make impossible good 
reception on every one of the 100 frequency 
c hanne ls m the band of medium wave lengths 
for any one listener {pages 666-70). Fre¬ 
quencies of 30 or more megacycles per 
second have certain characteristics that 
make them particularly suitable for local 
broadcasting, and essential for television 
vnth present standards, but working fre¬ 
quencies in this region by no means are un¬ 
limited. Because such waves are limited in 
range almost to optical paths, they are 
unlikely to replace the medium-frequency 
waves now used for broadcasting over larg;e 
areas {pages 662-^). 


Vibration. Increasing the speed of ma¬ 
chines imposes upon the engineer the neces¬ 
sity for seeking some means of reducing the 
amount of noise and vibration transmitted 
to the structures in which the machines are 
housed. Vibration isolation is one way of 
accomplishing this {pages 735-^). Instru¬ 
ments for precision measurement of vibra¬ 
tion must measure amplitude, velocity, and 
acceleration. Fundamental requirements 
in the design of a general-purpose measuring 
instrument determining the useful fre¬ 
quency range, accuracy, amplitude range, 
and effect of the instrument on the vibrating 
body {pages 706-10). 


Insulation Co-ordination. For several 
years a joint committee of Edison Electric 
Institute and National Electrical Manu¬ 
facturers Association has been considering 
the subject of insulation co-ordination. 
As a result, basic impulse insulation levels 
now have been agreed upon, which consti¬ 
tutes the first step in the program {pages 
712—14). A subcommittee has studied the 
factors that caused divergence in flashover 
values obtained by different commercial 
laboratories for the same test piece on im¬ 
pulse testing, and impulse and GO-cycle 
ffashover values for rod gaps and insulators 
now have been agreed upon {pages 711-12). 


Recovery Voltages. Determination of cir¬ 
cuit recovery voltages for many different 
s^em conditions by actual tests is expen¬ 
sive and limited in scope. The voltages 
may be determined by analytical methods, 
whi<A cannot consider all factors without be¬ 
coming extremely complex, or by reproduc¬ 
ing the system in miniature on an a-c cal¬ 
culating board and actually measuring the 
desired quantities {pdges 695-70S). 


Distribution Protection. Investigjation of 
the requirements of distribution S 3 rstems for 
protection against surges shows that pro¬ 
tectors should have a discharge capacity 
of 100,000 amperes, although a lower value 
may be satisfactory, and that a high degree 
of protection may be obtained in voltage 
classes up to 13.8 kv with a ratio of 9 to 1 
for the protective-device discharge voltage 
and normal-frequency voltage {pages 683-8). 


Transformer Ihsulaiion. For many years 
the transformer subcommittee of the ATFTC 
committee on electrical machinery has been 
developing standards for the insulatinn 
strength of transformers. Impulse tpsting 
of msulation is one of the recent develop¬ 
ments, and now the expression of impulse 
strengfth in terms of kilovolts instead of gap 
spacing is authorized {pages 749-54). 


Insulation Levels. Insulation levels of 
transformers and other power system equip¬ 
ment should be selected according to the 
performance of the protective equipment 
such as lightning arresters and gaps; the 
level selected must be above the maTitmitn 
surge voltage presumed to be allowed by the 
protective device on a volt-time basis over 
the range of time selected {pages 677-82). 


Security of Ehigineering Employment. Data 
supplied by some 35,000 engineers shows 
that the degree of economic security among 
professional engineers, as evidenced by pos¬ 
session of an employment contract covering 
some period of time, or by pension privi¬ 
leges, is negligible {^Higes 655-61). 


Insulation Co-ordination. Economy and 
the protection of service and equipment 
are -the objectives of insulation co-ordina¬ 
tion. Many data on the insulation strength 
of major equipment and protection available 
have bem collected and are presented in 
graphical form in this issue {pages 715-20). 


Spill Gaps. Theory and performance of 
s^l gaps for the protection of electric cir¬ 
cuits and equipment from lightning, to¬ 
gether with a discussion of the selection of 
insulation levels co-ordinated with this tjqie 
of protection, are presented in this issue 
{pages 689-94). 


Section and Branch Report The nnmta^ 
report of the Section and Branch activities 
for 1936-^7 show that 621 meetings were 
held by AIEE Sections during the year, 81 
more than during the preceding year; Stu¬ 
dent Branches held 1,363 meetings, by far 
the most ever held in a fiscal year {pages 
762-5). 


District Meeting at. Buffalo. Active disr 
cussions on electrical equipment for steel 
mills and power system operation featured 
the Institute's North Eastern District 
meeting held recently at Buffalo, N. Y. 
The meeting mcluded also a Student Branch 
convention {pages 758-61). 


Rotor Balancing. Small gyro rotors such 
as are used in airplane flight instnunents 
require balancing in production at speeds of 
30,000 or 40,000 rpm. A machine iiging 
electrical means to detect unhalan rv* is 
replacing older methods {pages 729-34). 


Oil-Filled Cables. Improvements in oil- 
fllled cable and associated equipment, 
have made possible economy and compara¬ 
tively simple layout for about 100 miles of 
66-kv oil-filled single-conductor cable now 
being installed in Chicago, Ill. {pages 739- 
48). 


Development of Standards. The AIEE, 
with its technical committees covering all 
phases of the electrical art, many of which 
have active subcommittees, has an ideal 
setup for the development of material for 
electrical standards {pages 653-4). 


Prize Awards. National prizes for technical 
papers presented at Institute meetings dur¬ 
ing 1936 have been awarded. Prize awards 
also have been announced by some of the 
Districts {page 756). 


Cathode-Ray Oscillograph. A historical 
review of advances in the design of high¬ 
speed cathode-ray oscillographs, and a de¬ 
scription of a new type of oscillograph, are 
included in this issue {pages 721-8). 


AEC Patent Report. Action taken by the 
conmuttee on patents of American Engineer¬ 
ing Council during the yw 1936 is summar¬ 
ized in the committee's annual report {Pages 
766-7). 


No ninfl a mmab le Insulating Oils. A new 
type of synthetic insulating oil that obvi¬ 
ates several of the problems heretofore 
associated with the use of mineral oil for 
insulation has been produced {pages 671-6). 


Summer Convention. Final plans for the 
Institute's 1937 summer convention to be 
held at Milwaukee, Wis., June 21-25, are 
practically complete {page 755). 


New Members-for-Lifcv Since June 1936, 
92 members of the AIEE have become 
members-for-life {page 757). 
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What Institute Sections Are Doing 

—A Message From the President 


F rom my limited viewpoints, a primary activity of 
other Sections is enthusiastically to receive and de¬ 
lightfully entertain the president. At those meetings 
where the president was an invited guest, but not the 
primary speaker, there was the greatest opportunity to 
learn what the Section was doing “to advance the theory 
and practice of electrical engineering, and the allied arts 
and sciences, and to maintain a high professional standing 
among the members.” A. meeting each year with a 
national officer or officers is most desirable, not only that 
the Section may learn of national activities, but even more 
that the national officers may be informed as to the Sec¬ 
tion’s viewpoints. Several times this year, the president 
joined in a luncheon meeting with a Section’s executive 
committee. These meetings were very profitable. 

Undoubtedly, the most important factors in a Section’s 
success are the enthusiasm and devotion of the Section’s 
officers. Service to the profession appears to hold the 
strongest appeal for a representative dectrical engineer, 
and the energy and time devoted to Section affairs by the 
Section officers is astonishing. Those Sections where this 
spirit is diffused most widely among the membership are 
certainly the most successful. Many Sections hold an 
executive committee meeting prior to each Section meet¬ 
ing, and with excellent results. 

. I have stressed the opportunity open to the Section to 
participate in national Institute affairs by nominating one 
or more members for appointment to the national com¬ 
mittees, and by submitting at least one technical paper 
for publication in Electrical Engineering. Several 
Sections have embraced this opportunity. In several 
cities I have been impressed when I learned that the pro¬ 
gram for the succeeding year was completely planned prior 
to the first of July. This practice permits the completion 
of arrangements for the speakers during the summer 
months, and further permits the program to be printed 
and distributed at the first fall meeting of the Section. 
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When the program is so arranged, it is well balanced, best 
meeting the needs of the various members. If Section 
finances permit, the membership roster may be combined 
effectively with program announcements. Those Sec¬ 
tions which are following this practice testify to its success. 

Usually 9 meetings are held, and integrating the in¬ 
formation I have secured throughout my trips, the follow¬ 
ing seems to be a good classification as to the types of 
meetings held: 3 meetings are addressed by out-of-Sec- 
tion speakers on recent developments in the field of elec¬ 
trical engineering; 2 inspection trips to local plants, with 
a short paper by an engineer connected with the plant, out¬ 
lining what may be observed on the trip; 1 meeting with 
a paper by a member of the Section on some developments 
in electrical engineermg; 1 meeting attended by a na¬ 
tional officer or officers ; 1 meeting with a local Student 
Branch (if there is a Branch in the city or the vicinity); 
1 social meeting. 

This division of the program has not provided any meet¬ 
ing relating to the broad interest of the engineer beyond 
his primary professional activity. Such a meeting might 
replace one of the meetings addressed by a local speaks, 
and be arranged as a joint meeting with other groups of 
engineers in the same city or locality. All Sections testify 
to the difficulty of getting enough speakers firom outside 
the Section to cover all the desired meetings, and those 
which have developed the practice of securing local speak¬ 
ers testify to the success of this plan. Often the members 
are much more interested in papers relating to technical 
activity in their own locality than in those having no bear¬ 
ing on their particular professional interests. 

Several Sections sponsor addresses on semi-Scientific 
subjects having a popular appeal, not necessarily related 
to electrical engineering. At such a meeting it is essen¬ 
tial to have an outstandingly interesting speaker; in some 
places where this plan is followed, the meetings are self- 
supporting. It seems to me that such a plan is quite boh- 










sistent with the fundamental purpose of the Institute. 

Among the most interesting meetings I have attended, 
have been those where a Section joined with a local Stu¬ 
dent Branch. In some cases the technical papers have 
been presented by members of the Branch. These meet¬ 
ings were well attended by the older Institute members 
who were glad to have an opportunity to co-operate with 
the young engineers in training, and to encourage their pro¬ 
fessional development. In one instance, several neighbor¬ 
ing Branches joined in an inspection trip in the morning, 
were entertained at lunch, held an all-aftemoon fprhntpal 
meeting, with 6 Branch papers, and joined with the Sec¬ 
tion in a dinner followed by an address. In a Western 
dty, an interesting custom has been developed. Each of 
several devoted Institute members pledged themselves to 
entertain a Branch member at one of the Section meetings 
during the year. This resulted in 2 or 3 Branch members 
being present at each Section meeting as individual guests 
of some of the older engineers. I talked to some of the 
student guests, and they were very strong in their expres¬ 
sions of appreciation. I recall another outstanding type 
of Section meeting where the members of the Section are 
quite widely distributed, and have only 4 meetings a year; 
but each meeting starts at 2:30 and continues all aftdnoon 
and evening. Papers are presented by both Enrolled 
Students and members, the total number of papers being 
6 or 8. Some members drive between 150 and 200 tniVa 
to attend, but those from the more distant points are un¬ 
able to stay for the evening sessions. 

From my observations, the best meeting is likely to be 
^ that in which there is the most discussion. Anything that 
can be done to stimulate discussion is desirable. In one 
cily, the author requested 3 or 4 acquaintances to discuss 
his paper. Usually it is necessary for only 3 or 4 men to 
start tiie discussion and a very wide discussion results. 
Where 2 or more Sections are fairly close together, joint 
meetings are inspiring. Such a joint meeting might be 
preceded by a golf match in the afternoon, both Sections 
joining in dinner, followed by a technical session. Such 
a plan permits of a larger audience for some outstanding 
speaker from outside the Sections participating. 

If 2 neighboring Sections each plan their programs con- 
siderably in advance, it is possible to arrange for one 
speaker to address the 2 Sections on succeeding evenings. 
Such an idea has been under discussion for years, but actu- 
aUy is being applied successfully to only a limited extent. 
One somewhat remote Section has considerable difficulty in 


equipment. It is my belief that if the technical commit¬ 
tees would develop more papers of interest to this group of 
engineers, the organization would be rendering a service 
that would be greatly appreciated arid would stimulate 
interest. A few of the Sections are holding meetings with 
this group of engineers particularly in mind. “Applica¬ 
tion” papers are usually of a broad general interest. 

Several of the Sections have a monthly or quarterly pub¬ 
lication, recording the activities and plans of the Section. 
The expense is not very great, and the results are good. 

In one or 2 Sections, I find a committee covering the 
broad activities of the engineer. Each Section may be 
interested in organizing such a committee. I have ob¬ 
served that the most successful Sections are usually the 
most social Sections. I am not quite certain as to cause 
and effect, whether they are most social because they are 
most successful, or whether they are most successful be¬ 
cause they are the most social. Some very light and in¬ 
expensive refreshments after meetings do add to sociabil¬ 
ity. In the West where many attend from a distance, 
a dinner preceding the meeting is usually held. If it is 
possible to develop the idea that attendance at the dinner 
is not necessary, but open to all, good results will follow. 

Many Sections have organized specialized technical 
groups, holding additional meetings. Interest has been 
good and the meetings well attended. I have heard the 
statement made that it is not possible to organize such a 
group in a particular Section because there is not any very 
specialized industry. To such a Section I would suggest 
studying the list of technical committees to see if there is 
not some activity of unusual interest in that locality. For 
example, it might be desirable in some Sections to organize 
a genial power application technical group, in others a 
technical education group. 

I found one Section giving a great deal of consideration 
to sponsoring meetings for the benefit of men interested in 
electrical work, but not necessarily eligible for membership 
in the AIEE. It certainly seems quite in accord with the 
fundamental purposes of our organization, that the Insti¬ 
tute Section should take the lead in arranging for speakers, 
^d furnishing a meeting place where all the men interested 
in electrical work could receive information of value to 
them. 

In a Western city, I heard a discussion as to whether it 
might not be possible to broadcast a Section meeting over 
short-wave radio. Several members of the Section had 
operator’s licenses. This plan might not be consistent 



oubHcations anri . cuairman told me that 3 or 4 years ago they 


publications and present a digest on one or 2 of the most 
important contributions. 

Froin all quarters of the country, I have learned that 
n^pection trips are very popular and are largely attended. 
M;ore meetihgs of this character are undoubtedly desirable. 

_ I feel that there should be many mOre members of the 

Institute among diose electrical en^^ connected with 
^mpames using electric power and electrical equiprhent, 
but manufacturing othty products. The engineers of 
sucffi comp^es desire meetings and papers recording ex¬ 
perience widi the application of dectriciity and ^ectrical 


une cnauman told me that 3 or 4 years ago they 
wondered what they might do to carry on effectively the 
work of the AIEE. They decided that no more important 
meeting could be held than one that would offer the oppor- 
tumty to every Section member to suggest what he thought 
rmght be done. This meeting was held, and since that 
time the principal problem has been to cover effectively 
all the suggestions that were made. 

^ Several times I heard the thought expressed that each 
^ction should have a committee on engineering co-opera- 
bon with other engineering groups in the same city or 
locahty. It seems very desirable that tbe engineering 
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activities covering all branches of the profession should be 
co-ordinated. It certainly is true that many of the ques¬ 
tions which should interest the engineer are equally inter¬ 
esting to all iypes of engineers, whether they be mechani¬ 
cal, civil, electrical, or otherwise. No Institute member 
should forget the reference in Article 1 of our Constitution 
to “the allied arts and sciences.” 


It is my hope that Chairman W. H. Timbie and all 
members of the Sections committee will sponsor a paper 
to be printed in Electrical Engineering next year on 
the subject “What The Other Sections Are Doing.” 


Development of Standards Material 

A discussion of the responsibility of AIEE committees 
in aiding the development of electrical standards 

By V. M. MONTSINGER H. E. FARRER 

FELLOW AIEE ASSOCIATE AIEE 


F or an industiy that manufactures and uses as large a 
variety of apparatus as the electrical industry, the 
problem of the development of standards is a tremen¬ 
dously important one. The purposes of standards are 
2-fold: In the first place, they aid in the manufacture of 
products that are more uniform; in the second place, they 
form a basis that enables purchasers to obtain bids for new 
apparatus on a comparable basis. 

For many years one of the chidE duties of the AlEE 
has been the formulation and maintenance of standards 
for all kinds of electrical apparatus and machinery. In 
the past, purchasers of electrical apparatus have based 
their purchasing specifications largely on AIEE Standards. 

So long as the Institute was the principal body in for¬ 
mulating electrical standards, the duties of its members 
and committees engaged in standardization were clearly 
understood. When,, because of rapid developments in 
the art, other organizations—^the National Electrical 
Manufactiurers’ Association, the Edison Electric Insti¬ 
tute, the National Bureau of Standards, the American- 
Society for Testing Materials, and others—^found it nec¬ 
essary to formulate standards of their own, usually consist¬ 
ing largely of material not considered within the scope of 
AIEE Standards, it became desirable to co-ordinate 
the work of standardization under one central agency so 
constituted as to assure general acceptance. In 1918, there¬ 
fore, on the basis of a plan formulated by the AIEE co¬ 
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operating with the other national engineering societies, 
tiie Bureau of Standards, and others, the American Stand¬ 
ards Association, or as it then was called, the American 
Engineering Standards Committee, was established. This 
organization grew rapidly, and under its procedure were 
developed many standardization projects outside the 
electrical field. Further to eaqiedite and correlate elec¬ 
trical standardization under ASA procedure, the Elec¬ 
trical Standards Committee was created. The principal 
dectrical standardization groups have representatives on 
this dectrical standards committee, thus giving assurance 
that when a standard has the approval of the dectrical 
standards committee it practically has the approval of the 
entire dectrical industry and readily is accorded the status 
of American Standard by final action of ASA. 

With this new setup, the question naturally arises as to 
what are the duties and responsibilities of the AIEE com¬ 
mittees in the formulation and maintenance of dectrical 
standards. The opinion seems to have devdoped that the 
ASA has taken oyer the standards-mddng obligation and 
that the Institute no longer has an active duty m the de- 
vdopment of standards. This is an erroneous impression 
which should not esist, and this artide aims to show why 
it still is the Institute's privilege and duly to devdop 
standards material for submission to the ASA through the 
dectrical standards committee. The ASA Council then 
will dedde whether the material is ready for adoption as 
an American Standard, or whether it is desirable to or¬ 
ganize a sectional committee to which it may be referred, 
with other pertinent material, for review and revision in 
order In assure general acceptance, 

The Institute still has an ideal setup for the develop¬ 
ment of standards material, namdy, the technical com¬ 
mittees, covering all phases of the dectrical art, niany 
with active subcommittees. The Institute also has means 
for imme^ate and wide circulation of informatioh a,n4 
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data on proposed new developments. This is essential 
and valuable in keeping the Standards up-to-date and in 
avoiding long delays in final approval of revisions and 
of new developments. 

To illustrate, the development of a typical new Stand¬ 
ard is outlined: Some 6 or 7 years ago the electrical in¬ 
dustry decided that consideration should be given to the 
development of a standard covering impulse testing of 
transformers. This work was assigned to the AIEE 
standards committee and by them to the AIEE electrical 
machinery committee. The machinery committee re¬ 
quested its transformer subcommittee, which was com¬ 
posed of representatives of both operators and manufac¬ 
turers, to develop the new standards. 

Before the standard on impulse tests could be proposed, 
much research work had to be done in both the laboratory 
and in the field. As this work went on, the results were 
published from time to time in Electrical Engineering. 
This proved very helpful to the subcommittee. So much 
ground work had to be done that the subcommittee worked 
on the problem for 3 or 4 years before standards material 
could even be proposed, but as soon as the Proposed Stand¬ 
ards on impulse testing were published in 1933 the in¬ 
dustry accepted them. However, due to the rapid ad¬ 
vances in the art and to the accumulation of new data, 
thought on the subject was not sufficiently crystallized un¬ 
til just recently to justify publication as Tentative Ameri¬ 
can Standards. Publication 
in this form within the next ~ 

few months is plaimed. 

Had this work not been 
assigned to the AIEE, im¬ 
pulse testing of commercial 
transformers would have been 
seriously delayed—^until the 
Standards were officially 
approved. In other words, 
due to the setup in the AIEE 
committees, together with 
the means for obtaining wide 
publicity for the work of the 
transformer subcommittee, 
the industry has been able 
to make use of the proposed 
standards material on im¬ 
pulse testing while it was in 
the developmental stage. 

In addition to the formula¬ 
tion of new standards mate¬ 
rial on impulse testing, the 
AIEE transformer subcom¬ 
mittee during this timerecom- 
mended several fundamental 
■changes in 1±Le standards, all 
of which were accepted by the 
industry as soon as published. A transmission line of Fabuh 

^yeral years ago, it was Bolivia, S. A., hish in the / 
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A transnjission line of Fabulosa Mines Consolidated, 
Bolivia, S. A., high in the Andes Mountains. The 
peak in the background is Mt, Huayna Potosi, ele¬ 
vation 20,000 feet The span is 350 meters long and 
consists of number 4 steel-reinforced aluminum cable 


ards and at the same time to pass along the work done by 
the transformer subcommittee on proposed changes in 
those standards. After obtaining approval by the elec¬ 
trical machinery committee and the standards committee, 
the transformer standards and proposed revisions were 
turned over to the ASA for consideration as American 
Standards. To obtain such approval the ASA organized 
the sectional committee on transformers, C-57. While a 
great deal of work has been done by the sectional com¬ 
mittee in getting together the material covered not only 
in the AIEE standards, but in the standards of other 
societies to be combined with them, no changes of a fun¬ 
damental nature have been made by the sectional com¬ 
mittee without having them first considered and approved 
by the AIEE. This is quite logical because, as pointed 
out hereinbefore, the ASA has no means of getting pro¬ 
posed fundamental changes before the industry until the 
standards are given final approval. This question of in¬ 
forming the industry of proposed changes in the standards 
is well illustrated in this case by the publication in Elec¬ 
trical Engineering since 1933 of 2 reports by the AIEE 
transformer subcommittee. In many instances, however, 
it has proved more advantageous to follow a somewhat 
different procedure; that is, to have the reports published 
by the standards committee in pamphlet form for general 
distribution, with an announcement of their availability 
published in Electrical Engineering. 

___ The procedure followed by 

the AIEE and ASA in trans¬ 
former standardization work 
is not limited at all to trans¬ 
former problems, but can 
and should he followed by 
other committees working on 
standards for other types 
of apparatus. In other 
words, it is the very definite 
responsibility and duty of 
the AIEE technical commit¬ 
tees to prepare and formulate 
standards material, develop¬ 
ing it to a point where it is 
satisfactory to the industry. 
The current procedure then 
is for an AIEE technical 
committee to pass this work 
on to the AIEE standards 
committee. The standards 
committee then approves 
the material, if satisfac¬ 
tory, either for publication 
in report form, or for trans¬ 
mittal to the ASA for con- 
Photo courtesy Ohio Biass^ ccmp^ sideralion and approval as 
. American Standards. 
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Security of Engineering Employment 

P RIOR to the onset of the Data obtained from 35,559 engineers by the 3,706 engineers who were 

depression in 1929, only United States Bureau of Labor Statistics in its classified under this mpHium 

nonprofessional workers survey of the engineering profession indicate that were civil engineers. This is 

were primarily concerned with the degree of economic security among profes- further emphasized by a con- 

the stability and security of sional engineers, as evidenced by possession of sideration of the data for the 

emplojmient. The effects of an employment contract covering some period of 5 professional classes. Of the 

the depression years, however, time, or by pension privileges, was negligible. engineers who had engineering 

were such as to bring about a This is the fourth* in a series of articles reporting jobs in December 1934, 19.8 

quickening of interest in the the results of the Bureau’s survey. per cent of the civil engineers 

subject of economic security stated that these were found 


even among professional 

workers. Because of this, a series of questions relating to 
this subject was incorporated into the Bureau’s study of the 
engineering profession. Data were requested concerning 
the employment and separation contract, pension privi¬ 
leges, and the medium used to obtain a position, also 
whether or not the engineer reporting was under civil 
service, and what his status was with regard to patent 
rights. 

The present article is based upon data supplied by 
35,559 engineers who reported the field of engineering 
engaged in and who had an engineering job in December 
1934.Their reports indicate that 68.4 per cent of all 
professional engineers used personal contacts and recom¬ 
mendations to obtain their jobs. Those who used this 
medium, together with those who obtained their positions 
through the civil service, formed nearly Vs of all reporting. 

The degree of economic security among professional 
engineers, as evidenced by possession of an employment 
contract covering some period of time, or by pension 
privileges, was negligible. 

In general, there appears to be little restriction upon 
professional engineers with regard to patent rights to 
inventions made by them. The extent of restriction, 
however, depended krgely upon the engineer’s field of 
employment and the type of work in which engaged. 

Means Used to Obtain Employmexit 

The data furnished by engineers concerning the medium 
through which they obtained employment are presented 
in table I. These figures demonstrate that for the engi¬ 
neering profession as a whole, placement was not the 
function of any particular organization. The vast 
majority of professional engineers obtained their jobs 
through personal contacts and recommendations. This 
was the means used to find the position held in 1934 by 
no less than 68.4 per cent of the 35,559 engineers who also 
reported the field of engineering activity in which they 
were engaged. This medium of employment was rer 
ported by V* of the chemical, electrical, and mining and 
metallurgical engineers, and by slightly more than 70.0 
per cent of the mechanical and industrial engineers, but 
by only 61.7 per cent of the civil engineers. The dvil 
engineers, however, found more positions through civil 
service agencies; in fact, 2,941, or 80.0 per cent, of the 


through the dvil service, 
whereas among the remaining 4 professional classes, the 
range was from only 2.5 per cent for the chemical and 
ceramic to 4.6 per cent for the mining and metallurgical 
engineers. 

It may be noted, however, that personal contacts and 
recommendations, together with dvil service, accounted 
for 74.2 per cent of the mechanical and industrial engi¬ 
neer. For each of the remaining professional classes, 
these 2 mediums covered approximately Vs of their re- 
^ective totals, ranging from 78.4 per cent of the chemical 
and ceramic to 81.5 per cent of the dvil engineers. Me¬ 
chanical and, industrial engineers reported relatively 
higher percentages of jobs obtained through an engineering 
society, a private employment agency, and newspapers. 
The most significant differences, however, will be noted 
for “medium not reported’’ and “any other medium.’’ 
Thus, only in the case of dvil, and mining and metal¬ 
lurgical engineers did “any other medium’’ embrace 
smaller proportions than those dassified under “medium 
not reported.’’ For the other 3 professional dasses, this 
condition was reversed. Any other medium may well 
include a substantial number placed through their colleges, 
a point not covered in the questionnaire and one likely to 
affect the percentage noted in this classification. 

Although the percentage distributions for the remaining 
avenues to employment do not embrace large numbers of 
each professional class, relatively they do present some 
striking contrasts. Only 2.4 per cent of all engineers 
reported that they obtained their positions through an 
engineering soddy. Some 3.7 and 2.7 per cent, respec- 

* An article prepared by Andrew Fraser, Jr., of the Division of Hours, Wages, 
and Working Conditions, Bureau of Labor Statistics, United States Department 
of Labor, which article was published in the May 1937 issue of Monthly Labor 
Review, Articles reporting other phases of tt^ survey were published in 
B1.BCTRICAI, Bnoinbbriho as follows: "Professional Aspects of Bngineeiring 
Education," August 1986, pages 863-7; "Unemployment in the Engineering 
Profession," February 1937, pages 216-23; "Employment in the En^neering 
Profesmon," May 1987, pages 624-31. A detailed report of the survey will be 
published latm in bulletin form by the Bureau of Labor Statistics. 

1. The numbers reported in this article as engaged in engineering work in 
December 1934 cannot be compared with those shown in the discussion of 
employment. The former were derived from all of the 36,890 entpneers who . 
reported the Seld of engineering in vbich th^ were engaged. The discussion 
of employment dealt with all those older engineers who reported in the 3 years 
1929, 1932, and 1934, and all 1930-32 engineers who reported in the years 1932 
and 1934. The grand total, including the 1933-84 enj^neers, was 85,675. 

Of the 35,890 engineers who gave income data in ^mr special field, 331 did 
not report the year of th^r birth. Hence, ,36,559 constitutes the base for all 
subsequent relatipnshii>s with field of engineering engaged in; But 1,458 of 
these engineers did not report as to type of work engaged in, and hence 34,101 
was used as a base figure for all subsequent relationships with functional classi¬ 
fication. 
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tively, of the mechanical and industrial, and tninitig and 
metallurgical engineers were so classified. For the 3 
remaining professional classes, the percentages ranged 
from 1.4 to 1.9. Despite the fact that so few engineers 
reported an engineering society as their employment 
medium, it must be recognized that such societies are an 
important factor in obtaining employment for professional 
engineers. It is obvious that through their members 
there must inevitably be a pooling of information on 
employment prospects, both locally and nationally. 
Furthermore, the officials of the various societies are 
kept in close touch with local and national employment 

Table I. Distribution of All Ensineers Reporting Medium 
of Obtaining Employment, by Professional Class, at End of 

1934 


Engineerg Utilizing Bach Specified Medium 
CiTil, 

Agricul- Me- 

tural, chanical Mining 

Chemical and and and 

All and Architec- Elec- Indus- Metal- 
tt j ^ vv... . P'O***' Ceramic tural trical trial luraical 

Mednm Tl^aed to Obtain aional Engl- Engl- Engl- Engl- Enri- 

Employment Classes neers neers neers neers news 


Ifnmber 


All mediums.35,559 

Personal contacts and 


Private emplo y ment 

agency. 

Newspapers. 


United States Employ¬ 
ment or Reemployment 


Other public employment 
service. 


All mediums. 100,0 

Penonal contacts and 

r^mmendations. . 68,4 

Civil service. 10 4 


Private employment 

agency...... 

Newspapers. 1,6 

Technical journals. 1.6 

United States Employ¬ 
ment or Reemployment 

Service. 0.7 

Other public employment 

.. 0.8 

Any other medium.. 7.2 

Medium not reported.. 5,9 


.35,559.. 

..2,538.. 

.14,861.. 

..6,816,. 

.24,312., 

.1,927.. 

. 9,179.. 

.5,106,. 

. 3,706,. 

. 63.. 

. 2,941.. 

. 289.. 

841.. 

. 86.. 

. 274.. 

. 180.. 

576., 

. 49.. 

. 118.. 

. 112.. 

567.. 

. 27.. 

. 152.. 

. 120... 

363.. 

. 54.. 

. 142.. 

. 64... 

264.. 

. 7.. 

. 190.. 

. 14... 

268.. 

.16.. 

. 169.. 

. 26... 

2,551.. 

. 259.. 

. 706.. 

. 666... 

2,111.. 

. 101.. 

. 995:. 

. 300... 

Per Cent 

100,0.. 

.100.0.. 

. 100.0.. 

.100.0... 

68.4.. 

. 76.9.. 

. 61.7.., 

. 76.0... 

10.4.., 

. 2.6.., 

. 19.8.., 

. 4.2... 

2.4.., 

. 1.4... 

1.8... 

. 1.9... 

1.6.,, 

. 1.9... 

0.8... 

1.6... 

1,6... 

1 .1... 

1.0.., 

1.8... 

1.0... 

2.1... 

1.0,.. 

0.9... 

0.7... 

0.3... 

1.3... 

0.2... 


1 .1.. . 0.4... 0.5... 0.3 

4.8.. . 9.6... 8.6... ,5.4 

6.7.. . 4.4... 6.1,. . 7.9 


conditions as a result of their meetings and conventions: 
but such appomtments as are made would depend rather 
upon personal contacts and recommendations than upon 
wntacts made through the society’s empio 3 ^ent service: 

^erefore, that only ^.4 per c^t of all engineers 
reported the enginefering society as their medium of 
^pl^^ent must be interpreted in the hght of 

conditions. ; 


d The securing of employment through newspapers and 
3 technical journals was reported by 1.6 and 1.0 per cent, 
d respectively, of all engineers making returns. It will be 
■s noted however that, relatively, electrical and mechanical 
it and industrial engineers found more jobs through news- 
n papers than did any of the other professional classes; 
d medium was reported by 1.8 per cent of the electric^ and 
s 2.6 per cent of the mechanical and industrial engineers, 
II whereas, among the other classes the highest percentage 
was 1.1. On the other hand, tedhnical journals as a 
e medium of emplo 3 rment were of more assistance to chemi- 
t cal and ceramic engineers (2.1 per cent); among the re¬ 
maining professional classes percentages ranged from 0 9 
to 1.2. 

n Private emplo 3 mient agencies were used by only 1.6 
f per cent of all engineers reported. When considered 
together, the 2 public emplo 3 mient agencies embraced 
- approximately the same proportion, namely, 1.5 per cent. 
A similar comparison among the 5 professional classes 
^owed that, relatively, public agencies were of more 
importance to civil engineers, of whom 2.4 per, cent so 
reported, whereas the next highest percentage was 1.0 
per cent for mechanical and industrial engineers. Only 
0.8 per cent of the dvil engineers used private employ¬ 
ment agencies to obtain jobs, but 2.9 per cent of the 
mechanical and industrial engineers did so; for the remain- 
ing professional classes, the percentages ranged from 1.1 
to 1.9 per cent. 

Economic Security in the Engineering Profession 

A written contract of employment and pension privi¬ 
leges are 2 important criteria of economic security. The 
efficacy of any such schemes, however, depends to a 
marked extent upon the nature of the employment. 
This is demonstrated by a comparison of the data con- 
c^ng economic security among professional engineers 
who reported being engaged in public engineering, per¬ 
sonal service, and private engineering. 

Civil-Servicb Status 

The importance of civil-service status as a factor in sta- 
hihty of employment is shown in table II. Despite the 
fact ttat, in all, 11,177 of the engineers reporting 
were m the employ of public authorities in December 
1934, only 45.0 per cent reported being under civil 
service. The proportion of all engineers with civil- 
^mce status was 48.4 per cent for positions under the 
Federal Government, and for employment with state and 
co^ty, and municipal and other public authorities, 36.1 
and 45.6 per cent, respectively. This percentage under 
avd service of these engineers mployed by the Federal 
U)vernment was higher than in the 2 other pubHc employ¬ 
ments, despite the enormous increase in Federal Gov^- 
ment employment by December 1934, because of the 
amount of temporary employment under the work-reUef 
progra^ ; It may be assumed that relatively few engineers 

so employed would be classified under dvil service. Con- 
sequehdy, under normal circumstances, the proportion of 
au engineers under dvil service with the Federal Govem- 
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ment would be higher than 48.4 per cent. With regard to 2 years, and only 0.9 per cent for 2 years or more. Engi- 
the other 2 classes of public engineering, it may be recalled neers who did not report as to period of contract formed 3.7 
that the numbers of engineers so engaged remained com- per cent of the whole. No less than 91.1 per cent either 
paratively stable over the period 1930-34. Hence, the answered “no” or did not furnish specific mformation. 
proportions reported being under civil service are repre- Comparison of the positive returns on employment 
sentative of the situation. contract from all engineers in the 3 broad fields of engineer- 

The relative proportions of each professional class under ing activity shows that use of the contract was most 
civil service differed very markedly among the 3 classes of common in personal service—^primarily education. 


Table II. Distribution of All Engineers Reporting as to Civil-Service Status, by Field of Activity and Professional Class, at 

End of 1934 


Held of Employment and Professional Class 


Without 

Status 


. With Not 

Status Reporting Total 


Federal Oovemment..'.4,649.2,084.2,250.315.100.0. 

Chemical and ceramic. 74. 22. JW. 8.IM.O. 

dvil, agricultural, and architectural.3,620.1,649.1,734.237.100.0. 

Electrical. 306. 143. 138 25.100.0. 

Mechanical and industrial. 649 240 272 37. 

Mining and metallurgical., 100. 30. 62. 8........ 100.0, 

State and county governments.4,438.2,487.1,604.347.' 

Chemical and ceramic. 37 . 30 . 3 . 4........100.0. 

Civil, agricultural, and architectural.4,044.2,203.1,635.306.100.0. 

Electrical. 134 91. 33. 10.100.0. 

Mechanical and industrial. 170. 123. 28. 19. . 

Mining and metallurgical. 63. 40. 5. 8.100.0. 


Municipal governments.2,090... 

Chemical and ceramic... 54. 

Civil, agricultural, and architectural. 1,017. 

Electrical..'.. 238. 

Mechanical and industrial. 168. 

Mining and metallurgical. 23. 


110 . 100 . 0 . 

3.100.0. 

70.100.0. 

14.100.0. 

11 . 100 . 0 . 

3.100.0. 


Without 

Status 


Not 

Reporting 



.44.8.. 


..48.4.. 


... 6.8 


.29.7.. 


.69.6.. 


...10,8 


.45.6.. 


..47.9.. 


... 6.6 


.46.7.. 


..46.1.. 


... 8.2 


..43.7.. 


.49.6. 


... 6.7 


.30.9.. 


..62.0.. 


... 8.0 


..66.1., 


..36.1., 


... 7,8 


..81.1.. 


.. 8.1.. 


... 10.8 


..64.4.. 


..38.0.. 


... 7,6 


..67.9.. 


.24.6. 


... 7.5 


..72.8.. 


..16,6., 


... 11.2 


.76.6.. 


,. 9.4. 


... 16.1 


..49.1.. 


..46.6. 


... 5.3 


.,61.8.. 


. .42.6. 


... 6.6 


. .61.3. 


..43.8. 


... 4.0 


..37.0. 


..67.1. 


... 6.9 


. .44.3. 


. .48.7. 


... 7,0 




. .30.4. 


...13.0 



public engineering employment. The smallest range 
occurred in Federal positions—from 45.1 per cent for 
electrical engineers to 62.0 per cent for mining and metal¬ 
lurgical engineers. These 2 professional classes also con¬ 
stituted the extremes of the range of the proportions 
embraced by municipal governments, but in reverse order. 
Thus, of the mining and metallurgical engineers in munici¬ 
pal employment, 30.4 per cent, and of the electrical 
engineers, 67.1 per cent, had civil-service status. Rela¬ 
tively, the smallest numbers of each professional class 
under civil service were found in state and county govern¬ 
ments. This is best exemplified by the comparative data 
for civil engineers; of their number 47.9 and 43.8 per cent, 
respectively, in Federal and municipal employments but 
only 38.0 per cent in state and county positions had civil- 
service status. But since the civil engineers comprised 
approximatriy 80.0 per cent of ^e 5,038 engineers under 
civil service, obviously such a status is a significant 
contributory factor to the stability of employment. 

Tsb Employment Contract 

For the engineering profession as a whole, the data in 
table III clearly evidence a lack of economic security in 
terms of a written contract which would secure employ¬ 
ment over a ^bstanti^ period of tirne. In all, only 3,169, 
or 8 9 per cent. Of the 35,559 engineers who reported em- 
plojrment in an engineering field* were covered by a written 
contract. Of theses some 0.8 pm’ cent had a contract for 
less than 1 year, 3.5 per cent a contract for between 1 and 


For engineers under contract in the personal-service 
field the most common contract period (reported by 26.6 
per cent of the 2,778 engineers so engaged) was from 1 to 
2 years. Some 4.0 per cent were under contract for periods 
of 2 years or longer. Although the corresponding per¬ 
centages for public engineering were much lower than for 
personal service, they were higher than for private engineer¬ 
ing. For employment contracts tmder 1 year, however, 
private exceeded public engineering (1.0 per cent, as 
against 0.5 per cent). Of all reporting engineers engaged in 
public engineering, 2.0 per cent had contracts for 1 and 
under 2 years, and 1.1 per cent for periods of 2 years and 
over. The corresponding percentages for private engineer¬ 
ing were 1.4 and 0.5 per cent. 

For the separate fidds of activity under private engineer¬ 
ing, relativdy the largest proportion of en^neers under 
contract in their jobs occurred in manufacturing, with 408, 
or 3.8 per cent, of the 10,888 reporting as so engaged. In 
the construction and extractive industries 3.0 and 2.0 
per cent, respectively, had written contracts. The smallest 
proportions under contract were reported by engineers in 
the employ of public utilities or engaged in transportation 
(1.1 and 0.9 per cent, respectively). In public engineering, 
there was a marked contrast in contract status between 
Federal positions and Ihose in the 2 other categoric of 
public engineering. Thus, while only 2.3 per cent of the 
4,649 reporting engineers in Federal employ were on coh- 

2. Throughout tbo whole of this dUcussion, only engineering employment w 
considered. Consequently, no cognizance has been taken of the econonuc 
security of engineers engat^'in nonent^eering employment. 
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Tabic III. Distribution of All Engineers Reporting Employment Contract, by Field of Employment at End of 1934 


Field of Employment 


Number 


Per Cent 


Under Contract for— Under 

-^-Contract, 

Under 1 and 2 Tears No 

1 Under and Period Not 

Total Year 2 Tears Over Reported Reporting'*' 


Total 


Under Contract for— 


Under 1 and 2 Tears 
1 Under and 
Tear 2 Tears Over 


Under 

-Contract, 

No 

Period 

Reported 


Not Re¬ 
porting* 


AU fields... 

.35,559.. 

..295.. 

... 1,234.. 

. .830.. 

. 1 .310 

32 .390 

100 0 




Private engineering. 

Construction. 

Extractive industries.... 

Public utilities. 

.21,604.. 

. 8,437.. 

. 1,841.. 

. 4 1«9 

..212.. 
.. 32.. 
.. 11.. 

.. 298.. 
.. 63.. 
.. 21.. 

.. 99... 
.. 12... 
.. 6... 

. 637.. 

. 113.. 

. 60.. 

..20,368.. 
.. 3,217.. 
.. 1,743.. 

..100.0.. 

..100.0.. 

..100.0.. 

..1.0.. 
..O.9.. 
..0.6.. 

.. 1.4., 
.. 1.8.. 
.. 1.1.. 

... 0.9 

...0.6. 

...0.3. 

...0.3. 

Transportation.. 

Manufacturine. 

. 1.'266.;. 

....10,888... 

.. 5.. 

..148.. 

4.. 

.. 189... 

.. 2... 
.. 71... 

. 50.. 

17... 
. 397... 

.. 4,088.. 
.. 1,227.. 
..10,083... 

..100.0.. 
..100.0.. 
..100.0.. 

. .0.4.. 
..0.4.. 
..1.4.. 

.. 0.6.. 

0.3.. 
.. 1.7.. 

...0.2. 

...0.2. 

...0.7. 

Public engineering.... 

Federal Government. 

State and county governments.... 
Municipal governments.. 

....11,177... 
.... 4,649... 

. 4,438... 

- 2,090... 

.. 53.. 
.. 33.. 
.. 15.. 
.. 5.. 

.. 224... 
.. 42... 
.. 125... 
.. 57... 

..121... 
.. 34... 
.. 50... 
.. 37... 

. 295... 
. 181... 
. 81... 
. 33... 

..10,484... 
.. 4,359... 
.. 4,167... 
.. 1,968... 

..100.0.. 

..100.0... 

..100.0... 

..100.0... 

..O.6.. 

..0.7... 

..0.3... 

..0.2... 

.. 2.0.. 
.. 0.9.. 
.. 2.8., 
.. 2.7.. 

...1.1. 

, .0.7, 
..1.1, 
.,1.8. 

Personal sendee... 

.... 2,778... 

.. 30. . 

.. 712... 

..110... 

.. 378... 

.. 1,648... 

:. 100.0... 

..1.1... 

..26.6.. 

..4.0. 


* Also includes those who reported “no,” which number could not be separated in the tabulation. 


.. 3.7,, 

. 2.9.. 

.. .91.1 

...94.2 

. 3,3.. 

...93.7 

. 3.3.. 

, .,94.7 

. 1.2... 

. ..97.7 

. 1.4... 

...97.7 

. 3.6... 

..92.6 

. 2.6... 

..93.8 

. 3.9... 

..93.8 

. 1.8,., 

. . 94.0 

. 1.6... 

,.93.7 

.18.6... 

..55.7 


tract, the proportion working on this basis for state and 
county, and municipal governments formed, respectively, 
4.2 and 4.7 per cent of their grand totals. 

The type of work in which engineers under contract 
were engaged is presented in table IV. In general, the 
distribution followed the same trend as shown in table 
III, that is to say, the largest groups had written con¬ 
tracts for periods from 1 and under 2 years. Table IV also 
confirms the previous finding that engineers engaged in 
teaching are relatively more secure with regard to employ¬ 
ment than other members of the engineering profession: 
33.8 per cent of their number reported written contracts 
for periods of from 1 to 2 years. Sales employments, next 
in order, had under contract for a similar period only 3.9 
per cent of their 1,513 reporting engineers, and general 
admimstration and management only 2.3 per cent. Each 
of the other functional classes had less than 2.0 per cent. 
Even for the contract periods of 2 years and over, teaching 
covered 4.8 per cent of the total reported for this functional 
class. The next highest percentage, namely, 1.5, was 
rq)orted for general administration and management. In 
no one of the remaining employments did the percentage 
of engineers with written contracts for 2 years and over 
exceed 0.8 per cent. 

Thus, with regard to fields of activity or the functional 


ctoes within them, the engineering profession cannot be 
said to have any substantial security of employment pro¬ 
vided through a written contract for a period of time. 
However, professional engineers are not generally restricted 
^th regard to the seeking of employment similar to that 
in which ^ey may be engaged. This is evidenced by a 
consideration of the data furnished by professional 
engineers concerning their separation-contract status 
(tables V and VI). 

Only 1.4 per cent of all the reporting engineers stated 
t^t they were under a contract for a definite period of 
time during which they bound themselves not to seek 
similar employment. This included 0.8 per cent whose 
separation contracts were for less than 1 year, 0.2 per cent 
for a period of from 1 to 2 years, and 0.4 per cent for 2 
years and over. Clearly, restrictions upon professional 
engineers with regard to new employment were few. 

It may be noted in table V, however, that 2.1 per cent 
of the reporting engineers in personal service were under 
separation contracts for less than one year, whereas the 
proportion in extractive industries and manufacturing was- 
1.0 per cent each. The reason for the relatively greater 
use of the separation contract in personal service is not 
e ear. In extractive industries and manufacturing, the 
use of secret processes probably makes necessary some 


Table IV. 


Dlilribufio.. of All Enginwn Reporting Employ«,»,t Contract, by Type of Work Eng.g«l in .t End of 1934 



All types. 

Design and research... 

Construction........,;,: 

Operation.;____/ ’! [ i |[ 

Consulting. ..’ ’' 

Teaching.." 

Sales. ..... ;;_^_j -ig • - 

General administration and management.;. 2)832.'! 

'* Also indudes those who reported “no. 


84,101 
9,050... 
M33... 

8.276.. . 
2,146 ... 
2,050.. 

1.513.. . 


.. .288.... .1,196.., . .311..;.. 1,236. 



which ntftnber cotold not be separated in the tabulation. 


.31,070... 

. 8,468... 

. 7,769... 

. 7,954... 

1.999.. . 
886 ... 

1.376.. . 

2.618.. .. 


. 100 . 0 . 

. 100 . 0 ., 

. 100 . 0 ., 

. 100 . 0 ., 

. 100 . 0 .. 

. 100 . 0 .. 

. 100 . 0 .. 

. 100 . 0 .. 


.0,8.. 

.. 3.6.. 

...0.9 


.. 1.3.. 

...0.6 

0.5.. 

.. 1.9.. 

.;.0.8 

0.7.. 

.. 1.0.. 

..0.5 

1.2., 

.. 1.4.. 

..0.6 

1.2;.. 

,.33.8.. 

..4,8 

1.0.. 

.. 3.9.. 

..6.6. 

0.7... 

.. 2.8. . 

..1.6. 


3.6.. ... 91.2 

3.4 .93.5 

2.5 .94.3 

1.8.. .. .96.0 

3.7.. ... 93.2 

17.1.43.1 

8.7.. ... 90.9 
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Table V. Distribution of All Ensineers Reporting Separation Contract, by Field of Employment at End of 1934 


number 


Under Contract for— Under 

•-——-— Contract, 

Under 1 and 2 Years No 

1 Under and Period Not 

Field of Employment Total Year 2 Years Over Reported Reporting* 


Per Cent 


Under Contract for— Under 

- 7 --Contract, 

Under 1 and 2 Years No 

1 Under and Period Not Re- 

Total Year 2 Years Over Reported porting* 


All employments. 

...36,559... 

..287. 

_77. 

.128_ 

.95.. 

_34,972... 

...100.0.... 

.0.8... 

...0.2... 

..O.4.. 

....0.3;... 

..98.3 

Private engineering. 

Construction. 

Extractive industries. 

Public utilities. 

.. .21,604... 
... 3,437... 
... 1,841... 
... 4,183... 
... 1,266... 

..180. 
.. 32. 
.. 19. 
.. 16. 

.. 2. 

....67.... 

_5 _ 

_1_ 

_2_ 

.124.... 

. 8.... 

. 2_ 

. 2_ 

.38.. 
.10.. 
. 4.. 
. 4.. 
. 2.. 

_21,196... 

.... 3,382... 

_ 1,815... 

_4,169... 

_ 1,251... 

...100.0.... 
...100.0.... 
...100.0.... 
...100.0.... 
..; 100.0.... 

.0.8... 
.0.9... 
.1.0... 
.0.4... 
.0.2... 

...0.3... 

...0.1... 

...0.1... 

..0.6. 

. .0.2. 

. .0.1. 

....O.2.... 

....O.3.... 

....O.2.... 

....0.1.... 

....O.2.... 

.98.1 
. .98.6 
. .98.6 
.99.6 
.99.6 

Manufacturing. 

...10,888... 

..111. 

_69_ 

.112_ 

.18.. 

_10,688... 

...100.0.... 

.1.0... 

.. .0.5... 

. .1.0. 

. .. .0.2_ 

.97.3 

Public engineering . 

Federal Government . 

State and county governments — 

...11,177... 
... 4,649... 
... 4,438... 

.. 60. 
.. 16. 
.. 27. 

.... 3.... 

_ 1 _ 

_1 _ 

. 2_ 

. 2_ 

.26.. 
. 8.. 
.10., 

_11,096... 

_ 4,622... 

_ 4,400... 

...100.0.... 

...100.0.... 

.... 100 . 0 .... 

.0.4... 
.0.3... 
.0.6... 



..,.0.2.... 
....0.2.... 

....0.2 _ 

0 4 

.99.4 
.99.5 
.99.2 
99 8 

Municipal governments . 

Personal service . 

... 2,090... 

... 2,778... 

.. 7. 

... 67. 

_1_ 

_ 7 . 

. 2.... 

. 8. . 

..31.. 

_ 2,074. .. 

_ 2,681... 

... 100.0. ... 

...100.0.... 

..2.1... 

... tT;. .. 

. .0.1. 

....0.1.... 

. .96.4 


* Aic/i includes those who reported “no," which number could not be separated in the tabulation, 
■f Less than »/io of 1 per cent. 


protection for the employer. It is evident, however, that 
even for these fields such a contract is seldom required. 
This freedom from restriction with regard to other em- 
plo 3 nnent is also apparent from table VI. Only 2 functional 
classes—teaching and sales—covered more than 1.0 per 
cent of their respective totals, and in neither did the 
period of contract exceed one year. In the teaching 
profession 2.5 per cent of the engineers were under sepa¬ 
ration contract and in sales 1.9 per cent; none of the 
other groups exceeded 0.8 per cent. Notwithstanding, it 
is significant that some 0.7 per cent of the engineers en¬ 
gaged in design and research were under separation con¬ 
tract for periods for 2 years and more. 

Provision for Retirement on Pension 

An analysis of the data furnished by professional 
engineers concerning their pension privileges is presented 
in table VII. As of December 1934, 10,641, or almost 
Vs, of the 35,659 professional engineers reporting who had 
engineering jobs at that time stated that they had pen¬ 
sion privileges. Of this number, 6,684, or 18.8 per cent, 
were covered by contributory pension schemes, and 3,957, 


or 11.1 per cent by noncontributory schemes. Some 57.8 
per cent were in employments for which no pension pro¬ 
vision had been made. About 12.3 per cent did not furnish 
information. 

Of the engineers in pensionable positions, the smallest 
relative proportion, 26.2 per cent, were engaged in private 
engineering. By contrast, 37.4 per cent of the engineers 
engaged in public engineering and 29.0 per cent of those 
in personal service had pension privileges. It may be 
noted also that for public engineering and personal service 
the contributory scheme predominated. Of the engineers 
engaged in private engineering, the largest proportion was 
covered by noncontributory systems. However, within 
the private-engineering group marked differences were 
shown; the same was true of the 3 categories of public 
engineering. 

The largest n umb er of professional engineers covered by 
a pension plan were those in the employ of the Federal 
Government. Out of a total employment of 4,649 
engineers reporting, 43.2 per cent were under a contribu¬ 
tory and only 5.3 per cent under a noncontributory plan. 
The corresponding proportions in positions with state and 


Table VI. Distribution of All Engineers Reporting Separation Contract, by Type of Work Engaged in at End of 1934 


Number 


Per Cent 


Type of Work 


All types.:. 

Deagn and research......'. 

Construction... 

Op^tion.... • ■ 

Consulting... 

Teaching....... 

Sales...... 

beheral administration and man¬ 
agement. ...• 



Under Contract for— 

Under 

Contract, 

No 

Period 

Reported 



Under Contract for— 

Under 

Contract, 


Total 

Under 

1 

Year 

1 and 
Under 

2 Years 

2 Years 
and 
Over 

Not 

Reporting* 

Total 

Under 

1 

Year 

1 and 
Under 

2 Years 

2 Years 
and 
Over 

No 

Period 

Reported 

Not Re¬ 
porting* 

..,.34,101. 

.274. 

....72... 

...122.. 

....93.... 


100 0 

0.8.. 

_0.2.. 

...0.4.. 


.. .98.3 








... 9,050. 
... 8,233. 
... 8,276. 
... 2,146. 
... 2,060. 
... 1,613. 

.68. 

.....46. 

.10. 

_ 61. 

.28. 

....33... 
.... 9... 
,...12... 

...: 6... 
.... G... 

... 62.. 
... 2,. 
... 33., 
... 9.. 

... 6.. 

...16... 
...18... 
...18... 
... 8... 
...31.;, 
... 1... 

.. 8,872..,. 
.. 8,169.... 
.. 8,163.... 
.. 2,119.... 
.. 1,962...; 
.. 1,473.... 

.100.0. 

.100.0. 

.100.0. 

.100.0. 

.100.0. 

. ,100.0. 

... .0.8.. 
....0.6.. 
....0.6., 
....0.6.. 
....2.5.. 
....1.9,. 

...0.4.. 

...0.1.. 

...o.i.. 

...0.8.. 

.. .0.4.. 

...0.7.. 

...O.4.. 
. ..O.4., 

...O.3.. 

..,.0.2... 

.,..0.2... 

....0.2... 

....0.4... 

.,..1.6... 

.,..0.1... 

...97.9 
...99.2 
...98.7 
...98.7 
, . .96.7 
.;.97.3: 

.... 2,833. 

..... 20, 

.... 6... 

... 11... 

....4... 

.. 2,792.... 

..100.0. 

.....0,7.. 

... .0.2.. 

.. .0.4; 

.,.,0.1... 

...98.6 


* AiBft includes those who reported “no,’’ which number could not be separated in the tabulation, 
t Less than i/i# of 1 per cent. 
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county, and municipal governments were very much 
less ^26.9 and 1.3 per cent, respectively. For municipal- 
government employment the figures were 29,9 and 2.4 
per cent. This order of difference parallels that of the 
proportions of engineers under civil service in these 3 
classes of employment, but only in the case of the Federal 
Government are the 2 proportions closely related. This 


was true of the largest group in each case, except in 
manufacturing where the highest proportion (30.1 per 
cent) reported that they had no rights to patents relating 
to their work, but did retain their rights to those not 
directly related to their work. This latter combination 
[“(1) no; (2) yes,” in table VIII] ranked second in impor¬ 
tance and included 16.9 per cent of the 35,559 engineers. 


Table VII. 


Distribution of All Engineers Reporting Pension Privileges, by Field of Employment at End of 1934 


Field of Emplojrnient 


No 

Pension 


Number 

Pension Privilege 
Non- 

Contributory contributory Not 
Plan Plan Reporting 


Pension Privilege 


No Contributory contributory Not 
Pension Plan Plan Reporting 


All employments. 


Private engineering. 

Construction. 

Extractive industries. 

Public utilities. 

Transportation...... 

Manufacturing. 

Public engineering. 

Federal Government. 

State and county governments. 
M u nt ripal governments. 

Personal service... 


.3,957.... 

..4,362. 


....57.8.. 

.18.8... 

... .3,387.... 

..2,745. 


...61.1., 

....10.5... 

- 138_ 

.. 680. 

.100.0... 

...71.1.. 

_ 5.1... 

--200_ 

.. 260.. 


...60.2.. 

_14.8. .. 

... .1,555.... 

.. 454.. 

.100.0... 

...48.7.. 

_8.2... 

- 416.... 

.. 148.. 

.100.0... 

...45.9.. 

.... 9.6... 

....1,078.... 

..1,208.. 

.100.0... 

...66.6.. 

_12.6. .. 

.... 357_ 

..1,202.. 

.100.0... 

...51.8.. 

_34.2. ,, 

- 248_ 

.. 642.. 

.100.0... 

...89.8.. 

_43.2... 

.... 58.... 

.. 464.. 


...61.8.. 

_26.9... 

51*... 

.. 196.. 

.100.0 ... 

...68.3.. 

....29.0... 

.... 218_ 

.. 415.. 

.100.0.... 

...56.1.. 

....21.3_ 


arises from the fact that, whereas all persons under 
Federal civil service must contribute to the retirement 
fund, this is not true to the same extent for emplo 3 rments 
under state and county, and municipal governments, 
where age, length of service, and salary are also taken 
into consideration. 

Among the remaining fields of activity, public utilities 
^d transportation reported the next highest proportions 
(after Fed^al employment) as having pension privileges. 
Public utilities and transportation used the noncontribu- 
to^ scheme; this type of plan covered 37.2 per cent in 
utilities and 33.1 per cent in transportation; contributoiy 
systems cov^ed only 8.2 and 9.6 per cent, respectivdy, of 
those reporting. For the 3. remaining pursuits shown 
under private engmeering, the largest number of engineers 
TOth pension privileges did not exceed 25.7 per cent, and 
in all cases contributoiy schemes predominated. 

From the preceding discussion of the pension privileges 
It IS qmte evident that the kind of employment has a 
marked effect upon the question of the installation of a 
pension scheme, in no type of engineering emplo:^ent 

was a majority of the reporting engineers protected by 
such a plan, ^ 

Patent Privileges in the Engineei^ Profession 

^ Mormatiou as to patent privileges was furnished by 
61.6 per cept^ of the 35,559 reporting engineers witt 
engmeermg jobs at the end of 1934 (table VIII) Of all 
^^^ Oov^ed, 31.7 per cent reported re^^^ of the 

pat^t lights for aU inventions made either in the course 
of ^eir work or in fields not directly related to their 

wof . ong nine Separate fields of emplovniATit Hii. . 
660 :; 


^ under The third group in importance (including 4,675, or 12 9 

t fo^^S^T reporting complete restriction on both 

W patent privfleges. Only 42 engineem, less than 

ay are also taken nghts to mventions connected with their duties but not to 
those not so coimected. 

ty, public utilities it would seem that, comparatively, there is only slieht 
rghest proportions restriction on the retention of patei; righte a^g 
p^aon pnv^^. fesaional engineer, although its eirtent LiJTZ m- 
d^72 p“un lHus, relatively the 

ion- contributorv engineers engaged in manu- 

rt resSd^rf factu^g 19,0 per cent of whom reported complete restric- 

‘ directly related to their work but not to those made in the 

Qina^ ’ the ^ctive mdustries the limitations, while less 

pension nrivilfaapc manufacturing, were nevertheless greater 

uployment has a Comnlet^^ branches of private engineering. 

‘ of a 5estaction was reported by 16.6 per cent of the 

«s iZw^Tv “ co^cUon, and by 11.4 per cent of ^thoSe in 

P y trans^rtetion: the smallest proportion, 8.9 per cent, was 
recited for engineers in the employ of public utilities. 
“Steady been noted that in niaaufacturing, some 

mg Profession 30.1 ^ cent of the engineers so engaged had the right to 
raa fiinished bv “jontions not directly related to their work, but 

employment this eng^d in construction. Th^^ same 4 fields of 
Security <tf Euimemg emj>^^ EuicBacAi. Enginbbrino 






























however, did report larger proportions as being unrestricted 
with regard to patent privileges. These ranged from 32.6 
for extractive industries to 42.4 per cent for public utilities. 
In this regard, it may be recalled that only 23.1 per cent 
of the engineers in manufacturing so reported. 

In the 3 classes of public engineering, there was a marked 
divergence in the restrictions placed upon patent privi- 
leges. This was greatest for, engineers in the employ of 
the Federal Government, 12.2 per cent of whom had no 
patent privileges whatsoever, whereas in state and country, 
and municipal governments only some 9.0 per cent were 
under complete restriction. Partial restriction affected 
12.5 per cent of the Federal Government engineers, but 
only about 6.5 per cent of those in the other 2 public 
employments. The greatest divergence occurred for those 
engineers who reported they had the right to patents 
made in the course of their work and also to those not 
directly related to their work. This group included only 
21.7 per cent of Federal Government engineers, whereas 


rights for engineers in the personal-service group was due 
to the preponderance of teachers in thip g^oup, as examina¬ 
tion of table IX shows. 

Engineers engaged in teaching were under the least 
restriction as to the retention of patent rights, and 


Table IX. Distribution of All Engineers Reporting Patent 
Rights, by Type of Work Engaged in at End of 1934 


Right Retained to InventionB (1) Made in the Course 
of Work, and (2) Not Directly Related to the Work 


Type of Work 


Not 

(1) Yea; (1) Yes; (1) No; (1) No; Report- 
Total (2) Yes (2) Ho (2) Yes (2) No ing 


Number 


All types.34,101.., 10,828 _40_ 5,779.. .4,401... 13,063 

Deagn and research. 9,060... 2,128_13_ 2,404.., 1,430... 3,075 

Construction. 8,233... 2,730 _ 8_ 717... 892... 3,886 

Operation. 8,276. .. 2,737_10_1,494... 1,108... 2,927 

Consulting. 2,146... 696 3_ 202... 246... 1,000 

Teaching. 2,060... 1,132 3_ 199... 90... 626 

Sales. 1,613... 463_ 2_ 810... 293... 466 

General administration 

and management. 2,833... 953_ 1.... 463... 842... 1,084 


Table VIII. 


Distribution of All Engineers Reporting Patent 
Rights, by Field of Employment 


Right Retained to Inventions (1) Made in the Course 
of Work, and (2) Not Directly Related to the Work 


Field of Employment 


(1) Yes; (1) Yes; (1) No; (1) No; Report- 
Total (2) Yes (2) No (2) Yes (2) No ing 


All employments. 

.85,659.. 

.11,263.. 

. 42.. 

.6,017. 

.4,676.. 

.13,662 

Private engineering. 

.21,604.; 

. 6,499.. 

. 29.. 

.4,801. 

,8,279.. 

. 6.996 

Construction. 

. 3,437.. 

. 1,178.. 

. 5.. 

. 294. 

. 405.. 

. 1,656 

Extractive industries.. 

. 1,841.. 

. 601.. 

. 2.. 

. 342. 

. 288.. 

. 608 

Public utilities. 

. 4,183.. 

. 1,771.. 

. 6.. 

. 670. 

. 374., 

. 1,362 

Transportation. 

. 1,256.. 

. 434.. 

. 3,. 

, 217. 

. 143.. 

. 458 

Manufacturing.... 

.10,888.. 

. 2,615.. 

. 13.. 

.3,278. 

.2,069.. 

. 3,013 

Public engineering...... 

.11,177.. 

. 8,364.. 

. .10.. 

. 946. 

.1,160.. 

. 5,707 

Federal Government.. 

. 4,649.. 

. 1,009.. 

. 3., 

. 582. 

. 667,. 

. 2,488 

State and county gov- 







emments. 

. 4,488.. 

. 1,687.. 

. 6.. 

. 249. 

. 386.. 

. 2,211 

Municipal govern- 







ments. 

. 2,090.. 

768.. 

. 2.. 

. 115.. 

. 197.. 

. 1,008 

Personal service. 

. 2,778.. 

. 1,400.. 

. 3.. 

. 270,, 

. 146,. 

. 959 

Per Cent 

Total, United States. 

. 100.0.. 

. 31.7,. 

,.0.1., 

.. 16.9.. 

.. 12.9.. 

. 38.4 

Private engineering. 

. 100.0.. 

. 30.1., 

..0.1.. 

.. 22.2.. 

. 16.2.. 

. 32.4 

Construction.. 

. 100.0.. 

. 34.3.. 

..0.1,. 

. a6.. 

. 11.8.. 

. 46.2 

Extractive industries.. 

. 100.0.. 

. 32.6.. 

..0.1.. 

. 18.6.. 

. 16.6.. 

. 33.1 

Public utilities. 

. 100.0.. 

. 42.4... 

.0.1.. 

. 16.0.. 

. 8.9.. 

. 32.6 

Transportation. 

. 100.0,. 

. 84.6... 

..O.2.. 

. 17.8.. 

. 11.4.. 

. 86,6 

Manufacturing. 

. 100.0.. 

. 23.1.. 

..0.1., 

. 30.1.. 

, 19.0.. 

. 27.7 

Public engineering. 

. 100.0.. 

. 30.1... 

,,0.1.. 

. 8.6.. 

. 10.3.. 

. 51.0 

Federal Governments.. 

. 100.0,. 

. 21,7... 

.0.1.. 

. 12.6., 

. 12.2.. 

. 63.6 

State and county gov- 







ernments. 

. 100.0., 

. 35.8... 

.0,1... 

. 6.6.. 

. 8.7.., 

, 49.8 

Municipal govern- 







ments.. 

. 100.0... 

. 36.7... 

.0.1... 

, 5.5., 

. 9.4.., 

. 48.3 

Personal service. 

. 100,0... 

. 60.4... 

.0.1... 

. 9.7.. 

. 5.8... 

. 34.5 


for state and county, and municipal governments the per¬ 
centages reported were, respectively, 35.8 and 36.7. 

Relative to fdl other fields of acti'i^ty, the least restric¬ 
tions were found m personal service, where 50i.4 per cent 
reported unrestricted patent rights, 9.7 per cent partial 
restriction, and only 5.3 per cent no patent privileges. 
This freedom from restriction in the retention of patent 


Per Cent 

All types. 

. 100.0... 

. 31.8.. 

..0.1., 

.. 16.9.. 

. 12.9.. 

. 38.3 

Design and research..... 

. 100.0.,, 

. 23.5.. 

..0.1., 

.. 26.6.. 

. 15.8.. 

. 34.0 

Construction. 

. 100.0... 

33.2.. 

..0.1.. 

. 8.7.. 

. 10.8,. 

. 47.2 

Operation. 

. 100.0... 

83.1., 

.,0.1.. 

. 18.1.. 

. 13.4.. 

, 86.8 

Consulting. 

. lOO.O... 

32.4.. 

..0.1., 

. 9.4;. 

. 11.6,. 

46.6 

Teaching.. 

. 100.0... 

66.8.. 

..0.1,. 

. 9.7.. 

. 4.4.. 

30.6 

Sales. 

. 100.0... 

29.9.. 

.,0.1., 

. 20.5.. 

. 19.4.. 

30.1 

General administration 







and management. 

100.0... 

33.6.. 

.. t ... 

. 16.0.., 

, 12.1... 

38.3 


t Less than i/u of 1 per cent. 

engineers in design and research were under the greatest 
restriction. Of the 9,050 engineers classified as working 
in design and research, only 23.5 per cent had the right 
both to patents made in the course of their work and those 
not directly related to their work. As many as 55.3 per 
cent of the engineers engaged in the teaching of ragineer- 
ing subjects so reported. For the remaining 5 lines of 
work, the proportions with full rights to patents ranged 
from 29.9 per cent in sales to 33.6 per cent in general 
administration and management. 

Relatively, the largest proportion of engineers who were 
partially restricted in regard to patent rights (26.6 per 
cent) was reported .for design and research. Even in the 
case of sales, some 20.5 per cent were classified under 
this “no-yes” combination. By contrast, only 18.1 per 
cent of the engineers engaged in operation and 16.0 per 
cent in general administration and management were 
restricted only as to patents relating to their work. The 
corresponding proportions in construction, consulting, and 
teaching were very much less, ranging from 8.7 in con¬ 
struction to 9.7 in teaching. 

The largest relative percentage completely restricted 
was 19.4;—for the engineers engaged in sales—with design 
and research following next in order (15.8 per cent). From 
this point the proportion ranged downward to 13.4 per 
cent in operation, 12.1 per cent in general administration 
and managemrat, 11.5 per cent in consulting, and 10.8 
per cent in construction. The lowest percentage under 
complete restriction, namely 4.4, was noted in teaching. 
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The Ultrahigh-Frequency Domain 

By ALFRED N. GOLDSMITH 

FELLOW AIEE 


T he ultrahigh-frequency 
waves have attracted con¬ 
siderable attention of late. 

It is but natural that educators 
have frequently considered the 
possible application of these 
waves for local educational 
broadcasting. In some quar¬ 
ters the optimistic thought has 
been expressed that in this new 
domain there will be space for 
the establishment of almost 
any number of local educa¬ 
tional broadcasting stations. 

It will be attempted later in 
this presentation to analyze 
the probability of the successful execution of such a plan. 

Frequency Regions for Broadcasting 

The radio waves referred to as lying in the “ultrahigh- 
frequency domain” are, broadly speaking, those having a 
wave length less than 10 meters. They result from elec¬ 
trical oscillations having frequencies greater than the 
extremely high value of 30,000,000 cycles or oscillations 
in each second. The waves in the existing broadcasting 
band—^that is, the so-called “medium waves”—^have 
lengths lying between about 200 and 550 meters, and 
correspond to electric oscillations of a frequency in the 
general neighborhood of 1,000,000 cycles per second. 
Lying between the medium waves for broadcasting and 
the ultrahigh-frequency domain are the short waves which 
are So effectively used, among other purposes, for trans¬ 
oceanic and transcontinental communication. 

There is one additional region used for broadcasting, 
namely, that of the longer waves in the neighborhood of 
1,500 meters, having a frequency of about 200,000 cycles 
per second. These waves are not used for broadcasting 
in America although they have had considerable applica¬ 
tion in Europe. 

Thus there are, so to speak, 4 domains of possible 
interest for modem broadcasting. These are the long 
waves, having frequencies of the order of 200,000 cycles 
per second; the medium waves (so widely used in the 
United States), having frequencies of the general order 
of 1,000,000 cycles per secpnd; the short waves, having 
frequencies of the order of 10,000,000 cycles per second; 
and, finally, the ultrashort waves, which have the ultra- 
high frequencies of from 30,000,000 to several hundred 
million cycles pd: second pr even more. 

It was hinted that the short waves were not widely 
useful for national broadcasting. They do serve admir¬ 
ably to cover the great distances required, to span oceans, 
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but they give a relatively poor 
local service and create so 
considerable an amount of 
interference at distant points 
in other countries when they 
are used for primarily local 
broadcasting that it seems in¬ 
appropriate to regard them as 
a proper means for completely 
carrying out national broad¬ 
casting in such countries as the 
United States. 

Accordingly, so far as future 
expansion of the broadcasting 
realm is concerned, attention 
must be concentrated on the 
ultrahigh-frequency domain. The nature of these waves 
is worth considering more fully. To begin with, they 
are a good deal more like visible light than are the short, me¬ 
dium, or long radio waves hitherto used. By this is meant 
that these waves are more readily blocked by obstacles 
which would stop Ught; are reflected by objects somewhat 
like those which would reflect light; and have somewhat 
of the reliability and steadiness of transmission which light 
waves attain in the absence of fog or material obstacles. 

Ultrahigh-Frequency Transmission 

Broadly considered, an ultrahigh-frequency trans¬ 
mitting station acts like a sort of radio lighthouse. Its 
rays travel outward in all directions toward the horizon 
and are best received along the “line of sight.” For this 
reason it is common and approved practice to place the 
ultrahigh-frequency transmitting. stations on the top of 
the tallest structure which may be available and also to 
place them, as nearly as practicable, in the center of the 
region which they are intended to serve. The higher the 
location of the transmitting station, the greater the range 
of satisfactory transmission. 

It is true that the ultrahigh-frequency waves do not 
stop completely at the horizon but can be received, though 
with diminished strength and increased unsteadiness, at 
distances considerably beyond the optical horizon. It is 
also true that occasionally these waves may “fade” 
beyond their normal range, that is, fluctuate rapidly in 
their strength at the receiving station. 

Bssratially full text of an address presented at the First National Conferenbe on 
Educational Broadcastintr, Washington, D. C., December 10-12,1936, 
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for many years, the degree of doctor of philosophy from Columbia University, 
and, in 1936, the honorary degree of doctor of science from Lawrence College. 
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Use of uitrahigh frequencies for educational 
broadcasting has been thought to offer attractive 
possibilities because of the supposedly almost 
unlimited number of channels; however, the 
demands of other radio services, particularly 
television, may be expected to congest this 
newly opened region. Ultrahigh-frequency 
waves behave somewhat like light waves, and 
give reliable and steady communication over 
short distances. The 6-megacycie band width 
required for television can be accommodated 
only in this region, but short range precludes, for 
the present, coverage of rural areas with these 
frequencies. 
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It has been reported that the occasional range of trans¬ 
mission and reception of the ultrahigh-frequency waves 
may be very considerable. Distances from 100 to several 
thousand miles have been cited in this connection. How 
frequently such extreme ranges may occur and upon what 
physical factors they depend are not yet known with 
certainty. Accordingly, a proper precaution is to suspend 
judgment as to the extent to which these facts wiU in¬ 
fluence the allocation of the ultrahigh frequencies. 

Nevertheless, taken by and large, the ultrahigh-fre¬ 
quency waves work best to distances little beyond the 
visible horizon, produce a steady and reliable signal with 
a minimum of distortion of the material transmitted 
(whether televisual or telephonic), and are relatively free 
from erratic changes in transmission. It is fair to state 
that, as a rule, the ultrahigh-frequency waves are trans¬ 
mitted with somewhat of the steadiness and constancy 
to be attained in a properly designed wire or cable system 
operating under the most favorable conditions. 

Another fortunate aspect of the ultrahigh-frequency 
waves is the relatively low level of natural interference. 
It is well known that atmospheric electrical disturbances 
trouble radio listeners on the medium waves during the 
summer months, even in the northern portions of the 
United States. The ultrahigh-frequency waves, on the 
contrary, are little troubled from this somrce, though a 
number of man-made devices (such as the ignition systems 
of some automobiles and medical diathermal equipment) 
may cause serious interference with the reception of these 
waves at points near the outer limits of their service range. 
Fortunately automobile ignition systems can be shielded, 
and there is little doubt, should ultrahigh-frequency 
waves become widely used for broadcasting to the public, 
that the automobile industry will likely co-operate by 
taking such measures as will reduce ignition interference. 
Possibly diathermal outfits will be given their own 
assigned frequency, thus preventing most of the interfer¬ 
ence caused by them. 

While the ultrahigh-frequency waves give reliable and 
steady communication, their service range, as indicated, 
is usually limited to distances of the order of several tens 
of miles from the transmitter. The questions will natur¬ 
ally be asked; Why should these waves be used in broad¬ 
casting? Wirii their limited range what compensating 
advantages do they display? What can be accomplished 
by their use which cannot be otherwise accomplished? 
What broadcasting opportunities are thus offered? And 
what broadcasting methods, of special interest to educa¬ 
tors, can thus be realized? 

Widths of Frequency Bands for Communication 

Before answering these questions it is necessary to con¬ 
sider briefly the demands made upon radio transmission 
capabilities by the various forms of communication. The 
simplest form of communication is telegraphy-—by dots 
and dashes. This requires a limited band of frequencies or 
“space in the air.” Actually a few tens, or at most hun¬ 
dreds, of cycles per second are required next to one or both 
sides of the so-called carrier wave by telegraphic com¬ 


munication. Telephonic communication—^the transmis¬ 
sion of speech or music—^makes more severe demands. In 
this case the frequency band required (that is, the so-called 
“side band”) is about 10,000 cycles wide. The demands 
of facsimile communication—^the transmission of drawings, 
printed text, writing, or photographs in the form of a 
record—^requires perhaps a half or a third as much space 
for the corresponding frequency band as telephony. 
Then there is television, which is the most difficult of the 
communication arts. This is the transmission of pictures 
in motion, in transient form (that is, not recorded). The 
side band in this case rises in width to millions of cycles. 
For example, a side band about 2,500,000 cycles wide is 
believed to be required for really acceptable television 
pictures. 

The difficulty of each of these methods of communica¬ 
tion is somewhat proportionate to the side-band width 
required as previously indicated. This must not be taken 
too literally. However, it is fair to say that television is 
much more difficult than either telephony or facsimile 
which, in tmn, exceed telegraphic communication in their 
technical requirements. 

As hinted in the foregoing discussion, every transmis¬ 
sion of intelligence by radio is accomplished by using a 
carrier wave for transmission and by modulating or con¬ 
trolling this carrier wave in such fashion as to convey the 
intelligence in question. The result of this modulation, in 
the simplest case, is to add new side bands on each side 
of a carrier wave; these side bands occupy frequencies to 
the exclusion of the interference-free reception of other 
communications of comparable strength on the same fre¬ 
quencies in the same general locality. (For the moment, 
the capabilities and advantages of directional reception 
are not under consideration.) 

That television cannot be carried out, with adequate 
picture quality, on the meditun broadcast waves becomes 
at once evident. Finding space on such waves, having an 
average frequency of a million cycles, for side bands several 
million cycles wide such as are required by television is 
not possible. It becomes necessary to go to the ultrahigh 
frequencies. If the carrier frequency has the ultrahigh 
value of say 50 megacycles there is obviously room on 
each side of this frequency for the side bands required by 
television, wide though such side bands be. 

Beam Transmission of Ultrahigh Frequencies 

It is also desirable, before answering the questions which 
have been posed, to consider one other useful charaicteristic 
of the ultrahigh-frequency waves. These waves are quite 
short and are accordingly readily focused, if desired, so 
that they may be transmitted primarily in k given direc¬ 
tion in a narrow beam. This is importaiit whenever 
directional transmission and reception are required. A 
proposal has been made to use the ultrahigh-frequency 
waves for relay communications. • In this process the 
transmission from a given station of these waves is picked 
upi at a distant point by a corresponding receiving station, 
and the received signals are amplified powerfully by one 
means or another and then sent into a nesa'by^ second 
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transmitter which carries them along on their way to a 
further receiving station where the process of automatic 
relaying is carried out. Several such ultrahigh-frequency 
relay stations, each picking up its signal from the pre¬ 
ceding and sending it forward along the relay system, 
would constitute a sort of network. 

The difficulty experienced in using medium or long 
waves for the purpose of radio relaying involves the 
problem of efficient transmission and accurate reception. 
In this respect the ultrahigh-frequency waves arc nearly 
ideal. They can be readily concentrated in a given direc¬ 
tion toward the next relay station; and the amount of 
interference experienced in reception because of nattiral 
electrical disturbances is, as has previously been stated, 
relatively very slight and unimportant. For these reasons 
the ultrahigh-frequency waves lend themselves well trj 
radio relay systems. 


latter have proved e?cireincly stulibaji ;t.s lu their climina- 
tion by any methods of c*inve»ti*nud .sort reijuiring no 
increa.sed width ui fretpiency Intiid fur the e^iriesii.mding 
tran.smishion and reception, liv the use of the ultruhi-h^ 
fre<|nency waves it becoiues at pussihlc to transmit 
lelcplume programs Uhul is, spiecti and umm i ,,ii an 
extretmdy high tulelily basis ;yitl, similarly, tu receive 
Uiese programs with such accmacv i»i lepioduction iu Mte 
htmie as will greatly enhance the clarity speech and the 
nutnrulness of reprothictiMfi of m« 4i'. Pic ivail dav hnrM 
casting on the meihiim waves is greatly handicapjied in 
its St niggle to obtain high tidelilv transmission and ossp. 
tion hv the ctnigestitin of stations on neighlxaing channels 
only Hi,IKK! cycles f 10 kihsi vdes) apart. Actually times 
this se|»uratj«m ctnild Ih' used to advantage were it avail 
able which it iunphaticiilly is iu»t in a coimtrv like the 
Unitetl States where great areas imisl lie ciaeicil. where 


Use of Ultrahigh Frequencies for Broadcasting 

To some extent the questions which have been pre 
viously set forth can now be answered, First, as to the 
question: Why should the ultrahigh-fretpiency wave.s be 
used in broadcasting? The answer is that they sliow 
reduced distortion of quality, diminished interference 
from natural electrical disturbatices, and a high tlegrce of 
reliability of service within their normal range, which range 
is quite adequate to cover most urban and suburban arcus 
or areas of corresponding size in niral regions. They 
require only reasonable amounts of power to accompHsii 
such results provided the transmitting .station is cetUrally 
located on the top of a high structure. Under usual con¬ 
ditions these waves do not cause severe distant interference 
and have only a limited “nuisance range," in contradi.stinc- 
tion to the short and medium waves which sometimes 
cause interference at distances far beyond their range of 
useful reception. Further, the fact that the utilization of 
these waves might, if judiciously carried out and with due 
control, Somewhat relieve the worst congestion now exist¬ 
ing on the medium broadcasting waves cannot be over¬ 
looked. In the foregoing statement it is believed that 
there has similarly been answered the question: With 
their limited range what compensating advantages do 
they display? » 

The next question is: What can be accomplished by 
toeir use which cannot otherwise be accomplished? 
Tteough the use of ultrahigh-frequency waves it is pos¬ 
sible to have more local stations which would be substanti- 
aUy noninterfering than would be the case if the medium 
waves were used. It is possible to establish more nearly 
constant day and night quality of service than is now the 
case. It is also feasible to maintain winter and summer 
reception on more nearly the same level of freedom from 
natural electrical disturbances. While it is true that 

“ Mtomobile ignition sysUms 
.1*. equipment, can interfere with 

J^high-fr^uency receprfort, yet the reduction of such 
>^eredce by organised planning, regulaUon, 

^ possibilities 

tnan the dnnmabon of natural disturbances-which 
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mission, and wherv otvasioitaHy {i««litival roii;4rU*ra{it>iis 
may be iirgvd in comuvtiMii witb the ullo»ati„fi of trails 
mission frvqwciunvs. Hiouilly statvil, iiiofi* rt'bubh- 
transinksiofi, U-ss iiitvrfrrrfivc from natural distmbam ts. 
a partial rvlivf from t'vt'taiii tyiws of ciUigvNtitin of traits 
mission favtlUic.s. high lidHily trlrphonic o|H<ratton. and u 
steady and rcasimabty uniform all tlay and all year servitu* 
cun Im‘ anticipated from tbe nltruhigb frct|HciicU*s, 

Use of Ultrahigh Frequencies for Televiston 

Perhaps the grrutm opiiorlmnty olTcrcd by the ultia- 
higlt-frcqiicmy waves, itaiiidy. the iiitriHbiclion of ttde- 
vision, has iirii as yet Iwni analy/cil Here is one s«?rvicc. 
at least, which eotth! not conceivably lie carried out 
amirrling to prcst'Ut kiiowletige on ntiy but Ihe ultrahigh- 
frt!qHem'ics. Its side baml <leinands for an exlraordiflurily 
wide band of frequencies can Is* met only in this new 
domain. Since the visiml si*rvices can reasonably be 
expected to add a great ileal to the value of broadeukiiig 
as an educational medtuni itt the broadest seiUHz*, there is 
no question bnt tliiit the ultrahigh frequencies will find 
a Wide and successful appheation for that piirfsise. 

Only very recently was reasonably gisfd agreeineni 
reached among expt‘rts as to what constitutes an acceptable 
type of televiston. In a broad way the television picture 
is dest?rilHHl as having **a t*ertaiii fitinilwr of lines,'* the 
lines being the |:fflrallel arid adjacent jialhs over which 
Rioves the si>ot of tight tlial creates the television picture, 
mtmlly as few os *M lines were suggested for an acceptable 
television picture. Actitally such a picture would lie of 
t le utmost crudity and capable of giving an extremely 
rough impression of only the iimplest objects. As time 
went on, 4.^4inc pictures and then WPliiie pictures were 
propo^d. In each case the almost pitiful inadequacy 
o such television piclitres, so far as any i^ttcattonai or 
^tertainmerit value was concerned, became fully evident, 
f here then followed attempts to use VM and im tines of 
television pictures and, tor the first tiiiie, a slightly ustdiil 
television picture was produced. However, present day 
experimental practice here and abrcuid involves pictures 
lavmg 343 lines or 405 lines, respectively (although some 
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attempts are still made to use 240-line pictures). The 
proposed standard for the United States is a 441-line 
picture. At its best such a picture may be described, 
crudely enough, as definitely better than a projected 
motion picture from 8-millimeter film and perhaps nearly 
or quite as good as a motion picture projected from 16- 
millimeter film. The television standards so far proposed 
as practicable cannot be expected to give results equal to 
those obtained in an auditorium, for example, by the pro¬ 
jection of 35-millimeter film. The pictures are mono¬ 
chrome—that is, essentially in black and white. Practical 
color television is a rather remote possibility and hardly 
one with which to be concerned for some time to come. 

If television pictures having numbers of lines of between 
300 and 500 are taken as a reasonable standard for the 
present, the side bands required for the corresponding 
transmissions are found to be extraordinarily wide as 
compared to those used for telephony. The proposed 
width for the side bands in the American television trans¬ 
missions will be about 2,500,000 cycles per second. Only 
in the ultrahigh-frequency domain of waves can be found 
a practicable resting place for such transmissions. Accord¬ 
ingly television must necessarily embrace the capabilities 
and accept the limitations which have been previously 
described as associated with ultrahigh-frequency trans¬ 
mission and reception. 

The establishment of a television transmitting station 
on the highest location in the region which is to be served 
is, nevertheless, unlikely to enable coverage over a range 
of more than a few tens of miles in each direction. While 
this is entirely adequate for most cities and their suburbs, 
it is certainly not adequate for the coverage of large rural 
areas where the concentration of lookers will be g mf i ll 
and the distances to be covered will be great. 

It may be judged from this that methods should be 
found, if possible, to give to television services an adequate 
rural coverage although it must be admitted that, up to 
the present, the problem of so doing is formidable both 
technically and economically. One may also conclude 
that the medium-frequency telephone broadcasting sta¬ 
tions of today, while unable to render television service 
because of the limitations of medium-frequency transmis¬ 
sion as pointed out previously, will nevertheless necessarily 
remain the backbone, so to speak, of the broadcasting 
structure in so vast a country as the United States, at 
least for many years to come. From this the comforting 
thought may be extracted that the present broadcast's 
do not face an abrupt obsolescence of their stations which, 
so far as can now be told, will still render a useful rural 
service in the future. No present means of replacing the 
rural service in question by technically correct and 
economically feasible utilization of ultrahigh-frequency 
transmissions is known. However, even these problems 
may in time be solved to the advantage of ultrahigh- 
frequency methods. 

Facsimile Broadcasting 

Facshmle broadcasting is perhaps of particular interest 
to the educator since it is the only form of broadcasting 


which offers a permanent record of textual arid graphic 
material. It is a sort of radio printing press located in the 
home and capable of producing pages (and even books, if 
given reasonable time). Facsimile broadcasting could 
techmcally be carried out on the pYifiting broadcast fre¬ 
quencies, that is, the medium frequencies. The side bands 
required are little different from those necessary for 
telephony. However, the congestion in the present broad¬ 
casting band is so extreme that it would be out of the 
question at this time to add other services in the present 
broadcasting band. The interesting suggestion has been 
made that facsimile broadcasting. might be carried out 
during the early morning hours on the existing broadcast¬ 
ing band, the reproduced material on sheets of paper being 
available to the recipient as he awakens in the morning. 
Such a service has distinct limitations and would likely be 
useful, if at all, only during an interim stage of develop¬ 
ment and as a facsimile service to rural areas not readily 
reached by ultrahigh-frequency transmissions. 

If more or less continuous facsiinile broadcasting is to 
be established in urban and suburban areas, it is more- 
logical to expect that it will be associated with its related 
visual service—^television. That is, facsimile broadcasting 
also finds a natural location in the ultrahigh-frequency 
domain. It must be left to the imagination of the educa¬ 
tor to envisage the numerous attractive possibilities of 
instruction and examination which are afforded by this 
type of broadcasting. However, the limitations of range 
of the ultrahigh-frequency waves must be kept in mind 
here, as well as in the case of television broadcasting. 

Availability of Chaxmels in the 
XJltrahigh-Frequency Domain 

The likelihood of the successful establishment of a 
substantially unlimited number of ultrahigh-frequency 
educational stations for local broadcasting in a given 
neighborhood can now be analyzed. The television experts 
have reached the conclusion that the television-telephone 
channels must, for effective picture and sound transmis¬ 
sion, be about 6,000,000 cyclte (6 megacycles) wide. In 
studying television standards the committee on tdevision 
of the Radio Manufacturers Association has proposed the 
use of the frequencies between 42 and 90 megacycles for 
television transmission (excluding the amateur band be¬ 
tween 56 and 60 megacycles). In view of the impression 
which may exist that an indefinitely large number of tele¬ 
vision transmissions can be placed within this region it is 
interesting to know that there are oidy 7 available chan¬ 
nels, each 6 megacycles wide, in this whole requested band 
of frequencies! "WTiere 2 cities, like New York and Phila¬ 
delphia, are about 100 miles apart, it is possible that tele¬ 
vision allocations would be so restricted as to provide say 
4 television transmissions for New York City and 3 for 
Philadelphia. Otherwise stated—and this is a rather 
startling and discouraging fact—there appears to be space 
at this time in the liltrahigh-frequency domain for fewer 
television-telephone transmissions in a given locality than 
there is space for the usual tdejphone broadca.sting c;^- 
nels in the existing medium-frequency band. Accordingly^ 
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until even higher frequencies than 100 megacycles are 
available for satisfactory broadcasting of telephone, tele¬ 
vision, or facsimile material, it is unlikely that the average 
city can enjoy the privilege of simultaneous operation of 
more than a limited number of television-telephone trans¬ 
missions. It has been the unhappy experience in radio 
broadcasting that the opening of a new domain always 
appeared to offer an almost limitless opportunity for 
simultaneous and noninterfering transmissions but, after 
practical examination and test, it has turned out to offer 
extremely few opportunities in comparison with the number 
anticipated. In fact, no radio domain so far rendered 
available has, after a reasonable time of development, been 
free from marked congestion at some time. Unfortunately 
there is no present reason for believing that the ultrahigh- 
frequency domain will be an exception to this experience 
of the past, and whatever congestion now exists in broad¬ 
casting may be expected to continue when the ultrahigh- 
frequency waves are used. 

It would probably be good counsel to the educators of 
the United States to advise them to keep fully informed 
on the technical and industrial developments in the ultra¬ 


high-frequency domain and to study carefully in advance 
what may probably be accomplished by the use of the 
radio and visual broadcasting services which can be 
established in this domain. It would also be well if care¬ 
fully planned broadcasting of educational material were 
carried out, using these new frequencies and the novel 
forms of transmission, such as facsimile and television, 
which they render possible. However, if education is to 
derive its full benefit from these new instrumentalities of 
science, it will involve much sober thought, co-operative 
effort, and systematic planning on the part of educators. 
The field is too complex and its problems too numerous to 
make an unplanned success at all probable or to reward 
casual, meager, or purely selfish efforts. 

Beyond a doubt, engineers will do their utmost to per¬ 
fect the approaching art of television and facsimile broad¬ 
casting and of telephone broadcasting as well, all on the 
ultrahigh frequencies. It is hoped that the educators of 
America, fully awakened to the interesting civic possibili¬ 
ties which these communication media offer, will similarly 
avail themselves of their potentialities systematically and 
effectively. 
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the end of 1936 approximately 
30,000,000 radio receiving sets 

were in use in the United States. This alone is ample 
proof that the public has accepted broadcasting. If 
nothing else were considered, the huge investment of the 
public in this industry is sufficient to give broadcasting a 
position of commanc^g importance. Because of its 
great importanOe to the public, a thorough understanding 
of the undCTlying principles of broadca st allocation is 

presettted at the First National Conference on 
Educational Broadcasting, Washington, D, C., December 10-12, 1936. 


MEMBER AIEE 

To give the radiobroadcast listener maximum 
service is an important problem in which the 
frequencies available, characteristics of the re¬ 
ceiving set, phenomena of transmission of radio 
waves, area to be served, and density of popula¬ 
tion in the area must be considered. Broadcast 
stations in the United States are of 2 main classes, 
clear channel and duplicated channel, and are 
allocated in frequency to prevent interference 
between stations in the same area. Short-wave 
broadcasting has additional limitations because 
of natural phenomena. 
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In the band from 550 to 1,600 kilocycles the principles 
of broadcast allocation have become fairly definitely 
stabilized. However, the average listener who tunes 
across the dial of his receiving set may well wonder if 
there is system and order behind what he hears. Why 
is he able to receive on some points of the dial while at 
other points he hears a mixture of sigfnals from many 
stations? Why is not every point or eveiy channel on 
the radio dial available to give bim perfect service? 
What should a listener expect to hear on his receiving set? 
The answers to these questions are not immediately 
obvious, but the answers are relatively simple when one 
studies the bases of allocation used in the United States 
and the severe limitations imposed on the allocation of 
frequencies to broadcast stations. It is the purpose of 
this article to discuss these limitations of broadcast allo¬ 
cation and give a brief picture of the structure under 
which the broadcasting industry operates at the present 
time. 

Medium-Frequency Broadcasting Service 

Number of Frequency Channels Available 

The fundamental limitation to every radio service 
is the frequency space available for that service. AU 
the radio communication services of the world work 
in a common transmission medium referred to as 
the ether. Radio waves of all frequencies can exist in 
this medium and retain their separate identities, that is, 
there is no mutual interference between radio waves in 
space. There is projected into this medium all types of 
signals—^point-to-point telegraph communications, tele¬ 
phone communications, communication between police 
cars and headquarters, military communications, com¬ 
munication between amateurs, ship to shore telegraph 
and telephone, and so forth. If a receiving set which had 
no frequency discrimination were used, all these com- 
municatibns would be heard simultaneously as a jvunble. 
Fortunately, receiving sets can discriminate with respect 
to frequencies and it is possible to pick out one band of 
frequencies and reject all others. 

Consequently, it is necessary first to arrange the various 
kinds of communications in different frequency bands in 
such a way that receiving sets can pick out the band 
desired. Different groups of frequencies are assigned for 
use by different services and receiving sets are used which 
are designed to accept frequencies of a particular service. 

At international conferences in which all nations of the 
world participate, the common communication medium 
has been carved into frequency bands which have been 
allocated to vmous classes of services.* Broadcasting 
has been allocated frequency space which the nations of 
the world believe to be its proportionate share of these 
frequencies. In North America there has been allocated 
the band of frequencies from 550 to 1,500 kiloicycl^ for 
the exclusive use of broadcasting for the purpose of pro¬ 
viding domestic broadcast service as it is known today. 
Because too interference to other parts of the world will be 

♦Article 7, General Radio Regijdations annexed, to the International Tel<^ 
communication Convention, Madrid, 1932, Treaty Series .No. 867. 
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caused, the nations of North America have fiuiJier agreed 
to use the space from 1,500 to 1,600 kilocycles for broad¬ 
casting. Similarly, the nations of Europe have agreed 
among themselves to use other frequencies (below 400 
kilocycles) for broadcasting which do not cause inter¬ 
ference in North America. The agreements concerning 
use of frequencies have been made by the duly accredited 
representatives of all nations of the world, including the 
United States, and are a part of the fimdamental law. 

The United States, then, has one of the pieces of the 
frequency spectrum, 550-1,600 kilocycles, available for 
broadcasting. The size of this piece is not likely to be 
changed. Tlje duty of the Federal Communications 
Commission, which is the agency of the. government 
charged with the administration of the radio laws and 
the assignment of frequencies to stations, is to assign 
frequencies in this space to broadcast stations in such a 
manner as to provide the best broadcast service possible 
to the people of the United States. 

The Commission has decided that stations will be allo¬ 
cated at intervals of 10 kilocycles through the space 550- 
1,500 kilocycles. This provides, then, using channels at 
both ends of a block of frequencies, 96 channels of com¬ 
munication for use in North America. Assuming that 
the frequency space from 1,500 to 1,600 kilocycles will 
be assigned eventually on the same basis, 10 more chan¬ 
nels may be added, making a total of 106 for use by 
broadcast stations in this band. By agreement between 
the United States and Canada, 6 frequencies have been 
allocated for the exclusive use of the latter. Thus a total 
of 100 channels remains for use by stations of the United 
States. This then is the first limitation of broadcast 
allocation. 

Performance op Receiving Set 

The radio receiving set used by the listener constitutes 
the second limitation on allocation. Broadcast stations 
are assigned at intervals of 10 kilocycles. In order to 
have satisfactory radio reception it is necessary that but 
one program be reproduced in the output of the receiving 
set. The antenna which is used to pick up a minute 
amount of power from the transmission medium has 
flowing in it currents of all frequencies produced by trans¬ 
mitting stations of corresponding frequencies. The func¬ 
tion of the receiving set is to pick out, amplify, and repro¬ 
duce the currents produced by the one transmitting sta¬ 
tion desired and reject all others.! If 2 transmitting 
stations separated by 10 kilocycles produce in the re¬ 
ceiving antenna approximately equal currents, most re¬ 
ceiving sets can receive one station and reject the other. 
If the 2 stations are separated by 20 kilocycles the im- 
wanted station can be approximately 20 times the strength 
of the wanted station and the receiving set can select one 
from the other. If the ratio is greater than this then the 
average receiving set cannot make a dear distinction 
This abilify of the recdving set to accept one station and 
reject another is referred to as the selectivity of the re- 
cdving set, and is the factor which make? possible the 

t "Characteristics of Americas Broadcast Receivers as Relate to the Power 
asd Prequeaciy of Transmitters,” ^hur Van Dyck and D. E, Foster. IRE 
volume 26, April 1937, page 887. 
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operation of many stations at the same time. 

Some may remember in the early days of broadcasting 
that reception of one station without at the same time 
receiving signals from several other stations was ex¬ 
tremely difficult. The development of the modern re¬ 
ceiving set has been one of increasing its .selectivity aiul 
approaching that ideal by which it is possible to accept 
one signal and reject all others regardless of their intensity. 

Technical limitations make impossible the complete 
accomplishment of the ideal in the present state t>f the 
art. It is sufficient to state that with the present develtjp^ 
ment it is possible to receive a signal on a given frequency 
and reject all others separated by 50 kilocycles or mom 
regardless of their intensity. At less frequency separation 
than 50 kilocycles with modern receivers rejection of 
adjacent frequencies is possible provided they do not 
exceed certain values, the value which may be prestnit 
decreasing as the frequency separation decreases. 

A modern receiving set is a marvel of ingenuity which 
is accepted and used with little thought of the amount of 
work which has gone into its design and productitm. It 
is the best that engineers have been able to design and 
produce at a cost which can be borne by the listener. It 

does, however, represent the second limitation in ulhjca- 
tion. 


Transmission of Radio Wavks 

The third limitation is the most fundamental and one 
which IS imposed by nature; that is, the ability of radio 
waves once radiated to travel through .space. When an 
alternating current of high frequency flows in an elevated 
con uctor there is set up around it an electromagnetic 
field w-hich moves through space with the speed of light. 
Variations in the intensity of the current flowing in the 
conductor produce similar variations in the electromagnetic 
field which make it po.ssibIe for these electromagnetic 
waves to car^ a message through space. Once these 
electroma^ietic waves have left the antenna there is 
nothing which man has conceived to date that can lie done 
to alter their course. The intensity of the.se waves at 
any given point is proportional to the amount of current 
flowing m the elevated conductor or antenna, and falls 
off rapidly as the distance between the antenna and the 
receiving point is increased. 

At t^ht a further complication is introduced. There 

the ground. 'Hic waves 
winch _Iwe tlic antenna at an angle from the grmmd 
and which m the daytime are usually lost in space, at 
night enMuntcr what appears to be an electrical mirror 

^ 1 !^T electrical mirror returns tlie waves to 

producing currents in 

^ Tte dectrlcal mirror is not unifonn and the waves 
return are consequently not of uniform intensity 

^e~ ^ which has been called 

wwl' ® ^ which is produced 

when reflected wave and the wave that is propagated 

o g he ground both are of sufficient intensity to pro- 
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diice curreuts in the imtcmiu. riieM* waves haviim 
arnveti over different liistuiues and laang af diffeaait 
plmse interfere willi eaeii uilier anti prtjtince variations 
in the current pimlueetl in the receiving antenna. Ir- 
n‘gularities in the reflecting inetiium vary the intensity 
and phase of the reflected wave while Hit* intensity of the 
ground wave remains ciustunt. rhis is the tirst "type of 
failing whieh is eneouniereti as mhc pi t n eeds ftvtm Hu* 
transmitting statiun. This fading is usual!v quite severe 
and one of its eharaeU-risties i*, that it is selectivi* stVthal 
certain parts of the speech or music may cancel mit entirely 
uiul other parts remain or are uugmemeti. Tim results 
in severe di.st»irtif«i and very iin.satisfactorv reception 
There is no kntnvu praclicul remedy for this type of 
fading and it is tlie limit of go^id siffvice of many broad¬ 
cast stations, 

Rtyond this region of interferenee lietweeii “ground ’ 
ami sky wave the sky wave |»reilumiitutes and fading 
IS due to irregularities in the refteetion of the waves 
I his fudmg. the .second of the t* types, is iisiially not 
selective and all {wirtions of the program change equallv. 
this type of fading is sulistantmlly correeted by tlu* 
modern reeeiviiig std by means of automatic control of 
the mnounl of amplification iist*d by means of the in. 
tensity of the incriming signal. 

the phenomenon of Irunsmission of radio waves is 
extremely comple.x and in order to nnderstand the laws 
governing it a large amount of ex|a‘rinientul data must; be 
oblained. *rium* ilata have Ihtu accumulated over a 
period of years and it is la-lieveil that what to exm*ct 
mider any given s<*t of cireimislanees is now known. 
The laws governing tJiesi* transmissioiw are as exact and 
as eertam to o|H‘rate as the laws of gravitation. Man 
camiol alter them, he ean only leurii the fiiiidamenlal 
bases and adapt himHidf to them: busts. He mav lie 
a lie to apply apparatus and eqiiipmeiil which make 
better use of the transmitted signal, hut he must alwav.s 
recognize that nature has md this limitation. 

Ajorollary to this limitation of traiwmksion is that of 
interference. When 2 radio waves of ajrproximatelv the 
same fretpiency exist simiiliumsmsiy in space they wUI pro* 
tuet in the anleiinu of the receiving set aUernating cur 
rents Iff approximately the same frequency. The receiving 
which depends on differenees in frequency i„ „rder to 
M‘Iect iHdween 2 stations can make tio m*lection when the 
fmimnaaes It receives are the same. Consequently the 
. igiials carried by Imtli rmlio waves will produce signals 
m the output of the receiving set. In order that one signal 
may la* heard uliove the other it must lie of suffident 
en^hthat it can completely mask the other so that tlie 
ret^ivirig set appears to reproduce only one signal; in short, 

a shout drowns out a whisjjer. 

Nature is also a broadcaster and prodiim radio waves 
Which Travel through space as do other radio waves, 
.vepr ***^“*^K®**f pJwtricily in iheforniof a spark acta up 

The m.iac produced by thunder- 
s^rms, which is usually referred to as static or atmospher- 

a<^mttktion iff 

tr*. ^ w^harges *** »piu?e between clouds and betw^ 

cidudsandgroundsetstipabaekgroundofmdlonoi^ 


ELscTiiicAt Emmsuimo 





is picked up by the receiving antenna. Added to this there 
are the spark discharges produced in all types of electrical 
apparatus such as motors, generators, and flashing signs. 
This group of transmitters produces radio noise whi(i is 
usually referred to as background noise. It is always pres¬ 
ent in a greater or lesser degree. In highly congested cen¬ 
ters of population the background noise produced by elec¬ 
trical machinery may be extremely high while in a rural 
section with little electrification it may be practically zero. 
The natural noise produced by natural discharges is usu¬ 
ally very high in the suinmer, particularly in the tropics, 
and practically nothing in the winter. The tninitnnm 
amount of signal considered necessary to render good serv¬ 
ice under varying conditions is a measure of the amount 
of noise present on the average. 

Area and Distribution of Population 

The final limitation of allocation is the size of the United 
States and the distribution of its population. The popu¬ 
lation of the United States is distributed over an area of 
approximately a rectangle 3,000 by 1,500 miles. The dis¬ 
tribution of population varies from many thousands per 
square mile in highly concentrated centers of population 
to an average of less than one per square mile in wide open 
spaces. The time at which people are listening to broad¬ 
cast programs varies, depending on time zones and habits 
of the various classes of people. It is not possible to change 
these factors, but it is possible to know what they are and 
act accordingly. 

These are the technical limitations. None of them has 
been gone into exhaustively in this paper; any one of them 
is a subject for a paper itself. When broadcasting started 
there was little information available. As broadcasting has 
developed it has developed its instruments and measure¬ 
ments and accumulated its data. That which it is neces¬ 
sary to know concerning all of these limitations may be said 
now to be known. They can be analyzed and used in build¬ 
ing and improving an allocation structure. They cannot be 
ignored simply because what they produce is not liked. 
Legislation and regulation may dictate or limit how these 
principles can be applied but they cannot change the fun¬ 
damental technical laws. 

Plan of Allocation 

How these limitations have been recognized and applied 
may now be briefly considered. That these applications 
are the only methods which might be used is not inferred, 
but they are used as illustrations of what has been done 
and what is familiar to everyone. 

Stations of the United States have been classified into 
2 different main classes: stations operating on dear chan¬ 
nels, that is, one station only permitted to operate at mght 
using the maximum amount of power; and stations oper¬ 
ating on duplicated channels, tiiat is, 2 stations or more 
permitted to operate simultaneously on each channel. 

Stations of diJfferent dassifications are distributed 
throughout the United States in such a manner that sta¬ 
tions operating on adjacent frequences are separated 
geographically froni each othfer, thus recognizmg the 
limitation in selectivity of the receiving sets. So when a 


listener is near one station, stations on channels 10, 20, 
30, and 40 kilocydes removed therefrom are at distances 
from the listener so that the signals from them should 
always be bdow the values necessary to cause interference 
to the nearby station. 

The Commission and station operators have recognized 
that the service area of a station is of 2 kinds, primary 
service and secondary service. The primary service is that 
area in which all listeners get service free of interference. 
The secondary area is that area in which the listeners get 
some amount of satisfactory service, but which is not al¬ 
ways free of interference. For dear channel stations the 
primary area may extend for 100 to 150 miles up to the 
point of severe and sdective fading. Beyond this area 
of severe and sdective fading there exists a secondary 
area which extends to the limit of useful signal produced 
by the station. This useful limit of the secondary area 
is fixed by the amount of natural noise and consequently 
changes from day to day and season to season. 

It should not be expected that everywhere within this 
secondary area there is freedom from interference and that 
the whole of the United States is within the secondary 
area of every dear channel. The limitation of radio-wave ‘ 
propagation limits the distance for which it will be useful. 
Also, the strength of signals from stations on adjacent 
frequencies will make the signal of no use in certain areas. 
If the secondary area of a dear channd station were 
charted it would consist of a map of the United States 
with many areas removed, the amount removed depending 
on the location of the stations on adjacent channels and 
the noise intensities in various areas. 

Stations which operate on duplicated channds have 
their night service area limited by interference from the 
other stations operating on the same channel. At night 
these stations have very little, if any, secondary service 
and their primary service can be very accurately defined; 
in fact, so accuratdy defined that its use as a basis for 
estimating the number of people who can be served by the 
station is possible. 

A station operating on a duplicated channel, therefore, 
is used to serve a center of population and is not expected 
to have any service at night beyond its normal service area 
limited by interference from other stations on the same 
channel. 

The result of the allocation is, therefore, that dear 
channd stations serve centers of population with primary 
service up to the beginning of fading and then have a vmy 
extended secondary area, and stations operating on dupli¬ 
cated channds serve centers of population but have no 
secondary service, the entire service lying within an area 
rdativdy dose to the station* 

Servicb RECEiyBD BY THE Listener 

From the listener’s standpoint, then, if he lives in the 
good service area of either a dear-channd station er a sta¬ 
tion opdrating on a duplicated channd, he should obtain 
excdlent service free of interference froth these statipns. 
In addition he should be able to reedve theSecondai 7 : setv-^ 
ice from many of the dear channd stationsi. This seC-^ 
ondary service is usually less satisfactory than the pti- 


JolUffe---Broadca^tAllo fi69 














maxy service from a local station. However, program con¬ 
tent may cause him to listen to a less satisfactory signal 
rather than his local signal free of interference. 

Turning now to the questions which were asked in open¬ 
ing this paper, the answer is that the distribution of popu¬ 
lation over the United States, and consequently distribu¬ 
tion of radio stations, makes it necessary that persons in 
some localities be deprived of service on certain channels 
in order that persons in other localities can have primary 
service. If, for example, the people of Washington, D. C., 
had perfect service on all 100 channels then the people 
in all cities beyond approximately 100 miles from Wash¬ 
ington, D. C,, would have to depend entirely on secondary 
service. This example can be carried to any center of 
population. 

A person in a given locality should be able to hear all 
the stations which have their primary service area covering 
his locality, plus the secondary service from dear chaimels. 
Persons who do not live in a center of population having 
local service must depend entirdy on the secondary service 
from clear channel stations. On duplicated channds on 
which no station gives primary service in his area he will 
simply hear a mixture of signals. These channels are 
giving primary service to other areas. 

High-Frequency Broadcast Service 

The hrmtations and use of the frequendes used for in¬ 
ternational broadcasting, that is, frequendes between 
6,000 and 22,000 kilocydes may now be discussed very 
briefly. These frequendes by their very nature are capable 
of world-wide interference and a type of world-wide service. 
In the frequency band above 6,000 kilocydes practicaUy 
all of the radio commerce of the world is carried; communi¬ 
cation between ship and shore, between the United States 
and all other countries of the world, and among the other 
countries of the world. This commimication service puts 
a severe load on the frequency spectrum. Because of this 
large load of commerdal traffic only a very stngll portion 

of the frequency spectrum has been allotted to broad¬ 
casting. 

The transmission characteristics of these frequendes 
change very niarkedly as the frequency range is changed, 
as the transmission path changes from daylight to dark, 
and as the seasons change. These characteristics are 
wdl known. 

A frequency of the order of 15,000 kilocydes for example, 
used for transmission from a station produces very httle 
service in its immediate neighborhood, but does produce 
in the daytirne a very strong signal at distances of greater 
than approximately 1,000 miles away. In other words if 
an observer were to travel out from a station with’ a 
receiving set he would find that its service fdl off very 
rapi^y in the first few miles, then disappeared for several 
hundred miles, and then began to reappear again. This 
distance in which the signal vanishes is called the “skip” 
distances for that frequency. Skip distance varies from 
a few miles for the lower frequendes in the daytime to 
mousands of miles for the higher frequencies at night. In 
fact, frequendes above approximately 10,000 kilocycles 


are useless at night because their skip distance is greater 
than half way around the world. Because of this charac¬ 
teristic of transmission, in order to serve a particular 
point or a particular area at a distance from the station, 
it is necessary to use a different frequency in the daytime 
thah at night and also a different frequency in winter than 
is used in summer. Consequently, to permit continuous 
service to be given to a country, such as Argentina in 
South America, would require from 3 to 5 frequencies 
spaced properly between 6,000 and 20,000 kilocydes, the 
proper frequency being used in accordance with its known 
propagation characteristics. 

It has been suggested that these frequendes be used 
for the purpose of covering portions of the United States. 
In order to do this each station would be required to use 
from 3 to 5 different frequencies throughout the period of 
propagation in order to cover given areas. If each coun¬ 
try in the world tried to give this kind of a service it would 
require more than all the frequendes above 6,000 kilocy¬ 
des to meet the needs of all nations. Instead of a station 
bdng assigned a single frequency, as is done in domestic 
broadcasting, each station would have to be assigned a 
multiplidty of frequendes, and instead of the allocation 
problem being confined to the United States, the interfer¬ 
ence limitations imposed by stations of the entire world 
would need to be met. 

The nations of the world, realizing this lack of adequate 
supply of frequendes, have practically all confined their 
use of these frequendes to broadcast programs destined 
for reception in other coimtries. Unfortunately, this has 
not been confined to the propagation of entertainment pro¬ 
grams only, but these programs have also included propa¬ 
ganda and much might be said as to the improper use of 
such frequendes. However, this is not a technical question. 

These frequendes likewise have the same limitations 
with respect to fading as do the lower frequendes used in 
broadcasting. The entire service of these frequencies is 
^condary service and consequently subject to fading and 
interference from electrical noises. The service p an never 
be as good as the semce given by a steady signal from a 
local station. The limitations of selectivity of receiving 
sets and distribution of population also apply to this band 
of frequendes. 

From M engineering standpoint it is known what these 
frequencies can do and what limitations they have. The 
limitations are natural phenomena and there is nothing 
that can be done to change the phenomena. By technical 
advances the characteristics of the devices which transmit 
and recdve them, may be changed but at present there ap¬ 
pears no way by which the laws of nature can be changed 
yith these frequendes, as with the broadcast frequencies, 
^e utmost information concerning the laws of nature must 
be obtained and applied to the best of our ability to the 
problems in hand. 

Man may not like the consequences of natural laws and 
the natural limitations of radio propagation, but he must 
accept ^em. Man can make and unmake his own laws 
and limitations, and change them as he desires, but nature 
makes her laws and they are final; man can learn what 
they are and use them, but he cannot change them. 
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The Dielectric Strength of Noninflammable Synthetic 

Insulating Oils 


By F. M. CLARK 

ASSOaAlt AIEE 


T he substitution of chlorine for hydrogen in 
the hydrocarbon molecule produces marked effect 
not only on the physical and chemical properties, 
but on the electrical characteristics as well. The com¬ 
pounds so produced present to the electrical engineer a 
new type of insulating liquid which eliminates many of 
the problems heretofore inevitably associated with the 
use of mineral oil. It is the object of this paper to demon¬ 
strate the dielectric strength characteristics of such S 3 U 1 - 
thetic liquids both alone and in combination with cellu- 
losic insulation. 

Although the use of chlorine-containing compounds in 
the electrical industry is not new, the application of such 
liquid materials has been limited because of chemical 
instability. Under the conditions of voltage stress and 
high temperature normally encountered in the service of 
transformers, capacitors, cables, and the like, compounds 
of the chlorinated paraffin hydrocarbon t 3 q)e have not been 
found to be very satisfactory. With the development of the 
chlorinated liquid compounds of the cyclic hydrocarbons,^® 
dielectric compositions have been made available which 
fully meet the stability requirements. Because of the 
desire to obtain noninflammability of the liquid as well 
as to eliminate the explosiveness of the arc-formed gases, 
the compounds of this type have at least half of the 
hydrogen atoms present in the original hydrocarbon 
replaced by chlorine.* Only such compounds are dis¬ 
cussed in the present paper. 

The General Characteristics of 
Noninflammable Synthetic Insulating Liquids 

The noninflammable synthetic dielectric liquids at 
present commercially available are, in general, chlorinated 
derivatives of cyclic organic hydrocarbons. In order to 
obtain suitable physical characteristics, such as viscosity 
and low congealing point, blends of chlorinated organic 
compounds are frequently employed. Among the com¬ 
pounds in commercial use or available for use are the 
chlorinated derivatives of diphenyl, diphenyl oxide, 
benzophenone, diphenyl methane, dibenzyl, and benzene. 
Each of these has its advantages.* At present, however, 
the chief commercial interest lies in compositions containing 
chlorinated diphenyl and mixtures of chlorinated diphenyl 
with trichlorbenzene. The properties of 2 such com¬ 
positions in commercial use as impregnants for capacitors 
and cables, and as the dielectric and cooling medium for 

A paper recommended for publication by tbe AIKB committee on research. 
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transformers are given in table I. Such compositions are 
not only noninflammable in themselves, but when decom¬ 
posed by the electric arc evolve only noninflammable 
gaseous mixtures. 

The Dielectric Strength of the Liquids « 

The factors which determine the dielectric strength of 
insulating liquids are not clearly recognized. Liquid 
density is without doubt of importance in any homologous 
series of organic compounds. The difference in density 
as between two different chemical types of organic liquids, 
however, does not appear to be of significance in deter- 
ttiining the relative dielectric strengths. It has been 
suggested* that the dielectric strength of mineral oils 
varies with those changes which produce a variation in the 
dfesolved gas content of the liquid. Such a suggestion 
does not attempt to explain the high dielectric strength 
of the nr>ninflamtriab le synthetic dielectric liquids described 
in table I as compared to mineral oil of similar viscosity. 

While it is recognized that the dielectric strength of 
any insulating liquid is distinctly a function of the care 
used in its preparation and test, the normally expected 
value for new and unoxidized mineral oil, tested in accord¬ 
ance with the usual practice, is about 30 kv at room tem¬ 
perature. The S 3 mthetic liquid dielectrics of table I 
tested under similar conditions are characterized by a 
dielectric strength which is from 40 to 50 percent higher. 
Such a high dielectric strength becomes only of academic 
interest t^ess it can be maintained at a correspondingly 
higher than oil value dming use. Accumulated service 
and laboratory experience clearly indicates such be¬ 
havior. 

Consideration of the dielectric adaptability of a liquid 
for any specific application must inevitably include a 
survey of its chemistry.* Detailed chemical analysis of 
the noninflammable synthetic dielectrics is beyond the 
scope of this paper, yet for the proper understandmg of 
the materials, consideration of their chemical reactivity 
cannot be avoided. One of the major factors leading to 
decreased dielectric strength in liquids is the presence of 
moisture, moist fibers, gas bubbles, and suspended solids. 
It is unfortunate that in most of the dielectric applica¬ 
tions of mineral oils, oxidation cannot be entirely elimi¬ 
nated. The oxidation of the oil hydrocarbon produces 
those types of materials which lead to> decreased dielectric 
strength, as for example carbon dioxide gas, water, organic 
acids, and, if the oxidation is severe, suspended oil sludge, 
Water coming in contact with oxidized mineral oil may 
even form a semipermanent pulsion with dangerously 
low dielectric strength. The non infl a mm able synthetic 
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Table I. Properties of Noninflammable Synthetic Liquid 
Dielectrics 


Type 

Viscous 

Nonvlseous 

Use. 



Color. 



Specific gravity. 

Saybolt universal viscosity.. 

Pour point. 

Bum point. 

..1.500 (60/15.5 degrees., 
centigrade) 

. .48 seconds at 98.0 de-.. 

grees centigrade 
.. -FlO degrees centi¬ 
grade 

. .None.. 

..1.565 (16.5/15.5 de¬ 
grees centigrade) 

. .54 seconds at 37.8 de¬ 
grees centigrade 
..Lower than —32 de¬ 
grees centigrade 
.. None 


liquids axe in marked contrast. Exposed to an oxidizing 
atmosphere under the most severe conditions, little if any 
chemical change can be observed. The color and original 
neutrality are essentially unchanged. No water, gas, or 
sludge is formed. The initially high resistance to water 
emulsification is retained with resultant high dielectric 
stability. . 

Figure 1 illustrates the marked difference in the 
dielectric stability of a typical transformer noninflammable 
S3mthetic dielectric liquid as compared to the usual mineral 
transformer oil. The materials were placed each in a 
clear glass, 5-gallon bottle, maintained at atmospheric 
temperature, and equipped with an mverted breathing 
tube open to the atmosphere in such a mannpr that the 
direct entrance of water (mofeture or rain) was prevented, 
although free breathing produced as a result of atmospheric 
temperature changes was allowed. Clear glass bottles 
were used in order to promote any possible chemical 

change due to sunHght. Free breathing to the atmosphere 
was allowed in order that atmospheric moisture might 
slowly be accumulated in each liquid. Since chemical 
changes, if present, would include acid formation, liquid 
darkening, sludge formation, and water accumulation the 
relative dielectric stabiUty of the 2 Hquids was expc^cted 
to be demonstrated. As shown in figure 1, the nonoxi- 

dizmg synthetic Uquid gave practicahy no change in dielec¬ 
tric strength throughout the test exposure. The oxidizable 


mineral oil showed a slow drop in dielectric streng^ during 
the first 16 days of e:!posure, followed by a severe 
drop in dielectric strength between the sixteenth and 
the thirtieth day. At this time, the chpitniral changes in 
the oil were sufficiently advanced such that oil acid and 
sludge had accumulated in the liquid. In both the oil and 
the noninfiammable liquid containers, water had accumu¬ 
lated, on the top of the synthetic liquid and at the bottom 
of the mineral oil. The test was discontinued after 182 days. 

Organic hydrocarbon liquids, if exposed for long periods 
at high temperature to air and moisture, will oxidize and 
deteriorate. Under such conditions, the noninfiammable 
S 3 mthetic liquids described in this paper show negligible 
change, either chemically or electrically. Typical results 
are illustrated in figure 2. The setup consisted of a glass 
vessel containing the S3mthetic liquid and connected to a 
reflux water condenser. Distilled water was added in an 
amount equal to about 10 per cent of the volume of the 
S 3 mthetic liquid which was heated sufficiently to maintain 
a slow refluxing of the water. The liquid temperature was 
approximately 100 degrees centigrade. Metallic alumi¬ 
num was placed in the body of the liquid dielectric in order 
to detect any generation of corrosive chlorine formed from 
the long-time moisture contact in the presence of air. 
None was observed. The liquid showed no substantial 
increase in color or acidity. As shown in figure 2, the 
high dielectric strength of the liquid was maintained. 

The superior dielectric strength characteristics of the 
noninfiammable synthetic liquids, when tested with the 
usual oil-testing procedure, using a 0.1-inch Hquid gap, is 
n^tained with greater gap distances. Tests up to a gap 
distance of 2 inches are illustrated in the data of figure 3. 

The dielectric strength of both the noninfiammable 
synthetic liquid dielectric and mineral oil is a loga- 
rithimc function of the gap distance. The logarithmic 
relation, however, changes with increasing gap distance 
above approximately one inch. This change is illustrated 
in figiu-e 4. Its technical significance is at present under 
investigation. For the larger gap distances above one 
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Fisure 1. Comparative stability in 
dielectric strength of mineral trans¬ 
former uii and a synthetic nonin¬ 
flammable liquid of similar viscosity 
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with, the usual rapidly applied voltage 
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Figure 2. The dielectric stability 
of noninfiammable synthetic insu¬ 
lating liquids 

Setup; Liquid refluxed with water In 
presence of aluminum and air. Dielectric 
strength determined with rapidly applied 
voltage application using one-inch brass-disk 
electrodes spaced 1/10 Inch apart 
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GAP SPACING— INCHeS ' 

Figure 3. The diejectric ttrength<* 
gap distance relation for mineral 
transformer oil and a noninfiam» 
mable synthetic insulatiiig liquid of 
similar viscoiity 
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Figure 5. The comparative dielec- 


oil and noninflammable synthetic 
Showng the logarithmic liquid of like viscosity as a function 

of the testing temperature 


Figure 4. 
relation between dielectric strength 
and gap distance for mineral trans¬ 
former oil and a noninflammable 
synthetic liquid of similar viscosity 



inch, the noninflammable synthetic dielectric liquid shows 
a dielectric strength about 20 per cent higher than that 
obtained with mineral transformer oil. For the smaller 
gap distances below one inch, the superiority in dielectric 
strength of the noninflammable synthetic liquid varies 
from approximately 20 per cent to as high as 50 per Cent as 
the gap distance is continuously decreased. 

Expressed logarithmically, for the tests of this survey, 
the dielectric strength of oil and noninflammable S5mthetic 
liquids varies with the gap distance in accordance with 
equations 1, 2, and 3, in which T indicates gap distance. 

For mineral oil below one-inch gap distance: 

Kv ^ W 

For noninflammable synthetic liquid dielectrics below 
one-inch gap distance: 

Kv = (2) 

For both oil and noninflammable synthetic liquid di¬ 
electrics above one-inch gap distance: 

Kv «= (3) 

Figure 5 illustrates the effect of temperature change on 
the dielectric strength of a typical transformer noninflam- 
mable synthetic liquid dielectric and mineral transformer 
oil, each tested with rapidly applied voltage application 
between one-inch brass disk electrodes spaced Viq “ich 
apart. As already described in previous papers® the 
dielectric strength of mineral transformer oil increases 
with increase in temperature to 100 degrees centigrade. 
The noninflammable synthetic dielectric liquid shows a 
similar change in dielectric strength with increase in 
temperature, but reaches its m a x imu m value at about 65 
degrees centigrade, above which temperature its dielec¬ 
tric strength decreases in an approximately linear rela¬ 
tion to the temperature increase. While at room tempera- 
thre, the synthetic liquid is approximately 40 per cent 
higher in dielectric strength than mineral transformer 
oil; at 100 degrees centigrade the advantage has been 
reduced to 27 per cent. Above 100 degrees centigrade, the 
superiority of the noninflammable synthetic liquid again 
increases due to the more rapid drop in dielectric strength 
of mineral transformer oil as the temperature is further 


40 60 80 100 120 <40 

TEMPERATURE-DEGREES CENTIGRADE 

Figure 6. The increased dielectric 
strength obtained with the nonin¬ 
flammable synthetic transformer insu¬ 
lating liquid expressed in terms of 
the dielectric strength of mineral 
transformer oil as a function of the 
testing temperature 


increased. The relationship is illustrated in figure 6. 

It has already been suggested® that the change in the 
dielectric strength of insulating liquids with temperature 
reflects changes in the liquid-dissolved air content. It 
is to be observed that the changes in the dissolved air 
content of the noninflammable synthetic liquid dielectric 
discussed in these paragraphs predict the change in 
didectric strength observed. The dissolved air content 
at normal atmospheric pressure and the corresponding 
dielectric strength at 26 degrees centigrade and 100 degrees 
centigrade for the noninflammable synthetic dielectric 
liquid under discussion are indicated in the following 
tabulation: 


_ . 1 

nissolTOd Air Content Dielectric Strength 


25»C 

100*C 

25*C 

100®C 

maeral transformer (^1.... 

...,10.0.. 

....ii.s..., 

...82.0... 

... 86.0 

Noninflammable synthetic liquid., 

_ 6.3.. 

.... 6.0,.., 

,.. 46.5... 

...44.5 


The Dielectric Strength of Treated Insulation 

The ability of an insulating liquid to impart a high 
didectric strength to cellulosic insula.tion is one measure 
of its usefulness. It is frequently considered that all 
fTi^tla.ting Uqidds possess equal ability to impart didec- 
tric strength to solid insulation unless prevented by excepr 
tional physical characteristics. Since most liquids hereto¬ 
fore investigated have been of petroleum origin, this 
generalization has been apparently well-founded. With 
the noninflammable synthetic liquid didectrics of the type 
discussion, however, 2 important changes have been 
introduced. The first is that the characteristic didectric 
strength of the liquid has been raised by more than 20 
percent, depending upon the testing temperature and ga.p 
spacing. The second is that the did^dric constant has 
beenmaterially increased. Over the range of tempera,ture 
from 25 degrees centigrade to IGG degrees centigmde, 
didectric constant of the noninflammable synthetic 
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LAYERS OF 0.003-INCH KRAFT PAPER 

Figure 7. The comparative dielectric strength of mineral oil 
and noninflammable synthetic-liquid-impregnated hraft paper 

liquid uUder discussion vanes from 5 to 4, a value more 
closely approximating that of the ceUulose material itself 
than does the dielectric constant of mineral oil or related 
hydrocarbon mixtures, the characteristic dielectric con¬ 
stant of which is approximately 2.2. Since liquid- 
u^prcsnnted c^dulosic insulation in lammated structures, 
such as is normally used in commercial dielectrics, is 
essentially a series arrangement of liquid and solid, the 
advantage of an equalized dielectric constant as between 
the liquid and solid is immediately evident. Higher 
breakdown values for the nonmflammable S3mthetic 
liquid impregnated cellulosic insulation are to be ex¬ 
pected, not only because of the mcreased dielectric 
strength of the liquid itself as compared to mineral 
oil but also because of the more equal stress distri¬ 
bution resulting from the equalization of the dielectric 
constant of the liquid and the cellulosic base. 

Figure 7 illustrates the dielectric strength of 0.003- 
inch kraft paper impregnated insulation, tested by the 
‘‘minute test” voltage procedure, both at 25 degrees centi¬ 
grade and at 100 degrees centigrade. The presence of the 
^thetic liquid increases the breakdown of the paper 
insulation ^ compared to the corresponding oil-treated 
value, the increase in breakdown increasing as the total 
thickness of the pad tested is increased. This is illustrated 
in figure 8. 

Figure 9 illustrates the temperature effect on dielectric 
strength for noninflammable synthetic liquid-impregnated 
insulation, tested by the ‘‘minute test” procedure from 
—20^ degrees centigrade to -|-100 degrees centigrade. 
The insulation in this case consists of 8 layers of 0.0005- 
inch kraft capacitor paper. 

The advantageous. dielectric strength characteristic of 
^sularion impregnated with the noninflammable S3ncithetic 
insulating liquid is undoubtedly related to thermal 
phenomena. Under conditions which prevent serious 
heat accumulation effects, the dielectric strength of mineral 
off-treated insulation or untrea.ted insulation is a logarith¬ 
mic function of the thickness and approaches the first 
power function of the thickness factor. With test condi- 
tionsywhich allow greater thermal effect, although the 
logsiithnuc relation is sustained, the dielectric strength 
increases at a decreased function of the insulation thick¬ 
ness.’ The foUowing relationships have been established 
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Figure 8. The 
superiority of the 
noninflammable 
synthetic - liquid- 
im pregnated 
0.003 - inch - 
kraft-paper di¬ 
electric expressed 
in terms of the 
corresponding 
mineral - oil - 
treated dielectric 
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LAYERS OF 0.003-INCH KRAFT mPEP 


Testing temperature —^25 degrees centigrade and 100 degrees cen¬ 
tigrade, as Indicated 


Testing procedure— 
Minute test 

insulation thickness 
—0.004 Inch (8 
sheets of insulation) 


I5 


di" 


^ 60 80 lOO IPC 

TEN4PERATURE - DEGREES CENTIGRADE 

Figure 9. The dielectric strength-temperature relation for 
0.0005-inch-kraft-paper insulation impregnated with the 
transformer type of noninflammable synthetic insulating liquid 

for insulation tested in the form of flat pads: 

Untreated kraft paper at 26 degrees centigrade, rapidly applied 
voltage 

Kv =» 1.0 

Untreated kraft paper at 26 degrees centigrade, minute test voltage 
Ev = 1.0 

Mineral-oU-treated kraft paper at 26 degrees centigrade, rapidly 
applied voltage 

Kv = .47^'*® to ®'»« 

Mmeral-oil-treated kraft paper at 26 degrees centigrade, minute test 
voltage 

Kv = 4r®» (7) 

The dielectoc strength data of figure 7 are also a loga¬ 
rithmic function of the insulation thickness. The ‘‘minute 

test” breakdown at 25 degrees centigrade for 0.p03-inch 
nmeral-off-treated kraft paper agrees well with the pre¬ 
viously established relation (equation 7), breakdown 
varying with t hi c kn ess in accordance with equation 8: 
Kv = 4r®.»* , ^ ^ ^ (3) 

The previous publication,’however, did hot demonstrate 
that when the t^perature of the test is increased, the 
logarithmic relation correlating breakdown and insula¬ 
tion thickness changes, again r^ecting the effect of heat 
accumulation. The data of figure 7 and figure 10 de¬ 
scribing the dielectric strengpth-thickness relation for 
mineral-off-treated kraft paper at 100 degrees centigra.de 
indicate the following egression: 

(9) 


Kv = 42V.M 


Clarl^Jnsidating Oil 
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In table II, rapidly applied test breakdown data are 
given for impregnated kraft paper tested at 25 degrees 
centigrade. Complete data covering a wide range of 
insulation thicknesses are not illustrated. Such studies, 
however, clearly substantiate the logarit hmi c relation 
between dielectric strength and insulation thickness 
whether the kraft paper be impregnated and tested under 
mineral oil or the synthetic noninflammable liquid. The 
formula established from these studies relating the di¬ 
electric strength under rapidly applied tests at 25 degrees 
centigrade for both tjrpes of impregnants is given in equa¬ 
tion 10: 

KV = to 0.M (10) 

The similarity in the dielectric strength-thickness 
relation for kraft paper insulation impregnated with 
mineral oil and the synthetic liquid when tested at 25 
degrees centigrade with rapidly applied voltage procedure 
is to be expected since under these conditions heat effects 
are negligible. When, however, longer time voltage tests 
are used the kraft paper insulation impregnated with the 
tinninflfl.tnTna. h1e. s3na.thetic liquid dielectric shows a closer 
approach to a linear relation of thickness and dielectric 
strength thfln that established for mineral oil-treated 
insulation. This is illustrated in figure 10. While in 
this instance the dielectric strength at high temperature 
is a decreased logarithmic function of thickness, the effect 
of change in insulation thickness for the synthetic liquid 
treated insulation always more closely approximates a 
linear relation than that observed-for the corresponding 
mineral-oil-treated didectric. This is indicated in the 
following formulas set up for 0.003-inch kraft pap«r 
impregnated with the non infl a mm able synthetic liquid 
dielectric and tested in accordance with minute test 
voltage application procedure: 

At 26 degrees centigrade, Kv AT®*®* (11) 


25-DEGREE-CENTIGRADE TESTS 

I I I I I iMr^i '1 

NONINFLAMMABLE 

“SYNTHETIC LIQUID-b'^-“I- 

TREATED 11/ _ 

yiT .y Figure 10. Illut- 

- — -- fratihg the loga- 

/ ^Mineral-oil rithmic relation 

y TREATED between dielec- 

y fflc strength and 

thickness for 

—— -1——I ' I I I I —J - 0.003 •> inch - 

100-DEGREE-CENTIGRADE TESTS Iruh . paper ln- 

_noninflammable —— sulation impreg- 

-rT^T'lDV^--_n.t.d wiU, min- 

_ I y __ eral transformer 
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----— noninflammable 

, MINERAL-OIL dielectric liquid 

;_i^i =ated _ of like viscosity 

Testing procedure—■ 
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np oftriA-iNCH KRAFT PAPER besed on hgure 7; 


Table II. The Comparative Rapidly Applied and Minute- 
Test Dielectric Strength of Impregnated Kraft Paper 

Test temperature—25 degrees centigrade 
Voltage applied—60 cycles 
Insulation—0.003-inch impregnated kraft paper 
Test medium—Same as impregnating medium 

Average Dielectric Strength 

Rapidly Minute Per Cent Decrease 

AppUed Test 

Voltage, (Kv) Voltage, (Kv) Extended Time 


100-degree-CENTIGRADE TESTS 

cn l—NONINFLAMMABLE ^ _- 

SYNTHETIC LIQUID >^ 

50 —I-TREATEDi Xn —- 


MINERAL-OIL 

(TREATED 


Oil impregnated—10 layers.^. ..y.. 
Noninfiammable synthetic-liquid- 

impregnated—10 layers.. 

^1 impregnated —16 layers .y..... 
24'oninflammable S3mthetic-liquid- 
impregnated—16 layers. 


...60.0. 9.7 

...47.0.20.3 


At 100 degrees centigrade, Kv = A r®-^* (12) 

The dielectric strength of mineral-oil-treated insulation 
decreases with the duration of voltage application. With 
the so-called “life test,” in which the voltage application 
extends over weeks and months, this effect may be pro¬ 
duced by voltage or by heat accumulation, both of which 
result in chemical deterioration in the dielectric assembly. 
Such effects are not susceptible to easy demonstration 
under laboratory conditions. Data available, however, 
indicate clearly that the marked chemical stability of the 
noninflammable synthetic dielectric liquids as compared 
to the susceptibility of the hydrocarbon oils to oxidation 
and other forms of chemical change is reflected in the 
greater electrical stability of the treated insulation. 


Test temperature— 
25 degrees centi- 
srade 

Voltage application 
—Minute test pro¬ 
cedure 

Test form—Flat pads 
Electrodes — Alumi¬ 
num foil 


NONINFLAMMABLE 


SYNTHETIC LIQUID 



4 8 12 16 20 24 
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Figure 11. The visual corona-formation point for inineral- 
transformer-oil-treated and synthetic-liquid-treated 0.0005- 
inch-kraft-paper dielectric 


Voltage application 
-^^-Minute test pro¬ 
cedure 

Dielectric thickness 
—0.004 inch 

Electrodes — Alumi¬ 
num foil 



-40 -20 0 20 40 60 80 

temperature(degrees cEntigrade)of test 


3 4 5 10 20 
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Figure 12. Corona formation end breakdown of nonin¬ 
flammable synthetic-liquid-treated 0.0005-inch-kraft paper 
as a function of the testing temperature 
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The dielectric superiority of the noninflammable syn¬ 
thetic-liquid-treated insulation is indicated even under 
conditions of test in which air and oxygen are carefully 
excluded in order to eliminate mineral-oil-oxidation 
effects. Thus in one typical group of tests, dielectric 
assemblies were prepared each consisting of aluminum 
electrodes separated by 3 sheets of 0,0004-inch kraft 
tissue. The electrodes were 2Vs inches wide and 94 feet 
long. The rolled assembly was vacuum dried, impreg¬ 
nated and tested in a gas-free hermetically-sealed con¬ 
tainer, The following results clearly indicate the super¬ 
iority of the synthetic-liquid^treated insulation even when 
tested under the most favorable mineral oil conditions: 


^ Woninflammable 

Dielectric Treated With Mineral Oil Synthetic Liquid 

Number assemblies tested. 40. 40 

Voltage applied (60 cycles)...... 880. 880 

Volts per mil. 733.733 

Ambient testing temperature. 30 degrees centigrade.. 30 degrees centigrade 

Pirn dielectric failure. 1 day. 17 days 

TotaldielectricfailuresinlOdays.. 7 (17‘A per cent)_ 0 (0 per cent) 

Totaldielectricfailuresin26days.. 12 (30 per cent). 1 (2V» per cent) 

TotaldielectricfailuresinSOdays.. 15 (37Vi per cent).... 2 (5 per cent) 

ToUldielectricfailuresin70days.. 16 (40 per cent). 2 (5 per cent) 


Laboratory demonstration of the greater time-voltage 
stability of the noninflammable liquid as compared to the 
mineral-oil-treated dielectric is also illustrated by the usual 
time-voltage relation in which the voltage is continuously 
applied for periods from one second to 1 or 2 hours. 
Reference to data already presented will serve to indicate 
the comparison. In table II, the 10-second breakdown 
(called “rapidly applied test”) is compared to the so-called 
“minute test” procedure, in which the voltage is slowly 
raised over a period of about 10 minutes. In general, 
the effect of lengthened time of voltage application is less 
on the noninflammable synthetic liquid-treated insula¬ 
tion, Under the conditions outlined, a decrease in break¬ 
down value of 10 per cent appears to be characterfetic of 
kraft paper insulation impregnated with the noninflam¬ 
mable synthetic liquid dielectric. This compares to a 
corresponding average decrease of 17 per cent character¬ 
istic of the same dielectric when mineral-oil impregjnated. 

Visual Corona Formation 
in the Treated Dielectric 


inflammable s)mthetic liquid of gimilgr viscosity. The 
corona formation point is described as the voltage at which 
visual discharge appears at the edges of the aluminum foil 
electrodes used in this test setup, all tests being carried 
out under the same medium used for the impregnation of 
the kraft paper. With temperature increase, the corona 
formation of the noninfl amm able synthetic liquid-treated 
dielectric increases. Figure 12 shows the corona formation 
value in its relation to the ultimate “minute test” break¬ 
down as the temperature is changed from —60 degrees 
.centigrade to -)-80 degrees centigrade. With tempera¬ 
tures higher than 60 degrees centigrade to 80 degrees 
centigrade, the corona-formation voltage increases to 
the extent that it blends with the breakdown voltage and 
is visually indisting^shable therefrom. As the tempera¬ 
ture is decreased below room temperature, the breakdown 
and the corona formation voltage do not decrease indefi¬ 
nitely but reach a minimum value in the range of about 

30 degrees centigrade. Both values increase with further 
decrease in temperature. Such changes invariably accom¬ 
pany a change in physical state, liquid to solid, and are 
normal behavior of mineral oils as well as other dielectric 
liquids. 

Stunmary 

The development of S 3 mthetic noninflammable chlorin¬ 
ated liquids of the aromatic hydrocarbon type places in 
the hands of the engineer a chemically stable mqt<*inq| 
of high dielectric strength and possessing a dielectric 
constant approximately equal in value to that of cellulose 
itself. This instues a more equitable stress distribution 
in the composite insulation assembly normally used in 
commercial practice. The result is an increase in dielec¬ 
tric breakdown and related phenomena. No fixed rela¬ 
tion defining the superiority of the synthetic nohinflam- 
mable liquid or liquid-treated insulation is possible, since 
variation in test conditions changes the relative dielec¬ 
tric values. In general, however, the data indicate an 
advantage in favor of the synthetic liquid and liquid- 
treated insulation equal to at least 20 per cent of the 
corresponding mineral-oil v^ue. 
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Application of Arresters and the Selection of Insulation Levels 

By J. H. FOOTE . J. R. NORTH 

FELLOW AIEE MEMBER AIEE 


F or many years, the insulation strength of power 
transformers and other electrical equipment was 
determined chiefly by the performance in service. 
When failures occurred, the insulation was made heavier 
at the points of weakness, and gradually the number of 
weak points was reduced in the particular lines of equip¬ 
ment and ratings involved. When new lines or ratings 
were initiated, operating experience was frequently nec¬ 
essary to [perfect the design.. Little information was 
available regarding the insulation strength of equipment 
rmder impulse conditions, and there was practically no 
selected co-ordination between the equipment strength 
and the performance of surge protective equipment. 

The principal cause of equipment failures has been 
lightning, and much attention has been given during 
the past few years to the study of lightning phenomena 
and the behavior of insulation material under lightning 
stress. At the same time, the study of protective equip¬ 
ment has made available a knowledge of its behavior under 
lightning surge conditions. Great strides have been made 
in this direction, so that it is now possible to select in¬ 
sulation levels with a degree of confidence as to subsequent 
performance, provided that proper correlation of these 
phenomena and behavior characteristics is eiffected. 

This paper describes a method of selecting the required 
insulation levels of transformers and other power system 
equipment according to the performance of the protec¬ 
tive equipment. 

A brief review of some of the important phases of the 
problem will first be given in order that the method pro¬ 
posed for the selection of insulation levels may be readily 
understood. 

The most important factors are: 

(a) The magnitude and duration of the overvoltages to which the 
equipment may be subjected 

(jb) The volt-time insulation characteristics of the equipment 

(c) The performance characteristics of available protective equip¬ 
ment 

Overvoltages 

Transformers and other power system equipment may 
be subjected to overvoltages due to: 

(a) Switching surges and abnormal power system conditions 
(h) Lightning 

Switching surges are usually of relatively long duration, 

A paper reconunended for publication by the AIEE committees on electrical 
madiinery, protective devices, and power transmisrion and distribution. Manu¬ 
script submitted March 24, 1937; released for publication April 12, 1937. 

J. H. Foots is supervising engineer and J. R. North is general enrioeer with 
The Commonwealth and Southern Corporation,' (N. Y.) Jackson, Mich. 

1. For ail numbered references see fist at end of paper. 


but their magnitudes generally do not exceed 3.5 times 
normal voltage.^ On many systems, they are less than 
2 times normal voltage. Dyn ami c overvoltage due to 
hydroelectric generator runaway or other abnormal un¬ 
loading conditions may reach values as high as 2 times 
normal. Apparatus designed in accordance with AIEE al¬ 
ternating voltage dielectric tests has proved to be entirely 
adequate for such overvoltages arising from system op¬ 
eration. 

Lightning is considered to be the principal source of 
insulation failure because of the very high values of volt¬ 
age and the steep wave fronts involved. Lightning 
voltages may be the result either of a direct stroke or a 
traveling wave, and the effect on insulation depends upon 
the magnitude, the duration, and the rate of rise and 
decay of the surge potential. It is apparently more 
economical and practical to take advantage of the pro¬ 
tective equipment available and to utilize apparatus of 
an insulation strength properly co-ordinated with this 
protective equipment than to attempt to build apparatus 
in the present operating voltage ranges which will be able 
to withstand lightning surges without the use of some 
auxiliary protective device, either separate from or in¬ 
tegral with the apparatus. 

Protective Equipment 

The fundamental duty of a surge voltage protective 
device is to discharge any surge successfully and to limit 
the voltage to values well within the impulse strength of 
the equipment. In this discussion, the protective equip¬ 
ment win be assumed to include lightning arresters prop¬ 
erly applied, supplemented by gaps on line terminals 
and by direct stroke shielding. 

Lightning Asrbstbrs 

A lightning arrester is a device which has the property 
of reducing the voltage of surges applied to its terminals, 
is capable of interrupting follow current (if ppsent), and 
restores itself to its original operating condition without 
causing a disturbance on the system. A lightn i ng ar¬ 
rester, due to its rapid breakdown or gap flashover and 
the relatively low voltage across it during discharge 
provides both short time and long time protection to in¬ 
sulation except for some direct strokes. 

T3rpical protective characteristics of modern lightning 
arresters, based on information as available and including 
impulse breakdown voltages and the voltage across the 
arrester during discharge of surge currents of various 
magnitudes, are presented in table I. Complete perform¬ 
ance characteristics of line-type arresters are presented 
in the report of the AIEE lightning arrester subconunit- 
tee.® 
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Gaps 


characteristics of the solid insulation and the bushing or 
rod gap necessitates that an insulation co-ordination 
study be made on a volt-time basis with full recognition 
of short time as well as long time phenomena. 

Volt-time characteristics of apparatus insulation are 
not as yet generally available. It has, therefore, been 
necessary to study insulation levels largely in terms of 
voltages corresponding to some particular specified test 
wave condition. As a matter of convenience, the manu¬ 
facturers have been expressing these insulation levels 
largely in terms of rod gaps, corresponding to some 
particular specified test wave condition. This has proved 
inadequate and basic insulation levels have recently been 
set up in terms of the minimum impulse flashover vol¬ 
tage on a 1V8 x 40 microsecond wave under standard 
conditions.® The latest authentic data available re¬ 
garding the impulse strength of transformers is presented 
in reports by the AIEE transformer subcommittee."’’ 


oeiecnon oi insulation Levels 

An electrical station is composed of a number of com¬ 
ponent parts, i.e., transformers, circuit breakers, bus, 
etc., each including various types of insulation—air, oil, 
porcelain, and other materials. In order to render such a 
station as immune as practicable to transient voltage 
disturbances there must be a definite relationship between 


Various types of special gaps, such as the control gap, 
deion gap, and expulsion gap, have been developed. These 
have particular operating characteristics which govern 
their application ^d give varying degrees of protection. 

The rod gap which has been extensively used in the past 
few years as a device for applying impulse tests on trans¬ 
formers and for co-ordination work in the laboratories, 
is defined as one consisting of Vj-inch square-cornered 
square-cut rods coaxially spaced and overhanging their 
supports at least one-half the gap spacing, and mounted 

on conventional insulators giving a height of 1.3 times I. Typical Performance of Modern Lightning Arresters 

the gap spacmg plus 4 inches (*10 per cent tolerance) —- 

above the ground plane. Figure 1 shows the 1.5x40 
miCTosecond, the 1x5 microsecond minimum flashover 
^d the 60-cycle characteristics of this rod gap. Figure 
2 shows the approximate volt-time characteristics at 
vanous spacmgs. The protection afforded by rod gaps 

IS discussed m another paper presented at this sympo¬ 
sium.* 


Arrester Arrester Gap 

Rating Breakdown 

(RMS. Kt) (Surge Crest Kt) 


Voltage Across Arrester Puring Pischaree 
_ (Crest Kr) * 

1,500 Amp 3,000 Amp 5,000 Ar^ 


Direct Stroke Protection 

themsdves 

very ectave for direct stroke protection when properly 
l«ated Md adequately grounded.* Shielding is rf prin 
ap^ value in the protection of high-voltage lines'Ld 
ei^pment against direct strokes and may be iiS 
when the njvestment is proportionately high. 

Insulation Characteristics of Equipment 

matmab having markedly different insulation 

sulation are rdativplv flQ+ solid in- 

tics of a sphere g^ Cta characteris- 

ciialacteristits of porcelain aro° the volt-time 

as rod gaps and i^e ?** *“■* 


Protective Ability 
Idas Type 

3 . 

6.. 

9. 

12 . 

16 . 

20 .. 

26. 

30.. 

37. 

60 


60... 

73. 

Station Type 


. 17... 

. 35. 

. 49...;. 

. 68 . 

. 66 . 

. 80. 

100 . 

116.. 

140. 

180. 


. 11 ... 

. 21 ... 

. 31... 

. 40... 

. 51...; 

70.. .. 

88 .. .. 
106.... 
130.... 
176. 


. 


. 13. 

. 24. 

. 30. 

. 47. 

. .59. 

. 78 
. 97 
.116 
.146 
.106 


15 

27 

40 

.52 


6 ... 

9... 

12 ... 

16... 

20 ... 

25.. . 

30.. . 

37.. . 

50.. . 

60.. .. 
73.... 
97 .... 

121 .... 

146.. .. 

169.. .. 

242.. .. 


...270. 

.... 14. 

.... 24. 

.... 36. 

.... 41. 

.... 61. 

.... 70. 

.... 86 . 

....100.. 

-125...... 

....170.. 

....206.._ 

.260., 


. 200 ., 


9.. 

18.. 

27.. .... 

36.. ..... 

46. 

60. 

74 . 

91. 

110 . 


..286 

... 10 ... 

... 20 . 

... 30. 

... 43. 

... 65. 

... 66.. 

*.. 86 ........ 

... 110 .... 

.130. 


•••149...;.176...... 

•182....220.... 

. 220 ....... 266 ..:. 

..290 360,. 

.SS-. 

« , . , ...’20..........890..;.... 

Thermal Ability 

duratio?"?hl Of the current and its 

or?Xtiv^y®*lo‘ag 10.0o”£ip"S“2ert with l2rg2 


11 

21 

32 

50 

63 

75 

100 

127 

150 

200 

260 

300 

400 

600 

600 

700 

,000 
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the characteristics of the protective devices and the in¬ 
sulation strength of the equipment. Since overvoltages 
due to lightning are conceded to be the most serious 
source of trouble, then logically the characteristics of 
the surge protective equipment will form the criterion. 
The insulation level of apparatus must be above the maximum 
surge voltage presumed to he allowed by the protective device 
on a volt-time basis over the range of time selected. 

The transformer is usually the most important piece 
of equipment in a station, both from the standpoint of 
cost and of service continuity. Furthermore, the major 
insulation in a transformer has practically a flat time- 
lag characteristic (figure 3) and this tends to make its 
protection from surges having high amplitudes and steep 
fronts a more serious problem than that of air, oil, or 
porcelain insulation. The protection of the transformer 
insulation has, therefore, been considered to be of prime 
importance in determining a proper insulation level. 

Having available performance data on protective equip¬ 
ment and having evaluated the marginal factors, the 
determination of insulation levels is chiefly a matter of 
the selection and application of the protective equipment. 
The protective performance of modem lightning arresters 
has been selected as a suitable basis for the initial estab¬ 
lishment of a series of protected insulation levels. Ar¬ 
resters generally have the following characteristics which 
are of value in this connection: 

(a) A regular aeries of voltage ratings, Including the distribution 
voltages, have been standardized. 

(b) The performance characteristics as indicated in table I have 
been determined as typical, and it is assumed that the devices 
produced by the principal manufacturers have characteristics 
sufficiently similar, to render them suitable for general application. 

(c) The performance characteristics are such as to approximate the 
volt-time characteristics of transformer insulation. 

(d) The performance characteristics are unaffected by weather and 
do not greatly change in general character with considerable change 
in voltage rating. 

Application of Lightning Arresters 

The principal factors in the selection of the rating of a 
surge protective device, such as a lightning arrester or a 
gap, are: 

(a) The maximum dynamic voltage which may occur between 
sound phase and ground under any fault conditions. The device 
must withstand this voltage without failure. 

(b) The efficacy of the protective device in maintaining a low 
protected level and at the same time meeting satisfactorily the 
system operating requirements. The impulse volt-time character¬ 
istics must be below that of the equipment to be protected. 

(c) The surge current which must be satisfactorily discharged. 
The thermal ability must be adequate for the currents expected. 

The voltage rating of an arrester represents the maxi¬ 
mum dynamic voltage which the arrester can withstand 
continuously and which it can interrupt after discharge. 
The arrester rating must, therefore, be greats than the 
maximum dynamic voltage which may occur between 
the arrester terminals during disturbances, allowing for 


the power system neutral being isolated, or grounded, as 
the case may be, and considering the actual maximum 
operating voltage. Allowance must also be made for 
the voltage recovery rate and any overvoltage conditions 
which may exist due to the overspeeding of hydroelectric 
generators, etc. The protection afforded by a lightning 
arrester is approximately proportional to its voltage rating 
and, therefore, it is important to use an arrester of as low 
a voltage rating as possible. Table II presents the general 


Table II. Typical Application of Lishtnins Arresters 


Preferred Arrester Rating 
(Mazimnm Line-Ground Voltage, Kt) 

System Approx. Range--- 

Voltage System Operating Neutral Not Neutral 

Classification Voltage Effectively Grounded Effectively Grounded 


2,400. 

... 2,200- 2,650_ 

_ .'I 

.<1 

4,160Y.... 

... 3,800- 4i600_ 

_ 6 . ... 

a 

4,800. 

... 4,400- 5,300_ 

_ 6 . 

.... 6 

7,200. 

... 6,600- 7,960_ 

_ 9 . 

:.... fl • 

8,660Y.... 

... 7,600- 9,200_ 

.... 12 

. 6 0 

12,000..... 

...11,000-13,000_ 

.... 12, 16 . 

. 9,' 12 

18,200. 

...12,100-14,300_ 

.... 16 . 

. 12 

14,400. 

...13,200-16,000_ 

.... 16 . 


23,000. 

20- 25 kv,... 

.... 25 . 

..... 20 

34,600. 

30- 87 kv.... 

....37 . 


46,000. 

40 -48 kv.... 

.,..50 . 

37 

69,000. 

... 00- 72 kv.... 

.... 73 . 

. 60, 60 

116,000. 

... 100-120 kv..,. 

..,.121, 132...... 

.97 

138,000. 

... 120-144 kv.... 

. ...145, 166. 


161,000. 

... 140-168 kv.... 

....169, 180. 

.121, 145 

230,000. 

... 200-240 kv. 

....242 . 

.200 
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bances, allowing for Figure 2. Rod gap volt-time curves 
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Figure 3. Relative volt-time curves 
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Figure 4. Station insulation—S5-lcv 
class—volt-time curves 
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application of arresters to systems in the various voltage 
classifications. 

Dynamic Voltage 

The normal “full voltage” rated arrester is designed to 
operate on an ungrounded or isolated neutral system where 
the voltage esdsting between line and ground may at 
times equal the normal line-to-line voltage. The arrester 
rating is generally 5 per cent or more above the mavinutt,. 
operating voltage. Under favorable conditions where 
the system neutral is effectively grounded, better protec¬ 
tion may be obtained by the use of an arrester having a 
reduced voltage rating, provided the upper limit of dy¬ 
namic voltage is not exceeded under any operating con¬ 
dition. In the past “grounded neutral” arresters have 
had voltage ratiugs approximately 80 per cent of the 
“full rated” arresters. This gave a wide margin above 
the normal system line-to-neutral voltage to allow for 
fault voltages, etc. 

For the purpose of determining the allowable arrester 
voltage rating, the maximum dynamic voltage which may 
occur during fault conditions between the sound phases 
and ground may be calculated by the method of sym- 
me^cal components. Under certain conditions, a 2-line- 
to-ground fault may be slightly more severe than a single 
line-to-ground fault. 

For a single line-to-ground fault, Wagner and Evans® 
have shown that: 

Ej, = f + R) +i(Zo + 2Z, -I- 3ig) ~| 

2 L Zo "h Zi -h Zi -h 3R J 

where 


pedance and fault resistance) to positive-sequence unped^***'**^ 
negative-sequence impedance (Zo/Zi or Zo/Zj) must be ea**«^* 

2 or less under maximum fault conditions. Due consicKf^rmtiiUi 
must be given to the circuit impedance as affected by 
operation of circuit breakers at the ends of a line. 

(c) The arrester voltage rating must be at least 10 per ceri t «, t 
the calculated maximum sound phase voltage to ground. In 
it will be found that 

if Zd/Zi » 2 or less, an 80 per cent arrester may be used 
if Zt/Zi =» 1 or less, a 70 per cent arrester may be used 

These latto percentages should be applied to the maxmun% llnHe-to- 
hue opemting voltage in determining the allowable arrester mtljoyi. 

Surge Currents 

Considering traveling wave phenomena, it would be 
possible to calculate the magnitude of the surge disclraayrjge 
currents through the arrester for the various combinck.tJloxii 
of line and station msulation which may be encotm.'fi^T'es'ci. 
These calculations, however, involve a number of in- 
determmate factors, including the surge impedcmctcs’ to 
ground, the magnitude and the wave shape of the sur jj«, 
etc., and it is not generally considered feasible to malce SlUch 
cdculations for each individual case. In the 
discussion, the surge discharge current through 
type mresters has been taken at 6,000 amperes crest: aurnl 
for line type arresters at 3,000 amperes crest. 
values appear to be reasonably moderate in vicsvsr of 
available field data»-w regarding lightning arrester su»e 
currents. Furthermore, the voltage across the araresftor 
during discharge does not increase in proportion to 
surge current.' 


£& » voltage between sotmd phase and grotmd 

Eg =» notmal line to neutral voltage 

Zi, Zj, Zo *= sequence impedance to point of fault 

R Ms foult resistance 

^Arresters of reduced voltage rating should not be ap¬ 
plied except where the neutral is “effectively grounded” 
and the foUovring conditions are met: 

(*) ^ "Ih® neutral of that portion of the system must be grounded at 
all times and undcf all operating conditions. 

(J) The ratio of zero-sequence impedance (including neutral im¬ 
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Marginal Requirements 

The typical performance of arresters, as given in 
I, applies only to the arresters themselv^, without: 
tolerances or margins. It must be realized, how^*V«» J 
that with any protective device, an adequate ttxaLxrjg^i ** 
must be provided above its performance charact^j-^jgj^** 
to allow for manufacturing tolerances, different t 3 rp^^ 
installations and to insure proper selectivity betweeitx 
protective performance of the device and the appuirctf:™ 
insulation. The necessary margin is thus affected. 

number of factors and should cover both long tiiues ^ 

xxsai-. 
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pulses and short waves of steep front and high crest 
The following tolerances and marginal items have been 
considered in this analysis with values as indicated: 

(c) Tolerances ia performance characteristics of arrester. Based 
upon manufacturer's information, these have been tglron as: 

Gap breakdown voltage = plus 6 per cent to 26 per cent 

IZ drop across arrester during discharge of specified cmrent = plus 
6 kv + (6 per cent to 15 per cent) 

(6) Bfiect of distance and potential gradient during surge conditions 
which may generally exist between the protective device and the 
apparatus on the basis of modern station layouts. The capacitance 
of station equipment will be effective in reducing the slope of the 
incoming surge wave. In the larger high-voltage stations this 
mitigates against the higher reflected surge voltages and complete 
double voltage reflections would not be expected imtoss the station 
capacity were very small and the station located at the terminal 
of a line. 

The possibility of flashover occurring on the front of the wave, 
rather than on the tail of the wave as considered in the recent 
AIEE test procedure using waves of moderate crest, has beeii takon 
into account by considering steep wave fronts and both the short 
time and long time characteristics of insulation and protective 
devices. Considering the magnitudes of surge voltages and the 
reflection effects which may reasonably be expected, it appeared 
that a short time potential gradient of one kv pd: foot should be 
adequate allowance for distance, arrester connections, etc. Arresters 
to be effective should be located as close as possible to the apparatus 
being protected. In the case of 2,400-volt and 4,800-volt pole- 
mounted units, the distance between the arrester and the equipment 


has been taken as 4 circuit feet, with a gradual increase up to 160 
circuit feet for the 240-kv class installed in stations. 

(fi) Selectivity Margin. It is necessary to provide an adequate 
margin, both with respect to time and voltage, to insure that the 
protective device shall function properly before insulation break¬ 
down or damage may occur. There is apparently little definite 
information available pertaining to the margins which may be 
necessary. After reviewing past operating experience and corre¬ 
lating the performance of arresters in service with the information 
available regarding existing insulation levels, it has been concluded 
that a selectivity margin of some 80 kv to 40 kv (in addition to 
manufacturing tolerauces and circuit gradient) is the- minimum 
which may be used m the transmission-voltage classes. 

Protected Levels 

In this analysis, arresters have been utilized on the basis 
of the voltage rating being approximately equal to the 
S 3 rstem line-to-line voltage, i.e., the use of a full rated 
arrester. The actual application of an arrester on a 
particular power system.should ordinarily be on the basis 
of using one rated as low as permitted by the maximum 
d 3 mamic voltage which might exist between sound phases 
and ground as previously described and the protection 
would be proportional to the voltage ratings shown. 

Table III presents an analysis of the performance 
characteristics of station and line type arresters and in¬ 
cludes the various marginal values which have been de¬ 
scribed. The terms “short” and “long” coupling have 
been used to designate the location of 
the. arrester relative to the transformer 



VOLTAGE CLASSIFICATION-RMS KILOVOLTS 


being protected. 

Figures 4 and 5 illustrate the arrester 
performance and station equipment 
insulation levels on a volt-time basis 
with a 1V^40 microsecond minimum 
positive wave. Figure 4 assumes a 
23-kv system requmg a 25-kv arrester. 
This arrester will have a gap break¬ 
down potential of 85-89 kv, and the 
breakdown will take place in approxi¬ 
mately one-half microsecond. The 
voltage across the arrester when dis¬ 
charging 5,000 amperes will be 100-110 
kv. With manufacturing tolerances 
and with the circuit gradient given in 
table III, there exists a net selective 
margin between the basic insulation 
level and the arrester performance of 
27 kv to 40 kv. In figure 5 the per¬ 
formances of 60-kv and 73-kv arresters 
are compared with the volt-time char¬ 
acteristics of 69-kv equipment, basic 
level, and with the AIEE test rod gap 
of 20.6 inches. It will be noted that 
the net selective margins between the 
basic level and the arrester amount 
to 35 kv to 40 kvfof the full rated 
73-kv arrester and 80 kv to 92 kv for 


Figure 6. Margin between arrester and basic insulation level 

Station-type arrester/ current « 5,000 amperes 


the 60-kv arrester. 

Figure 6 shows the relation betweeii 
the recently agpreed upon basic insula- 
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tion levels® and arrester performance when discharging 
5,000 amperes surge current. The margin between 
the arrester performance and the long time insula¬ 
tion level of equipment will generally be greater than 
is indicated by this analysis because the surge cur¬ 
rents will not be maintained at high values for long 
periods of time. Incoming surges which produce these 
heavy currents will generally have caused dashovers out 
on the line and will thus be chopped. The margin at 
short time intervals will also be somewhat greater than 
indicated because the insulation strength of apparatus is 
inherently higher than the basic level at short timp in¬ 
tervals. These margins between the arrester perform¬ 
ances and the basic levels generally range from 30 kv to 
100 kv in the various voltage classifications, as shown in 
table III. In certain cases, such as in the 15-kv classifica¬ 
tion, the margms are relatively small. In cases where 
arresters do not have as favorable characteristics as have 
been considered herein, or where conditions are unusually 
severe, the margins will be still smaller or even non¬ 
existent. 


uonciusions 


Table III. Analysis of Arrester Protection 


Basic 

losulation 


Short Time 


Long Time 


^irester ? Arrester 

t ^e«ter Breakdown Circuit Seine- IZ Drop 

O^Ts (Crest Incl. Selectlrity 

CRMS.. Toler« at Maridnf Ti^lAr 
(Kt) Kv) Kv) (Crest Kv) 1 Kv/Ft (Kv) ^ (Crest kv)**^v)^ 


Line Type—Close Coupled tniitiiiiiirt/... 


2.6 , 

.... 53 ,., 

... 3. 

.a...; 21. 

5.0 . 

.... 63... 

... 6. 

. 4.4 

8.66. 

... 80..., 

... 9, 




12., 

. 73. 

15 

.... 100.,, 

.15, 


25 . 


20. 


... 150..., 

... 25, 




30. 


34.6 . 

... 190..,, 

.. 87.. 

....164. 

46 . 

... 260,.., 

.. 50.. 

....198. 

69 . 


60.. 


...360.,., 

.. 73,. 

....297. 

Line Type—Long Coupled Installation 

2.6 . 

... 63.... 

.. 3.. 

.... 21., 

6.0 . 

... 63.... 

.. 6.. 

_44. 

8.66. 

... 80.,,, 

9.. 

.... 61. 

15 . 


12.. 

_73.. 

... 100,... 

.. 16.. 

.... 83.. 


4.. .. 28 

4.. 

5.. 

6 .. 

6 .. 

7.. 

8 .. 

9 .. 

9.. 

11 .. 


15 .... 

14 .... 

21 *.... 

11 .... 

66 *.... 

32 .... 

54*. 126.. 

27 . 157.. 

41 .210.. 

13....110*. 252.. 

. 304.. 


20.. .. 33 

34.. .. 29 

49.. 

63.. 

74.. 

87.. 

107.. 


20 .. 


25 ., 

.. 160,., 

.. 25... 

...no 



30... 

...127 

34.6 .. 

.. 190... 

.. 37... 

.. .154 

46 .. 

.. 260.... 

.. 50... 

...198. 


88 ..,, 


Station Type—Long Coupled Installation 


15. 
, 16. 
. 17. 
18. 
21 , 
23. 
26. 
28. 
32. 
38. 


2.5 
6.0 . . 
8 . 66 .. 


53. 

63.. .. 

80.. .. 


16 

25 

34.5 

46 

69 

92 

116 

138 

161 

196 


.... 100 ..., 

.... 160.... 

... 190.... 
... 260.... 

...360.... 
... 470.,.. 


.. 3.., 

.... 15.. 

... 20. 

.. 6... 

... 25,. 

... 20. 

.. 9... 

... 38.. 

... 24. 

12... 

... 43.. 

... 26. 

.. 16... 

... 64,, 

... 29. 

20... 

... 74,. 

... 81. 

.. 26... 

...89.. 

... 34. 

30... 

...105,. 

... 37. 

.. 37... 

...131.., 

... 42. 

.. 60... 

...179.., 

..i 49. 

60... 

...216;,, 

.. . 66. 

. 73... 

...263... 

.. 62., 

. 97... 

...347... 

.. 78.. 

.121... 

...430... 

.. 90.. 

.146... 

.. .615..,, 

..100.. 

.169... 

...600... 

..116., 

.204... 

...714... 

. 130.. 

;242,,., 

...860... 

..160.. 


. 17 . 
. 4 . 
. 2 . 
. 9*. 
.—3 . 
. 39*. 
. 14 . 
. 86 *. 

. 4 . 

. 14 . 


.. 18 . 
. 18 
. 18 . 
. 31*. 
• 17 . 
. 45*. 
. 27 . 
. 48*. 
. 17 . 
. 22 . 
. 80*. 
. 86 . 

. 45 . 

. 60 . 

. 65 . 

. 75 . 
.106 . 

. 90 .. 


. 20 . 
. 34. 
. 49. 

. 03. 

. 74. 
. 87. 
. 107. 
. 126. 
. 167. 
210 . 


... 17. 
... 27. 
... 39. 
.. 68 . 
.. 71, 

.. 84. 
.. 110 . 
.. 138. 
.. 163. 
.. 216. 
.. 268. 
.. 320. 
.. 425. 
.. 630, 
.. 636. 
.. 740., 
.. 900.. 
. 1,060., 


.. 31 
.. 37* 
.. 26 
.. 63* 
.. 43 
.. 64* 
.. 33 
.. 40 
,.108* 
.. 66 

.. 33 
.. 29 
., 31 
.. 37* 
,. 26 
. . 63* 
.. 43 
.. 64* 

. 33 
.40 


. 36 
. 36 
. 41 
. 42* 
29 

. 66 * 
40 
62* 
27 
36 
92* 
40 
46 
40 
45 
60 
60 
50 
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Insulation co-ordination requires a study of the entire 
surge protective scheme and, among others, the following 
items should be considered. 

(a) Lightning arresters of suitable characleristics connecli*d nielal- 
licly and as closely as possible to the equipment to be protected. 

Q}) Protective gaps having suitable flashover voltage character¬ 
istics and located on the line side of oil circuit breakers connected to 
overhead lines. Oaps should not be mounted directly on trans¬ 
former or breaker bushings. 

(c) Ground wires properly installed on overhead lines and extend¬ 
ing an adequate distance out from the station. 

This study of the co-ordination of insulation indicated 
that insulation levels for various operating voltages could 
be assigned, depending upon the class of service, the per¬ 
formance of the surge protective equipment utilized, and 
the economics of the situation. This has been substan¬ 
tiated by years of operating experience with apparatus 
installed in stations wherein the insulation was designed 
in accordance with these principles. 

Furthermore, it may be concluded that: 

(а) Full rated lightning arresters which have suitable performance 
<*aracteristics and which are properly located will provide protec¬ 
tion for the basic insulation levels* listed in table III (except the 
15-kv level) down to extremely short time intervals, except for some 
direct strokes or unusually severe conditions. 

(б) Lightning arresters of less than full voltage rating can be 
u^zed on systems having the neutral effectively grounded and will 
give a greater margin of protection than wiU full rated arresters. In 
such installations, apparatus having impulse insulation strength 
levels one step below the basic level will be protected if the arresters 
have suitable characteristics. 

(c) The impulse insulation strengths of electrical apparatus in the 
various voltage classifications should be equal to or greater than 
the corresponding basic insulation levels. 

1 J alternating voltage dielectric te.sts for particular conditions 
should be m conformity with the operating requirements and the 
msi^Uon level selected. Under particularly favorable operating 
conditions, It seems reasonable that the alternating voltage dielectric 
tests may be reduced below present levels. 
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Surge Protection of Distribution Systems 


By J. K. HODNEHE 

MEMBER AIEE 

Synopsis 

A quantitative investigation of the surge protective 
requirements of distribution systems and the power 
frequency voltage requirements of protectors for these 
systems, has been made which leads to the conclusions 
that: 

1. The surge current discharge capacity of protectors should be 
100,000 amperes to prevent damage from lightning. In general, 
60,000 amperes capacity will give satisfactory results. 

2. The surge voltage breakdown characteristics should be similar 
in shape and lower in value than the transformer insulation. 

3. Field experience, as well as laboratory tests, have proved that 
a high degree of protection is obtained with a ratio of protective 
device initial discharge voltage to normal frequency voltage of 9 
to 1 in voltage classes up to 13.8 kv, compared to the present conven¬ 
tional arrester rates up to 3.6 to 1. 

4. Testing of protective devices under conditions more nearly 
representative of their service requirements should be considered. 


I. Function and Operation 
of Surge Protective Apparatus 

T he menace of lightning to electrical power 
lines and apparatus is tihie high surge voltage pro¬ 
duced on them which breaks down insulation and 
renders the line unfit for service. Following such break¬ 
downs, current will flow from the line to ground in order 
to discharge the energy induced in the line by the light¬ 
ning stroke. This current may reach extremely high 
values, and since an arc is usually associated with its 
conduction to ground, burning and physical destruction 
may be severe. Finally, large magnetic forces are caused 
which may damage lines and associated apparatus. 

The highly concentrated energy discharge associated 
with the lightning stroke may be transmitted to the power 
line in either of 2 ways. First, the lightning discharge 
may terminate directly on a line conductor, in which case 
the entire current of the lightning stroke must pass 
through the line and associated apparatus to ground. 
This is called a direct stroke. Second, if lightning strikes 
in the vicinity of a power line, the electrostatic field is 
raised to such a high value that a considerable over¬ 
voltage is induced in it.^’* Such surges are called induced 
surges or indirect strokes. As a result of either direct or 
indirect strokes, the surge on the line will travel along it m 
both directions with very high velocity. The wave shape 
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of the surge will change, however, and the traveling wave 
will be attenuated, so that in the course of even a short 
distance, the overvoltage will be considerably smaller and 
the length of the wave considerably greater than at the 
point where the surge originated. 

Protective apparatus connected to power lines for the 
purposes of minimizing lightning damage must provide a 
short and direct path to ground in the event of a surge, so 
that the induced voltage on the line will be held to a value 
lower than its insulation level. The simplest means of 
protecting the line and connected apparatus is to sud¬ 
denly ground it in the event of a lightning discharge. 
A spark gap is the simplest form of device which can be 
used for this purpose. The gap will be broken down by 
tlie overvoltage introduced on the line and will very 
quickly pass sufficient current so that the voltage on the 
insulation will be limited to a small value. 

This simple expedient is not ideal, however, since the 
voltage at which the gap will be broken down increases 
with increasing rates of voltage rise, and consequently 
the protection provided is not uniformly good. The 
volt-time characteristics of such a device are shown in 
figure 2, curve Z>. Furthermore, the breakdown voltage 
of a simple gap is erratic and not subject to close control. 

A simple gap also has tlie very great disadvantage that 
after the lightning phenomenon is over, the line is left 
grounded. This means tliat short-circuit current will 
flow in most cases, and circuit breakers must be opened in 
order to clear the gap. Consequently, there is a line 
outage. It becomes then a required characteristic of tlie 
lightning protective device that it automatically opens 
the established circuit between line and ground after 
complete discharge of the lightning stroke energy. 

To accomplish this result it is essential that the simple 
gap be fundamentally modified. There are 2 known ways 
of making lightning protectors self-clearing. One prin¬ 
ciple is to connect a vdve element in series with a gap from 
line to ground. This valve element is so constructed 
that the impedance drop across it is substantially constant 
and somewhat greater than the crest of the normal line 
to ground power voltage. The lightning surge voltage 
will then be limited to this impedance drop and the 
“valve” together with its series gap will pass current 
sufficiently freely to so limit the voltage. After the surge 
energy of the lightning stroke is discharged only a small 
current will pass through the valve due to the high imped¬ 
ance which is reached as the surge current decreases. 
Since it has been impossible to construct a theoretically 
perfect valve element, the series gap has been introduced 
to serve the dual puipose of “interrupting” the small 
residual current which remains after the surge discharge 
and of isolating the valve from power voltage under 
normal conditions. 
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The second principle is to enclose the’gap in walls of 
fiber which evolve gas under the action of an arc so that 
high interrupting capacity is obtained. In this device 
under some conditions a larger power follow current may 
flow just after the surge discharge, but it is interrupt^ 
at the first current zero. A series resistor is used to limit 
the magnitude of this power current. 

Qualitatively, the common requirements of a satis¬ 
factory lightning protective device are: 

1. The device must be capable of passing without damage any 
lightning current to which it is subjected. 


8. The duration of individual surges varies up to 60 to 100 micro¬ 
seconds maximum with the average probably not over 25 micro¬ 
seconds. 

Some of the data available are summarized in figure 1 
for comparison. These data represent different methods of 
measurement. Curve A is determined from the fusion 
effect of lightning currents on metal electrodes of deion 
gaps and represents data on 4,000 transformer years. ^ 
From this curve, it appears that from V 2 to 1 per cent of 
transformers in suburban and rural areas are subjected 
to surge currents of 10,000 amperes or higher, and approxi- 


2. Its voltage breakdown characterisfics should be as nearly 
linear with time as possible, and under all conditions lower than the 
apparatus which it is desired to protect. 

3. Its impedance drop when passing such currents should be well 

below the insulation breakdown level of the apparatus to be pro¬ 
tected. ^ 

4. After passing surge currents, the device must be capable of 
cutting off any flow of power current even with full power frequency 
voltage across it. 

6. In order to prevent undue operation, the power frequency 
voltage required to "breakdown" the protective device should be 
substantially above the normally inipr <>.«s.«wrt voltage. 

These requirements will be expressed quantitatively in 
the following sections. 

n. Surge Current Requirements 
of Protective Devices 


For a number of years, engineers have been collecting 
quantitative data on the nature of lightning strokes—their 
magnitude, duration, polarity, probability of occurrence, 
etc.. Measurements on transmission lines, distribution 
lines, and general field measurements have yielded valu¬ 
able information on this subject. Direct and indirect 
measurements have been made. The latter have as their 
basis some physical effects such as mechanical forces, 
fusion effects, magnetic effects, etc., which are related 
to or calibrated by laboratory measurements. Indirect 
measurements have yielded much data on the magnitude 
and polarity of surge currents. More direct measure¬ 
ments are required to ascertain the shape and duration 
of surge currents and the nature of repetitive strokes. 

The data available indicate the following 

1. The most severe strokes from the standpoint of rate of voltage 
rise and magnitude of surge current are uni-directional single strokes 
negative in polarity. 

2. Approximately 96 per cent of lightning strokes measured on 
transmission lines are negative in polarity. 

3. Approximately 20 per cent of lightning strokes measured are 
repetitive. 


4. The number of individual discharges in a repetitive strok 
ranges from 2 to 10, or more, with the average number 3 to 4. 

j duration of repetitive strokes is from a fei 

hundred nucroseconds to one or more seconds with the impulse 
spaced about 0.03 seconds or more. . 

S voltage rise of direct strokes is probably 1,000 t 

3,000 kv per microsecond. 

^ surge cnrreut o 

about 200,000 amperes m rare cases. 



Figure 1. Magnitude of lightning currents recorded by 
different methods of measurement 


A Lightning currents at suburban or rural distribution transFormers as 
indicated by fusion effects. 4,000 transformer years* 

® Lightning currents computed in tower legs on surge-crest ammeter. 
911 tower years* 

^ Lightning currents in towers above 5,000 amperes—surge-crest 
ammeter. 911 tower years* 


matcly 4 per cent are subjected to surge currents of 
60,000 amperes or higher. 

Cmve B of the same figure, shows the surge current iri 
transmission towers above 5,000 amperes. These measure¬ 
ments represent 911 station years and 236 records in 
excess of 5,000 amperes were obtained. They indicate 
19 per cent per year in excess of 10,000 amperes and IV 2 
per cent per year in excess of 50,000 amp^es. 

Curve C is the computed currents in tower legs.* They 
are based on 911 tower years and 113 measurements, all 
of which are in excess of 10,000 amperes or a probabiHty of 
12V 2 per cent per year at the particular location. The 
probability of currents of 50,000 amperes and higher as 
indicated by this curve, is 3.7 per cent. 

Measurements by another method were made by 
H. W. Collins.* Out of approximately 600 measurements, 
m excess of one per cent were above 10,000 amperes with 

the maximum measured 20,000 amperes. 
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Additional valuable data on distribution lines has been 
contributed by McEachron and Halperin® on the prob¬ 
ability of surge currents in shielded urban areas and by 
McEachron and McMorris® on more exposed lines. These 
data indicate that the probability of surge currents in 
excess of 10,000 to 20,000 amperes in shielded urban areas 
is very remote indeed. In rural areas, however, 1 per cent 
of the surges were found to exceed 15,000 amperes. 

A summary of the data indicates that at least 1 per cent 
of the surge discharges will exceed 10,000 amperes and an 
appreciable fraction of 1 per cent will reach 50,000 amperes. 
An efiftcient and satisfactory protective device should 
be capable of handling surge currents of this order of 
magnitude.'^ 

In analyzing data of this nature, it is necessary to take 
into account the natural difficulties of measurements. 
Due to the numerous points of low insulation level of 
distribution lines, diversion of current through multiple 
paths takes place easily, so that measiurement at any 
one point may not be indicative of the maximum currents 
to be expected. From the physical concept of the prob- 



Figure 2. Com¬ 
parison of impulse 
characteristics of 
distribution trans¬ 
former insulation 
and protective 
devices 


The nearer the discharge to the line, the higher the poten¬ 
tial on the line will be. Due to the reduced insulation 
level at transformer locations and other points along the 
line, induced currents exceeding 2,000 amperes would not 
be expected. With the advancement in the art of surge 
protection, transformer insulation and protective devices, 
currents of this amplitude are of no serious consequence. 
The serious problem of protecting distribution systems, 
as well as high-voltage transmission systems, is to deal 
with direct and near direct strokes. In distribution 
systems, this problem is complicated by the fact that 
most distribution lines are carried on wooden poles having 
a high insulation value to earth. Also, the resistance of 
the earth at the poles may be quite high. This combina¬ 
tion of factors makes it possible for surge currents of 
high magnitude to travel long distances along distri¬ 
bution lines and be diverted to earth through the low 
resistance path of the transformer secondary services. 
This means that lightning does not have to strike very 
near transformer locations for them to be subjected to 
high surge current. With the rapid extension of distribu¬ 
tion systems into exposed rural areas, adequate surge pro¬ 
tection afforded by protective devices capable of handling 
severe lightning stroke currents is paramoimt. 

The time duration of surge discharges through light¬ 
ning protectors has not been as completely measured as 
the current magnitudes. Available data indicate, how¬ 
ever, that a lightning stroke of 50,000 amperes will 
generally have a time duration of 25 microseconds at 
least. Consequently, time values of this order of magni¬ 
tude should be considered in judging the surge current 
handling ability of protective devices. 

The fact that many lightning strokes are repetitive 
argues that if the surge current capacity of a lightning 
protector is to be defined in terms of a single stroke, some 
allowance must be made for the cumulative dissipation of 
energy associated with multiple strokes. Consequently, 
there is additional reason for placing the minimum accept¬ 
able surge current capacity at a high value. 

in. Voltage Protective Requirements 


A — Breakdown characteristics of distribution transformer insulation 

B — Probable voltage and time curve at which deterioration begins 

C—Flashover characteristics of deion gaps and arrester gaps compared 
with A and B 

D — ^Approximate shape of bushing and rod-gap flashover curves (13.8 
kv class) compared with A and B 

lem, it would be expected that the maximum currents 
would be of the same order as those obtained on high 
voltage transmission lines, particularly in exposed cir¬ 
cuits. 

The probability of surge current of a given magnitude 
occurring at any particular location on a distribution 
system decreases rapidly with increasing current. Some 
potential exists by induction at practically all locations 
every time there is a lightning discharge in the vicinity. 


Adequate protection of distribution transformers and 
other equipment on distribution lines necessitates that 
the protective device limit the voltage that can exist on 
the insulation of the equipment to a value that will not 
damage any part of it. In considering the voltages 
existing on a distribution system, one has to take into 
accotmt the high daisity of transformer locations and 
other points of reduced insulation. It is impossible, 
therefore, for voltages of v^ high magnitudes to be 
propagated on distribution lines as travdting waves. In 
general, impulses of this diaracter are harmlessly drained 
off to ground by protective devices even under unfavor¬ 
able grounding conditions. Impulses of a more dangerous 
or damaging character appear as a rapidly rising voltage 
suddenly reduced by a flashover of the line or a discharging 
of the protective device, followed by a budding up of 
current through the circuit so formed to earth. This 
current produces a voltage drop by virtue of the impedance 


June 1937 Hodnette, Ltidwig—Surge Protection 685 


of the protective device itself and of the circuit in which 
it is connected. U is imperative that the impedance of 
this circuit be sufficiently low so that the voltage impressed 
on the apparatus under the uu»st severe conditions of surge 
tiiseharge will not damage the insulation of the apparatus. 
Both the impedance of the pndective device and the 
surge impedance t)f leads and cunnectitms must be small 
and, consequently, it is necessary that the connecti«ms 
be made as short as possible. To illustrate tliis fact, 
it is p<issible t(t Iniikl up vtiltages in excess of Hl.lKlO vtilts 
per linear foot in straight conduct»a's in the laboratory. 
All beneficial effects of the protective device can be 
minified by long connections. 

Distribution transformers are the mator apparatus 
connected to distribution .systems, 'file (juality and 
characteristics of the insulation is un important factor in 
the successful operation of the distribution system. The 
nonnal freciueucy voltage strength must be sufficiently 
high to prevent damage, from normal overvtiUages. arcing 
grounds, etc., and to prevent conma and radio interference. 
This is iiusured by acceptance tests specified liy t he 
Knowledge of the insulation strength of transformer.s tu 
impulse voltxiges is necessary to intelligently eo <<r(iiiuite 
and successfully apply protective devices. 

A careful study of the impulse characteristics of dis 
tributwm transformer insulation has Iweii made. Due to 
the. many factors inffueuetng the ultimate impulse strength 
of tran.sformer insulation, quantitative data can Ih'sI he 
analyzed on the basis of average. results or guaranteed 
sMlues. 

*rhere exists u fairly definite ratio of the impidst* strength 
of well balanced transformer insulation to its normal 
frequency .strength. 'I'his ratio has been expressed 
numerically as 2.2, bused on the (K)'cycle crest value of the 
insulation breakdown .strength. Applying this factor to 
the acceptance test voltages gives an indicution of the 
minimum impulsi* strength built into transformers by 
the manufacturer, lliesc values for low voltage distri 
bution transformers are given in tabic t. fn this class of 
apparatus the manufacturer maintains a much higher 
margin of safety to minimize mechanical defects and to 
insure reliable service than in higher voltage apparatus. 
While this nuirgin cannot lie definitely utilized, it m?ver' 
theles.s aids in preventing damage from lightning. 

'I'he volt-time characteristics of the insulation aiul 
protective devices is .shown in figure 2. Curve A .shows 
the characteristics of lrun.sff)ftner insulation for u 
lVax40 microsecond wave. The minimum or full-wave 
impulse strength is represented as ItHl per cent and as a 
function of time in microseconds from the start of the 
voltage wave. The shape of this curve was determined 
by the average of a large nuralier of tests to failure of 
actual distribution transformers. 

Curve B of figure 2 shows the proljuble limits of 
voltage and time below which deterioration of the insula¬ 
tion is not expected to occur. The shape and values of 
this curve are established by applying repeated impulses 
of a given voltage and time duration to a tmnsformer and 
noting whether or not deterioration fiegtns. In applying 
thfe curve to a particular transformer, it is necessary to 


take into amnml the natural variatimi nr Hpreud in 
impulse strength i»f Irunshirmers of the same voll;ij»i- x 
uiiil design. It is applieafile to the figures in Uililv i 
directly wit limit eneruuehing upon the mamifuetuier’s 
margin safety, 

Dn the same figure, curve C, sliowiiig the v»4t time 
ehuraeterislies t»f demn gaps am! lightning urresteis, is 
given. Note that these curves are lower uml tUitter than 
curve B, Als<», tlie upproximate diape of the Viiliagf. 
time tlasliover of Inishings anti staiidaol rod gaps tor 
b.tMJtf 1M,S()0 volt class transformers is .shown us curve />. 
While these 2 curves are ind exactly of the same shape. 



Figur* 3. Compirltoii bttwtsn isrotsctlvt dsvlcsi and 
trsnsfofmtf i«fi tavsli 

A Mimmijw 60 ryrl« voting*; of Oroi^cinrs 

B Doe minui« 4tc«pt4rt«;;ff tea 

C Mmmum impulse Urensih on B 
0 Vdilve type iightning 4rr«a«# bre^ltelown mlfAgt level 
f “ Oeion gap arreuer breeltdowo volwge level 

they have the same general characleristies. Note that 
the bushing atitl rod gap curves arc higher than the curve 
of probable insiilutiou deterioratiott, as well as the insula¬ 
tion breakdown strength. Kor lower voltage classes, 
iKith the rod gap and bushing fiashover cfiaracteristics 
are flatter due to their more uniform dielectric field.*!. 
It is necessary, however, to resort to constderably shorter 
gaps than the recommended co-ordinating gapi before the 
flashover curves are similar in shape to tins insulation 
breakdown curve. 

These curves ifiustmte the desimbility of a surge 
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protective device having voltage discharge characteristics 
cimilflr in shape to the insulation characteristics of the 
transformer, and also the fact that standard bushings and 
rod gaps do not have this. 

The history of past development shows that protective- 
device engineers have constantly endeavored to design 
and produce apparatus which would be more reliable and 
which would have a lower ratio between discharge voltage 
and normal frequency line voltage. These 2 require¬ 
ments have not been entirely compatible and have been 
accentuated by code requirements. With the advance¬ 
ment in the knowledge of the characteristics of natural 
lightning and with it the theory of surge protection, the 
codes have been modified to remove these restrictions. 
Transformer engineers have kept pace by obtaining 
knowledge of transformer insulation characteristics and 
limitations. The protective-device engineer should have 
a free hand to design apparatus suitable for the service 
required of it and unhampered by past traditions. This 
fnpang simp ly proper co-ordination of transformer insula¬ 
tion levels and protective-device discharge voltage. As 
indicated by table I, it is satisfactory to design distri¬ 
bution surge protective equipment for much higher dis¬ 
charge voltages than would have been considered practical 
several years ago. 

IV. Normal Frequency 

Requirements of Lightning Protectors 

The desire to reduce the surge level of lightning pro¬ 
tectors to a low value results in designing these devices so 
that their normal voltage cutoff is reasonably dose to the 
applied power voltage. If this procedure is carried too 
far, the protector itself is endangered and it becomes a 
hazard to the power system. Consequently, at times 
there have been failures of these devices which were not 
associated with the discharge of lightning energy. It is, 
therefore, necessary to examine the power voltage condi¬ 
tions of the circuit to which the lightning protectors are 
to be applied, in order properly to design and use this 
type of equipment. 

Generally, protectors are applied to 3-phase power 
systems. These systems may be operated with the 
neutral solidly grounded or free from ground. In either 
case, the normal line to ground voltage will be the line-to- 
, line voltage divided by 1.73. In the event of a fault from 
one line to ground, however, the performance of the 2 
classes of systems is quite different. The solidly grounded 
neutral system will, under theoretically ideal conditioiK, 
prevent the line-to-ground voltage during fault conditions, 
from rising at all. Actually this voltage will increase 
to a value of approximately 120 per cent normal Ime to 
ground voltage in average cases. If the neutaral is not 
grounded, the full line-to-line voltage Will appear from 
line to ground in the event of a ground fault on one con¬ 
ductor. Consequently, it is essential that the protective 
device be capable of interrupting the flow of power 
current after surge discharge with a voltage applied which 
will be at least 120 per cent of the normal line to ground 
voltage if the neutral is grounded, and which will be at 


least 1.73 times line to ground voltage if the neutral is 
ungrounded. 

Grounded neutral systems are subject to considerable 
variation depending on the magnitude of the ground 
impedance. While the average overvoltage from line to 
ground in the event of a fault may be only 120 per cent, 
lightning protectors must operate satisfactorily on systems 
of high ground impedance. Furthermore, protectors may 
be located at a considerable distance from the point of 
actual grounding and a line to ground fault near tiie 
protector location effectively increases the ground imped¬ 
ance so far as voltage across the protector is concerned. 
It is very difficult to determine the maximum per cent of 
line-to-line voltage which the protector should withstand, 
but experience indicates that the value should be 80 per 
cent for solidly grounded neutral systems. In other 
words, the line-to-ground voltage will rarely exceed 140 
per cent of its normal value. 

Systems in the distribution voltage class are generally 
supplied with power through step-down transformers 
from higher voltage systems. In case lightning strikes 
the high-voltage system, surges of considerable niagnitude 
may cause a flashover to ground and power current may 
flow through ground for several cycles. If the neutral 
points of the 2 systems are connected together to a common 
ground of comparatively high resistance, this flow of power 
current in the high-voltage system may introduce con¬ 
siderable overvoltage of power frequency in the low- 
voltage system. Direct flashover from the high to the low- 
voltage system during the surge is also a possible cause 
of high dynamic voltages on the low-voltage system. 
Obviously, the greater the difference between the normal 
voltage of 2 connected systems, the greater is the possi¬ 
bility of excessive power-frequency voltages introduced 
into the low-voltage network as a result of fault conditions. 
Consequently, it is good practice to build lightning protec¬ 
tive devices at the lower voltages with a greater factor 
of safety or difference between maximum permissible 
line-to-ground voltage and normal line-to-ground volt¬ 
age, than is the case with lightning protectors of the high- 
voltage daSs. 

Generally low-voltage lightning protectors are applied 
with less care than high-voltage devices. Often it is 
not possible to employ a theoretically ideal rating because 
low manufacturing costs preclude the availability of a 
wide range of voltage dasses. These facts again introduce 
the requirement that the voltage tolerance of distribution 
lightning protectors should be comparatively great. 

Another factor which at times influences the required 
voltage cutoff characteristics of lightning protectors, is 
the presence of harmonics in the supply voltage, particu¬ 
larly during fault conditions. Normally the applied 
voltage is sufficiently sinusoidal so that the crest value 
bears the normal rdation to the meter readings. During 
faults, however, saturation of transformer iron may 
introduce harmonic voltages. The nature of the main 
power source must also be considered, since waterwhed 
generators without damper windings are subject to 
producing high harmonic overvoltages during hne-tp-line 
short circuits. It is furthermore possible that in certain 
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cases various lines and connected apparatus will be 
resonant to these harmonics, and cases have been experi¬ 
enced where very high harmonic overvoltages were present 
during fault conditions from line to ground. 

Surges resulting from switch operations on the lines may 
at times prove hazardous to lightning protector devices. 
Switching surges differ from lightning surges principally 
in 2 respects. First, the magnitude of overvoltage is 
much lower in the case of switching surges and major 
insulation is not endangered. Second, the duration 
of the switching surge may be much longer than the 
lightning surge, however, and the energy which must be 
dissipated in a protective device may be greater for the 
switching surge than for the lightning surge. Conse¬ 
quently, the lightning protector must be built sturdily 
enough so that it will handle any currents passing through 
it as the result of normal switching operations. 

As lightning protectors are generally constructed, a 
certain minimum voltage must be impressed across them 
before they begin to pass appreciable current. In other 
words, these devices exhibit definite breakdown character¬ 
istics. Generally, the breakdown voltage of protectors is 
considerably higher than their cutoff voltage. This is 
fundamental in the design of these devices, because the 
isolating means is generally a gap of some form and it is 
impossible to design a gap so that it will interrupt current 
up to the voltage necessary to cause a breakdown. Further¬ 
more, it is very desirable to set the breakdown voltage of 
the devices considerably above normally applied voltages, 
and in many cases higher than the normal switching 
surges. In this way unnecessary operations of the pro¬ 
tective device are prevented. 

In the distribution voltage class it has been general 
practice to have the breakdown voltage at least 1.6 times 
the maximum permissible voltage or cutoff value of the 
device. This figure is low for the best obtainable per¬ 
formance. The breakdown voltage at normal power 
frequency may easfiy be 2 to several times the cutoff 
voltage without impairing the surge protective character¬ 
istics, and if the designs are made in this way much 
greater safety of the protective device itself is obtained. 

V. Voltage Levels 
of Protective Devices 

The 2 preceding sections define the upper limits of 
discharge voltage of protective devices, and the lower 
limits of power frequency cutoff and breakdown voltage. 

In figure 3 the minimuTn insulation impulse strength 
been plotted (curve C) for the different distribution 
voltage classes. The basic data for this curve are 
from table I. Also the minimum accq)table power fre¬ 
quency breakdown voltage has been plotted in figure 3 
(curve A). The difference between these 2 curves is a 
broad band into which the characteristics of the protective 
device must be fitted. Since the 60-cycle and surge 
discharge voltage .of protective devices is different, or in 
other words since their impulse ratio is greater unity, ■ 
2 curves must also be plotted for the protective device. 
These 2 curves agam form a and which is much narrower • 


than the band of required performance. The difference 
represents the total margin of safety of the protective 
device over service requirements. This total margin 
can be divided by design between margin over 60-cycle 
m i n i m um requirements and margin imder surge require¬ 
ments. On account of the relatively great total margin. 


Table I. Comparison of Guaranteed Normal Frequency and 
Impulse Strength of Distribution Transformers Based on AIEE 
Standards and Recommendations 


Voltage Class 
(RMS Et) 


Expected Minimum Impulse Strength Based on 

Dielectric Dielectric Test Gap Bushing 

Test Test - Flashoverf 

(RMS Kv) (Crest Kt)* Inches (Crest Kv)* (Crest) 


1.0 .... 
2.4- 4.3.... 

4.8- 8.7.... 

6.9- 13.8.... 


....10.31. 

-19.69. 

-26.81. 

-34.106. 


.0.8. 32. 

.2.2. 69. 

.3.3. 81. 

-4.6.102. 


* Minimum flashover or full wave for lVix40-inicrosecond positive waves, 
t Maximum voltage applied in making impulse testa which flashes over bushing 
or equivalent gap. See recommendations of transformer subcommittee on 
impulse testing. 


there is considerable choice in the design of the lightning 
protector. 

In figure 3 curves are also plotted showing the minimiitn 
60-cycle and ma x i mum surge characteristics of valve 
arresters (curve D). Arresters have been widely applied 
to protect insulation of vaiying and unknown surge 
strength, and consequently, their characteristics have 
been designed to be comparatively low. Deion protectors, 
on the other hand, have generally been designed as an 
integral part of distribution transformers of known insula¬ 
tion strength. Furthermore, the transformers are tested 
on 60 cycles with the deion protector connected, and it is 
consequently necessary to maintain the 60-cycle break¬ 
down of the protector higher than the test voltage applied 
to the transformer (curve J3). For these reasons, the 
deion protectors have surge characteristics considerably 
hightt (curve E) than those of valve arresters. Field 
service records prove conclusively that both devices pro¬ 
vide adequate protection to the transformers. 
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Synopsis 

This paper presents, from the viewpoint of the engineer 
who plans and operates electric power systems, the appli¬ 
cation logic or theory and the performance results with 
various forms of spill gaps, for the protection of circuits 
and equipment from lightning, and the selection of insula¬ 
tion levels co-ordinated with this type of protection. 

The performance results are largely confined to trans¬ 
mission voltages, although the same general principles 
and logic apply over the entire transmission and distribu¬ 
tion operating voltage range. 

Background 

AS A BACKGROUND of scientific research, service 
observation, and engineering experimentation the 
9 % industry has available the results to date of study 

in 4 fields, concerned with protection of circuits, equip¬ 
ment, and service against lightning: 

1. Field research of natural lightning, also laboratory research, 
having to do with the natvue and occurrence of lightning'-*-* 

2. The volt-time characteristics of msulators and insulating mate¬ 
rials under impulse and normal frequency voltages*-* 

3. The performance characteristics of gaps and lightning arresters 
in commercial use*-* 

4. Analyses of observed operating performance of electric trans¬ 
mission and distribution systems with particular refeirence to protec¬ 
tion from lightning*-* 

In none of the above 4 fields of investigation and e^e- 
rience can it yet be said that the results or knowledge are 
so complete that unqualified conclusions can be drawn 
with respect to each of the pertinent factors in the prob¬ 
lem. Nevertheless, enough has been learned that it has 
been possible to formulate tentative insulation and pro¬ 
tection policies and to secure from actual experience a 
reasonably conclusive check as to their soundness. 


Shielding 

Shielding of circuits and equipment is accomplished 
either by underground construction, or by the so-called 
“lightning proof” type of construction. To be effective, 
the shielding must be capable of withstanding all direct 
strokes of lightning, except possibly the most severe, 
without breakover or conduction of the lightning current 
to the power conductors. 

Shielding within the limitations of the specific installa¬ 
tion, protects service and equipment. Unfortunately it 
is economically feasible only in the case of the higher trans¬ 
mission voltages, and on circuits of major importance. 

In the lower transmission and distribution range of 
voltages, overhead circuits are not generally shielded. 
There are also many situations with the higher transmis¬ 
sion voltages, where lightning storms are infrequent or 
where lines serve large areas having small load densities, 
where the added investment for shielding disqualifies it 
from the standpoint of economy. 

Drainage 

Drainage is accomplished by providing for relief and 
limitation of lightning voltages through fiashover at pre¬ 
ferred locations. This includes the use of: 

1. Plain gaps with which no attempt is made to interrupt or seal 
off power follow current 

2. Fused gaps in which the series fuse interrupts the power follow 
current. These have limitations in application with respect to 
interrupting ability 

3. T-igtitning arresters which do hot permit power follow current. 
Their effectiveness is limited to their surge current discharge capaci¬ 
ties 

4. Arc-interrupting gaps, in which the series tube interrupts the 
power follow current. These tubes have limitations with respect to 
TninimiiTn and maximum interrupting ability, and thdr application 
as at present commercially avaffable is confined largdy to line insu¬ 
lation protection 


General Aspects of Lightning Protection 

As in most tr ansmis sion and distribution problems the 
best solution to the protection problem is judged in terms 
of both performance and cost. 

Protection from lightning has 2 primary aspects: 

1. Protection of equipment against damage 

2. Protection of service against interruptions 

Bach of these is capable of separate evaluation, and ob¬ 
viously is dependent on such factors as density of load, 
type of load, and degree of exposure to lightning. 

The methods available for accomplishing protection 
may be broadly divided into the 2 groups of shielding and 
drainage. 


Application of Spill Gaps 

The logic underlying the application of spill gaps of any 
type is : 

1. A spill gap provides a definite voltage discharge levd with v^ 
hi gh capacity for discharging lightning stroke current. The setting 
may be in terms of inches of air or in terms of voltage and time. 
The cost of the installation is the ve ry minimum _ ■ 

A paper recommended for publication by the AIEE comntittees on pro^tiv* 
deuces, power transmistion and distribution, and dwtrical Manu¬ 
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Figure 1 


2. Except for solid or oil insulated equipment, practically all line 
and substation insulation can be expressed approximately in terms 
of equivalent inches of air 

3. Co-ordinated, with line insulators, bushings, switch and bus 
msulators, spill gaps provide dependable relief from dangerous surge 
voltages, at preferred locations for flashover, establishing definite 
levels in terms of inches of air or in terms of voltage and time 

The usual application of the different types of spill gaps 
is: 

1. Spill gaps of the extinguishing tsrpes, that is, arc-interrupting 
gaps or fused gaps, installed along a transmission or distribution 
circuit, are used for 2 purposes: 

To provide a definite margin under the Une insulation so that flashovers 
along the hne will occur at the gaps, with interruption of power-follow current 
to prevent hne outages ’ 

equipmM^^ **** voltage impressed on the circuit and transmitted to installed 

2. Plain spill gaps are installed at substations: 

a. At the Une.entrances, with margins under all other insulation levels within 
tne substation 

b. Wi^n the substation, on the bus or at equipment, with discharge levels 

*“***,*’' those established at the line entrances, as final or back-up 
protection against bus flashover or equipment failure 

3. Fused spill gaps are installed at substations either at line en¬ 
trances or on the bus or at equipment in a manner similar to and 
supplementing plain spill gaps to protect against service inter¬ 
ruptions. Their use depends upon the expected frequency of light¬ 
ning flashovers and the type and importance of the load served. 


voltage breakdown strength, and the volt-time break¬ 
down curve of each unit of insulation or piece of apparatus 
is its own insulation level. 

A “basic” insulation level serves no other purpose than 
as one of a series of standardized voltage bench-marks to 
which the insulation levels of line and station insulators, 
bushings, transformers, protective devices, and other 
equipment may be referred in the process of selecting a 
proper or desired level of insulation for a particular in¬ 
stallation and working out co-ordination. 

The minimum practicable basic insulation level that 
may be established for a given installation must be high 
enough so that insulation flashovers or failures will not 
occiu: from normal frequency overvoltages or from surge 
voltages originating within the system, such as switching 
surges. 

The adoption of these minimum insulation levels on a 
system would result in minimum initial investment in 
line and station equipment insulation. This practice 
may not be practicable in specific situations, as for example 
a basic insulation level above the minimum often will be 
advisable in order to provide (1) equipment levels that 
will directly withstand or are capable of being protected 
against incoming traveling lightning voltages, or (2) equip¬ 
ment levels that can be adequately protected against se¬ 
vere nearby direct strokes of lightning. 

Insulation Levels for Equipment 

The selection of the insulation levels for the bus and 
equipment, such as transformers, co-ordinated with a given 
basic insulation level, must take into account: 

1. The relative volt-time characteristics of the other equipment 
including the protective device 

2. The economic margin of protection, taking into consideration 
the expected severity and frequency of occurrence of lightning surge 
voltages 

3. Margins to provide for variations in insulation strength due to 
manufacturing tolerances and from deterioration 


Selection of Insulation Levels 

Ba^c Insulation Levels 

During early discussions on insulation co-ordination it 
was common practice to think of insulation levels in terms 
of the amount of porcelain insulation or in inches of air 
(rod gap), in which case a levd would not be a level in 
terms of voltage but would vary with the volt-time 
breakdqVm curve of the rod gap or insulators. 

More rec^tiy, the accepted measure of a basic insula¬ 
tion level is in tenhs of volts, and is therefore more truly a 
level, being a epnstant value of voltage, regardless of the 
time to bre^down, except that the time is limited to a 
range in microseconds usually associated with impulse 
:ypltageSi; '.. 

Nevertiidess, insulation a fixed 

■690.r. 


Insulation research has demonstrated quite definitely that 
the breakdown of insulating materials under impulse volt¬ 
ages is a function of voltage and time. For fibrous insula¬ 
tions of most equipment the volt-time breakdown curve 
has the general shape of curve 1, figure 1. The curve is 
relatively flat except at the very short time intervals. 

The impulse flashover characteristics of gaps are found 
to have the general shape of curves 2, 2a, and 2b. As com¬ 
pared to the curve for solid insulation, the gap curves are 
not as ^flat, voltage values rising sooner as the short time 
region is approached. 

Assuming gaps and insulation as illustrated, gap 2b 
would prevent flashovers of gap 2a, and gap 2a would pro¬ 
tect gap 2. Gap 2 would protect the insulation repre¬ 
sented by curve 1 only against impulse voltages rising to. 
flashover of the gap in a time longer than that point on the 
toe scale where the 2 curves cross. Impulse voltages 
nsing to crest or to ^hover of the gap in region X would 
damage the insulation represented by curve 1. A greater 
tmie range and margin of protection would be secured to 
the insulation by gap 2a, and over the entire tirne range il- 
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lustrated, with margin, by gap 2b. These are equivalent 
to providing protection against more severe lightning im¬ 
pulse voltages. 

In spite of the large amount of work which has been 
done investigating actual strokes of lightning, insufficient 
knowledge and data are available concerning the voltage 
magnitudes and rate of rise at the point of stroke incidence 
and the relative probable frequency of occurrence of di¬ 
rect strokes of the greatest severity. For the present at 
least, reliance must be placed upon the record of operating 
experience to tell when a satisfactory degree of protection 
has been achieved. 

Operating Experience With Spill Gaps 

For discussing gap settings generally, without neces¬ 
sarily always referring to the associated system operating 
voltage, figure 2 has been prepared as a convenient refer¬ 
ence chart, wherein the commonly accepted 60-cycle 
flashover values of rod gaps are plotted in terras of the 
number of times normal phase to neutral voltage, for the 
range of rated circuit voltages. 

Minimum Pkrmissiblis vSrttings 

Perhaps the most outstanding result secured from the 
observation of operating experience with gaps over the 
past .several years is that, even in areas frequented by 
severe lightning storms, much lower spill-gap settings can 
be u.sed than were originally 


Probably the extreme lower limit of permissible gap 
settings is typified by operating experience at a substation 
in Louisiana on the extensive 110-kv grounded-neutral 
system in the lower Mississippi Valley. This substation 
is at the end of a 110-mile section of single circuit H-frame 
line, having very high impulse insulation strength. Fol¬ 
lowing a number of transformer failures, during which 
time the gap settings were reduced by steps from 31 inches 
to IS inches, staged switching tests were made to deter¬ 
mine the minimum permissible gap setting. In these 
tests the gap settings were reduced by steps to 10 inches. 
With the 10-inch setting during one setup on the system, 
these gaps flashed over twice during 15 switching opera¬ 
tions, although on another system setup 65 switching 
operations did not cause flashover. The gap settings were 
increased to 11 inches and did not flash over during 45 
switching operations under the same setup which caused 
flashover with the 10-inch setting. 

These tests were made early in 1935 and the gaps have 
subsequently remained in actual service with the T 1-inch 
setting during 2 lightning seasons. The gaps are of the 
repeater fused type, mounted directly at the transformer 
terminals. The setting of 11 inches is equivalent to ap¬ 
proximately 1.7 times normal phase-to-neutral voltage. 

At another substation on this same 110-kv system, 
where ll-inch repeater fused gaps were installed in 1936, 
further tests have definitely indicated that the switching 
surge caused by the opening of an oil circuit breaker on a 


coiKsidered possible. 

For transmission voltages 
on grounded neutral systems, 
it generally has been fimtid 
that gap .settings correspond¬ 
ing to approximately 2 times 
normal (phase - to - neutral 
voltage) are the lowest pos¬ 
sible. That is, gap settings of 
these magnitudes may be used 
without an undue number 
of flashovers, if any, due to 
switching surges. However, 
the more generally applied 
minimum gap settings in the 
transmission voltage range 
correspond to approximately 
3 times normal voltage to 
neutral. 

In the distribution voltage 
range, the minimum gap set¬ 
tings are relatively higher, as 
they are fixed, not so much 
by switching surges and over¬ 
voltages, as by mechanical 
and other considerations such 
as interference from birds, 
also higher settings are per¬ 
missible due to the relatively 
greater prevailing insulation 
strengths of equipment. 


Figure 2 
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stub line can cause an 11-inch gap to flash over. 

Early in 1936, at the first substation, 2 additional sets 
of repeating fused gaps were installed, with the 11-inch 
setting. Retaining the original set at the transformers, 
one new set was installed on the first structure of the in¬ 
coming 110-kv line, and the other set on a line structure 
about 2 miles from the substation. During the year 
1936, the total number of fused gap operations, on all 3 
phases, at the 3 locations, were as follows: 


Number oi Operations 
of Repeater 
Fused Gaps 

At the transformers...28 

At the first line strut^ure. !..!!! !21 

At structure 2 nfiles awajr...20 


A definite correlation was not determined between fuse- 
gap operations at the 3 locations or between operations of 
individual fuse gaps and oil-circuit-breaker openings. There 
probably were a number of simultaneous operations of 
gaps. The evidence indicates that if any of the gap flash- 
overs were occasioned by switching surges, they were 
successfully cleared by operation of the series fuses. Dur¬ 
ing the year the line tripped out a total of 28 times 
due to lightning flhshovers. 

Effect of Gap Settings on Number of Flashovbrs 

Along shielded overhead circuits, the values of voltage 
induced on the circuit conductors through coupling effects, 
vary with the severity of the strokes of lightning to the 
line. The maximum voltage that can appear on the cir¬ 
cuit at the point of stroke is limited to the line insulation 
level. 

Along exposed circuits, there is probably less variation 
in the magmtude of the lightning voltages appearing on 
the circuits as it seems reasonable to assume that any 
direct stroke and most side flashes and branch streamers 
would cause line flashover, regardless of the amount of 
line insulation. The voltage therefore is determined by 
and limited to the line insulation flashover level. 

In any case the impressed surge voltage at the point of 
stroke, travels toward the line terminals and appears at 


substations, after being subjected to the effects of attenu¬ 
ation and reflection, with magnitudes very seldom any 
greater and usually much less than at the origin. 

Experience with both shielded and nonshielded lines in 
different parts of the country, all exposed to frequent and 
severe lightning, indicates that with gap settings at sub¬ 
stations equivalent to or greater than 3.5 times normal 
phase-to-neutral voltage, there are relatively few gap op¬ 
erations compared with the number of line tripouts or 
line flashovers from lightning. There are an i n rrpqy^ tng 
number of gap flashovers, as lower and lower settings are 
used. 

The following paragraphs cite typical experience with 
gap settings ranging from 3.5 down to 1.7 times normal, 
for transmission voltages. While only limited data are 
included, experience on these and other situations covers 
a period of 6 to 10 years. 

As an example of experience with gap settings averaging 
3.5 times normal for transmission voltages, and somewhat 
higher for distribution, the following number of stations 
were protected during 1935 and 1936 by spill gaps in cen¬ 
tral and eastern Texas. The performance record of these 
spill gaps during this period is summarized in table I. 


Number of Substations Protected 
1935“ 1536 


22 kv and above.. 

12.5 kv and below. '.4a'. 

On both high and low voltages.20 

Total number of stations protected on either 
high or low voltage by spill gaps. 74 , 


In Florida, on a 66-kv system, with line-terminal gaps 
set at 11 inches (approximately 3.0 times normal), and 
mth line-insulation levels equivalent to 14 indies to 45 
inches, of ak, experience indicates that gap flashovers at 
the substations occur with about 4 per cent to 16 per cent 
of the lightning flashovers on the lines. The lower and 
higher percentage values are assodated with lines of low 
and high insulation levds, respectivdy. 

At a generating station bus in Arkansas, on the same 
Mi^issippi Valley 110-kv system previously mentioned 3 
14-inch spill gaps per phase with series fuses (approxi¬ 
mately 2.2 times normal) were installed in July 1934. In 


OpwAting Voltage 
(Kt) 


Tabic I. Spill-Gap Performance in Texas—1935-36 

ap Settings Number of IgUtid^l Phage Gaps Number of ]fa«tidual Gaps Which Did 


Gap Settings 

Times Normal* 


Not Flash Over During the Year 
1935 ioa« 


20-86 ..._ 

12 .. 

10-12 . 

6-8 _... 

6 - 6 **... 
l*/4-3t 

l*/4 .. 

V*-Stt... 

1V4 .. 


.2.5-4.5. 

. 8.1 . 

. 2 . 8 - 8 . 2 . 

.....3.6r4.4. 

.4.6-6.2. 

.4.0-6.8. 







-... 12. 




. 1 


. 18.. 



878........ 




t fa most cases with 1 -inch series gaps 
Tt fa most cases with from </ 4 -inch to 1-inch i 
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Table II. Two-Year Performance of Arc-Interrupting Gaps on 66-Kv Lines in Pennsylvania—1935-36 


Structures With Gaps 


Gap Operations 


Structures 


Line Tripouts 


Cases of Damage to 
Structures 


Cases of Damage to Gaps 


30.4 . 

13.8 . 

17.8 . 

13.4 . 


.355. 

.160. 

.175. 

.130. 


* On unprotected structures 
** Primarily loss of targets 


.. 91.. 

.. 23. 

,..175. 

,..130.. 


. 25.6. 
. 14.4. 
.100 . 
.100 . 


. 95... 

. 54... 

..149..., 

..176..., 


. 1 *., 

. 2 *., 

.. 0 .. 

. 0 '.. 


t Line not put into service until after close, of 1935 lightning season; 66 gap operations 
Note: Each of the four lines are single-circuit H-frame wood construction. 


.4*. 

.5*. 

- 0 . 

- 0 . , 

! occurred on ( 


each of the years 1934 and 1935 there were 3 operations of 
the gaps, and in 1936 there were 4 occasions of gap flash- 
over totaling 8 individual gap operations. All operations 
were associated with lightning and none caused service 
interruptions, except for one case in 1935 in which the fuse 
tube exploded. 

At another substation in Arkansas similarly equipped 
in 1935 with 14-inch fused gaps on the bus, there were in 
1936 3 occasions of gap flashover totaling 5 individual gap 
operations, without interruption to service. 

At one of the 110-kv substations in Louisiana previously 
mentioned, tlie operating experience throughout the year 
1935, with one 3-phase set of 11-inch repeater fused gaps 
(1.7 times nonnal) at the transformers, included a number 
of difficulties due to tube failures, also inadequate me¬ 
chanical design of the fuse holder mechanism, which were 
not remedied until November 1935. In spite of, or in¬ 
cluding these difficulties, analysis of the record for the 
1935 season shows at least 20 and perhaps 25 occasions of 
gaps operating, with a total of 37 blown fuses. Diuing 
the same period the 110-mile connecting line having very 
high impulse insulation tripped out due to lightning 33 
times. There wore at least 8 occasions of gap operations 
totaling 10 blown fuses without line tripout, and there 
were at least 12 line tripouts without operation of these 
gaps. 

Although at present this substation is connected to only 
one line, so that every line tripout causes a service inter¬ 
ruption, the foregoing operating data indicate the possi¬ 
bility that had the gaps not been fused there would have 
been about a 30 per cent increase in the interruptions to 
service. 

On extensive transmission and distribution systems in 
the Pacific Northwest, where lightning is not prevalent, a 
large number of plain spill gaps have been installed with 
settings approximating 2.5 to 3.5 times normal. There 
are practically no gap operations. 

Protection to Line Insulation 

The experience with arc-interrupting gaps along trans¬ 
mission lines has shown that in most cases protection to 
Hne insulation and against service interruptions is se¬ 
cured. The first applications of this type of protection, 
made in Arkansas, continue to give fairly good perform¬ 
ance. On the Pine Bluff-Dixie line (110-kv, H-frame, 
single circuit), approximately 46 miles in length, with arc¬ 
interrupting gaps at approximately ^/i-tsxiXo. intervals, the 
records show an average of 14.6 tripouts per 100 miles per 
year from lightning during the 4 years after the installation 


of these gaps, whereas during the 3 years prior there were 
approximately 38.0 tripouts per 100 miles per year from 
lightning. If the 2 periods can be considered otherwise 
comparable, there was a reduction of 60 per cent in the 
number of outages caused by lightning. 

Another line in Arkansas, from Pine Bluff to Carpenter, 
(also 110-kv, H-frame, single circuit), 59 miles in length, 
was constructed with arc-interrupting g^ps instsaltf^d on 
every structure. This line operating in the same terri¬ 
tory as the one mentioned above, shows an average num¬ 
ber of outages caused by lightning over a 4 year period of 
5.5 per 100 miles per year. Detailed descriptions of these 
installations were reported by Messrs. McEachron, Gross, 
and Melvin in 1933.® 

On 4 sections of 66-kv transmission line in Pennsyl¬ 
vania during the 2 years 1935-1936 the results secured 
from the use of arc-interrupting gaps are set forth in table 
II. It will be noted in the case of the 2 lines partially 
equipped, that only partial protection is being obtained, 
and that all cases of damage occurred on structmres which 
were- not protected by gaps. 

Plain gaps of various types for porcelain protection on 
transmission lines are effective, as is well known. 

Protection to Bus Insulators and Bushings 

Analysis of the operating experience records shows that 
spill gaps properly set and connected, effectively protect 
bus insulators and bushings. 

Out of the many thousands of installations, there have 
been only a few instances of failure to protect bushings, 
some of which probably were deteriorated internally. 

For example, at one substation on a 132-kv system in 
Texas, 28-inch gaps (3.5 times normal) are installed on 
the first and second line structures adjacent to the sub¬ 
station. During 1936, the top half of one oil-circuit- 
breaker bushing was shattered by lightning, and another 
similar bushing flashed over. On the 66-kv system in this 
same territory, one oil-circuit-breaker bushing punctured 
below the flange, which should have been protected by a 
12-inch spill gap (3.0 times normal). 

In other locations there have been a few instances 
where insufficient physical separation existed between a 
gap and the porcelain it was supposed to protect, with re¬ 
sulting thermal damage to the porcelain. 

Protection to Transformers 

With respect to the protection of transformer insula¬ 
tion by spill gaps, a few. examples of experience da,ta 
should be of interest. 
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On the 66 -kv and 110 -kv systems in the Carolinas, a 
rather general application was made during the period from 
1929 to 1931 of fused gaps and plain gaps at the line 
terminals. These gap settings ranged from 12 to 15 
inches on the 66 -kv lines (3.0 to 3.8 times normal), and 
from 25 to 30 inches on the 110-kv lines (3.8 to 4.5 times 
normal). The average number of transformer units that 
failed from lightning during the 5 years up to and includ¬ 
ing 1928 was approximately 8 per year. For the 5-year 
period beginning with 1932 the average number of trans¬ 
former units that have failed has been approximately 3 
per year. 

An alarming number of transformer failures occurred 
from lightning at scattered locations throughout the ex¬ 
tensive Mississippi Valley 110-kv system during the years 
immediately following the major expansion and construc¬ 
tion program, with as many as 10 failures in a single year. 
Where protective levels were previously in the range of 
. from 24 inches to 31 inches they were in almost all cases 
reduced to 20 inches or less, and the record since of trans¬ 
former failures from lightning is 1934, 4; 1935, none; 
and 1936, one. 

At a 110-kv station in Arkansas, previously mentioned, 
there were 2 failures of transformers from lightning prior 
to 1934. This station is at the end of a 59-mile 110-kv 
line, equipped with arc interrupting gaps at each structiure. 
In 1934, rod gaps set at 18 inches were installed directly 
shunting the high-voltage bushings of the 110 -kv trans¬ 
formers. Within 3 months after installation there were 
7 flashovers of these gaps and one more failure of a trans¬ 
former. Following this experience there were installed 
on the switchyard bus, 9 14-inch fused gaps—3 per phase. 
This installation is located at the switchyard approxi- 
^tely 800 feet from the transformers. The lines con¬ 
necting the transformers to the switchyard are equipped 
with overhead ground wires. A second transmission 
line extending from this switchyard has been in service 
dining 1936. During the last 2 ye^s there have been no 
further flashovers of the 18-inch gaps at the transformers 
or transformer failures and there were 14 operations of the 
14-inch fused gaps on the bus. 

Mention has already been made of a series of trans¬ 
former failures occurring within several years at a 110 -kv 
substation in Louisiana, with gap settings of from 31 
inches to 18 inches. All failures occurred in the low-volt- 
age windings from lightning voltages transmitted through 
the transformer. The low-voltage windings are connected 
to cable circuits and not exposed to ligh tning , 

The first failure occurred in March 1931 with ring-ring 
gaps set at 27 Va inches adjacent to the substation, on the 
Une s^cture. In June 1932 rod gaps set at 26 V 2 inches 
were installed on the substation structure and 31-inch rod 
gaps immediately adjacent to the transformers. Also 4 - 
inch gaps were jnstalled on the low-voltage (13.8-kv) bus. 

In April 1933 another transforms failed from lightning 
and on August 15,1933 2 more tr^sfonners failed. The ■ 
substatibn and transforms gaps were then changed to a : 
20-inGh setting. At the same time ovshead ground wires 
were installed ovtr the substation and on the 110 -kv line ' 

for a ifist^cepf about 3 nnles but/ Anoths failure b ' 


curred in April of 1934 and still anoths in August 1934. 
Thus thse wse a total of 6 failures in 4 years. 

Fused gaps arranged with 3 sets of fuses for repeater 
closing wse installed in Novembs 1934 with the gap set 
at 14 inches. Between then and June 1935, 5 operations 
of these gaps occurred, each one successfully clearing the 
circuit without interruption to service or transformer fail¬ 
ure. A series of switching tests (previously described) 
were then made and the gap setting arbitrarily reduced to 
the minimum practicable setting of 1 1 inches. At the same 
time the gap settings on the 13.8-kv bus were reduced from 
4 inches to 2 inches and lightning arresters were installed 
on the 13.8-kv phase and tap leads. In the 2 year period 
since these last changes, there have been no failures of 
transformers. 

Conclusions 

1. spill gaps are effective as a means of establishing and co-ordinat¬ 
ing insulation levels on lines and stations, and affording dependable 
protection to equipment and insulation, against failure from light¬ 
ning. , 

2. The minimum permissible spill-gap settings, for transmission 
voltages, without adverse effects on service, are less than those 
previously considered possible. 

a. The lower limit generally applicable is the equivalent of approximately 3.0 
times the normal phase-to-neutral voltage, in terms of 60-cycle floshover 

b. When extremely low protective levels are necessary or desirable, and prefer¬ 
ably where fused gaps may be applied, the minimum permissible limit may be 
approximately 2.0 times normal 

e. The foregoing spill-gap settings are associated with experience to date with 
ext^ng hntt and equipment. No conclusion or recommendation is attempted 
to tile application of desirable levels to specific situations or for 
guiding future practice 

3. In the range of distribution voltages, spill-gap settings in terms 
of times normal voltage to neutral are relatively higher. Experi¬ 
ence indicates that this practice is logical and practically necessary 
because of interference with closely set gaps, also the practice is 
permissible with the relatively greater prevailing insulation strengths 
of equipment. 
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System Recovery Voltage Determination by Analytical 
and A-C Calculating Board Methods 

By R. D. EVANS A. C. MONTEITH 
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T he performance of current interrupting de¬ 
vices on systems is dependent not only on the char¬ 
acteristics of the device itself but also on the char¬ 
acteristics of the system. The voltage rating of the sys¬ 
tem and the connections at the time of fault have con¬ 
siderable influence on the recovery voltage and in tuni on 
the application of the interrupting device. For example, 
the last oil circuit breaker to open must be capable of in¬ 
terrupting current under extreme system recovery condi¬ 
tions, while a deion protector tube always has at least 
the line section on which it is applied, connected at the 
time of clearing. This means that in considering broadly 
the current interruption problem it is necessary to have a 
knowledge of voltage recovery characteristics for a large 
number of system c<niditions. Tests can be made for 
particular system conditions, but this is expensive and it 
is difficult to obtain data for all passible combinations of 
faults and system connections. A general analysis taking 
into account all the factors makes calculations practically 
impf)ssible, and on account of the complexity, the human 
factor cannot be overlooked. 

It is the purpose of this paper to present a method of 
obtaining system recovery voltages by setting up the 3- 
phase system in miniature on the a-c calculating board, 
applying faults of several types under different system 
conditions at several locations and actually measuring 
the recovery voltages. This method permits taking into 
account the effect of loads, ground and arc resistance, 
point of applying the fault with respect to the voltage 
wave, point of interrupting the current, effect of leaving 
the fault on the .system for different lengths of time, effect 
of different fault locations, or practically any condition 
that could be experieticed on an actual system in com¬ 
mercial operation. 

It is proposed in this paper to present a method which 
extends the w(jrk previously done to allow a more general 
study of systems. The results of general analysis will 
be presented in a .subsequent paper. 

General Discussion of the 
Recovery Voltage Phenomena 

The problem of determining the recovery voltage of a 
system is merely that of finding the voltage-time curve 
for the transients in the system that follow the interrup¬ 
tion of an arc path. The basic elements of the problem 
may be brought out by a discussion of figure 1. Assume 
that the system is subjected to a short circuit in an arc 
path at the point F and that the current which flows is 
interrupted at a normal zero point of the current wave. 
The transient that follows the interruption of the current 
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gives rise to an oscillation in the voltage which reappears 
across the arc path. If the insulation strength of this 
arc path when expressed in voltage and time is higher 
than the voltage produced by the system, the arc path 
will not be re-established and the fault current will he 
suppressed at the current zero assumed. The recovery 
voltage of this simple system may be calculated according 
to conventional methods. As illustrated in figure 2, the 
recovery voltage may be considered as the sum of 2 com¬ 
ponents: (1) a steady-state or forced frequency compo¬ 
nent, which is determined by the circuit constants and the 
generated voltage of fundamental frequency, and (2) 
a high or natural frequency component which is deter¬ 
mined by the circuit constants of this system for free os¬ 
cillation. The latter component is subject to an ex¬ 
ponential decrement on account of losses which in the 
course of time reduce this component to zero. The cur¬ 
rent and the various voltages and their components for 
the simple system of figure 1 are illustrated in figure 2. 

When a system with several meshes is considered, each 
mesh has its own steady-state and natural frequency 
components and these react on each other through their 
mutual couplings. The resultent recovery voltage curve, 
therefore, consists of the sum of a steady-state component 
and a number of natural frequency components, each of 
which may have different decrements. While the cal¬ 
culation of recovery voltage for extensive systems becomes 
quite complicated, it should not be considered something 
mysterious, since the basic phenomenon is quite simple 
as brought out in the discussion of figure 1. 

It is desirable to review the character of recovery volt¬ 
age from the standpoint of its practical application and 
to establish the meaning of the terms to be used, in the 
subsequent discussion. For complicated systems, the 
recovery voltage-time curve may have quite an irregular 
shape, such as illustrated in figure 3. Curve 4 applies 
to one hypothetical system where there is no residual 
charge left on the system and curve 5 applies to another 
hypothetical system having a residual charge. The 
entire voltage-time relation is generally implied when the 
term recovery voltage is used. Recovery voltage is of 
importance depending on the closeness with which it ap¬ 
proaches the insulation strength of the particular arc 
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path under consideration. The shape of this insulation Part I. Analytical Methods 
recovery curve will vary for the different conditions of the for Calculating Recovery Voltage 
arc path and particularly for the different arc interrupt¬ 
ing devices. Some insulation strength curves may be There is now available considerable literature on the 
of the shape illustrated by curve C of figure 3, which as calculation of transients in circuits involving an a-c source 
drawn approaches the system recoveiy voltage curves and resistive, inductive, and capacitive branches. In 
near their crest. For such conditions the maximum re- general, the approach is to consider a current circulating 
covery voltage and the time to crest represent the im- in each mesh and to make these currents follow Kirchoff’s 
portant part of this system recoveiy voltage-time curve, laws for the transient conditions. Differential equations 
Another insulation recovery curve might be of the shape may be set up and the boundary conditions determined 

in line with the classical theory. The complete solution 
is complicated by the necessity of providing for (1) all 
Figure 1. Simple system for the possible initial conditions of energy storage in each 
illustrating recovery voltage of the various circuit elements as well as for (2) the various 
for a fault F natural frequencies of oscillation and for (3) the vaiious 
rates of decrement. The mechanical labor of solution 




£—Generated volt¬ 
age (steady-state 

value) 

I — Fault current sup¬ 
pressed at current 
zero (steady-state 

value) 

Vifp —Natural fre¬ 

quency voltage com¬ 
ponent 

Vs —Recovery volt¬ 
age 


Figure 2. Voltage and current relations for clearing the 
fault on the system shown in figure 1 


A — Recovery volt¬ 
age curve for system 
without residual 
charge 

B — Recovery volt¬ 
age curve for system 
with residual charge 

RR —Maximum re¬ 
covery voltage rate 
for curve A 

C, D, E — Insulation 
voltage recovery 

curves 



Figure 3. Comparison of system recovery voltage curves 
and insulation strength curves 


shown in curve D which comes closest to the system re¬ 
covery voltage-time curve A at a point close to that of 
the m a x i m um recovery voltage rate. There is also the 
possibility that the insulation recovery curve might be of 
the shape shown by curve E which contacts the system 
recovery voltage curve at an intermediate crest between 
the point of maximum recovery voltage and the point 
of maximum slope. 

From the foregoing it is apparent that for any particular 
application, the significant factor of the system recovery 
voltage may be defined in terms of a voltage magnitude 
and the corresponding time. It is, of course, possible to 
define the point of interest in terms of a voltage recoveiy 
rate and either the corresponding time or the corre¬ 
sponding voltage magnitude. The quantity “recoveiy 
voltage rate” by itself is obviously insufficient to define 
tile significant points on either the insulation strength 
curve or the system recovery voltage curve. Since the 
term recov^ rate is applicable to only a limited range of 
conditions its general use may become confusing and mis¬ 
leading. For these reasons it has seemed preferable to 
use the terms recovery voltage magnitude or merely 
“recovery voltage” and "time to crest” for defining the 
pomt of int^est on the recovery voltage-time curve and 
this form of expression is adopted in this paper. 


may be min imized by systematizing the process and an 
excellent reference is the work by Guillemin.^ 

The conventional method of approach to a solution 
may be considered as a single-phase method in contrast 
to the polyphase method to be described subsequently. 
In the single-phase method the solution may be obtained 
by assuming a fictitious source of voltage equal in magni¬ 
tude but of opposite polarity to the voltage existing in the 
system at the instant of arc suppression, this source being 
superposed on the actual system and its energy being 
dissipated through losses in the system. The circuit in¬ 
volves one phase of the power system with return through 
the neutral and the other 2 phase wires in parallel, and 
thus it becomes very complicated if many meshes are 
considered. Such a method has the disadvantage of em¬ 
ploying circuits which are difficult to visualize and which 
will vary for each type of fault; for example, the circuits 
will be different for a line-to-line fault than for a single 
line-to-ground fault. Furthermore, the various steps of 
the solution are also difficult to visualize and the calcula¬ 
tions must be carried through in a mechanical manner. 
In order to avoid a number of these objections a polyphase 
method utilizing symmetrical components is proposed. 



Evans, Monteith-r-J^stem Recovery Voltage 


Electrical Engineering 



Transient Analysis 

by the Method of Symmetrical Components 

The application of the principle of symmetrical com¬ 
ponents to the solution of high frequency transients on 
polyphase systems constitutes an important step in the 
simplification of this problem. It will be recalled that 
steady-state solution of unbalanced faults on ordinary 
3-phase power systems was found to be generally im¬ 
practicable as long as “single-phase” methods of solution 
were employed. The introduction of the method of 
symmetrical components by the late Doctor C. L. Fortescue 
radically changed the status of this problem and the 
method has come into general use for a variety of appli¬ 
cations subsequent to the introduction of the sequence 
networks. Similar simplification in the solution of high 
frequency transients is obtained through the use of sym¬ 
metrical components. In this method the natural fre¬ 
quency components are themselves resolved into positive-, 
negative-, and zero-sequence components in a manner 
quite analogous to that employed in the analysis of the 
ordinary steady-state solution of unbalanced circuits at 



Figure 4. Simpli¬ 
fied 3-phase sys¬ 
tem subjected to 
a line-to-ground 
fault 


POSITIVE-SEQUENCE NETWORK 



Figure 5. Connection 
of sequence networks 
to simulate single line- 
to-ground fault. Open¬ 
ing circuit at F simulates 
clearing of the fault and 
recovery voltage ap¬ 
pears at this point 


fundamental frequency. The advantage of resolving 
the natural frequency components into their respective 
sequence components is the same as with fundamental 
frequency, namely, that the components do not react upon 
each other in a symmetrical system. The boundary con¬ 
ditions for the natural frequency components are deter¬ 
mined, of course, by the. dissymmetry of the system oc¬ 
casioned by the fault itself. 

In order to illustrate this method a relatively simple 
system, as shown in figure 4, will be considered. This 
system is assumed to have a positive-sequence generated 
voltage Eq in the reference phase with capacitances and 
inductances in each phase and in the neutral as shown. 
For this example a fault of the single line-to-ground type 


is considered. The current is assumed to be interrupted 
at its normal zero point. The losses in the circuit are 
ignored and the fault current condition is calculated in 
the familiar manner making use of the sequence ne tworks. 

The manner of setting up the sequence networks for 
the ordinary circuits containing apparatus and transmis¬ 
sion lines, including capacitances and loads is now well 
established.^ For a single line-to-ground fault the 3 
networks must be connected as shown in figure 6 in order 
to satisfy the requirements for this particular fault con¬ 
dition. Since by assumption the circuits do not involve 
loss the resultant current lags 90 degrees behind tlie volt¬ 
age of the faulted phase. Consequently, the circuit is 
interrupted at the zero point of the current wave, the 
generated voltage on the faulted phase is a- maximum, 
and the various capacitances associated therewith, have 
their maximum charge; the sequence networks are iso¬ 
lated automatically and each oscillates according to its 
own natural frequency. In the course of time, such os¬ 
cillations in an actual circuit would be damped out because 
of the losses. In the case of the negative- and zero-se¬ 
quence networks, only the natural frequency oscillations 
are present; in other words, after the fault is removed 
there are no voltages and currents under steady-state 
conditions. In the case of the positive-sequence network, 
however, there is a steady-state solution because of the 
generated electromotive force and superposed on this is 
the free oscillation which is determined by the difference 
in voltage across the capacitances under fault conditions 
and the value which would be obtained under steady-state 
conditions. This difference in voltage sets up a free os¬ 
cillation in the positive-sequence network which, in the 
actual circuit would be dissipated by losses. Tlie total 
voltage on the faulted conductor consists of several corn- 


correction factor to be ap¬ 
plied to the inductance of a 
synchronous machine. The 
60-cycle value corresponds 
to negative-sequence re¬ 
actance 


Figure 6. Componenb and total recovery voltage-time 
curve for system of figure 5 

Eg —^Steady-state voltase Vs —Total recovery voltage 

Vi—Natural freqyency component In positive-sequence network 
V »—Natural frequency component in negative-sequence network 
Vfl—Natural frequency component In zero-sequence network 
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ponents, as shown in figure 6. These include Eg, the 
steady-state voltage due to the fundamental system fre¬ 
quency; Vi, the voltage arising from the free oscillation 
in the positive-sequence network; Fa, the voltage arising 
from the free oscillation in the negative-sequence network; 
and Fo, the voltage arising from the free oscillation in 
the zero-sequence network. The sum of these voltages 
must be taken as zero initially in order to fit the fault 
condition. When the fault is removed these components 
oscillate according to their respective forced or natural 
frequencies and the recovery voltage is the sum of the 
several components and is plotted as in figure 6. 

The use of the sequence networks to solve the transient 
oscillations makes it possible to obtain a better visualiza¬ 
tion of the phenomena taking place. The various se¬ 
quence networks may have different natural frequencies 
of oscillation and different rates of decrement. These 
considerations make it clear that the shape of the actual 
recovery voltage curve is in general quite complex. The 
time to crest and the magnitude of this crest depend on 
the relation that these oscillating components bear to 
each other at that instant. Thus, if the several com¬ 
ponents are in phase the maximum crest is reached. If 
some of the components of considerable magnitude are in 
opposition when the remaining components reach their 
ma ximum value, the recovery voltage curve is consider¬ 
ably distorted and the crest may be relatively low. 


tive-sequence networks is intermediate between the leak¬ 
age reactance and the negative-sequence reactance and 
may be obtained by impressing high-frequency potential 
on the machine terminals. As the frequency of the im¬ 
pressed voltage is increased the equivalent inductance 
decreases because of eddy current effects. From the 
data available the frequency correction to apply to the 
60-cycle negative-sequence reactance of the machine is 
shown in figure 7. The impedance at high frequencies 
is closely the same for both the positive- and negative- 
sequence components and, therefore, the same value may 
be used in both networks. 

More accurate representation of the various circuit 
elements may be required in special cases, as for example, 
the case in which the recovery voltage is to be obtained 
on a bus with only the generator connected. For this 
case it is necessary to determine with some accuracy the 
capacitance of the bus and the distributed capacitance 
of the winding. Under such conditions the machine, 
transformer or reactor representation involves a problem 
quite smular to that discussed subsequently for circuits 
having distributed constants. Such refinement in ap¬ 
paratus constants is not required for the usual problem 
since the effect of these relatively small capacitances is 
negligible in comparison with the relatively large capaci¬ 
tances of transmission lines, but it is important for the 


Representation of System Elements 
With Lumped Constants 

The simple system of figures 4 and 5 can be extended 
readily to all systems with lumped constants. Question 
naturally arises as to the necessity for mo difying tv, p con¬ 
stants of the circuit elements for representation at high 
frequencies. Ordinarily these branches, such as machines, 
transformers, reactors, and capacitors can be represented 
by inductances or capacitances correspon ding to their 
fiO-cjrcle reactances. In the case of synchronous ma¬ 
chines the r^ctance to be used in the positive- and nega- 


Figure 8. Transmission line 
with inductive source 
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Figure 9. Calcula¬ 
ted recovery volt¬ 
ages for a trans¬ 
mission line with 
inductive source 


Figure 10. Fre¬ 
quency - imped¬ 
ance curves 

Solid curve—^Trans¬ 
mission line, finite 
length 

Dashed cu rve— 
Equivalent network 
figure 11a 

Circles—Equivalent 
network, figure life 
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Special case of circuit breaker opening, since the analysis. 
IS usually made for the case involving opening the last 
Circuit breaker on the bus section, 

R^esentation of System Elements 
With Distributed Constants 


MIGROSECONDS 


inductive source consideration is required for the representation' 

c:niv 4 w/ ^ element having distributed constants, such as 
Solid curve-^^ ^3mi.i^ Hne. ^ The .ctual transmission 

Dashed curve— considered as composed of an in- 

Equivalent network number of sections, feach with its own self and mutual 

fisure 11a impedances and its own self and mutual shunt caoaci- 

! K is possible to use the sequence representrtion 

. ne^vcH. fis.. so that the problem reduces from L 3-phS “to 
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that of 3 single-phase circuits with distri^d constenf-c 
one for each sequence. * 

The typical case requiring consideration is shown sche¬ 
matically in figure 8 in which L represents the inductance 
of the source and the square represents the transmission 
line. If the line were of unUmited length it might be 
represented by its surge impedance. However, in power 
work the transmission lines are usually too short to justify 
such an approximation for determining the maximum crest, 
-although this representation is useful for obtaining the first 
crest after current zero. The magnitude of the recovery 
voltage for a particular case of a finite line charged through 
an inductive source has been calculated by the conven¬ 
tional wave theory and the results are shown in figure 9. 
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Figure 11. Equivalent 
networks for representing 
transmission line with dis¬ 
tributed constants 
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(a) Single mesh 
equivalent circuit 

(t) Two mesh 
equivalent circuit 
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la-Total inductance of line G—Total capacitance of line 

1—Inductance of source (not part of network for transmission line) 


Such calculations entail too much labor for general use. 
Hence, it is desirable to represent the transmission lines 
by a suitable approximation in the form of an equivalent 
circmt. The approximation need not hold beyond the 
maximum overshoot and as a matter of fact it need not be 


Total inductance 
of line 

Co—Total capaci¬ 

tance of line 
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Figure 12. Double-end equivalent network for representing 
transmission line with distributed constants 
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Figure 13. Network trans- ^^ 

formations ^ 

(a) Two mesh network with 2 natural frequencies 
(d) Equivalent single mesh network each having a single 
natural frequency 


that reasonably good approximation is obtained by these 
relatively simple equivalent circuits. 

For more accurate representation of a transmission 
line, greater complexity in the equivalent circuit will be 
required. In general, these networks should be the 
same for both an open-circuited and a short-circuited re¬ 
ceiver. Also, the equivalent circuit should be of the 
“double-end” type so as to facilitate the introduction as 
an element in the complete network. One of these 
double-end networks is illustrated in figure 12. 

Another method of studying the equivalence of net¬ 
works is to compare the simple equivalent circuit mth 
the more elaborate circuit requiring a very large number 
of series inductance and shunt capacitance elements. 

Solution for Line-to-Ground Fault 


.accurate throughout this range if it is accurate in both 
magnitude and time for the particular point on the re- 
•covery voltage-time curve that requires consideration. 
All extremely simple equivalent circuit for transmission 
lines of finite length consists of an inductance and a capaci¬ 
tance connected in series across the circuit, the com¬ 
bination having the same natural frequency. The recov¬ 
ery voltage of such a circuit will have a time to crest 
which will be the same as that required for a wave to 
travel to the far end of the circuit and return. 

A more accurate representation by means of equivalent 
■circuits may be arrived at from a comparison of the fre- 
-quency-impedance characteristics. A transmission line 
•of finite length will have a frequency impedance curve, 
•such as shown by the solid line curve in figure 10; the 
•other curves show the frequency-impedance character¬ 
istics of the 2 equivalent circuits shown in figure 11. It 
will be noted that these circuits have frequency-imped- 
.ance characteristics which are closely tiie same aS that 
•Of the actual transmission line throughout a limited range 
■of frequencies. The calculated recovery voltage curves 
for the 2 eqthyalent networks of figure 11 are plotted in 
9 for convenience in comparison with the recovery 
voltage calculated by the wave theory. It will be noted 


The general method of setting up the equivalent cir¬ 
cuits for each of the different sequences has already been 
described. For a line-to-ground fault the 3 sequence 
networks must be connected in series as shown in fig^ure 
5 in order to meet the requirements for the fault condi¬ 
tion. When the fault is suppressed, oscillations will take 
place in each of the sequence networks. The natural 
frequencies of oscillation for each sequence network and 
their rates of decrement may readily be computed for the 
simple circuit shown in figure 5. For more complicated 
systems it is necessary either to transform the equivalent 
circuit to a more manageable form or to resort to the 
conventional solution using differential equations. When 
the equivalent circuit for each sequence network is not 
too complicated but is of a form similar to that shown 
in figure 13a, it is usually more convenient to transform 
it to the form shown in figure 136 which facilitates cal¬ 
culation of the natural frequencies of the individual sec¬ 
tions. This use of equivalent circuits has been used by 
E. W* Bo^hne® for calculating recovery voltage by the 
single-phase methodw The transformation dep^cfe upon 
the use of equivalent circuits having the same impedances 
ait all freqUenci^ and a number of such equivalent networks 
has been worked out by K. S. Jolmson.* 
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PS —Phase shifter 
M —^Synchronous 
motor 

G —Gear 

FRD —Fault repre¬ 
sentation device 
C—Commutator 
AR —^Arc resistance 
GR —Ground re¬ 

sistance 
VMD —o 11 a s e 
measuring device 
C^O—Cathode - ray 
oscilloscope 
L —Lens system 
PFH — Polar film 
holder 


board with tofinections corresponding to the analytical 
methods described. 

Part li. Determination of Recovery 
Voltage by A-C Calculating Board Method 

In view of the limitations of the analytical solution of 
system recovery voltage transients, the method of setting 
up the system in miniature on the a-c calculating board 
is proposed. This method has opened the way for the 
first time to a general investigation of system recovery 
voltages, practically eliminating the mechanical labor 
and the human errors unavoidable in analytical solutions 
of such an involved and complicated nature. The ar- 


Figure 14. Schematic diagram for a<c calculating board 
method of determining system recovery voltage 


Solution for Other Types of Faults 

For other types of faults the same sequence networks 
may be used in various combinations. The method of 
connecting these networks varies with the type of fault 
and is the same as for the steady-state solution, for ex^ 
ample, for the line-to-line fault the positive- and negative- 
sequence networks are connected in series with the normal 
direction of fault current flow reversed in the negative- 
sequence network. For the double line-to-ground fault 
the connection is the same as for the line-to-line fault 
except that the zero-sequence network is placed in parallel 
with the negative-sequence network. From this it is 
apparent that even the sequence method becomes in¬ 
volved for the more complicated types of faults. It has 
its greatest advantage in the solution of the line-to-line 
or line-to-ground faults. 

Limitatious of Analytical Methods 

Before taking up the ultimate method of solution pro¬ 
posed in the paper it is desirable to consider the further 
limitatioijs of analytical methods. For example, the 
initiating transients arising from the application of the 
fault at voltage crest may not be dissipated before the 
fault current is suppressed and the resulting subsidence 
Ixansients begin. In addition, the fault itself may not 
be single phase in character but may involve sever^ 
transients, such as those that are incident to the simul¬ 
taneous opening of each of the 3 pol^ of a circuit breaker. 
Further complication arises from the fact that the circuit 
opening is made through an arc which is not of linear 
resistance characteristic. 

From the foregoing considerations it is apparent lliat 
the analytical method of solution is of restricted use. 
While the method of symmetrical components has sim¬ 
plified the problem for cdi:ain types of calculations, many 
limitations still remain. For this reason a more general 
method of solution is suggested using the a-c calculating 



Figure 15. Schematic diagram for the polyphase method of 
system representation on the a-c calculating board 

FRD —Fault representation device 
VMD —^Voltage measuring device 




Figure 16. Sche¬ 
matic diagram of 
simplified meth¬ 
ods for represent¬ 
ing power source 
applicable when 
zero - sequence 


impedance of the source is greater than the 


positive- or negative-sequence impedance 


rangement of apparatus used in this method is shown 
schematically in figure 14 which includes; 

1. The source 

2. A-c calculating board 

3. The fault repre^tation device 

4. The recovery voltage measuring device 

The fault representation device includes means for con¬ 
trolling the point of application of the fault, its duration, 
and its resistance. To obtain a simple recording device, 
the transients are made repetitive in character with an 
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intervening period of sufl&cient length thsi^ne transient 
does not interfere with the next. 

Connection of A-C Calculating Board 

The a-c calculating board used in this investigation has 
been described in the literature.® Two methods of setting 
up the ^stem on the calculating board are available, 
namely, (1) the sequence method and (2) the polyphase 
method. In the sequence method the system is set up in 
the form of the 3 sequence networks corresponding to the 
anal 3 rtical solution of part I. This use of the a-c calculat¬ 
ing board merely provides a means for tninimi<yitig the 
mechanical labor that would be required in the analytical 
method. In the polyphase method the system is set up 
with a 3-phase source and a 3-phase miniature system. 
The polyphase method has the advantage of corresponding 
more closely in form to the original system and it is more 
convenient since all the phase quantities are included di¬ 
rectly in the setup and are available for various fault in¬ 
vestigations without manipulation. However, in setting 
up either method the steps involve the same requirements 
in the miniature system, namely, that it shall have the 


- . ..' 

pr- ■ r’.;. , 




Figure 17. Fault application device, shown schematically in 
figure 14 


same positive-, negative-, and zero-sequence constants 
for all of the circuit elements requiring consideratioiL 
In order to illustrate the polyphase method of setting 
up the system on the a-c calculating board, a more com¬ 
plicated systetn, such as shown in figure 15, is used. In¬ 
cidentally, this system, is sufficiently representative as to 
give a reasonably good solution for a large number of 
problems. Figure 15 applies to a system with a source 
of power consisting of a generator and step-up trans¬ 
former, and a transmission line subjected to a fault as 
indicated. The branches and Zjf correspond to the 
generator and step-up transformer constants and the 
remaiidng branches correspond to the transmission line 
wh^ represented by the equivalent tt. The branches 
Zj: represent the positive- or negative-sequence imped¬ 
ance per pha^e of the generator and transformer, and 
the branch represents ohe-ilurd of Zo, the zero-se¬ 
quence impedance of the transformer. If the zoro- 
sequence impedance is higher than the positive-sequence 


impedance, the source may be represented by a grounded- 
star transformer with a neutral impedance as shown in 
figure 16. For this case, as in the previous case, the im¬ 
pedances Z^ represent the positive- or negative-sequence 
impedance of the generator and transformer. For the 
neutral branch, however, the impedance Zjf is equal 
to (1/3) (Zo — ZJ. In the transmission line similar 
relations hold for the 3 sequence constants. The positive- 
or negative-sequence series impedance branch is equal to 
the impedance Zy in each phase, and the neutral imped¬ 
ance branch Zq is equal to (1/3) (Zo — ZJ. The 
equivalent capacitance for each end of the t representation 
consists of Cif which is equal to the zero-sequence capaci¬ 
tance for each phase and which is equal to the differ¬ 
ence between the positive- or negative-sequence capaci¬ 
tance and the zero-sequence capacitance for each phase. 

Fault Representation Device 

The representation of the fault involves 2 elements. 

1. The applicator by which the fault is applied and removed. 

2. The representation of fault resistance diaracteristic. 

The fault representation device is shown schematically 
in figure 14 and includes the commutator arrangement 
C which consists of 3 separate elements, one for each 
phase. Each element has 2 brushes, one of which is ad¬ 
justable. The commutator is driven by a synchronous 
motor connected to a phase shifter supplied from the 
same source as the a-c calculating board. The fault is 
established when 2 brushes make contact with the con¬ 
ducting section which spans half of the commutator pe¬ 
riphery. The fault is removed when either of the brushes 
leaves the conducting section. Such a commutator may 
be built to permit individual control of the instant of 
application of the fault, but ordinarily it is sufficient to 
consider the fault applied simultaneously to the 3 phases 
and this may be done by a set of fixed brushes and a 
phase shifter. The duration of the fault is controlled 
by separate adjustment of the brushes which can be set to 
main tai n the fault for different periods from a half cycle 
to several cycles of the fundamental. The gear, connected 
between the driving motor and the commutator, makes 
it possible to apply the faiilt alternately on a point on a 
positive wave and on the corresponding point on the 


Solid curve—Char¬ 
acteristics of Rectox 
resistor for fault rep¬ 
resentation 
Ci rcl es—Character¬ 
istics of deion flash- 
over protector 
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Figure 18. Arc characteristic of deion flashoyer protector 
compared with fault repr^entation device 
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negative wave. The object of the gear is to avoid cumu¬ 
lative magnetizing action in the source. The fault ap¬ 
plicator used in this investigation is shown in figure 17. 

Consideration will now be given to the means for rep¬ 
resenting the fault and arc resistances. The first approxi¬ 
mation of a fault is a resistance, which is of zero value 
while the current is flowing, and suddenly changes to 
infinite value when the current zero is reached. A second 
approximation of fault characteristics takes into account 
the tower footing resistance and the arc resistance. This 


Figure 19. Polar oscillogram 
of heavily damped oscilla¬ 
tions 



F —Point of fault application 
R —Point of fault suppression 


H \ 
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Figure 20. Girtesian plot corresponding to figure 19 

F —Point of fault application R —^^Point of fault suppression 


is, of course, readily represented by introducing an ap¬ 
propriate resistance in the fault path through the com¬ 
mutators and in the neutral as shown by the branches 
AR and GR of figure 14. A more accurate representation 
may be accompUshed by the use of a resistor whose re¬ 
sistance-time curve would correspond to that obtained 
from the actual voltage across the arc and the current 
through it. Such a resistance curve could, of course, be 
obtained by a synchronously driven commutator which 
would vary the resistance throughout the cycle. A more 
convenient and practical device is the Rectox resistor 
which has approximately the desired characteristic. 
Two sets of Rectox units oppositely poled are connected 
in parallel to give the same resistance for either direction 
of current flow. This (combination forms a resistor whose 
value is relatively low for high currents and relatively 
high for low currents. It is possible to choose the num¬ 
ber of units to give a good approximation of certain arc 
ch^acteristics throughout the principal part of the arcing 
period, The arc characteristics and Rectox approxhna- 
tion fot a deion flashover protector are shown in figure 18. 
However, the rqiresentation at the end of the interval 
may not be accurate as the apparent resistance of the arc 
increases very rapidly at the instant at which the arc is 
suppressed. For this reason the Rectox resistor has 


been used tilcorinbination with the opening of the fault 
slightly ahead of normal current zero in order to leave a 
charge on the system. 

Recovery Voltage Measuring Device 

The transient measuring device for viewing and re¬ 
cording the recovery voltages constituted a major prob¬ 
lem. The requirements for the device included accurate 
response to the various high frequency oscillations, the 
imposing of small burden on the network always a factor 
in the use of miniature systems, and means for obtaining 
a visual trace and a permanent record. The magnetic 
oscillograph failed to meet all these requirements because, 
an element designed for high frequency response, re-^ 
quired a special hookup to avoid placing undue burden, 
on the network. This pointed the way to the use of a 
cathode-ray oscilloscope which met all the requirements 
but that of recording. To overcome this difficulty the 
transient was made repetitive in character by the means, 
just described. On this basis it was readily feasible to, 
photograph the record appearing on the cathode ray 
screen. The arrangement of apparatus used in most of 
this work is illustrated in figme 14. The cathode-ray 
oscilloscope recorded the recovery voltage on its screen 
and this image was placed on a film through a suitable 
lens system. While it is possible to photograph the 
image using the cathode ray sweep circuit to provide the 
time scale, it was more practical to rotate the film by 
means of a synchronous motor thus obtaining a uniform 
time scale on an oscillogram of the polar form. 

The type of record obtained for a highly damped tran¬ 
sient is shown in figure 19 and the corresponding Cartesian 
plot in figiure 20. The entire oscillogram repeats every 
9 cycles and includes 2 applications of the fault indicated 
at the points F which are 4 V 2 cycles apart. The faults 
are impressed for V 2 cycle and the arcs are suppressed 
at the points R at which the recovery voltages begin to 
appear. The high frequency oscillations are superposed 
on the steady-state voltage as shown in the figures, and 
in this case are damped out in less than cycle. If the 
transient is not highly damped it may persist for many 
cycles. In general, however, the high frequency oscilla- 


Figure21. Typi¬ 
cal oscillogram of 
recovery voltage 
on a system with 
lightly damped 
oscillations 



Evans, Monteitk-—System R^overy Voltage 


Electrical Engineering 








0 4 6 12 I6x 


MICROSECONDS 100 

Figure 26. Effect on recovery 
voltage of varying the duration 
of fault 

A —Fault duration; V» cycle 
B —Fault duration; 1 cycle 



Figure 27. Effect on re¬ 
covery voltage of fault and 
arc resistance. Single line- 
to-ground fault 

A —^Zero fault resistance 
B —8-ohm fault resistance 
G— 33-ohm fault resistance 
D —Rectox resistor; 5 ohm 
minimum (see figure 19) 


138-kv systCjf' included measurements of recovery volt¬ 
ages with a cathode-ray oscillograph. For two of these 
tests involving a single line-to-ground fault, the system 
consisted of a generator and step-up transformers con¬ 
nected in star on the high voltage side and grounded 
through a 50-ohm reactor, and 39 miles of 138-kv line. 
Figure 22 compares the recovery voltages of these 2 field 
tests with results of calculations made for identical circuit 
conditions with the transmission line represented in one 
case by an equivalent “T” network and tiie other case 
by the equivalent network of figure 11a. The closeness 
of these diecks made early in the investigation were very 
encouraging and greatly stimulated the work that followed. 

Following the proposal of the a-c calculating board 
method and the development of the equipment previously 
described, it was of particular interest to compare results 
obtained with this method and results obtained by cal¬ 
culation. Figure 23 compares one of the calculated 


Figure 28. Effect on re¬ 
covery voltage of arc inter¬ 
ruption with residual charge. 

Fault simulated by Rectox Figure 29. Effect on recov- 
resistor and circuit opened ery voltage of the addition of 
before normal current zero load 
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A —^Without load 
B —^Wlth load 



Figure 30. Transient 
voltages of 3-phase sys¬ 
tem upon clearing of 
single line-to-ground 
fault on phase B 

Kbjv/ Veil —^Voltages 
to neutral 

Vac/ Vaot yoA —Voltages; 
phase-to-phase 



MICROSECONDS 


ing of the first phase at its normal current zero and 
is followed by a similar adjustment for the second phase. 

Part III. Application of A-C Calculating Board 
Method and Comparisons With Analytical 
Solutions and Field Tests 

It is now of interest to compare the recovery voltages 
as obtained by the analytical method and the a-c cal¬ 
culating board method directly with cathode ray oscillo¬ 
grams of tests made on actual systems. It is beyond the 
scope of tlus paper to give results of general investigations 
of system recovery voltage. A few illustrations will be 
given to show the range of use of the a-c calculating board 
in analyzing some of the factors. 

It was recognized throughout this work that the re¬ 
sults would only be of academic interest unless the solu¬ 
tions by the proposed, methods provided a satisfactory 
check with the results of actual field tests. Some tests«*^’« 
made on the Indianapolis Power & Light Companys’ 

v704 


curves of figure 22 with the recovery voltage measure¬ 
ments from the a-c calculating board using the alterna¬ 
tive forms of connection. It will be observed that close 
checks are obtained between field tests, analytical solu- 
tioqs, and the a-c calculating board solutions. 

The a-c calculating board method provides an ideal 
means for canying out general studies of system recovery 
voltage. It is, however, beyond the scope of this paper 
to present results of work along that line. It is pertinent, 
nevertheless, to discuss the range of application of the 
a-c calculating board method in this study of the various 
factors entering into the recovery voltage problem. For 
this purpose a few illustrations are given to show the ways 
in which these factors may be studied. 

It is of general interest to study the effect of appl 3 dng 
the fault at different points on the voltage wave. With 
the a-c calculating board set up by the 3-phase method 
to represent the Indianapolis Power & Light Company 
system, a single line-to-ground fault was applied before 
voltage crest, at voltage crest, and after voltage crest 
and was interrupted at normal current zero. The. restilts 
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of this study are shown in figure 24. ll^AMlar studies 
were made for the fault applied at the voltage crest and 
the current interrupted before, at, and after the normal 
current zero. The results of such an investigation are 
shown in figure 25. These results provide an explanation 
of the familiar fact that interrupting devices tend to op¬ 
erate at normal current zero. They illustrate further 
the difl&culties of attempting to interrupt a circuit in less 
than one-half cycle. 

The effect on the recovery voltage of varying the dura¬ 
tion of the fault is shown in figure 26. This comparison 
brings out the fact that the shorter the duration of the 
fault the more important will be the results of the initiating 
transients on the recovery voltage. 

The effects that arc resistance has on the interruption 
problem have always been of interest. Figure 27 shows 
the effects of adding different tower footing resistances 
of fixed resistance values as well as the effect of adding a 
resistance of varying value, such as shown in figure 18, to 
simulate the arc. This study was made for a 138-kv 



Voltases to neutral 

^ABt VBCf VoA — 
Voltages, phase-to- 
phase 

Vjir —^Voltageacross 
arc representation 
device 

Aa —^Arc represen¬ 
tation device 

Ga —Ground re¬ 

sistance 


Figure 31. Transient voltage of 3-phase system upon 
clearing of double line-to-grounel fault on phases A and B. 
Fault applied at crest of B phase voltage. Phase B and 
then phase A opened at first normal current zero points. 
Curves include the highest transient voltages for the opening 
of phase A or B. (Curves start at an arbitrary zero time) 


impedance-grounded system with 90 miles of line, the 
system being capable of supplying short circuit current 
of 4,000 amperes at the sending end. 

In order to simulate arc and fault characteristics in a 
more accurate manner for the condition in which a re¬ 
sidual charge is left on the systepi, tests were made with 
the Rectbx reSi^or in the circuit to shniilate the arc 
throughout most of the cycle and the circuit was opened 
^htly ahead of current zero to simulate the very abrupt 
change of resistance at current zero. Figure 28 shows 


the results of a test which simulate a deion flashover pro¬ 
tector when interrupting its full current rating. 

The effect of load on the recovery voltage can readily 
be studied on the a-c calculating board and figiure 29 
shows a comparison of recovery voltage for zero load and 
for full load on the 90-mile 138-kv system. 

It is of interest to have a knowledge not only of the 
voltage on the faulted conductor but also on the other 
conductors to neutral as well as between conductors. 
Figure 30 shows transient voltages for the 90-mile 138- 
kv system when clearing a line-to-ground fault on phase 
J5. 

On account of the complexity of the problem it has 
been practically impossible to get a co-ordinated picture 
of the transient voltages on the various conductors to 
ground and from conductor to conductor for a double 
line-to-ground fault condition. The a-c calculating board 
method has given a relatively simple approach to this 
problem and results of such a study for the 90-mile 138-kv 
system are shown in figure 31. Only the sections of the 
various transient voltage curves which are of an abnormal 
nature are shown, the plot starting at an arbitrary zero 
time in order to simplify the figure. 

Conclusions 

1. The symmetrical components method proposed constitutes a 
simplification of the anal 3 rtical solutions. 

2. The a-c calculating board method is a practical means of deter¬ 
mining the electrical transients of systems. 

3. The combination of these methods has for the first time opened 
the way to a systematic general investigation of recovery voltc^ 
transients and related problems. 
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Vibration-Measuring mstruments 

Funcfaniental Considerations in Their Design 


By C. D. GREENTREE 


ASSOCIATC AIEE 


Synopsis 


A general-purpose wide-range high-precision vibration¬ 
measuring instrument must embody several funda¬ 
mental design requirements which determine the 
useful frequency range, the accuracy of measurement, 
the intensity of vibration to which it can be applied, and 
the effect of the instrument on the vibrating body. 

In this paper the advantages and disadvantages of 
certain mechanical and electrical detecting and amplify¬ 
ing systems for the measurement of vibration amplitude, 
velocity, and acceleration, are discussed in the light of 
their design requiremenis. 

A vibration generator capable of producing sinusoidal 
vibrations over a wide frequency and amplitude range, 
and a set of vibration standards with which the vibrations 
produced can be accurately determined, are also de¬ 
scribed. 

In conclusion, criteria for evaluating the performance 
of vibration measuring instruments of different types are 
suggested. > 


AN ever-growing demand for smaller and more accu- 
rate vibration measuring instruments has inten- 
^ ^ sified design and development activities in this 

direction. This increased interest is due in part to the 
destructive possibilities of vibration on modern high- 
precision machinery and in part to an awakened recognition 
of the tremendous nuisance effect of unconfined vibrations. 

The interest thus aroused has lead directly to more ex¬ 
acting specifications on the part of those who purchase 
vibrating or rotating equipment. To meet such speci¬ 
fications has required vibration instruments having in¬ 
creased sensitivity, greater portability, and broader op¬ 
erating ranges, which can be applied to ever-widening 
fields of investigation. 

The general term “vibration instruments” is capable 
of considerable division and subdivision. The first broad 
classification can be labeled “precision measuring” as 
distinct from “vibration det^ting.” By vibration de¬ 
tecting is meant a device that will simply show that vi¬ 
bration is present or is not present. The mechanical or 
electrical outyiit from such an instrument may be pro- 
poirtiorial to the relative mnbunt of vibration over a liTnifpH 


Precision meastuing vibration instruments can in them- 

A paper recommended for publication by the AIBB committees on instruments 
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selves be roughly separated into 2 broad application 
classes. In one group can be placed all those highly 
technical and very special instruments built and designed 
to emphasize or surmount unusual vibration require¬ 
ments. Practically every extensive vibration investi¬ 
gation program will require one or more of these special 
instruments, and in general a skilled vibration engineer 
is necessary to use them successfully. In the other 
broad division can be included all the general purpose 
devices. These are characterized by broad operating 
range, relatively low cost, arid a susceptibility to particular 
adaptations, such as, permanent mounting, recording, and 
telemetering. 

Types of Instruments 

Subsequent discussion will be confined to these general 
purpose precision measuring vibration instruments. An¬ 
other subdivision into the 3 main aspects of vibration is 
required. Three different types of instruments are re¬ 
quired for measuring amplitude, velocity, and accelera¬ 
tion. Frequency may be considered more of a condition 
than an aspect. The first type measures the double 
amplitude of vibration, or the amount of physical dis¬ 
placement of the vibrating body independent of the fre¬ 
quency or rate of moving. 

A velocity type of instrument measures the product of 
vibration frequency and amplitude, or the rate of vibra¬ 
tory motion. This type of measurement is often conven¬ 
ient, since the vibration energy of the moving body is 
proportional to its velocity squared. Acceleration de¬ 
pends, of course, on the change in the rate of movement 
and an acceleration measuring device has an output pro¬ 
portional to the product of amplitude times frequency 
squared. 

These 3 types of instruments are all subject to certain 
limiting mechanical factors. Some of the most impor¬ 
tant of these factors are: 

(ft) Establishmeiit of a point stationary in space against which to 
measure 

(b) Low natural frequency 

(c) High structural resonance 

(d) Ability to follow large accelerations 

(e) Small effect on vibrating body 
if) Measurement in any direction 
(g) Light weight and portable 

Mechanical System 

F^haps the most fundamental requireiiiLent of a genr 
eral purpose vibration instrument is ^e creation of a 
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point or body stationary in space relati^#^^ which the 
vibratory motion can be measured. A vibrationless 
object, which can be used as a reference base, is seldom 
fpund ready to hand on the job, and usually is too costly 
to warrant construction. The establishment of such a 
stationary mass can be obtained in instruments, by the 
compliance coupling of a mass to the vibratory motion. 
The fimdamentals of such a scheme are shown in figure 
la. The stationary mass M is supported from the moving 
mechanism R which is in contact with the vibrating 
body B, by the coupling spring S. The direction of vibra¬ 
tion is shown by the double-headed arrow marker. At the 
point A, between the end of the moving mechanism and 
the stationary mass, any one of several mechanical or 
electrical methods for obtaining a measure of the relative 
motion between the 2 parts can be interposed. 

Figure 16 shows the electrical equivalent of this mechani¬ 
cal system. The current ii represents the vibratory mo¬ 
tion applied to the instrument. Neglecting Lx and Cx for 
the moment, the current ix will divide between Ca, rep¬ 
resenting the compliance of the coupled system, and L% 
representing the mass M. When the frequency of the 
applied current is more than 5 times the resonant fre¬ 
quency of the network including £2 and Ca, the impedance 
of Ca has become v^ small compared to the impedance 
of I, 2 > and substantially all the current flows through 
Ci* 

The coupling spring represents the heart of the mechani¬ 
cal system. Under the action of gravity or inertia, a 
given mass will oscillate on a given spring* at a certain 
natural frequency. Conversely, if the end of the spring 
is driven by a vibration having a frequency equal to or 
nearly equal to the natural frequency just determined, 
a condition of resonance is set up and the mass, instead of 
remaining stationary in space, wdll tend to vibrate at 
tremendous amplitudes limited only by the friction of 
the spring and the inertia and friction of the supporting 
hand and arm in which the mass may be held. Me¬ 
chanical system resonances are, in general, sharply peaked, 
and experience has shown that the mass will remain 
substantially stationaiy when the end of the ^ring is 
driven at a frequency from 4 to 5 times the natural fre¬ 
quency of the system. In a great deal of vibration work, 
it is desirable to be able to measure down to 10 vibrations 




per second, equivalent to 600 rpm. This means that the 
natural period of the mass on its coupling spring should 
be from 2 to 2^2 vibrations per second. 

The formula^ for the natural frequency of such a me¬ 
chanical system is given by: 






where 


/ = vibrations per second 
W = weight 

g = gravity acceleration 
K = spring constant of coupling spring 

If / is to be small, 2 to 2 Vs vibrations per second, and 
W must also be small, for lightness and portability, it 
is apparent that K will be small, representing a weak 
spring. To avoid fatigue and failure due to excessive 
stress in the outCT fibers of the spring, it -will be necessary 
to make this spring relatively long. A long, weak spring 
is difficult to contain in a small space. 

Thus, one of the most active lines of endeavor in the 
design of vibration instruments has been to produce the 
eqmvalent of a long weak spring, which can be contained 
in a small space and which will not permit too great rela¬ 
tive movements between the mass and the driving mech¬ 
anism. 

One such equivalent is shown in figure 2a. '‘WThen a 
force, continually applied along the original major axis 
of the column, has compressed the spring beyond a cer¬ 
tain point, further compression increases the spring 
resisting moment arm^ and the external eccentric loading 
moment arm by approximately the same amount. This 
means that a very small change in pressure -will cause a 
relatively enormous change iii effective length of the 
column. The force versus effective length characteris¬ 
tic of such a spring is shovm in figinre 26. The %)ring 
constant of the column, as shown by the slope of this 
curve between the points A and B, is very small. 

Another method® for supporting a ma^ on springs at 
a low natural frequency is shown in the negative coni- 
pliance system of figure 3a. Movement of the mass 
toward the Irft causes a compression of the spring A and 
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Table I. Vibration Amplitudes and Velocities Correspond¬ 
ing to an Acceleration of 25 Times Gravity 


f - D - V - 

Vibratioiis Double Amplitude Maximum Velocity 

per Second (Displacement) in Inches (Inches per Second) 


10.4.89 .154 

60..0.186 .. 25.6 

200.0.0122 . 7.65 

1,000. 0.000489 . 1.54 

4,000.0.0000805 . 0.886 


a lengthening of the spring J5, thus producing resisting 
forces vectorially represented by A and B in figure 35. 
At the same time, the ends of the knife-edge Itnlrs bearing 
on the mass are displaced toward the left. The pressure 
of the springs F-F tends to continue the movement of the 
mass toward the left. By the proper adjustment of the; 
relative compression forces exerted by all the springs, 
the component of the knife-edge linkage forces F^ which 
opposes the resultant of forces A and B, can be made to 
balance or very nearly balance the resisting force of spring 
A and spring B. This will hold, of course, only so long 
as the angle 6 is small so that this opposing component 
is substantially equal to 2Fe. The force deflection char¬ 
acteristic of this system is shown in figure 3c. 

High Structural Resonance 

The measurement of vibrations of high frequency, re¬ 
quires a mechanical transmission path from the point at 
which the vibration is contacted to the point within the 
instrument at which the measuring takes place, which will 
be free from structural resonances at any frequency lower 
than the highest frequency to which it is desired to meas¬ 
ure. Structural resonance will occur at that frequency 
at which the distributed mass of the moving system, as 
represented in the equivadent electrical circuit, figure 15 
resonates with the distributed compliance, as rep¬ 
resented by the lumped value Ci. When this occurs, the 
current through capacitor Cz is no longer a true indication 
of the current ii. 

The surmounting of this difficulty requires a stiff yet 
light transmission system which can be obtained by 
keeping the transmitting member as short and small as 
possible and utihzing an inherently high resonance shape, 
like a rod or tube driven longitudinally. 

Ability to Follow Large Accelerations 

In order to meet the prerequisites for a wide range 
general purpose instrument, it must be possible to hold 
the spring-coupled contact rod in contact with the vibrat- 
ing object during accelerations many times that of 
gravity. Experience has shown that an ability to follow 
up to an acceleration of 26 times gravity would be gener¬ 
ally acceptable for most types of work. In certain cases, 
such as the vibrations of an unbalanced high-speed spin¬ 
ning motor shaft, which sometimes exceeds 70 times 
^ayity, much higher accelerations may be encountered. 


Table I sb^lsf^ an acceleration of 25 times gravity ex¬ 
pressed in TtSins of double amplitude of vibration at 
several different frequencies. 

Applying the knowm equation, 

F - MA, or A = F/M 

where 

A » acceleration 
F =* force 
M « mass 

to figure la, it is evident that for A to be large, F, the 
pressure exerted by the coupling spring, must also be 
large, and the mass of the moving me chanism , J?, must 
be small. In the equivalent electrical circuit of figure 
15, Li, which represents the mass of the moving mecha¬ 
nism, must be small. 

Small Effect on Vibrating Body 

Since a general purpose instrument should be applicable 
to any vibrating body from a massive turbine sh^ down 
to a Vioo fractional-horsepower motor frame, it is de¬ 
sirable to have the moving mechanism of the instrument 
produce as little effect as possible on the vibrating body. 
This is particularly true when dealing with light bodies 
which are vibrating at, or near, resonance. When the 
contact rod is pressed against a vibration, the mass of 
the moving mechanism, and part of the mass of the spring, 
are effectively coupled to the vibrating body. Thus, the 
smaller the mass of the moving system the smaller wdll be 
the effect on the vibrating body. 

In addition to this mass loading condition, the pres¬ 
sure of the coupling spring, acting through the contact 
rod, may set up stresses in the vibrating body which vrill 
materially affect its vibratory motion. This is especially 
true in the case of resonant vibration of thin bodies such 
as the walls of an air duct. 


f A AND B 



lI 


Figure 3. Negative compliance—^an¬ 
other equivalent for a long weak helical 
spring, showing: 

(a) Mechanical features 

(b) Vector diagram of forces 

(c) Force deflection characteristic 
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Figure 4 (above). A piezo¬ 
electric crystal used for the 
measurement of vibration ac¬ 
celeration 


Figure 5 (right), 
generator 


Vibration 



Both the ability to follow 
a large acceleration and 
the attainment of a small 
effect on the vibrating body 
call for a moving mechanism 
of small mass, but in the 
former a strong spring is 
needed while-the latter re¬ 
quires a weak one. One 
way to obviate this difl&culty 

is to provide an adjustable spring or springs, the pressure of 
which can be increased when it is desired to measure large 
accelerations. In general the acceleration of small bodies 
under resonance conditions will be small, thus permitting 
the use of a relatively weak adjustment of the spring. 
On somewhat larger bodies which are capable of handling 
much greater vibration energies, and hence producing 
larger accelerations, it is permissible to increase the spring 
pressure. 

Sensitivity 

Modern requirements as written into rotating machinery 
specifications sometimes call for the limitatioii of vibra¬ 
tion amplitudes to values less than 0.0001 inch. In 
addition to these mechanical requirements, it must be 
remembered that the awakened interest in noise calls for 
vibration rneasuring instnunents of even greater sensitivity. 
A vibration amplitude of one millionth of an inch at 1,000 
vibrations per second will produce an appreciable noise. 
The attainment of such sensitivity depends upon the 
electrical or mechanical measuring means which are in¬ 
terposed between the stationary mass and the moving 
mechanism of figure la. 

Mechanical Measuring Systems 

A load, small in comparison with the inertia of the 
stationary mass of figure In, can be connected between 
the moving mechanism and the mass. This load, for 
example, may be an amplifying mechanical lever, gear 
train, or Hght-beam system adapted to greatly magnify 
the vibratory motion. : 

This load, in effect, is simply a continuation of the me¬ 


chanical system already outlined, and its parts are subject 
to similar requirements of light weight, structural stiff¬ 
ness, etc. Referring to figure 16 the moving mass added 
by this load will increase ii, while the laci of stiffness 
in its parts will increase C\, thus increasing the effect on 
the vibrating body and reducing the ability of the in¬ 
strument to follow large accelerations. 

The reaction of the moving parts on the stationary 
mass My to which they are connected, can be represented 
by the addition of an inductance in series with Ca. 
When Lz is an appreciable fraction of La, which it may 
be when the lever amplification is large, some part of 
the current iz will shunt through Lz and be lost for meas¬ 
urement purposes. Under these conditions L 2 is no 
longer stationary in space, but has some movement. 

It is almost impossible to construct a mechanical sys¬ 
tem of large amplification which will at the same time be 
rigid and have small inertia. In addition the friction 
and lost motion at the joints will seriously limit the ac¬ 
curacy of the instrument. 

Until ways are found to circumvent this practical' dif- 
ficully, purely mechanical systems will continue to be 
restricted to vibrations of relatively low frequency, of the 
order of 50 vibrations per second or less, and amplitude 
measurements of the order of one mil or larger. 

Electrical Measuring Systems 

By making the stationary mass ilf, figure la, a magnet 
which surrounds a coil rigidly attached to the moving 
mechanism, it is possible to generate a voltage propor¬ 
tional to the velocity of the vibrating body and at the 
same time add very little mass to the moving mechanism 
and introduce but a very small amount of reaction on 
the stationary mass. The inherent sensitivity of this 
electrical method depends, like all a-c generators, on the 
establishment of a high flux density and a high coil space 
factor. Furthermore, the enormous amplification ob¬ 
tainable from vacumn-tube amplifiers has no deleterious 
effect on the fundamental mechanical system, nor are 
serious frequency limitations introduced by the amplir 
fying means. 

This system is admirably adapted to the measurement 
of vibration velocity. It can, by the use of a frequency 
analyzer, be used to measure amplitude, but the process 
is apt to be laborious, especially when dealing with non- 
sinusoidal vibrations. 

An electromechanical method for the direct measure¬ 
ment of acceleration is shown in figure 4. The mechanics 
of thm system differ from those shown in figure la. A 
piezoelectric crystal C is cemented to a stiff member S 
which can be held in contact with the moving body, and 
a heavy metal block Jlf is cemented to the back of the 
crystal. Under conditions of vibration the block M, due 
to inertia, will produce alternating pressure and tension 
on the crystal. The amotmt of pressure and tension de¬ 
pends directly on the mass of the block N and the ac¬ 
celeration of the vibratiom 

The voltage, proportional to pressure, generated by 
the piezoelectric crystal, can be amplified in the saizle 
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manner as the output of the velodty type of instrument, moving Sg^ator drive rod produces a bright line in the 
In contrast to the amplitude and velocity instruments microscop4-36ld. The length of this line, which is the 
the whole mass of this acceleration device, including the amplitude of vibration, can be measured with great ac- 
hand which holds it in contact, will appear as a load on curacy. 


the moving body, thus reducing the mfl.^Tniim accelera¬ 
tion to which it can be applied. This difficully can be 
surmounted in part by making the crystal and the masg 
M very small. 

The measurement of velocity or amplitude by this 
crystal method requires, respectivetyj a single or a double 
integration of the output. 

Vibration Testing Equipment 

For the design and development of vibration instru¬ 
ments, it is vitally necessary to have a known controllable 
source of sinusoidal vibration. A great deal of time and 
effort have gone into the production of the vibration 
generator shown in figure 5. The output from a beat- 
frequency oscillator is stepped up by means of a 250-watt 
power amplifier and fed to a specially constructed moving 
coil which operates in an electromagnet field in the ggnif^ 
manner as a loudspeaker. This edgewise-wound alumi¬ 
num driving coil is capable of dissipating the full 260 
watts of power at elevated temperatures. The motion 
of the coil is transmitted through a steel cone to the 
driving rod whidi projects from the top of the generator. 
The whole moving system is suspended in the air gap 
by means of steel piano wires under tension. Objects 
to be tested rest on, or are bolted to, this driving rod. 

Such a generator is capable of producing amplitudes 
up to V 4 inch at vibration frequencies from 10 to 200 
per second. At higher frequencies, up to 3,000 vibra¬ 
tions per second, proportionately smaller amplitudes are 
obtainable. Above 1,000 cycles the driving rod is locked 
to the resonance rod which extends downward between 
the supporting pillars. This resonance rod can be solidly 
clamped to the supports at any point throughout its 
length. When it is desired to vibrate the driving rod at 
say 2,000 vibrations per second the resonance rod is 
clamped at that length at which the natural longitudinal 
resonant frequency of the rod and driving mechanism 
equals 2,000. Two-thousand-cycle power applied to the 
driving coil will now produce relatively large movements 
of the driving rod. The amplitudes attainable are limited 
mainly by the internal friction of the resonance rod and 
its associated structure. Accelerations exceeding 70 
times gravity have been measured and these when using 
only a small part of the total available power. 

Vibration Standards 


The determination of amplitudes below the micro¬ 
scope range is accomplished in 2 ways. A coil rigidly 
attached to the upper end of the drive rod, and partaking 
of its motion, generates a voltage by interaction with 
the surrounding field from a permanent magnet. This 
voltage is proportional to the velocity of vibration. By 
means of a high-gain amplifier, very small velocities of 
the driving rod can be measured. The calibration of 
this tertiary working standard coil and amplifier can be 
checked at one end of the amplitude range with the micro¬ 
scope, and at the other end by means of an acceleration 
device dependent on the constant of gravity. 

A single point check can be made in a more funda¬ 
mental manner. A hardened steel ball set on a hardened 
steel plate attached to the driving rod, will maintain 
contact with the plate when the acceleration of the 
driving rod is less than gravity. By passing a small 
current between them it is possible to accurately deter¬ 
mine the exact point at which the driving rod reaches 
gravity acceleration, and the ball loses contact with the 
plate. At 2,000 vibrations per second this will occur 
at an amplitude of 1 X 10~® inches, approximately ^/so 
of the amplitude which can be measured accurately with 
the microscope. 

Conclusions 

1 . The growing need for general-purpose wide-range high-precision 
vibration measuring instruments makes it desirable to establish a 
siptematic method of evaluating the performance obtainable from 
different types of instruments. 

2. Three separate instruments or an instrument with 3 adjustments 
are required to measure the 3 different aspects of vibration; i.e., 
amplitude, velocity, and acceleration.. 

3? The natural frequency of the mechanical coupling system should 
not be greaty than V«of the lowest frequency it is desired to measure. 

4. The frequency of moving structure resonances should be con¬ 
siderably higher than the highest frequency to be meastired. 

5. The instruments should be capable of measuring vibration 
accelerations as high as 25 times gravity and should not have any 
large loading effect on the vibrating body. 

•6. Existing mecha nic al vibration amplitude measuring systems 
have undesirable frequency and sensitivity limitations. 

7. Electrical generating and amplifying systems are well suited to 
the measurement of vibration velocity. 

8. Wide range vibration generating equipment and accurate cali¬ 
bration stmidards are necessary for the development of high-pre¬ 
cision vibration-measuring instruments. 


Acetate detenninations of the vibrations produced 
by this generator are obtained by means of primary and 
secondary staiidar^. The secondary standard of fre¬ 
quency, the beat-frequency oscillator, can be checked 
when desired against primary frequency sources. 

AmpUtudes greater than 0.0005 inch are measured 
mth a microscope equipped with a filar micrometer eye¬ 
piece. A ^ot of light reflected from a point on the 
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Basic Impulse Insulation Levels 

A Report* of EEI-NEMA Joint Committee 
on System Insulation Co-ordination** 


a result of a great deal of operating experience 
and from a survey of the then current practice 
^ ^ as regards insulation of high-tension equipment, it 

began to be evident some 9 years ago that too little, if 
any, attention had been paid to co-ordination of insula¬ 
tion in power systems. Apparatus was being built to speci¬ 
fications which were primarily formulated on a 60-cycle 
basis, with consideration given mainly to the ability of 
the apparatus to withstand 60-cycle voltages and almost 
no consideration to impulse strength. Further, very 
little consideration was given to insulation margins be¬ 
tween the different types of apparatus used on the same 
syatem voltage. This was first brought to the attention 
of the membership of the AIEE in 2 papers presented some 
9 years ago. 

The subject of insulation co-ordination thus brought 
into the open, was discussed rather extensively in com¬ 
mittees by users and manufacturers and before the In¬ 
stitute for the next 2 or 3 years. Very little progress was 
made, however, owing to the complexity of the problem 
and the fact that several different industry interests were 
involved. Eventually this was recognized, and this led 
to the formation in 1931 of a joint NELA-NEMA com¬ 
mittee to act upon the entire broad subject. The work 
of the NELA group was transferred to the Edison Electric 
Institute group when it was formed in 1933. 


2. ^ On account of the lack of a suitable agreed-upon yardsticlc witb 
which to measure voltage levels, an air gap was at first considered# 
it being the best means available at that Hmo , This gap initially 
took the form of a so-called edge gap, and later became the rattier 
well-known rod ^p, having definite limitations of spacing and 
physical arrangement. 

3. Recognized testing laboratories of manufacturers and otliers 
were not in agreement on voltage flashover values of standard 
every-day types of equipment such as suspension insulators# bus 
supports, bushings, insulators, etc. This disagreement covered not 
only the field of 60-cycle voltage measurements but also that of 
impulse voltages. A so-called interlaboratory group was, there¬ 
fore, formed to work on this problem and reach an agreement on 
proper values for similar apparatus. The work of this committee 
has been earned on carefully and persistently until at tbft present 
time the hoped-for agreement has been reached, within reasonable 
tolerances of measurement, on a great deal of electric equipment 
and on gaps. One paper has previously been published^ giving 
results of this work. Also, a paper is now being presented* by the 
interlaboratory group giving agreed-upon flashover values of insu¬ 
lators and gaps. 

A subcommittee was also appointed to investigate 
existing practice of insulation of lines and equipment: in 
the operating companies with the idea that such da.ta 
would serve as a basis for setting up practical, workable, 
and effective levels of insulation in carrying out the first 
statement of principles given above. 

This subcommittee spent a great deal of time and effort 


Purpose and Scope of the Committee 

When active work was started on this subject in 1931, 
the following statement of principles was made by the 
NELA (now EEI) group. 

“The co-ordination of insulation involves 3 steps: 

1. Establishment of insulation levels. 

2. Specification of insulation strengths of all classes of equipment 
in establishing insulation levels. 

3. Allocation of the insulation levels to the nominal system voltages 
taking into account all operating and environmental conditions.” 

Activities of Committees 

Without going into the details of the various meetings 
held and the subjects discussed, progress in the work took 
the following form. 

1. It was generally agreed that the 60-cycle basis was not adequate 
alone for establishing insulation levels. 

A paper recommended for publication by the AIEB committees on electrical 
machinery, protective deviem, and power transmission and distribution. Manu¬ 
script submitted March 18,1937; released for publication April 12, 1937. 

* Sponsored by tii<t lightning and insulator subcommittee of the AIBB com¬ 
mittee on power transmi^on and distribution. 

*■* Frepared by the iTbup chairmen: Bdison Electric Institute group, Philip 
Spom; Natitinal Blectricai Manufacturers Association group, C. A. Powel. 
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Table I. Basic Impulse Insulation Levels 


(1) 

Maximum Rated 
Voltage 
Classification 
(Kilovolts) § 

(2) 

Basic Impulse 
Insulation Level 
(Crest Kilovolts)# 

(3) 

Rod Gapt Havitts 
Flashover in Column. 2 
dnehes) 

1.2 .. 

.. 32 . 

. 0.8 

2.6 . 

. 63 . 


6.0 . 

. 63 ... 

.. 2.2 

8.66. 

. 80 . 


15 . 

. loot........ 

.. 4.6t 

2ft . 

. 160 . 

. 7.1 

.^14 R. 

. 190.. 

. 10.2 

46 . 

. 250 . 


AQ 

_..... 360 . 


22 . 

. 470 ........ 


lift _ 

. 570 . 

. 34.6 


. 680 . 

. 42.1 

1A1 

.. 790 . 

. 49.0 

10ft . . . 

. 960 . 


23n 

.1,100 . 


2RT , 

..1,860 .. 


SUft 

.1.620 ..._ 






S Based on "NEMA-NELA Preferred Voltage Ratings for A-C Systems and 
Equipment,” NELA Publication Number 043, page 12, and on transformer 
subcommittee AIEE paper, Elbctricai. Emginbbrwo, January 1937, page 32. 

# Orest kilovolts of l*/»*<i0 impulse wave. 

t Given for reference only. Gap spacings are those giving SO pw dent Usish- 
over and 60 per cent full wave when subjected to 1 V*b 40^ positive impulses 
with crest values given in colunm 2 under standard conditions of air deu^ty. 
andhunudi^. 

% Con^deration should be given to increasing these values approximateljr 10 
per cent. 
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in collecting and correlating these data, keeping in mind 
that the final levels selected must be based on practical 
as well as theoretical considerations. Within the last 
few months it finally agreed upon a set of basic impulse 
insulation levels utilizing as steps the preferred voltage 
classification adopted by NELA.* This series of basis 
impulse insulation levels adopted by the joint committee 
in January 1937 is presented in table I. 

It will be noticed that the table gives the basic im¬ 
pulse levels for each “maximum rated voltage classifi¬ 
cation.” In the lower range of voltages, this classifica¬ 
tion differs slightly from the preferred voltage ratings 
previously adopted by NEMA in the publication referred 
to above, but the steps given in table I are considered 
advisable in the light of the fact that present-day trans¬ 
formers in that range are specified in terms of those volt¬ 
ages. 

It will be further noted that a fundamental and very 
important change has been made in this table, in that 
basic impulse insulation level is definitely expressed in 
terms of voltage. This voltage is the crest voltage of a 
IV 2 X 4 O positive wave which will just cause flashover on 
the tail of the wave when impressed on the so-called 
standard rod gap having square-cut electrodes. 

The gap spacings corresponding to these voltage values 
are given in the third column. These rod gap spacings 


are given for reference only, the basic level being crest 
kilovolts in c3Kimn 2. 

Future Work 

The first step in the co-ordination of insulation has 
therefore been finished and the second step, viz.y “Speci¬ 
fication of insulation strengths of all classes of equipment 
in the established insulation levels,” is now ready to be 
undertaken. This work has actually been begun since 
a subcommittee of the joint committee has been appointed 
and is working on this part of the program. 

Now that the above insulation levels have been agreed 
upon, it is expected that more rapid progress wrill be made 
in carr 3 ring on the work still to be done. As the work 
progresses, it is planned to officially release periodically 
to the engineering field the findings and recommenda¬ 
tions of the joint EEI-NEMA committee on system in¬ 
sulation co-ordination. 
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Flashover Characteristics o^ Rod Gaps and Insulators 

A Report by the Subcommittee* on Correlation of Laboratory Data 


of EEI-NEMA Joint Committee 

T his report has been written to present the agreed 
upon impulse and 60-cycie flashover values for rod 
gaps and suspension line insulators, together with a 
method of making correction for variation in humidity. 
The laboratory work and correlation upon which these 
data are based was done by the subcommittee on cor¬ 
relation of laboratory data* of the joint EEI-NEMA 
committee on insulation co-ordination. The joint com- 
nuttee authorized the publication in Electrical En¬ 
gineering of this work through a paper sponsored by 
the AIEE subcommittee on lightning and insulators. 
This makes the information more generally available to 
the the industry for use in connection with the general 
problem of insulation co-ordination. 

General 

With the advent of impulse testing, it was immediately 
app^ent that the, values giydi out by various 

laboratories for the same test piece w^e different. In 
an effort to learn the cau^ of this, 2 things were done; a 
String bif smsp^ion insulators was circulated to the Locke, 

■ Fhshover C 


on Insulation Co-ordination** 

Ohio Brass, and General Electric laboratories; and iden¬ 
tical bushings were tested in the Westinghouse and Gen¬ 
eral Electric laboratories. These moves, while of some 
benefit, did not lead to any lasting results. Then the 
laboratories of Westinghouse and General Electric, be¬ 
tween whom the "widest divergence in results existed, 
began to interchange information on testing procedure. 
Soon Ohio Brass joined the group, then Locke, and finally 
Allis-Chalmers. For a while the group was known as 
the “laboratory group” and later as the “EEI-NEMA 
subcommittee on correlation of laboratory data.” 

No effort will be made in reporting the work of this 
committee to include any supporting data—only the 
final results will be given and with a minimum of explana¬ 
tory remarks. 



A paper recommended for publication by the AIEE committed on power 
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Test Conditions and Method of Analysis 

Flashovbr Tests 

Before any effort was made to agpree upon flashover 
values for common use, the committee laid down the re¬ 
quirement that the test points from which the curves 
were obtained in any of the participating laboratories 
should be within plus or minus 5 per cent of the average 
curve of that particular laboratory. The requirement 
was also made that the cirrves of all the laboratories be 
within a spread of less than 6 per cent. These require¬ 
ments covered both impulse and 60-cycle flashover tests. 

On this basis it is reasonable to expect that the indi¬ 
vidual points in any laboratory may have an extreme varia¬ 
tion from the average curve of plus or minus 8 per cent. 
Consequently, when the curves based upon the average 
results of all the laboratories are used for determining 
flashover values the tolerance of points detained in any 
specific laboratory from the general average curves should 
be plus or minus 8 per cent. 

During the course of the Work of the subcommittee, 
each laboratory developed its own type of equipment and 
methods for producing and measuring impulse voltages. 
The study of the technique of impulse testing was taken 
up a few years ago by a subcommittee of the AIEE in- 


Table I. Impulse Voltage Flashover—^Suspension Insulators, 
10-Inch Diameter, 5 ^/ 4 -lnch Spacing 

Barometer, 30 Inches; Temperature 77 Desrees Fahrenheit; Humidity 
0.6085-Inch Vapor Pressure 

Data From Allis-Chalmers, General Electric, Locke, Ohio Brass, and 
Westinshouse Laboratories Averaged 

Minimum Impulse Flashoyer Voltage (KUoTOlts) 


1x5 Microsecond Wave 


1.5x40 Microsecond Wave 


Number 
of Units 

Positive 

Negative 

Positive 

Negative 

1 . 

.. 155..... 

__ 186 . 

. 160 . 

. 150 

2 . 

, , 286 . 

. 296 . 

. 266 . 

. 265 

3 . 

396 . 

. 410. 

. 356...., 

.... . 345 

4 . 

.. 600..... 

..... 620 __ 

. 440 . 

. 415 

5. ...... 

.. 610..... 

. 630 . 

. 525... •.. 

. 496 

6 . 

.. 716 . 

. 750..... 

..... 610..,.. 

..... 586 

7 . 

;. 820 . 


. 695..,,. 


8....... 

.. 930.,... 

. . 976. ..... 

. 780..... 

. 760 

0 ....... 

,,1,040.,,.. 

.....1,090,.... 

..... 860,.... 

..... 845 

10 .. 

,1,146...,, 




11....... 

..1,260; . 



. 1,016 

12....... 

.,1,365..... 



_ 1,105 

13....... 

., 1,460, .... 


.....1,185. 


14... 

,.1,666. 




15....... 

..1,670__ 



.1,360 

16-... 

,.1,776...,, 


,,..,1,426..... 

.....1,445 

17....... 

..1,880. 




18. 

,,1,985_ 



.....1,615 

19.. 

..2,090,.... 


.....1,666. 


20. 

..2,200..... 





Tolerances ^ ^ 

These >aluM represent average results of tests on suspension line insulators 
of .different design and manufacture made in different laboratories. When tests 
are made in any particular laboratory up^ an insulator unit or assembly of 
specific design rad manufacture, the flashoyer should be. within plus or minus 
8 per cent of the value giv*m in tiie tabulation. 

In accordance with filEiB Stradards No. 41, the comparison should be made 
on the basis of the kyirkge flashover obt^ned from tests oh 3 separate insulator 
units or assemblies, 

Nqtb: Negative wave flashovers are inherently more erratic than po^tive 
wave flasboyers resulting in a greater chance of the tolerances being exceeded 
^ occaadhally. 


Table II. Impulse Voltage Flashover—Rod Gap 

Barometer, 30 Inches,- Temperature, 77 Degrees Fahrenheit; Humidity, 
0.6085-Inch Vapor Pressure 

Data From Allis-Chalmers, General Electric, Locke, Ohio Brass, and 
Westinghouse Laboratories Averaged 


Minimum Impulse Flashover Voltage in EHovoIts 


1x5 Microsecond Wave 


1.5x40 Microsecond Wave 


Gap Spacing — 
(Inches) 

Positive 

Negative 

Positive 

Negative 

0.5 . 

... 22.... 

... 23. 

52 

P8 

0.76... 

... 30_ 


30 


1.0 . 

... 38_ 

,.. 88. 


38 

1.6 . 

... 61_ 

... 51. 

.^1 

51 

2 . 

... 60.... 

... 62. 

nn 

62 

3 . 

... 76_ 

... 88.i..._ 

7A 

8^ 

4 . 

... 97_ 

... 103. 

. fli-o.'se 

102 

5 . 

... 120_ 

... 124. 

.106-114 

1^3 

6 . 

... 143_ 

... 146. 

.128-141 

14.3 

7 . 


... 167. 

.141-1.S.6 

163 

8 . 

... 187..., 

,,, 188. 

.159-166.... 

...: 183 . 

9 . 


... 209. 

.175-178..., 

.... 203 

10 . 

... 233_ 

... 231. 

. 190 .... 

.... 224 

12 . 


... 273. 


2.'>q-27t 

14 . 


... 316. 


.. ,20.3-318 

15 . 

... 340_ 

... 336. 

. 275 _ 

. ..309-342 

16 . 


... 360.,...., 


30.3-360 

18 ____ 


... 400_ 


. .. 360-386 

20 . 

... 440_ 

.,. 445. 

. 350 .... 

...395-415 

25 . 




490 

30 . 

... 640.... 

... 660.. 

. 505 .... 

.., 675 

40 . 

... 836.... 

... 876. 

, 650 .... 

... 740 

50 . 

...1,036_ 

...1,086.. 

. 800 

... 910 

60 . 

... 1,230.... 

.. ,1,300. 

. 045 .... 

... 1,070 

70 . 

.. .1,425_ 

...1,616.. 

, 1,095 .... 

... 1,235 

80 . 

...1,620..,. 


, 1,240 .... 

... 1,405 

90 . 

...1,816.,.. 


. 1,385 .... 

... 1,570 

‘100 . 

...2,010.... 


. 1,530 

* Dual values are due to imstable conditions the cause not being known. 


Tolerances 

These values represent average results of tests made in different laboratories. 
When tests are made in ray particular laboratory using the rod gap as a basis 
of comparison the flashover voltage shall be taken from the above tabulatiqn 
rad shall be considered as correct within plus or minus 8 per cent. 

Notb: Negative wave flashovers are inherently more erratic than positive 
wave flashovers resulting in a greater chance of the tolerances being exceeded - 
occasionally. 


struments and measurements committee and the technique 
has since then become more and more standardized. 
The laboratory group had for its major problem the study 
of the factors which cause divergence in results among 
the various laboratories rather than a study of the details 
which would lead to extreme accuracy. This latter topic 
is more properly the work of the AIEE instruments and 
mes^urements committee. 

Flashover values were obtained bn both the 1x5- 
and 1.5x40-microsecond waves. These 2 waves are 
among those proposed as standard by the AIEE sub¬ 
committee on lightning and insulators. For the work 
on this subcommittee the first number in the wave desig¬ 
nation was taken as indicatinjg the tinie in microseconds 
from the virtual time zero to actual crest voltage, and 
the second number as indicating the time from: the virtual 
time zero to the point on the tail of the wave where the 
voltage is h^ of the crest value. The flashover data 
recorded is the crest vadue of tte minimum impulse flash- 
over voltage (full wave) and is given for both negative 
smd positi^ polarity 

The virtual time zero is the point of ihtersectibn 
the zero voltage deflection line pf ■ a line drawn though 
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VAPOR PRESSURE— INCHES MERCURY 


Figure 1. Humidity correction factor for 60-cycle and 
positive-wave impulse flashover of rod gap and suspension 
line insulators 

For humidities 0.75 Inch and above the correction Is less reliable on 
account of the erratic data from which the correction was determined 

Curve values apply to flashover voltages above 141-lev crest. For 
lower flashover voltages reduce H In proportion H' = H kv/140 


points on the front of the wave at 10 per cent and 90 per 
cent of the crest voltage deflection. 

All 60-cycle tests were made in accordance with the 
rules of the AIEE. 

Voltage measurements were made in some cases by 
means of sphere gaps and in other cases by means of the 
cathode-ray oscillograph. The flashover values given 
are all based on the revised sphere gap calibrations given 
in the report of the AIEE subcommittee of the instruments 
and measurements committee, and published on page 
783 of the July 1936 issue of Electrical Engineering. 

Humidity Effects 

Data on the effect of variations of humidity on the 
flashover have been analyzed and correction factors de¬ 
veloped. The flashover data for each insulator assembly 
and gap spacing were plotted against the recorded hu- 
midiiy and the flashover voltage determined for the standard 
vapor pressure. This reference value was then used as the 
base for determining individual correction factors for the 
test points. The curves of correction factors thus ob¬ 
tained for Various insulator assemblies and gap spacings 
were combined and the most probable average ctirve 
determmed. The accuracy of the data did not support 
any differentiation between" the correction factor for rod 
gaps and insulators at the present time. 

It should be noted that there is a wide variation of the 


points in some cases, especially for the higher values of 
humidity. Accordingly, it is highly possible that some 
inconsistencies may be encountered when flashover tests 
are made at high humidities. 

Results 

Flashover Data 

The average flashover voltages agreed upon for in¬ 
sulators and rod gaps are given in tables I, II, and III. 
In the opinion of the committee these values are suflflciently 
accurate to warrant their use for co-ordination pur¬ 
pose and are recommended for use until such time as 
sufficient additional data are obtained to confirm or 
modify them. 

Humidity Correction 

The curves showing the correction factors to be used 
for variation in humidify are shown in figure 1. The 
correction is given in 2 forms: As a “correction factor” 
by which the observed flashover is to be multiplied; and 
as a “humidify correction" which is the percentage to be 
added to or subtracted from the observed flashover. 


Table III. 60-Cycle Voltage Flashover—^Suspension Insula¬ 
tors, 10-Inch Diameter, 5 ^/ 4 -lnch Spacing, and Rod Gaps 

Barometer, 30 Inches; Temperature, 77 Degrees Fahrenheit; Humidity, 
0.6085-Inch Vapor Pressure 

Data From Allls-Chalmers, General Electric, Locke, Ohio Brass, and' 
Westinghouse Laboratories Averaged 


Suspension Insulators Rod Gaps 


Number 

Flashover Voltage 

Gap Spacing 

Flashover Voltage 

of Units 

(Effective Kilovolts) 

(Inches) 

(Effective Kilovolts) 

1..... 


0.6 . 

. 11.6 

2. 


0.76. 


3. 

.216 

1 . 

. 22.6 

4. 


1.6. 


6. 


2 ..... 


6. 

.380 

3 . 

. 60 

7. 

..436 

4 . 


8. 

.486 

5 . 

. 66 

9. 

.640 

6 . 


10..... 

.690 

8 . 


11. 

..640 

10 . 

........106 

12..... 

.690 

16 . 


13. 

.736 

20 . 

..200 

14. 

...786 

30 . 


16. 

.830 

40 . 

.385 

16. 

.876 

60 ..... 


17. 

.920 

60 . 


18. 

.966 

70 . 

..665 



80 . 




90 . 

.836 

Tolerances 


StrsPBNSiOM Insulators* 

These values represent average results of tests on suspension line insulators 
of different design and manufacture made in different laboratories. When tests 
are nmde in any particular laboratory upon an insulator unit or assembly of 
specific design or manufacture, the flashover should be within plus or minus 
8 per cent of the value given in the tabulation. In accordance with AIEBl 
Standards No. 41, the comparison should be made on the basis of the average 
flashover obtained from tests on 3 separate insulator units or assemblies. 

Rod Gaps 

These values represent the result of tests on rod gaps made in different 
laboratories. When tests are made in any particular laboratory using the rod 
gap as a basis of comparison, the flashover voltage shall be taken from the 
above tabulation and shall be conddered as coinrect sdthiin plus or minus 8 
per cent. 

, It should be noted that the sphere gap is the standard for voltage measure-r 
ments and that the rod gap is to be used only when approdmate results will be 
satisfactory. . 
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Insulation Co-ordination 


By PHILIP SPORN 

FELLOW AIEE 

I. Introduction 

T his subject of insulation co-ordination has been 
an active one for the past 10 years or so. It was 
initially presented and discussed in 1928. ^ Since 
then, the subject was taken up by practically all groups 
interested in the transmission problem including de¬ 
signers and operators of electric S 3 ^tems. As the study 
of the problem gathered headway, the need for further 
investigation work became quicMy apparent. A great 
number of individual researches were thus started. All 
of them although closely related were not entirely co¬ 
ordinated. Each of them, however, in its own way, ar¬ 
rived at a solution of all, or of a part of the problem of 
co-ordinating the insulation strength of the electric system. 

Such investigation and research work included*"^ 
field investigation of lightning on transmission lin^, 
determination of system overvoltages, experience in 
actual practice, collection and analysis of operating rec¬ 
ords of apparatus and s 3 fs tern performance. In the labo¬ 
ratory, a great deal of work was also done in determining 
the insulation strength of various pieces of apparatus 
and equipment. Included in this work was a determina¬ 
tion of transformer safe impulse strength-, flashover 
characteristics of insulators, gaps, and some work, still 
incomplete, on impulse strength of switch insulators and 
bushings. 

n. Objective of Insulation Co-ordination 

All of this work, the scope and inter-relationship of 
which is daily becoming closer, has as its goal, insulation 
co-ordination. 

Insulation co-ordination has 2 main objectives: (1) 
protection of service and equipment, and (2) economy. 
Strictly speaking, however, these 2 objectives merge into 
one—economy. Ihis is true of every problem in protec¬ 
tion. In the case of insulation co-ordination, what is 
aimed at is an electric system so insulated in its various 
parts and sudh an arrangement in the insulation strengths 
of the various parts as regards one another that tmder 
all conditions the grade of service aimed at is obtained at 
a minimiitn cost. In the item of cost, there must be 
included, of necessity, fixed charges on first cost of equip¬ 
ment, cost of damages, cost of outages, cost of spare 
equipmehti, and cost or Value of decreni^t or increment 
in good will. 

ni. More Detailed statement 
of the Co-ordination Problem 

As stated above, ihsttlatiqn co-ordination from a very 
broad standpoint becomes an econoniic problem. That, 
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however, is not adequate for a thorough analysis of the 
problem. For in any such analysis it must be recognized 
that what one is generally confronted with in a ptiysical 
plane is insulation strength or insulation failure, both 
in the right and in the wrong places. 

Now insulation strength raises the question of over¬ 
voltages. These overvoltages may be divided in:|o 3 
groups: 

First: Those due to 60-cycle or normal frequency 
Second: Those due to switching surges 
Third: Those due to lightning 

In the past, 60-cycle overvoltages have, in general, not 
been the subject of any grave concern and we can view 
the standard overvoltage test of equipment as a safe cri¬ 
terion to Use in selecting insulation on a normal frequency 
basis alone. However, the fact that apparatus designed, 
tested, and used on the standard double-voltage test 
has given satisfactory service should not blind us to the 
pc^sibilily that a less severe 60-cycle test would Have 
given equally satisfactory results. If this should prove 
to be true, it is obvious that insulation can be reduced 
from the past standards even on a 60-cycle basis with 
considerable economic gain and without any loss of re¬ 
liability of service. 

The second type of voltage to be protected against is 
the switching surge. Here, bur basic knowledge on 
switching surges, both as regards the characteristics of 
such surges and the ability of insulation to witbstand 
them,^®'^® needs enlargement.. However, troubles from 
this source have not been frequent. But switching surges 
can by no means be overlooked in setting up insulation 
levels and carrying through any plan of co-ordinatiou. 

The third type of overvoltage is the one which has been 
g^ven most consideration during the past decade, namely, 
lightning voltages, and it is around this phase that in¬ 
sulation co-ordination problem now largely centers. 

The insulation used to furnish protection against these 
overvoltages must of necessity be of the same material 
as that used to supply the insulation against the ftormcd 
60-cycle voltages, that is, it must consist of additional 
oil, fiber, air, or porcelain. The only problem is how far 
to go if that me^od of avoiding trouble is choseii. The 
general principle of overinsulation, that is, adding in¬ 
sulation above past accepted standards has not proved 
very successful. Where it has been resorted to in the 
past and has not resulted in the mere transferring of the 

A paper recommended for publication by the AIBB committees 9“ protective 
devices and electrical macUnery. Manuscript, submitted Maroli 36, 1937: 
released for publication April 12, 1987.. 

PHnjiP Sporn is vice-president and chief eht^eer of the American. Om and 
Electric Company, New York. N. Y. I. W. Gross Is electrical resewcfa. en^- 
neer with the same company. 
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trouble to some other point in the system, it has invari¬ 
ably been at heavy economic expense. The alternative 
to additional insulation is a group of protective devices 
such as gaps, lightning arresters, etc. It is unfortunate 
that, although a great deal of practice has concentrated 
in that line, altogether too little has been known about 
most such devices as lightning arresters and gaps. Some 
of the more recent work on insulation co-ordination has 
clearly brought this out. 

In any event, regardless of whether adequate insulation 
alone or overinsulation alone is used, or protective de¬ 
vices alone, or a combination of these is employed, it is 
apparent, as was initially^ clearly shown that insulation 
levels must be, set up for all the different groups of ap¬ 
paratus, with proper grading between all the links in every 
insulation chain at ainy particular level, and satisfactory 
margin of safety supplied at each of the levels. 

IV. Information Needed 

In setting up such insulation levels, there are several 
essential requirements: First, the expected magnitude and 
characteristics of overvoltages must be known with some 
degree of certainty; this applies not only to lightning 
voltages but also to 60-cycle and switching surge voltages. 
Coupled with this, information on the safe insulation 
s^ength of apparatus must be available. Finally, the 
voltage protective characteristics of the protective de¬ 
vices used under operating conditions must be known 
with a reasonable degree of certainty. 

In this connection an important factor which has re¬ 
ceived very little attention is the question of margins at 
the various insiilation levels which are finally adopted be¬ 
tween eqtdpment and protective device. For example, 
if a transformer will withstand, safely, an impulse volt¬ 
age of, say, 600 kv, the question must be asked as to how 
much margin should be allowed between the transformer 
and the protective device to insure that the protective 
device will prevent excessive voltage on the transformer. 
The same consideration must obviously be given to other 
pieces of equipment on a system, such as bushings, bus 
insulators, instrument transformers, etc. The correctness 
of such m^gins as adopted will eventually have to be 
tried out ^d proved under operating conditions. 

As information of this kind is obtained and correlated, 
it win eventually make possible a scientifically sound co¬ 
ordinated system of insulation levels for the various op¬ 
erating voltages with proper margins or steps for every 
insulation level between the different component parts of 
the transmission system, such, for example, as between 
the liansformer and the switch insulators, between the 
switch insulators and the bus, and between other similar 
links in the insulation chain. 

V- Progress to Date 

In reviewing sdme of th^ work which has been done to 
date, the following points are of interest as indicative of 
the ^progress made in insulation co-ordination ; First, 
60-cycle strehg^s are pretty well known for transfoimers, 
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bushings, suspension insulators, pedestal insulators, gaps, 
etc. Second, some work has been done in obtaining mag¬ 
nitude of switching surges and data on the ability of in¬ 
sulation to withstand them. Third, and this is probably 
the most important, impulse strength of many of the 
most important items of high-voltage equipment has 
been determined with some degree of certainty. Thus 
transformers are now being commercially impulse-tested; 
information is available on impulse strength of trans¬ 
former bushings; the characteristics of the lightning 
arrester which, in the past, was a semi-mysterious pro¬ 
tecting device, are much better understood and the pro¬ 
tective ability of the arrester fairly well known under an 
ever-increasing number of operating conditions. Also, a 
great deal of work has been done in determining the im¬ 
pulse characteristics of gaps under surge conditions. In 
this connection, it is pertinent to point out that the rec¬ 
ognized impulse laboratories today have so improved 
and perfected their technique that they are now almost 
universally operating on a basis where comparable data 
can be obtained. 

While much data have been obtained, and are being 
obtained, on impulse characteristics of insulation, the 
m^ problem of utilizing these data effectively in insula¬ 
tion co-ordination has not progressed as rapidly. This 
however, is natural in view of tlie fact that a practical 
and workable system of co-ordination must await the 
time when information is available on the insulation 
strengths of all the apparatus concerned and accurate 
knowledge of the impulse characteristics of the protective 
devices employed. Fortunately, however, a great deal 
of the fundamental data are now available and insula¬ 
tion co-ordination is beginning to take form. Only re¬ 
cently, as reported in the companion paper, basic insula¬ 
tion levels for the preferred voltage ratings have been 
adopted. This will undoubtedly serve as a stimulus to 
the more active pursuit of the work needed to bring about 
co-ordination. But it must not be forgotten that the 
entire problem of correlating the laboratory test data, the 
field data, and various ideas and theories of electrical 
system design into a practical, workable system of in¬ 
sulation and protective levels still remains to be done. 

Insulation Co-ordination Chart 

So many different groups have been working on this 
subject each within its own field that it is believed that 
it will be helpful to present a rather complete picture of 
the insulation strength of major equipment and protec¬ 
tion available. With this thought in mind, the authors 
have collected and correlated a great deal of the available 
data on the subject and have prepared it in graph form. 
This is shown in the insulation co-ordination chart, 
figure 1. It is presented as an accumulation of data bear¬ 
ing on the insulation problem which in their own work 
the authors have found useful time and again to get and 
keep an over-all picture of the insulation problem in all 
voltage classes from 1 kv to one step beyond the present 
range of operating voltages, namely, 347 kv. 

On this chart there have been plotted, in the upper left- 
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INSULATION CO-ORDINATION CHART 
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hand comer, the impulse characteristics, both positive 
and negative, and 60-cycle flashover values of suspension 
insulators from 1 to 20. Flashover characteristics of the 
rod gap, which has been extensively used during the past 
niunber of years as a measuring and test device for co¬ 
ordinating the work of the laboratories, are shown im¬ 
mediately below the insulator data. In the lower right- 
hand comer is a graphic presentation of the magnitude of 
switching surges as actually observed from field studies 
under operating conditions. The major group of lines 
nmning diagonally through the center of the chart repre¬ 
sents the insulation characteristics of various pieces of 
equipment, and lightning arresters and also multiples of 
system line to neutral voltages. For easy identification, 
the preferred voltage class of insulation is shown by ver¬ 
tical lines located at the proper spacing as determined 
by the phase-to-phase system voltage scale at the bottom 
of the chart. 

By the use of the chart it is possible to get a rather 
complete over-all pictiure of the insulation situation in 
any voltage class by merely following a vertical line marked 
with the preferred voltage class: For example, reading 
values from the chart, on a 138-kv system the impulse 
test on transformers would be 680 kv, the im¬ 
pulse flashover of the bushing 720 kv. A 100 per cent 
arrester would have an IR drop, at 5,000 amperes through 
the arrester of approximately 600 kv, leaving a margin 
between the arrester and the transformer of approximately 
90 kv. To determine the test gap which would be used 
in testing the 138-kv transformer according to AIEE 
transformer standards, merely trace horizontally from 
the intersection of the 138-kv vertical line with the trans¬ 
former test (diagonal line) to the gap curve which shows 
a 42V2-inch gap. Such a gap, however (tracing ver¬ 
tically upward) would have a flashov^ of approximately 
770 kv with a negative lV2x40 wave, 925 kv with a 
1x5 negative wave, 1,290 kv if the impulse rose at the 
rate of 500 kv per microsecond positive, and 1,600 kv if 
the impulse rose at the rate of 1,000 kv per microsecond. 
It is obvious that such a gap furnishes little protection to 
the transformer under impulse if it is assumed that the 
test value of the transformer is approximately its safe 
strength. 

Another interesting point can be determined from this 
chart. Again start at the intersection of the 138-kv pre¬ 
ferred voltage class line with the transformer test curve and 
go horizontally to thegap curvefor l,000kvp^microsecQnd. 
It is observed that a gap set at I 6 V 2 inches would flash 
over at 690 kv, that is^ at the same value at which the 
transformer would be tested. Following down to the 
60-cycle gap flashover curve, it is seen that such a I 6 V 2 - 
indi gap would flash over at 165 kv and again going hori¬ 
zontally from ^s point to the 138-kv preferred voltage 
class line it appears that such a voltage would be approxi¬ 
mately 2.i times normal hhe to neutral volt^e. Thus 
a gap which wiH l^t a steep wave front posiitive surge 
in oi^er bf i 1,000 kv per" m^^ the tested traaiSr 

former str^gth would have siidi a low 60-cycle flashover' 
that it would undoubtedly result in: increased service 


In applying lightning arresters for protection there 
should, of course, be some margin between the terminal 
voltage of the arrester under impulse conditions and the 
safe strength of the apparatus which it is to protect. 
This margin has been shown near the bottom, of the chart 
for the 100 per cent arrester, as a full line cujrve. It will 
be noted that this margin varies from approximately 35 
kv in the 2,500-volt class to 120 kv at an operating volt¬ 
age of 230 kv. This gives an idea of the general range 
of margins which have been possible in recemt years. A 
curve slightly higher up is also drawn showing the im¬ 
pulse characteristics of an 80 per cent lightning arrester. 
The so-called 80 per cent arrester is taken as one having 
80 per cent of the active material of a 100 per cent ar¬ 
rester and in general is considered suitable for use only on 
a grounded neutral system of normal rating or on an iso¬ 
lated neutral system rated 80 per cent of the conventional 
Ido iier cent arrester voltage. 

Reverting to the example of the 138-lc'v* insulation 
cited above, it will be noted that a 100 per cent arrester 
would not supply any protection for a transformer in the 
115-kv class. However, if an 80 per cent arrester were 
used there is a margin between the arrester and 115-kv 
class of transformer insulation of approximately 110 kv. 
This 80 per cent arrester, however, has little margin for a 
standard 92-kv transformer, the transformer test and 
lightning arrester IR drop being about equal. Thus, it is 
apparent that if it is deemed safe to use an 80 per cent 
arrester on a 132-kv system (and this is entirely feasible 
where the 60-cycle voltage is limited by system ground¬ 
ing, etc.) it is possible, from the impulse protection point 
of view, to use insulation in the 115-kv class. If it is 
possible to cut the arrester to below 80 per cent it may be 
possible to use a transformer even in the 92-kv class 
without decreasing the margin of safety appreciably be¬ 
low that used in the past with standard lOO per cent 
arresters. Cases of this kind where reduced, insulation 
has been used on our own system with a substantial 
economic saving will be cited below. In every case care¬ 
ful analysis shows that ample margins of insulation re¬ 
mained between the transformer and arrester levels. 

It is believed that this chart will be found useful in 
analyzing in a general way with consideral>le accuracy 
many problems of the above character. 

It should be pointed out that some of the data in the 
above chart are subject to further check and confirmation, 
such, for example, as impulse flashover of swi-tch insulators 
and the IR drop characteristics of modem lightning 
arresters present-day conditions. A ll data, how¬ 

ever, have been collected from sources believed to be re¬ 
liable and are the best available at the present time. 

VI. Present Insulation Practice 

of American Gas and Electric Compajiy 

In the work on their own ^stem the authors have been 
using the principles' of co-ordination over the p^sst 10 years, 
v Initially the basic idea sought was tq have d ie various 


outages under overswitching surge conditions.* 
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component parts of the transmission system properly in¬ 
sulated with regard to each other and all properly insu¬ 
lated for the operating voltage and conditions encountered. 
But as they progressed in their work and in thinking out 
the problem, the ideas of co-ordination began to offer 
more and more means of reducing intelligently the cost 
of transmission equipment. Some 5 years ago, therefore, 
the authors first went thoroughly into the insulation 
problem presented by a 132-kv transformer installation 
and, as a result, placed in service a reduced insulation 
transformer, that is, one with insulation lower than normal 
for the system rating. As a matter of fact, they actually 
used 115-kv instilation on a grounded-neutral 132-kv 
system. Several very similar installations involving 
large 132-kv transformer banks have been placed in 
service on their system during the past year and others 
are being added. A comparison of the insulation co- 



Figure 2. Insulation co-ordination on srounded-neutral 132- 
kv system of American Gas & Electric Company (installation 
in 1936) 


ordination of such a transforms with some of the oths 
links in the msulation chain in the station is shown m 
figure 2. It will be noted that on an impulse basis, the 
transforms tested strength is approximately 40 ps cent 
above the lightning mrests IR drop. It will also be 
noted that the switch, insula.tors have an impulse strength 
some 5 ps cent above the transforms strength and the 
bus some 50 ps cent above the switches. The trans¬ 


forms practice, at 5 ps cent above the transforms test. 
In this connection, howevs, it may be well to point out 
that the practice of gapping transforms bushings in 
service to the 5 ps cent margin above the transformer 
test recommended by the transforms subcommittee 
has been recently discontinued by the authors. 

Thse are 3 reasons for doing this: First, the impulse 
characteristics of the transformer bushing, with gap spac- 
ings recommended, does not indicate that protection 
will be afforded the transforms on steep wave fronts; 
second, if the gap on the bushing flashes ovs thse is al¬ 
most sure to be sufficient damage to the bushing so that 
extensive repairs have to be made, in many cases, not 
only to the bushing itself but to oths bushings. Two 
cases of this kind have been e 2 q)erienced in the last year 
on gapped bushings. Third, transforms bushings in 
the lows voltage class, if gapped, have such small me¬ 
chanical clearance that these gapped bushings become 
hazards in a major substation instead of safely devices. 

It will be noted also in figure 2 that the bus insulators, 
both impulse and 60-cycle, are placed well above any 
other equipment in the station. This policy the authors 
have consistently followed on the basis that any damage 
to the bus structure may involve service interruptions 
sometimes that will affect a larger area of service than 
damage to any other piece of equipment of embarrassing 
durations. 

Selecting Transformer Insulation 

In selecting reduced insulation for large-size high-volt¬ 
age transformers, the procedure followed by the authors 
within the past year has been as follows; 

1. The overvoltages on a system, due to faults or other effects, 
such as hydro, are calculated and on this basis a suitable aixester is 
selected adequate to stand up in service under the worst 60-cycle 
voltage conditions. 

2. The impulse characteristics of this arrester are determined. 

3. The transformer impulse strength is placed at a margin con¬ 
sidered safe above the lightning arrester voltage and the class of 
insulation into which that transformer falls is then selected. 

In other words, the start is with the lightning arrester as 
a protective level; the necessary margin between the 
arrester and the transformer is then set, and then the 
transformer insulation level is picked. As mentioned 
above, this has resulted on the authors’ system in the 
selection during the past year of several large-sized trans¬ 
formers with 115-kv class insulation for 138-kv class of 
service. There has even been considered in one case, so 
far, and it is believed feasible, to use so-called 92-kv class 
insulation for 138-kv service where 60-cycle voltage 
conditions are favorable. 

This plan of so-called reduced insulation not only re¬ 
sults in economic savings in the initial cost of the tra.ns- 
former, but also gives added protection to other equip- 
in the station by holding the impulse level low with 
a low-rated arrester. In view of the fact that the authors 


f U i:‘ . . ' ^ve gone extensively into the practice of locatini 

former bushings were gapped, according to present trans- lightning arresters directly on the transformer and arl 
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gradually removing them from the lines at the line en¬ 
trance, greater protection will be supplied the entire 
station by the reduced-rated arrester than would be possible 
with the so-called 100 per cent arrester. Thus, the ini¬ 
tial reduction of transformer insulation to a lower voltage 
class has resulted not only in a more economical trans¬ 
former but greater protection for the entire station con¬ 
cerned. 


result of their work on the problem and on which we are 
now getting their field trials. There have also been 
outlined some of the methods which they have employed 
in arriving at the various insulation steps which they 
have employed in their more recent design work, and it is 
hoped that some of the work described above, the basis 
on which it was arrived, and the data used, may be useful 
to others who are now working on this problem. The 


Bus and Switching Insulation Practice 

In tables I and II are given 60-cycle and impulse volt¬ 
age characteristics of the present standards which are 
being used for switches and insulators in station design 
on the authors’ system. A comparison is made in these 
tables with values recommended by National Electrical 
Manufacturers Association. It will be noted that the 
authors’ practice calls for flashover values, both 60-cycle 
and impulse, except for post-type insulators in the 132-kv 
class, which are higher than NEMA recommendations. 
While it may be possible to use insulation with lower 
flashover than the authors’ indicated practice, it should be 
kept in niind that bus insulators are only a small portion 
of the cost of the total station equipment, and the steps in 
insulation from one insulator to another are so large that 
it is not usually feasible to hew closely to a given mini¬ 
mum insulation value. Further, the bus is one part of 
the system that it is well to protect against flashover under 
any condition, leaving the more finely graded steps of in¬ 
sulation to be worked out for the other links of equip¬ 
ment and apparatus in the station. 

It will be noted that there is one outstanding case where 
the authors* insulation practice is below a NEMA recom¬ 
mendation, and that is for post-type insulators in the 
132-kv class where the impulse strength is about 15 per 
cent below NEMA recommendation. It should be pointed 
out, however, that in practically all of the cases where 
these are used there exists lightning arrester protection 
designed to hold impulse voltages down below the bus 
insulator level. It is interesting to note, in this connec¬ 
tion, that this lower insulation which has been used in 


Table I. Bus and Switch Insulation Practice—Post Type 

Insulators 


Nominal 

Operating 

XiloTolts 


60-Cycle Flashorer (Kilovolts) 
A. G. & B. Co. NEMA 


Impulse 1>/3 z 40 
Positive* 
(Kilovolts) 


Dry Wet Dry Wet A.G.&E.C 0 . NEMA 


4 ... 

... 86... 

... 60... 

... 56... 

... 86 ... 

...106... 

...74 

6.9... 

...100... 

... 70... 

... 76... 

... 60 ... 

...145... 

...105 

12 ... 

...100... 

... 70... 

... 76... 

... 60 ... 

...145... 

...250 

16 ... 

...100... 

... 70... 

... 76... 

... 60 ... 

...146... 

...250 

22 ... 

...140... 

...100... 

... 96... 

... 70 ... 

...210... 

...145 

27 ... 

...150... 

...115... 

...126... 

...100 ... 

...240... 

...210 

38 ... 

...160... 

.. .115... 

...126... 

...100 ... 

...240.., 

...210 

44 ... 

...196... 

...146... 

...166... 

...125 ... 

...800... 

...260 

66 ... 

...300... 

...236... 

...220... 

...180 ... 

...600... 

...380 

88 ... 

...390... 

...290... 

...296... 

...240t... 

...610... 

...600 

132 ... 

...386... 

...286... 

...400... 

...350 ... 

...620... 

...736 


* Based on some available data and ratio of impulse to 60-cycle values, 
t No NEMA rating—value calculated. 


Table II. Bus Insulation Practice—^Suspension Insulators 


60-Cycle Flashover (KUovoltB) 


Nominal 

Operating 

Kilovolts 

A. G. 

A B. Co. 

Impulse 
U/aW Positive 
(Kilovolts) 

Dry 

Wet 

4 . 

.80. 


.125 

6.9. 




12 . 




16 .. 




22 . 

.196. 



27 . 




33 .. 

.235. 



44 . 




66 . 

.330. 

...265. 

.605 

88 .. 




132 . 

.660. 

.437_ 



some 35 stations On their 132-kv system, has according 
to their records, some of which go back 20 years, never 
resulted in a major case of trouble. 

Vn. Work still to Be Done 

As pointed out in the early part of the paper, a great 
deal of work, has been done in obtaining fundamental 
data on the characteristics of insulated equipment and 
protective devices. The work of correlating these data 
and setting up workable insulation systems has been in 
progress for the past few years. Further and fairly rapid 
prOgre^ may be expected in the next 2 years. But it 
needs to be stressed that whatever co-ordination system 
may be set upi it is bouhd to be, in part at least, based 
On theory, and to tiiat extent must receive its final test 
in field experienced ^ 

The authors have outlined above, in a rather general 
way, some of the pr^ctic^ which they have adopted as a 


authors look forward with confidence to the not too dis¬ 
tant future when a group of insulation levels will have 
been set up, with all links Of the insulation chain speci¬ 
fied in magnitude, and with workable margins between 
links properly applied. 

There is one final point which needs to be stressed in 
connection with this work of insulation co-ordination and 
that relates to equipment now in service which was de¬ 
signed and built with very little, if any, consideration 
given to its impulse strength. . A great deal of such equip¬ 
ment is now in service and will of necessity have to re¬ 
main so for many years to come. The problem of cor- 
ordinating and protecting this insulation is one which will 
assume considerable imjportance in the future, particularly 
when the equipment becomes older. It is believed, how¬ 
ever, that as progress is made in the simpler probl^ of 
insulation co-ordination on new equipment, the prin-r 
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ciples and practices arrived at will be helpful in setting 
up protective measures for older equipment as well. 
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2. Provisions that are easy and inexpensive to make and that reduce 
the spread of fire or consequential damage within a fire section: (a) 
seaKng of holes in floors or internal parts of any single fire section 
that has natural structural barriers; (6) the elimination of com¬ 
bustible matter not inherent to plant. 

3. Provisions that while not essenMal are desirable and should be 
applied where the importance or special conditions of the station justify 
the expenditure: (a) floor drainage to remove oil quickly; (6) per¬ 
manent and local fire-extinguishing plant either automatic or remote- 
controlled if the station is permanently attended. 

An important factor in any oil-fire fighting arrangement 
is the dense black smoke which impedes or prohibits access 
to the seat of the fire. This is a most serious considera¬ 
tion in dealing with fires which occur in the inner regions 
of large power stations, for example, and for this reason it 
is strongly recommended that where possible, and except 
where small-size plant only is in question, all large trans¬ 
formers or switchgear should be mounted in separate 
buildings or in chambers opening to the outer air and 
sealed off from the inner side. Where this is not possible, 
automatic or remote-controlled forms of fire attack should 
always be employed, to make immediate attack on the 
fire without actual access being necessary. 

A second important matter in all electrical failures is 
to eliminate the electrical contribution to the fire as 
rapidly as possible by tripping the switches connected to 


Fire Precautions in Electrical Stations 

THE PAPER “Fire Precautions in Major Electrical 
■ Stations” by F. C. Winfield (A’22) chief electrical 
engineer, Merz & McClellan, Newcastle-on-l^ne, Eng¬ 
land, was presented recently in London before The Insti¬ 
tution of Electrical Eng^eers. In this 10-page paper, 
which has 5 illustrations, the fact is observed that while 
electrical duplication or multiplication of equipment is 
recognized as essential, its complement—true physical 
segregation of duplicates to secure against the fire or 
explosion risk—^has not received as much attention. 
However, it is emphasized that the rare occurrence of se¬ 
rious fires, a condition secured by the use of sound plant 
and good protective gear, justifies a different treat¬ 
ment. It is stated that “the eggs shall not be car¬ 
ried in one basket”; however, the conditions do not 
fli8-t eacfli “egg” be carried in a separate basket. 
A single clear division of plant into 2 parts is frequently 
sufficient. ; The “unit principle” of electrical arrange¬ 
ments, which means that eaiffi major item of equipment is 
pro^dad mth its own Separaite and distinct control and 
auxihaiy equipmeht, is favored by the author. 

principles in fire considerations may be 
enumerated in 3 classes: 

1. Provisions whith always ought to be made: (a) the use of switch¬ 
gear and plant of adequate (Mpadty, souniUy designed and con- 
stoided and provided with suitaMe : automatic protective arrange- 
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tne attected bus bars and the corresponding remote feeder 
switches. If a sound basis can be found for doing this 
automatically so much to the good, but in any case 
opiating instructions ought to provide for immediate 
action of this type, starting with the section switches, 
whenever a fire or explosion occurs. 

Since prevention is better than cure, routine testing of 
insulation to find possible sources of failure that might 
cause fire is desirable. Unfortunately, no form of routine 
insulation testing has yet been devised which has not 
important objections. The so-called Doble method of 
testing, which makes routine field tests of watts loss and 
power factor with a specially portable apparatus and 
compares these one against another and all against con¬ 
tinuous records of past testing, has shown promising 
resitits although there are at present certain physical 
limitations in its application to metalclad switch equip¬ 
ments. 

Despite all precautions, fire cannot be absolutely pre¬ 
cluded and the only ultimate safeguard must'be a reason¬ 
able fire-sectioning of the plant, so that a fire or explosion 
h limited in its worst effect to a section or group of plant 
items which can in emergency Tbe done without. Distinct 
buildings are to be preferred to barrier walls to reduce 
the possibility of damage by explosions, and it is suggested 
that one wall of structures have adequate utindows or 
doors secured Hghtly so that a relief vent will be provided 
to Reduce the force of explosions. Because of tiie rarity 
of serious fires, the actual loss sustained in damaged 
equipment or buildings is not of importance. 
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A New High-Speed Cathode-Ray Oscillograph 


By H. P. KUEHNI SIMON RAMO 
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Synopsis 

A historical review of advances in the design of high¬ 
speed cathode-ray oscillographs and in particular a de¬ 
scription of the development, performance, and applica¬ 
tion of a new type oscillograph is presented in this paper. 
The new instrumait embodies a sealed-glass, high-vac¬ 
uum, hot-cathode, cathode-ray tube for operation at 
15,000 volts. 


S INCE its birth in 1897^ the cathode-ray oscillograph 
has maintained a position of unchallenged and 
ever-increasing importance in the realm of prob¬ 
lems relating to high-speed electrical phenomena. It 
owes this distinction to its inherent capability of faith¬ 
fully recording electrical transients of extremely short 
duration. Among many other accomplishments the 
cathode-ray oscillograph has contributed enormously 
to the progress in the perfection of electrical insulation 
and to a better understanding of insulation problems 
in general. For example, the knowledge of the char¬ 
acteristics of electrical stresses produced' by, light¬ 
ning disturbances on power transmission and dis¬ 
tribution systems has been greatly expanded. As a re¬ 
sult of these studies, standardized high-voltage impulse 
tests are now widely made in the industry’s laboratories 
on electrical equipment and apparatus using artificial 
lightning of prescribed wave shapes. The modern exact 
impulse-testing technique of today is quite unthinkable 
without the cathode-ray oscillograph. Likewise the cath¬ 
ode-ray oscillograph has been indi^ensable in the studies 
of recovery voltages during circuit interruption and thus 
in a large measure responsible for the present state of 
perfection of the modern circuit breaker. 

The evolution of the cathode-ray oscillograph, from 
its early beginning to the various practical forms which 
are in use today> has occupied a period of 40 years. It 
would be impossible here to give a full and detailed ac¬ 
count of all the valuable developmental work that has been 
done. Hdwever, a brief survey of the principal steps in 
the development is made below to serve as a background 
for the hew cathode-ray oscillograph which is described 
in this paper, • 

Historical Review 

The earliest cathode-ray oscillograph tube which 
Bfatm® invented in 1897 consisted of a sealed evacuated 
gla^ tubei a “cold” cathode, m anode, a diaphragm 
with a sm^ hole at its center and a fluorescent screen. 
The electrons, originating at t^^ cathode, traversed the 
aperture in lie (haplhagm and ini^ fluores¬ 


cent screen to produce there a luminous spot. Shortly 
after, a magnetic concentration coil* was added by means 
of which the luminous spot could be focused. At first 
the electrons forming the cathode-ray beams were de¬ 
flected magnetically; later, electrostatic deflection plates 
were added. With early tubes of this kind, at excitation 
voltages of 30 kv, Zenneck photographed fluorescent 
screen traces of electrical events of one millisecond dura¬ 
tion.^ During the course of the years the original Bratm 
tube was gradually improved^* by adding a hot cathode, 
gas, or electrostatic focusing means, and beam intensity 
grid controls. Today this type of tube is widely available 
commercially and is commonly used in low-voltage cathode- 
ray oscillographs of the repeating-time-axis type for the 
study of recurring phenomena. In slightly modified 
form it now also is finding an important place in the field 
of television. 

Because of its recording speed limitations the early 
Braun tube was found inadequate to satisfy a growing 
demand for higher and higher recording speeds. This 
led to a radically new avenue of attack and Dufour in 1914 
introduced the photographic plate inside the vacuum to 
let the electrons impinge directly on the photographic 
emulsion.® He used vacuum pumps to obtain and hold 
the necessary operating vacuum after insertion of the 
photographic film. At cathode excitation voltages of 
50 or 60 kv Dufour obtained a recording speed of 1,000 
kilometers per second. The early Braun tube had a re¬ 
cording speed of perhaps one kilometer per second. Based 
on his earlier ejiperiments Dufour constructed the first 
practical cathode-ray oscillogpraph of the so-called inter¬ 
nal-photography lype, a description of which he pub¬ 
lished in 1920.“ For an excellent history of the cathode- 
ray oscillograph with a complete bibliography up to 
1925 reference is made here to a paper by MacGregor- 
Morris and Mines.“ 

The successful production of a practical high-speed 
cathode-ray oscillograph by Dufour“ stimulated many 
others to follow his lead. Numerous investigators, among 
them Dufour himself, R6gowski“ and Flegler, Gabor,®® 
Nbrrinder,®® Wood,“ and KnbU,®® developed new arti¬ 
fices such as improved methods of focusing by the addi¬ 
tion of a second concentrating coil, division of the vacuum 
chamber into 2 sections having different degrees of vac¬ 
uum, new shapes of cathodes and anodes, beam traps 
and improvements in the vacuum system. Modified 
forms of the Dufour-type high-voltage internal recording 
instruments for practical use in laboratory and field work 

A. paper recommeaded for publicatioa by the AiBB coxamittee on instruments 
and measurements. Manuscript subletted March 2S, 1937; released for 
: publication April 24, 1937. 

B;, I*. Kubhmi and Sdion Ramo are employed in the general ragineeriug labpra- 
tc^ of the General Electric Company, Schenectady, W. Y. 

2.” For all numbered references, see Ust at end of paper. 
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are difficult to locate, the removal of moisture and other 
impurities from the oscillograph vacuum/ chamber, and 
the maintenance of the correct vacuum for best oscillo¬ 
graph performance at a given writing speed. 

The earliest method used to obtain oscillograph records 
outside of the vacuum was to photograph with a camera 
the luminous trace on the oscillograph fluorescent tube 
screen. However, because of the recofding speed limi¬ 
tations existing at that time, this method was abandoned. 
The solution for high-speed external recprding was sought 
first with the aid of the Lenard^ window. This is a very 
thm vacuum-tight membrane supported internally by a 
reinforcing grid against the external atmospheric air 
pressure. By using extremely high tube excitation volt- 


Figurel. General 
Electric cathode- 
ray oscillograph, 
type HC-15, front 
view 
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were built in this country by the General Electric Com- 
pany,26 by Professor R. H. George,28 and the Westing- 
house Electric & Manufacturing Company.** Professor 
George used a hot cathode and electrostatic beam focus¬ 
ing. As a culmination in the quest for high recording 
speeds, Rogowski** in 1930 succeeded in obtaining the 
enormous speed of about 60,000 kilometers per second, 
which is 5 the speed of light. Because of the finite ve¬ 
locity of the electrons this voting speed is considered to 
be the practical limit for the cathode-ray oscillograph. 

The Uterature from 1930 to date includes descriptions of 
several practical high-voltage, internal recording type 
instruments, some equipped with high-speed rotating 
film drums especially adapted to switchgear testing work 
(see bibHography). As a result of highly interesting de¬ 
velopment work Rogowski and his associates recently 
have obtained surprisingly high writing speeds with a 
cold-cathode type instrument at voltages as low as a few 
thousand volts. 8^ This result was due to extremely high 
beam currents made possible by the use of veiy narrow 
discharge tubes having relatively high gds pressures. 

During the last few years an increasing number of 
investigators have been studying the possibilities of ob- 
tainmg high-speed oscillographic records with the film 
outside of the vacuum. This came about quite naturally 
with the growth of the commercial unpulse-testing practice 
and the increased applications of the cathode-ray oscillo- Figure 2. 
graph to engineering problems. One of the principal 
difficulties encountered with inside recording results 
from the necessity for breaking the vacuum to renew a 
film. Despite great refinements in vacuum technique*® 
the time for obtaining the proper operating vacuum after 

renewd of a film is not always reliably predictable. Nu¬ 
merous factors contribute to this behaviour. Probably 

the more proniinent ones are unavoidable air leaks which 


General Electric cathode-ray oscillograph, type; 
HG-15, rear view 

1. Recordins camera 

2 . Tjmc-axis-calibratioh oscillator 

3. D-c calibration unit 
4.. Cathodc-ray tube 

5. Sweep-circuit unit 

6. Cathode-excitation-circuit unit 

7. Thyratron beam-initiatins unit 
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ages it was shown by Coolidge'^* 
that large amounts of elec¬ 
trons can be made to trav¬ 
erse a window of the Lenard 
type. Knoll** first built a 
practical cathode-ray oscillo¬ 
graph equipped with Lenard 
windows and obtained re¬ 
cording speeds of 5,000 kilo¬ 
meters per second with a 
photographic film held against 
the window (contact expo¬ 
sure) and a cathode exci¬ 
tation voltage of 75 kv. 

Miller and Robinson** have 
provided a Lenard window 
attachment for their conven¬ 
tional type of internal photog¬ 
raphy instrument. 

Another line of attack in 
obtaining oscillographic rec¬ 
ords by contact exposure has 
been the use of a glass win¬ 
dow coated with fiuorescent 
material on the inside.** In 
this case the light radiation 
from the fiuorescent screen 
is used to blacken the film. 

Investigations have been 
made along this line by a 
number of workers, Freise- 
winkel*® *mid others, and high recording speeds were ob¬ 
tained in some cases. However, it also was found that 
unless a very thin glass window is used, the light dis¬ 
persion will result in a blurred record.’'* Of course, it 
was known that sharply focused records can be obtained 
with a camera—which method places no restrictions on 
the thickness of the glass window—^but here only a very 
much smaller part of the available light is used. 

With the availability of cohuhercial high-speed photo¬ 
graphic lenses and with the attainment of sharply focused 
beams and exceedingly high fluorescent spot intensities 
one of the most interesting trends of recent years is the 
return to the simple external camera method of recording 
as used in connection with Braun’s tubes. Following 
earlier experiments by Rogowski** and his associates, 
Dodds'® in 1933 reported the recording by external camera 
of speeds of 30,000 kilometers per second at 90 kv cathode 
excitation with a cold-cathode tube. A year later Gondet 
and Beaudouin®® described a new Dufour hot-cathode 
vacuum-pump type oscillograph with external-camera 
photography. 

It having been demonstrated that very high recording 
speeds can be obtained by photographing the fluores¬ 
cent screen from the outside, cohsideration was given again 
to a complete sealing off of the tube and the resulting 
elimination of vacuum pumps. Rogowski and Szeghb®* 
developed a permanently sealed glass oscillograph tube 
with cold cathode and zinc sulfide fluorescent tube screen 
for 40 or 60 kv excitation voltage. The tube was hydro¬ 


gen filled for protection of the cathode and to obtain a 
high spot intensity. Provision is made to diffuse hy¬ 
drogen into the tube to replenish the loss of hydrogen 
through clean-up action. As cold cathodes are subject 
to crater formation, a loosely mounted spherical cathode 
was used which can be turned to ejqxjse a fresh surface by 
hghtly tapping the tube. A complete oscillograph em¬ 
bodying a tube of this t 3 pe was described by Parker- 
Smith, Szeghd, and Bradshaw’® in 1935. 

In the above brief historical review it was obviously 
impossible to mention all of the nmnerous and valuable 
contributions that were made toward the gradual per¬ 
fection of the high-speed cathode-ray oscillograph. How¬ 
ever, an extensive bibliography covering the cathode-ray 
oscillograph development, with particular emphasis on 
the high-speed tjpe for transient recording, is given at 
the end of this paper. 

The New Cathode-Ray Oscillograph 

It has been shown that the cathode-ray oscillograph is 
capable of enormous recording speeds. However, when 
we examine the recording-speed requirements from a prac¬ 
tical engineering point of view we find that in most of the 
fields of application of the oscillograph ultrabigh speeds 
are not required. This applies particularly to impulse¬ 
testing work, to the study of lightning and lightning pro¬ 
tection, and to inv^tigation of switchgear problems. 
Because of the large dimensions of the circuits involved 
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the transients in these circuits inherently can be but mod¬ 
erately fast. Ejq)erience has shown that in this important 
field a recording speed of 10 inches per microsecond (250 
kilometers per second) is sufficient for most practical 
purposes. 

Having recognized this fact, the development of a new 
cathoderray oscillograph was undertaken with the object 
of producing an instrument with sufficient recording speed 
to meet the practical requirements stated above. It was 
believed that by omitting the ultrahigh-speed feature 
and by emplo 3 ring a sealed cathode-ray tube requiring 
no vacuum pumps, and external camera photography, 
the apparatus would become sim pler and less costly. 

The New Cathode-Ray Tube 

The development of a cathode-ray tube to meet the 
above specifications had its origin in the high-vacuum 
hot-cathode glass type of cathode-ray tubes described 
by Zwoiykin^* and Metcalf.®^ In recording-speed tests 
made with the General Electric type EP-53 cathode-ray 
tube, single sweep traces of 100,000-cycle oscillator waves 
were successfully photographed at an anode voltage of 
10,000 volts, the maximmn tube rating. The more than 
linear growth of the recording speed, with increasing 


up quite successfully under the added voltage stresses in 
these early tests, considerable difficulties were first en¬ 
countered in attempting to reproduce this tube commer¬ 
cially for continuous operation at 15;000 volts. The 
most annoying and stubborn obstacles were internal dis¬ 
charges, flashovers, and field ciurents. These tended 
to render the tubes sometimes completely inoperative. 
Most often, however, the local field currents distorted 
the electrostatic focusing field, so that a sharp focus was 
not obtainable, and other times they caused a flickering, 
disturbing screen glow. After many disappointments 



Figure 5. Impulse oscillograph records 
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Figure 4 . Oscillator oscillograph records 

A —100,000 cycles per second 

6—500,000 cycles per second 

C—500,000 cycles per second 

D—2,000,000 cycl es per second 

F ^2,000,000 cycles per second 

f—D-c calibration record showing 250-volt steps 


anode voltage, observed in the tests, suggested further 
tests at anode voltages higher than 10,000 volts. There- 
at higher voltages wore made and the 
boosted to as high as 18,000 volts, 
that bcgiiming at around 15,000 
i waves like the 1 x 5- and the 1% x 
i could satikactorily be recorded, 
iitely es^blished that a tube of thi,<^ 

' the field intended for it, 

the cathode-ray tube used stood 
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these difficulties were finally traced to residual gases liber¬ 
ated by the high-speed electrons from the internal tube 
parts. This discovery led to the adoption of added refine¬ 
ments of the manufacturing processes, mainly during the 
evacuation stages, and in conjunction with the R. C. A. 
Manufacturing Company, Radiotron Division, a com¬ 
pletely reliable practical 15,000-volt tube known as type 
RCA-912 was ultimately produced. 

Description of the Oscillograph 

The new oscillograph, described in the following, was 
built around the cathode-ray tube, the successful develop¬ 
ment of which was discussed above. On account of the 
relatively low cathode-tube operating voltage used, a 
very compact arrangement of the complete oscillograph 
equipment was made possible. Thus there were installed 
in a single cabinet showi in figure 1 the following com¬ 
ponent parts: the cathode-ray tube and recording camera; 
auxiUary circuit units for the cathode excitation and focus 
of the tube, for the automatic initiation of the cathode- 
ray beam, for producing the sweep and for the proper time 
co-ordination of the oscillograph with impulse generator 
or other external circuits; an oscillator for the time axis 
calibration; and a d-c supply unit for the oscillograph de¬ 
flection calibration. 

The physical arrangement of the various circuits shown 
m figure 2 presented many interesting problems. Inas¬ 
much as sharp voltage impulses are used in the oscillo¬ 
graph to perform certain precise timing functions with 

fairly large currents involved the circtuts had to be criti¬ 
cally arranged for minimum mutual interference. Also 
undesirable magnetic fields resulting in a disturbed cathode- 
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ray beam deflection were carefully eliminated by partial 
field compensation and shielding. A considerable study 
was also devoted to the proper arrangement of the deflec- 
tion-plate-circuit leads and all other leads tb prevent 
pickup through magnetically or electrostatically induced 
voltages from auxiliary timing circuits operating at as 
high as 7,500 volts. The cathode-ray tube at 15,000 
volts tube voltage was measured to have a deflection 
sensitivity of approximately 500 volts per inch. 

In order to obtain a clear understanding of the pur¬ 
pose and function of each oscillograph circuit, these cir¬ 
cuits will now briefly be described. 

The Oscillograph Circuits 

In figure 3 is shown a simplified schematic diagram 
of the oscillograph circuits. For the production of the 
cathode-ray beam, the tube requires proper d-c poten¬ 
tials for the several elements. These voltages are de¬ 
rived from the cathode-excitation circuit shown at the 
right of figure 3. For this purpose a simple voltage¬ 
doubling circuit was used with bleeder resistance A — E. 
The. control-grid rheostat was proportioned so that the 
potential G may be varied from complete shut-off of the 
beam to full intensity. It was also found desirable to 
provide a separate rectifier circuit for independently ad¬ 
justing the focusing potential F. For the prevention of 
d-c voltage fluctuations all essential d-c potentials were 
carefully stabilized with capacitors. 

When the oscillograph tube is to be operated at maxi¬ 
mum intensity as required for high-speed recording, the 
time duri'ng which the cathode-ray beam is on must be 
limited. This is necessary because a prolonged high- 
intensity beam may not only damage the tube screen, but 
may even soften the glass locally. For the proper time 
duration of the cathode-ray beam the automatic beam- 
initiating circuit unit shown in the center of figure 3 was 
developed. It is seen to consist essentially of a thyratron 
capacitor resistance discharge circuit HIK. For the dis¬ 
charge resistor K, thyrite was used which transmits ap¬ 
proximately one ampere at 1,000 volts and 0.001 ampere 
at 100 volts. The circuit operates as follows: By ap¬ 
plying a positive voltage impulse to the thyratron grid L 
the capacitor discharge is precipitated. When the dis¬ 
charge current has dropped to a critical value of approxi¬ 
mately one milliampere the negative thyratron grid bias 
shuts off the current and the capacitor charges agmn 
slowly through the high charging resistor shown. During 
the (discharge period the voltage drop across the thyratron 
tube H remains approximately constant at around 20 
volts. By the use of the thyrite resistor mentioned, 
instead of an ordinary resistor, it was intended never to let 
the capacitor voltage drop to less than approximately 
100 volts. This special circuit feature was developed to 


give a sharp cathode-ray beam shut-off as discussed be¬ 
low. After the application of the positive initiating im¬ 
pulse on the thyratron grid L the tube voltage quickly 
drops to a low value and remains essentially at that value 
until the tube current has reached the critical shut-off point. 
When the tube shuts off, the voltage instantly rises to 
about 100 volts and then increases slowly again to the ini¬ 
tial value as the capacitor recharges. Referring to the 
diagram the thyratron anode is connected to the cathode- 
ray tube cathode through a resistor and the thyratron 
cathode is connected to B. Before the initiation of the 
thyratron discharge circuit the cathode of the cathode-ray 
tube is seen to have a positive potential bias with respect 
to the beam intensity control grid. This is, of course, 
equivalent to a negative control-grid bias. During the 
tr ansmis sion of current through the th 3 nratron, this bias 
is removed and the cathode-ray beam is on. Owing to 
the use of the th 3 rrite resistor described above the beam 
shuts off instantly when the current through the thyratron 
tube ceases to flow because of the quick rise of the th 3 rratron 
anode voltage. The resistor shown between the thyra- 
tron anode and the oscillograph tube cathode was added 
to prevent local oscillations. The initiation and timing 
of the cathode-ray beam could, of course, have been ac¬ 
complished by swinging the cathode tube control grid 
rather than the cathode. However, the solution de¬ 
scribed was found to be more convenient. 

The positive initiating impulse for the thyratron grid L 
is obtained from a group of circuits which were designed 
to provide suitable voltages for the sweep deflection, and 
the proper time correlation of the oscillograph with the 
impulse generator or other external circuits. These 
circuit units are shown schematically in the diagram of 
figure 3 on the left. 

By pressing pushbutton P the 3-electrode gap of the 
primary initiating circuit breaks down near the negative 
crest of the initiating transformer voltage. The capacitor 
discharges into the resistor shown and a very steep positive 
polarity voltage impulse of 7,500 volts appears at M. 
This impulse is transmitted to the thyratron grid L 
through the coupling capacitor shown and the cathode- 
ray beam comes on and stays on for a predetermined 
short time. The voltage impulse at M is also transmitted 
through a delay resistance to the midsphere of the 3- 
electrode gap of the sweep-initiating unit, causing these 
gaps to break down. The time delay of the gap break¬ 
down was designed to be approximately 20 microseconds. 
The 2 capadtors of this circuit discharge through the 
resistors NO. A negative polarity voltage of 7,500 volts 
instantly appears at N and a voltage of equal magnitude 
but of positive polarity appears at 0. The time constant 
of this circuit was designed to be 50,000 microseconds so as 
to give essentially a square voltage wave (d-c voltage) for 
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the excitation of the sweep circuit whose time constant 
is very much less. 

The square voltage wave at NO is applied to the sweep 
capacitor S through charging resistors by breaking down 
a pair of small gaps. This causes the sweep voltage on 
capacitor S gradually to rise, moving the cathode-ray beam 
sideways along the time axis. When the voltage on S 
has reached approximately 3,000 volts the small protec¬ 
tive gap across S breaks down. The resistors in series 
with this gap were so designed in proportion to the charg¬ 
ing resistors of S that the voltage on S remains essentially 
constant after the protective gap breakdown. The 
sweep voltage of 3,000 volts is sufficient to deflect the 
cathode-ray beam off the tube screen where it will remain 
until the thyratron tube of the beam initiating unit shuts 
it off. 

As may be recognized in the circuit diagram, the sweep 
initiating unit and the sweep itself are balanced with 
respect to ground. A carefully balanced design was 
developed to eliminate pattern distortions on the oscillo¬ 
graph-tube screen. When an unbalanced sweep was 
used, the deflection amplitude obtained with a given 
voltage was found to be larger at one end of the time 
axis than at the other end. 

In order that the cathode-ray spot may start from the 
edge of the tube screen instead of from the center, the 
sweep capacitor S and the sweep deflection plates con¬ 
nected to it must have an initial bias voltage of polarity 
opposite to that of the sweep voltage. This bias voltage 
was conveniently tapped off at D and E of the cathode 
excitation circuit as shown. This necessitated the use 
of the small gaps in the sweep circuit to isolate the sweep 
deflection plate circuit until the initiation of the sweep. 

A selector switch was installed to connect to the vertical 
oscillograph deflection plates either the oscillograph ter¬ 
minus X, the d-c calibrating unit, or the time axis cali¬ 
brating oscillator. The selector switch, the d-c calibrat¬ 


ing unit and the oscillator are shown on the right of the 
cathode-ray tube in the diagram of figure 3. 

The Recording Camera 

Considerable developmental work was done to produce 
a fast lens system giving a one-to-one magnification ratio. 
Such a lens was produced by the Bausch and Lomb Opti¬ 
cal Company and it is used in the photographic camera 
shown in figures 1 and 2. It gives a full-size reproduction 
of the cathode-tube screen image. This feature was 
obtained by the use of 2 lens systems of equal focal lengths 
connected in series and mounted in one lens barrel. The 
cathode tube screen was placed at the focal point of one 
lens and the image appeared at the focal point of the 
other. Two separate corrective negative lenses were 
added to compensate for some field curvature and also 
to partly compensate for the spherical curvature of the 
cathode tube screen. The lens assembly was designed 
to have a nominal lens speed of/3. 

Oscillograph Records 

In designing the oscillograph, consideration was given 
to a practical photographic equipment which can be oper¬ 
ated by anybody with average experience; thus the han¬ 
dling of the films does not require special refinements in¬ 
asmuch as commercial films and developers may be used. 
Supersensitive panchromatic film was fomid to give the 
best practical results, but for moderately fast work ex¬ 
cellent results were also obtained with Kodak Verichrome 
film. 

In. figure 4 are shown reproductions of oscillator 
oscillograms obtained with the camera described above. 
Attention is called to the umform deflection along the 
entire sweep. This result is due to the use of the balanced 
sweep circuit described above. Typical records of 1 ^/2x40 
microsecond impulse waves are shown in figure 5. 

A set of interesting high-speed records obtained with a 



sweep of 2 microseconds and a 
small commercial /2 camera 
are shown in figure 6. 

This type of oscillograph 
may also readily be adapted 
to rotating film drum record¬ 
ing. In this case only one 
pair of deflection plates is used 
and the luminous spot on 
the tube screen is projected 
on the moving film by means 
of a photographic lens. For 
this application the cathode- 
ray tube used contains a flu¬ 
orescent substance having a 
very short persistence of flu¬ 
orescence. With film speeds 
of 500 feet per second oscil¬ 
latory waves of as high as 
100,000 cycles per second were 
successfully recorded. 


‘sure 7. Diagram of oscillograph and impulse-generator co-ordination 


By the use of more than 
one cathode-ray tube multi- 
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circuit recording instruments may be built. Several 3- 
tube cathode-ray oscillographs are now in use in the Gen¬ 
eral Electric Company. 

In one of these instruments the persistence of fluores¬ 
cence is made use of. The cathode-ray beam is made to 
sweep across the tube screens recurrently by means of a 
saw-tooth wave time axis oscillator. Upon occurrence 
of the fault to be recorded, a relay quickly operates the 
triggered camera shutter and a snapshot of the tube 
screens is thus taken. In spite of the time de¬ 
lay introduced by the relay and shutter, the camera 
successfully photographs the “memory” (persistence of 
fluorescence) of the fault on the tube screens. 

In the development and design of this oscillograph the 
adoption of 15,000 volts for the cathode tube was quite 
arbitrary and does, therefore, not represent a final limit 
for this iype of tube. It is believed to be entirely feasible 
to produce still higher voltage tubes if the range of this 
type of instrument is to be extended into fields requiring 
higher recording speeds. 

Application of 

tile Oscillograph to Impulse Testing 

There are. many ways of co-ordinating a cathode-ray 
oscillograph with impulse generator equipment and it 
would be impossible here to describe them all. The en¬ 
gineers concerned with this work have always liked to 
resort to their own ingenuity for accomplishing desired 
results and the competition between the various groups 
has made for remarkable refinements in the art. In order 
to illustrate the performance of the new oscillograph a 
method is given of co-ordinating the oscillograph with a 
Marx-type impulse generator. This method was suc¬ 
cessfully used in the Schenectady high-voltage laboratory 
of the General Electric Company. 

The simplified circuits are shown schematically in 
figure 7. As shown, a sniall 2-stage Marx circuit is used 
to act as an intermediate initiating circuit between the 
oscillograph and the impulse generator. The interme¬ 
diate circuit receives its initiating impulse from the cath¬ 
ode-ray oscillograph and its output in turn is used to trip 
the impulse generator 3-electrode gap. 

In taking an impulse wave record the sequence of events 
is briefly as follows: With the face held against the view¬ 
ing window on the front panel of the oscillograph and with 
the eyes focused on the cathode-tube screen, the camera 
shutter is first opened. Shortly after pushbutton P is 
pressed. This causes the 3-electrode gap of the primary 
osdllograph initiating unit to break down and the impulse 
from M fires the thyxatron tube of the beam-initiating 
unit. The cathode-ray beam appears on the left edge of 
the tube screen where it remains stationary. However, 
within about 20 microseconds the impulse from M also 
trips the 3-electrode gap of the sweep-initialing circuit 
and the sweep begins. Simultaneously a voltage im¬ 
pulse of 7,500 volts from 0 through terminal P travels 
out through some delay r«esistance to the trip gap of the 
interifiediate irutiating circuit whose output in turn pre¬ 
cipitates the impulse generator discharge. The voltage 


divider leads from the impulse-generator discharge cir¬ 
cuit bring the desired voltage impulse to the oscillograph 
deflection plates. The luminous cathode-ray spot now 
traces the wave shape which can be seen at the same time 
the photographic record is taken and the spot finally dis¬ 
appears at the right edge of the cathode tube screen where 
it is automatically shut off. The camera shutter is now 
closed and the record is taken. 

When very fast sweeps are employed requiring ultra¬ 
precision timing, the sequence of the various circuit ini¬ 
tiating events is slightly altered. The first impulse from 
M which establishes the cathode-ray beam is now used 
to initiate through terminal U the intermediate circuit 
and impulse generator before the sweep begins. As shown 
in dotted lines in figure 7 a portion of the impulse generator 
voltage from W is used to trip the gaps of the sweep-ini¬ 
tiating unit through the oscillograph terminal Q. This 
takes place before the arrival of the impulse from M on 
the same sphere. This modification was found to pro¬ 
vide very sharp timing between the start of the sweep and 
the precipitation of the impulse generator discharge as 
illustrated by title fast records shown in figure 6. 

In conclusion a practical high-speed cathode-ray os¬ 
cillograph was successfully constructed with external 
camera photography, incorporating a sealed glass cath¬ 
ode-ray tube, capable of recording transients at a re¬ 
cording speed of 250 kilometers per second (10 inches 
per microsecond). It was shown that higher recording 
speeds are not needed in most practical fields of applica¬ 
tion. 
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Dynamic Balancing of Small Gyroscope Rotors 


By O. E. ESVAL C. A. FRISCHE 

ASSOCIATE AIEE Member Amer. Phys. Soc. 


A DIRECT METHOD^ of balancing is generally pos¬ 
sible for any type of rotor provided it can be run in a 
special fixture for the measurements. However, 
some rotors due to large size or other restrictions can be 
run only on their permanent mountings and balancing usu¬ 
ally requires more or less “trial and error” testing. On 
the other hand, certain rotors of the first group that are 
small in size and may be run in special fixtures, impose 
unusual obstacle which make it difficult to apply the 
well-known principles to produce a rational method of 
dynamic balancing. This paper is devoted to a descrip¬ 
tion of the solution of such a balancing problem. 

The present method was originally developed to balance 
a whe^ capable of spinning 30,000 to 40,000 rpm. At 
that time the production method of balancing small gyro 
rotors in the Sperry Company consisted of placing small 
amounts of putty or Vulcatex on the rotor periphery and 
shifting the position and amount until the rotor felt 
smooth. The rotor was then drilled in accordance with 
the position and the amount of putty present. This re¬ 
quired skilled operator but at the time seemed to be the 
only method which produced a satisfactory balance. How¬ 
ever, this method broke down when applied to very high¬ 
speed rotors, since the operators no longer have a proper 
sense of “feel” at high frequencies. After the application 
had been made to the high-speed wheel, it was decided 
that the method would be very useful for production 
balancing of air-driven gyroscope rotors such as are 
shown in figure 4. These rotors are used in the standard 
airplane flight instruments shown in figure 5. Several 
factors in this balancing problem are unique. The most 
important of these is the unusually high degree of balance 
required. This requirement is peculiar to gyroscopic 
instruments since very sensitive antifrictibn bearings 
must be used for rotor and gimbal bearings. Also it is 
frequently found that dynamic unbalance, even in small 
amounts, will excite destructive gyroscopic nutations. 
This is particularly tme of gyros with very free gimbal 
beanngs. Quantitatively, the maximum allowable vi¬ 
bration is of the order of 10~® inch at the bearing hous¬ 
ing. This is not remote from the threshold of “feeling” 
on these instruments at 200 revolutions per second. It 
is understood, of course, that veiy high-grade, smooth 
runmng bearings must be used, otherwise one may mis¬ 
take the “fed” of bearing “noise” for rotor unbalance. 
This requires an excellence of running balance that is far 
beyond the range tolerated in any oilier type of rotating 
^ "apparatus. 

A papa recoinmaded for publicatioa by the AIBB committee on electrical 
: maichinery. Maohscript submitted Man^ 13, 1937; rdeased foe publication . 
-April 21>'1937. 

O. B. Bsvai. wd C. a. I’teiscHB are employed in the reimarch laboratory of the 
Sperry Gyroscope Company, Inc., Brooklyn, N. Y. 

: i. A Ust of r^erencM relating to many of the niostt important rotor balancing 
methods is given at the jmd of this paper. 


Pivot-type cone bearings are used on these rotors. 
These are shown on the central shafts in figfure 4. The 
pivots run on ball bearings in the case of the instrument. 
Due to this t 3 pe of construction, it is impracticable to 
connect mechanically to any type of speed indicator, 
voltage generator, commutator, or interruptor. Further¬ 
more, any mechanical connections would, when removed 
after balancing, in all probability cause an unbalance. 
Therefore, any signal which is to be generated for indi¬ 



cation of rotor speed and position must be derived by 
other than mechanical means. 

Due to the nature of the product, extreme care must 
be exerdsed in handling the rotors to prevent damage. 
The sensitive bearings used are affected very badly by 
any foreign material. The slightest abrasion of the pivot 
means scrapping. There is also another hazard, namely, 
the danger of striking the unprotected rotor pivot against 
some object while it is being removed or assembled in 
the bal^dng fixture. Therefore, the machine must 
be constructed in such a rnann^ that unshilled operators 
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Figure 2. Phase shift curves 

Phonograph picicup B —Ring pickup 


Reference Signal 

Since it is impossible to attach any kind of a signa 
generator mechanically to the rotor, the obvious way o: 
of obtaining a signal which depends for its phase on i 
reference mark, on the rotor, is the application of th< 
photoelectric cell. A beam of hght is reflected from th< 
surface of the rotor to a photocell. A certain part of the 
rotor surface is highly polished, the rest is not. The ro¬ 
tation, therefore, varies the reflected hght and pulsates 
the photocell current at rotor frequency. This means 
of voltage generation obviously does not impede motion 
of the rotor or the frame. 

Vibration Instruments 


can manipulate it rapidly with the minim um hazard to 
the finished rotor. 

Another condition to contend with is high speed. It 
must be possible to measure rotor unbalance at a com¬ 
paratively high speed. This speed may be an3rwhere 
from 5,000 to 40,000 rpm. Thus, to obtain high sensi¬ 
tivity, the rotor casing and vibration pickup must be as 
hght as possible and the critical frequency of the mount 
should be very low with respect to the lowest speed at 
which we wish to balance. 

Choice of Method 

In choosmg a method of balancing these g3n'oscope 
rotors, we were forewarned that our problem was so differ¬ 
ent that an unusual machine was necessary. Attempts 
by various companies interested in up-to-date balancing 
methods to balance these rotors failed to produce results. 
The reason, obviously, was that their standard apparatus 
while excehent for their own product, was not adapted to 
the small gyro rotors. 

Rotor Mounting 

The first attempt at a balancmg machine is shown in 
figure 6. The rotor is mounted in a rigid 3-legged frame. 
At each end of the frame, in the correction planes, (planes 
normal to the spin axis which include the balancing 
weights) are mountings for flat leaf springs 120 degrees 
apart as shown at the bottom of the frame. The springs 
can be attached at either end of the frame and their out¬ 
side ends are secured to a heavy base. The frame is then 
virtually pivoted at the rotor axis in the plane of the 
sprmgs. The springs maintain equal rigidity in all planes 
which include the axis. Therefore, the rotor avig will 
oscillate in a conical path (this will be found demonstrated 
in figure 1), the apex of which lies in the plane of the 
springs. For small vibrations, the damping of such a 
spring mount is exceedingly low. It is easy to adjust 
the resonant speed by varying length and thickness of 
^rmgs nhd maintain at the: same tinie sufficient rigidity 
in the plane of the springs to substantiaUy block out the ■ 
vibration of the end not being measured. j 


The first requirement of the vibration instrument is 
that it must permit adjustment of the phase of the output 


Figure 3. Reso¬ 
nance curves 

A —Phonograph 
pickup 
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voltage. In practically aU other balancing methods, 
the phase of the reference voltage is adjusted to be in or 
out of phase with the vibration voltage. But it is in- 
convement to adjust the phase of the reference voltage 
in this device because in moving the optical system around 
the axis of rotation, the light beam would be intercepted 
by the frame work. The vibration instrument shown 
in figure 6 is an ordinary electromagnetic phonograph 
piclnip. It is mounted to rotate on the axis of the needle 
which rests on the top of the rotor frame. Vibration of 
the frame is transmitted to the pickup through the 
needle, thus generating a, voltage. The frame vibration 
is circular around the spin axis but the pickup generates 
a voltage by only that 'qbmpon^t of the vibration that 
lies in one axial plane. Now, to advance Or retard the 
phase of the Voltage, it is nectary only to advice or 
retard the axial plane in which tiie pickup is sensitive. 
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This means that rotation of the pickup about the needle 
axis, adjusts the phase of the output. The dial indicates 
pickup position. It is apparent that the voltage magni¬ 
tude is not affected by angular position of the pickup as 
long as the rotor axis describes a circular path under the 
influence of an unbalanced rotor. 

The voltage output of the pickup is proportional to 
frequency (w) and amplitude of the vibration (p) and is, 
therefore, a measure of unbalance (TFr/g) at any given 
speed, where W is the unbalanced weight, r is its radial 
distance from the spin axis, and g is acceleration of gravity. 
The position of the unbalance is determined by adding 
to the vibration voltage the reference voltage. The mag¬ 
nitudes are first made equal by attenuation. The pickup 
is then rotated to the point where the sum of the 2 voltages 
is zero. The dial reading indicates the position of the un¬ 
balance as measured in degrees from some arbitrary ref¬ 
erence mark on the rotor. The phonograph pickup was 
tried first because of its availability and simplicity but 
it was not entirely satisfactory, as will be discussed later. 
First, another necessary feature of the system will be 
discussed. 

Filtering 


cision of balance required were not so high, the vibration 
component at rotor speed would still be large and filtering 
would not be necessary. Under existing conditions, it is, 
however, a prime requisite. The reference signal also 
has a high harmonic content so it must be filtered too. 
The combined output is filtered after the 2 voltages are 
added together. This precludes the possibility of un¬ 
compensated phase shifts in filtering. The schematic 
wiring diagram, figure 8, shows the method of adding 



Figure 7 is what might be called a vibration spectrum 
of a rotor with bearings and frame. It indicates the 
relative magnitude (not taking into account the fact 
that the voltage induced in the pickup is proportional 
to frequency), of all the harmonics that are present in 
the vibrations of a fairly well-balanced rotor. The rotor 
speed is 200 revolutions per second and the amplitude at 
that frequency is considerably less than some near-by fre¬ 
quencies. Naturally, these other frequencies tend to give 
an erroneous voltage reading in measuring magnitude and 
make it impossible to phase against the reference voltage 
for position. Obviously, filtering is necessary. If the pre- 
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Figure 7. Gyroscope vibration spectrum 

Vibration frequencies present in a balanced directional gyro rotor case; 
bearings not perfect 

Pickup response is not a measure of amplitude of vibration at various 
frequencies because output is proportional to frequency 

voltages, filtering, and amplifying. A very sharp band¬ 
pass filter is used. 

Voltage Balance 

In practice, it is found that in order to obtain an ac¬ 
curate indication of unbalance position, the 2 voltages 
must be very nearly equal. At least one of them must 
therefore be adjustable. The reference signal is the one 
adjusted. The effect of imperfectly balanced voltages 
is shown in figure 9. The slope of the curves is a meas¬ 
ure of sensitivity in locating the correct position. The 
abscissas of this family of curves is the angle (a) between 
minus e, and plus and the ordinates are their sum 
(e) in per cent of the vibration voltage (e,). Plots at 
several ratios (P) between e, and e, are given to show the 
effect of inequality of the signal voltages. It should be 
noted that a is the angular error in locating the unbal¬ 
anced weight. 



tfs E® cos (wi -H a — 180®) 
er =* Er cos <>^ 

When P, =* t»y adjustment and a = 0. Then 
Figure 6. Ex- e, -f- =• cos (at — 180®) + cos =» 0 

perimental shown that 

chine With phonof ■ ^ ^ ^ 

graph pickup e/e„ Vi “ 2 P cos a -f P* 
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For small angles this relation can be simplified to 
« VC-P - 1)* + Pa* 

The curves of figure 9 are a plot of this equation. 

Since the slope of the curves is proportional to sensi¬ 
tivity in setting a equal to zero, it is apparent that the 
voltages must not be unequal by more than approximately 
one per cent to measure position with an accuracy of one- 
half a degree. Furthermore, to obtain the same sensi¬ 
tivity of position for small magnitudes, as for large mag¬ 
nitudes, a tapered attenuator on the reference voltage 
must be used. 

Phonograph-T3rpe Pickup 

The resonance curves of figure 2, curve A, and figure 3, 
curve A, indicate that damping is considerable because 
the angular position is never independent of speed in the 
operation range. In fact, at 200 revolutions per second 
a change of 20 revolutions per second results in position 
change of 2V8 degrees. Of course, the band-pass filter 
limits the possible variation in speed, but with air driven 
rotors, speed changes of less' than 10 revolutions per 
second are difficult to control. Such changes in frequency 
will not appreciably change the attenuation of the desired 
signal. A more serious difficulty was the unsuitable criti¬ 
cal speed. The curves, figure 2, curve A, and figure 
3, curve A, show resonance at about 115 cycles. Experi¬ 
ence indicated that 150 revolutions per second (9,000 rpm) 
is a good compromise speed at which to balance the rotor. 
It is undesirable to balance at full speed, 12,000 rpm, be¬ 
cause initial unbalance forces are a hazard to rotor pivots. 
Balancing at 2 speeds was found unnecessary, hence the 
compromise. Since 150 revolutions per second was 
found to be the best balancing speed, resonance at 115 revo¬ 
lutions per second put the knee of the curve right at 
running speed. Such a condition would produce bad 
errors in position with imperceptible changes in speed. In 
attempting to lower the resonance speed, several modifi¬ 
cations oif the mounting and vibration pickup were tried. 
The pivbting springs were made longer to lower the free 
resonance of the frame. But, in doing so, the loading 
effect of the pickup on the system was accentuated to 
such an extent that all gain in reduced frame resonance 
speed was lost. This, was caused partly by the phe¬ 
nomenon of 2 resonances in series, one of which is the 
spring mounteid frame and the other the natural frequency 
of the magnetic pickup. They are mechanically con¬ 
nected together by the needle. Various attempts to 
reduce damping and lower the resonance of the pickup 
were made but decrease of one effect tended to increase 




in order to determine accurately the position oF unbalance oc must be 
made zero. To obtain high accuracy in setting a to zero, P must be 
close to unity 


the other. This was an indication that the pickup was 
the wrong type of instrument. It became necessary to 
investigate the use of other types of vibration measuring 
devices. A piezoelectric microphone was given a trial 
but with little success. 

In the course of experiments, it became apparent that 
the important requirement of the system is a very loose 
coupling between the oscillating frame and the pickup. 
The next section describes such a vibration instrument. 

Pickup 

Figures 10 and 11 illustrate the type of instrument 
that was finally evolved. This pickup has the desirable 
feature of having a very loose coupling with the rotor 
frame. It is noted that there is no mec^ianical coupling 
between these parts. 

The instrument comprises a permanent horseshoe mag¬ 
net with a center pole of soft iron on which is wound a coil 
and a soft iron ring attached to the moving element 
(rotor frame). The iron ring oscillates with the rotor 
axis under influence of rotor unbalance. This oscillation 
is such that the ring moves in an eccentric path around 
the central pole of the pickup. This motion varies the 
flux through the center pole periodically and generates a 
voltage in the coil the frequency of which is rotor fre¬ 
quency. Examination will show that the phase of the 
voltage can be changed by turning the permanent magnet 
on the axis of the center pole. The voltage (e„) is pro¬ 
portional to the amplitude (p) of the circular oscillation 
and, therefore, is also proportional to unbalance (Wr/g) 
at fixed speed. 

With this device, it was possible to obtain the reso¬ 
nance curves as shown on figure 2, curve B, atid figure 3, 
curve B. The resonance, it is noted, occurs at 40 revolu¬ 
tions per second as compared to 115 revolutions peir 
second with the phonograph t)q)e of pickup. Tins critical 
speed is sufficiently low to allow very satisfactory opera¬ 
tion at 150 revolutions per second. It will be noted that 
there are severe slopes to the 0 curves, fl is the angle 
between the displacenient vector (p) and disturbing 
force (TVrwVg). Number 1 is the first reWlt. It has a 


732 


Esvdti ^riscHe--Balancing Gyroscope Rotors Electrical ENGiNBBRiNa 






slight change of e with speed. This condition is not en¬ 
tirely satisfactory and experiments were made to remedy 
it. This condition, it was possible to correct in the cir¬ 
cuit. Capacity across the photoelectric cell coupling 
transformer was found to provide means of compensating 
this relative phase shift. Several values of capacity were 
inserted across the transformer and the results are shown. 
One value of capacity, it will be noted, produced practi¬ 
cally constant 6 with speed variation in the 150-revolution- 
per-second region. This is the final arrangement. 

The critical speed of the system and phase shifts were 
now reduced to a very satisfactory value. The basic 
features of the system were now developed. However, 
some doubt was raised concerning the practicability, 
owing to the difficulty in mechanically keeping the ^s 
of the ring concentric with the pole of the pickup. Since 
the frame on which the ring is mounted is supported on 3 
springs, it is apparent that close mechanical alignment is 
not easy to maintain. The air gaps when the ring is 
centered are 0.040 inch from pole to ring and O.-W inch 
from ring to magnet. It is quite possible that a misalign¬ 
ment of less than 0.005 inch would be difficult to maintain 
on a production machine- In this system it is essential 
that the phase of e, can be changed the whole 360 degrees 
with respect to at constant magnitude. Also, voltage 

should be constant with gfiven unbalance and its phase 
with respect to Cj. should always indicate true position of 
unbalance. The curve on figure 12 shows, experimentally, 
the effect of misalignment on sensitivity. It is noted that 
the misalignment may be as great as 15 per cent before 
the calibration is affected more than 1 per .cent. 

Sensitivity 

Earlier in this paper some indication of required ac¬ 
curacy in balancing was given. Me^urements show 
that it is desirable to detect and co^eet an unbalance of 
the order of 0.00001 ounce inch. This unbalance p^- 
duces a very slight vibration in til-® trame. The initi^ 
unbalance is of the order 6f 6,001 ounce indi. The maxi¬ 


Figure 11. Experimental machine with ring-type pickup 


mum unbalance produces about 2 millivolts which re¬ 
duces to roughly 20 microvolts for the minimum reading. 
The internal impedance of the pickup is about 1,400 ohms, 
so the power output is very low. A high-gain amplifier 
is necessary to produce the power necessary for even a 
sensitive meter. A fairly simple, 3-stage fuU a-c operated 
amplifier can be made to give satisfactory results. 

An attenuator to serve as a meter multiplier is necessary 
to allow the use of the meter on full scale on minimum 
signal for phasing purposes. The signal may change 
in the ratio of 100 to 1 or more, so changing of meter 
scale is mandatory. 

Figure 13 shows the very linear relation that exists 
between magjnitude of unbalance and voltage output. 
In balancing the rotor, the magnitude and position of 
unbalance is observed and recorded for both ends of the 
rotor. Then the 2 ends of the rotor are drilled the in¬ 
dicated depth at their proper respective positions. All 
weight correction is accomplished by drilling. Figure 
14 is a calibration curve of drill depth against voltage. 
The nonlinear characteristic is due to the conical shape 
of the drill point. 

It would be very advantageous to balance the rotor 
perfectly in one reading. Consideration shows the im¬ 
possibility of this. First, the unbalance indication must 


Figure 12. Effect 
of misalignment 
on calibration 
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be reduced from 2 millivolts down to less fhan lo micro¬ 
volts, u rntio of 200 to 1. Secondly measuring' instru¬ 
ments liave inherent errors that in practice cannot be 
eliminated. A voltmeter is never accurate to better 
than 1 cent. Taking the combined inacctuacies of 
amplifier attenuators, etc., the errors will be not less tfian 
5 per cent. If the error is 6 per cent, the initial unbal¬ 
ance indication can be reduced by a ratio of 100 to 5 or 
from 2 millivolts to 100 microvolts. Experience shows 
that 3 “shots” usually are required at each end. It can 
be shown that a balance in 3 readings can be obtained 
with over-all calibration errors of as much as 10 per cent. 

Production Balancing 

Figure 15 shows the form of the machine that is re¬ 
placing older niethods in production balancing. It is 
designed especially for speedy manipulation in the fac¬ 
tory. The main features of this device are (1) duplicate 
pickups, one at the top and one underneath and (2) 
one set of supporting springs for each correction plane. 
The springs are controlled by cams operated simultaneously 
by a handwheel for the purpose of changing the support 
from one correction plane to the other. When the sup¬ 
port is shifted to the top springs, a switch operates auto¬ 
matically to connect the bottom pickup to the circuit 
and vice versa. The 3-sided rotor frame is designed to 
permit quick insertion or removal of the rotor without 
damage to the pivots. 

Tlus system is the only one to our knowledge which 
provides the extreme sensitivity required in balancing 
airplane instrument gyroscope rotors without depending 
on superkeen perceptions in the operator. Also, the 




Figure 15. Production rotor balancing machine 


speed of balancing is several times faster than the most 
skilled operator could make with former methods. Re¬ 
jections due to defective rotor balancing are reduced from 
nearly 50 per cent to zero because the machine, in largely 
removing the human element in the measurements, can 
obtain exactly the same degree of balance on every unit. 

Another valuable feature of the machine, which has 
not yet been thoroughly investigated, is its use as a “stetho¬ 
scope” for checking vibrations caused by sources other 
than unbalance. In this use, the fixed band-pass filter 
is t^en out and replaced by a “wave analyzer.” Such 
an insti^ent is shown in figure 11. Frequency spec- 
trums similar to the one shown in figure 7 can then be 
taken. This information is important in the study of 
ball bearings, case resonances, high-speed gyroscopic nu¬ 
tations, etc. It has enabled us to measure effect of loose¬ 
ness and out of balance in ball-bearing retainers. All of 
the possible uses for such a machine have obviously not 
be^ explored. However, they appear to be numerous 

^d, no doubt, several other interesting applications will 
follow. 
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The Vibration Isolation of Machinery 


By L. H. HANSEL 


T he general purpose of isolating machinery is to 
reduce the amount of noise and vibration transmitted 
to the structure in which the machine is housed, or 
to adjoining structures. The general subject of isolation 
and isolation materials is receiving increasing attention 
with the tendency to speed up machinery. Machine de- 
i igners recognize the fact that increased speed has resulted 
in troublesome vibration problems that previously had not 
reached “nuisance” or “damage” levels. The great 
majority of manufacturing tools are inherently unbalanced. 
To design a balanced drop hammer, loom, punch press or 
automatic machine is not feasible. In such cases the use 
of isolation material becomes a necessity. 

Unfortunately, in many instances, isolation has been 
tried and the desired results have not been attained. 
These failures have been generally caused by a lack of 
understanding as to the principle of isolation and the 
Sibsence of practical knowledge as to how and where the 
material should be installed. 

The first principle of isolation is that the natural 
frequency of the machine on its isolation must be consider¬ 
ably less than the operating vibration frequency of the 
machine. As an example, let us assume that we have a 
1 achine which gives rise to vertical vibrations of frequency 
30 per second. The machine weighs 1,600 pounds and 
is to be supported upon 4 equal springs. Furthermore, we 
desire to reduce the vibrations transmitted to the sur¬ 
roundings to Vo of the value when springs are not used. 
If k is the “stiffness coefficient” of the 4 springs, n the fre¬ 
quency, Ai the amplitude of transmitted vibration without 
the springs, and Az is the transmitted vibration with the 
springs, then 


w 

- 


substituting 


4ir* X 900 


late what isolation will be obtained at frequencies other 
than the operating frequency of 30 vibrations per second. 
When k = 4t*«® w/g, A%IA\ becomes theoretically infinite. 
The transmitted vibrations at this frequency are very 
much higher with the springs than without them. This 
occurs at a frequency of 9.5 vibrations per second. At a 
frequency of 12.4 vibrations per second A^ — Ai, and the 
transmitted vibrations are the same with the springs as 
without them. This frequency is called the “isolating 
frequency.” A plot of the calculated values of A^/Ai for 
various frequencies is shown in figure 1. 

Examination of this curve shows that below the isolat¬ 
ing frequency (where A^/A — 1.0) the transmitted vibra- 


Figure 1 



and k = 176,000 pounds per foot. 

For one spring the stiffness coefiScient is 44,000 pounds 
,per foot or 3,660 pounds per inch. Four springs each 
giving a deflection of one inch for a 3,660-pound load 
solve the requirements. 

It is noted, that the stiffness coefladent is an important 
property of an isolator. From equation (1) we can calcu- 
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tions are larger with the spring isolators than without 
them. The system only becomes effective at frequencies 
higher than 12.4 vibrations per second. 

If the springs are stiffened the natural and isolating 
frequendes become higher, and consequently their effec¬ 
tiveness at the operating frequency of 30 per second is 
lessened. If the springs are reduced in stiffness the situa¬ 
tion is improved. Questions of stability will determine 
what mimimiitn stiffness coefi&dent is permissible. 

The resonance peak is undesirable in the majority of 
cases. During the starting and stopping of the machine 
the transmitted vibrations are large and, in addition, the 
machine on the springs oscillates through a very large 
ampUtude, both of-which are objectionable. To remedy 
these difficulties it is desirable that the isolation material 
possess “damping” qualities. 

Damping has 2 prindple effects. It greatly reduces the 
height of the resonance peak, but the installation is less 
effective than isolation with no damping at frequendes 
higher than the isolation frequency. The curves of figure 
2 show a material with little damping and one with con¬ 
siderable damping. 

Experience has shown that the improvement obtained 
at frequencies lower than the isolation frequency with the 
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material with appreciable damping properties is of great 
practical importance. 

If the material has appreciable damping qualities the 
A 2 /A 1 equation 1 becomes: 



Where r is the damping constant. 

This constant is measured by taking a record of the 
damping curve. One method of doing this is illustrated 
in figure 3. 

t^st piece IS loaded with 2 suitably sized weights. 
A small stylus bears on the top bearing plate. Any 
motion of the isolation material causes the mirror to move 
about its axis and a beam of light to move across the slit 
of a constant film speed moving picture camera. The 
lower weight is suddenly moved and a record of the oscil¬ 
lations is made on the film. From measurements on the 
damping record the value of r can be evaluated. 

Gonlxol of materials and manufacturing processes 
m^es it possible to make felts covering a very wide range 


ment recorders, velocity recorders, and accelerographs. 
Each gives a different recorder, and what is measured 
as the predominate frequency of the frequency giving the 
biggest displacement on the record is not necessarly the 
same for the 3 instruments. As an illustration of this, 
let us assume that a record similar to figure 6a is obtained 
with some type of velocity recorder. If a record is now 
made with an accelerograph it appears as in figure Cyb. 
An examination of the 2 records discloses that the fre¬ 
quency to be isolated as determined by the accelerograph 



Figure 3 
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of stiffness coefficients. For example, felts can be made 
which are suitable for loadings from 2 to 500 pounds per 
square inch. In determining the properties of these 
load-deflection curves were measured together with the 
damping or “resistance” coefficients. Curves similar to 
that shown in figure 4 were then calculated. 

These curves have been checked at numerous points by 
measuring transmitted vibrations in the following manner. 

The vibrations of an eccentrically loaded motor were 
measured with no isolation, thus giving the value of Ai 
The test material was installed at the desired loading and 
the vibrations transmitted to the siurroundings were again 
me^ured, thus giving the value of Aj. The readings so 
^de served as a direct check upon the determination of 
A 2 /A 1 by means of equation 2. 

^^For purely rotative devices such as electric motors, 
the frequency to be isolated is the speed in revolutions per 
second. The frequency to be isolated for more complex 
macffines is not so easily determined. The satisfactory 
method is to obtain a photographic record of the vibrations. 
There are 3 general types of instruments used; displace- 


is € umes as nigh as is determined by the velocity recorder, 
A record of the same vibrations taken on a displacement 
recorder would give a much smoother curve than 6a, and 
the slight irregularities of 6a would be much smaller on 
the displacement record. 

The only case where records from the 3 instruments 
would be similar is when the vibratory motion is simple 
harmonic, such as an unbalanced rotor. The question 
then arises as to which of the 3 should be used in a deter¬ 
mination of the frequency to be isolated, where the machine 


Figure 4 
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IS more complex. Since we are interested in damage t 

r " the measuremer 

which best measures damage or annoyance is the prom 

is proportional to unbal 
force It seeiM reasonable to accept acceleration a 
,tte best mea^e of damage. Through evidence coUecte 
by seismologists and engineere acceleration is a bette 
m^e of structural damage than velocity or displace 
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Experiments have been made in order to establish a 
unit of “nuisance level” of vibrations, that level at which 
people term a vibration an annoyance. Neither accelera¬ 
tion, velocity nor displacement are satisfactory as a unit. 
When the vibrations are accompanied by noise, it very 
often happens that eliminating the noise results in the 
opinion that the vibration difficulty has been overcome. 
What one person calls an objectionable vibration, another 
does not, so that the establishment of a satisfactory 
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the sum of bolt load plus machine load, and the upper 
pad,, the bolt load. Generally the bolt load is in excess of 
the mass load of the machine. The efficiency of the 
isolation is determined by the mass load and not by the 
bolt load. Consequently, it is necessary to use a material 
which is capable of taking the bolt plus machine load 
without deterioration. This is necessarily a stiffer 
material than one which would have to withstand the 
machine load alone, and isolation efficiency is sacrificed. 
Many machines have to be bolted down. 

It has been found that a great many others which are 
ordinarily bolted do not require bolts provided the pad 
ran be cemented to the foot of the machine and to the 
floor. It has been found, for example, that a satisfactory 


Figure 5 

nuisance level does not seem possible. Such being the 
case and accepting the fact that acceleration is the best 
measure of damage, the accelerograph is preferable to the 
velocity or displacement recording instruments. 

It is well to examine the more practical aspects of vi¬ 
bration isolation with the idea of pointing out the more 
common errors made in installation. The most common 
of these is “bridging.” Many installations are found in 
the field where the use of holding-down bolts makes the 
application useless. 

A “bridged” isolator is shown in figure la. Here the 
holding-down bolt or lag screw is rigpd’y connected to the 



machine foot and to the floor, and offers a direct path for 
the transmissiou of vibration. Where holding-down bolts 




Figure 7 


and preferable method of mounting looms is by eliminat¬ 
ing the bolts or lag screws, and cementing the pad. The 
loom stays fixed in its location, the mass loading on the 
pad is correct, and the cost of the pads themselves is 
largely offset by the saving in the cost of installing the 
lag screws or bolts. 

In connection with the loom problem, it is interesting 
to note that many loom sheds have very large horizontal 



vibrations. This occurs when a munber of looms get in 
phase and the disturbing force is high. The natui^ 
frequency of the structure in which the looms are housed 
is often in the neighborhood of the loom speed so that a 
condition approaching the resonance peak exists. With 
the advent of increased loom speeds it is probable that in 
many cases the loom speed will more nearly agree with the 


are necessary the installation can be made as in figure 76, 
where no iiirect path for the transmission of vibrations 
is ay^able, except through the isolating material. In 
^.Trfl. TigpTnent s clearance must be provided between 
the bolt and the machine footing. The lower pad takes 


natural frequency of the structure and the vibration situa¬ 
tion will be very much worse. 

One of the most troublesome of vibration trsinsmitting 
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machines is the drop hammer. Unisolated drop hammers 
give rise to vibration which are transmitted long distano p s 
and seriously affect adjoining property owners. To 
isolate a hammer already installed is an expensive job to 
do properly. The machine must be taken down and the 
isolation material installed underneath the foundation 
as in figure 8. 

Placing the isolation material directly under the hammer 
(at A) will result in a loss of hammer efficiency. The 
material must withstand Uie mass loads of machine and 
foxmdation, and be capable of long life under the effect 
of the hammer blows. The magnitude of the blow is 
difficult to determine since it depends upon the size of the 
hammer, the drop and the temperature and nature of the 
work. However, on large hammers the impact blow is of 
the order of 2,000,000 pounds. 

Punch presses are serious offenders. The record shown 
in figure 9a is of an unisolated punch press. The film 
speed of this record was 3.5 inches per second. The cali¬ 
bration of the instrument showed that a displacement of 
^e light source of 0.23 inches from its median position 
indicated an acceleration of 10 per cent of gravity. The 
blows occur about eveiy 1.3 seconds. This, however, is 
not toe frequency which has to be isolated. The frequency 
of vibration at the impact is of the order of 100 vibrations 
per second. Figure 9b shows the effect of installing isola¬ 
tion material. 

Machine footings are of all sizes and shapes. The 
loading on the footings cover a wide range. In the use 
of pad materials we can vary the thickness and area of the 


vertical and horizontal vibration. This may be accom¬ 
plished by grooving or slotting the pad in toe proper 
direction, as shown in figure 10. 

The pad is placed under the machine so that the direction 
of maximum horizontal vibrations is peipendicular to the 
slots. Various other arrangements of grooving or slotting 
are possible. 

Ship vibrations are exceedingly troublesome. These 
are caused by machinery within toe ship and by disturb¬ 
ances originating at the propeller. Very little has been 


Figure 10 



done in isolating the machinery of a ship. Proper align¬ 
ment of shafting and the demand for stabiUty during the 
rol^g and tossing of the ship are additional demands 
which must be met by the isolation instaUation. Recent 
work on smaller pleasure cruisers has shown, however, 
that annoying vibrations can be greatly reduced by isola¬ 
tion of the main motor and a suitable flexible coupling in 
the propeller shaft. 



Figure 9a (top) Figure 9b (bottom) 


pad to get the desired load-deflection conditions. Furthei 
more if the material itself can be manufactured to ge 
v^ous load-deflection properties for a given thickness 
all conditions of loading met within practice can be prop 
^ly treated. ^ ^ 


Any isolation material to be effective allows the machine 
more freedom of motion than an installation with no 
isolation. In advertising one frequently sees charts of 
the vibrations of an isolated machine, compared with the 
vitoUons of the smoundings. Such a comparison is 
unfair. The only fair comparison is a record of the vibra¬ 
tions of toe surroundings due to an unisolated machine, 
as compared to an isolated one operating under the same 
conditions. 

StructuraUy borne noises are a source of disturbance 
frequently found in factories particularly where offices 
are located adjacent to manufacturing operations. Cor¬ 
rection can be made by isolating toe disturbing machines, 
(^ite frequently attempt has been made to quiet the 
o ce by the installation of sound absorbing material on 
toe w^ or ceilings. These applications do not give the 
desired re^ts. The sound absorbing material is effective 
m correcting air borne disturbances. Those noises which 
are structurally borne are best handled by attacking the 
problem as near the source of disturbance as possible and 
instalhng proper machine isolation. 
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New Oil-Filled Cable Lines in Chicago 

By HERMAN HALPERiN G. B. SHANKLIN 
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Several recent developments in cable, joints, reservoir 
layout, and installation are incorporated in the 4 66-kv 
single-conductor pil-fiUed underground lines being installed 
in Chicago in 1936-37. The main results are economies 
and simplification. The emergency ratings of the lines 
are 115,000 kva in summer and 135,000 kva in winter. 


D uring 1936 and 1937 the Commonwealth Edison 
Company is installing in Chicago 4 66-kv under¬ 
ground lines consisting of about 100 miles of single¬ 
conductor oil-filled cable. A summary of developments 
made in connection with these lines, which have a nominal 
rating of 100,000 kva, is given in this paper. The main 
objectives were to simplify oil-filled cable systems and 
make them adaptable for installation in standard under¬ 
ground conduits and manholes, and to reduce costs. 

The principal results obtained as compared with pre¬ 
vious oil-filled cable installations were as follows: 

1. Ten or 12 per cent reduction in insulation thicknesses. 

2. Substitution of copper-bearing lead sheath for more expensive 
2 per cent tin sheath, 

3. Smaller, simpler, and more economical stop and feeder joints. 

4. Use of simpler and more economical reservoirs, and development 
of staggered system of oil feed. 

5. Simplified layout, and development of joints and reservoirs 
that could all be installed in standard manholes, instead of requiring 
special manholes or towers. 

The changes made during this development work in 
insulation thickn esses, kind of lead sheath, joint design, 
reservoir layout, etc., have been adopted in principle for 
oil-filled cable work in the United States. Employing 
these and other new ideas developed during the past 10 
years, including sheath loss elimination, the cost of an 
oil-filled 132-kv line to have the same carrying capacity as 
the 1926-27 Chicago line^ would be only 55 per cent of the 
cost of the actual installation. 

Economics 

These 4 oil-filled lines are additions to a 66-kv system 
which connects 5 generating stations and 2 distribution 
stations, power through transformers being fed in at some 
stations and being taken out at other stations. See 
figure 1. The system is divided into 2 parts throughout 
the city with bus tie switches available at the terminal 
for special use. 

The original 66-kv lines installed in 1926 to 1931 consist 
of 280 miles of 750,000-cirGular-mil cable of the ordinary 
solid type with 1,000,000-circular-mil cable in the warmer 
conduits, and ihe carrying capadties in the summer for 
normal and emergency conditions are, respectively, 
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52,500 and 56,000 kva. System growth warranted the 
installation of lines having an emergency rating in the 
middle of the summer of 115,000 kva. As compared to 
the former standard lines, these new lines result in a saving 
of about 25 per cent in cost per kva of carrying capadty 
and in a substantial saving in cost and space for the termi¬ 
nal facilities. 

Satisfactory cables of both the ordinary and oil-filled 
type were available. Early in 1933, 2,100,000-circular- 
mil segmental-conductor cable of the ordinary type was 
used for a 9,000-foot line between Calumet and State Line 
stations because of a 10 per cent advantage in costs over 
an oil-filled cable installation for the same copper tempera¬ 
ture. For the 1936-37 lines, oil-filled cable was used 
mainly because of the larger emergency carrying capacity 
and lower annual charges per kilovolt-ampere. Figure 2 
illustrates the 3 main types of 66-kv cable that have been 
used in Chicago. 

From the standpoint of oyer-all economy as well as 
from the need to avoid overcrowding principal routes for 
conduits between stations, it was desirable to use existing 
conduits for the new lines as much as possible; this has 
been done for 60 per cent of the oil-filled 66-kv cable in¬ 
stalled. It was necessary to limit the average losses of 
the new lines in order to avoid overheating the existing 
cables in the conduits. This limitation required the use 
of 2 , 100 , 000 -circular-mil conductors for either the oil- 
filled or the ordinary type of cable in most of the conduits, 
and 2,800,000- or 2,600,000-circular-mil conductors, 
respectively, in the congested conduits near stations. 
Studies and experience with the first line, however, showed 
that with 2,100,000-circUlar-niil oil-filled cable it was 
possible to allow its temperature to be a few degrees above 
the maximum permissible for cable of the.ordinaty type. 
As a result, only 4 per cent of the length of 4 lines will 
consist of 2 , 800 , 000 -circular-mil cable, whereas 15 per 
cent of the length would have had 2,600,000-circular-mil 
conductor if ordinary cable were used. The oil-filled 
cable had a hollow core 0.69 inch in diameter, while the 
ordinary cable considered had a conductor consisting of 
3 segments to obtain reduced copper losses. For the 
emergency ratings of the oil-filled cable, this meant copper 
temperatures in the warmer conduits about 10 degrees 
centigrade below the guaranteed maximum value of 75 
degrees centigrade. 

When the peak loading necessitated by emergency sys¬ 
tem conditions begins to approach the maximum rating of 
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Figure 1. Underground 
system for 66 lev in 
Chicago at end of 1937 

Heavy lines represent ^il- 
Rlled cable; light lines 
represent cable of ordinary 
type 

Drawing is practically to 
scale; State Line-Fisk line 
is 15 miles long 

All terminals are generating 
stations except Humboldt 
Park and Washington Park 


a line, then an additional line must be installed, in spite 
of the fact that the canying capacity of the existing line 
under normal conditions may be adequate. The emer¬ 
gency ratings for the; solid type cable were limited not only 
by the maximum allowable specification temperature of 
60 degrees centigrade, but also by operating experience 
which indicated that the use of large temperature ranges 
would create undue internal pressures and sheath expan¬ 
sion. Based on operating experience and measure¬ 
ments of internal pressures on 750,000- and 2,100,000- 
circular-mil cables in service, and taking the expected 
normal loading into account, the maximum allowable 
daily range in copper temperature during emergency load¬ 
ing of the 2,100,0Q0-circular-mil solid-type cable lines 
considered (656 mils of insulation and 156 mils of sheath) 
appeared to be about 15 degrees centigrade in summer and 
17 in winter. With such daily temperature changes, 
it was expected that the internal cable pressures might be 
50 or 75 pounds per square inch, even after a line had been 
in service and had experienced some sheath stretching. 

The emergency rating for the oil-filled cable in the 
summertime was limited by the temperature requirements 
for other cables in the same conduit, while for winter 
conditions it was determined by whait was considered the 
limit of possible future requirements. The winter rating 
could have been made larger by the installation of a few 


The total annual charges for the 2 types of cable were 
almost the same. Due to the higher emergency carrying 
capacities of the oil-filled cable, however, the annual 
charges per kilovolt-ampere of carrying capacity were 
about 9 per cent less for the oil-filled system in summer, 
and 18 per cent less in winter. Oil-filled cable was, 
therefore, selected for the new lines. Later experience 
showed that the saving with oil-filled cable was slightly 
greater than originally expected. 

To figure the fixed charges on the investment, the 
authors used the same rate of depreciation for both types of 
cable, although the use of a lower rate for oil-filled cable 
would have been defensible. The annual charge for 
“maintenance” includes the cost of (a) repairing oil 
leaks, (b) routine inspection of cable in manholes for sheath 
cracks and checking of reservoirs, and (c) the cost of repair¬ 
ing failures. The assumed rate of failures for oil-filled 



Figure 2. Changes in 66-l<v cables in Chicago 



1926-31 

1933 

1936-37 

Type of insulation. 

Insulation thickness, mils.... 
Conductor size, circular mils., 
Maximum summer rating, kva.. 

. .Ordinary 
750.. 
..750,000.. 
.. 56,000.. 

...Ordinary . 
688.. 

..2,100,000.. 
.. 105,000.. 

...Oil-filled 

315 

..2,100,000 
.. 115,000 


cable was one cable or joint burnout per 100 miles of cable 
per year, with no anticipated failures. 

One factor that was hard to evaluate for solid type 
cable was the effect of its maximum diameters being about 
3.4 and 3.6 inches, respectively, for its 2 sizes. A slight 
amount of conduit used had 3V2-inch ducts, which would 
not have been usable. Experience showed also that some 
of the standard 4-inch ducts would have had to be rebuilt 
for the 2,100,000-drcular-mil cable and probably the 
2,600,000-circular-mil cable could not have been installed 
in most of these ducts. 


more reservoirs. 

The relative costs for the 2 types of 2,100,000-K:ircular- 
mil cable, shown in table I, were determined on the basis 
(1) of bid prices obtained in the fall of 1935 for cable and 
accessories and (2) of the experience of the Commonwealth 
Edison Company in installing, maintaining, and loading 
somewhat similar lines. Incidentally, the estimated 
cost of the first line installed differed from the actual cost 
by ohly 1 per cent. The costs shown include indirect 
or overhead costs such as engineering, storeroom, super¬ 
intendence, and interest during constr^ 


Insulation 

The 1934 edition of the AEIC cable specifications 
gives an insulation thickness of 350 mils for oil-filled 
cable having a rating of 69 kv, except that above 2,000,000 
circular mils the cable was to have 25 mils more of insula¬ 
tion. The manufacturers first thought that it would be 
satisfactory to use a thickness of 350, mils for the 2,100,000- 
circtilar-mil cable, but that for the 2,800,000-circular-mil 
cable the extra thickness vrould be necessary. The 
thickness used on the only oil-filled 69-kv cable previously 
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made in this country (in 1930 for Cincinnati) was 406 
mils. After some discussion of American and European 
experience, the thicknesses agreed upon were 315 mils and 
330 mils, respectively, for the 2 Chicago sizes. 

The Commonwealth Edison Company has been making 
periodic measurements of the power factors of 2 short 
oil-filled 132-kv lines put in service early in 1930. The 
insulation thickness is 719 mils. Figure 3 shows that the 
power factors at 15 degrees centigrade and operating volt¬ 
age have remained practically constant, which indicates 
that the insulation has been quite stable. 

About 8 years ago, this utility installed 4 1,000-foot 
lengths of experimental cable which were tapped to an 
overhead 132-kv line and were subjected also to heating by 
means of current transformers. The insulation thicknesses 
ranged from 386 to 526 mils. For 2 years these cables were 

Each line 0.65 mile 
Ions 

Note: Readings may 
be in error by as 
much as 0.0003 


YEARS OF OPERATION AT 132 KV 

Figure 3. Power factor of the insulation of 2 commercial 
oil-filled 132-l<v lines 


subjected to daily load cycles with temperatures as high 
as 75 degrees centigrade. Subsequently, the heating has 
been continuous to temperatures as high as 85 degrees 
centigrade, except that occasionally the cables were 
allowed to cool for power factor measurements. The 
results of these tests have shown the following: 

(а) The voltage did not appear to cause any deterioration of the 
insulation. The maximum stresses ranged from 188 to 250 volts 
per mil. 

(б) Temperatures up to about 80 degrees centigrade did not appear 
to cause any deterioration of the insulation. 



(c) The changes which have been observed in some of these cables 
have been of a type that accompanies chemical reactions. If the 
in sulat in g oil becomes oxidized, cbemiral action with the metals 
may result, causing the oil in the cable to darlren in color and to 
increase in power factor, although its dielectric strength remains 
practically unchanged. 

In 1932 it was necessary to remove from a commercial 
line in Chicago 3,000 feet of 132-kv oil-filled cable that had 
been installed in 1930, because of deterioration of this 
kind resulting from oxidation of the oil. The dielectric 
losses of the cable insulation had increased so much that 
the cable was fully heated when carrying almost no load. 
Although extensive investigations were conducted over a 
period of several years, the origin of this oxidation was not 
discovered other than that it was due either to over¬ 
heating of the oil or to contamination of the cable, or 
both. 

This experience indicated again the necessity of pre¬ 
venting overheating of the oil and preventing entrance of 
air into the cable. Now extensive tests of core oil from 
the completed cable at the factory, including a power factor 
or resistance test at 100 degrees centigrade of a sample of 
oil from each length, and tests of oil used in the field, are 
made as a routine procedure. Also, as discussed later, 
special precautions are taken in the field. 

The experience with the experimental cables indicates 
that within limits the thickness of insulation was of little 
or no importance in connection with the chemical action. 
Results of tests of power factor, addiiy, etc., obtained on 
samples of core oil removed periodically from the 4 com¬ 
mercial oil-fiUed 132-kv lines in Chicago have indicated 
that an initial period of deterioration occurred as a result 
of minute impurities in the installed line; but this core 
oil deterioration has caused no perceptible increase in 
dielectric losses of the cable as a whole. The initial 
reaction of impurities appears to have taken about 2 
years. 

In view of all these considerations and of the suc¬ 
cessful operation of large amounts of oil-filled cable in 
Chicago and elsewhere, reductions in insulation tluck- 
nesses were obviously warranted. The reco mm e n ded 
thicknesses are now 315 and 560 mils of insulation for 
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cable rated at 69 and 138 kv, respectively, except that 
slight increases are made for extra-large conductors. 

The indications are that, perhaps, even smaller thick¬ 
nesses may be used from the standpoint of steady voltages, 
but that further reductions will be retarded by the limita¬ 
tion of impulse strengfth of the insulation to withstand 
surges incidental to failures, switching, or lightning. 

Lead Sheath 

Until recently, oil-filled cables in the United States 
were furnished with 2^ per cent tin in the lead sheath in 
order that the cable would present a hard surface during 
pulling to minimize abrasion. Improvements in the instal¬ 
lation of conduit and in the mandreling of ducts to remove 
small pebbles and other obstructions have made a special 
hard surface sheathing unnecessary. 

Research done at the University of Illinois for the 
Utilities Research Commission showed that the rate of 
creep of copper-bearing sheath under tension was usually 
considerably less than the rate of creep of other sheaths 
in normal use including 2 per cent tin-lead sheath. The 
rate of creep is important because oil-filled cables operate 
continuously with positive internal pressures. Copper¬ 
bearing lead may be obtained without any extra expense 
at present as ASTM grade II lead, or as a mixture of 
highly refined grade I or III lead and about 0.055 per cent 
copper having a pure lead content of at least 99.85 per 
cent. 

It was, therefore, decided to use copper-bearing sheath 
at a saving of almost 5 per cent in the cost of the cable. 

In order to prevent excessive expansion of the sheath 
' during the normal life of oil-filled cable, the tensile stress 
on the sheath has been usually limited to 120 or 150 
pounds per square inch, based on the nominal sheath 
thickness. This corresponds to an internal pressure of 12 
or 15 pounds per square inch for the Chicago cables. Im¬ 
portant improvements have been made in the manufacture 
of cable sheaths during the past few years. Better uni¬ 
formity in sheath thickness and in exclusion of nonmetallic 
impurities has resulted. It seemed, therefore, especially 
with copper-bearing lead, that it was feasible to increase 
the maximum allowable internal pressure with variable 
pressure reservoirs to 17 pounds per square inch. This 
was particularly safe for the new lines, since the maxiTniun 
operating pressures will usually be 8 or 10 pounds. The 
sheath thicknesses used were Ve 4 and “/64 inch, respec- 
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tively, for the 2,100,000- and 2,800,000-circular-mil 
cables. 

Where differences in elevation give a considerable hydro¬ 
static head of oil within the cable, a double sheath is used, 
having 2 parallel copper ribbons wound between the 2 
sheaths to reinforce it. Such lengths are being installed 
in Chicago in tunnels under the rivers and where the cable 
rises to upper levels in a distributing station. The maxi¬ 
mum internal pressure in these leng^s is 30 pounds. 

Design and Manufacture of Cable 

The design and manufacture of oil-filled cable were 
rather fully developed by the time the fiirst of these 66-kv 
lines was planned. Consequently, the general process of 
manufacture did not differ materially from past practice. 
New features introduced were for purposes of further re¬ 
ducing cost or giving additional assurance of uniformity 
and freedom from impurities. The cable was furnished 
by 4 American manufacturers. 

The conductor design was of the conventional hollow- 
core type with a supporting spiral of steel strip. The 
reduction in insulation thickness has already been dis¬ 
cussed. The inner third (approximate) of the insulation 
consisted of high-density paper tape. The rest was of 
paper of more conventional density. Previous study had 
shown these proportions to give a good balance, from both 
a technical and a cost standpoint. The dielectric power 
factor, ionization factor, and time of impregnation treat¬ 
ment are not appreciably affected, as they would be with 
too much high-density paper; and, in return, there is 
gain in the way of mechanically stronger foundation tapes 
and increased impulse strength (10 to 15 per cent). 

Thoroughly washed wood-pulp paper was used, and a 
system of testing all paper to assure uniformity and free¬ 
dom from impurities was followed. Likewise, a system 
of handling and checking the impregnating oil for uni¬ 
formity before and after treatment was closely followed. 
Such oil was used only once, and any oil exposed to the 
atmosphere or to excessive heat in sealing the cable ends 
was flushed out and discarded. 

The final electrical and physical tests to which every 
reel length is subjected leave little possibility of non¬ 
uniformity. These tests consist chiefly of dielectric power 
factor and ionization measurements on finished lengths, 
chemical, electrical, and physical tests on withdrawn 
samples of core oil, a continuous oil pressure leakage test, 
and an expulsion test for detection of trapped air. 

The change to copper-bearing lead sheath and the 
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factory improvements leading toward a more uniform Figure 7. Dia- 
sheath have already been mentioned. Trouble with single- gram of phase 
wall lead sheath, limited to low working pressure (15 differential alarm 
pounds per square inch), has been almost negligible in the relays arranged 
past. This, of course, is due to the exact control of pres- for connection to 
sure in oil-filled cable. With sheath of improved quality, 3 phases 
practically entire absence of sheath trouble due to work¬ 
ing pressure strains may be reasonably expected. 

Design and Manufacture of Accessories 

Some general comments on accessories will be given 
before describing some of them in detail. These high- 
voltage accessories consist of a surprisingly large number 
of parts; and, since most of them must be assembled 




Figure 6. Operating characteristics of AC reservoirs at one 
feed point 


At this feed point the oil pressure would be 8 pounds per square inch 
when the average cable temperature is 40 degrees centigrade and the 
ambient reservoir temperature is 20 degrees centigrade. At adjacent 
feed points the pressure on the same phase-section would be higher or 
lower, in accordance with the intervening hydrostatic head pressure 


directly in the field, rather than in the factory, it is much 
more diffi cult than generally supposed to assure that these 
parts will always fit together exactly, in the simplest pos¬ 
sible way and in minimum time. Perfection of these 
details requires constant close co-operation between the 
manufacturer and user. All of the accessories were fur¬ 
nished by one American manufacturer, except that some of 
the joints for the later lines were furnished by another 
American manufacturer. 

Normal joints and stop joints, ajnd, in most cases, ter¬ 
minals require application of reinforcement insulation 


wrappings in the field. In Europe these wrappings usually 
consist of pretreated paper sheet or tape. In this country 
bias-cut varnished cloth tape has usually been used be¬ 
cause it is easier to apply, is more economical, and there 
is less chance of absorbing impurities during exposure. 
In the past a vacuum-treated tape made with black as¬ 
phaltic varnish has been used. This iype of varnish is 
slightly soluble in oil and increases the power factor of oil 
exposed to it. While this property is not desirable, it has 
caused no failures in service. 

To overcome this, a new and oil-resistant yellow 
varnished doth tape was devdoped and used for the first 
time in the Chicago 66-kv accessories. (AH accessories 
were rated at 69 kv.) This new tape also has lower di¬ 
electric power factor and is mechanically superior. 

One primary requirement was that all joints and reser¬ 
voirs be suffidently compact to fit in standard-sized man¬ 
holes and avoid the inconvenience and expense of manhole 
enlargement. Normal joints of conventional design easily 
met this requirement as the internal diameters were 5 or 
5 V 2 inches and the lengths were 32 to 34Vs inches. A 
molded or porcelain sheath insulator was incorporated 
directly in the copper casing, with a resultant material 
saving in cost and compactness when compared with 
separate sheath insulators. 

Stop and Feed Joints 

Hbrkolitb Shell Joint 

The ground contour in Chicago is practically fiat. It 
played no part in determining the best location for stop 
joints with which a line is segregated into sections, except 
for a few special cases. Other factors, to be described later, 
determined this. The length of section in Chicago is of 
the order of 8,000 feet. Because of pressure drop along 
the cable core and the requirement of keeping maximum 
allowable pressure within the limits of single lead sheath, 
it is necessary to have reservoir feed points at intervals 
of 2,600 to 3,500 feet along the cable. This requires feed 
joints at these points, intermediate to stop joints, for pur¬ 
poses of connecting the reservoir to the cable core. As 
this same requirement holds for stop joints also, there is 
actually no difference in design but only in of pd 
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connection. The stop-joint connection definitely shuts ends of the joint. The passages can be shut off or left 
off oil flow across the joint while the feed-joint connection open at will by means of threaded, gasketed plugs, as 
allows this flow by means of a controlled by-pass. These shown, 
joints will be referred to merely as stop joints. 

Prior to the 66-kv Chicago installations, the conventional Condenser Joint 
stop-joint design consisted of 2 porcelain shell terminals The condenser principle of controlling longitudinal and | 

placed end to end on a horizontal axis, connected elec- radial stresses in electrical designs is well known. It con- 
tiically together and enclosed in an oil-filled cylindrical sists of intermediate electrodes, usually sheets or strips 
copper casing. Each shell assembly is similar in internal of metal foil, incorporated in the main body of insulation 
construction and appearance to the usual porcelain cable and resulting in a series of small capacities that divide the 
terminal, except that the petticoats are omitted.® A stop electrical stress, with a resulting reduction in dimensions, 
joint of the porcelain shell design for the 66-kv Chicago The condenser principle lends itself to stop-joint design, 
installations would be 9 inches in internal diameter and and the details of earlier developments have been de- 
49 inches in length. This is too large to fit in standard scribed.* The condenser unit, representing the main 
manholes and too costly for frequent intermediate feed insulation, of the joint, is factory made and materially 
points. The development of a smaller and less costly de- reduces the field application of insulation wrappings, 
sign was an important requirement. The condenser joint designed for the 66-kv system in 

In designs, of this type, Herkolite has decided advan- Chicago meets the main requirement of fitting in stand- 
tages over porcelain. It consists of paper laminations im- ard-sized manholes. It is 5*/$ inches in internal diameter 
pregnated and cemented together under heat and high and 42V8 inches long. This makes it much smaller than 
pressure. It is only recently that the art of constructing previous similar designs. A porcelain sheath insulator is 
this material in such shapes as required for stop-joint shells incorporated in the casing by the method of metal-to- 

has been perfected. It is stronger than porcelain, both porcelain soldering. The oil stop tubes used in the j 

mechanically and electrically, and can be molded and ma- earlier design of joint were eliminated and the oil stop was j 

chined to exact dimensio ns. Aiiother advantage is that obtained at the center of the joint by means of an oil- j 

longitudinal oil-feed channels can be machined on the resistant rubber gasket between the connector and the | 

inner surface of the shell, whereas, with porcelain a clear metal tube forming the central inner surface of the con- ' 

fttinular space of much larger dimensions, and with a cor- denser unit; the rest of this inner surface is of insulation, 

responding reduction in allowable stressing of the oil gap, Two spring valves in the connector, one on each side of the 

is necessary. oil-stop gasket, control the oil passages between the cores 

Changing to Herkolite shells resulted in a material reduc- of the 2 cable ends and the 2 halves of the joint. The 

tion in diameter and length of stop joint. This in turn valves are manipulated during joint construction by 

allowed simpler and more compact methods of compressing treated doth ribbons threaded along the oil-feed space to 

the sealing gaskets at each end of the shell. The result levCTs directly under plug openings in the ends of the joint 

has been a stop-joint design retaining the proved rugged- casings; and the ribbons “have no function during service 

ness of the gasketed shell prindple but suflSdently com- as the valves are then open. Passages for by-passing the 

pact for standard-sized manholes and little larger than a oil-stop are incorporated in the joint assembly, 

normal joint. The condenser stop-joint design requires more straight 

Figure 4 shows the new Herkolite shell design. The cable in the manhole and more care in assembly than the 

joint dimensions are 5 inches by 40Vs indies and its internal Herkolite shell design, and requires less time for assembly, 

volume is only 25 per cent of that of the old porcdain 

design. Its small size allows the incorporation of a sheath Reservoir Feed System 
insulator in the joint casing, which is another advantage. 

When used as a stop joint, it must have one end hy- Considerable time and expense has been given to tlie 
draulicdly connected to the central casing endosure for possibility of devdoping new and more economical designs 

purposes of maintaining oil pressure in this endosure. If of oil reservoirs. So far, the cell-type reservoir, consisting 

oil feed to the cable in one or both directions is desired of a stack of individual cells with corrugated metal dia- 

witii the stop-joint connection, it is necessary to connect phragmsendosed in a cylindrical tank, has proved the best, 

separate reservoirs to one or both ends of the joint. When There are 3 modifications of the cell-type reservoir avail- 

used as an intermediate feed joint, both ends and the cen- able, all of which are described elsewhere* in detail. ! 

tral enclosure are connected to a common reservoir. The type CC gravily-feed reservoir has all cells con- j 

In tiie past, the latter connections consisted of short nected to a common manifold, with the cells filled with 

sections of external by-pass piping with necess^ fittings oil. The endosing tank is open to the atmosphere through j 

and control valves. This method of connection was fol- a breather. It is, consequently, necessary to elevate this 

lowed for the joints deydoped for the first Clucago 66-kv reservoir to obtain pressure feed to the Cable. On level 

mStallation. Further study showed, however, a more eco- ground such as exists in Chicago, this involves expensive 

^ feed towers.^ In the present 66-kv Chicago v^stem, 

connections directly in jlie type CC reservoirs are used only at the vertical terminal 

joint casing, as illustrated in figure 4. Oil passages con- ends where the deSired elevation is already available on i 

nect the-end endosure to the central endosure at both the switching structure. 
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The type DC balanced-pressure reservoir is similar to 
the type CC except that the enclosing tank has extra 
length and is sealed full of gas. The gas pressure may be 
adjusted as desired, and so it is not necessary to elevate 
this type of reservoir. Rather exact control of the oil 
feed can be obtained even with reservoirs at different ele¬ 
vations.®*® In making the type DC reservoir, there is a 
great deal of brazing and other hand work in paralleling 
the cells to the manifold, which increases cost. 

The type reservoir has a .simpler and more economi¬ 
cal cell arrangement. The cells are individually sealed off 
full of air at atmospheric pressure by automatic welding. 
Elimination of manifold connections materially reduces 
hand work and cost. The oil is in the enclosing tank in- 

Table I. Economics of 2,100^000-Circular-Mil 66-Kv Lines 
in Fall of 1935 


Figures Include Indirect Costs 



Type of Insulation 

Oil Filled Ordinary 

Costs per Mile of Line 

Imvbstmbnt: 

Cable. 

56,900.. 

. 71,800 

Accessories. 

... 16,740.. 

.. 6,010 

Installation. 

.,. 12,800., 

.. 9,580 

Conduit, prorated.... 

... 21,870.. 

.. 21,000 


1106,310 

8108,390 

Annual Chargbs; 

, /Cable at 11V* per “at. 

1 Conduit at lO'/i per cent. 

9,700.. 

10,040 

... 2,800.. 

.. 2,210 

Copper losses. 

... 1,660.. 

., 1,490 

Dielectric losses. 

320.. 

250 

Maintenance. 

440.. 

330 


$ 14,310 

8 14,320 

Emergency Carrying Capacity, KiloTolt-Amperes 

Summer..... 

... 116,000.. 

.. 106,000 

Winter........ 

... 135,000.. 

.. 116,000 

Annual Charges per S^ovolt-Ampere of Carrying Capacity 


_ ( cents...'. 

Summer 1 percent.. 

12.4.. 

13.6 

.... (100).. 

.. (109) 

Winter {percent ... 

10.6.. 

12.6 

.... (100) .. 

.. (118) 


stead of the cells. The pressure on the oil is obtained by 
forcing in enough oil to compress the air cells, and for this 
reason is not imder complete control. Unlike the type 
DC reservoir, a relatively high oil pressure cannot be ob¬ 
tained when the reservoir is nearly empty, or a relatively 
low pressure when the reservoir is nearly full. The 
Tna vimijm safe operating pressure is about the same as the 
limit dictated by the strengfth of the sheath, i.e., 15 
pounds per square inch. 

In spite of its simplicity, the type ilC reservoir is not so 
economicali as the type DC on hilly contour because the 
hydrostatic hea.d pressure on the reservoirs at low eleva¬ 
tions causes them to become partly filled with oil, thus 
wasting much of the capacity. With type JDC reservoirs, 
it is only necessary to pump up the ga^ pressure to avoid 
^this. 

Gh reasonably level contour, as in Chicago, a material 
saving may be realized by using 1 ype 4 C’ re.servoirs, even 
though the ^cieiicy is rath« low. The ratio of useful 

JXJNE l^ST 


to total capacity of the AC reservoirs in Chicago is 50 per 
cent. 

This means that about twice as much manhole space is 
required for the 4 C reservoirs as for corresponding DC 
reservoirs. In the past it has been customary to install D C 
reservoirs for all 3 phases of single-conductor cable in the 
same manhole. There is not room to do this with AC 
reservoirs without having a great number of feed points, 
and so a staggered feed system has been adopted. The 
reservoirs and the feeder joint for one phase are installed 
in a given manhole with those for the other 2 phases in 
usually the next manhole on each side. This method 
gives ample space with standard-sized manholes and results 
in economy in the use of feeder joints. Figiure 5 illustrates 
diagrammatically some typical arrangements of stop 
joints, intemrediate feeder joints, and reservoirs for vari¬ 
ous lengths of line sections used in Chicago. 

From 2 to 4 9-gallon type 4 C reservoir units were con¬ 
nected in parallel at each feed point, depending upon 
the ground contour and the length of cable to be fed. 
In each section the total useful reservoir capacity was 
calculated to take care of the thermal expansion of the 
oil in the cable and accessories over the full annual tem¬ 
perature range, and without exceeding an allowable pres¬ 
sure range for the cable and reservoirs. Thirty per cent 
or more surplus reservoir capacity was added to the 
cable oil requirement for emergency use. The pressure 
limits were 0.5 pound per square inch above atmospheric 
pressure at the highest point of the section with all sur¬ 
plus exhausted and 17 pounds at the lowest point in the 
cable at m aximum load temperature. In addition, it was 
necessary to make sure that the available reservoir pres¬ 
sure was sufficient to take care of maximum pressure drop 
in oil piping connections and along the cable core under 
aU conditions of oil demand by the cable and accessories,'^ 
due both to temperature changes and exchange of oil 
between reservoirs caused by the semibalanced system of 
feed adopted. 

Semibalanced pressure feed of the type just described 
makes the calculation of reservoir settings as a function of 
cable temperature more difficuh and complicated than 
balanced pressure feed. The general mathematical for¬ 
mulas, involved have been published,® but yet it is neces¬ 
sary also to resort to a cut-and-try method. 

As previously explained, the reservoir oil pressure is 
practically equal to the gas pressure in the cells. This 
r neans that the ambient temperature of the reservoir af¬ 
fects the pressure. The complete pressure-volume-tern- 
perature characteristic of the 9-gallon 4C reservoir is 
shown in figure 6 (curves slanting upward to right). Us¬ 
ing this characteristic, oil pressures and corresponding oil 
volumes satisfying the following conditions are determined 
(by cut-and-by): 

1. The total volume of oil in all the reservoirs on a phase of a l^e 
section at a given cable temperature must be in accordance with 
the calculated thermal expansion of the cable and accessories at tlmt 

..temperature.: ■; 

2. The corresponding pressures in each group of reservoirs must 
lie within l£e allowable range, and the Terences in pressure 
between reservoir groups must be equal to the hydrostatic pressures 
due to the differencM in elevation. • 
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After a sufficient number of such points has been de¬ 
termined, they are plotted on the reservoir characteristic, 
and points for equal cable temperature are connected by 
the vertical cross-lines shown in figure 6. One of these 
graphs is prepared for each feed point along the line. With 
the help of these, it is easy to determine the correct reser¬ 
voir pressure for all stable conditions of cable and reservoir 
temperature. A short circuit heat run on the first Craw- 
ford-Humboldt line showed the calculated reservoir 
pressures to agree closely with the actual. 

Oil Relay Protection 

Oil-filled cable furnishes an opportunity that usually 
does not exist with solid-type cable to detect leaks in the 
s37stem, by means of oil relays, before electrical service 
failures develop from entrance of impurities. Such leaks 
as slight defects in the sheath, pipe fittings, or lead wipes, 
may be slow and require weeks to exhaust the reservoirs. 
Practically all of the leaks that have developed in previous 
oil-filled lines have been of this type. As long as the 
reservoirs are not exhausted, positive pressure is main¬ 
tained and leakage of oil outward prevents entrance of 
impurities. Fast leaks may be caused by electrical failure 
or direct mechanical rupture of oil piping. Such fast 
leaks may exhaust the reservoirs in from 1 to 4 hours, de¬ 
pending upon restrictions offered and oil viscosity, and 
require a well-organized emergency repair system to pre¬ 
vent such exhaustion. 

Regardless of the type of leak that develops, it is ob¬ 
viously desirable that the station operator learn of it as 
soon as possible. Relays set for minimum oil reservoir 
volume or pressure are necessarily slow in action, the 
reservoirs being fairly well exhausted before an alarm 



comes into the station. With 3-conductor cable, minimum 
setting relays are the only type that are economically ac¬ 
ceptable. For gravity feed with single-conductor cable, 
differential-volume relays are fast and satisfactory. For 
single-conductor cable with balanced or semibalanced pres¬ 
sure reservoir feed, fast relay action is obtained by utilizing 
differential oil pressure between phases. 

Under normal balanced load conditions, the oil pressure 
in the different phases varies in the same way at any given 
point in a section. In case of oil leakage, the pressure de¬ 
creases in the faulty section. The possibility of pressure 
in all 3 phases decreasing at exactly the same rate due to 
leakage is so remote that differential pressure between 
phases furnishes a reliable way of obtaining fast oil-relay 
action. It was necessary, however, to devise a phase 
differential relay that would do 2 things. First, means 
had to be found for compensating for differences in hydro¬ 
static head pressure between different phases or at dif¬ 
ferent points in any one section, caused by differences in 
elevation. Second, the reservoir pressure normally varies 
over a relatively wide range from no load in winter to 
fun load in summer, which in extreme cases might be from 
one pound to 15 pounds. A differential setting of a smaU 
fraction of one pound would be necessary to properly take 
care of no load conditions, but this same setting would be 
too sensitive and lead to false alarms under full load con¬ 
ditions. What was desired was a differential relay having 
an operating differential pressure that would increase 
proportionately with the line oil pressure. 

Both of these things are accomplished in the design 
shown diagrammatically in figure 7, first used in the 66-kv 
Chicago system. The relay consists essentially of 2 small 
opposing sylphon bellows having predetermined dif¬ 
ferences of area (the smaller has 25 per cent less area than 
the larger). Each opposing bellows is connected by oil 
piping to cable or reservoirs in different phases. At any 
point in the working pressure range the oil pressure in the 
large bellows must drop 25 per cent below the oil pressure 
in the small bellows to actuate the mercury switch shown 
This switch is connected through relay wiring to any de¬ 
sired t 3 rpe of alarm system at the station. By connecting 
3 pairs of opposing bellows as shown in figure 7, not only 
will the relay operate if the pressure in any phase drops 
25 per cent below that in the other 2 phases, but it will also 
operate if there is a 33 per cent increase in any phase, the 
operation in this latter case being reversed. 

Since the compensating spring across each of the large 
bellows may be adjusted to compensate for and nullify 
hydrostatic head pressure, the relay is actuated entirely 
by variable working pressure, or rather by a constant 
percentage differential pressure within this working range. 

Bonding of Sheaths 

With such large lines, the ratio of sheath losses to copper 
losses in case the sheaths are solidly bonded together would 
be about 225 per cent. Since experience showed that 
satisfactory insulating sleeves and methods of bonding 
had been developed to eliminate sheath losses, they were 
used. 
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Figure 9. Acces¬ 
sories installed in 
manhole 
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Lower center—^Two normal joints in upper position and Herkolite 
shell-type feeder joint in lower position. Note sheath insulators in 
joint casinss and porcelain insulators under cables 
Top—Four type AC 9-gallon reservoirs connected to feeder joint; 

reservoirs are placed with valves accessible from manhole opening 
Upper center—^Two bonding transformers^ one connected on each side 
of sheath insulators in joint casings 

Note: Cable and joints are fireproofed before line goes in service 


Operating experience in' Chicago indicated that for 
normal maximum loads of about 95,000 kva, the maximum 
allowable induced sheath voltage to ground from the 
standpoint of avoiding a-c electrolytic corrosion was about 
11 volts. For emergency loading,, the corresponding po¬ 
tential is about 15 volts. If the ordinary schemes of bond¬ 
ing were used, such as cross-bonding, then the maximum 
allowable length of cable between insulating sleeves 
would be about 320 feet based on normal loading, and 
somewhat less if based on emergency winter loads. The 
use of sheath bonding transformers* to reduce the voltage 
to ground to about 50 per cent of the induced voltage 
between insulating sleeves made it possible to use conduit 
sections up to 615 feet. During emergencies, the induced 
voltage from sheath to ground is about 16 volts, but the 
flow of exciting current through the sheath and bonding 
transformers reduces this potential to 15 volts with negligi¬ 
ble sheath losses. 

Cable lengths of the order of 615 feet are satisfactory 
also from the standpoint of allowable cable movement 
because during normal loading the daily cable movement 
at a duct mouth would be 0.4 to 0.55 inch and during 
emergencies the movement would be 1 to 1^/a inches.' 
Chicago experience indicates that movements 40 or 50 
per cent larger would be safe from the standpoint of ob¬ 
taining long life of the sheath in the manhole without 
cracking. 

The 3 phases of the lines had to be transposed frequently 
in order to minimize the induction of voltages and currents 
in other cables in the same conduits. The piping from the 
reservoirs was connected to the joints through pipe in¬ 
sulators. On end laterals, the practice was to ground the 
potheads and to have an insulating sleeve in the first joint. 


Installation 

Theory and experience have indicated that special care 
must be exercised, not only in the factory but also during 
installation and operation, to avoid the ingpress of impuri¬ 
ties in oil-filled cable. In view of this situation, and the 
need for considerable engineering work on development of 
suitable accessories and on the reservoir layout system, it 
was found desirable to have more engineers employed in 
connection with the new lines than would have been the 
case with cable of the ordinary type. Such engineers also 
follow the work continuously during installation and are of 
considerable assistance to the field force. 

The installation of the various types of joints requires 
in each case more than the usual working day of 8 hours. 
As a matter of efficiency in the use of equipment and man 
power, a new method of underground work was developed, 
that is, to construct in series all 3 joints and rdated work 
in a manhole on a continuous basis. In the 1937 work, 2 
field crews each comprising 3 gangs and substitutes worked 
continuously 7 days a week, night and day, doing manhole 
work. By this means, the overtime payroll is kept down 
to a negligible amount and the efficiency of supervisors 
and splicers is not impaired by long working hours. 
Another advantage is that practically aU the work in a 
manhole is completed in one set-up with a substantial 
saving in transportation and labor costs. 

A further improvement adopted is the use of 2 specially 
built trailers. The trailer is set over a manhole opening, 
access to which is provided by means of an opening in the 
floor. This arrangement provides increased protection 
for the men against inclement weather and traffic hazards, 
in addition to keeping moisture and dirt from entering the 
manhole. See figure 8. Gasoline-engine-driven generators 
were used for power supply for equipment such as oil 
heater, water pump, air blower, and vacuum piunp. Ex¬ 
cellent lighting, wUch is conducive to good workmanship 
and a minimum of fatigue, was also provided thereby. ' 

The foliowing items briefly outline checks or procedmes 
in the field to carry out the principle of preventing the 
ingress of impurities in the lines: 

1. A final expulsion test and pressure check are made on each 
reel of cable immediately before installation. 

2. The oil pressure in temporary reservoirs is frequently diecked 
to make sure that the cable is under positive prrasure and adequate 
oil supply is available for the flushing during, jointing. 

8. Care is taken during the installation to maintain the cable oil 
pressure above atmospheric; pressure at all times. Only 2 short- 
time exceptions to this rule are permissible, namely: 

(а) At the end of the time of installing the cable in the duct, when 
th e source of oil feed to the cuble is transferred from the reel ^ervoir 
to the temporary reservoir in the firahhole. 

(б) . Oh soldering the connectors onto the conductor. 

4. Vacuum tests are made on each completed joint prior to final 
filling with degasified oil. 

6, The application of vacuum is alwasrs localized, i.e., the principle 
of not subjecting a cable IjiMigth to vacumn in the field is followed. 

6 . Flow (hecks are made shortly after completion of each Ihie 
section in order to determine the presence, if any, of partial or 
complete restrictions to oil flow in the joints , or in the connecting 
piping. ■:■■■■ ’ ■ ' ■ . 
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7. Impregnation checks are made shortly after completion of joint 
work on each section, as an over-all check on the presence of aic. 

Tests and procedures used in the field designed to pre¬ 
vent the use of contaminated or overheated oil are as 
follows : 

1. All degasified oil used in constructing the joints, fitimg * the 
temporary oil reservoirs, and for additions to the permanent reser¬ 
voirs is treated in Chicago. Such oil is the same as that furnished 
in cable and in reservoirs. Each lot of treated oil is required to 
meet the following requirements; 




Limiting Values 

Item 

Temperature 

Maximum 

Mlnimttni 

Power factor—^per cent. 

Resistivity—ohms per cm*.. 

Gas content—^per cent. 

Dielectric strenoth. 

.100 deg C... 

... .Room. 

. 0.50 

.. 1.0* 

..15 X 10« 

Color number. 




Organic acidity—mg KOH/g_ 


. 0.020 



* Reduce to 0 degrees centigrade and 76 centimeters mercury. 


2. The maximum temperature to which the oil is subjected in the 
degasifying plant is 100 degrees centigrade. 

3. After e^ soldering operation during installation of joint con¬ 
nectors, oil is drained from the cable to remove overheated oil and 
residual flux. 


A view of completed construction work, excepting fire¬ 
proofing, in a manhole is shown in figure 9. 

Before the installation of the 1936 line was considered 
completed, a thorough load test at reduced voltaifc was 
made. One purpose of the load test was to heat the line 
and distribute any traces of moisture that might have en¬ 
tered the joints or oil system. Records of load currents, 
conductor temperatures, oil volumes and pressures ill 
reservoirs, induced sheath voltages, cable movement, and 
performance of oil-pressure signal system equipment were 
obtained. The results were satisfactory, inasmuch as the 
performance under load agreed closely with the calcula¬ 
tions on which the line design was based. 

When the load test was made on the 1936 line, titlier 
future lines of the same type were under consideration and 
it was felt desirable to check thoroughly the many new 
developments incorporated in the line. Such was not 
considered necessary for the 1937 installations. In general, 
it appears probable that, for future oil-filled lines, special 
heat runs will be unnecessary. 

The installation tests of 140 or 150 kv direct current for 
15 minutes were made with the permanently installed 
kenotrons of the utility. 
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4. Dried ofl used for flushing purposes during the construction of 
joints is heated by indirect means to 110-125 degrees centigrade. 
The supply of heated oil is changed daily and the tank is 
frequently. 

5. The principle of not soldering accessories or piping containmjr 
oil that could thereby be overheated is followed. 

6. ^ Hot flushing oU is admitted to the joint casings after wiping 
and before proceeding with the vacuum and filling treatment. 

7. All piping is swabbed, flushed, and temporarily sealed prepara- 

possible, the piping is vacuum 

Wed and filled with oil at the time the joints are treated. When 

t^s camot be done, the tubing is treated and fiUed separately and 
then jomed to the fiUed joint with ofl flowing out bf the fittings to 
preclude entrance of air or moisture. 
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Itslian State Railway Acquires New Electric Trai. 




SUd to be capable ol ” 

CMnmunicating cars resting on 4 9 conasts of 3 inter- 
kwig. has a maximum breadth bf 2 92 meters 

- motive Pcme^ 1^0 tons. 

PBuea oy 0 d,000-volt series-wound d-c 




motom with a total rating of 1,200 horsepower. Two motora are 

riag^ ® c^ages, and each of the middle <mr- 

nagM camj one motor. Air braking is Used. Each of the 3 caw 

with 3? seats°”Ld ^ contains a single fir^-class salon 

^2 senS?; contain second-class compartments 

fa 2e en^L^ The kitchens a« 

, and the baggage and mail compartments fa the other. 
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Insulation Strensth of Transformers 


Purpose 

T his paper is presented to review the work of the 
transformer subcommittee in setting up standards for 
the insulation strength of transformers. An effort 
will be made to present the steps in the development of 
the insulation co-ordination problem in regard to trans¬ 
formers and to clarify certain points on which misunder¬ 
standings have arisen. The present insulation strength 
standards and tests will be given so that the margin be¬ 
tween the protective level and insulation strength as dem¬ 
onstrated by test may be given proper consideration. 

As the transformer subcommittee has before it a pro¬ 
posal for changes in standards necessary for the use of kilo¬ 
volts as the basis for impluse tests instead of the use of 
the spacing of the test (rod) gaps, these proposals will also 
be given. 

General 

Transformers have an impulse insulation strength as ac¬ 
tually demonstrated by the standard insulation tests, and 
an ultimate breakdown strength somewhat higher. The 
margin between the demonstrated strength and the ulti¬ 
mate breakdown strength represents the safety factor 
which is provided by the designer. Logically, only the 
strength as demonstrated by test should be used in the 
application and co-ordination of transformers. In the 
operation of the transformers, a reasonable margin between 
the tested strength of the transformer and the protective 
level should be established and maintained as an addi¬ 
tional safety factor in view of unpredictable conditions. 

The insulation strength of transformers may be consid¬ 
ered from 2 points: the 60-cycle strength and the impulse 
strength. The 6Q-cycle strength determines the ability of 
a transformer to withstand continuous 60-cycle voltages, 
most switching surges, and arcing ^ound overvoltages. 
The impulse strength is that strength which resists light¬ 
ning overvoltages and the higher switching surges. Initi¬ 
ally the. insulation was determined by 60-cycle tests as a 
measure of ability to withstand all normal service require¬ 
ments but as ^erience was gained more attention was 
given to the impulse strength. The pr^ent 60-cycle insula¬ 
tion test level has been in existence for some time aiid ap¬ 
pears to have been adequate* 

Before the present knowledge with regard to lightning 
and transformer insulation properti^ was obtained ex¬ 
perience was the only guide. In the development of trans¬ 
former insulation to withstand lightning bvervoltages, 
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lication by the AIBB committees on power transmi^on and distribution, 
protective devices, and electrical mabhinery. Manuscript submitted March 20, 
1937; released for publication April 24. 1937. . . 

Peraennel of tranafom^r subcommittee cd AIBB coiumittee ou electrical 
machinery: I. W. Gross, cAafrotOM,* J. E. Clem, secrriory; B. S. Bundy L H 
Hm, y. M. Mbntringer, A. C. M6nt»ith, j. R. North, M. S. Oldacre. H. 3 
Scholzj, and F. J. VogeL * 


changes in design were made where experience indicated it 
was necessary. Accordingly, when sufficient knowledge of 
lightning overvoltages and transformer insulation proper¬ 
ties were obtained insulation levels and the corresponding 
insulation tests could be intelligently set up. The 60-cycle 
test has been retained and an impulse test has been added 
as a means of demonstrating impulse strength of the trans¬ 
former. 

Historical 

The standards for insulation tests have had a varied 
history. The first insulation standards were adopted 
June 26, 1899, and were as follows, as applicable to trans¬ 
formers: 

38. The following voltages are recommended for apparatus not 
including transmission lines or switchboards 


Rated Terminal Voltage 

Capacity, Kilowatts 

Testing Voltage 

Not exceeding 400... 


. 1 (WWi 

Not exceeding 400. 

400 and over, but less than 800.... 

.10 and over.,.., 

.1,600 

400 and over, but less than 800..,. 

..... 10 and over,..,, 

.2^000 

800 and over, but less than 1,200... 


_...3^600 

1,200 and over, but less than 2,600. 


.6|000 

2,600 and over..... 


. (Double -the normal 
ratfed voltages) 


Modifications were made from lime to time during the 
intervening years until the present insulation standards for 
the low frequency tests were issued May 1930. These are 
essentially as given below: 

Dielectric Test 

13-400 Standard Test Voltage to Be Applied Between Windings 
and Between Windings and Ground. Transformers and other 
induction apparatus, except as listed below, shall be tested by- 
applying between each winding successively and ground an alter¬ 
nating voltage from an external source of twice the rated voltage 
of the circuit to which the -winding under test is to be connected 
plus 1,000 volts. All other electric circuits and metal parts shall 
be grounded during this test, 

13-401 Standard Test Voltage Between Turns to Be Induced in 
the Windings. Transformers and other induction apparatus, 
except as listed, below, shall, in addition to the tests provided in 
13-400, be tested by applying between the tenninals of one winding 
a voltage of twice the normal voltage de-veloped in that winding, 
corresponding voltages being induced in the free windings. 

Exceptions: 

(f>) Transformers with graded insulation: Transformers, if for 
use on circuits of 66,000 volts and above, and having windings 
directly and permanditly grounded and designed to take advantage 
of the fact that the neutral of other point of the circuit is to be 
dir«:tiy and permianently groimded,* shall be tested by induced 
voltage with connections so made that the ungrounded dr line 

* A drcult zhril be considered Uiredily grounded When transformer coimections 
and characteristics, are such that not less than twice the combined rated tine 
currents from the bank or banks of transformers supplying the circuit will fiow 
to ground -when a line is grounded at a turminat of any of tbe transformers 
supplying the circuit.'' 
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Table I. Progress of Requirements for Impulse Strength* of Transformers 


Norember 1930 


December 1932 


January 1933 


December 1934 


January 1937 


Rated Trans. 

No. of 

Impulse 

Co-ordination 

Impulse 

Test 

Impulse 

Test 

Impulse 

Test 


Voltage 

Line 

Flashover 

Gap Spacing 

Flashover 

Gap Spacing 

Flashover 

Gap Spacing 

Flashover 

Gap Spacing 

F 

(Kv) 

Insulators 

(Kv) 

(Inches) 

(Kt) 

Unches) 

(Kv) 

(Inches) 

(Kv) 

(Inches) 


1.2. 







. 0.8. 

32 ... 

n A 


2.5. 









1 fl 


5.0. 





_2.26. 

.. 63..., 

_ 2.2. 

63 

9. 9 


8.7. 





_ 3.375. 

.. 81_ 

_ 3.3. 

an 

3 ft 


15.0. 



... 4.25. 

... 96.... 

_4.76. 

.. 102_ 

_ 4.6. 

... ion . 



26.0. 



... 6.25. 

... 128.... 

_7.00. 

,. 141..., 

_ 6.9. 

.., 140.... 

_ 7.1 


34.5. 



... 9.26. 

... 180.... 

_10.25. 

.. 190,,., 

_ 10.2. 

... 190.... 

_ 10.2 


46.0. 



... 12.26. 

... 228.... 

_18.5. 

.. 260.... 

.... 13.6. 

... 260.... 

_ 13.6.. 


69.0. 

.... 4.... 

... 440. 

... 18.75. 

... 336.... 

_20.6. 

.. 360,... 

_20.6. 

... 360 

9.0 A 


92.0. 

.... 6.... 

... 610. 

...25.0. 

... 430.... 

_27.6. 

.. 470.... 

.... 27.6. 

... 470.... 

_ 27.ri. 


116.0. 

.... 7.... 

... 695. 

...31.6. 

... 626.... 

... .34.76. 

.. 570.... 

.... 34.7. 

... 670.... 

_,34.7. 


138.0..... 

.... 8.... 

... 780. 

...38.26. 

... 626.... 

_42.0. 

.. 680,... 

.... 42.1. 

... 680_ 

.... 42 1 


161.0. 

....10.... 

... 945. 

...44.5. 

... 720.... 

_49.0. 

.. 790. 

_49.0. 

... 700.... 

.... 40 0 


196.0. 

...12.... 

... 1,105. 

...64.6 . ... 

... 860.... 

....60.0. 

.. 960. 

.... 60.0. 

... 960_ 

.... 60 n 


230.0. 

287.6. 

345.0. 

...14.... 

...1,265..... 

...64.0. 

...1,000.... 

_70.6. 

..1,100. 

.... 70.4. 

.... 88.0. 

.... 106.6. 

...1,100.... 

...1,360..., 

...1,620.,.. 

.... 70.4. 

.... 88.0. 

.... 106.6. 



Impulse 

riashover 

(Kv> 


32 

53 

63 

80 

100 

160 

190 

250 

360 

470 

570 

680 

790 

950 


1,620 


microsecond impulse wave with flashover on wave tail (minimum wave to produce 


terminals shall receive test voltage to ground not less tbao 2.73 
times the normal voltage developed by the winding, plus 1,000 volts. 

If testing circuit conditions are such that the induced voltage 
test just specified does not at the same time produce between 
adjacent 3-phase line terminals twice the related voltage of the 
circuity additional test with the same or other circuit connections 
shall be made to produce this voltage between line terminals; i.e., 
twice the rated circuit voltage. 

Transformers having graded insulation shall be so marked. 

Some time prior to the 1930 revision it was realized that 
it was necessary to supplement the low-frequency test with 
an additional test to insure that transformers were insu¬ 
lated more in proportion to the overvoltages to which they 
might be subjected. In some cases line insulation was in¬ 
creased to reduce lightning outages. It was becoming more 
and more recognized that the most important source of the 
damaging overvoltages was lightning and that some effort 
should be made to correlate the insulation strength with 
the lightning overvoltages. Considerable discussion on 
this problem took place in the transformer subcommittee 
and a SOTes of reports have been issued from time to time, 
the essential features of which are given in table I and dis¬ 
cussed in the following paragraphs. 

In November 1930«‘ the first report was issued in which 
it was required that 

Apparatus conforming with the standards of dielectric test should 
be so designed that their impulse strength against lightning is 
greater than the impulse flashoyer voltage to earth of nonshielded 
suspension t 3 rpe insulators.... 

and it was also proposed that no line entering the station 
have insulation exceeding these values for half a mile 
from ttie station. 

The manufacturers tried to design to these levels but in 
as ifiucfa as there was no established testing procedure, it 
is not possible to know whether they were successful 

Tbis ™ the first effort at what for a long time been 

called ‘‘co-ordination of transformer insulation.’' The use 

of insulators as ihe basis of compaiison did not last very 
31. For all numbered refarencMlaee lbt at ^ of paper. , 
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long for many reasons, the most important being the ob¬ 
vious disadvantage of the large and inflexible steps and the 
fact that the proposed reduction of the last half mile of 
line insulation to these values was not generally adopted. 

In December 193221 a revision was published in which 
the impi^e strength against lightning was given in terms of 
the spacing of a rod (co-ordination) gap of specified con- 
stmction and the tabulation was extended to include the 
16-kv circuit. 

The previous proposal of November 1930 balanced the 
transformer insulation strengths against a specified number 
of line insulators in half a mile of line adjacent to the sta¬ 
tion while the revision of December 1932 balanced it 
against the “co-ordination gap.” It was thought if one 
flashover point was established where the lines entered the 
smtion instead of 3 or 4 spaced one half a mile out that the 
single gap should be about 10 per cent less in flashover 
value to establish the same level on account of attenuation. 
Consequently, the spacing of co-ordination gap was se¬ 
lected to give about 10 per cent less flashover than the line 
insulators. However, in comparing the impulse flashover 
values in table I it should be remembered that the numeri¬ 
cal values on which the comparison was made then was 
not the same as those used today. 

The transformer subcommittee continued its studies 
and in January 1933 presented'® a tentative test code. In 
this test code the use of the term “co-ordination gap” was 
definitdy abandoned as a means of expressing transformer 
insulation strength. The use of test gaps at 110 per 
cent of the co-ordination gap spacing was introduced, the 
tabulation was extended to include the 4,600-volt class, a 
standard test wave was established, and a schedule of 5 
tests adopted. These tests are as follows: 

Tbsts TO Be Applied 

Each terminal of the transformer to be tested should be tested 

witlL waves of poMtive polarity having respectively: ; 

nior^t^n 10 per cent less than the nuhimum impulse vbltasfe 
permitted by the specified test gap directly connected to"^^d. ^ ; 
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2. A voltage just sufficient to flashover the specified test gap directly con¬ 
nected to ground. 

3. A crest voltage at least 10 per cent greater than the minimum flashover 
voltage of the test gap directly connected to ground. 


Comments 

Insulation Strength “Yardstick” 


4. A voltage of suffident magnitude to flashover the bushing. 

6 . A voltage as great as that specified in number 3 or 4, but •with the means 
for maintaining the excitation voltage across all parts of the winding. 

In December 1934* the number of impulse tests was re¬ 
duced from 5 to 3 and the tabulation was extended up to 
346 kv and down to 1.2 kv, A slight modification of the 
impulse test gap spacings, and a change in the low-fre¬ 
quency test voltage for transformer ratings 23 kv and be¬ 
low were also reported. 

At this time a standard bushing level was considered. 
The values adopted were 15 per cent above the co-ordinating 
gap for distribution transformers. The power transformer 
bushings 69 kv and above followed the values, but on ac¬ 
count of past practice with power transformers in the lower 
voltage classes, it was felt that the bushing should have a 
higher level and values essentially those of table III were 
adopted. 

In January 1937* some slight changes were reported. 
These changes consisted in the correlation of circuit volt¬ 
ages with corresponding maximum apparatus voltage 

Figure 1. 
Typical volt¬ 
time character¬ 
istics of rod 
gap and trans¬ 
former insula¬ 
tion 


ratings and the conclusion of the low-frequency test voltage 
in the tabulation. The wording of the 3 impulse tests were 
changed slightly to read as follows: 

Impulse Tests 

(a) Apply a wave just suffident to cause flashover of the spedfied 
test gap under existhig conditions of humidity and air density. 



It has frequently been asked why insulators and rod 
gaps were initially used as a means of expressing insulation 
levels. The reason is as follows: Impulse testing was a 
new development and the technique had not been estab¬ 
lished. The impulse flashover of a given number of insula¬ 
tor units or of a given gap spacing was reported differently 
by different laboratories. It was felt that the actual volt¬ 
age required to flashover a specified rod gap or a specified 
number of insulators would be the same in all the labora¬ 
tories regardless of the variation in reported values. Con¬ 
sequently it was felt that if the impulse strength level of a 
transformer was specified in terms of the impulse flashover 
of a given number of line insulators or a given gap spacing, 
it would result in a common “yardstick” for expressing the 
insulation strength of transformers. 

Polarity of Test Wave 

Many have asked why the positive polarity wave was 
selected instead of a negative polarity wave. These ques¬ 
tions were prompted by the fact that it was later definitely 
established that the severest lightning overvoltages on 
transmission lines were of negative polarity. At the time 
the positive wave was selected, which actually was some 
time prior to the issuance of the proposed impulse test 
code, it was not generally accepted that the negative waves 
were predominant in the lightning overvoltages on trans¬ 
mission lines. The reason for the adoption of a positive 
polarity is the fact that the problem of impulse testing was 
in the development stage at the time, and laboratory 
technique was being built up with the use of positive polar¬ 
ity. As a result, by far the greater amount of impulse 
data had been obtained with positive waves and it was 
felt that co-ordination could be accomplished to better ad¬ 
vantage if the positive wave was selected for transformer 
testing. 

Co-ordination Gap as Protective Device 

When the problem of co-ordination was first considered 
the reduced line insulation as proposed in November 1930 
or the “co-ordination gap” as proposed in Dec^ber 1932 
was presumed to offer adequate protection to transfonhers. 
The expression “co-ordination gap” signified not only a 
particular type of gap, but also a particular spacing for 
each voltage. This idea that the “co-ordination gap” was 
an adequate protective device has persisted in spite of the 
increased knowledge of the divergence of volt-time charac¬ 
teristics of rod gaps and transformer insulation. 


(b) Apply a wave sufficient to cause flashover of the bushing. 
For this test the applied voltage must be at least 6 per cent in excess 
of the standard minimum flashover voltage for the standard bushing 
under standard conditions of humidity and air density. 

jiVb/c—When oversized bushings are used they shall be equipped 
with suitable gaps to provide the same standard minimum impulse 
flashover as for the standard bushing. 

(c) Apply a wave having a crest not less than 90 per cent of the 
standard ttimimum flashover voltage of the standard bushing under 
existing conditions of humidity and air density. No flashover of 
the biishing shall occur during the test. 


The volt-time characteristic of rod gaps and transformer 
insulation may be the same in general, but they are decid¬ 
edly different in detail. As the time to flashover, becomes 
shorter the flashover voltage of the gap increases consider¬ 
ably faster than the breakdown voltage of the transformer 
insulation. This is illusirated in figure 1, and it is very 
evident from the cinves that the “co-ordination gap” 
off«s no protection when the time to gap flashover is ^ort 
and when protection will most likely be needed. In order 
to establish the same margin of protection at half a micro- 
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second, it would be necessaiy to reduce the gap spacing to 
about V 2 to Vs of the co-ordination gap; If this was done 
the number of service interruptions would very likely be 
increased. 

In general it may be said that plain air gaps or rod gaps 
will limit by flashover the magnitude of the stress applied 
to station apparatus but their volt-time characteristics 
are so different from transformer insulation that they may 
be considered as affording a definitely limited amount of 
protection. The economics of the situation and the grade 
of service acceptable are the governing factors. 

Standard Insulation Levels for Transformers 

The transformer subcommittee at its meeting January 
27, 1937, authorized the change from gap spacing to kilo¬ 
volts as the measure of transformer insulation strength. 
A new tabulation is presented in table II which converts 
the present test code values from inches to kilovolts, and 
omits the minimum flashover voltage of the gap. There 
is given, also, the low-frequency test voltage values. ITie 
kilovolt values are practically identical with those re¬ 
quired by the present test code through the requirement of 
bushing flashover, although the testing procedure has been 
altered. A discussion of the impulse test values in the 
light of the present test recommendations and basic 
insulation levels adopted by the EEI-NEMA joint com¬ 
mittee on insulation co-ordination may be helpful. 

The present impulse test code provides for application of 


3 1.5x40 positive test waves to transformers, with speci¬ 
fied tolerances, one a full wave at 90 per cent of the flash- 
over voltage of the proposed standard bushing, one a 
wave chopped late on the tail by the test gap, and one a 
wave chopped early on the tail by bushing flashover with 
an applied voltage of 105 per cent of the standard flashover 
voltage of the bushing. Expressed in per cent these are : 


Applied voltage—test gap flashover = 100 per cent 
Applied voltage—bushing flashover = 110 per cent 
Applied voltage—full wave test = 95 per cent 


except for power transformers rated 69 kv and below 
where the bushings have an impulse flashover higher than 
on distribution transformers which results in correspond¬ 
ingly higher impulse lest voltages being applied to power 
transformers. This higher impulse strength of power 
transformers in the 69 kv class and below is inherent in 
these transformers and is required by the present test code 
which bases maximum impulse tests on the flashover of the 
transformer bushing. 


It should be noted that the basic insulation levels adopted 
January 1937 by the EEI-NEMA joint insulation commit¬ 
tee on system insulation correspond to the test gap flashover 
(minimum impulse flashover—full wave) of 100 per cent 
given above. The test gap flashover voltages are listed in 
table I in the January 1937 columns. Therefore in order 
to insure that when the tests are expressed in kilovolts 
they shall be of the same severity as when formerly ex- 
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Table il. Standard Insulation Test Level—Distribution and Power Transformers 


standard Insulatioa Test Level 


Impulse Test—1.5x40 Microsecond Wave 


Dlstribatlon Transformers 


Rated 

Circuit 

Voltage 

(1) 

(Volts*) 

Limit of 

Pull Wave 

Chopped Wave 

Pull Wave 

Chopped Wave 

Low 

Rated Trans. 
Voltage 
(2) • 

(Kilovolts**) 

Voltage 

(3) 

(Kilovolts) 

Voltage 

(4) 

(Kilovolts) 

Min. Time 
to Flashover 
(S) 

(Microseconds) 

Voltage 

(6) 

(S^ilovolts) 

Voltage 

(7) 

(Kilovolts) 

Min. Time 
to Flashover 
(8) 

(Microseconds) 

Frequency 

Test 

Voltage 

(9) 

(Kilovolts) 

no) 

240 1 

480 1 "• 


.... 30. 

..... 36,... 

.1.0. 

00 




600 j 

2.4001 
2,500)"* 


50,,.,’,, 

. 59.... 

.1.25. 




.... 10 

• 4.160) 

4.330 f... 








.... 15 

4.800 j 



.1.6. 

.... 76.,.. 



,...19 


6,900.... 

11.5001 

13.800)"". 

25.000..... 

34.500... 

46,000.... 

69.000. 

92,000.. 

115,000........ 

138,000..... 


. 8 . 66 .., 

.15.0... 

. 25.0... 

. 34.5... 

. 46.0... 

. 69.0. .. 

. 92.0... 
.115.0... 
.188.0... 


161,000... 

196,000... 

230 , 000 ... 

287,500.. ; 
845,000. 


76.. 

100 .......... 

140.. ........ 

185_.... 

240.. ....... 

840.. .. 

445.. ..... 

540.. ;.' ■ 

645.. ..... ’ 


88 ,. 


.1.6 


870.. 


161.0.......750. 

.......i96:o........ 900 

.II?' ■ ■' • ’ • • • • ••••••'•• • 1.210.., 

. K - • • •:' • • • • •1,290 ........... 1,495 .., 

.. . 1.540 ...•• 

* Ttwe circuit Voltages ire those 

1 9 . _ « 


115.. ......... 1.8 

165..2,5 

210.3.0 

275 .. ,.,.s.o 

395.. ...3.0 

515.. ..3.0 

625.....3.0 

750.......3.0 


95...., 

112 ,.... 

153.. ... 

195. 

, 245..... 
345. 

445.. .... 
540. 


-.3.0 
.......3.0 

3.0 

• ...,...3.0 
.......3.0 


750......... 


,« vututges are tnose _ 


.1,060. 

■ .V.. 1,290. 
.....1,640. 




. 20 

0 

to 





.....51 



.70 


.3.0. 

.93 


..3.0. 



..3.0..... 

.....186 


.3.0. 




.277 


.....3.0. 

.323 


.....3.0.,.,. 



. . . ..3.0. 



.3.0. 

.....576 





These figures may be used t«r 
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pressed in terms of gap spacing, the folloTdng percentages Table III. Bushing Characteristics—Distribution and Power 
apply: Transformers 


Basie insulation level = 100 per cent 

Applied voltage—chopped wave test = 110 per cent 
Applied voltage—^fuU wave test = 96 per cent 

When the impulse flashover of the bushing is higher than 
the required minimum standard of 105 per cent of the test 
gap flashover, as for power transformers 69 kv and below, 
the applied voltage for the chopped wave and full wave 
test is 105 per cent and 90 per cent respectively of the ac¬ 
tual bushing flashover voltage recommended as standard. 

In table II a minimum time to flashover is given. This 
is to insure a reasonable length of wave so as to retain the 
severity of the present tests. 

Insulation Level 

Distribution (500 Kva and Less) Transformers 
Power (Larger Than 500 Kva) Transformers 

A . Insulation Level 

1. Table II gives the proposed standard relationship be¬ 
tween the established rated circuit voltages and corre¬ 
sponding limits of rated transformer voltage, and the stand¬ 
ard insulation level for distribution (500 kva and less) 
and power (larger than 500 kva) tran^ormers. 

2. The standard insulation levels are expressed in terms 
of the full wave impulse test voltage, the chopped wave 
impulse test voltage with minimum time to flashover, and 
the low-frequency test voltage. The impulse test voltage 
is the crest value of the standard 1,5x40 microsecond im¬ 
pulse test wave. 

B. Choice of Insulation Level 

1. The insulation level for a given installation should be 
selected in accordance with the operating conditions, the 
volt-time performance characteristic of the protective 
equipment, and economics. 

Bushing Characteristics 

1. Table III gives the minimum impulse flashover voltage 
(full wave) with the positive 1.6x40 microsecond wave, 
and the guaranteed flO^-cycle dry and wet flashover voltage, 
for distribution and power transformers. These values are 
for standard atmospheric conditions. 

2. The impulse flashover voltage and the guaranteed 
60-cycle flashover voltages are subject tb a tolerance of 
minus 6 per cent. 

To keep the impulse^flashover voltage of transformer 
bushings 6 per cent above the impulse flashover of the 
transformer test gap, a slight revision in bushing charac¬ 
teristics is being considered. All changes have resulted in 
slight increases in bushing impulse flashoyers. 

BushinqGaps 

The practice of supplying transformers with bushings 
gupped to meet the recommended flashover standards has 
been in use isome 3 years or so. It has been maintained by 
Iprue users of sUch trSansformers that the gaps are undesir- ^ 
in ihany^useSi particularly in the lower voltage power 


Bushing Flashover in Eiloroits 
Distribution Trans. Power Transformers 




500 Eva and Smaller 

Larger than 500 Eva 


Limit 















of 


60-Cycle 


60-Cycle 

Rated 

Rated 

Impulse’" 

Guaranteed 

Impulse’" 

Guaranteed 

Circuit 

Trans. 

Flash- 

Flashover 

Flash- 

Flashover 

Voltage 

Voltage 




over 








(Volta) 

(Kv) 

Average 

Dry 

Wet 

Average 

Dry 

Wet 

120 ] 








. 240 
480 

... 1.2... 

.. 34... 

.. 11.:, 

... 7.. 

... 66,.. 

.. 25... 

..12 

600, 








2,400 

2,600. 

[... 2.6... 

.. 56 






4,160] 








4,330 

|... 5.0... 

.. 66... 

.. 27.,, 

.. 18.. 

.,. 84... 

.. 40.. 

27 

4,800 j 








6,900. 

.... 8.66., 

84... 

.. 40.. 

.. 27,. 

... 106,,. 

.. 60.. 

.. 36 

11,5001... 16.0,.. 
13,8001 

.. no... 

.. 63.. 

.. 37.. 

, 126... 

.. 65.. 

.. 45 

26,000. 

.... 26.0.. 

.. 158... 

.. 78.. 

.. 55.. 

... 170... 

.. 85.. 

.. 60 

34,500. 

.... 84.6.. 

.. 200... 

..no,. 

.. 80.. 

... 216... 

,.115,. 

.. 86 

46,000. 

_46.0.. 

.. 265... 

.. 140.. 

..106.. 

... 276... 

.. 150.. 

..120 

60,000. 

.... 69.0.. 

.. 875... 

..206., 

.. 155.. 

... 385... 

..216.. 

. .165 

92,000. 

_92.0.. 

.. 600... 

..280.. 

..210.. 

... 500... 

...280.. 

..210 

116,000. 

_116.0.. 

.. 600... 

..340.. 

..260.. 

... 600... 

..340.. 

..260 

138,000. 

....138.0.. 

.. 716... 

..405.. 

..810.. 

... 716... 

..405.. 

..310 

161,000. 

....161.0.. 

,. 826... 

..460.. 

..365.. 

... 826... 

..460.. 

..355 

196,000. 

_196.0.. 

..1,000... 

..555.. 

..430.. 

...1,000... 

..555.. 

..430 

230,000. 

.,..230.0.. 

..1,166... 

..640.. 

..600.. 

...1,156... 

..640.. 

..500 

287,500. 

346,000. 

,,..287.5.. 

,, 1,430... 

,.760.. 

..610.. 

... 1,430... 

..760.. 

..610 

..,.346,0.. 

..1,705... 



... 1,706 




* l>/}x40 microsecond positive fuli wave. 


transformer class. It would be particularly helpful to the 
transformer subcommittee to get the opinion of others on 
the desirability of equipping transformer bushings with 
gaps. 

Proposed Standard Impulse Tests 

Impulse Test 

A proposal is being considered to simplify the present 
impulse test code as follows: 

The standard impulse test shall consist of 2 applications 
of a specified chopped wave followed by one application of 
a full wave. Either a positive or a negative wave may be 
used. The chopped wave may be obtained by flashing 
over either the bushing or an, external rod gap. 

1. Chopped Wave. For this test the applied voltage wave shall 
have a crest voltage and time to flashover in accordance with table II, 
pnlum-ns 4 and 6 or columns 7 and 8 respectively for distribution 
transformers (500 kva and less) or power transformers (larger than 
500 kva) respectively. 

2. FwB pyauc. For this test the applied voltage "vwiyi;shaU have 
a crest value ifi accordance with table II, colunm 3 or column 6 for 
distribution and power transformers, respectively. For. this test 
bushing gaps may be rmnoved and negative wave can be used. 

Standard Low-Frequency Tests ^ 

The standard low-frequency test consists of an applied, 
potential test followed by an induced potential t^t, 

1. Appii^ The applied potditial. test shall be 

made by appl:Hug between- each vHndhig succesavdy ahd grpundi a 
Ipw-freqUency alternating voltage from an external source in ac- 
cordtoce with table II,: column 9,. .All other dectric circuits and 
metal parts: shall be grounded durins the test. 
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2. Induced Po^tial Tests. The induced potential test shall be 
made by applying between the terminals of one winding a voltage 
of twice the normal voltage developed in that winding. 

If testing circuit conditions are such that the induced voltage test 
just described does not at the same time produce twice the rated 
voltage of the circuit between adjacent line terminals of a 3-phase 
tranrformer an additional test with the same or other circuit con¬ 
nections shall be made to produce this voltage between line terminals. 
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The AIEE Summer Convention 
Th is Month at Milwaukee, Wis 


^LL ARRANGEMENTS have been 
made for the fifty-third annual sununer con¬ 
vention which will be held at Milwaukee, 
Wis., June 21-26, 1937, with headquarters 
in the Schroeder Hotel. The summer con¬ 
vention committee, imder the chairmanship 
of K. L. Hansen, has arranged an attractive 
program of sports, inspection trips and en¬ 
tertainment built around the annual busi¬ 
ness meeting, 10 technical sessions, and 
1 general session. The convention also 
affords opportunity to combine business 
with a few days vacation. For a more com¬ 
plete account of the convention features, in¬ 
cluding a schedule of events and the tenta¬ 
tive technical program, see Electrical 
Enginbering for May, pages 636-9. 

Technical Program 

The tentative technical program as an¬ 
nounced in the above reference is complete 
with the following changes.. The paper 
"Approximating Potier Reactance" by Ster.^ 
ling Beckwith, Allis-Chalmers Manufactur¬ 
ing Co., has been added to the session on 
power generation and electrical machinery 
:scheduled at 10:00 a.m., Thursday, June 24. 
The date for scheduling the conference on 
.field problems has been interchanged with 
the date for scheduling the conference on 
-electrical apparatus for 3-phase arc fur¬ 
naces. The programs for these conferences 
:are as follows: 

“Wednesday, Jtme 23 

.2:30 pjn.—Confereace on Field Problems, Erast 
Weber, presiding 

1. Introduction: The field concept in physics and 
engineering 
•2. Topics: 

(a) Graphical field plotting (special applica¬ 
tions to magnetic fields) 

(() Analytical solutions of fields (spMial ap¬ 
plications to heat problems) 

(e) Confonnal repr^entation (fecial applica¬ 
tions to electric fields) 

. (d) Experimental methods of field exploration 
(special applications to hydrodynamics) . 

'Thursday, June 24 

:2:30 p.m.—Conference on Electrical Apparatus for 
2 -Pliase Arc Furnaces' 

1 . Introduction: Modern arc furnace apparatus- 
lantern slidesr—Samuel Arnold 
;2. Discussions:. 

(o) "Kilovolt-Mpere ratings-r-Franfc Brooke 
(l>y Voltages-—C. C. Levy 

(c) Reactance—F. V, AAdreae 


Doctor Vannevar Bush to Speak 

One of the high lights of the summer con¬ 
vention will be a lecture Tuesday evening by 
Doctor Vannevar Bush on the subject "The 
Engineer and His Relation to Government.” 
This meeting very appropriately precedes 
the general session Wednesday morning on 
economic aspects of engin^ring and Insti¬ 
tute activities. 

This evening lecture will be open to the 
public, fellow-engineers from other founder 



Vannevar Bush 


and local societies and the ladies as well. 
The Engineers’ Society of Milwaukee has 
already chosen to dispense with its regular 
June meeting and join with the Institute on 
this occasion. Special plans are also being 
made for groups to come from Chicago and 
Madison for this evening lecture. 

Doctor Vannevar Bush is noted for his 
adliievements in research and his contribu¬ 
tions to engineering progress and to techni¬ 
cal education. For the devdopment of the 
product integraph he was awarded the Levy 
Medal of the Franklin Institute in 1928. 
For "his development of methods and de¬ 
vices for application of mathematical analy¬ 
sis to problems of electrical engineering” he 
was awarded the AIEE Lamme Medal for 
1936. He has lectured at (Cambridge, Eng¬ 


has been no less notable than his work in re¬ 
search and in 1932 he was appointed vice- 
president and dean of the school of engineer¬ 
ing of the Massachusetts Institute of Tech¬ 
nology. 

Sports 

Excellent facilities will be available for 
golf and tennis enthusiasts. Golf events will 
include competition for the Mershon, Lee, 
and District Team Trophies and special 
events. Golf on Monday and Tuesday will 
be on the course of the Tripoli Country 
Club, on Wednesday and Thursday at the 
Ozaukee Country Club, and on Friday at 
the Bluemound Golf and (Country Club, 
Qualifying play for the Mershon Trophy, 
which is on a handicap basis, will be on 
Monday with match play rounds on Tues¬ 
day, Wednesday, and Thursday. The Lee 
Trophy in golf which is on a handicap 
basis, 36 holes of medal play, will be on 
Monday and Tuesday. 

The District team event, the winner of 
which is decided on the basis of the gross 
medal score for the 4 lowest out of a team of 
6 players from each District for 36 holes will 
be played Monday and TueMay. It is sug¬ 
gested that each District organize a team 
before leaving for the convention. 

The aimual tennis tournament for the 
Mershon Tennis Trophy will be held on the 
clay courts of the Milwaukee University 
School. Numerous prizes for both golf and 
tennis have been provided and these will be 
awarded at the informal farewdl diimer to 
be held Friday evening at the Bluemound 
Golf and Country Club. 

In order to facilitate imposing fair handi¬ 
cap, the sports committee has requested 
that those who intend to play golf furnish 
the following information: average of their 
6 best scores in 1936; par of their regular 
courses. , 

Women’s Entertainment 

While the men are busily engaged in the 
technical sessions and inspection trips the 
women will: riot be overlooked. A com¬ 
mittee, tmder the leadership of Mrs. A. C. 
Plory/has provided a wide yariety of inter¬ 
esting and entertaining events. These in¬ 
clude a varied assortment Of parties, a, tea, 
lundieon, inspecrion and shopping trips, 
golf, and a day at a country dub. These, of 
course, are in additiori to the combined 


(d) Regulation—P. Ackley . 

(e) Protective equipment-^B. L. MeCliire 
(y) Methods of supplying power— 'L. W, 

•Clkrk 


land, at the International Congress of Ap¬ 
plied Mechanics and he has delivered the 
Josiah Willard Gibbs lecture of the Ameri¬ 
can Mathematical Society. Doctor Bush 
designed the; differential analyzer and tmder 
his direction the netwofk analyxer at Massa¬ 
chusetts Institute of Technology was built. 
He is also bnown for his contrin>utions to the 
devdopmdit of vacuum tubes and for his in¬ 
vestigations in electric power trarisriiiSsiori, 
transients in machines, and, didectric 
phenomeria. , 

The career of Doctor Bush as a teacher 


events—-the boat trip on Xnke Michigan, the 
trip to the Schlitz Brewery, president’s re¬ 
ception and ditmer darice Thursday evdi- 
mg, and the farewell party at the Blue- 
mbund Golf and Country Club Friday 
night. . The airii of the women’s cerimnittee 
is to mrike e:yri7 woman yiritor feel h^wau- 
keds tradilional and gracious ho^iri^ty 
and to let no one leave the convenriori with¬ 
out leaf ning the meariing of gemutUehf 

keit (see May 1937 issued page 638)i 
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Institute Prize Awards 

Announced for 1936 Papers 


The committee on award of institute 
prizes has announced the award of 4 na¬ 
tional prizes for papers presented during the 
calendar year 1936. Personal presentation 
of the prizes will take place during the 
summer convention to be held in the Hotel 
Schroeder, Milwaukee, Wis., June 21-26, 
1937. The personnel of the committee con¬ 
sists of H. S. Osborne (A’lO, F’21), chair¬ 
man, O. W. Eshbach (AT7, M’30), W. B. 
Kouwenhoven (A'06, F’34), W, R. Smith 
(MTS, F’30), and I. Melville Stein (ATS, 
M'27). 

Rules governing the award of future 
prizes were published in Electrical En¬ 
gineering for April 1937, page 492. In ac¬ 
cordance with these rules, papers for the Dis¬ 
trict Branch paper prize and the newly es¬ 
tablished graduate student prize, will be 
awarded on the basis of the academic year, 
and must be submitted on or before July 16, 
193S. The B r anc h papers which have been 
presented from January to June 1937, may 
also be submitted at that time for con¬ 
sideration. 

National Prizes 

After due consideration of all highly 
recommended papers, the committee on 
award of Institute prizes made the following 
awards of national prizes for papers pre¬ 
sented in 1936: 

Bkst Papbks 

Best Paper in Enginea ing Praetiee. This prize was 
awarded to P. S. Millar (A'03, M’13) for his paper 
“The Qualities of Incandesceut Lamps,” published 
in Elbctrical Bnoinbbrino for May 1936, pages 
516-23, and discussed at the summer convention, 
Pasadena, CaliL, June 22-26,1936. 

Honorable mention was made of the following 
papers: “The Relation between Load, Capadty, 
and Service Continuity on an Blecixic Power 
System" by W. J. Lyman (A’25), presented before 
the Pitteburgh Section, December 8, 1936; “Modr 
ernization of Power Distribution Systems" by H. 

P. Seelye (AT9, M'28), published in Ei.bctiucai. 
Enginbbrino for January 1936, pages 75-84, and 
discussed at the winter convention. New York, 

N. y., January 28-81, 1936, 

Best Paper in Theory and Research. This prize was 
awarded to H. E. Edgetton (A’27, M’32) for his 
paper “High Speed Motion Mctures," published in 
Elbctricai. Enoinbbrino for February 1936, 
pages 149—53, and discussed at the vrinter conven¬ 
tion, New York, N. Y., January 28-81, 1936. 
Honorable mention was made of the following 
papers: “Pull-In Characteristics of Synchronous 
Motors” by D. R. Shoults (A’36), S. B. Crazy, Jr. 
(A’31), and A. H. Lauder (A’24), published in 
EI.BCTRICAI. Engikbbiuno foT December 1935, 
pages 1385-95, and discussed at the winter con¬ 
vention, New York, N. Y., Januaiy 28-31, 1936; 
“Laboratory Studies of Conductor Vibration" by 
J. S., Carroll (A'24), published in Elbctricai. 
Enoinbbrwo for May 1936, pages 643-7, and dis¬ 
cussed at the summer convention, Pasadena. CnUf 
June 22-26, 1936. ' 


Honorable mention was made of the following 
papers: “Induction Heating at Low Tempera¬ 
tures" by E. L. Bmley (A*19, M*26), published in 
i^LBCTBiCAi. ENGWBBKmo foT November 1936, 
pages 1210—12, and discussed at the winter con¬ 
vention, New York, N. Y., January 28-31, 1936; 
“Earth Resistivity and Geological Structure” by 
R. H. Card (A’22, M’35), published in Elbctkical 
Engiotering for November 1936, pages 1153-61, 
and discussed at the winter convention, New York, 
N. Y., January 28-^1, 1986. 

Branch Papbr 

Prize for Branch paper was awarded to W. James 
Walsh for his paper “Heat Transfer EfBdency of 
Electric Range Surface Units,” presented at a 
joint meeting of the Portland Section and Oregon 
State College Branch, AIEE, Corvallis. Ore., 
May 16. 1936. 

Honorable mention was made of the following 
papers: “A Direct Reading Linear Accelerometer" 
by Harry B. Fuge, presented at a meeting of the 
Polytechnic Institute of Brooklyn Branch, AIEE, 
April 1936; “Tidal Power,” by D. R. Barney, 
presented at the annual student convention Dis¬ 
trict No. 3, AIEE, New York, N. Y., April 22, 
1936j “A High-Speed Vibration Analyzer," by 
William R. Hwry, presented at the North Eastern 
District Meeting, New Haven, Conn., May 6-9, 
1936; “Frequency Multipliers,” by Ronald F. 
Huminski and Everard M. Williams, presented at 
the North Eastern District Meeting, New Haven, 
Conn., May 6-9, 1936. 

The committee has coxisidered all the 
eligible papers and in connection with 
papers in all classifications except Branch 
papers had the benefit of the recommenda¬ 
tions of the technical committee chairmen 
relative to the best papers in their respective 
fields. 

District Prizes 

District prizes as announced by 4 Districts 
to date include 3 awards of $26 each, to¬ 
gether with appropriate certificates. Other 
District awards will be annoimced later, as 
the information becomes available. 

District 1 

Prize for best paper was awarded to E. M. Hunter 
(A'28, M’36) for his paper "Tests on Lightning 
Protection for A-C Routing Machines,” published 
in Elbctricai, Enoinbbring for February 1986, 
pages 137-44, and discussed at the North Eastern 
District Meeting, New Haven, Conn., May 6-9. 
1936. 

Prize for initial paper was awarded to E, A. Harty 
(A’22, M'36) for his paper "Aging in Copper 
Oxide Rectifiers,” presented at the North Eastern 
District Meeting, New Haven, Conn.. May 6-9. 
1936. 

Prize for Branch paper was awarded to W.’ R. 
Harry for . his paper "A High-Speed Vibration 
Analyzer,” presented at the North Eastern District 
Meeting, New Haven, Cotm., May 6-9, 1936. 

District 2 

Prize for initial paper was awarded to A. C. Herweh 


ASTM Aimual Meeting. The fortieth 
annual meeting and fourth exhibit of 
testing apparatus and related equipment 
of the American Society for Testing Ma¬ 
terials will be held in New York, N. Y., 
from June 28 to July 2, 1937, with head¬ 
quarters at The Waldorf-Astoria Hotel. 
A program of entertainment and inspection 
trips will supplement the technical program. 
Many companies will display and demon¬ 
strate the latest developments in instru¬ 
ments for various phases of the production, 
control, and testing of materials and prod¬ 
ucts of all kinds. Certain educational and 
research institutions will also be invited 
to display special equipment and devices 
which they have developed for unusual 
testing and research in the materials fields. 

Coast IRE and AIEE Plan 
Joint Convention at Spokane 

An mnovation in Pacific Coast conven¬ 
tion procedure that is being enthusiastically 
developed by the local committees in charge 
will bring together for a concurrent con¬ 
vention in Spokane, Wash., the Pacific Coast 
members of the Institute of Radio Engi¬ 
neers and of the AIEE. The ftnmifli Pacific 
Coast AIEE convention is scheduled to be 
held from August 30 to September 3, in¬ 
clusive. The IRE Pacific Coast conven¬ 
tion, the first to be held, is scheduled for 
September 1 and 2. 

Plans in progress as announced by the 
committee in charge provide for a joint 
technical session to be held September 2, 
to which both AIEE and IRE members will 
contribute tec hnic al papers of common 
intoest. Other sessions of the AIEE 
Pacific Coast convention program will be 
held as usual, and separate technical ses¬ 
sions are being planned by the radio engi¬ 
neers. 


1937 Lamme Medal 
Nominations Due Nov. 1 

Special attention is directed to the fact 
that the names of Institute members who* 
are considered eligible for the Lamme 
Medal, to be awarded in the fall of 1937, 
may b^ submitted by any member in ac¬ 
cordance with Section 1 of Article VI of lie 
by-laws of the Lamme Medal committee, 
as quoted in the following: 

The committee shall cause to be published iu one 
or more issues of Elbctricai. Enginbbrino^ or of 
its suixessors, each year, preferably including the 
June issue, a statement regarding the “Lamme 
Medal" and an invitation for any member to pre¬ 
sent to the national secretary of the Institute by 
November 1, the name oif a member ks a hdminee 
for the medal, accompanied by a statement of hia 
"meritorious achievement" and the names , of at 
least 3 engineers of standing who are familiar with 
the achievement.' 


JB^t Paper in Public Relations and Education. In 
view of the fact that only 2 papers eligible for this 
prize wwe presented last year the committee 
deemed it advisable to make no award under this 
claisafication. Under the rules these 2 papers will • 
be eligible for Consideration the next time prizes are 
awarded,, . ■ 

. Inriai;, Paipbr ,. 

Mze for initial paper was awarded to D, H. Row- 
^d (A’26) for his papa: “Porcelain for High 
Voltage Insulators,’’ published in Blbctrical 
ENOtaBsBRiNO for Junk 1936, pages 618-26, and 
d^uss^ at the suinmer,,^convention, Pasadena. 
Cahf„ June 22-26,1986, . i 
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for hu paper "An Open Arc Type of Stroboscope," 
presmted before a joint meeting of the Cincinnati 
Srotion and University of Cincinnati Branch, 
AIEE, May 19, 1936. 

, District 7 

Prize for Branch paper was awarded to J, H . Tread¬ 
well for his paper "A Rotating Ball Slip Meter," 
presented at the South West District Meeting, 
Dallas, Texas, October 26-28,1936. 

.Dl81taK!T9. 

Prize for Branch paper was awarded to W. James 
Walsh for his paper ''HeatTrimsfer Efificiency of 
Electric Range Surface Units," presented at a 
meeting of the Oregon State College Branch, 
AIEE, Corvallis, Ore., May 16; 1936. 


News 


Each nomination' should give cond^y 
tile spedfic grounds upon which thti award 
is proposed, and also a complete detailed 
statenient of the achievemeuts of the nomi¬ 
nee to enable the comnuttee to detemiine' 
its significance as compardl with the 
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achievements of other nominees. If the 
work of the nominee has been of a some¬ 
what general character in co-operation with 
others, specified specific information should 
be given regarding his individual contribu¬ 
tions. Names of endorsers shotild be given 
as specified above. 

The Lamme Medal, founded as a result 
of a bequest of the late Benjamin Garver 
Lamme, chief engineer of the Westinghouse 
Electric and Manufacturing Company (de¬ 
ceased July 8, 1924), provides for the an¬ 
nual award by the Institute of a gold medal 
—together with bronze replica thereof— 
to a member of the AIEE "who has shown 
meritorious achievement in the develop¬ 
ment of electrical apparatus or machinery"; 
and for the award of 2 such medals in some 
years if the accumulation of fimds warrants. 

The ninth (1936) Lamme Medal has 
been awarded to Doctor Frank Conrad 
(A’02, F’37), assistant chief engineer of the 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., "for his 
pioneermg and basic devdopments in the 
fields of electric metering and protective 
systems.” Presentation will be made dur¬ 
ing the AIEE summer convention at Mil¬ 
waukee, Wis., June 21—26, 1937. A bio¬ 
graphical sketch of Doctor Conrad ap¬ 
peared in Electrical Engineering, for 
March 1937, pages 395-6. 


Additions to 

Member-for-Lifc List 

Membership for life is granted by the 
Institute for either of the following 2 rea¬ 
sons: a member has paid annual dues for 36 
years; or has reached the age of 70 and 
has paid dues for 30 years. 

The fiftieth anniversary issue of Elec¬ 
trical Engineering published in May 
1934 and the September 1936 number in¬ 
cluded lists of all members who had been 
enrolled upon the Institute records as 
Members for Life during the period up to 
May 1, 1936. Those who became Mem¬ 
bers for Life betw’cen 1936 and 1936 were 
listed in the June 1936 issue. 

The list that follows indicates those mem¬ 
bers who have become Members for Life 
since the publication of the list in the June 
1936 issue; 


Addicka, L. 

Aitken, WilUft® 
Atkinson, A. A. 
Atkinson, W. S. 
Averrett, A. E. 
Barnes, W. J. 
Beam, Victor S. 
Bell, A. C. 
Bennett, Edward 
Bennett, W. 8. 
Blakeslee, H. J. 
Brown, Carlton E. 
Brown, R. C. 
Brown, W. B. 
Butler, W. 
Carpenter, H. C. 
Coldwell, O. B. 
Conwell, W. L. 
Cowles, J. W. 
Dick, W. A. 
Dixon, James 
Dodge, E. 
Bdmpnston, E. D. 
Eglinton, W. M. 
Erwin, F, B. 
Eyerit, E. H. 
Feldmann, C. 


Ferguson, L. A. 
Ferguson, 8. 
Firman, L. D. 
Foster, W. J. 

Gear, H. B. 

Gibson, J. J. 

Gill, Frank 
Grabam, W. P. 
Graling, V. 
Harisberger, J. 
Hodgkinson, F. 
Hunt, F. L; 

Keller, C. A. 
Kingsbury:, Albert 

Krue^, P, J. 

I^anphier, R. C. 
Lesley, Hugh 
Leyden, H. R. • 
lilUbridge, R, D. 
Lincoln, J. C. 
Lowehberg, L. 
Magie, L. P. 
Manville, C. B. 
Marburg, L.C. 
MeAJIlister, A. 8. 
McGrath, W. H, . 
Medbery, 8. C., Jr. 


Moody, W. 8. 

Smith, F. W. 

Morris, J. W. 

Snuth, W. N. 

Nash, L. R. 

Soren, T. H. 

Pearson, E. R. 

Sporborg, H. N. 

Fierce, A. L. 

8 tevenson, F. L.- 

Potts, L. M. 

Storer, 8. B. 

Pratt, W. H. 

8 tovel. R. W. 

Rea, N. L. 

Tuttle, H. B. 

Reber, H. L. 

Van Dyck, W. V. 

Reynolds, W. H. 

Waddell, C. E. 

Roberts, T. M. 

Wagoner, P. D. 

Rosenthal, L. W. 

Waldo, E. H. 

Ruckgaber, A. F. 

Warren, H. E. 

Ruffner, C. 8. 

Waters, W. L. 

Rugg, W. 8. 

White, F. J. 

8 age, D. 

Whittemore, G. W. 

8 awyer, W. H. 

Wilder, 8. 

8 cliildliauer, E. 

Wilson, R. L. 

8 chluederberg, C. G. 

Winslow, C. G. 


AIEE Sections Members of 
Indiana Engineering Council 

Growing out of a reorganization of the 
Indiana Engineering Society;’ the Indiana 
RTi g iti«»<»riTig Council has been formed to 
function in the State in the sRme manner in 
which the American Engineering Council 
functions nationally. The Indiana Engi¬ 
neering Society was in operation for many 
years, was composed principally of 
members of the 3 national societies: Ameri¬ 
can Society of Civil Engineers, American 
Society of Mechanical Engineers, and the 
AIEE. This sodety was an incorporated 
body with the objective of bringing together 
these engineers and the land surveyors of 
the State to encourage professional inter¬ 
course and the development and advance¬ 
ment of its membership. 

In the opinion of the ofiScers of this so¬ 
ciety it would serve its purpose better if or¬ 
ganized in the manner of American Engi¬ 
neering Council. Accordingly, at the last 


annual meeting of the society hdd February 
16, 1937, and through the counsel of Dean 
A. A, Potter of Purdue University, president 
of AEC, steps for a reorganization were 
taken which resulted in the formation of the 
Indiana Engineering Council. 

Both the Central Indiana and the Fort 
Wa 3 me AIEE Sections are participating 
in the new organization. 

According to Foster L. Stanley, chairman 
of the AIEE Cditral Indiana Section, who 
supplied the information for this news item, 
organization plans are now being developed 
by the following ofhcers: 

President: M. R. Keefe, cUef en^neer, Indiana 
State Highway Commis^on. 

Vice-President: F. R. Weaver, mce-preadent, 
A8MB, and an influential engineer in the 8tate. 
Secretary-Treasurer: Homer Ruppard, assistant 
chief engineer, Indianapolis Water Company. 
Executive Board: Harry O. German (A’08, M’23) 
consulting engineer, past-preadent of the Indiana 
Engineering Society and past-chmrman of the Cen¬ 
tral Indiana Section (1917-18). Charles Brossman 
(M'28) chief engineer, Indianapolis Water Com¬ 
pany; Professor F. C. Hockema, assistant to presi¬ 
dent of Purdue Univeraty, chairman Central Indi¬ 
ana Section, ASME; Foster L. Stanley (A'34) 
plant extension engineer, Indiana Bell Telephone 
Company. 


Map of Illin ois Lines. A comprehensive 
map of electric transmission and distribu¬ 
tion lines in Illinois has been prepared by ^e 
state rural electrification committee which 
shows all rural electric lines, transmission 
lines, points of interconnection, generating 
stations, and other electric facilities. 
liupg built up to January 1, 1937, are in¬ 
cluded. Copies of the map are printed in 
3 colors and 30 inches by 50 inches in size 
may be obtained directly from the State 
Rural Electrification Committee, 220 Cen¬ 
tennial Building, Springfield, HI., at nomi¬ 
nal cost. 


Membership— 

Mr. Institute Member: 

Vacalion season is here! Many of our Sections have held their 
last meeting until tall and the membership committees have done he 
major portion of their work. They have done well too lor the /^EE 
has the largest membership reported tor the past 4 years, as ot May 

ftrcF 

Now is the time when the help ol the Institute members is most 
needed in membership work. Do not vvait until fall to ge your 
prospective member an application blank, but send his name to 
York headquarters if your local "'^"’berslnp cornmittee is away on 

vacation. Your prospect will appreciate being in on the beg 

ning of the new Section year and the Institute will appreciate your 
co-operation. 

Vicc-Chdirman/DlstrictNo. 8 

National Membership Committee 


News 


757 





Industrial Applications and Power System Problems 

Discussed at Buffalo—Students Also Hold Busy Session 


DISTINCTLY industrial flavor was 
one of the more attractive features of the 
AIEE North Eastern District meeting held 
May 6-7 at Buffalo^ N. Y. Supplementing 
and giving point to 2 special informal papers 
that were devoted to a discussion and ex¬ 
planation of current trends in the design and 
application of the electrical equipment that 
is playing so vital a part in modem steel- 
miU electrification, was a correlated inspec¬ 
tion trip through the new 72 -inch continuous 
hot- and cold-strip mill of the Bethlehem 
Steel Company at nearby Lackawanna. 

That lightning still holds its interest for 
power system operating engineers, electrical 
equipment manufactures, and others was 
evidenced by the scope and character of the 
active discussion resulting from the presen¬ 
tation of 3 papers pertaining in one way or 
another to this subject. Other power-sys¬ 
tem problems were touched upon by papers 
describing the operating performance of a 
relay protective system for a large intercon¬ 
nected power system, operating perform¬ 
ance of one of the newer steam-electric gen¬ 
erating stations, experimental study of 
"dancing” cables, and the organization and 
operating procedure incident to the conduct 
of research and test work by 2 large electric 
utihties. An interesting informal paper de¬ 
scribing the steps involved in surve 3 ring tele¬ 
phone requirements for a large industrial or 
commercial user gave an insight into some 
of the engineering and traflSc problems in¬ 
cident to the modem facility of communi¬ 
cation that today is taken very much for 
granted. 

President MacCutcheon wqs an interested 
and active participant in practically all 
phases of the District meeting program. 
Presiding at the various sessions were: C. T. 
Sinclair, Pittsburgh, Pa., opening session; 
Robert Treat, Schenectady, N .Y., first gen¬ 
eral session; R. W. Graham, Lackawanna, 
N. Y., second general session; D. C. West, 
Buffalo, dimer meeting. J. Leo Scanlon, 
chairman of the Niagara Frontier Section, 
Buffalo, acted on behalf oi the Section as 
host and general factotum. 

Steel Mill Electrification 

peaking on "Design Trends in Steel 
Mill Electrification,” L. A. Umansky (AT6, 
M*27) of the General Electric Company, 
Schenectady, N. Y., graphically ’ illustrated 
and dramatically described the ever-in- 
creasing extent to which modem sheet- 
sted produqdon is directly dependent upon 
electric driimg and controlling mechanisms. 
He pictured briefly the evolution- of sheet 
rolUng from the old simple single stand for 
shTOts now regarded as small, to a modem 
mill where sheets 100 feet or more in length 
p^ simultaneously through several rolls in 
tandem, to emerge at speeds of from 1,200 to 
2i000 feet per minute. The intricacy and 
the importance of the electric driving and 
controjlmg equipmeiit involved in such an 
operation can be understood when it Is real¬ 
ized that each successive stand of rolls oper¬ 
ates at a:tliffetent speed iirae^ with 


the progressive elongation of the strip, all 
being interlocked to maintain a predeter¬ 
mined setting. 

Mr. Umansky's talk served also to em¬ 
phasize the decisiveness of a trend, noted 
also in other branches of industry, toward an 
increasingly wider use of d-c machinery, be¬ 
cause of its flexibility and susceptibility to 
precise control. 

F. D. Egan (M*34) of the Bethlehem 
Steel Company described in some detail the 
"electrical applications” m that company’s 
72-inch continu¬ 
ous hot- and cold- 
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strip mill at Lack¬ 
awanna, N. Y. 
Although other 
mills now are un¬ 
der constmction, 
this is one of the 
newest of the large 
mills now in oper¬ 
ation, and is re¬ 
garded as a typical 
example of a mod- 
ern electrified 
steel mill. It has 
an annual capac¬ 
ity of 800,000 tons 
of hot-rolled strips, 
sheets, and light 


lies to colder analyses of accumulating op¬ 
erating statistics and observed test data. 
Authorities seem pretty well agreed that, 
although effective progress has been made 
in the development of practical preventives 
or palliatives, further progress in the preven¬ 
tion or control of lightning disturbances on 
electric-power systems will come from ex¬ 
tensive correlation of existing data as well as 
from a continuation of laboratory and field 
investigations. 

I. W. Gross (A'12) of the American Gas 
and Electric Company, New York, N. Y". 
S. K. Waldorf (A’27, M’36) of the Pennsyl¬ 
vania Water and Power Company, Balti¬ 
more, Md.; and G. A. Powell (A’23) of the 
New York Power and Light Corporation, 
Albany, N. Y., presented, respectively, the 
following papers, which were published as 
noted in earlier issues of Electrical Ent- 
gimbbring: 

Lightnimo Currbnts in 1.32-Kv Linus, Philip 
Sporn and I. W. Gross. Published in February 
issue, pages 245-52. 

PaOBABLB OOTAOBS OP StUBLOBO TRANBUISSION 
Linbs, S. E. Waldorf. Published in Iday issue, 
pages 597-600, 

Spbcial Usbs for thb Automatic OsciuLOORAPa, 
G. A. Powell and R. B. Walsh. Published in April 
issue, pages 438-40. 


plates, of which 
360,000 tons can be converted into cold- 
rolled finished products, and is capable of 
producing strips up to 72 inches in width by 
0.078 inch in thickness, as well as light 
plates up to Vj inch in thickness. It is de¬ 
signed to handle stock slabs r ang in g from 
20 to 40 inches in width, from 3 to 6 inches 
in thickness, and from 6 to 16 feet in length. 

Electrically as well as mechanically, heavy- 
duty equipment is a prominent characteris¬ 
tic of such a mill. Mr. Egan emphasized 
the vital importance of a continuity of elec¬ 
tric service, pointing out that the power 
supply for the Lackawanna mill is obtained 
from 3 different sources over 6 lines from 2 
different directions. One of the problems 
incident to serving the 22,600 horsepower of 
d-c finishing-mill motors was that, under 
short-circuit conditions, currents of the 
order of 300,000 amperes might be expected 
on the 600-volt d-c bus. Special designs 
were adopted, including wide separation of 
the positive and negative busses, to reduce 
or control the resulting tremendously heavy 
physical forces that would be exerted on the 
bus conductors and fittings under short- 
circuit conditions. 

Lightning 

In areas where lightning prevails, it still 
appears on syrtem operating records as the 
Number 1 cause of interruptions tO electric- 
power circuits, as confirmed by the discus¬ 
sion of the subject at Buffalo. Conse¬ 
quently, there is a prevalent active interest 
in the subject, although the outward mani¬ 
festation of the studies that have' continued 
for so many years has shifted gradually 
from heated debates over conflicting theo- 


These presentations, and the conclusions 
drawn by the authors, brought forth a 
variety of discussion. K. B. McEachron 
(A’14, M’20) of Pittsfield, Mass., commen¬ 
ted at some length on the quantity and 
variety of statistical data that has been ac¬ 
cumulated and now is available concer nin g- 
the operation of electric power systems 
under lightning-storm conditions, the char¬ 
acter of lightning strokes, the probability of 
lightning disturbances affecting a given line, 
and other aspects of the subject. He em¬ 
phasized the present need for correlation 
among these various data and between 
them and weather-bureau data pertaining to 
the number of storm-days experienced in 
various areas. Discussing the question of 
groimd resistance as it might affect the op¬ 
eration of equipment installed for protection 
against lightning damage, Mr. McEachron 
observed that data received from London, 
England, indicate definitely that the hig her 
the tower the less important the matter of 
ground resistance becomes; this is because 
for very high towers the time required for 
the wave to travel down the Icn^ h of the 
tower is enough to permit the wave to ap¬ 
proach crest value at the tower top, thus 
causing flashovers. 

W. F. Davidson (A'14, M’26) of the 
Brooklyn (N. Y.) Edison Company, urged 
that "further thought be given to the matter 
of‘silent discharges.”' 

Speaking with reference to the "zone of 
protection,” usually assumed to be afforded 
by a ]^h grounded structure, S. K. Waldorf 
described troubles that had been experienced 
by a certain street railway company wherein 
fla^overs occurred across insula;tors on 
which trolley feeders were supported from 
buildings along either side of a "downtown” 
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street flanked by buildings several stories 
high. He reported that a study of this 
situation indicated that lightning impulses 
were conducted down through the buildings 
to points where the resistance to ground was 
lower across the trolley-feeder insulators 
than it was down through the frame of the 
building, resulting in flashovers from building 
to trolley feeder and on to ground through 
railway equipment. An increase in the in¬ 
sulation at these points overcame the 
trouble. 

Commenting on the characteristics of 
lightning, R. E. Walsh observed that waves 
resulting from lightning strokes "do not rise 
nearly as rapidly nor as steeply as some 
theories and some studies have indicated.” 

Power System Operation 

Four special presentations featured a gen¬ 
eral session devoted to power system prob¬ 
lems: 

DSVBLOPMIiNT AND OPERATING PERFORMANCE OF A 
Relay System, L. J. Audlin (M'85), Syracuse, 
George Steeb (A’26, M'34], Buffalo, and G. A. Pow¬ 
ell (A'23) of Buffalo, who constitute the relay com¬ 
mittee of the Niagara-Hudson operating companies. 

Operating Performance of C. R. Huntley Sta¬ 
tion. Presented in 2 parts: Electrical, J. M. 
Gager (A'28, M'34); Mechanical, Donald Scran¬ 
ton; both of the Buffalo General Electric Company 

Research and Testing in a Large Electric 
Utility, W. F. Davidson (A* 14, F’26) director of 
research and test of the Consolidated Edison Com¬ 
pany of New York, Inc. 

Research and Testing in the Hydro-Electric 
Power Commission of Toronto, W. P. Dobson 
(A’13, M'lO) chief testing engineer, Hydro-Electric 
Power Commission of Ontario, Canada. 

These papers were developed especially for 
the Buffalo meeting, and have not been 
published in Electrical Engineering. 

L. J. Audlin described briefly the operat¬ 
ing, switching, and relaying problems in¬ 
volved in the gra¬ 
dual evolution of 
several distinct 
operating systems 
into what is in 
effect a single co¬ 
ordinated inter¬ 
connected system 
covering a large 
portion of the 
State of New 
York. Extensive 
calculating - board 
studies of short- 
circuit conditions 
were described as 
having revealed 
the principal dif¬ 
ficulties to be over¬ 
come for success¬ 
ful operation: that more rapid relay and cir¬ 
cuit breaker operation would be required to 
avoid system instability; that phase relays 
would not provide adequate protection 
against certain types of ground faults. 
Replacements of circuit breaker and rday 
equipment have been effected until now 
about 44 per cent of the 140 or so swit^ 
positions on the interconnected tran^s- 
siofl system are equipped ^th "distance” 
relays and high-speed oil circuit breakers 
<8-cycle) of heavy interrupting capacity. 
Further ifflptoyements now under way will 
bring this figure to about 64 per cent of the 
total line-switfjhing positions. For min 
transmission i&cuits, differential protection 
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(pilot relaying) for each individual circuit is 
considered to be the "ideal.” This ideal is 
approached between the generating sources 
of the Niagara-Hudson power system and 
New York City by the supplemental use of 
carrier relay equipment for the control of 
directional relays. Operating records for 
the period 1933 to 1936 induave, showed a 
total of 1,186 disturbances, of which the 3 
most prominent causes were: lightning, 
66.1 per cent; sleet, wind, and jumping con¬ 
ductors, 12.4 per cent; and closing in on 
faults, 11.4 per cent. Relay operating rec¬ 
ords for the same period showed a total of 
2,764 disturbances, of which 92.2 per cent 
were correct and desired, 6.3 per cent cor¬ 
rect, but undesired, and 2.1 per cent incor¬ 
rect or faulty, and 0.4 per cent failure to 
operate. A point raised for discussion was 
whether or not to separate 2 parts of an inter¬ 
connected transmission system when syn¬ 
chronism is lost between them, some opera¬ 
ting experiences indicating the possibility of 
re-establishing synchronism without inter¬ 
ruption and without damage to equipment. 

The Huntley steam-electric generating 
station No. 2 was built in 1929, expressly for 
the purpose of providing for the chsmge-ovtt 
in the domestic and commercial load in the 
Buffalo area from 26-cycle to 60-cycle serv¬ 
ice. In describing the electrical operation 
of the station, J. M. Geiger pointed out that 
inasmuch as the bus bars of this one station 
would have to carry, for at least several 
years, all the 60-cyde energy for a large 
metropolitan area, provision for the highest 
order of reliability in the electrical equip¬ 
ment was a necessity. The station gener¬ 
ating equipment comprises 2 8,000-kw 
12,000-volt generators, each tied solidly to 
an autotransformer, the 22-kv windings of 
which normally are connected to opposite 
busses. This "split bus” scheme also is ap¬ 
plied to the large transformers for the 110-kv 
transmission ties, for the frequency changer 
connections, and for the outgoing 22-kv 
feeders. The neutral leads of the genera¬ 
tors and large transformers are connected 
to a common neutral bus and grounded 
through a 6-ohm resistor to limit fault cur¬ 
rents to ground. Experiments with this re¬ 
sistor in service and out of service indicate 
that its use has no bearing on the rate of 
electric cable failures in the local system. 
Circuit arrangements and operating proce¬ 
dures were such, according to the report, that 
since the station was built there has not been 
a single interruption in the low-voltage- 
network service that is wholly dependent 
upon the station. 

Research and test work are as vital to the 
effective and economical operation of the 
electric service utilities as they are to the 
success of other industrial enterprises. De¬ 
scriptions of their respective organizations, 
methods of procedure, and types of work 
were given by W. F. Davidson of the Con¬ 
solidated Edison Company of New York 
and W. P. Dobson of the Hydro-Electric 
Power Commission of Ontario. In Mr. 
Davidson’s organization, all testing, except 
that involving mechanical equipment in gen¬ 
erating stations, is assigned to the test 
bureau of the system engineering depart¬ 
ment. The scope of this department in¬ 
cludes all testing of tbe transmission and 
distribution system and associated substa¬ 
tions, all electrical equipment in the generat¬ 
ing stations, maintenance of the st^dards 
laboratory and portable test instruments. 
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and the testing of materials and such ap¬ 
paratus as require special laboratory facili¬ 
ties. The production department has a test 
organization in each generating station to 
handle the testing of mechanical equipment. 

A research bureau in the system engineering 
department is responsible for the conduct of 
research connected with the electrical op¬ 
erations (as distinguished from gas opera-’ 
tions). To insure effective co-ordination of 
these separate agencies, the heads of re¬ 
search bureau and the test bureau report to 
the director of research and tests, and the 
station test groups report to the production 
economy engi¬ 
neer. These 2 men 
jointly handle 
those cases which 
concern more than 
one unit of the 
testing organiza¬ 
tion. For conve¬ 
nience and admin¬ 
istration, the test 
bureau of the 
system engineer¬ 
ing department is 
organized into 2 
divisions: labora¬ 
tory, and field 
tests, the names of 
which indicate the 
general scope of 
their activities 
and responsibilities. An important function 
of the laboratory division is the maintenance 
of reference standards. Another important 
function is the performance of acceptance 
tests on matmals and apparatus. As to the 
research work, new problems constantly are 
arising, each to be dealt with in accordance 
with its requirements and importance. 

In the Hydro-Electric Power Commission 
of Ontario, the testing and research depart¬ 
ment is responsible for the testing and in¬ 
spection of all materials and equipment 
purchased, and for the conduct of special in¬ 
vestigations and research. W. P. Dobson 
pointed out that a comprehensive inspection 
and testing policy is followed smd applied 
not only to new material and equipment, but 
also to material in service, with the object of 
detecting signs of failure and of devising re¬ 
medial measures. Research problems are 
suggested by the difficulties encountered in 
construction and operation, and the work is 
carried on under the general direction of a 
research committee composed of 6 depart- 
. ment heads. Projects are assigned to sub¬ 
committees containing representatives from 
all departments interested. Results ac¬ 
complished were reported as including im¬ 
proved methods of operation, improved 
methods of treating materials to prolong 
their life, the development of new specifica¬ 
tions or improvements of existing specifica¬ 
tions for the purchase of materials, and the 
development of new equipment for special 
applications. 

Dancing Cables 

"Dancing” or "galloping” cables on 
transmission and. distribution lines have 
been obse^ed under certahi weather condi¬ 
tions for many years. At the Buffalo iheeting, 
D.C. Stewart(A ’26, 3S1’36) assistant elec¬ 
tric^ engineer for the Buffalo, Niagara, and 
Eastern Power Corporation,! present^ ther^ 
suits of an experimental stiidy of this condir 
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tion. During dancing periods the cables had 
been observed to oscillate violently with 
amplitudes and motions of alarming pro¬ 
portions. As the cables do not move in syn¬ 
chronism, there is a resulting threat of con¬ 
tact or ^hover and consequent interrup¬ 
tion to service. Mr Stewart, in discussing 
the various theories that have been offered 
mentioned that propounded by A. E. Davi¬ 
son (A’13) of Toronto at the AIEE conven¬ 
tion held in that city in June 1930 which 
was to the effect that the wind acting on ir¬ 
regular icy formations adhering to the cables 
exerts aerod 3 mamic forces that initiate and 
maintain the cable motion. Mr. Stewart 
stated that although this theory failed to 
explain some cases where cable dancing has 
been reported when no ice was on the cable 
it does seem to account for the great bulk of 
reported cases. For his experimental span, 
Mr. Stewart reported the use of a 104-foot 
span of number 4 ACSR 7-strand cable 
strung at right angles to the direction of the 
prevailiug wind. To this cable were affixed 
wax formations to simulate ice or snow de¬ 
posits that had been observed under storm 
conditions when dancing prevailed. With 
special arrangements for observation and 
measurement, Mr. Stewart found that the 
cable on this test span under storm condi¬ 
tions swung in a path of approximately el¬ 
liptical proportions and having a vertical 
axis of some 3 feet and a horizontal axis of 
some 2 feet, which swing carried the cable 
at midspan to a point considerably above 
the axis of support at the ends of the span. 
He found also that there was a periodic 
twisting of the conductor to the extent of 
more than 180 degrees above its longitudi¬ 
nal axis, as it swung in its elliptical path. 
With a wiud velocity of about 61 feet per 
second, the cable traveled around its ellipti¬ 
cal path at an average speed of some 14 feet 
per second. The experimental results re¬ 
ported were considered to confirm the theory 
that cable dancing results from wind blowing 
against irregular ice formations adhering to 
the cabl^; further, that the varying 
twists in the cable plays its part in the vi¬ 
bration phenomena. In the resulting dis- 
cusMon it was suggested that electromag¬ 
netic phenomena sometimes might be re¬ 
sponsible for the initiation of vibration, 
^e scope and character of this 
indicated a broad interest in the problem 
as a possible cause of circuit interruption 
and seemed to indicate conclusivdy the de¬ 
sirability of further research and analysis. 

Student Technical Sessions 

Although many students attended the 
other technical sessions, principal student 


attention was focused upon the session de¬ 
voted to the presentation and discussion of 
the following student papers: 

Thb Dbston, Construction, anu Tsstino op a 
M iNiATURB Catbodb-Rav 0.<iCn,l.OSCOPB, N. I. 
Eorman, Worcester Folirtechnic Institute. 

A Transmission-Linb Slidb Rulb, R. R. Gay and 
C. H. Hunter, Cornell University. 

Tblbvision, D. O. Wood, Massachusetts Institute 
of Technology. 

A Hioh-Voltaob Elbctrostatic Voltiibtbr, 
B. M. R^lliams (graduate student), Vale Univer¬ 
sity. 

PoWBR-CiRCUIT Fo-tbrs por A-C Gbnbrators, 
Abner Crumb (graduate student) Worcester Poly¬ 
technic Institute. 

The Iconoscope, thb Byb op Tblbvision, S. S. 
Dufford, Rensselaer Polytechnic Institute. 

Sinolb-Phasb Railway Motors, W. Malthamer, 
Jr., Rensselaer Polytechnic Institute. 

Thb Sliding Blbctrical Contact, D. P. Miles, 
Rensselaer Polytechnic Institute. 

Under the excellent chairmanship of 
R. W. Runkle, engineering student, Cornell 
University, this busy session was conducted 
with order and dispatch, with the time care¬ 
fully budgeted between presentations and 
discussions. Many of the approximately 150 
students that attended the session took an 
active part in the di^mssion of the papers. 

President MacCutcheon, in addressing 
the group, paid tribute to the student au¬ 
thors for the general excellence of their pap^s, 
and the effectiveness with which they were 
presented, to Student Chairman Runklp for 
his efficient handling of the meeting, and to 
Professor F. N. Tompkins, counselor of the 
Brown University Student Branch and 
chairman of the student activities committee 
for the North Eastern District meeting 
under whose general supervision the pro- 
gr^ was arranged and presented. A com¬ 
mittee of judges made up of Professors A. R. 
Powers of Clarkson, E. A. Walker of Tufts, 
and C. W. Henderson of Ssuracuse, returned 
the verdict awarding prizes for presentation 
as follows: first, to Mr. Korman; second, to 
Messrs. (Jay and Hunter; and third, to Mr, 
Miles. Mr. Williams and Mr. Crumb were 
awarded honorable mention. 

Conference on Student Activitibs 

At a luncheon business conference h**ld Fri¬ 
day, May 7, a total of 36 persons interested 
in Student Branch activities gathered to¬ 
gether for a discussion of the problems in- 
cid^t to that phase of the Institute’s ac¬ 
tivity in the North Eastern District. This 
group included student and faculty represen¬ 
tatives from 13 of the 16 Student Branches 
in the North Eastern District, District Sec¬ 
retary R, G. Lorraine of Schenectady, Edi¬ 


tor G. R. Henninger of New York, Vice- 
President A. C. Stevens of Schenectady, 
National Secretary H. H. Henline of iq’ew 
York, President A. M. MacCutcheoa of 
Clevdand, Professor T. H. Morgan of Worces¬ 
ter Pol 3 rtechnic Institute, Professor Lynn 
C. Holmes, counselor-elect of the Branch at 
Rensselaer Polytechnic Institute, and the 
following representatives: 

Student Branch Counselors and Alternates 

P. N. Tompkins, Brown University, Providence. 
R. I. 

A. R. Powers, Clarkson College of Technolotry’. 
Potsdam, N. Y. 

E. M. Strong, Cornell University, Ithaca, N. V. 
J. D. Cobine, Harvard University, Cambridge, 
Mass. 

W. H. Bliss, University of Maine, Orono 
W. H. Timbie, Massachusetts Institute of Tech¬ 
nology, Cambridge 

L. W. Hitchcock, University of New Hampshire, 
Durham 

F. M. Sebast, Rensselaer Polytechnic Institute. 
Troy, N. Y. 

C. W. Henderson, Syracuse University, N. Y. 

E. A. Walker, Tufts College, Tufts College, Moss. 

E. R. McKee, University of Vermont, Burlington 
Victor Siegfried, Worcester Polytechnic Institute, 
Mass. 

A. G. Conrad, Yale University, New Haven, Conn. 

Student Branch Chairmen or Alternates 

Gerald Smithson, Brown University, Providence. 

R. I. 

J. F. Frazier, Clarkson College of Technology, Pots¬ 
dam, N. Y. 

F. J. Skinner, Cornell University, Ithaca, N. Y, 

L. P. Winsor, Harvard University, Cambridge, 
Mass. 

H. O. Saunders, Massachusetts Institute of Tech¬ 
nology, Cambridge 

H. C. Kenneson, Univer.sity of Maine, Orono 
R, W. Tolies, University of New Hampshire, Dur¬ 
ham 

J. S. Dufford, Rensselaer Polytechnic Institute. 
Troy, N. Y. 

F. C. Tuck, Syracuse University, N. Y. 

F. A, Spindell, Tufts College, Mass. 

J. R. Tozer, Jr., University of Vermont, Burlington 
R, P. Day, Worcester Polytechnic Institute, Mass. 

R. D. Scott, Yale University, New Haven, Conn. 

Among the various items of business dis¬ 
cussed, principal attention was given to: 

(o) the desirability of providing more and 
better housing arrangements and entertain¬ 
ment features for students attending these 
District student conventions; (5) the de¬ 
sirability of divorcing the student conven¬ 
tions from District meetings; (c) the ques¬ 
tion of a proper basis for the competitive 
grading of student papers. 

The weight of student opinion was to the 
effect that adequate attention already is 
being given to the provision of facilities for 
students in connection with District meet¬ 
up, and that any further efforts in that 
direction would nullify some of the educa¬ 
tional benefits accruing to the students by 
virtue of having to do a bit of caring for 
themselves in a strange community, a situa- 
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tion they all expect to face upon gradua¬ 
tion. The general consensus of opinion 
among both students and counselors was to 
the effect that electrical engineering students 
•do not need to be "spoon fed." Likewise, 
the suggestion to separate the student con¬ 
ventions from the regular District meeting 
program was talked down by a wide margdn< 

2 important facts being stressed by several 
speakers: first, that many advantages to 
students from attending such meetings 
would be lost if the opportunity to attend the 
general technical sessions and otherwise 
mingle with the practicing engineers were 
eliminated; second, that any need or desire 
for conclaves devoted wholly to student 
matters could be satisfied by arranging such 
conclaves without interferring with the 
joint District student convention and Dis¬ 
trict meeting which was regarded as having 
been highly successful over a period of years. 

Referring to the basis for the competitive 
grading of technical papers as published on 
page 492 of the April 1937 issue of Elbc- 
TRiCAL Enginbbring, there was a strongly 
expressed and apparently widely held opin¬ 
ion among Student Branch counselors that 
the published basis was not satisfactorily 
applicable to student papers. Two factors 
were pointed out as being of particular 
significance in connection with the grad¬ 
ing of student papers: first, "the broad in¬ 
terpretation and importance of ‘original¬ 
ity’ ” ; second, "the lesser expectancy of 
‘value’ to the profession in student papers 
and the unimportance of attempting to 
segregate it into the present ‘value in its 
field,’ and ‘value to electrical engineering.”’ 
A committee of counselors that has been 
studying this matter recommended the fol¬ 
lowing basis for grading student papers: 

Preliminary analyM 

Logical presentation 20 per cent 

Originality in handling subject 20 per cent 

Unity of composition _ 20 p« cent 

Value to electrical engineering 20 per cent 


This report and recommendation was acr 
cepted by a vote. Also there was expressed 
a deare for continued study of grading "in 
favor of more drastic revision’’ and Chmr- 
man Tompkins was requested to appoint 

a committee for the purpose. 
Entbrtainmbnt—Attendance 

The principal feature of the eiit^tain- 
ment program at the Buffalo meeting was a 
very nicely arranged dinner held the evening 
of the second day, and departing from com¬ 
mon practice in tluit it was not a dinner 
dance. President and Mrs, A. M. MacCut- 
cheon were the guests of honor. Entertain¬ 


ment as well as instruction was afforded 
through an interesting demonstration lec¬ 
ture “Kodachrome Colored Film,’’ given by 
L. D. Mannes of the Eastman Kodak Com¬ 
pany, Rochester, N. Y., co-inventor of a 
color photography process in which a single 
negative comprises 3 successively deposited 
sensitized films, each sensitive to a different 
primary color, and each separated from its 
neighbors by a neutral deposit which en¬ 
ables the complicated developing process to 
be carried on step-by-step, progressivdy 
bringing out the several layers, the compos¬ 
ite of which is an accurate color reproduc¬ 
tion. The reported attendance was 273. 

District Executive Committee Meets 

A luncheon meeting of the North Eastern 
District executive committee was held 
Thursday, May 6, during the Buffalo meet¬ 
ing. After routine matters had been dis¬ 
posed of, there was considerable discussion 
concerning the registration of profession 
engineers in connection with the discussion 
of the general topic of ‘‘broadening’’ of 
Institute activities. Pittsfield, Mass., was 
selected as the site for the 1938 District 
meeting. 

The meeting was attended by the follow¬ 
ing delegates: 

A. C. Stevens, vice-prerident, AiBB ^ _ 

R. G. Lorraine, secretary. North Eastern District 
F. N. Tompldns, chairman. District Committee on 
student activities . 

R. F. Chamberlain, chairman, Ithaca Section 
C. L. Dawes, chairman, Boston Section ^ 

C. M. Foust, chairman, Schenectady Section 

B. M. Hunter, secretary, Schenectady Section 
K. B. McEachron, chi^inan, Pittsfield Section 
R. M. PfalzgraS, chairman, L;^ Section 

H. C. Rankin, chairman. Providence Section 
J. Leo Scanlon, chairman, Niagara Frontier Section 
V, Segfried, vice-chairman, Worcester Section 

B. M. Werly, secretary, Rochester Section 

The meeting was atteadM also by Presi¬ 
dent A. M. MacCutcheon, Ouurman W. H. 
Timbie of the Sections committee, National 
Secretary H. H. Henline, Editor G, R. 
Henninger, Chairman V. G. Smith of the 
Toronto, Ontario, Section, Chairman-Elect 
Ralph M. Darrin of the Niagara Frontier 
Section, and B. K. Northrop of the Ithaca 

Section. r, • 

During the dinner meetmg> Vice-Pr«i- 
dent A. C. Stevens announced the foUov^ 
wiimers of District prizes for 1936 tectocal 
papem, and made awards accordingly: 
(1) for the best Student Branch paper, 
William A. HarW o* 

Bell Telephone Laboratori^; (2) for first 

paper prize, Edgar A. H^y 
in charjge of design smd manufacture Of cop- 
per oxide rectifiers for the' Gen®iA^ Electric 
Companyj Lynn, Mass.; (3) for the best 


paper prize, E. M. Hunter (A’28, M’36) 
central station engineering department. 
General Electric Company, Schenectady, 
N. Y. Details of these awards are covered 
in the formal report on paper prizes pub¬ 
lished elsewhere in this issue. 

Another interesting demonstration lecture 
was delivered the evening of the first day by 
L. W. W. Morrow (A’13, F’26) general man¬ 
ager of the fiber products division of the 
Coming Glass Works, Coming, N. Y., on the 
subject of "Fibrous Glass.*’ This is a new 
product of amazing characteristics. Al¬ 
though glass in every sense of the word 
manufactured by a secret process, the fibers 
look and feel not unlike silk, and lend them¬ 
selves to the manufacture of all manner of 
fabrics through the use of regular textile 
manufacturing machines, in addition to 
having the inherent characteristics of glass, 
s tKii as ftreproofness and nonabsorbence of 
liquids. This new product is essentially an 
alloy, as is glass in any form, and has many 
properties simila-r to metallic alloys. A 
temperature of some 1,200 or 1,400 degrees 
centigrade is required to mdt and mix the 
constituents preparatory to drawi^ the 
fibers. The fibers are about 0.0004 inch in 
diameter, and from 1.5 to 20 inches long, are 
heat-resistant, nonabsorbent, and sttcmg 
(reputedly the equivalent of about a million 
pounds per square inch in the small^ 
fibers). It is a product of recent research 
and, already is being used in the manufac¬ 
ture of textiles, insulating and other tapes, 
insulating pipe coverings, and house insula¬ 
tion, and the future seems wide open with 
possibUities for appUcation in the manu¬ 
facture of electrical equipment. ^ 

Registration is reported and analyzed m 
the accompanying tabulation. 

Analys is of Registration at Buffalo Meeting 
Location 
District Other 

C tossification Buffalo 1* Districts Totals 

Members..i. 

Men guests.. . ...22. 36.....U. g 


Totals.... ... • r 

* Outside of Buffalo. 


Remeeratmg ana Air \-onu*«*w»****& ~——- 

ery Manufacturers Meet TheRefri^t- 
ing Machinery Assodation met on May IZ 
and 13, 1937, at Hot Spring. Va., md im-, 
mediately following, on May 14 and 16^ 
the Air Conditioning Mantffadurws 

soCiation held its annual meetup. 


63.. 

.. 80.. 

...44 

2 .. 

.. 71.. 

...6 

22 .. 

.. 36.. 

...11 

8 .. 

.. 9.. 

... 2 



— 

95.. 

..195.. 

...62 







Section and Branch Activities 
Annual Report for 1936-37 


I HE following constitutes the annu al 
report on Institute Section and Branch 
activities for the 'fiscal year which ended 
April 30, 1937. Sixnilar information, for 
3 preceding fiscal years appeared in Elec¬ 
trical Engineering for June 1936, pages 
752-^; June 1936, pages 674-75; and 
June 1934, pages 1027-29. 

The names of our present members of 
the Sections committee and the committee 
on Student Branches, which supervise the 
2 important divisions of Institute activities 
covered by this report, are: Sections—^W. 
H. Timbie, chairman, W. M. Dann, Mark 
Eldredge, O. W. Holden, E. T. Mahood, 
H. H. Race, I, M. Stein, and, ex-officio, the 
chairmen of all Sections of the Institute. 
Student Branches—^F. Ellis Johnson, chair¬ 
man, Edward Bennett, L. A. Doggett, E. E. 
Dreese, O. E. Edison, O. W. Eshbach, T. W. 
Fitzgerald, E. A. Loew, Charles F. Scott, 
R. W. Sorensen, and, ex-oficio, all Student 
Branch counselors. 

Section Activities 


The East Tennessee Section was organ¬ 
ized in September and enthusiastically be- 
g^ carrying on a normal amount of ac¬ 
tivity. This brought the total number of 
Sections to 62. Three prospective new 
Sections are being actively dignipyd . 

Practically all the 62 Sections carried 
on at least normal amounts of activity, 
and many were unusually active. The 
total number of meetings reported was 
621, or 81 more than the total for the pre¬ 
ceding year. 

President MacCutcheon visited about 
40 Sections prior to April 30, and will visit 
several others, bringing the total number 
to about 47. He was enthusiastically 
welcomed, and his visits contributed much 
to the success of Section activities. 

The outstanding development in Section 
activities in recent years is the inauguration 
of spedal types of meetings designed to 
meet as fully as posable the desires of the 
members. Eighteen Sections have adopted 
plans for holding technical group, technical 
committee, special technical, or other types 
of meetings devoted to more highly special¬ 
ized subjects than those usually presented 
at regular Section meetings. The types 
of such activities usually have been chosen 
after receipt of replies to questionnaires 
requesting members 'to express their prin¬ 
cipal technical interests. 

In 3 Sections, Alabama, Montana, and 
loronto, local group meetings were held 
at pomts m their territories from which 
few members could attend regular Section 
meetings. 

Table I contains tabular infohnation 
on the meetmgs of all Sections and of their 
groups, technical committees, 
di^on groups, and other subdivisions. 
Biformabon on many of these special ac- 
ri^es has appeared in Electrical En- 
G^E^o durmg tile past year. In the 

foU^g statem^ts. particular attention is 

more recent develop- 
“d eqiecially to those pf new^ 


The Toronto Section established a dis¬ 
cussion group having as its purpose the 
development of engineers in the prepara¬ 
tion and presentation of 6-minute tallri e 
and discussions. Meetings 40 minutes in 
length were held immediately preceding 
regular Section meetings and at the same 
place. Three talks and general discussion 


constituted the program of each. It is 
expected that this plan will be continued 
next year for the purpose mentioned and 
also to improve the knowledge of the mem¬ 
bers in economics and human relations in 
engineering. 

The Toronto Section also formed a tech¬ 
nical discussion group which met at supper 
on the evenings of Section meetings, and then 
held its discussions between 6:06 and 7:45. 
The general subject was “Control and Pro¬ 
tective Practice”; 3 or 4 papers were pre¬ 
sented at each meeting. 

The Seattle Section sent a questionnaire 


Table I. Section Meetings Held During Year Ending April 30,1937 


Meetings 
AIEE During 
Members Year 


ers Year JJ 9 S 

-ia? 

§ i 

I! • S c ^ 9 

§ I H 

9 J 


Meetings 
AIEE During 
Members Year 


AJeron . 64 .. 

Alabama. 38.. 

Muscle Shoals 


power .subgroup.. 


. 3.. 66 . 

Atlanta. 

71.. 

72.. 6 .. 77..107 

Baltimore. 

167,. 

174.. 9..169.. 97 

Boston. 

378.. 

386.. 8..172., 46 

Central Indiana. 

94.. 

116.. 5.. 82.. 71 

Chicago. 

614.. 

603,. 7..212.. 36 

Power group. 


.. 2 .. 96 

Industrial gioup.... 


..6..131. 

Cincinnati. 

143.. 

169.. 9..284.,178 

Cleveland. 

220 .. 

246.. 8..134.. 66 

Industrial motors 




and control 

„«tou.p . 3 ., 60. 

Electronics. 3 32 

Columbus. 62.. 63.. 8 . .' 44 !.’76 

Technical lectures.13 g 

Connecticut..-.. 226.. 267.. 8 !!j23!!‘46 

5“““. 87.. 89.. 6 .. 48.. 64 

. 138.. 132..10.. 46.. 36 

Technical commit- 

_ . 1 .. 66. 

Detroit-Ann Arbor... 268.. 320..10..160.. 47 
Special Technical 

Meeting. j 26 

East Tennessee*. 49 !! s ’. U. VqO 

. •*8.. 62.. 9.. 74..142 

.. *7.. 60.. 2..129..216 

Fort Wayne..... 66 .. 64.. 12. .103.. 161 

. 66,. 76.. 9.. 60.. 67 

. 50.. 66.. 8.. 100 .170 


62.. 9.. 74.,142 

60.. 2..129..216 

64.. 12..103..161 

76.. 9.. 60.. 67 

66 .. 8.,100..179 


440.. 9.,102,, 23 


. 66 .. 64.. 10., 126.,233 

. 1*8.. 10.. 162.. 103 

Lehigh Valley. 186 .. 134 .. 8 ..I 14 .. 62 

L<w Angeles. 886 .. 440.. 9.. 102 .. 23 

Special technical 

meeting.. j gg 

Louisville... 66 ..' 'eo!! 6 !! 60 !! 126 

Lynn... 99.. 120.. 14 373 an 

Technical lectuies... w..474..311 

.. 61.. ”48:: 4 :: 46!I’m 


. 81.. i3::i5:: i8::i46 

. 66 .. 67.. 6 .. 40;: 60 

Milwaukee. I 73 .. 208.. 11 .. 177 .. 86 

Mmnesota... 74 ., 72 ^ 9 ^ 45 gg 

Power committee. 4 22 

Fort Peck group. 4 iv 

.. 61. 

New Orleans... 44. 50 fi 7 a’'ria 

.2.r73.:8.oi;:: 

Power group.. - 276 

Transportation . 

group.- g 

Communication 

group... . . 

Illumination * ’ ..••• 

.a ai7 


73..146 

632.. 21 

2761.. .. 


187. • 208.. 

North Carolina. ^ gg 

Organized September 2 , 1936. 


8 . .137.. 66 
2..108..130 


10 A 

2 IS 

- gS^ 

8 ’§'8 s 

•S ffa 

I 

^ ^ ^ ^ Ot M 


67.. 8 .. 90..134 

42.. 7..270..643 


Oklahoma City. 110 .. 120., 7.. 121 101 

Philadelphia. 6 I 7 ,. 530 8 . .118!! 21 

System character¬ 
istics group. 1 . 

Pittsburgh. 379.. 411.! 8 !! 181!! 44 

. 107.. 121.. 10.. 765,. 632 

Collociuium series. 5 29 

Portland. 92., HO., o!! 82!!'76 

Illumination 

committee. 2 . 

Trans. & Dist. com¬ 
mittee. 3 ,, 4 g. 

Blectrochem. and 
Electrometal¬ 
lurgy com. 2 

Communication 

committee. 2 33 

Providence. 86 .. 82.. 7!!ll2!!i37 

Rochester..... 71.. 80. .14. .128. .166 

Communication 

. 3.. 18. 

Power group. 2. 30,. 

St. Louis. 182.. 201 8 .. 111 !! *56 

San Antonio. 26.. 20 ,. 7 .. 34 .117 

SanFi^cisco. 373.. 401.. 9. . 200 .. 50 

Special technical 

meetings. 6 .. gg. 

Saskatchewan. 24.. 26.. 7 .. 27.. 108 

Schenectady. 363.. 867.. 12 219 60 

Technical discus¬ 
sion meetings. 4 _ _ 59 

Junior discussion 

group. g 25. 

Seattle..,.,. II 7 ,, 149 9 52..'36 

Transmi^ion & dis¬ 
tribution. 6 .. 28 

Communications... 4 .! 13 . 

Electronics & elec 

tron tubes. 4 20 .... 

Power generation. !!!! 4 20 !!!!! 

V.. 88 '- 62,. 9.. 99.. 160 

Technical discus¬ 
sion meetings... 2 40 

Spokane. 44 .. 43 " 7 ” 44 !| '92 

Springfield, Mass. 66 .. 68 .. 9 !! 60 !! 88 

. 66 .. 71.. 4..379..633 

... 69.. 66 .. 11. 69 80 


66 . 

27..108 
210 60 


146.. 9.. 52.. 36 


20 . 

20 . 

09..160 


meeungs.. 2 40 

Spokane. 44 .. 43 " 7 ” 44 !| '92 

Springfield, Mass. 66 .. 68 .. 9 !! 60 !! 88 

. 66 .. 71.. 4..379..633 

... 69.. 66 ..11. 69 80 

Toronto..... 286.. 203. .13. .114.. 39 

Discussion group .. 10.. 26., 

Technical discus¬ 
sion group................ 3 _ 33 . 


Washington.. 
Worcester ... 


. 36 

36. 

. 6 ., 24., 67 

. 39 

41. 

. 8 .. 40..120 

. 88 

. 97. 

. 10 .. 60.. 62 

. 86 

. 90, 

. 2.. 36.. 40 

■ 229. 

. 258. 

8..144.. 66 

62. 

63. 

8 .. 94..149 

10,881 

11,822 



Total attendance........... ..74fi 
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Table II. Courses of Instruction Offered by Sections 




Member 



Section 

Subject 

Fee 

Duration 

Enrollment 

Lynn. 

.Electronics. 

...$10.00.... 

.. October-December.... 

.21 

New York 

' Electrical engineering. 

... 10.00.... 

. .20 weeks—September. 

. 53 

Power group.... | 


(Repeated)—^January. 

.45 


Structural planning and design.. 

... 10.00... 

.. .20 w^s-^eptember. 



(Repeated)—^J anuary. 

.200 


Industrial control lectures. 

... 2.00... 

.. 8 weeks. .... 

.120 


Public speaking. 

... 15.00... 

.. .16 weeks—September. 

. 17 

Communication 



(Repeated)—^January. 

.... 16 


Philadelphia. 


group.Slectronics lectures. 2.00.8 weeks.300 

Niagara Frontier... .Applied structural design.October-January. 50 

.Electrical theory review. 15.00.September-May. 23 

Mathematics review.15.00.September-May. 25 

Electronics (repeat*). 12.00.January-May. 27 

Any 2 courses...25.00 

.Electronics. 10 00.January-May.. 30 

-- - 27 


Springfield..- 

Vancouver.Blectronics and electron tubes. 7.60..... .20 weeks. 


to its members and to the members of the 
University of Washington Branch, in Oc¬ 
tober 1936, asking whether they would be 
interested in taking part in technical group 
meetings devoted to 6 subjects which were 
named or to other subjects which they were 
invited to suggest. After a tabulation of 
the responses, the executive committee 
decided to organize technical groups cover¬ 
ing the 4 subjects in which the greatest 
interest had been shown: transmission and 
distribution, power generation, communi¬ 
cation, and electronics and electron tubes. 
Free discussion was encouraged. Attend¬ 
ance was very good, comparable in many 
cases with that at regular Section meeting. 

'The Schenectady Section junior dis¬ 
cussion group held dinner meetings to wWch 
the younger members of the local Sections 
of several engineering societies were in¬ 
vited. Opportunities were presented for 
open discussions on technical and general 
subjects. It also held a technical discus¬ 
sion series of dinner meetings for members 
of the Sections. Subjects were chosen by 
use of a postal card interest finder. 

The Ck)lumbus Section held a series of 
lectures on technical subjects of special 
interest to its members. 

The Pittsfield Section held a coUoqui^ 
series for brief presentations by specialists 
of published papers of interest to electrical 
engineers and general discussions of them. 

The Philadelphia Section arranged near 
the end of the year for 2 technical dis- 
cus^on groups: one on sjrstem characteris¬ 
tics under fault conditions, the other on 
industrial applications of electricity. 

The Rochester Section organized com¬ 
munication and power groups. _ 

The power group of the Chicago Section 


continued its work with notable success, 
and an industrial group was formed. 

The Clevdand Section continued its 
industrial motor and control group, and 
organized an dectronics group. 

The Denver Section orgfanized a technical 
committee, and the Detroit-Aim Arbor 


Table IV. Branch Meetings Held During 
Year Ending April 30,1937 


Meetings 

Pilling 

Tear 


Lehigh University. 

7... 

.84... 

. 4 

Lewis Institute. 

9... 

. 53... 


Louiriana State University. 

13... 

. 24... 

. 6 

Louisville, University of. 

, 9... 

. 10... 

. 4 

Maine, University of. 

3... 

. 29... 


Marquette University. 

.11... 

. 67... 

.— 

Maryland, Univerrity of. 

.10... 

. 43... 

.10 

Massachusetts Inst, of Tech...., 

. 8... 

. 84... 

.. 6 

Michigan College of Min. & 




Tech. 

. 9... 

. 43... 

.. 3 

Michigan State College. 

.10... 

. 30... 

.. 4 

Michigan, University of. 

.10... 

. 23.. 

.. 2 

Milwaukee School of Engineer- 





.10... 

. 40.. 

.. 1 

Minnesota, Univerrity of. 

. 7... 

. 56.. 

.. 5 

Misasrippi State College. 

. 16... 

. 15.. 

..10 

Missouri School of Mines & Met. 

. 9... 

. 49.. 

.. 5 

Missouri, University of. 

.10... 

,. 48.. 

.. 6 

Montana State College. 

.26... 

.. 23.. 

. .69 

Nebraska, University of. 

.14... 

,. 29.. 

.. 6 

Nevada, University of. 

.8... 

,. 20.. 

. 

Newark College of Engineering.. 

.4.. 

.. 35.. 

.. 6 

New Hampshire, University of.. 

.21.. 

.. 20.. 

..28 

New Mexico, University of. 

.10.. 

.. 14.. 

.. 5 

New York, College of the City of 




Day division. 

. .32.. 

.. 25.. 

. .14 

Evening division.. 

.14.. 

.. 11.. 

.. 3 

New York University 




Day division. 

.15.. 

.. 30.. 

, • .35 

Evening division. 

. . —. . 

. . “• • 

. 

North Carolina State College.. 

. .12.. 

.. 33.. 

...23 

North Carolina, University of.. 

..12.. 

.. 18. 

...10 

North Dakota State College... 

.. 6.. 

.. 15. 

... 3 

North Dakota, University of... 

..14.. 

.. 14. 

... 9 

Northeastern University. 

.. 6.. 

.. 40. 

. • 

Notre Dame, University of.... 

.. 8.. 

.. 26. 

.. .10 


Branch 


n 


9 


... 9.. 

. 80.. 

.. 2 

...13.. 

. 42.. 

.. 6 

... 6.. 

.. 29.. 

.. 2 

... 6.. 

.. 47.. 

.. 3 

. ..11.. 

.. 45.. 

..11 

_ 5.. 

.. 21.. 

.. 6 


A 


4 H 


6... 

. 7... 

. 7 

14... 

. 34... 

. 4 

19... 

.24... 

.12 

30... 

.. 10... 

.16 

20... 

. 20... 

..19 

.12... 

.. 35.. 

,. 2 

.8... 

,. 22.. 

..14 

. 8.. 

..101.. 

.. 7 

. 3.. 

,. 67.. 

. 

.13.. 

.. 23.. 

.. 7 

.14.. 

. 26.. 

.. 1 

.22.. 

.. 62.. 

..15 

.23.. 

.. 36.. 

..48 

.28.. 

.. 54.. 

..56 

. 1.. 

.. 9.. 

. .- 

. 8.. 

.. 64.. 

.. 3 

.10.. 

.. 20.. 

. .- 

.10.. 

.. 41.. 

..13 

. 6.. 

..7.. 

... 4 

.11.. 

.. 46.. 

...—^ 


Table III. 


Section Meetings Held During 
Last 3 Rscal Years 

Fiscal Year Ending April 30 


193S 


1936 


1937 


Number of Sections.. 
Number of meetings 

held..... ••••' 

Average number of 
meetings......... 

Total attendance..;. 

: jVyerage attendant 

per meeting....... 


61 

521 


8.5.. 


61 

540 


8.Q 


73,881 . .85,501 


141 


158 


.. 62 

.. 621 

.. 10.0 

..74,950 

./ 121 


June IQS'J 


Akron, University of--- ;... 

Alabama Folytedbiic Institute. 

Alabama, Udversity of. 

Arizona, University of. 

Arkansas, University of. 

Armour Institute of Technology.. 12.. 

British Columbia, Univ. of. 

Brooklyn, Polytechnic Inst, of,. 

Brown University.. 

Bucknell University. 

California Institute of Tech¬ 
nology. 

California, University of. 

Carnegie Institute of Tech. 

Case School of Applied Science. 
Catholic University of America., 

Cincinnati, University of...... 

aarkson College of Technology.. 10 
Clemson Agricultural College 
Colorado State Agri. College. 
Colorado, University of. 

Columbia Univeraty*. ... 9 - 

Cooper Union 

Day diviaon. 

Evening diviaon.. 

Cornell Univeraty..... . 

Denver, Univeraty of.....13 • 

Detrmt, University of..... 

Drexel Institule.............. 

Duke Univeraty...... 

Florida, University of... - 

George Washington University. 
Georgia School of Technology.. 

Harvard University.......... • 

Idaho, Univeraty of. .; 

Illinois, University of.....,..;. • 

Iowa State College.------- • 

Iowa, Univ«^ • •••••••• 

Johns Hopkira Univeraty....: 

l^sSs Stpte College... . ...;; 
Eim8a8;'Uiiiversify of..:..... 

Kentucky, Univeraty of......, 

Lafayette CbUeger..-....... 

Nms 


. 10 ., 
,. 21 .. 
.. 8 ., 


7... 

7... 

6 . 


25.. 

24.. 

17.. 
25. 


.13... 

. 22... 

. 2 

.3... 

. 80..; 


.16.;. 

. 19.. 

.;10 

.16... 

. 45.. 

..30 

.12... 

. 28. . 

., 3 

. 8... 

. 27 .. 

..10 

.7... 

. 37.. 

.. 4 

. 3... 

. 30.. 

.. 1 

:. 8... 

. 35.. 

.. 7 

,.12... 


..6 

,.16.. 

;.-60;'.< 

4 

:.26.. 

;; 36,. 

. ;26 

..22.; 

.. 25.. 

..23 

..16.. 

..95.. 

. .20 

:. 9.; 

.. 40.. 

. .10 

;;24.. 

..60., 

.. 6 

6..: 

.. 19.. 

,..15 


Ohio Northern University.12-14.. 

Ohio State Univeraty. 7.... 86 .. 


Oldahoma, University of. 

Oregon State College. 

Pennsylvania State College.. 

Pennsylvania, Univeraty of., 

Pittsburgh, University of.23.. 

Porto Rico, University of. —.... * • • 

Pratt Institute.10.... «8. • • 

Princeton University.. 2.... 15... 

Purdue Univerrity. - .12-107... 

Renssdaer Polytechnic Institute.. 7-61... 

Rhode Island State College..6-28... 

Rice Institute. 6 .... 23 

Rose Polytechnic Institute....... 7. 

Rutgers University. 

Santa Clara, University of... 

South Carolina, University of 

South Dakota State College..... 18. 

South Dakota State School of 

Mines.. 

Southern California, Univ. of... 

Southern Methodist University. 

Stanford Univeraty.. 

Stevens Institute of Technology 

Swarthmore College.. 

Syracuse University. 

Tennessee, University of. 

Texas A. & M. College......... 

Texas Technological College... 

Texas, University of..... • 

Tufts College...... 

Tulane University*.. 

Union College. 

Utah, University of.- • • 

Vermont, University of----- 

Villanova College... 

Virginia Military Institute. 

Virgipia Polytechnic Institute . 


63....11 


.18 

. 2 

33.. ..12 

13.. .. 5 

36.. .. 2 

8 ....— 

17.. ;.17 


Virginia, University of........ 

Washin^on, State College of. 
Washington, University of.... 

Washington University....... • 

West Virginia Univeraty.. ... 

Wisconsin, University of..... 
Wme^er Polytechnic Institu 
Wyoming, University of... r • ■ 
Tale University.----;«• 


.11... 

; 25.. 

.. 2 

. 7... 

. 23.. 

..4 

.11... 

. 33.. 

.. 3 

.8... 

. 82.. 

..— 

.8... 

. 22.. 

..15 

.31... 

. 9.. 

..40 

.9... 

. 33.. 

.. 1 

. 8... 

. 40.. 

.. 5 

.12... 

. 17.. 

..17 

.17... 

. 33.. 

... 7 

. 8... 

. 35.. 

..3 

. 4... 

. 20.. 

... 1 

,. 4... 

.20.. 

■ • 

.10... 

. . 29. 

2 

.. 6.. 

..29. 

. . 

..12.. 

.. 13. 

...12 

..22.. 

.. 34. 

...26 

..25.. 

.. 35. 

...39 

..6.. 

.. 20. 

...5 

..12.. 

..23. 

...5 

..12.. 

.. 36. 

...11 

..13.. 

.. 24. 

. . 

..17.. 

.. 27. 

..101 

.. 6.. 

.. 66. 

... 1 

s. . 4.. 

.. 42. 

a. . 5 

..9.. 

..11. 

... 8 

.. 6. . 

... 23. 

.;. 3 


Total;.. .119. 


.1,130 


Total number of meetmgs. 
Total attendance ........ • 


..vi^eai 
.. . 46 , 121 . 


h Authorized by Board of DirCCgora January 26. 

■ 1987.' . . ■ ' 


763 





































































Table V. 


Branch Meetings Held During 
Last 3 Fiscal Years 


Fiscal Tear Ending April 30 


1935 


1936 


1937 


Number of Branches.. 117 .. ng 

Number of meetings 

. 986 .. 1,045 . 

Average number of 

meetings . g. 4 .. gg. 

Total attendance.36,629 ..45,304 ! 

Average attendance 

per meeting. 37 .. 43 . 

Number of student 
talks. 70g .. 772 .. 


119 

1,363 

11.5 

46,121 

33.8 

1,130 


Table VI. 

Conferences on Student Activities 

District 
or Section 

Location Date 


7 .. University of Arkansas, 

Fayetteville. 5/2/36 

1 .New Haven, Conn. 

(North Eastern Dis¬ 
trict meeting).5/8/36 

8 & 9.Pasadena, Calif. (Sum¬ 
mer convention).6/23/36 

7....... Dallas, Texas (South 

West District mtg.)... 10/27/36 

2 .Ohio State University, 

Columbus.11/13-14/36 

Pittsburgh 

Section., .Pittsburgh, Pa.1/12/37 

4.Alabama Polytechnic 

Institute, Auburn.4/2/37 

8 .South Dakota State 

'_College, Brookings... .4/23/37 


and Los Angeles Sections adopted plans 
for ^edal technical meetings. The Lynn 
Section had several technical lectures. 
The Minnesota Section formed a power 
committee in the spring of 1936. The 
communication, illumination, power, and 
transportation groups of the New York 
Section continued their highly effective 
acti’dties. The Portland Section com¬ 
munication, electrochemistry and electro¬ 
metallurgy, illumination, and transmission 
and distribution groups were continued 
wth excellent results. The San Fran¬ 
cisco, and Sharon Sections continued their 
special technical meetings. 

The Lynn Section held a technical paper 
competition on April 6, 1937, offering 3 
prizes of $15, $10, and $5, with the deci¬ 
sions based V» bh written papers. Vs on 
oral presentation, and Vs on ballot by the 
audience. The Springfield Section an¬ 
nounced, in- March 1937, a prize paper con¬ 
test, opening at that time and closing on 
^ptember 13, 1937, the subject being 
“Ways and Means to Improve the Spring- 
field Section of the AIEE." The prizes 
me $25 and $10. Several Sections oon- 
the prizes offered annually in the 

past. 

. 7 Schenectady Sections 

annual competition in 2 joint 
meetingSi bae in each dty, with 3 speakers 
representing each Section at each of the 
meetings. Prizw of $15 and $10 were 
awarded at each meeting. 

The ^henectady^ its fourth 

^ual competition among men in the 
General Elec^c testing de- ' 

partmenit, having 6 speiiers selected from 
the original group of 21 . Prizes of $10 

and $5 were presented, : 
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Sections that' have been sponsoring 
studmt conventions and holding joint 
rneetings with neighboring Branches con¬ 
tinue the arrangements. The Baltimore 
Section sponsored a convention of the 
Student Branches in the eastern part of 
District 2 on April 19, 1937. 

Table II contains information regarding 
courses of instruction offered by 6 Sections. 
In some cases the courses are open to non¬ 
members at high^ fees. The fees were 
established at amounts that would meet 
the expenses involved. The Philadelphia 
Section reported that its courses have been 
valuable m building up interest in the 
Section, and have been responsible for 
obtaining a considerable number of new 
members and reinstatements. Other Sec¬ 
tions reported keen and well-sustained in¬ 
terest in the courses. 

Table III contains numerical informa¬ 
tion on Section meetings hdd durine the 
past 3 years. 

Branch Activities 

Two new Student Branches were organ¬ 
ized during the year, one at Columbia 
University, New York, N. Y., on Feb¬ 
ruary 19. and the other at Tulane Uni¬ 
versity, New Orleans, La., on March 1; 
both have been very active. 

Nearly aU Branches carried on a normal 
amount of activity, 87 having held 8 or 
more meetings each, and only 6 having 
held fewer than 4 meetings. Comprehen- 
sive mformation on many phases of Branch 
activities appears in Tables III to VIII, 
inclusive. 

The total number of Branch meetings 
held during the year, as reported to head¬ 
quarters, was 1,363, by far the largest 
number ever held in a fiscal year. The 


Table VII. . Student Conventions 


Sponsored by 
District 
or Section 


Location 


Date 


No. of 
Student 
Papers 


7.University of Ar¬ 

kansas, Fay¬ 
etteville.5/1/36.13 

1.New Haven, 

Conn. (North 
Eastern Dis- 

„ . „ ).5/8/36. 9 

8 & 9. ...Pasadena, Calif. 

(Summer con¬ 
vention) .6/24-26/36... 10 

7.Dallas, Texas 

(South West 

District mtg.)... 10/27/36. & 

Pittsburgh 

Section.. Pittsburgh, Pa.1/12/37_ Q. 

4.Alabama Poly¬ 

technic Insti¬ 
tute, Auburn, 

Ala.4/2/37. ft 


Baltimore 

Section. 


New York 
Section. 


, .Johns Hopkins 
University, 

Baltimore, Md. 4/19/37. 4 

. New York Uni¬ 
versity, New 

York, N. Y.4/28/37 . 5 


largest previous number was 1,137 for the 
year 1930-i31, and the number for 1935-36 
. was 1,045. 

The number of talks by students was 
also the largest number ever reported— 
1,130, as compared with 772 for the pre¬ 
ceding year, and the largest previous num¬ 
ber, 1,085, for the year 1930-31. However 
many Branches had few or no student 
talks, md this phase of the activities 
should receive more attention in the future.. 

Students have continued to show very 


Table VIII. Section or Joint Section and Branch Meetings With Active Student Participation. 


Sections 


Schools 


Date 


Student 

Talks Attendance 


Minnesota...University of Minnesota.. 

New Orlemis.. .Louisiana State University.....’. 

St. Louis..Mi^uri School of Mines and Metallurgy’ 

University of Missouri, 


Portland.......... .Oregon State College....., 

Cincinnati.....University of Cincinnati... 

Utah .University of Utah... 

Kansas City... Kansas State College, 


'Vancouver..University of British Columbia. 


Dallas....... 

Houston..... 


'.. .Southern Methodist University.;, 

-A. & M. College of Texas, 


Atlanta.. G^rgia School of Technology... 

East Tennessee.University of Tennessee..... 

Florida........ University of Florida.... 

Worcester.i..... .. Worcester Polytechnic Inst. 

Seattle..... . .....University of Washington.... 

'Washington.. .University of Maryland, 

. George Washington University, 
Catholic University of America.. . 


Los Angeles..... 

Cleveland....... 

Minnesota...... 

San Francisco.. . 


Spokane. 


. University of Southern Calif. 

Calif., lusty of Technology.. 

. i Case School of Applied Science. 
, .Unive^ty of Minnesota....... 

. .Uiuver^fr of California, 
Universdty of Santa Clara, 
Stanford University........... 

. .Unfremty of Idaho, 

State CloUege of Washington.. . 


Total»r-20 S^ons, 30 Branches.. 


..5/13/36... 

.... 4... 


...5/15/36,.. 

- 2... 

.... 106 

..3/16/36... 

.... 6... 


..3/16/36..., 

... 3..., 

.... 60 

. .5/19/36.... 

... 4.... 

... 100 

..6/25/36.... 

... 4.... 

... 35. 

..12/3/36.... 

... 4.... 

... 100. 

..3/1/37 .... 

... 4.... 

... 62: 

..3/1/37 .... 

... 3..., 

... 70* 

.3/11/37.... 

,. i 2_ 

... 60. 

..3/16/37.... 

... 4.... 

... 40* 

..3/16/37.... 

... 1.... 

... 30. 

. . 3/19/37.... 

... 1.... 

... 177 

..4/6/37 .... 

... 6.... 

... 61. 

. .4/12/37.... 

.., 2_ 

- - 57* 

4/13/37.;., 

... 3.... 

.., 140r 

,.4/13/37.... 

... 5.... 

... 203, 

..4/16/87.... 

..,2.'... 

...117 

. .4/21/37. ... 

...4..,. 

... 66 . 

.4/23/37.,.., 

;.. 3...,. 

... 162 

.4/30/87...;, 

... 2.;.., 

... 108 


.. .68 .. ,. 

..1,859 
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keen interest in opportunities to take part 
in joint Section and Branch meetings and 
in student conventions. Details regarding 
such meetings appear in tables VII and 
VIII. 

Students presented 9 papers in one ses¬ 
sion of the North Eastern District meeting 
in New Haven, Conn., May 6-9, 1936; 
10 papers in 2 sessions of the combined 
summer and Pacific Coast convention in 
Pasadena, Calif., June 22-26, 1936; and 
9 papers in 2 sessions of the South West 
District meeting in Dallas, Texas, October 
26-28, 1936. They have keenly appre¬ 
ciated these opportunities, and the quality 
of material and the presentations has in¬ 
spired numerous favorable comments by 
Institute members. 

About 64% (674) of the Enrolled Stu¬ 
dents whose terms expired on April 30, 
1937 (1,253) applied for admission as As¬ 
sociates, this being the highest percentage 
during the past several years. 


Engineering Society Room 

Constructed at Brown University 


Engineers* Club Organized 
at Fort Wayne, Ind. 

To provide a medium "for closer co-oper¬ 
ation in the engineering profession” in Fort 
Wayne, Ind., the Fort Wayne Engineers’ 
Club has been organized. Many members 
of the AIEE Fort Wayne Section have 
played important parts in formulating ^e 
organization plans according to Section 
Chairman D. H. Hanson who supplied the 
information for this news item. ^ Although 
its organization meeting was held in January 
of this year, the club already has some 360 
members representing all branches of the 
profession and all industries and utilities in 
the Fort Wayne area. 

The primary objects of the club are: "(1) 
The advancement of the arts and sciences 
connected with engineering by the presenta¬ 
tion and discussion of subjects, and by the 
participation in matters of interest to the 
engineering profession; (2) to advance the 
interest of individual members and to en¬ 
hance the prestige of the profession within 
the community; and (3) to promote closer 
iitijAfi and co-operation among the members 
by professional and social intercourse.” 
Civic co-operation is said to be one of its 
chief purposes. 

As temporary officers, the following have 
been serving: 

President: H. M. Witherow (A’28, M’30) elec¬ 
trical engineer. General Electric Company, past- 
chairman (1936 -t 36) of the Fort Wayne Section, 

Vice-President: W, M. Carroll, mechanical engi¬ 
neer, S, P. Bowser Company. 

Secretary: P. H. Dally, chemical engineer, Inter¬ 
national Harvester Company. 

Treasurer:, Otto Oiimpper, civil engineer, City of 
Fort Wayne. 

Temporary Directors: J, I, Cornell, radio engineer, 
Magnavox Company; M. H. Merritt, chemical 
engineer, Hopper’s Construction Coinpany; J. 
Kuttler, automatic engineer. International Har¬ 
vester Company; B, W. B. Hamni, en^eer and 
patent attorney, S. F. Bowser Company; D. D, 
Nordstrum (A’04* M’13) electrical engineer^ C^n- 
eral Electric Company (Section chrirman 1914^6); 
and John McKay* civil engineer, Indiana Seryice 
Company. 

Regular Section yiiiu take pla^ the May 
meeting of the ciiib. 


June 1937 


I O MEET the n^d of a social room for 
engineering students at Brown University, 
Providence, R. I., a small classroom was re¬ 
modeled in such manner as to make it an at¬ 
tractive meeting and lounging place. This 
room, located in the engineering building, is 
the headquarters of the student engineering 
societies, and as such forms the natural 
social center for all engineering students at 
the university. The following description of 
the project was supplied by Professor Fred¬ 
erick N. Tompkins, counsdor of the AIEE 
Brown University Branch: 

The engineering society organization, as 
operating at Brown, closely follows that of 
the Providence Engineering Society. The 
parent society is the Brown Engineering 
Society, to which all engineering students 
are eligible and whidi serves as a co-ordinat¬ 
ing society for the branches of the AIEE, 
ASME, and ASCE, Practically all the 
juniors and seniors join one of the branches 
of the national societies while the freshmen 
and sophomores seldom do so. Thus, since 
members of the branches are automatically 
members of the Brown Engineering Society, 
membership adapted to all students is pro¬ 
vided, Joint meetings are almost alwasrs 
held, small meetings taking place in the so¬ 
ciety room, larger gatherings in one of the 
class rooms; and several times each year an 
evening meeting, including dinner, is held at 
the University Camp, which is in the coun¬ 
try within easy motoring distance of Provi¬ 
dence. 

As the money for this project was limited, 
student help was used in the construction 
tmder the guidance of members of the staff. 
An old colonial design was decided upon. 


and since the room was originally part of a 
laboratory with a very high ceiling and walls 
of whitefaced brick, a total reconstruction 
was necessary. A new beamed and paneled 
ceiling was hung from the orginal. The 
panels, which are of Cdotex, lift out since 
the piping and wiring above may need serv¬ 
icing at some time. The walls were 
sheathed with knotty pine laid vertically, 
boxes and grills being built around the ex¬ 
isting heating coils on two walls. The 
windows originally were not built to be 
opened, swinging transoms being provided 
at the top for ventilation. As the new ceil¬ 
ing was dropped below these, it was neces¬ 
sary to rebuild the windows to the casement 
type and they were fitted with attractive 
c^pes. 

A lally column support for the floor above 
was boxed in and a leather-covered seat 
built around its base, thus removing what 
otherwise would have been an eyesore and 
detriment to the appearance of the room. 
The walls were stained with a mixture of oak 
and walnut stain and finished with a hand- 
rubbed wax finish. The door did not fit 
the architecture of the room, so that it was 
j aVifntliptl to correspond and fitted with hand¬ 
made antique latches. 

Special hand-made ceiling lighting units 
and antique-type wall brackets were made by 
a member of the staff who makes a hobby of 
constructing such material. The question 
of suitable furniture then arose; it was de¬ 
cided to buy Windsor chairs, but to make 
the other pieces in so far as possible. Suit¬ 
able reading and study tables were designed 
and built, as was a ping-pong table. 

A suitable floor covering for the concrete 



A view of the enslneerihg society room at Brqwn Mnlversity 
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floor being beyond the budget possibilities 
at the time, the floor was filled and painted 
to serve until some future date when a lin¬ 
oleum covering could be purchased. 

This room represents one of the finest in¬ 
vestments ever made from the standpoint 
of student morale and usefulness. It is in 
use nearly all the time and is of particular 
help to freshmen and sophomores who, since 
they do not have much work in the labora- 
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Report of Patents Committee 
as Adopted by AEC Assembly 


tories of the engineering division, are apt to 
feel a lack of contact with their fellow stu¬ 
dents, particularly with upper classmen. 


Telephone Building 
for 1939 World’s Fair 

The American Telephone & Telegraph 
Company, through its president, Walter S. 
Giflord (A’16), has contracted with the 
New York World’s Fair Corporation for a 
building site of more than 3 acres for an 
exhibit at the fair in 1939. “We plan to 
erect an imposing structiue on the site 
allocated to us,” Mr. Gifford said. “In¬ 
spired by the theme of the fair ('building 
the world of tomorrow’), we intend to con¬ 
struct a building in wltich we shall give 
exhibitions of the fascinating forces under¬ 
lying modem electrical communications. 
. . . The fair will give our industry the 
opportunity to tell our story to millions of 
visitors, and when the fair opens its gates 
I am sure that the roster of industrial 
America will be there blazing the trail to 
a better tomorrow.” 

The agreement is the first exhibit con¬ 
tract into which the fair corporation has 
entered; an area of about 76 acres is avail¬ 
able for private buildings and is expected 
to be allocated to exhibitors by similar 
contracts. Other exhibit space will be 
available in buildings to be erected by the 
corporation. The cornerstone of the $900,- 
000 administration building, the first to be 
erected on the site of the fair at Flushing 
Meadow in the borough of Queens, was 
laid April 27, 1937. 

NEMA Welding Section 
Aids AWS Expansion 

The electric welding section of the Na¬ 
tional Electrical Manufacturers Associa¬ 
tion, recognizing the important functions 
of the American Welding Society as a 
technical i^okesman for the welding in¬ 
dustry, voted at its January 1937 meeting 
to furnish finan c ial support to the extent 
of $10,000 for Ihe expansion program which 
^e AWS recently proposed. A matter of 
immediate importance is the co-ordination 
of tests of men, machines, and filler metal, 
so as to relieve some of the unnecessary 
burden which a great duplication of test 
feqtiirements has brought about. 

At the March meeting of the NEMA 
wdding section a co-ordinating 
was appointed to work with the manage¬ 
ment conunittee of the AWS and to make 
the fund available as it is required for 
support of the new activities. 


JK REPORT of the patents committee of 
American Engineering Council for the year 

1936, as adopted by the assembly of AEC 
at its annual meeting held January 15, 

1937, is presented herewith. In approving 
the report, the assembly left to action of its 
executive committ^ the matter of a budget 
for fin an cin g further studies subject. The 
personnel of the AEC patents committee for 
1936 was: R. S. McBride, chairman; David 
Beecroft, J. H. Critchett, William Gros- 
venor, F. B. Jewitt (A’03, F’12, past-presi¬ 
dent) and Warner sUly. Full text of the 
report follows: 

The committee on patents during 1936 
considered the 2 major problems fljssi gnftd to 
it by action of the assembly in January 1936, 
and has given brirf attention to various 
legislative hearings and proposed Federal 
enactments. By correspondence and con¬ 
ference the committee has formulated cer¬ 
tain recommendations which it suggests as a 
basis for action of the staff of the Council 
during the coming legislative session. It 
also recommends a somewhat modified plan 
for future work of the committee. 

A number of bUls were introduced in the 
last session of Congress and Congressional 
hearings held with a view to determining 
what Congress might do to regulate pooling 
or cross-licensing of patents. Additional 
proposals of legislation are contemplated 
in the next session of Congress. Explora¬ 
tion of this field leads the committee to 
renew the recommendations of last year and 
to suggest the adoption of the following 
resolution by the assembly: 

1. American Engineering Council opposes enact¬ 
ment of any forms of legislation thus far introduced 
into Congress to limit or to regulate pooling or 
cross-licensing of patents. 

The committee feds that the public in¬ 
terest has b^ much more served ttmn 
harmed by patent pools and by cross-licens- 
iug. Such evils as may have been experi¬ 
enced would not have been corrected by any 
of the proposed forms of legislation. The 
committee feels that administration of pres¬ 
ent laws, induding proper and reasonable 
application of antitrust legislation, would 
suffice to correct those types of evils of pool¬ 
ing which have been disdosed or charged as 
bad practice. 

Further investigation of this important 
subject is necessary. It will require consid¬ 
erable work, first in the gathering of infor¬ 
mation as to past experience of successful 
pwls and cross-licendng plans. The com¬ 
mittee believes that such study should be 
made the major activity of the committee 
on patents during 1937, and recommends 
the following resolution: 

2. American Engineering Council should provide 
u a part of the 1937 budget a small allotment of 
fun^ in pMer that spedaUsts and clerical assistance 
^ be secured to make a survey of past experience 
* further study by the patents coin- 
ndttM on the subject of pooling and cross-licensine 
of patents. 


At its last annual meeting the assembly of 
the American Engineering Council expressed 
its support for the idea of the single Court of 
Patent Appeals. A definite bill providing 
for such a court was introduced in the last 
Congress. Such bill will be reintroduced, 
probably in several modified forms. The 
committee believes that Council should give 
support to the general idea, with such limi¬ 
tations as should be suggested in order to 
secure the highest standard of technical pro¬ 
ficiency in the selection of judges, by the 
following resolution: 

3. American Engineering Council reiterates Its 
approval of the proposed single Court of Patent 
Appeals to review decisions of the lower courts as 
applied^ to facts presented to the lower courts but 
not for introduction of new evidence. It looks with 
favor upon the idea of having the judges named to 
such court selected by the President only after 
careful remew of their special and technical com- 
p^ence with the advice of the engineering and 
scientific societies as well os advice of the patent 
bar and the legal profession. 

Sdentific advisers to the courts have been 
recommended by a number of agencies, but 
not all with the same purpose. Most often 
quoted is the suggestion of a special patents 
committee of the Science Advisory Board. 
That committee recommended that scientific 
advisers be made available to aid trial court 
justices. In this conclusion the committee 
agrees. The patents committee looks with 
some favor on such an idea if a suitable 
meth(^ of selecting advisers free from pre¬ 
conceived opinions were fixed and if a suf¬ 
ficiently diversified list of skilled scientific 
and engineering talent were made available. 
However, the committee has doubted the 
wisdom of having such scientific advisers 
named permanently as a part of a new single 
Court of Patent Appeals. It feels that the 
idea of n a min g 3 such advisers who would 
serve for all classes of cases would not afford 
such highly skilled aid in all divisions of 
science and technology as courts really re¬ 
quire. Furthermore, the committee gravely 
questions whether an appellate court could 
properly utilize scientific advisers under 
circumstances that would deny to the liti¬ 
gants ^ right of examination or cross-ex¬ 
amination of such witnesses as to their ex¬ 
perience, disinterestedness, reasons for their 
recomm^dations, and factual basis for 
their opinions. The committee recommends 
the following resolution: 

4. American ^ Engineering Council recommends 
ttot no provision be made for the naming of scien¬ 
tific advisers to the proposed Court of Patent Ap¬ 
peals. 

A wide variety of legislative proposals 
were before the last Congress intending 
limitation of life of patents or restriction on 
freedom Of use of patents by owners. Among 
the v^ed subjects of legislation were the 
following: (o) taxation during nonuse, and 
at increasing rates; (6) compulsory working; 
(c) compulsory licensing; (d) prompt (3- 
year) final action in the Patent Office; 
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(e) publicity in the Patent Office 3 years 
from the date of filing; (f) expiration of 
patents 20 years from date of filing; (g) 
free Government use of patents and freedom 
of Government infringement in times of 
emergency; (fc) provision for Government 
employees patents, with or without free 
public use; (*) validation of patents 5 years 
after issue, if uncontested. 

The committee on patents is unanimously 
opposed to all these legislative proposals 
tmder present circumstances. It believes 
Council should take some formal action re¬ 
garding these matters on the following lines: 

6. American Engineering Council opposes all the 
various types of proposals which would restrict the 
Irc^om of owners of patents to use them construc¬ 
tively under present laws. It opposes them as not 
necessary for the public welfare, and prospectively 
objectionable both from the standpoint of the in¬ 
ventor and the public need for stimulation of prog¬ 
ress by inventions. It regards such offenses as 
are now charged against the patent system as the 
result of defects in administration of present laws 
and not as evidence of the need for more legisla¬ 
tion. 

The committee believes that every effort 
should be made by industry as well as by 
the engineering profession to increase the 
presumption of validity of patents as issued. 
It feels that engineers generally shoiffd as¬ 
sist patent examiners whenever possible to 
keep abreast of the arts with respect to 
which they are examining patent applica¬ 
tions. The committee has not found any 
Vgidfltinn , proposed to date, sufficiently 
constructive to feel that it deserves support 
of the American Engineering Coimdl. It 
does, however, hope that some means may 
be developed for increaang the standards of 
competence and experience of the staff of 
examiners. 

Most promising of the proposals for this 
purpose thus far presented appears to be 
the suggestion that the number of higher 
rank and better paid examiners be increased, 
if necessary at the expense of the number of 
junior examiners engaged. By this change 
it is hoped that the more competent and 
efficient members of the examiner’s staff 
may be advanced in salary and portions 
more rapidly. It is hoped that there would 
then be less tendency for the better members 
of the examiner’s staff to resign from the 
Patent Office early in their career because of 
unwarranted delay before promotion, such 
as now often experienced. 

The committee does not believe that this 
matter requires formal action but d^ sug¬ 
gest that the membership of the engineering 
profession can well give encouragement to 
ttiia or any other means found practical for 
advancing the standards and inqreasing the 
knowledge of the Patent Office 

staff. 
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Railway Motor$ 


A complete revision of AIEE :Sta&dard 
No. 11, "Railway Motors’’ hsw be^ com¬ 
pleted by a sectional comnuttee worltog 
tmder the rules of procedure of the America 
Standards Association and the sponsorship 


of the Institute. The new American stand¬ 
ard is now available in pamphlet form; 
it is known as No. 11 "Railway Motors and 
Other Rotating Electrical Machinery for 
Rail Cars and Locomotives,’’ the new title 
being indicative of the increased scope of 
the standard. 

A detailed description of the changes that 
have taken place was covered in an article 
published in Electrical Engineering, 
March 1936, pages 312-13 Copies of the 
standard are available at 50 cents each with 
50 per cent discount to members on single 
copies. Address AIEE, 33 West 39th 
Street, New York, N. Y 


Wires and Cables 

In the standards for wires and cables 8 
new specifications have been added, 6 of 
these representing entirely new develop¬ 
ments and 3 being extensive revisions of 
former standards. All have the status of 
American Standard or Tentative Standard. 


ness, <*1ieTnipal requirements, and electrical 
requirements are identical with those for 
Class A 30 Per Cent Compound (C8.4— 
former AIEE No. 63). but the tensile 
strength and elongation requirements are 
somewhat higher. Also, there are 2 addi¬ 
tional tests not in the class A standard: 
namely, moisture absorption and accelerated 
aging. Price 20 cents each with 50 per 
cent discount to members on single copies. 
Address AIEE, 33 West 39th Street, New 
York, N. Y. 

C8A8 Weather Resistant Wire and Cable 
URC Type. These specifications cover 
weather-resistant (weatherproof) wire and 
cable, the conductors, the materials used for 
the fibrous coverings, and the saturating 
fmA fifiishi-ng compounds. They are a 
further developnient of specifications origin¬ 
ally proposed to the industry by the Utilities 
Research Commission, Inc. Price 20 cents 
each with 50 per cent discotmt to members 
on single copies. Address AIEE, 33 West 
39th Street, New York, N. Y, 


A listing of the 8 follows: 

Nos. C8.5, C8.6, C8.7 (published as one 
pamphlet superseding former AIEE Nos. 
69, 70, and 71) Cotton Covered, Silk Cov¬ 
ered, and Enameled Round Copper Magnet 
Wire, respectively. Price 30 cents per copy 
with 50 per cent discotmt to members on 
smgle copies. Adders AIEE, 33 West 
39th Street, New York, N. Y. 

C8.ll Code Rubber Insulation for Wire and 
Cable for General Purposes is based on the 
requirements for the rubber insulation in 
the Underwriters’ Laboratories’ Standard 
for Code Wire. It is in agreement with the 
1936 edition of that standard. Price 20 
cents each with 50 per cent discount to 
members on single copies. Address AIEE, 
33 West 39th Street, New York, N. Y. 

C8.12 Cotton Braid for Insulated Wire 
and Cable for General Purposes. These 
specifications cover braids as applied to 
rubber and varnished doth insulated wires 
and cables. They do not cover "fancy” or 
spedal braids or braids for fixture wire or 
weather resisting wire and cable. Three 
dasses of brdds are covered, namdy: 
heavy, for outdoor or rough service; stand¬ 
ard, for indoor or protected service; and 
code, for installation under the National 
Electric Code. Price 20 cents each vdth 
60 per cent discount to members on single 
copies. Address AIEE, 33 West 39th 
Street, New York, N. Y. 

C8.16 Tree Wire Coverings. Tree wire 
is a cable having a solid or stranded conduc¬ 
tor insulated with a material such as a rub¬ 
ber compound and having a weather- and 
abrasion-resistant covering. These spedfi- 
cations provide that the coverings shall be 
of such quality and characteristics that they 
will not substantially deteriorate wth age 
and proper usage except for a minim^um 
amount of wear due to rubbing against the 
branches of trees. Price 20 cents each with 
50 per cent discount to members on single 
copies. Address AIEEj 33 West 39th 
Street, New York, N.Y. „ ' i 

C8J.7 Class OA SOPer Cent Rubber Insula¬ 
tion for Wire and Cable for General Purposes. 

This new standard corresponds to the in^a- 

tion requirements in ASTM Standard 

entitled "Insulated Wire and Gable: 
Class OA 30 Per Cdit, Hevea Rubber ^in- 

pound.” The clauses with respect to thick- 


indicating Electrical Measuring Instru¬ 
ments and Instrument Transformers. 
This new publication issued by the Na¬ 
tional Electrical Manufacturers Associa¬ 
tion rnntftins the material, revised and aug¬ 
mented that was last published in the 
NEMA apparatus standards. Of particu¬ 
lar interest are the new sections devoted to 
standard dimensions of indicating instru¬ 
ments and the accuracy limits of current and 
potential transformers. Price 60 cents 
Address National Electrical Manu- 
facturers Association, 156 East 44th St., 
New York, N. Y. 


Household Electric Refirigerator Standwds. 
This pamphlet published by the National 
Electrical Manufacturers Association covot 
housdiold electric refrigerators and in¬ 
cludes such material as the standard method 
of computing gross volume and food-shdf 
area, and also the test code for conducting 
atiA reporting such tests as "no load” and 
"ice making.” Price 40 cents each. Ad¬ 
dress National Electrical Manufacturers 
Association, 155 East 44th Street, New 
York, N. Y. 


it Code on Apparatus Noise Measme- 

it The standards committee on April 30 

horized the pubHcation of a “Proposed 
!t Code for Apparatus Noise Measure- 
at,” This code has been prepared under 
auspices of the subcommittee on sound 
the AIEE standards committee, P; L. 
rer This test code is intended 

’use as a guide in the measurement of 
md levds and the investigation of the 
ious elements that, contribute to the 
al noise produced. It is an aid to the 
ablishment of reasonably uniform meth- 
5 of conducting and reporting sounddevd 
ts so that results will be of ;v^ue for 
brd and will be comparable wi^ tests 
ide at other times and places. As soon 
it B possible to complete the work nf 
bUcation, notice of availability of the 




Po rt W »i„n8ton pUnt of (h. (WH.) EI«1 ,Ic K.ltw.y .„d LI,M Compony, which may 

L • 1»37 Sommer ConvenHon. For the Ita 10 - Z 

of operakon, the average feel conlumpOon was 11.094 Bhl per kilowatt-hour of italion output 



CONTRIBUTIONS to these columns <u:e inviti 
L members and subscribes. Tht 

should be concise and may deal with technic 
papes, etides published in previous issues, or oth 
subjects of some geneal inteest and profession 
toportance. Elbcthicai, Enoinbbrino will ei 
deavor to publish as many lettes as possible, but < 
ne«^ty reserves the right to publish th ^m i 
whole or is part, or reject them entirely. 

ALL letters submitted for consideation should b 
the OT^al typewritten copy, double spaced. An 
tUustrafaons submitted should be in dupKcat* 
OM tmpy, to be an inked drawing but withou 

1 .®***** •’* lettered. Caption 

should be funushej for aU illustrations 


sudd^y imparted unit acceleration. In 
electricity, it is usually the current resulting 
from a suddenly applied electromotive 
force of unit magnitude. 

Having determined the indicial admit¬ 
tance, the characteristics of a system are 
then completely determined mathemati- 
c^y, except for a single integration.* Adop¬ 
ting electrical terminology, we have the fol- 


owing equation for the current as a function 
of time, t: 

I (t) (0) A (t) + 



where I, E, and A represent, respectively, 
current, electromotive force, and indicial 
admittance, and t is the time variable of 
integration. In other words, knowing the 
indicial admittance of a circuit, the response 
of the circuit at any time, Z, to an arbitrarily 
varying electromotive force can be deter¬ 
mined (at l^t formally) by application of 
the above integral. The integral was in¬ 
dependently derived by J. R. Carson, but 
has long been known in dynamics as Du- 
hamel’s integral. 

^ The writer had occasion to use the opera¬ 
tional calculus in problems involving fairly 
arbitrary disturbances. The determination 
of the unit response of "indicial admittance" 
was a routine application of the Heaviside 
expansion formula. (This will not be 
treated here but can be found in all works on 
the principles of operational calculus.) 
However, attempts to apply this in the Car- 
son integral, as given above, proved tedi¬ 
ous. Graphical solution was no more eco¬ 
nomical of time, although it must be em¬ 
ployed in some form when the disturbance 
is given by an arbitrary curve. The writer 
then noticed that the integral could be made 
considerably less complex. The step taken 
was extremely simple and obvious, but docs 
not appear to have been made heretofore. 
By cancelling the dt's, and correspondingly 
changing the limits of integration, the in¬ 
tegral becomes 

" jT^A(t-r)dE(.r) 

(The term E (0) A (Z) is now included by the 
lower limits of integration.) 

To evaluate this graphically it is only 
necessary to plot A {1 - t) against corre- 


ST^TEMENTS in these letters are expre 

undemood to be made by the writers; publicai 
h«e m no 9rise constitutes endorsement or rei 
eISws. Institute of Electr 


Heaviside Calculus and 
Carson’s Integral 

To tht Editor: 

The Heaviside operational calculus 
todmg maeasingly widespread appUcat 
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^ .0^*1 computations. 
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sponding values of E (r) and then measure 
the area under the curve. A procedure has 
been developed that makes the work almost 
mechanical and very rapid. Referring to 
figure 1, (r) and E (r) are plotted so that 

the T axes are perpendicular. Horizontal 
lines are drawn through points of the A 
curve corresponding to a series of regularly . 
spaced values of r. Vertical lines are sim¬ 
ilarly drawn through points of the E curve 
corresponding to the same values of r. 
Both the vertical and horizontal lines are 
designated by the corresponding values of r 
and each intersection of a vertical and a 
horizontal line is designated by the sum of 
the 2 corresponding values of time, t. If 
I (/) is desired for t h 9. curve is drawn 
through all intersections designated by the 
sum tu The area under this curve is I 
(^i). On the diagram, the curve is drawn for 
/j B 2 Vj seconds. A separate curve evi¬ 
dently results for each instant t at which the 
value of I is desired. With some care, how¬ 
ever, as many as 10 curves can be plotted on 
a single sheet. 

For those interested in the fundamentals 
of the Heaviside operational calculus, in¬ 
cluding the application of the above graphi¬ 
cal solution of Carson’s integral, reference 2 
is suggested. 

Rbpbrbncbs 

1. BI.BCTUXC Circuit Thbory and thb Opbra- 
TiOMAt. Calculus, John R.. Carson. McGraw- 
Hill Book Company, 1926. 

2. Calculation or tub Motion of an Air- 
PLANB UNDBR thb INPLUBNCB OP IRRBOULAR DlS- 
TURUANCB9, Robert T. Jones, Journol of Ihe Aer<h 
nautical Sciences, volume 3,1936, page 419. 

Very truly yours, 

Albert I. Nbrebn 

Hampton, Va. 



Rgure 1. An a-c induction watt-hour meter manufactured in 1893 


Invention of the 
Watt-Hour Meter 

To the Editor: 

In the January 1937 issue of Electrical 
Engineering, in the paper "Development 
of a Modern Watt-Hour Meter" by I. F. 
Ejnnard and H. B. Trekell, page 172, lines 
0 to 8, the origin of the a-c induction watt- 
hour meter is ascribed to Shailenberger, 
in 1894. There is no doubt about Shallen- 
berger’s inventing in 1888 (simultaneously 
with Borel and Paccard in Switzerland) 
the a“C induction owpafa*hour meter, but 
the induction watt-houv meter is my in¬ 
vention; see U.S. Patent 423 . 210 , ffled 
October 7,1889, and issued March 11,1890. 
The principle is very clearly explained m 
lines 88-95 in the first page of specification; 

... "the Inductive resistance of the shunt 
winding is very great as compared with its 
ohmic resistance, its phase of magnetiza¬ 
tion will be (^placed for nearly one quarts 
of a phase from that of the series magnet... 

To get exact quadrature between the 
2 magnetic fields, all modern meters have 
also a shunt path for part of the 
flux produced by the voltage coil. T^ougn 
this was not expressljr put forth m the 
specification, the numerous figures m, the 
patent show it clearly: large pole surfaces 
provide a considerable amount of stray 
fields not acting on the meter disk. 

In fact, even the first t^e of “let^ 
manufactured by Ganz & Co., from 
onwards, had approximately quadrature 


phase difference between current and vol¬ 
tage fields, though at that remote date this 
was of no great importance, as loads were 
nearly exclusively glow lamps and even the 
earliest meters were sufficiently satisfactory 
in this respect. 

Meter number 2,157, made in 1893, came 
back into our museum after about 25 years 
of service; retested, without adjustment, 
and tftkiug the 100 per cent load at 
cos ^ =« 1.0 as unity, it gave the following 
indications: 

cos .1.0.. .0.9.. .0.8.. .0.7.. .0.6.. .0.6 

slow, %........ 0 ., .1.6.. . 2 . 5 .. .3.6. . .4.6., ,7.0 

Meter number 52, made in 1889, but 
with the air-gap of the current fidd magnet 
increased from the original 10 millim eters to 
20 millimeters (this was usual about a few 
years afterward, to straighten out the 
constant curve), everything dse unchanged, 
came back after about 20 years of servi^; 
retested, without adjustment, and taking 
100 per cent load at unity power factor as 
unity, it gave the following readings: 


load, %. 10 .. 26 .. 60 .. 76 .. 100 

cos«> - 1.0.. .. 1 . 006 .. 1 . 002 .. 1 . 006 .. 1 . 000 ..1.000 
cos^ - 0.5....1.04 . 1.002..1.017..1.006. 1.026 

Meter number 2,167 is shown in figure 1; 
"watt-ora” means watt-hours. The torque 
of these early meters was from 60 to 100 
centimeter-grams (600 to 1,000 millimeter- 
grams). Wdght of the rotor was about 
100 grams. 

One of these earliest induction watt-hour 
meters is in The Edison Institute at Dear¬ 
born, Mich. 

Very truly yours. 

Doctor Otto T. BlAthy 
G aius & Co. Ltd. 

Budapest, Hungary 


Electronic Tube 
Nomenclature 

To the Editor: 

I notice on page 284 of the February 1937 
issue of Electrical Engineering a tabula¬ 
tion of electronic tube nomenclature that is 
being studied by the Amaican Standards 
Association. 

As comments have been invited, I sub¬ 
mit the following point of view: 

In connection with the names "kenetron" 
and "pliotron,” would it not be wiser to dis¬ 
pose of these terms and adopt simply the 
terms "diode,” "triode,” etc.? This would 
pave the way for tubes with larger numbers 


of grids and is in conformity with the pres¬ 
ent-day practice where we have ascended 
the scale up to the point of pentode. 

If we are to adopt certain terms, such as 
“pliotron” which have arisen in the industry 
subsequent to the pioneer work, I wonder if 
we are keeping pace with the early group of 
experimenters and inventors. I have in 
mind , for example, the idea or rather term 
introduced by DeForest, “the audion.” 
The audion was originally applied by 
DeForest to the 2-electrode tube or diode 
and later to his triode. Were we to consider 
giving credit to DeForest for his invention 
of the 3-electrode tube, then certainly it 
would seem that it should carry the term 
"audion” into our present-day nomencla¬ 
ture. On the other hand, this would natu¬ 
rally raise a question as to whether or not 
Edison should be associated with the triode 
and perhaps it will raise a question on the 
part of some whether or not Fleming should 
be associated with the diode. Edison gave 
no term to his 2-electrode tube; However, 
when Fleming used this particular instru¬ 
mentality, later, it became popularly 
known as "the Fleming valve.” Since the 
2-electrode tube used by Fleming and the 
2-electrode hard diode of today are so very 
nearly the Same as Edison’s original tube, 
it would seem to me that any type of per¬ 
sonal designation would need to reflect 
proper credit upon Edison. 

An endeavor to give individual inventors 
credit or individual scientists credit cer¬ 
tainly leads to difficulty. Nevertheless, out 
of deference to these pioneers, we shotdd 
not adopt comparable terms of a commercial 
character which, it seems to me, have the un¬ 
fortunate effect either of making the origin 
of the devices obscure or leading to a gro^ 
misunderstanding. , . 

The great contributions of our telephone 
company, the Westinghouse Company, the 
General Electric Company, and others to 
the vacuum tube art are, of course, well 
recognized. However, I wonder if it is wise 
to adopt a term originated by one of these 
compsnies if that term carries no more 

significance with it than just the name. It 

would seem far better in this case to go 
over to the impersonal terms, diode, Mode, 
tetrode, pentode, etc. which can rmse no 
question in the minds of many contributors 
to this art. 

Very truly yoUrs, 

Edward L.. Bowles (A’22, F 33) 

Assoiaate: Professor of Blectric^ 
Cbimnunicatiohs, Massachusetts 
Institute of Techuolqgy,/Cam¬ 
bridge. 
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J. W. Whitb (A’29) general manager of 
the Westinghouse Electric International 
Company, New York, N. Y., has been elected 
vice-president and general manager of that 
company. Mr. White was bom at Indian¬ 
apolis, Ind., m 1889, and received his early 
education at Randolph-Macon Academy; 
later, while engaged with the Westinghouse 
company at East Pittsburgh, Pa., he at¬ 
tended Carnegie Institute of Technology. 
He joined the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
in 1906, and continued at the tnaiti works 
until 1912. In 1917 Mr. White fiUed the 
position of manager of the central station 
and transportation divisions of the Detroit, 
Mich., offices of that company. His first 
coimection with the export business was in 
1918, when he was assigned the managership 
of the Westinghouse offices at Havana, Cuba. 
In 1926 he was made managing director of 
the Westinghouse Company of Japan, with 
his staff offices at Tokyo. In 1931 Mr. 
^ffiite was made managing director of Cia. 
Westinghouse Electric International in 
Argentina, which position he held until he 
was returned to the United States in 1936 to 
become general manager of the Westing¬ 
house Electric International Company. 


auditor of the company, and after remaining 
in that position for 8 years was elected as¬ 
sistant secretary. A year later he was 
elected secretary of The Brush Electric 
Illuminating Company, of which! he subse¬ 
quently became president and a director. 
In 1906 Mr. Smith was elected secretary of 
the United Electric Light and Power Com¬ 
pany; in 1912 he became vice-president; in 
1916, general manager. In 1926 he was 
elected chairman of the board of directors of 
the New York and Queens Electric Light and 
Power Company, and in 1929 became presi¬ 
dent of The Brush Electric Illuminating 
Company. Mr. Smith was elected president 
of The New York Edison Company, Inc., 
and the United Electric Light and Pow» 
Company in 1932; president of the Con¬ 
solidated Edison Company of New York, 
Inc., in 1936; and president of the Brooklyn 
Edison Company, Inc., in 1936. He was 
active in the affairs of the former National 
Electric Light Association, and served as 
vice-president (1919), president (1922), 
and member and chairman of many of the 
committees of that organization. He is a 
member of several technical organizations. 


F. W. Sbuth (A’06, M’12) president. 
Consolidated Edison Company of New 
York, Inc., Brooklyn (N. Y.) Edison 
Company, Inc. and New York and Queens 
Elwtnc Light and Power Company, has 

’I'ras bom June 16. 
1867, at Alden, N. Y., and began his 

of!®" the United 

btatw Ill^mating Company in 1880. His 
service wiA that company and its succes- 
^ spanned a period of al¬ 
most 67 years; he entered the electrical in- 

the 

R^l Street station of the Edison Electric 
lUumiMtmg Company of New York, and 
3 months after the introduction of the in- 

to 1883 Simth became a general clerk 
and reamed in that position until 1889 

TT P^y^aster for the 

Umted Electric Light and Power Company 

^ccessor to^e United States lUumiiitiM 
ompany. In 1891 he was made assistant 


L. B. Fuller (A’03) superintendent of 
powOT, Ut^ Power & Light Company, 
bait Lake City, has been appointed chiVf 
^gmeer of the company. Mr. Fuller was 
bom June 14, 1879, at Nelson, Ohio, re- 
ceived a diploma from Hiram College 
attmded Montana State CoUege, and wa^ 
^dilated from Coradl University in 1906. 
He had been engaged in engineering work 
before receiving his formal technical educa¬ 
tion, and following his graduation was 
empl^ed as constraction superintendent of 
Company's Grace, 
1^0 hy^oelectnc plant; upon comple¬ 
tion of that plant in 1908 he was transfemed 
to me engmeering department of the Tel- 
hmde Power Company. In 1913 Mr. 
Fuller was appointed general constmction 
foreman on power house and penstock 
instruction during an extension of the 

Utah 

Company, successor to the 
leuunde Company. During 1916-18 he 
superintendent on 
several hydroelectnc projects, and in 1919 



yras appointed general construction super¬ 
intendent of an extensive hydroelectric and 
steam-electric project executed by the 
. Phoenix Utility Company for the Utah 

- Power & Light Company. In 1927 Mr. 

Fuller was appointed assistant super- 
^ intendent of power of the Utah Power & 
Light Company; he became superintendent 
g of power in 1929. 

J. A. Hale (M'26) formerly chief engi- 
P neer of the Utah Power & Light Company, 
Salt Lake City, recently was appointed 
^ vice-president of both the Utah Power & 
Light Company and the Utah Light & 
Traction Company. Mr. Hale was born 
September 18, 1888, at Calloway, Va., and 
received the degree of bachelor of science 
m civil engineering at Virginia Polytechnic 
Institute.^ In 1911 he was appointed junior 
mgineer in the United States Reclamation 
Service, remaining in that capacity until 
1913, when he became affiliated with the 
Utah Power & Light Company as an as¬ 
sistant engineer. During 1918-19 he served 
M cost engineer for the United States 
Housing Corporation, but late in 1919 re¬ 
turned to the Utah Power & Light Com¬ 
pany to continue his service with that com¬ 
pany without interruption. Mr. Hale was 
appomted chief engineer in 1927. 

E. G. Conroy (A'32) formerly superin- 
t^dent of radio. City of San Antonio. 
Texas, now is associated with the bureau of 
municipal researchat theUniversity of Texas, 
Auj:m. Mr. Conroy is a native (1907) 
of ^n Antonio, and received the degree of 
bMhelor of science in electrical engineering 
at the Umv^ity of Notre Dame in 1930. 
Following his graduation, he entered the 
long Imes department of the American Tele¬ 
phone ai^ Telegraph Company at South 
Fend, Ind., as a student engineer, and re¬ 
mained with that company until he was ap¬ 
pomted supervisor of radio of the City of 
^^tonio. Mr. Conroy is chairman of the 
AiJiji San Antonio Section. 

W. H. Burleson (M'31) formerly assist¬ 
ant maMger of the power utilities depart- 
Company, Mans- 
fw J appointed manager of 

ttat department. Mr. Burleson was gradu- 
ated from the Texas Agricultural and Me- 

^ which he 

jomed the Mgmeermg staff of the Texas 
Fower and Light Company and eventually 
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became assistant chief engineer of that com- 
pany before associating himself with the 
Ohio Brass Company in 1922. His work 
with the Ohio Brass Company has required 
much traveling, and he has visited many 
utility companies throughout the United 
States and Canada. Mr. Burleson is chair¬ 
man of the engineering committee of the 
high-voltage section of the National Elec¬ 
trical Manufacturers' Association, chairman 
of the United States Department of Com¬ 
merce standing committee on simplified 
practice recommendation 73, covering one- 
piece insulators, a member of the American 
Standards Association committee on insula¬ 
tor standardization, and temporary chair¬ 
man of the ASA subcommittee on suspen¬ 
sion-insulator standardization. 


L. J. Berbbrich (A'30, M’36) recently 
resigned his position as research engineer in 
charge of cable- and capacitor- oil develop¬ 
ment for the Socony-Vacuum Oil Company, 
Incorporated, Paulsboro, N. J., to become 
a research engineer in the insulation division 
of the research laboratories of the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa. Doctor Berberich was 
bom at Petersburgh, Va., in 1906, and re¬ 
ceived the degrees of bachelor of engineering 
(1928) and doctor of enginewing (1931) at 
The Johns Hopkins University. In 1931 he 
was appointed to the faculty of The Johns 
Hopkins University, and served as a full¬ 
time research assistant, but in the following 
year he joined the research staff of the 
Socony-Vacuum Oil Company. He was 
placed in charge of cable- and capacitor-oil 
development in 1934. Doctor Berberich is 
a member of the National Research Coundl’s 
committee on insulation and the American 
Society of Testing Materials committee D-9 
on electrical insulating materials. He is a 
member of the American Association for the 
Advancement of Science and Sigma Xi. 


A. J. Johnston (A’32) engineer for the 
American Totalisator Company, Baltimore, 
Md., has been transferred to San Mateo, 
Calif., as manager of the Pacific coast divi¬ 
sion of that company. Mr. Johnston is a 
native (1897) of Milwaukie, Ore., and an 
electricsd engineering graduate of Oregon 
State College. He spent several yeaas in 
design and application engineering of super¬ 
visory control and telemetering equipment 
for the General Electric Company before 
becoming affiliated with the American 
Totalisator Company, and is the author of a 
paper “The Torque Balance Telemeter,” 
presented at the 1932 AIEE summer con¬ 
vention. 


O. L. Riggs (A’21, M’29) formerly super¬ 
intendent bf electric distribution, Lynn 
(Mass.) Gas and Electric Co., recently was 
appointed sales manager for the American 
Electric Service and Mahxtenance Company, 
Springfidd, Mass. Mr. Riggs entered the 
employ of the United Electric Light and 
Power Company, New York, N. Y., as an 
injector in 1920, where he remained tmtil; 
1926 before becoming affiliated with the 
Lynn Gas and Electric Company. 

June .1937:^-^ 


Paxji- Nabbutovskih (A’32) teaching 
assistant in electrical engineering, Stanford 
University, Calif., has been appointed to the 
faculty of the mathematics department of 
San Jose State College, San Jose, Calif. Mr. 
Narbutovskih was bom at Tiumen, Russia, 
in 1902, and received the degree of bachelor 
of arts at Stanford University in 1929, fol¬ 
lowing which he remained at that institu¬ 
tion as a graduate student and teaching as¬ 
sistant. He is the author of a paper, “Tooth- 
Frequency Eddy-Current Loss,” published 
in the February 1937 ksue of Elbctrical 
Enginebbing, pages 253-6. 


R. B. Cafron (A'30, M’30) assistant dis¬ 
tribution engineer, Utica (N. Y.) Gas and 
Electric Company, has been appointed dis¬ 
tribution engineer for the St. Lawrence area 
of the Niagara Hudson Power Corporation, 
with headquarters at Potsdam, N. Y. Mr. 
Capron received the degrees of bachelor of 
arts (1926) and dectrical engineer (1928) 
from Columbia University, following which 
he entered the employ of the Utica Gas and 
Electric Company as a cadet engineer. He 
became assistant distribution engineer in 
1934. 


H. R. Anderson (A’27, M’36) formerly 
assistant electrical engineer for United 
States Engineers, Fort Peck, Mont., now is 
employed as transmission engineer for the 
Loup River Public Power District, Colum¬ 
bus, Nebr. Mr. Anderson, a native (1900) 
of Huron, S. D., and an dectrical engineer¬ 
ing graduate of Iowa State College, has had 
experience in engineering and construction 
work with several public utility companies. 


Alexander Wilson (A’16) assistant to 
the vice-president in charge of operations 
Philadelphia (Pa.) Electric Company, has 
been made operating manager of the com¬ 
pany. Mr. Wilson was bom at Philaddphia 
in 1887 and received the degree of mechani¬ 
cal engineer at Cornell University in 1910. 
Almost immediatdy following his gradua¬ 
tion, he entered the employ of the Philadd¬ 
phia Electric Company and has since served 
that company as construction engineer 
(1918-27), assistant chief engineer (1928-30), 
and assistant to the vicfr-president in charge 
of operations since 1930. 

E. H. CoLPiTTS (A’ll^ F'12) retired vice- 
president of the Bdl Telephone Labora¬ 
tories, Incorporated, New York, N. Y., re¬ 
cently was awarded the Japanese Fourth 
Order of Merit of the Sacred Treasure, in 
recognition of his promotion of dectrical 
on ginM»ring in Japan and his furthering of 
good relations between Japan arid the United 
States. A biographical sketch of Doctor 
Colpitts appeared in the April 1937 issue of 
Electrical Engineering at the time of 
his retirement. 

C. C. Long (A’14, M’30) mechanical and 
dectrical construction engineer, Riegos y 
Fuerai dd Ebro, Baredona, Spam, has re¬ 
turned to the Umted States. Mr.I^EgJ^ 
been in Spain ance early in 1930, during 

winch time he has had complete chargeof the 

planning, design, purdiase of materials, and 
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construction of a series of hydroelectric 
stations featuring completdy automatic 
control. 


H. H. Krueger (A’21) who has been 
assistant superintendent of power of the 
Utah Power & Light Company, Salt Lake 
City, has been appointed superintendent 
of power. Mr. Erueger entered the employ 
of the Utah Power & Light Company in 
1914 and in the following 2 years served 
as operator or maintenance engineer of 
many of the generating stations and major 
substations of the interconnected system 
of that company. After serving as chief 
dispatcher and as a member of the pro¬ 
duction and transmission department, he 
became assistant superintendent of power 
in 1930. 


William Kelly (F’25) president of the 
Buffalo, Niagara, and Eastern Power Cor¬ 
poration, Buffalo, N. Y., has been dected a 
vice-president and director of the newly 
formed Buffalo Niagara Electric Corpora¬ 
tion. A biographical sketch of Colonel 
Kelly appeared in the February 1937 issue 
of Electrical Engineering, page 290. 

N. I. Korman (Enrolled Student) North 
Attleboro, Mass., who is enrolled at Wor¬ 
cester Polsrtechnic Institute, Worcester, 
Mass., has been awarded a Charles A. 
Coffin fellowship. Mr. Korman, a native 
(1916) of Providence, R. I., will pursue re¬ 
search in ultrahigh-frequency measurements 
at Massadiusetts Institute of Technology. 

N. R. Gibson (M’32) vice-president of 
the Buffalo, Niagara, and Eastern Power 
Corporation, Buffalo, N. Y., has been dected 
a vice-president and director of the re¬ 
cently organized Buffalo Niagara Electric 
Corporation. A biographical sketch of Mr. 
Gibson appeared in the February 1937 issue 
of Electrical Engineering, page 290. 

D. L. EfeRR (Enrolled Student) Univer¬ 
sity of Pennsylvania, Philaddphia, has been 
awarded a Charles A. Coffin fellowship. 
Mr. Herr is a native (1916) of Ephrata, Pa. 
He will remain at the University of Penn¬ 
sylvania to study oscillation in nonlinear 
circuits. 

J. F. Brinbr, Jr. (A’36) has resigned his 
position as an under derk in the Electric 
Rate Survey, Federal Power Commission, 
New York, N. Y., to become affiliated with 
the engineering department of the Niagara, 
Lockport, and Ontario Power Company, 
Buffalo, N. Y. 

S. M. ZuBAiR (A’27, M’34) formerly an 
assistant dectrical engineer for the Buffdo, 
'.NiagaxR, and Eastern. Power Corporation, 
Buffalo, N. Y., now is employed by The 
Tata Hydro-Electric Power Supply Co., 
Ltd., Bombay, India. 

W. T. Elston, Jr. (A’36) 1ms resigned 
1^ position as a fidd engineer for the! Cen¬ 
tral Hudson Gas aii4 Eieebric Corpdrarip^^ 
Kingston, N. Y., to ■ join tiie research engi^ 
nemng department of the Speer Carbon 
Company, St. Marys, Pa. 

^ -771 



G. S. Onory (A’33) fonnerly an electrical 
engineer for the consulting en gitippring Sim 
of Ford, Bacon, and Davis, New York, 
now IS an assistant valuation engineer 
for the New York State Public Service Com¬ 
mission, with headquarters at Rochester. 

McGbb (A’28) fonnerly employed 
in the switchgear engineering department of 
the General Electric Company, Philadel¬ 
phia, Pa., now is associated with the 
Trumbull Electric Manufacturing Company, 
Plainville, Conn. 

Robbrt Lobwe (A’32) who has been a 
surveyor for the Works Progress Adminis¬ 
tration, Chicago, Ill., now is employed as a 
transformer design engineer for the Westing- 
house Electric & Manufacturing Companv 
Sharon, Pa. 

R* V . Creasy (A’36) who has been an 
electrical draftsman for the Newport News 
Shipbuilding and Dry Dock Company, 
Newport News, Va., now is an equipment 
engineer for the Western Electric Company 
Chicago, Ill. ' 


president in charge of commercial relations. 
He became general commercial manager of 
the company in 1915 and held that position 
until 1924, when he was made vice-president 
in charge of commercial relations. In 1917 
Mr. Willies was appointed to the post of 
food administrator for the city of New 
York; he served in that capacity for 2 Vs 
years before r^gning in 3 920. During the 
Spamsh-American War he served as com¬ 
manding officer of the New York Volunteer 
Forces, mining New York Harbor. In 1912 
he was decorated by the King of Spain, re¬ 
ceiving the rank of knight in the Royal 
Order of Isabel the Catholic, and in 1926 was 
made a chevaUer of the French Legion of 
Honor. Mr. Williams was a past-president 
of the American Association for the Ad¬ 
vancement of Science, Association of Edison 
niumimting Companies, and the National 
Electric Light Association; he was a 
member of the American Academy of Politi¬ 
cal and^ Social Sciences, Ameri can Elec¬ 
trochemical Society, American Association 
for Labor Legislation, International Indus¬ 
trial Relations Association, and Society of 
American Military Engineers. 


P^iP A. Lang (A’88, M’88, member 
for hfe) retired engineer, London, England, 
died February 25,1937. Mr. Lang was bom 
in October 1866, in Mecklenburg, Germany, 
and started his technical career as an elec- 
^cian for Siemens Brothers and Company, 
Woolwich, England, in 1880. In 1882 Mr. 
Lang came to the United States and secured 
a position as head of the testing department 
of Bergmann and Company, New York, 
N. Y., where he remained for 4 years before 
becoming associated with the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa., first as an electrician and 
later as superintendent of the detail depart¬ 
ment. He was subsequently sent to Eng¬ 
ird as a representative of the Westing- 
house company, and eventuaUy became 
managing director of the British Westing- 
houM Electric & Manufacturing Company. 
Trafford Park. 


H. E. Stafford (A'13, M’25) formerly 
electrical superintendent of the 
International Paper Company, Nipigon, 
Ont., now IS employed in the consulting en- 
gmeering firm of John Stafford, Toronto. 
Ont. 

E. A. Rothpus (A’36) formerly an elec¬ 
trician, United States Engineers, Fort Peck, 
Mont., now is employed as an electrical 
tester for the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh. 
Pa. 

Rosso (A’36) city electrical engi¬ 
neer, Cherokee, Okla., Municipal Light and 
Water Department, now is associated with 
the ^bUc Service Company of Oklahoma, 
McAlester, in the comm^cial lighting (jg. 
partment. 

J. L Blackburn (A’36) graduate stu¬ 
dent, Westmghouse Electric & Manufactur¬ 
ing Company, East Pittsburgh, Pa., re¬ 
cently w:as transferred to the Newark N. T. 
offices of that company. * ■ * 

(A’35) clerk, Westinghouse 
El^tac & Manufacturing Company, Phila¬ 
delphia, Pa., has been transferred to the 
tMt engineering department of the East 
Pittsburgh, Pa., works of that company. 


Eddy Clifford Jerman (A’20) director 
of the educational department. General 
Electric X-Ray Corporation, Chicago lU., 
med Sept^ber 13, 1936, according to word 
just received at Institute headquarters. 
Mr. Jerman was bom in Ripley County 
Indiana, November 21, 1865, and attended 
FrankUn College and Central Business 
College (Austin, Texas), following which he 
became associated with the Physicians and 
Surgeons Supply Company and Jones 
Brothas Electric Company, both of Cin¬ 
cinnati, Ohio, as an electrician. In 1891 he 
established his own business at Indian¬ 
apolis, Ind., at first selling medical and 
dental electrical supplies; however, in 1896 
he began to manufacture X-ray machines. 
Until 1903 Mr. Jerman acted as an instruc¬ 
tor in medical electricity at the Physiomedi- 
^ College of Indiana and the Central 
College of. Physicians and Surgeons of 
Indiana; at that time he moved his offices 
to Topeka, Kans., where he continued the 
maniffacture of electromedical equipment 
until in 1917 he joined the staff of the Victor 
X-Ray Corporation, which later became t he 
General Electric X-Ray Corporation, to 
organize its educational department Mr. 
Jerman’s service as director of that depart¬ 
ment covered a period of almost 20 years. 


MemLers Lip 

Recommended 
For Transfer 

12 ^ 037 °^ examiners, at its meeting on May 

^ SSuS'ASs'.ss; 

To Grade of Fellow 

1 * ““ Telegraph Co., New y«St.’ 

1 to Grade of Fellow 

To Grade of Member 

^®i?Ste7’engineer, Ughtning 
and capacitor dep^ment. 

JackS“^‘ Mass. 

distribution engineer, 

PettM Jackson,- Mich. 

^ engineer. General Cable 

T>: Chicago, Ill. 

«ndCT, K., elec^c^ engineer, E, I. du Pont de 

Del. 

«.ey, w, j., electrical engineer. United States 
Department of the Interior, wSiinK 

Rosttj J..O. K., assistant to manager, transformer 
M^””’ Electric Company, Pittsdeld, 

engineer. Belt Telephone 
Incorporated, J^ew York, N. Y. 
^ endneer. New England 

Power Service Company, Providence, R. 1. 

11 to Grade of Member 


iiuairY 


WIL M’08. F’13 

'wce-president of 
? Company, 

H«:.. ffied April 14,1937. Mr. Williams wm 
1868, a;t Norfolk, Va., add 
^^educated in private schools at New 
^rk. He se^ed The New Vork Edison 

bov"^!^? ^ starting as a repair 
boy in 1885 and retiring in 1928 as vice- 


Guy S. Turner (A’18) president. Turner 
Md Turner, Inc., Memphis, Tenn., died in 
March 1937. Mr. Turner was bom April 2, 
1876, at Water Valley, Miss. From 1896 to 
1898 he senred as a machinist for several 
companies in Texas and in Mexico, and fol- 
towing a year’s service with the United 
States Aray Signal Corps during the Span- 
ish-American War, entered the employ of 
the Memphis Power and Light Company in 
1899. He was first a machinist, but be¬ 
came successively electrical foreman, chirf 
electrician, superintendent and mechanical 
eng^eer, and engineer in charge of manufac¬ 
ture,. remaining -with that bompany utifil ' 
1920, At that time he established the fiiin 
of Turner and Turner, and served as its 
president for 16 yemrs. 


Applications 

for'Election 

received at headquarters 
following candidates for election to mem- 
b«^p m thejnrtitute. If the appUcant hw 
phed for direct admission to a grade 
^^mate, the grade follows immediately^after the 
membw objecting to the election of 
““4jdates should so inform the na- 
or August 31, 
outside of the United 

^ co«.,w 

St SS 

and South^ 

_ „ Collation, Jackson, Mich. 

® M'llSiukeif^r?^^ Bradley Company. 

C, J. (Member) Cleveland Mectric Illui^nat- 
mg Company, aevriand, Ohio. 
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'Benkesser, G. E. (Member), Bureau of Power and 
Light, Los Angeles, Calif. 

Bragunier, C. B., Phoenix Engineering Corporation, 
New York, N. Y. 

Brown, O. C. (Member), Cutler-Hammer, Inc., 
Milwaukee, Wis. 

Brown, M. J., Westinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa. 

Buswell, M. P., Westinghouse Electric & Manufac¬ 
turing Company, Seattle, Wash. 

Cameron, D. G., General Electric Company, Lynn, 
Mass. 

Campbell, J. F., Consolidated Edison Company, 
New York, N. Y. 

Clay, L. J., Public Service Supply Company, Inc., 
Cleveland, O. 

Cluff, T. W. (Member), Ottawa Electric Company 
and Ottawa Electric Railway Company, 
Ottawa, Ont., Canada. 

Cobum, W. N., Green Mountain Power Corpora¬ 
tion, Bellows Palls, Vt. 

Coggeshall, I. S. (Member), Western Union Tele¬ 
graph Company, New York, N. Y. 

Conmt, P. A., Pure Oil Company, Chicago, Ill. 

Critchley, W. A. (Member), 1730 Ocean Avenue 
Brooklyn, N. Y. 

Crosby, F. A., Otis Elevator Company, San Fran¬ 
cisco, Calif. 

Crosby, T. H. (Member), Canadian Westinghouse 
Company, Ltd., Vancouver, B. C., Canada. 

Dailey, J. A. (Member), General Electric Company, 
Kansas City, Mo. 

Dickinson, W. E., ID Godfrey Court, Fort Riley, 
Kans. 

Diamond, C. C., Bureau of Reclamation, Ephrata, 
Wash. 

Ellerbeck, K. H., Pacific Telephone and Telegraph 
Company, Seattle, Wash. 

Ennis, B. J., Burns and McDonnell Engineering 
Company, Kansas City, Mo. 

Fisken, T. B. (Member), Water Division, City of 
Spokane, Wash. 

Fleischer, F. H., General Electric Company, Fort 
Wayne, Incl. 

Fuller, A. G., Phelps Dodge Corporation, Ajo, 
Ariz. 

Gilman, B. £., L. E. Myers Company, Caro, 
Mich. 

Gosal, G. S., 1731 Allston Way, Berkeley, Calif. 

Graham, A. M., Western Union Telegraph Com- 
pai^, Washington, D. C. 

Gratz, D. W., Glendale Public Service, Glendale, 
CaUf. 

Gronauer, C., Milwaukee Electric Railway and 
Light Company, Milwaukee, Wis. 

Harrison, R. (Member), Scarborough Public Utili¬ 
ties Commission, Toronto, Ont., Canada. 

Hciman, H. O. (Member), city engineer's office, 
Milwaukee, Wis. 

Hiers, J. B., Jr. (Member), General Electric Com¬ 
pany, Miami, Fla. 

Hopwood, J. M., Globe Union, Inc., Milwaukee, 
Wis. 

Howery, H. A. (Member), Kansas City Power and 
Light Company, Kansas City, Mo. 

Hranac, F. V., Unites States Navy Department, 
Washington, D. C. 

Huehnel, A. L., Square D Company, Milwaukee, 
Wis. 

Hughes, M. McC., General Electric Company, 
Louisville, Ky. 

Jones, R. L., Southwestern Bell Telephone Com¬ 
pany, Oklahoma City, Okla. 

Kalbach, J. F., General Electric Company, Fort 
Wayne, Ind. 

Karg, W. R., Diehl Manufacturing Company, 
Elizabeth, N. J. _ ^ 

Kinser, J. H., Houston Lighting and Power Com¬ 
pany, Houston, Texas. 

Kokesh, F. P., Minneapolis-St. Paul Sanitary 
District, St. Paul, Minn. 

Kunz, A. F., Ohio Bell Telephone Company, Cleve¬ 
land, O. 

Lauder, A., Phillips Electrical Works, Ltd., Brock- 
ville, Ont., Canada. 

Mallett, M. B. (Member), General Electric Com¬ 
pany, Pittsfield, Mass. 

McCall, R. L. (Member), substations and water 
department, Jacksonville, Fla. 

Meichel, C. B. (Member), Department of Public 
Utilities, St. Louis, Mo. 

Mergenthaler, A. H. (Member), Alabama Power 
Company, Birmingham. 

Merkel, N. M., Metropolitan Edison Company, 
Reading, Pa. 

Meyers, W. N., Federal Shipbuilding and Drydock 
Conutany, New York, N. Y. 

Miller, G. R., Metropolitan Water District of 
Southern California, Rice, Calif. 

Myers, H. C., Government Printing Office, Wash¬ 
ington, D. C. 

Osborne, H. R., Ferranti Electric, Ltd., Toronto, 
Ont., Canada. 

Osgood, D. T., Bell Telephone Laboratories, Incor- 
porated^New York, N. Y. 

Osterhout, E. W., New Jersey: Zinc Company, 
Franklin, N. J. 

Pacanins, A., Hillcrest Hotel, Toledo, O. 

Penn, L., Travelers Insurance Company, New 
York, N. Y. 

Pennington, C. C., Tenne^ee Valley Authority, 
Clmttanooga, Tenn. 

PerHas, W. S., General Electric Company, Bridge¬ 
port, Conn. 

Pickles, S., B., Gardner Electric Manufacturing 
Company, Emeryville, Calif. 

Ramadanoff, D. (Member), Cornell University, 
Ithacaj N. Y. 


Ramien, C. H., Jr., Globe Union, Inc., Milwaukee, 
Wis. 

Reeves, G. A., Jr., Oklahoma Gas and Electric Com¬ 
pany, Oklahoma City, Okla. 

Robbins, C. F., Cutler-Hammer, Inc., Milwaukee, 
Wis. 

Rohlfsen, A. G., Johns-Manville Products Corpora¬ 
tion, Lompoc, Calif. 

Schmidt, I. F., Milwaukee Electric Railway and 
Light Compai^, Milwaukee, Wis. 

Schnabel, J. F. (Member), Euclid Electric an 
Manufacturing Company, Euclid, Ohio. 

Schoen, A. M., Commonwealth and Southern 
Corporation, Jackson, Mich. 

Shuman, U. S., Philadelphia Electric Company, 
Philadelphia, Pa. 

Smith, C., New York and Queens Electric Light 
_ and Power Company, Flushing, N. Y. 

Smith, C. G., Smith Milligan Electric Company, 
Tulsa, Okla. 

Spitler, C. H., Brown-Brockmeyer Company, 
Inc., Dayton, O. 

Star^ O. P., Jr., Hoosier Engineering Company, 
Columbus, Ohio. 

Steel, H. D., Herman D. Steel Company, Phila¬ 
delphia, Pa. 

Stevenson, R. B., Dollar Steamship Company, 
San Francisco, Calif. 

Stodola, F. J., Milwaukee Electric Railway and 
Light Company, Milwaukee, Wis. 

Thwaites, J. T., Canadian Westinghouse Company, 
Hamilton, Ont., Canada. 

Tibbals, L., Colonial Radio Corporation, Buffalo, 
N. Y. 

Tracy, J. B., Jr., Radio Experimental Laboratories, 
Taunton, Mass. 

Ullman, F. (Member), Westinghouse Electric & 
Manufacturing Company, New York, N. Y. 

Vialet, F. C., 2267—7th Avenue, New York, N. Y. 

Wedge, R. E., General Electric Company, Fort 
W^ne, Indiana. 

Wells, C. A., Southern California Telephone Com¬ 
pany, Lm Angeles, Calif. 

Younger, D., American Telephone and Telegraph 
Company, Buffalo, N. Y. 

Zigler, M. O., Federal Power Commission, Denver, 
Colo. 
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Foreign 

Channa, B. N., Public Works Department, Jogin- 
dernager, Mandi State, India. 

Drake, H. H., Indian Iron and Steel Company, 
Ltd., Burnpur, India. 

Gademann, O. M., Allgemeine Elektricit&ts- 
Gesellschaft, Berlin, G^many. 

Koo, C. T.. Shanghai Power Company, Shanghai, 
China 

Martinez G. R., La Consolldada, S. A., Calzada de 
la Ronda, Mexico, D. F., Mexico. 

Russell, A. J, G., 266 St. Asaph Street, Christ- 
ch .rch. New Zealand. 

Smyth. L C., Cerro de Pasco Copper Corporation. 
Or.»yu, Peru. 

Shima, R , Toden Electric Supplies Company. 
To yo, Japan. 

Warbui on, J. H., Edison Swan Cables, Ltd., 
I don, England. 

9 Foreign 


Engineering Societies Library 

29 West 39th Street/ New York/ N. Y. 

M aintained a$ « public reference library 
of engineering and tKe allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. .. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modern technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerning them. 


FIRST ELEVATED RAILROADS in MAN¬ 
HATTAN and the BRONX of the CITY of NEW 
YORK. By W. F. Reeves. New York, New 
York Historical Society, 1936. 137 pages, illus¬ 
trated, 10x7 inches, cloth, S3.00. Description of 
the development and progress of the early elevated 
railroads in Manhattan and the Bronx, including 
the various schemes proposed from 1826 up to the 
first actual construction in 1867. 

JOURNAL of the ROYAL TECHNICAL 
COLLEGE, volume 4, part 1, January, 1937. 
Glasgow, Royal Technical College. 212 pages, 
illus&ated, 10x7 inches, paper, 10s. 6d. Contains 
several papers of interest to electrical engineers, 
.including a discussion of the sensitivity of the 
Schering bridge network and the commutation 
period in grid-controlled mercury-arc rectifiers. 

THEORIE der WECHSELSTROMMAS- 
CHINEN in Vektorieller Darstellung. By W. 
Michael. Leipzig und Berlim B. G. Teubner, 
1937. 272 pages, illustrated 10x6 inches, paper, 
16.60 rm.; bound, 18 rm. (in U.S.A.). Develops 
the theory of a-c machines by means of "space 
diagrams’* and "space vector diagrams.” In¬ 
cludes chapters on transformers, induction ma¬ 
chines, commutator motors, auxiliary machines, 
and cascade connections between induction and 
commutator machines. 

OBJECTIVE RATE PLAN for Reducing the 
Price of Residential Electricity. By W. F. Ken¬ 
nedy. New York, Columbia University Press, 
1937. 83 pages, charts, tables, 9x6 inches, cloth, 
Sl.^. Relates the history of the plan, the reasons 
for its adoption and the results obtained. 


Enciflneerfingr 

l^ftterature 


New Books 
in the Societies Library 

Among the new books recrived at the Engi¬ 
neering Societies library. New York, recentiy, 
are the following which have been selected be¬ 
cause of their possible interest to the electoical: 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 

MUNICIPAL YEAR BOOK, 1937. Edited 
by C. E. Ridley and O. F. Nolting. ^ Chicago, 
International City Managers’ Association, 1937. 
699 pages, illustrated, 10x7 inchra, clo^, S6.00. 
Contains surticles on developments^in various fields 
of municipal administration and rives statistics on 
dries over 10,000. Lists educational institutions 
giving courses.in public administration and includes 
a directory of dty offidals in all dries over 10,000. 

MEN of MATHEMATICS. By E. T. Bell. 
New York, ^mon and Schuster, 1937. ,692 pa^es. 
illustrated, 10x6 inches, doth, 85.00. Biographical 
and critical information about the impdtant men in' 
the 'mathematical fidd,' from the Greeks to the 
present time. 


COMPENSATING INDUSTRIAL EFFORT. 
By Z. C. Dickinson. New York, Ronald Press 
Company, 1937. 479 pages, illustrated, 9x6 inches, 
cloth, S4.60. A study of the problem of work 
incentives. Covers the causes determining the 
amount of wages of occupations and individuals, 
the rdative efficacy of various stimuli and factors 
in increasing production, and the sodal conse¬ 
quences of various work-and-pay situations. 

ALTEItNATING CURRENTS in RADIO 
RECEIVERS. By J. F. Rider. Published by 
author, 1440 Broadway, New York, N. Y., 1937. 
94 pages, illustrated, 9x6 inches, paper, S0.60. 
A discussion of basic facts about alternating cur¬ 
rants in radio reedvers. 

AMERICAN SOCIETY for TESTING MATE¬ 
RIALS. INDEX to PROCEEDINGS, volumes 
31-86 (1931-36). Philadelphia, American Sodety 
for Testing Materials, 1937. 194 pages, 9x6 inches, 

cloth, 82.26; half leather, 83.00. Contains author 
and subject indexes for the Proceedings of 1931—1935 
and of the symposiums presented at regional^ local, 
and annual meetings, and not published m the 
Proceedings. 

APPLICATIONS of the METHOD of SYM¬ 
METRICAL COMPONENTS. (Electrical Engi¬ 
neering Texts.) By W. V. Lyon. New York and 
London, McGraw-Hill Book Company, 1937. 
679 pages, illustrated, 9x6 inches, cloth, 86.00. 
Designs to demonstrate the use of symmetrical 
components in the solution of problems in on- 
symmetrical polyphase circuits. The reader is 
expected to have a thorough grounding in ringle- 
phase and symmetrical polyphase dreuitSt trans¬ 
formers, and symmetri(ml operation of 3-phase 
induction and synchronous machines. 

GEnErATRICES et MOTEURS 4 courant 
continu. By E. Roth and J. Bardin. Paris, 
Librairie Armand Colin, 1937. 223 pages, illus¬ 
trated, 7x6 indies, paper, 18 frs.; bound, 16.50 frs. 
Presents the principles of d-c machines, wntten 
in easily understood language and intended for 
students and desiri^ers. 





lnd[usirial IMotes 


Building Construction Still Upward.—Not 
since May 1930 has residential building 
been undertaken in such heavy volume as 
was reported in April this year, according 
to F. W. Dodge Corp. The value of such 
operations started during April in the 37 
states east of the Rocky Mountains 
amounted to $108,204,400, a gain of 20 
per cent over the March figure and an 
increase of 61 per cent over April 1936, 
Besides residential building, the April 
1937 figures show $96,179,300 for non- 
residential building and $65,741,500 for 
heavy engineering projects, i. e., public 
works and public utilities. 

U. S. Rubb^. Appoints Dr. Sturdevant.— 
According to a recent announcement United 
States Rubber Products, Inc., has appointed 
Dr. Earl G. Sturdevant as consulting 
engineer of its electrical wire and cable 
dept. Dr. Sturdevant joined the company 
in 1929, being previously connected with 
the Western Electric Co. In 1931 he 
was appointed development manager of 
the electrical wire and cable department, 
where he contributed to the successful 
development of Laytex, the new dielectric. 

New Branch Manager for Weston.—^H. E. 
Held has recently been appointed to 
succeed the late C. F. Henderson as manager 
of the San Francisco agency of the Weston 
Electrical Instrument Corporation, with 
offices at 420 Market St. Mr. Held was 
previously assistant to Mr. Henderson for 
a number of years. 

Resistance Wire Division Sold.—The C. O. 
Jelliff Mfg. Coip., Southport, Conn., has 
rec^tly purchased the resistance wire 
division of George W. Prentiss and Co., of 
Holyoke, Mass. 

Centi^ Electric Moves New York Office.— 
The New York office of the Century Elec- 
toc Co. has been moved from 60 Church 
into larp quarters in the Underwood 
Biffing, 30 Vesey St. James Larkin is 
district sales manager, 

M^daire Plants Enlarged.—The erection 
of 2 new factory buildings, together with 
^argem^t and rearrangement of the 
nf “®“^acturing faciUties 

^ be s^ed shortly. The construcSn 
Md pl^t layout program wiU involve an 
ejcpenditure m exce^ of $ 4 , 000 , 000 . 


Circuit Breaker.—A new 

76 FK-46, with 

76,000 ky-a mterrupting rating has been 

^ iion^il-throwing 

^ker with plate sted rectangular t^ 


which makes it especially applicable where 
heavy duty and small space requirements 
are indicated. 

New Type Motor Starter.—The AUis- 
Chalmers Manufacturing Co., Condit Works 
Boston, Mass., announces a new type of 
across-the-line air motor-starter, equipped 
with "Ruptors,” known as type AP-7. The 
Ruptors are enclosing chambers which con¬ 
fine and depotentiate the arc formed by cir¬ 
cuit interruption. These “arc-depotentiat- 
ing chambers” greatly increase the inter¬ 
rupting ability of the contacts and form an 
isolating barrier between contacts of opposite 
polarity. The starter is furnished for 7% 
hp at 440 and 650 volts, 6 hp at 220 volts, 
and 3 hp at 110 volts. 

New G-E Building in Los Angeles.—Con¬ 
tracts were recently awarded for the con¬ 
struction of a new $700,000 General Electric 
building at Los Angeles. The new building 
is designed to contain 6 stories and base¬ 
ment, 3 stories of which are planned to be 
completed for occupancy by September. 
The new structure will occupy approxi¬ 
mately a city block in the downtown section 
of Los Angeles and will contain 250,000 
square feet of floor space. 


Tr«Je LiteraWe 


Capacitors.—Ca^ogl 39 A. Describes new 
power correction 
of distribution systems. Comell-Dubilier 
Corp., South Plainfield, N. J. 

Fire Alarm Systems.—Bulletin 102 , 16 pp. 
Describes Samson fire alarm systems for 
i^titations, factories, etc. S. H. Coucli 
Lo., Inc., North Quincy, Mass. 

Watthour Meters.—Bulletin GEA-2404A 
16 pp. Describes 2-element, single-disk 
watttour meters, th^ mountings, con¬ 
nection diagrams, etc. General Electric 
Co., Schenectady, N. Y. 

Unde^ound Conduit—Bulletin 3761 16 

pp. De^bes fibre conduit, standard and 
to w^ together with fittings. Line 
Material Co., So. Milwaukee, Wis. 

Heati^ Units.—BuUetin GED- 660 , 60 pp 
D^bw numerous smaU heating uiSte 
to devices of all kinds for a wide variety 
of apphwtions. General Electric Co^ 
Sdienectady, N. Y. o.. 

Tubing.-Bulletin SS- 3 , 
10 pp. Describes seamless flexible metal 

^ stylS^orflSwe 

“aS commy. Dlus- 

f where 

absolute tightness in conveying liquids or 
^es^ IS essen^. The AWcaS Brass 
M.tal Ho« Brand., Water- . 


Pulleys and Couplings.—Bulletin, 4 pp. 
Describes a complete line of "V” grooved 
pulleys, variable speed and .step-cone pulleys; 
flexible couplings. Congress Tool Sc Die 
Co., Inc., 9030 Lumpkin Ave,, Detroit, Mich. 

Flow Meters.—Catalog, 40 pp. Describes 
electrical and mechanical flow meters for 
recording, integrating, controlling and in¬ 
dicating the flow of steam, liquids, or gases. 
Details of the new electric flow meter and 
its operation, using Bristol's metanieler 
principle of telemetering, are included. 
The Bristol Co., Waterbury, Conn. 

Service Cables.—Bulletin C-31, 20 pp. 
Describes various types of service cable!*, 
illustrating uses and iitstallatious permitted 
by the National Electric Code. Typical 
applications and specifications are included. 
Anaconda Cable and Wire Co,, 25 Broad¬ 
way, New York City. 

Lightning Protective Equipment.—Bulletin 
GEA-1743B, 12 pp. Describes lightning 
protective equipment for a-c rotating 
machines insuring protection against travel¬ 
ing-wave voltages due to lightning. The 
protective arrangement covers the com¬ 
bined use of arre.sters and capacitors. 
General Electric Co„ Schenectady, N. Y. 

Motors.—Bulletin 305. De.scribes Reliance 
disc-brake motors, — combined units for 
power applications requiring quick, ac¬ 
curate, automatic stop.s or the holding of a 
load. Typical applications are .small cranes, 
hoists, and auxiliary movements on machine 
tools. They frequently eliminate the need 
for clutches and permit direct connection 
? X Electric & Engineering 

Co., 1086 Ivanhoe Rd., Cleveland, 0 . 

.Arc Welders.—Bulletin "The Arc-Welding 
of Tomorrow.” Describes the advantages 
gamed by the use of the internally stabilized 
arc of the "Smootharc Welder.” Photo¬ 
graphs illustrate the applications of many 
ot the models, from the vertical 76- and 100 - 
^pere types to the 200 -, 300-, 400- and 

types. Stationary 
to portable-trailer models are also .shown. 

National 

Ave,, Milwaukee, Wis. 

Trmsfonners.-Bulletin 340, 8 pp. De- 
distribution transformers, 
vanous types of large equipment, 
mgle phase and three pha.se, u.sed for 
power transmission, electric arc furnaces, 

OT othOT tadu«rial pur- 
P^. Bnef mention is made of a few 
Of the important developments and im- 
wtii-row radiators, 
t^-P-dhangers, circular co^s, 
/f^sy^toa Transformer Co., 1701 
Island Ave., N. S., Pittsburgh, Pa. 

Vo^ge Re^atoi«.-Btdletin 6601, 8 pp., 
Hectromc Automatic Alternator VoltaM 

^ illu^ 

be uid^ti, Z regulator which can 

be used with any Imown method of excita- 

to It explains in detafl the operation 
or this _ comparatively new method of 

660^8 00 Bulletin 

desitmed^Sr a similar regulator 

d signed for only one scheme of excitation, 

exciter. Ward 

Leonard Electnc Co., Mt. Vernon, N. Y 
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Hi^li Li^Lis 


Pacific Coast Conventioii. An all-day in¬ 
spection trip to the Grand Coulee project 
on the Columbia River is one feature that 
has been included on the program of the 
Institute’s 1937 Pacific Coast convention 
to be held in Spokane, Wash., August 30- 
September 3, in the heart of the Pacific 
Northwest. Other attractions a 

high-class technical program, a joint session 
with the Institute of Radio Engineers, the 
Tisuai sports competitions, and special enter¬ 
tainment {pages 910-12). 

Huge Telescope Being Welded. Frame¬ 
work for the 200-inch telescope now being 
built in a new observatory on Mt. Palomar, 
Calif., will consist of electric-arc-welded 
units bolted together at the site. Astrono¬ 
mers estimate that this new instrument 
will penetrate the universe to a of 

a billion light-years {pages 783-6). 

Charles Le Geyt Fortescue. An apprecia¬ 
tion of this noted electric-power-transmis- 
sion engineer (who died December 4,1936), 
prepared by one who was associated with 
him for many shears, outlines his many con¬ 
tributions to the electrical industry (Pates 
781-3). 

Electric^ Computer. A search for a simple 
computing device to simplify and expedite 
the calculations involved in the design of the 
overhead catenary for an extensive railroad 
electrification led to the development of an 
electrical computer, the circuit of which 
represents an exact analogy of the mechani¬ 
cal system embodied in the messenger cable 
of a catenary span (pages 787-90). 

Summer Convention. As this issue goes to 
press, the Institute’s 1937 summer conven¬ 
tion is being held in Milwaukee, Wis. At 
the opening session, election of 2 noted engi¬ 
neers as AIEB Honorary Members was 
announced, and new officers to serve the 
Institute during the ensuing year were 
named (pages 913-14). 

Letters to the Editor. Readers of Elbc- 
TsiCAL Enginbbring Continue to express 
themselves informally on a variety of sub¬ 
jects through the “Letters To The Editor’’ ' 
columns (pages 917-18). , 

Saturated Synchronous Machines. Effects ’ 

of saturation in salient-pole and cylindrical- ’ 

rotor synchronous machines operating under ' 

pteady load may be analyzed by a method 

based upon the 2 -reaction theory, with good 1 

ai^eeihent between calculated and test re- i 

suits; ^ torque angle is obtained by using e 

satmated quadrature synchronous reactance i 

reactance ^ 


Ignitors. A rod of high-resistivity material 
is used in ignitron tubes to initiate the dis¬ 
charge by the formation of an arc between 
the rod and the mercury-pool cathode in 
which the rod is immersed. Current re¬ 
quired by the ignitor should be as small as 
possible; shaping the rod to a point and 
slotting it greatly increase its effectiveness 
(pages 810-12). 


Distance Relays. Distance-measuring and 
directionai elements are used in various relay 
combinations to provide fault protection 
in power systems; the performance of dis¬ 
tance relays may be determined from the 
effective impedance presented to the ele¬ 
ment, which may be expressed in terms of 
certain fundamental quantities and thus 
reduce to a mtntnmm the labor involved in 
the calculations for any specific situation 
(pages 833-44). 

Photoelectric Hysteresigraph. Initial mag¬ 
netization curves or any derired symmetrical 
or unsymmetrical hyst^esis loops may be 
recorded graphically on the fiuorescent 
screen of a drC instrument which depends 
for its operation on a photoelectric flux- 
meter (pages 805-09). 


Directors* Report The annual report to 
the membership of the Institute’s board of 
directors summarizes activities and the work 
of national committees during the year. 
Memberriiip statistics and financi al state¬ 
ments are included (pages 791-804). 

PotierReactimce. Calculation of Potier re¬ 
actance, which is a combination of reac¬ 
tance, change of saturation, and change of 
flux form, is possible by means of 3 approxi¬ 
mate empirical methods given in this issue. 
The probabie accuracy of the methods for 
typical machines is shown (pages 813-18). 

Oil-Impregnated Paper. Extended tests 
mfficate that there is no correlation between 
dielectric loss and electrical life of oil-im¬ 
pregnated paper insulation, and that gas- 
free specimens are superior to any speci- 
saturated with gas at pressures up to 
200 pounds per square inch (pages 845-9). 

Relay Operation. When ssmchronous ma- 
chmes hunt or fall out of step with one an¬ 
other an oscillating interchange of power 
Biay cause relays to operate unnecessarily. 
Some remedies for such incorrect relay 
option have been suggested (pages 823- 

^e Perfect Reading Page. Is Ebbctricab 
Enginbbrino’s “easy reading” page really 
^er to read? This question is 
m part by a water thoroughly qualified to 
OTaw conclusions on the subject (pages 779 - 
81 ). 


Distortion of Traveling Waves. The shape 
of a lightning wave traveling on a transmis¬ 
sion line is altered by corona at normal oper¬ 
ating frequency. How to predict the dis¬ 
tortion is described in a paper in thi.s issue 
(pages 850-6). 

Lightning Arresters. A new station type 
of autovalve lightning arrester is described 
in a paper in this issue (pages 819-22). 


DISCUSSIONS 

Appearing In this issue are discussions 
of the following papers: 


Communication 

Cwrmb and Poltnilalt Along Laaky Ground-Ratiim 

Conducton—^Sunde 887 
Indudlva Co-oidlnallon of Common-NtHirni Powar- 
Dlilrlbiidon Systamt and Talaphona Circuits— 

Coleman and Davis 889 
Calorimablc Mcasuremcnl of DIalacIrle Lossas In 

Solids—Race and Leonard 890 

Electric Welding 

The ResIslancaWeidlnsCircall—Pfeiffer . . . 864 
Electrical Machinery 

Proposed TiansformcrSlandaidt—Clem .... 868 

A New Elaciroslatic Precipitator—Penney . . . 869 

Nasatlve-Sequanca Raactenca of Synchronous Ma- 

chinas—Thomas 903 

Two-Raaction Thaonr of Synchronous Machines— 

^ , Crary 905 

Synchronous Machine With Solid Cylindrical 

Rolor-Concordla and Porltsky 906 
ContrlbuUons to Synchronous-Machine Theory— 

Lanssdorf 907 

Electronics 

Electronic Transient Visuallxers—Reich . . » , 873 

An Electronic Regulator for D-C Generators— 

_ , . , Gulllksen 875 

Sealed-Off Ignitrons for Welding Control—Packard 
. and Hutchings 875 

AmpllHeatlon Loci of Resistance-Capacitanca 

Coupled Ampliliers—Sclctzky 877 

Instruments and Measurements 

WaU-Hour Meter Bearings—Klnnard and Goss 871 
Development of a Modem Watt-Hour Meter— 

, , ^ Klnnard and Trekell 879 

Impulse-Generator Voltage Charts for Selecting 

Circuit Constants—Thomason 881 
Shorf-TInit Sp«rk»Ov«r of G«pt—Hdsensuth • # 882 

Power Transmission and Distribution 

Studies of Stability of Cable Insulation—Halperin 

. and Betzer 871 

Automatic Boosters on Distribution Qreults— 

T j . -. .. Olmsted 893 

Trends In Distribution Overcurrent Protection— 

- , „ .L... Berrner 895 

Pole Flexibility as a Factor In Line Design-Sedye 

ADI t ^ Zucker 900 

A Review of Overhead Secondary Distribution- 

Holben 902 
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Branch Activity —A Alessage From the President 


O N August 1, 1936, tliere was no phase of the 
Institute work of which I knew so little as I did 
about the work of the Student Branches. Today 
there is no phase in which I am more interested, or which 
I feel is better conducted. A successful Branch must 
overcome some natural handicaps. If limited to the 2 
upper classes, the memb^hip must be completely re¬ 
placed eveiy 2 years. There are many claims on the 
students’ time. The potential members have had little 
experience in organization affairs. Active membership is 
of such short duration that there is little opportunity for 
the development of leaders. In a Section the average 
phaiTTna-yi comes to office with several years* experience 
in Section and committee work, but the Branch chairman 
seldom has more than one year’s training in Branch 
activity. In the Sections, past-chairmen are a source of 
inspiration, counsel, and guidance, while in the Branches, 
the past-chairmen are lost through graduation. 

Why, then, is the Branch movement so successful? 
From my observation, it is because of 3 factors: the 
enthusiasm of youth; the desire to make use of every 
agency in acquiring an engineering training; the advice 
and guidance from the counselors. 

From my visits to Branches and Branch conventions 
come several ideas as to how Branch activity is being 
successfully carried on. I believe that these ideas are 
worthy of record, and. hope that the future will see many 
to the record. The Studwt Branch should be 
organized on the following fundamental principles.^ 

It is an honor and a duty to be a member; a privilege to 
attend the meetings. The officers should be selected 
from the most capable and distinguished members, for 
certainly capable, enthusiastic officers are essentml for a 
successful Branch. The meetings must be worth while. 
At the close of the meeting, each one attending must fed 
that he has gained professionally by being present. 
Discussion of the subject presented should be stimulated 
and encouraged^ for often it is the most valuable part of 
the meetihg^. It should be understood that the meetings 
are dosed to nonmembers, excepting on specific invita¬ 
tion. The Branch offices should be respondble for, and 


cany on, the Branch activities, depending upon the 
counsdor only for advice and guidance. 

The program should be planned in advance and as a 
co-ordinated whole, for it is the most important of the 
Branch activities. Although, programs diould be broad¬ 
ened beyond the highly theoretical and basically te chn i c a l , 
the Branch should always remembar that it is an integral 
part of a national technical society. A meeting where 
engineering results are demonstrated with the aid of 
equipment is eactremdy intere^g and very popular. 
Speakers should be sought from 3 sotnces: graduate 
engineers in industry; faculty ihembers. from the home 
and other colleges; and from the membership of the 
Branch. Exchange of factdty speakers between ndgh- 
boring Branches produces good results. 

The year may be divided into 2 periods, providing 4 
periods within a cycle of membership. Officers would 
then be elected twice each year, resulting in more oppor¬ 
tunities for service and less time required from each 
officer. Rotation in office, ■mth ite advantages, is then 
possible. In one school where such a plan is followed, 
an observer from each, of the fres hm a n and sophomore 
classes is invited to attend the erecutiye comimttee meet- 
ihg;s, as well as the Branch meetmgs. These observes 
do not pay dues, are carefully sdected by the Brancli, and 
the selection is considered an honor. In this sdiqol, 
regular membership is open only to juniors and semorS. 
As each sophomore class become jumor, there are 4 
tnpn who know sometiung of the purposes, conduct, and 
activities of the Branch, and these men almost invariably 
join take an active part in the Branch affairs. 

Where several Branches are geographically close, joint 
activities are inspiring to ^ch. During the last year, I 
saw 2 illustrations of the effectiveness of such a plan: 
at Pittsburgh in a joint afternoon session of the Branches 
from Gamegie Institute of Technology, the University 
of Pittsburgh, and the University of West Virginia; in 
North Carolina between Duke University, the University 
of North Carolina, and the North Carolina State College. 
Such joint activities provide training in co-operation, and 
offer the stimulation of competition. 
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Co-operatioji from a neighboring Section is of great 
assistance. Although the primaiy responsibiliiy rests on 
the Section, the Branch should be very receptive. Many 
Sections offer a reduced price to Branch members if they 
attend a Section dinner. In the West, each of a gmup 
of interested Section members has pledged himself to 
entertain once eadb, year a Branch member as his guest 
at a Section dinner. 

Light rrfreshments, following a Branch meeting offer 
the opportunity for, and stimulate, sociability—a good 
quality which many engineers lack. The cost may be 
kept so low as not l^o be a burden on the treasury, and 
yet the purpose accomplished. 

At one university I visited, an Engineer’s Lounging 
Room was provideid and furnished through the co-opera¬ 
tion of the university authorities and the other engineering 
society branches. 

One of the most interesting, and stimulating fimctions 
at the District meeting held in Dallas was the luncheon 
of the Branch chairmen, secretaries, and counselor. 
The counselor participated only by introducmg the 
Branch chairman, who told of the plans for the future and 
the accomplishments of the past. Each of the 13 Branches 
was represented, and the 13 chairmen limited their re¬ 
marks to a total of 45 minutes, each one telling something 
of interest to ah. 

In one of the schools, I found an engineering society 
to which ah upper classmen were eUgible. No junior or 
senior was denied the advantage and opportunity of an 
organised technical activity. This university engineering 
society was divided mto groups, corresponding to the 
national professional engineering societies. Within the 
gen^ah society was developed the professional consdotte- 
ness so desirable, and joint meetings were held treating 
economic and social responsibhities of the engineer. Once 
each year a purely social meeting was held. At this 
university, one everdng a month was designated as Engi¬ 
neers’ Night, and the other student organizations stu¬ 
diously avoided any conflicting activities. On Engineers’ 
Night therei was held either a joint meeting with ah 
memb^ of the digineering society free to participate, or 
simultaneous group meetings^ with each devoted to a 
subject peculiarly interesting to that group. Contact 
with the national enginee^g society was maintained 
through the corresponding branch With such an or¬ 
ganization, possibly 4 evenings a y^u* might be devoted to 
joint meetings and the presentation of general subjects, 
and 5 evenings devoted to parahel group meetings, fea- 
turi^ the presentation of specialized technical subjects. 
A joint meeting, with its consequently larger audience, is 
particularly suitable for an address by an outside engi¬ 
neer, or by a professor from the same or another technical 
^ool. Ilnder this type of organization, I suggest the 
fohovring as a typical Branch program. 

No. Gass Speaker ‘ Type of Stipject 

1. Joint Professor -The Problems of a Student. 

.Enjdaeer”"' ■ ■ • 

2. Branch Outside Engineer “What My Company Expects of ■ 

a Young Engineer-’ 


3. 

Joint 

Social 

"Skits of the Anvil or Gridiron 
Variety” 

4. 

Branch 

Student 

"Description of an Interesting 
Engineering Test or Problem” 

6. 

Branch 

Studmt 

"Paper on Some Phase of Elec¬ 
tronics” 

6. 

Joint 

Outside Engineer 

"The Engineer’s Opportunities 
and Responsibilities” 

7. 

Branch 

Graduate Student 

"Presentation of a Research Prob¬ 
lem” 

8. 

Branch 

Outside Engineer 

"Description of Interesting In¬ 
stallation, Application or Re¬ 
search Problem” 

9. 

Joint 

Students 

"Several Demonstrations” 


As you study this program, you will note that no student 
is asked to prepare a paper before the fourth meeting, by 
which time the intMst in the engineering society and 
Branch activities would have been stimulated by 2 good 
lectures and one social meeting. The closing meeting 
would be devoted to several technical demonstrations 
presented by the various divisions. To this unusually 
interesting meeting all of the sophomores and freshmen 
might be invited. The program would have been built 
up to a fine climax, and the enthusiasm and interest of 
this last meeting would assure a successful following year 
for each division. 

In the training of the young engineer, the American 
Institute of Electrical Engineers and the other professional 
societies are privileged to play an important part. Of 
this they should be deeply conscious and should meet fully 
their obligations and embrace their opportunities. The 
student engineer, in relation to his group and his college, 
is quite analogous to the graduate engineer in his relation 
to society. There is a growing feeling that the graduate 
engineer has not always fully met his responsibilities and 
risen to his opportunities; that he has not always recog¬ 
nized his social and economic responsibilities. Many 
engineers have failed to realize that the best idea is of 
little value unless it is so convincingly presented to others 
that they accept it and assist in its ^ecution. A com¬ 
promise plan which is accepted and produces results is 
far better than the most brilliant individual plan which is 
neither accepted nor adopted. All engineers need train¬ 
ing in the convincing expression of their thought. They 
should listen to the ideas of others and endeavor to see 
their viewpoints; should judicially weigh all expressed 
thoughts as evidence, and select that which is sound for 
combination with their own views; and should be able to 
e3q)ress convincingly a logical conclusion. The develop¬ 
ment of a unified prof^ional consciousness is of great 
importance, for then the profession may better serve 
humanity. Contact between older ^d younger engineers 
is stimiilating to both. Each has much of value to the 
other—knowledge, experience, professional standing, ^d 
resources on the one side; youth, eagerness, enthusiasm, 
and a fresh vievrpomt on the other. The branch of a 
national engineering sodety is a medium through wlfich 
these needs of a student engineer should be met. 
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The Perfect Read ins Page 


By MAHHEW LUCKIESH 

■ MEMBER AIEE 


With the January 1937 issue, ELEaRICAL 
Engineering presented to its readers the 
"easy reading" page. This article presents a 
discussion of the factors that would influence the 
production of a perfect reading page, and an 
opinion, founded upon scientific research, con> 
cerning this "easy reading" page as an approxi¬ 
mation of the theoretical ideal... 


D ifferences of opin¬ 
ion cease to exist when 
adequate knowledge is 
available. Although this ideal 
stage has not been reached for 
the perfect reading page, great 
advancement has been made 
recently in the science of see¬ 
ing. So long as opinions are 
based merely upon the science 

of vision, they must remain opinions because the basis is 
inadequate. Seeing is an activity of hhman beings; 
vision is merely an ability of eyes and the visual seme. 
Seeing involves the end products of human eflBiciency, 
behavior, and welfare.* It considers human beings as 
seeing machines and relegates eyes or the visual sense to 
the status of a part of the machine. Abuse of eyes is 
one of the consequences of unnaturally close and pro¬ 
longed visual tasks imposed by civilization; however, 
much control can be exercised over certain factors, such 
as printing and lighting, to reduce the severity of visual 
tasks and the unnecessary waste of human resources. 

The visibility of objects depends primarily upon 

1. Sizse of the critical details. 

2. Contrast between the object and background. 

3, Brightness of the object and background, which depends upon 
the reflection factor and intensity of illumination. 

4. Time available for recognizing the object. 

In general, the theoretically ideal printed page results from 

1, Large type of the most legible style. 

2. Paper of high reflection factor and dull surface. If it is tinted, 
it should be optically and aesthetically satisfactory. 

3. High level of illumination comparable to that in the shade of a 
tree or porch. 

4, Time usually is not of great importance, if other factors are 
satisfactory. 

Before considering the ideal printed page from a prac¬ 
tical viewpoint, the process of reading should be con¬ 
sidered. The focus of the eyes passes along the printed 
line in a< series of leaps. Inasmuch as the mov^nent of 
the eyes does not produce any apparent blumng, the eyes 
gj-g. to be in some manner anesthetized during 

rapid motion. If one sees only when the eyes are at 
rest, the duration of the fixational pause is important. 
This has been found to vaiy chiefly between O.QT and 
0,30 second. These values are of importance in con¬ 
sidering cases in which q)lit seconds are important, but 
are merdy of passing interest for the present. ^ 

Reading is done by swallows, ^ in drinking water. 
Words, or even groups of thw, are seen at ^eh pause* 
The number of stops made in reading a line depends upon 


visibility, familiarity, practice, 
and intelligence; consequently, 
the distinguishing of a critical 
detail, such as ihe space be¬ 
tween the dot and the body of 
the letter i, may appear to be 
of little or no importance. 
Details ranain of utmost fun¬ 
damental importance, how¬ 
ever, as typographical errors 
adequately testify. These details seem to dwindle in 
importance only through extensive practice in reading; 
in fact, seeing is very largely learning. Human beings 
learned to see thing s out in space before thinking became 
a conscious act. 

Components of the Perfect Reading Page 

A scientific analysis of visibility and the results of 
seeing show that the fundamental factors already listed 
are the basis of ease of seeing and, therefore, of the perfect 
reading page. 

By omitting some of the tedious steps in considering 
type size, 12-point type may be concluded to be quite 
satisfactory for continued reading. Newspapers com¬ 
monly are set in 8-point type, with parts of them in 
6-point type. These small sizes, combined with paper 
of poor quality and generally meager, intensities of illu¬ 
mination, make newspaper reading a severe visual task. 
The effect of type style on legibility is a complex matter, 
but long experience has evolved satisfactory styles devoid 
of needless details and with an openness necessary for 
good legibility. Obviously, the size of type determines 
the amount of matter that can be printed upon a page. 
This is an important consideration for publications such 
as newspapers, but such economy in space should not be 

carried too far in journals, and particularly in books. 

The contrast between the print and the page depends 
upon the blackness of the ink and the reflection factor of 
the paper. Perfect black on perfect white does not exist. 
This would be 100 per cent contrast as computed on the 
basis of the ratio 

'P^ rlrground brightaess-—Object brightness 
Background brightness 


100 X 
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Usually the nearest approach is a contrast of about 
97 per cent. For a telephone diifectpry the contr^t 
between the print and paper commonly is about 80 per 
cent, and for the better examples of newsprint about 85 
per cent. 

Any color, even a Hght tint, added to white paper 
decreases the contrast slightly; however, the extent to 
which this decrease causes a decrease in visibility should 
be considered in weighing..this against other considera¬ 
tions. There can be no justification for the use of highly 
colored paper for pages that * must be read for extended 
periods; furthermore,: from purely the optics of the eye; 
blue, violet, purple, and pink papers are inadvisable. 
Normal eyes caimot focus blue light at the usual reading 
distance. Adequate experiments have shown that elimi¬ 
nation of the blue and violet components of light does not 
decrease visibility appreciably, because the resultant loss 
of light is compensated by increased definition of the 
image. For this reason alone, a yellowish tint is better 
than any other. 

The' loss in contrast is very slight in a white papo" 
tinted yellow, and is less in ordinary artificial light than in 
dayHght, Although contrast is very important in the 
visibility of objects, it is of only slight importance in the 
range of high contrasts; th^efore, any other .small ad¬ 
vantage gained, by the use of a paper of yellowish tint 
.overcomes the loss caused:, by the slight decrease in con¬ 
trast.- • ■■ j;,' 

The reflection factor of a paper having a slight yellowish 
tint is a few per cent less than it would be if the tint were 
el imin ated, thus reducing the brightness of the paper 
under a given intensity of illumination by an amount 
exactly proportional to the reduction in reflection factor. 
An appreciable change in visibility requires such a large 
change in brightness, however, that the reduction caused 
by a slightly lowered reflection factor is negligible, par¬ 
ticularly when the intensity of illumination is sufficient for 
ease of seeing. 

The. p^ect reading page, so far as the reader is con¬ 
cerned, depends upon lighting as well as upon the paper 
or printing. Glossy paper may reflect bright, imperfect 
images into the eye; dull paper is ideal, but if half tones 
must be considered, the practical ideal may be different. 
Dull papers nevertheless have been developed for half¬ 
tone printing without too much compromise between the 
reader, printer, and paper manufacturer. 

Ease of reading printed matter depends upon visibility, 
but manifests itself remotely from this. The writer and 
his colleague, Frank K. Moss, have measured successfully 
the nervous muscular tension indicated by the finger tips 
for a large number of Objects over a range of illumination 
intensities of from oine to 100 foot-candles. One foot- 
ctodle, which is the illumination one foot from a candle, 
is a common illumination indoors. The general average 
in the indoor world is'less than 6 foot-candles where 
reading is doiie. Near a window in the daytime there is 
commonly an illumination of several hundred foot- 
candles. 

Experiments have indicated that while the subjects 
read a book ptintcid in 12rpoint type on excellent dull. 


white paper, the ease of reading continues to increase up 
to at least IjOOO foot-canoes. No one is conscious of this 
nervous muscular tension, except in special cases of diffi¬ 
cult visual work; but it results from all visual work and 
represents waste of human resources. The 12-point type 
could be read at one foot-candle. 

This and many other researches prove that ease of 
reading cannot be judged by visibility, and the mere 
possibility of seeing provides no reason for believing that 
further improvement in seeing is of no value. This new 
knowledge arose directly from an ejqpansion of the con¬ 
cept of vision into one of seeing, and from a consideration 
of human seeing machines, instead of merely eyes. 

Whether refinements of this new technique could show 
appreciable difference in the ease of seeing objects against 
a yellowish tint, as compared with a white one, is at present 
unknown; however, some other reasons for using a 
slightly yellowish paper seem to be adequate. It does 
not decrease visibility appreciably because of its slightly 
lower reflection factor and the consequent slightly lower 
contrast; moreover, its color is in the right direction from 
the viewpoint of chromatic aberration of the eye. 

Aside from the foregoing considerations, the aesthetic 
or, more broadly, psychological effects are important. 
From an aesthetic point of view the author prefers a 
slightly yellowish tint, and many other persons have 
expressed a similar preference. Psychologically, the 
subtle warmth of the yellowish tint has something in its 
favor. White has much virtue in its place and, in fact, is 
symbolic of virtue; but white has disappeared from many 
places in which it dominated until a few years ago. 
Modern hospitals have eliminated it to a great extent, 
and modem kitchens and bathrooms have little of it. 
The decorative schemes of hospitals, kitchens, and bath¬ 
rooms consequently have reverted to their proper func¬ 
tion—to please aesthetically and psychologic^y. 

Electrical Engineering's “Easy Reading” Page 

The reflection factors of the paper formerly used in 
Ei^ctrical Engineering and of the present sepia-tinted 
paper are 76 and 73 per cent, respectively, for ordinary 
tungsten-filament light. The difference is slightly greater 
for dayhght. Assuming the same quality of ink and 
printing, this difference is not sufficient to produce an 
appreciable difference in contrast. In fact, measurements 
made with the Luckiesh-Moss visibility meter of the visi¬ 
bility of print of the same size of type on the former and 
present papers revealed no significant difference; there¬ 
fore, the change has been made with no appreciable 
sacrifice in measurable factors. In other words, whatever 
the gain (or loss) may be in the aesthetic comfort and 
possibly in physical comfort is achieved without other 
sacrifices. The appraisal of the factors that cannot be 
measured at present must be left to the readers. Their 
present, or initial, reactions will be interesting to compare 
with their reactions a few months hence. Certainly 
there is a striking difference in the appearance of the 2 
papers, considering the slight difference in brightness or 
reflection factor. Many white papers have reflection 


780 


Luckiesh—The Perfect Reading Page Electrical Engineering 



factors of from 80 to 85 per cent, and there would be an 
appreciable difference in the visibility of a given black 
print on them and on this sepia-tinted paper, which has 
a reflection factor of 73 per cent. The present discussion, 
however, refers to the paper formerly used and not to 
any other so-called white paper. Incidentally, all these 
measurements were made with papers backed up by 
several thicknesses, thus simulating actual reading con¬ 
ditions for a book or magazine. 

Regardless of initial reactions to a yellowish-tinted 
paper, one should first give consideration to the general 
reaction against white. As to the influence of aesthetic 
and psychological effects upon the efficiency and behavior 


of human beings there can be no doubt on the part of 
those who understand that hiunan beings are seeing 
machines. Feelings are just as real as any reality, and 
one can be just as unconscious of them as of other results 
of seeing, such as nervous muscular tension. To recapitu¬ 
late, there is some scientific evidence, however slight, in 
favor of a paper of yellowish tint, and from the aesthetic 
and psychological viewpoints also it may have something 
in its favor. At any rate, knowledge springs both from 
controlled researches and mass experience. The present 
attempt to produce a perfect reading page provides 
opportunities for demonstrating or acquiring knowledge 
along these 2 general lines. 


Charles Le Geyt Fortescue 

and His Contributions to the Electrical Industry 


By C. A. POWEL 


MEMBER AIEE 

C HARLES LE GEYT FORTESCUE will long be re¬ 
membered as an engineer well-known for his technical 
achievements and well-loved for his qualities as a 
man. Some of his accomplishments have been so out¬ 
standing that it seems worth while calling attention to 
their value and to the extent to which they have been use¬ 
ful in extending human knowledge and lightening the labor 
of other engineers in his own and succeeding generations. 

In the appreciation of the present generation of dec- 
tri’cal engineers. Doctor Fortescue will be known for 3 
principal fields of work. These probably would be his de¬ 
velopment of the method of symmetrical co-orffinates used 
for the solution of unbalanced polyphase drcuits; his 
analysis of the factors affecting stability of transmission 
systems; and his philosophy of lightning protection and 
his contribution to the theory of direct strokes. A group 
of engineers a little eaxHer in time probably would credit 
him with his work in rationalizing the design of trans¬ 
formers; with his studies of dielectric phenomena wWch 
led to the adoption of the sphere gap as a standard of high 
voltage measurement; and with his work on the devdop- 
ment of line insulators on the so-called “faradoid’ prin- 

dple. ^ . j- X XI, ♦ 

These and many similar accomplishments indicate that 

his interests lay prindpally in the transmission of power 
and its related problems, a field which has expanded enor¬ 
mously since he entered the profession. ^ 

Fortescue was born at York Factory, Manitoba, Canada, 

Written especially for Elbctricai. Enoinbbbing, 
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November 11,1876, . 
where his father 
was chief factor of 
the Hudson Bay 
Company. He 
came of an old 
Devonshire family 
that as far back as 
the fifteenth cen¬ 
tury became promi¬ 
nent in literature. 

Educated at Daw- 
lish, Devon, Eng¬ 
land, and at Queens 
University, Kings¬ 
ton, Ontario, Canada, he was Queens’ first graduate in elec¬ 
trical engineering, and it used to be remarked that “they 
started with a good one.” In recognition of his outstand¬ 
ing contributions to electrical engineering, his alma mater 
awarded him, in 1929, an honorary degiree of doctor of 
laws. On graduation in 1898 he joined the Wes^ghouse 
Electric & Manufacturing Company at East Pit^burgh, 
Pa., where he remained throughout his profe^ional career. 

Doctor Fortescue became an Associate member of the 

AIEE in 1903 and was transferred to the grade of Fdlow 
in 1921. He served on the following Institute committees : 
power transmission and distribution, 1925-29 and 1932-36; 
tdegraphy and tdephony (now commumcation) 1914r-17, 
electrophysics, 1916^17, 1920, i922-M, 1927—31. He was 
the author or co-author of 23 technical papers and numer¬ 
ous discussions published in the AIEE Transactions 
over a period of 27 years: ^ ^ 

Starting as an apprenticie in the W^tinghouse shop, he 
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was quickly noticed by B. G. Lamme, who happened to 
be in need of a young assistant to devise new designs and 
new methods of building annature coils. The problem 
of meshing together the ends of armature coils—^primarily 
a problem in 3-dimension geometry—^was a fertile field in 
which the mathematically minded young engineer had 
full scope for imagination and for adapting theoretical 
schemes to practical necessities. His success in working 
out original short-cut methods of designing coils with 
short ends, requiring very little clearance, marked hitn as 
having ingenuity to an unusual degree, and he was trans¬ 
ferred to the transformer department to see what could be 
done to rationalize the design of transformers, which at 
that time, as Fortescue himself used to say, "was more of 
an art than a science.” His success in this work perhaps 
is best demonstrated by the section prepared by him for 
the “Standard Handbook for Electrical Engineers” which 
follows closely the principles developed by him in the 
years spent on this work. 

About 1909 Fortescue became imbued with the im¬ 
portance of the dielectric field in transformers. He claimed 
that the so-called creepage effect was not a characteristic 
of the insulation surface itself but of the dielectric field in 
which the surface lay. Assisted by S. W. Farnsworth, 
development work was undertaken to prove or disprove 
this idea a.nd to lay out a high-voltage transformer design 
in which the dielectric field was taken into account. This 
resulted in 2 very noteworthy papers published in the 
AIEE Transactions of 1913: 

Air as an Insoxator When in the Presence or Insih.atino 
Bodies or Higher Spbcipic Inductive CAPAary by C. L. Fortescue 
and S. W. Farnsworth, pages 893-006. 


the current in any branch of the network may be de¬ 
termined by adding the separately determined currents 
in that branch due to each particular load. These theorems 
are rigorously correct; they serve to reduce a complicated 
network to a very simple one, thus permitting one to make 
calculations in a very few hours that formerly would have 
required days. 

Fortescue was active on the various a-c railway electri¬ 
fications, including particularly those of the Newr York, 
New Haven and Hartford, Norfolk and Western, and 
Pennsylvania railroads, and did much to rationalize the 
design of railway power-supply systems and to set the 
reactance proportions which obtain at the present time. 
He gave attention to the problems of inductive co-ordina¬ 
tion with communication and railway-signal circuits, and 
in connection with the latter he contributed the resonant 
impedance bond. He proposed several new schemes of 
phase balancing and phase conversion, and among others 
the series type of phase balancer which was the first scheme 
to provide balancing action without automatic devices 
such as voltage regulators. 

It was while working on these unbalanced railway- 
supply circuits that Fortescue conceived the possibility of 
a mathematical analysis that led to the invention of sym¬ 
metrical co-ordinates. In simple mathematical terms it 
consists of a system of generalized Lagrangian co-ordinates 
especially suitable to all t 3 q)es of polyphase problems. His 
paper 

Method or Symmetrical Co-ordinates Applied to the Solution 
OR Polyphase Networks, AIEE Transactions, volume 37, 1918, 
pages 1027-1116 


The Application or a Theorem or Electrostatics to Insulation 
Problems by C, L. Fortescue, pages 907-26. 

An important result of this research was the proposal 
that the sphere gap should be used as a Standard for meas¬ 
uring high voltages. This was done in 2 papers, also 
published in 1913 in the AIEE Transactions : 


is one of the milestones of the industry. This mathematical 
tool is now established in all countries as the only effective 
method of analyzing general polyphase network problems. 
For his development of this theory Doctor Fortescue re¬ 
ceived the Elliott Cresson Gold Medal of the Franklin 
Institute. 


The Sphere Spark Gap by S. W. Farnsworth and G. L. Fortescue 
pages 733-7. ' 

Calibration OR the Sphere Gap Voltmeter by L. W. Chubb and 
C. L. Fortescue, pages 739-48. 

This proposal was accepted and today has become standard 
practice throughout the world. 

About tins time Fortescue turned his attention to rail¬ 
way electrification and the related power-supply problems. 
For h^vy traction, the transmission lines and thfe trolley- 
rail circuits with their interconnecting transformers con¬ 
stituted a network of considerable complexity! and since 
there was then practically no literature on networks, he 
applied himself to their solution and formulated a numberof 
network theorems . One of these was the theorem of equiva¬ 
lent loads by winch a load at any point on a railroad could 
be replaced by 2 loads at adjacent substations inversdy 
proportional to the impedance of the trolleyrtrack circuit 
from the 2 substations to the actual load point. Another 
^as ti^t of superimposed solutions,, winch permits the 

, a given point by adding 
drops to that point due 
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w iiii tae aavent ot tne interconnection of power systenii 
during and following the World War, Fortescue began tc 
interest himself in the problems of the maiintenance oj 
synchronism over long transmission lines. Here again ir 
his se^ch for methods of simplifying the calculations he 
and his associates broke new ground by bringing out the 
so-called power-angle diagram which today is the form 
generally used for ejqpressing stability^ 

Following the establishment of these interconnecting 
transmission lines, their principal drawback was found to 
be their susceptibiUty to outage due to lightning. This 
led Fortescue to turn his attention to the problem of 
methods of protection against lightning. In 1923, J. F. 
Peters, now consulting engineer of the Westinghouse com¬ 
pany, brought out the klydonoj^ph which was the first 
instrummt smtable for field studies of lightning surges. 
Witii this device studies were made under the direction of 
Doctor Fortescue in co-operation with power companies, 
and the results of these gave a great deal of information 
regarding lighthiUg surges which previously had been un- 
st^ected. Thus encouraged, Fortescue undertook a fur¬ 
ther senes of tests using the Norinder typeof oscillograph, 
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the results of which confirmed the ideas Fortescue had 
been building up, and in a paper 

Theoretical and Field Investigations of Lightning, AIEE 
Transactions, volume 48, 1929, pages 449-68 

he promulgated his idea that induced strokes of lightning 
were not in general harmful to transmission lines and that 
protection against direct strokes was quite feasible. 

Doctor Fortescue was a prolific inventor, the recipient 
of some 185 patents. Perhaps his outstanding character¬ 
istic as an inventor was his fondness for generalized theori¬ 
zation, which led him away from beaten paths and pro¬ 
duced many inventions of fundamental and outstanding 
character, leaving to others the task of perfecting 
details as to methods for carrying them out. Among the 
important Fortescue patents might be mentioned those on 
the design of transformer windings to distribute properly 
the electrostatic stress through the insulation; thermo¬ 
electric protection of distribution transformers against 
burnouts and secondary short circuits; the high-voltage 
condenser-type bushing; shunt and series phase-balancers 
for railway systems; high-speed d-c circmt breakers with 
impulse tripping for d-c railways; the application of the 
“faradoid” principle to porcelain insulator design whereby 
the insulator surfaces were shaped to conform to the elec¬ 
trostatic field about the insulator; control grids for vapor- 
filled converters; and interphase transformers for vapor- 
filled converters. 

His technical achievements, great as they were, did not 
account for his great popularity. He was human, some¬ 
times beautifully inconsistent in little things. On a fishing 
trip he was complaining about lack of regulation in the 


United States which permitted any number of fishermen 
on a given stream. “Now in England,” he said, “a stream 
like this would be fished by but one man who had bought 
the fishing rights on the stream.” “Of course,” rejoined 
another of the party, “you assume that you would be that 
one man.” 

He often worked on “hunches,” but with the unerring 
instinct of genius. He had a feeling of what the answer 
to a problem should be and backed his “hunches” with 
logic. It is sometimes much easier to solve a problem 
backwards by assuming an answer. 

His company always was sought. Aside from his wide 
t«>pVinirfl.1 interests, his reading and contemplations covered 
the arts and social sciences. An interesting conversational¬ 
ist, “Forty,” as he was familiarly known, always had a 
fresh and original point of view. He thoroughly enjoyed 
a story, both in the hearing and the telling. A favorite 
with old and young, his association with young engineers 
seemed to affect him as Ponce’s waters and accounted for 
the enthusiasm that was so chatacteristically “Forty,” 
even during the debility occasioned by his last illness. 

His influence was felt in every group with which he 
worked. Doctor Joseph Slepian, now consulting research 
engineer of the Westinghouse company, has said that he 
received more inspiration from his contact with Fortescue 
than with any other man in the company. Working with a 
group, his personality was impressed both upon his work 
and upon his associates, frequently to the extent that a 
group’s labor came to be associated only with the name of 
Fortescue. Outside engineers also sought his advice and 
counsel. His integrity and honest judgment enhanced 

still further his technical recommendations. 


200-Inch Telescope Beins Welded Electrically 

Mounting structure for the 200-inch telescope being bullion Mt. 
Palomar, in Southern California, will consist of electricarc-welded units 


A BILLION light-years is the distance to which ^en- 
tists and astronomers estimate that they win be 

i able to explore the tmiverse when the iiew 200-1^ 

leflecting-type telescope, largest in the world, is 
on Mt. Pal^, Calif. This is twice the range of the next 
largest telescope in existence, the 100 -inch mstrment at 
Mt. Wilson, Calif. (A light-year is the dis^M 
by light in a year and is approxinmtely 6X10 onto.) 
Mt Palomar, which is about 90 miles from Los Angeles, 
was selected because of its ideal weather conditxo^ and 
its isolation. In addition to a new observatory to house 

by the Westinghouse Electric * j chmondroyd, exparimental 

L. Mochel, metallurgical engineer. 


the huge telescope, the project includes construction of a 
new 20-mile road, a new community for the operatog 
staff, several smaller domes, power plant, radio station, 
million-gallon water reservoir, and an ^Jane landmg 
field Headquarters of the observatory will be on the cam¬ 
pus of the California Institute of Technology, Pasadena, 
which institution will supervise its operation. ^ 

Originally conceived by Doctor George Ellery Hale m 
1918, immediately Mowing completion of ^e 100-m^ 
Mt. Wilson telescope, actual work on project b^an m 
1928 when a grant of $6,000,000 was made by the Rocke¬ 
feller Foundation. It is expected to be completed by 
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Electric and Manufacturing Company. It consists, of 
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Figure 1 . Artist's conception of the 200-inch Mt. Palomar 
telescope as it will appear when completed 


the declination axis. This axis, lying in the meridiaa 
(north-south) plane, will be placed at an angle to the hori¬ 
zontal equal to the latitude of the observatory, which will 
make the axis parallel to the polar axis of the earth, and 
will point it toward the celestial pole. For this reason, 
this axis is called the polar axis of the telescope. The 
yoke will rotate 105 degrees to either side of the meridian 
plane. 

These 2 rotations around the polar and declination axes 
will permit the telescope to be held on any celestial object 
within its range. Continuous rotation about the polar 
axis at the rotational speed of the earth, but in the oppo¬ 
site direction, will keep the tube oriented at a fixed angle 
relative to the “fixed stars.” 

The polar-axis bearings, which support the yoke, will be 
unique in telescope design. To insure smoothness of rota¬ 
tion, the whole million-pound telescope will be floated on 
oil under high pressure, at both the north and south ends. 
At the north end the “horseshoe” will be supported on 4 
pads. In the surface of each pad will be 4 S3mametrically 
spaced recesses with central oil inlets. Oil flowing through 
these inlets at a pressure of from 250 to 300 pounds per 
square inch will support the telescope. Oil will flow con- 


Table I. Comparison of 200-Inch Mt. Palomar and 100- 
Inch Mt. Wilson Telescopes 


several electric-arc-welded units which will be shipped by 
water to the Pacific Coast and thence by special trucks to 
the h4t. Palomar site, and which will be bolted together 
th^e. The 200-inch glass mirror, which will be the last 
umt to be installed in the telescojpe, is now being ground in 
the optical shop of the California Institute of Technology. 

The magmtude of the 200-inch telescope perhaps 
be understood best by comparing it with the 100-inch Mt 
Wilson telescope (see table I). Its over-all height will 
be approximately 75 feet. The method of controlling 
^e mstrument has not been determined but, undoubtedly 
it will be electrical. Some conception of the control prob¬ 
lem may be gained when it is realized that most of the ob¬ 
servations to be made by the telescope wiU be upon photo- 
grapMc plateg .and that some exposures will require many 
hours each. The control mechanism must keep the tele¬ 
scope focused accurately throughout the entire period of 
ejsposure. 

Mounting Will Consist of 2 Main Parts 



Type of telescope. 

Diameter of mirror, inches... 
Approximate weight, pounds. 

Approximate cost, dollars. 

Fabrication of structure. 

Focal length of mirror, inches. 

Relative aperture..... 

Yoke bearings. 

Maximum range, light-years.. 


. Reflecting.Reflecting 

.200.100 

.1,000,000.125,000 

.6,000,000.Less than 1,000,000 

Welded..Riveted 

.666.600 

3.33.6 

Oil pad.Mercury float 


*1,000,000,000.. .500,000,000 



tinuously through a gap of from 0.003 to 0.005 inch be- 
^een the pad surface and the outer periphery of the 
“horseshoe.” At the south end, the single bearing will be 
a baU and socket 8 feet in diameter with oil inlets so spaced 
that the radial and thrust loads of the telescope will be 
supported with the baU held about 0.005 inch away from 
the socket. 


The mounting for the telescope will consist of 2 parts* 
a tube, and a cradle or yoke which Trill cany the tube (see 
figures 1 and 2). The tube, which will serve as the support¬ 
ing structure for the principal optical elements, wiU rotate 
about 2 ball-bearing trunnions supported in the homeshoe¬ 
shaped yoke. Its range of rotation will be from the south¬ 
ern homon to the north celestial pole. The axis around 
which it will rotate relative to the supporting cradle is 
known as the declination axis. 

The yoke will turn about an axis that is perpendicular to 


The tot^ viscous friction torque of these 2 bearings at 
the operating speed of one revolution per day will be of the 
order of 50 foot-pounds. This figure becomes remarkable 
only when it is realized that conventional roller and ball 
bearing supports would lead to a friction torque of 30,000 
foot-poiinds, 600 times the oil-pad friction torque. The 
smallness of this friction is emphasized by the fact the 
telescope can be kept rotating at one revolution per day by 
the amazingly amall output of about 1/160,000 horse¬ 
power. For quick settings however, a driving motor of at 
least % horsepower will be required. 
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Arc Welding Being Employed Throughout 

The decision to employ arc welding so extensively in the 
construction of the tube and mounting of the 200-inch tele¬ 
scope is another outstanding example of the engineer’s con¬ 
fidence in the welding art. There is nothing of an experi¬ 
mental nature, however, in the adoption of welded con¬ 
struction for the various members of the telescope. Other 
structures of comparable size and complexity, and of like 
value and importance, have been fabricated successfully 
by this method. 

Steel plates, bars, structural shapes, and a few steel forg¬ 
ings are being welded together to form the member parts of 
the telescope. The size and shape of these member parts 
naturally reflect the general design, but have also been in¬ 
fluenced by such practical considerations as the ava^bility 
of material, machining facilities, transportation, and the 
necessity for minimizing internal stresses and resulting dis¬ 
tortions. 

It must be understood that the various member parts 
are being prepared by machining for bolting together at 
Mt. Palomar. Frequent references to all-welded construc¬ 
tion may have given tlie erroneous impression that member 
parts were to be joined on location by wdiding. It is 
true that in many large structures, member parts have 
been and are being joined by welding on location. In such 
structures, however, the construction and intended service 


invariably are such as to tolerate distortions that may take 
place during welding or during the useful life of the , struc¬ 
tures, or in which the presence of variable and unknown 
degrees of internal stress are of little concern. Obviously 
such conditions could not be tolerated in the 200-inch 
tel^cope. 

In any discussion of welding, one is naturally interested 
in the materials that must submit to welding. Again one 
encounters an erroneous impression—that a telescope 
must be constructed largely of special alloys that have low 
ejqpansivily. Although it is true that some materials of 
this t 5 q)e are being used in connection with the mirror and 
other optical parts, most of the material being used for the 
tube and mounting is quite ordinary mild carbpn steel. 
All the materials being welded are of standard commercial 
grades—an important practical consi'd&’ation. 

All plates, bars, and structural shapes have been rolled 
by one supplier from specially sheeted heats, to give the 
greatest possible uniformity of composition. Plates less 
than 11/2 inches thick were made of the usual flange qual¬ 
ity of steel plate, similar to that covered by ASTM Speci¬ 
fication .4-70. All such steel for the tube was made from 
a single heat, specially melted for the purpose. Plates 1V 2 
i nche s thick and more were rolled from silicon-ldlled steel 
poured into hot-top ingots, to guarantee soundness of sec¬ 
tion. This steel is s imil ar to grade 4, ASTM Specification 
4-150. Two carbon-molybdenum steel forgings are being 


A- ?oo" Mirror ^ 

B - 41” 37'tsz;' convex, t 
C- CouDt Mirror 
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Figure 2. Diagram of telescope showing details of design 
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used in fabricating the declination bearing housing. 

Arc welding only is being employed, and heavily coated 
electrodes of the mineral-coating or slag-producing type 
are being used. These are of but 2 makes, both of the 
highest quality available. It is well recognized today that 
electrodes can be deyised that will meet best some given 
condition of deposition. Full advantage of this has been 
taken and 3 kinds of electrodes, as regards position of de¬ 
position, have been used. One was used for all down-hand 
butt welds; another for all down-hand or horizontal fillet 
welds; and yet another for welds that of necessity had to 
be made in a vertical position. Overhead welding has 
been avoided. The electrodes are of such nature that they 
are equally satisfactory with either d-c or a-c welding ap¬ 
paratus. Both are being used throughout; a-c welding 
was found to be e^ecially useful for welding into comers. 

All welding on the tube parts and to date on the “horse¬ 
shoe” has been manual welding. The 2 declination¬ 
bearing housings were produced using automatic welding 
for the longitudinal and external circumferential welds. 

Figure 3 shows a stage in the fabrication of the prime- 
focus cage. The lower main ring of the cage was formed 
on the floor plate and the uprights, formed elsewhere as 
detail parts, were assembled as shown. The ring is approxi¬ 
mately 22 feet in outside diameter and the cage is roughly 
12 feet long with the top ring in place. The gauge for con¬ 
trolling the proper radius and for accurately locating the 
pieces of tubing that are in evidence, may be noted. The 
simple method for supporting and clamping the ring both 
inside and out is shown. The use of intermittent welding 
may be noted in most of the parts. 

Figure 4 shows work in progress in the fabrication of one 
of the end sections of the “horseshoe.” This “horseshoe” 
has an outside diameter of approximately 46 feet. The 
plates used to form the inner and outer bands were pre¬ 
formed, and are 4 V 2 inches thick and 60 inches wide. One 


rigure 3. Fa^cation of bottom ring and uprights of prime- 
focus icage. Note that claiTiping blocks, struts, and stays are 
at^ched exactly where wanted by welding; they are readily 
removed later 


Figure 4. Early stage in fabrication of one section of the 
yoke "horseshoe" 


side plate was formed first. This plate was then clamped 
down and the inner and outer bands moved into position 
and clamped around the outside. Clamping blocks were 
welded to the bands as shown. The internal plates and 
reinforcing members were fitted in place and secured by 
tack welding. After properly fitting the cellular or box¬ 
like structures that fasten to the outer band and fixing the 
various component parts by welding a bar across them, 
they were removed from the main part and welded imder 
the most ideal conditions on the floor. This had a double 
advantage: It permitted turning them in any position to 
get the best welding, and it avoided undue heating and 
stressing of the main members by the considerable amount 
of welding necessary. There are 5 of these sub-assemblies, 
2 of which are shown in place in figure 4. 

All the telescope parts are being carefully annealed to 
relieve internal stresses. A double annealing cycle is 
being used: first heating to from 1,150 to 1,200 degrees 
Fahrenheit, holding for a period of 3 hours for the first one 
inch of thickness or fraction thereof, followed by a slow 
cooling in the furnace until the temperature has fallen be¬ 
low 600 degrees Fahrenheit; and then repeating this cycle 
in its entirety and coiling below 300 degrees Fahrenheit 
before the furnace doors are opened. 

As an example of the accuracy with which the parts were 
held to size throughout welding and annealing, when the 
prime-focus cage was placed on the boring mill to face the 
lower end where it bolts to the top ring of the tube, the de¬ 
parture from roundness was not greater than Vw inch. 
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Electrical Computer Eliminates Calculations 

Based upon an exact electrical analogy of a mechanical system, a specially 
constructed electrical computer eliminated many laborious calculations in 
designing the overhead catenary system (or an extensive railroad electrification 

By FRED H. HEDIN 

ASSOCIATE AIEE 


M any engineering applications involve the solution < 

of numerous laborious and repeated calculations ( 
of a similar nature. The design of the overhead 1 
catenary for an extensive railroad electrification, which : 
is typical of such applications, involves the determination 
of the shape of a messenger cable for thousands of spans < 
that differ only in length and in the location and values 
of the supported loads. During the design of a recent 
railroad electrification, a squad of from 15 to 20 men were 
continuously employed by the engineers on such calcula¬ 
tions for a period of about 2 years. Both the volume and 
required accuracy of these calculations led to a search for 
some simple computing device whereby the most monoto¬ 
nous part of the calculations might be eliminated and the 
progress of the work expedited. The purpose of this 
article is to describe the computer which was developed 
for this purpose. 

The Problem 

As is well known, the contact wire of a catenary system 
is supported directly or indirectly by means of hangers 
from a messenger cable, which in turn is supported at 
intervals of from 200 to 300 feet on structures transv^e 
to the tracks. For the modem high-speed electrification, 
where heavy currents are collected at speeds of the order 
of 90 miles per hour by means of the sliding contact of a 
pantagraph, it is of paramount importance that the riding 
contact wife be in nearly a horizontal plane, or if a change 
ill elevation is necessary, that the change be smooth and 
gradual. 

On tangent track, with no special work such as cross¬ 
overs or turnouts, the computation of the shape of the 
loaded messenger, for the purpose of selecting hanger 
lengths to give a smooth-riding contact wire, is compara¬ 
tively simple. Tables or templates are used, as the load 
is distributed uniformly and there is practically no error 
ill the assumption that the messenger takes a paraboUc 

shstp®* 

However, at interlocking points and yards, the problem 
is much more difficult. The intersection of the catenary 
from different tracks, as well as the design of air breaks 
for sectionalizing purposes, requires that the wnt^t 
wire be raised or lowered wi th respect to its normal ndmg 

Written especially for Elbctiucai. ENO*NBB*iNd. 
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datum, with resultant changes in messenger loading 
(since the contact wire is itself under high tension). Also 
the concentrated loads of sectionalizing insulators, which 
may amount to several hundred pounds, must be carried. 
The resultant shape of the messenger, under the various 
concentrated and distributed loads that may exist in a 
span, is no longer a smooth and simple mathematical 
curve and must be calculated by the laborious step-by- 
step moment method. The various spans usually have 
different loadings because of physical obstructions in 
locating structures and variations in existing track layout. 

Not only are the computations laborious and monoto¬ 
nous, but they consume much time because of the added 
necessity for checking. It is difficult and very eaqiensive 
to make field correction, because of the flexible nature of 
the catenary and because the installation may be made 
under an extreme temperature condition, which affects 
the messenger shape. 

A typical span, selected from thousands of sumlar ones, 
is shown in figure 1 (a). The messenger loading and shear 
diagrams also are shown in figure 1(& and c). 

The problem therefore was essentially this: Given a 
flexible cable, strung at known tension, over a known span, 
between fixed supports, and subject to known vertical 
loads, at known points in the span; to develop a simple 
and accurate device to determine, quickly and automati¬ 
cally, the reactions at the supports and the complete shape 
of the cable. Further, the device must be equipped to 
handle variations in the given factors of tension and span 
length, as well as direction, location, and number of 
vertical loads. 

Evolution of tile Circuit 

During the Course of the search for a fundament^ basis 

for such a computing device, the foUowing analogy was 

visualized, more or less accidentally : First, referring to 
figure 2 (a), consider tiie simple case of a m^^ger of 
span X and given horizontal taision T, subjected to a 
single concentrated load Tf at; any point in the span. 
Then the part of the load W carried at each messenger 
support (reactions), and the shear in the messenger is as 
shown. Then, consider the electrical analogy as shown 
in the simple circuit figure 2 (5) . A resistor of any l^gth» 

and of any uniform resistance per unit of lengm, ^^ a 
current I supphed to it at the same relative point m its 
length as the mechanic^; load is in the messen^ ^an. 
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If the 2 ends of the resistor (or current divider) are tied 
together to a connnon return circuit, then the division of 
the current is as shown. 

By comparison of (a) and (&) of figure 2, it is at once 
apparent that a useful analogy exists. The mechanical 
load W seems to divide and “flow” to each messenger 
support, exacliy as though the messenger were a uniform 
resistance connected as shown in (b). Therefore, it can 
readily be seen that if a constant value of pounds per 
ampere is assumed, and if an ammeter is calibrated directly 
in pounds on that basis and connected as Asia, figure 2 (c) 
and 2 similarly calibrated ammeters are inserted in the 
circuit as Ai and A 2 , and if the input (or “load”) current 
is regulated by resistance J? so that A 3 reads W pounds; 
then Ai and Ai will read, directly in pounds, the reactions 
JUi and Ri. 

This analogy was based upon the simplest kind of a 
span with only one concentrated load. The question 
that now naturally arises is whether the division wiU be 
made correctly should additional currents be supplied 
rsimultaneously to other points of the resistance divider, 
to represent other concentrated loads on the messenger. 
The messenger itself acts to distribute the various con- 
•centrated loads to each support exactly as though each 
load were acting alone on the messenger, the summation 
^f each individual load’s reaction being the total reaction 
.at that support. It can be demonstrated by rigid proof 
that the electrical circuit as shown acts in an identical 
manner. This proof is somewhat involved for the pur- 
•pose of this article, but it can be visualized partially by 
noting that, although there are various IR drops in various 
-parts of the resistance divider due to the application of 
iseveral “loads,” nevertheless, if any point in the divider 
is considered as a point of application for still another 
‘“load,” the total potential drop from the proposed point 
<of application to either end of the divider tube is the same. 
'Thus the existence of other “loads” on the resistance 


divider does not affect the correct distribution of a pro¬ 
posed additional “load” and only serves to require a little 
more “push” to get the load into the divider. This extra 
“push” is provided by cutting out a slight amount of 
additional resistance in the load-applying circuit. Since 
this resistance always is regulated to produce the correct 
“load” reading on the ammeter in its circuit, the final 
position of this tmcalibrated load-regulating resistance is 
not important. 

Another interesting fact revealed by comparing (a) and 
(b) of figure 2 is that the current distribution in the divider 
is identical with the shear diagram for the messenger. 
The current even reverses its direction at the same point 
as the shear passes through zero. This analogy is true 
for any number of applied loads on the messenger if corre¬ 
sponding “load” currents are supplied to the resistance 
divider. 

From the foregoing facts, one more step now is possible. 
In a messenger span under given tension, the sag at 
various points is proportional to the total moment at these 
points. The moment involves load and length (moment 
arm). Similarly, the voltage drop from any point on the 
resistance divider to either end is dependent on the current 
(load) and resistance (length) of the section. Therefore 
it might be surmised that a definite relation exists between 
the sag at a given point on the messenger and the voltage 
drop from the end of the properly loaded resistance divider 
to a corresponding point on the divider. If this is in¬ 
vestigated mathematically, the following formula results: 

V = wpkT X sag in feet 

where 

p is the relation between the length of the span and the length of 

the resistance divider in feet. 

h is the amperes per pound used to calibrate the load and reaction 

meters. 

w is the ohms per foot of the resistance divider. 

T is the messenger tension. 
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The constants w and k may be incorporated in the 
calibration of the volmteter; the factors p and T, which 
are constant for a given problem but may vary in different 
problems, are calibrated into the voltmeter for the maxi¬ 
mum span length and minimum tension (i.e., maximum 
sag) that are likely to occur. Then the voltmeter reading 
is reduced by a variable series resistor, calibrated in the 
ratio of tension to span length, for computing other prob¬ 
lems involving greater messenger tension or shorter span, 
or both. Thus, the voltmeter will read the sag directly 
in feet if one end is permanently connected to the ends 
of the r^istance divider and the other end arranged to 
contact the divider at any point where the corre¬ 
sponding messenger sag is desired. 

Construction of Computer 

A computer was designed and constructed according to 
the described electromechanical analogy. The complete 
wiring diagram is shown in figure 3, and the completed 
computer is shown in figures 4 and 5. 

A choice of design constant^, was available, and the 
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Figure 2. Ele- materially affect the proper division of current and would 
mentary analogy not be readily apparent, it was decided to incorporate the 
between a loaded span length factor into the voltmeter multiplier circuit. 

cable and the sim¬ 
ple electrical cir- Operation and Results 
cuit shown 

A systematic method of operating the computer was 
developed. Standard data forms were printed and given 
to the men laying out the catenary design. This form 
was provided with a tabular arrangement for listing in 
order: (1) the value and direction (up or down) of the 
messenger loads, starting from the left support; (2) the re¬ 
spective distances of these loads from the left support in per 
cent of the total span; (3) the total load carried by the 
messenger; and (4) the ratio of tension to span length. For 
use of the computing-machine operator, space was pro¬ 
vided for listing: (1) the sag at each load point, and 
(2) and (3) the reactions Ri and R^. A separate sheet was 
used for each span and labded with the numbers assigned 



VOLTMETER,SCALE: 0-8 FT SAG 


design was evolved from the usual balance of one against 
the other. A special effort was made to locate controls 
and meters so as to give a visual picture of the loaded 
messenger, for ease in manipulation. 

The main problem was to secure extremely sensitive 
meters. The voltmeter must have unusually high re¬ 
sistance because its current requirement acts as a “load” 
on the divider. Any resistance in the reaction ammetas 
causes, in effect, an extension of the length of the divider 
resistance. The divider scale is extended beyond the 
actual ends of the divider to eliminate any such error, 
but any appreciable extension of this scale would result 
in a “blind spot” for the application of “loads” that are 
close to the messenger supports. Also the load oirrent 
and divider resistance had to be kept as low as possible to 
avoid heating and to keep the size of the computer within 
reasonable bounds. Special meters having cobalt steel 
magnets to give very high sensitivity were needed to 
obtain dose accuracy in the solution of this problem. 

As shown in figure 3, sUding contacts were used for 
applying the “load” currents to the divider. Although m 
general sliding connections are not satisfactory for good 
contact, it should be noted that, because of the inherent 
features of the circuit, no error is produced if the contact 
resistance varies slightly from day to day as the coi^t 
current still is suppUed by the “load” circuit since it is 

read directly on the ammeter. 

It should be noted also that, although the comput^ 
could be designed so that the divider s<^e,is cdi|pted 
directly in feet of span, this would require 
nection to one end of the divider, be a sli<^n^^ectiom 
As any change in ccmtact resistance of this slider would 
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to the particular messenger and structures involved. At 
various timS thesf Sh^ts wore coUected from all tte 
deagnets and given to the computing machine oprator. 
He then set up the prbblems on the machine and <»m- 
pleted the data riieets fronj the meter readmgs. The 
complete sheets were retuihed to the derigners and tte 
data used to calculate hangers. ^ _ 

The computing-ma<iine operator’s procedure, for 
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given span, is as follows (see figures 3 and 4): With the trical knowledge. It is practically foolproof, and the 
data sheet as a guide, the operator sets the load sliders, operator can use it continuously for long periods with¬ 
in order from left to right at their given percentage loca- out going “stale” as he may with continuous mathe- 
tions on the divider scale. Then the toggle switches for matical calculations. 

the directions of the various loads are set, starting from Results obtained with the computer have been very 
left to right, from the data sheet (the loads are usually satisfactory. Accuracy has been of the order of V* 
downward). The extreme left load ammeter key then is cent, whichisequalorbetterthanthatobtained by slide rule, 
depressed, inserting the load ammeter in the extreme left The most important gain has been in saving time. A 
slider circuit, and the corresponding load regulating re- careful check has shown that the computations for a span 
sistor is adjusted until the load ammeter reads the given are completed in an average time of 5 minutes on the 
messenger load nearest the left support. The load am- computer and are self-checking; the same computation, 
meter key then is released and returns to its normal done “by hand” requires approximately 40 minutes in¬ 
position, leaving the first load set and the ammeter avail- eluding checking time by a higher-salaried designer. One 
able for setting the next load. The load is set for the computer and one operator can handle these computations 
next slider location in the same way, and the procedure is for a large squad of designers, 
repeated for all the required load circuits. The divider 

now is completely “loaded.” Other Problems Can Be Solved 

Without further manipulation, the reactions may be 

read, immediately, on their respective meters and noted The most common practice at present is to use stranded 
on the data sheet. The 2 reactions as read on the meters cables between guyed columns as supporting structures 
are added, and their sum should exactly equal the total for the catenary, instead of beams or trusses. The only 
messenger load given on the data sheet. This is practical difference between the solution for the shape of these 
proof that no mistake has been made in setting the various messengers and the longitudinal messengers, is that the 
loads. Although it is possible that compensating errors former is designed for constant sag for different spans 
may give the same result, the chance of such errors is so rather than constant tension. The shape of these cross¬ 
remote that results may be considered entirely satisfac- span messengers also is solved on this computer as built, 

with only a slightly different manipulation of the tension- 

Without changing the load setup, the next step is to to-span ratio multiplier, 
set the voltmeter multiplier scale on the tension-to-span Many other mechanical problems may be solved on 
ratio given on the data sheet. Then the sags, which slightly different computers involving essentially the same 
d.etermine the shape of the messenger, are read directly circuit and analogy. It illustrates one more surprisingly 
(in feet) from the sag yoltmeter by successively moving exact analogy between electrical and mechanical laws, 
its slider to the load locations 
on the divider scale. The sag 
at any oth^ point in the span 
may be read by moving the 
voltmeter slider to the corre¬ 
sponding point on the divider 
scale. The controls then are 
brought to zero, and the 
computer is ready for another 
problem. 

The computer requires very 
little intelligence to operate 
and no mechanical or elec- 




Figure 4 (above). Front and 
top view of the computer as 
built/ showing compactness and 
logical location of apparatus for 
ease in visualizing problem 


Figure 5 (left). Bottom view 
of finished computer, showing 
compact arrangement of wiring 
and equipment 
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Report of the Board of Directors 


T he board of directors of the American 

Institute of Electrical Engineers presents herewith 
to the membership its fifty-third annual report, for 
the fiscal year ending April 30, 1937. A general balance 
sheet showing the condition of the Institute’s finances on 
April 30, 1937, together with other detailed financial 
statements, is included herein. This report contains a 
brief summary of the principal activities of the Institute 
during the year, more detailed information having been 
published from month to month in Electrical Engi¬ 
neering. 

Board of Directors’ Meetings 

During the year, the board of directors held 5 meetings, 
4 in New York City, and 1 at Pasadena, Calif. The 
executive committee meetings in December and March 
were held in place of regular meetings of the board. 
Information regarding many of the more important 
activities of the Institute which have been under con¬ 
sideration by the board of directors and the committees is 
published each month in the section of Electrical 
Engineering devoted to “News of Institute and Related 
Activities.’’ 

President’s Visits 

President MacCutcheon attended the winter convention 
and the South West District meeting. He also visited 
many Sections, and a considerable number of educational 
institutions in their vicinities. In several cases, he 
addressed assemblies of engineering students, while in 
other cases he spoke at meetings of the AIEE Student 
Branches. 

The places visited are listed below: 


Alubamii 

Alabama Section, Birmingham 
Alabama Polsrtechnic Institute, 
Auburn 

University of Alabama, Tuscaloosa 

Caltfornia 

Los Angeles Section 
San Francisco Section 
Univerrity of California, Berkeley 

Colorado 

Denver Section 

University of Colorado, Boulder 

Coimecticut . „ . „ , 

Connecticut Section and Yale Uni¬ 
versity, New Haven 

District of Columbia 

American Engineering Council, 
Washington 

Florida ^ . 

Florida Section, Jacksonville, 
Gainesville, and Miami 
University of Florida, Gainesville 

Georgia 

Atlanta Section 

Georgia School of Technology, 
^Atlanta ; 

: Idaho. . . . ' . 

University of Idaho, Moscow 


North Carolina 

North Carolina Section, Raleigh 
Duke Univer^ty, Durham 
North Carolina State College, 
Raleigh 

Ohio 

Akron Section 
Columbus Section 

Oklahoma 

Oklahoma City Section 
Oregon 

Portland Section 

Pennsylvania 
Brie Section 
Philadelphia Section 
Pittsburgh Section 
Sharon Section 

Rhode Island 

Providence Section and Brown 
University 

South Carolina 
Columbia 

Clemson Agricultural College, 
Clemson 

South Dakota 

District No. 6 Conference on Stu¬ 
dent Activities, Brookings 


Tennessee 

East Tennessee Section, Knoxville 
and Chattanooga 

Texas 

South West District meeting, Dallas 
Houston Section and Rice Institute 

Utah 

Utah Section, Salt Lake City 
University of Utah 

Virginia 

Virginia Section, Richmond 

Washington 
Seattle Section 
Spokane Section 

State College of Washington, Pull- 


Wlsconsin 

Madison and Milwaukee Sections 
in Milwaukee 

Summer convention committee, 
Milwaukee 

Canada 

Toronto (Ont.) Section 
' Vancouver (B. C.) Section 


Illinois 

Chicago Section 
Maryland 

Baltimore Section and student con¬ 
vention 

Massachusetts 
Boston Section 
Lynn Section 
Springfield Swtion 
Worcester Section 
Worcester Polytechnic Institute, 
Worcester 

Michigan 

Detroit-Ann Arbor Section 
Minnesota 

Minnesota Section, Minneapolis 
Missouri 

Kansas City Section 
St. Lotds Section 

Montana 

. MontanaSection 
Montana State College, Bozeman 

New York 

New York Section 

Winter Convention, New York City 

Board of Directors Meetings, etc. 


During May and June, President MacCutcheon will 
visit the .Cincinnati, Ithaca, Lehigh Valley, Cleveland, 
and Rochester Sections, and Massachusetts Institute of 
Technology Branch, and will attend the North Eastern 
District meeting, Buffalo, N. Y., and the summer conven¬ 
tion, Milwaukee, Wis. 

National Conventions 

Two national conventions were held during the year, 
and a brief report on each follows: 

Summer Convention. The fifty-second siunmer conven¬ 
tion was held at Pasadena, Calif., June 22-26, 1936, 
combined with the twenty-fourth Pacific Coast conven¬ 
tion. Forty-two technical papers were presented at 9 
sessions, and 10 student papers at 2 additional sessions. 
Six conferences were held. Other parts of the 

convention were the annual business meeting of the 
Institute, conference of officers, delegates, and memb^s, 
an address by Doctor R. A. Millikan, golf and tennis 
tournaments, president’s reception and dance, banquet, 
^vi d ladies’ events. The Lamme Medal for 1935 was 
presented to Doctor Vannevar Bush, of Cambridge, Mass. 
The registration was 715. 

Annual Meeting. The annual business meeting of the 
Institute was held on Monday mpnnng J^une 22, as part 
of the opening session of the s umme r convention. The 
annual report of the board of directors for the fiscal year 
ending April 30, 1936, was presented in abstract, the 
committee of tellers reported upon tiic election of officers 
for the administrative year beginning Au^st 1, 1936, and 
a financial report was presented by National Treasurer 
W. I. Slichter. President-Elect MacCutcheon respoiided 
to the announcement of his dectioh with a brief addre^. 

Winter Convention.^ The twenty-fifth wintdr conven¬ 
tion, held in New York aty, January 25-29, 1937, was 
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opened by a brief general session including an address of 
welcome by C. R. Beardsley, chainnan of the winter 
convention committee, an address by President Mac- 
Cutcheon, and a brief announcement regarding the tech¬ 
nical sessions by H. S. Osborne, chairman of the 
program committee. President MacCutcheon announced 
the award of the Alfred Noble Prize for 1936 to Abe 
Tilles, instructor in electrical engineering at the University 
of Califorma. During the 13 sessions held, 56 papers were 
presented. At an evening session, the Edison Medal 
was presented to Doctor Alex Dow, and John C. Parker, 
vice-president, Consolidated Edison Company of New 
York, Inc., gave a lecture on “Power and People.” Nu¬ 
merous inspection trips aroused keen interest. Hie 
registration was 1,165. 


approximately the eastern half of the state. Dinner 
meetings were held in Knoxville and Chattanooga on 
September 18 and 19, respectively, with excellent attend' 
ance and much enthusiasm. 

The final report of the special committee to revise' 
Section territories, appointed by action of the board 
directors in 1935 to develop plans for extending Section 
temtoiies and the formationi of new Sections to include 
in so far as practicable all parts of the United States, 
was presented at the meeting of the board of directors 
held on January 27, 1937, and the actions recommended 
were approved, the changes in territories to become 
effective August 1, 1937. The changes will bring within 
Section territories nearly one-half of the few hundred 
members now outside. 


District Meetings 

Two District meetings were held during the year and 
brirf reports follow. 

North Eastern District Meeting. Held in Ne^y Haven, 
Conn., May 6-9, 1936, with a registration of more tlian 
300 members, students, and guests. The program con¬ 
sisted of 11 technical papers, 4 special addresses, 9 student 
papers, inspection trips, and entertainment events. 

South West District Meeting. The sixth South West 
District meeting was held in Dallas, Texas, October 26-28, 
1936. Thirteen technical papers and several special 
addresses were presented at 5 technical sessions, and 9 
student papers at 2 student sessions. A special address 
was given by Doctor Matthew Luckiesh at a luncheon 
meeting held jointly with the Dallas Electric Club. 
There were also numerous inspection trips and enter¬ 
tainment events. The total registration was 533, in¬ 
cluding 179 students. 

Sections 

The activities of the Sections during the past year 
were outstanding in several respects, particularly with 
respect to the unusually large total number of meetings 
held, and the extensive efforts to determine and arrange 
for meetings of types of special interest to the members. 

Seven or more meetings were held by each of 46 Sec¬ 
tions, and only 4 Sections held fewer than 4 meetings. 
There was a great increase in interest in technical groups, 
special technical meetings, technical lectures, technical 
committees, discussion groups, and other arrangements 
desired by Section members. Twenty Sections conducted 
meetings of these special types in addition to the regular 
Section meetings. Six Sections offered courses of in¬ 
struction on engineering subjects. Several Sfections held 
local group meetings at points distant from regular 
meeting places. 

Int^est of th6 Sections in student activities was shown 

by the holding of the usual joint meetings with Branches, 
the sponsoring of student conventions, etc. 

The Bust Tennessee Section was organized on Septem¬ 
ber 2, 1936, under authority granted by the board of 
directors on May 25, 1936, including as its territory 


Detailed information on these activities may be found 
in the annual report on Section and Branch activities in 
the June issue of Electrical Engineering, pages 762-5, 

Student Actmties 

Under authority granted by the board of directors at 
its meeting held on January 26, 1937, the Columbia Uni¬ 
versity Branch was organized on February 19, and the 
Tulane University Branch was organized on March 1, 
bringing the total number to 119. 

The total number of meetings reported exceeds that 
for any previous year, and the total number of talks by 
students is practically equal to the largest number pre¬ 
viously reported. However, a considerable number of 
Branches reported less than a normal number of meetings 
and no talks by students. 

Students have shown an increasing interest in the 
opportunities to take active parts in the technical pro¬ 
grams of national conventions and District meetings. 
One student technical session was included as part of the 
Nor^ Eastern District meeting in New Haven, 2 such 
sessions were held during the combined summer and 
Pacific Coast conventions in Pasadena, and 2 such sessions 
were held as parts of the South West District meeting in 
Dallas. The quality of the content and the presentation 
of the student papers inspired many favorable comments 
by Institute members. 

The terms of enrollment of 1,253 students expired on 
April 30, 1937, and 674, or about 54 per cent, applied for 
admission as Associates. The percentage during the past 
few years has been approximately 50. 


Table I, Section and Branch Statistics 


For Fiscal Tear Ending 

Apraso, April 30, April 30, April 30, 
1931 1933 1935 1937 


Sections 


Number of Sections. 

. 69.. 

.. 60.. 

61.. 

62 

Number of Section meetings beld. 

491.. 

.. 498.. 

.. 621.. 

.. 621 

Total attendance...... 

.108,523.; 

..73,806.. 

..73,381.. 

. .74,960 

Branches 

Number of Branchs,.. 

. 109.. 

.. Hi.. 

.. 117.. 

.. 119 

Number of Branch meetings held. 

. 1,137.. 

1,026.. 

.. 086,. 

.. 1,363 

Total attendance.... 

. 61,807.. 

. .60,439.. 

. .86,629.. 

. .46,121 
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More detailed information on these activities appears in 
the annual report on Section and Branch activities in the 
June issue of Electrical Engineering, pages 762-5. 

Section and Branch Statistics 

Data on the Sections and Branches are given in table I- 

Technical Program Committee 

The work of the technical program committee may be 
considered under 3 general topics: arranging for technical 
programs under the present established procedures; 
studying alternative arrangements as to program building 
and publication of papers to determine whether any con- 
stntctive recommendations can be made; and in co¬ 
operation with other committees making arrangements 
for general meetings at Institute conventions. 

Arrangements for Technical Sessions 

Under the present unified publication policy, all papers 
for national conventions (except special addresses) and 
all approved discussions are published in Elecfrical 
ICngineering. The space allotted to the technical pro¬ 
gram committee for the current year (1,115 pages) is 
approximately Va the space used by the committee 6 
years ago. Under tliese conditions it is naturally im¬ 
possible to meet all of the desires of the technical com¬ 
mittees for sessions and for presentation of papers. For 
the summer convention, 18 technical sessions were pro¬ 
posed, 10 scheduled, and 8 postponed or rejected. Twenty- 
eight per cent of the papers submitted are rejected or 
withdrawn because of abbreviation or other modifications 
required for acceptance. Other papers, the number of 
which, of course, is not known, are not offered to the 
Institute because of these conditions. 

During the past 12 months, there have been 2 national 
conventions (the summer convention and Pacific Coast 
convention being consolidated into one) and 2 District 
meetings. At these 4 meetings, 122 papers have been 
presented. Every effort has been made by the technical 
program committee to have the meetings at the national 
conventions and, in co-operation with the District com¬ 
mittees, the District meetings as well, cover the wide 
range of interests of the Institute membership. In 
general, the papers have been of high grade, upholding 
the tradition of the Institute as to the high quality of the 
material presented at its meetings. The committee has 
continued to encourage the conference type of session at 
which papers and discussions are presented without publi¬ 
cation. Ten such conference sessions were held during the 
2 national conventions. 

Alternative Arrangements for Technical Programs 


possible of improvement. Some members of the Institute 
fed that more time and space should be given in Institute 
programs to subjects of broad general interest induding 
questions in which engineering and sodal sdence are 
jointly involved. On the other hand, many members 
would like more opportunity for a discussion at Institute 
meetings of spedalized technical subjects on the frontier 
of immediate technological advance. 

It may be questioned whether a mere extension of the 
program with present procedures as to publication and 
presentation is the best way to take care of this constant 
trend toward expansion. Furthermore, the unified publi¬ 
cation policy which has served the Institute admirably 
during the period of depression has certain disadvantages- 
both from the standpoint of program making and of 
publication. It requires relatively long intervals between 
the preparation and presentation of papers and involves 
the distribution in printed form to all members of the 
Institute of all technical papers, many of which are of 
interest to only a small proportion of the members. 

With these facts in mind, the technical program com¬ 
mittee has appointed a subcommittee which is actively 
studying the whole problem of procedures relating to- 
Institute meetings. It is hoped that based upon Uiese 
studies the technical program committee wiU, before the 
expiration of its term, be able to make specific recom¬ 
mendations for the consideration of next year’s committee. 

General Meetings 

In response to may suggestions regarding the desira¬ 
bility of having as a part of Institute conventions meetings 
of broad general interest, arrangements have been made 
for such a meeting at the summer convention in Mil¬ 
waukee. The first part of the meeting will consist of an 
address on the subject “The Engineer in a Changing 
World,” by Doctor Ralph E. Flanders, who is an authori¬ 
tative speaker on the relations between engineering and 
economic problems. The second part of the meeting will 
include a general discussion by the members of the Insti¬ 
tute on the subject “How Can Institute Programs Be 
Made of Greatest Value to the Membership?” 

Arrangements for this general session have been made 
by a special committee consisting of the chairmen of many 
of the principal committees of the Institute. Based upon 
the results of this meeting, the special committee mil 
make recommendations to the board of directors regarding 
the advisability of having similar meetings at future 
Institute conventions. 

Publication Committee 

'j'jifQUghout the year effort has been made to unprove 
the usefulness of Electrical Engineering to the mem¬ 
bership by including more articles of a general interest 


The field of Institute activities, namely, “the advance¬ 
ment of the theory and practice of electrical engineering 
and of the allied arts and sciences” is diverse and rapidly 
expanding. In spite of the very considerable provision 
made by the Institute for the publication and presentation 
of papers, it is natural that the programs should still be 


The initial budget included an extra appropnation 
specifically for this purpose, so that the publication of 
highly t e ^h n i ral papers would not have to be curtailed 
to permit the pubUcation of general interest articles. 
At the January meeting of the board of directors, a further 
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specific appropriation was granted to cover the publication 
of general interest articles. 

In requesting this latter appropriation, the publication 
committee defined the scope of general interest articles as 
follows: 

Timely review articles on various phases of electrical f^ng itiAAt-ing 
feature articles by men prominent in the Institute or in other fields 
of scientific and engineering endeavor, reprints of important elec¬ 
trical engineering papers originally published in English abroad, 
reprints of important papers published in this country in other 
fields of engineering, and appropriate general articles on economics 
and the status of the engineer written by outstanding men; also 
at times interpretive abstracts of important and highly tpoiiTuVgl 
papers published in full elsewhere in Electrical Enoinbbking; 
possibly also some English translations of important electrical 
engineering papers published originally in a foreign language. 

Starting with the January issue Electrical Engineer¬ 
ing acquired “The Easy-Reading Page.” Based on 
scientific studies and in the interests of reader comfort, 
the typography, the paper, and the ink have been selected 
to provide a nonglare easy-reading page. Many letters 
have been received commenting favorably on this change. 

In general, the unified publication plan adopted by the 
board of directors in August 1933 has been followed. 

Membership Committee 


Table III. Number of Applications Received From Enrolled 
Students and From All Others 


Year Ending 

From Students 

From All Others 

Total 

April 30,1937. 

April 80, 1936. 


.1,040. 

. 946.. 

.1,766 

April 80,1936. 


. 716 


April 80, 1934. 


. 496 


April 80. 1983. 

.674. 

. 306. 

. 979 


Table IV. 

Number of Enrolled Students 

April 30, 1937. 


April 30, 1936. 


April 80, 1936. 


April 30, 1984. 


April 30, 1938. 



Following the number of Students reported for April 30 of each year is mdirwtffi 
mtlun parentheses the number of new applications received during that year; 
the difference between this number and the reported total, of course, reflects the 
number of renewals of Student enrollment for the corresponding period. 


Table V. Number of Members in Section Territory Reinstated 


August 1, 1936, to April 80, 1937. 
Year be^nning August 1, 1986... 
Year beginning August 1,1934... 
Year beginning August 1, 1988... 
Year beginning August 1, 1982,., 


.460 

.603 

.831 

.741 

.277 


The work of the membership committee has followed 
along much the same lines as it has for the past 2 or 3 
years. Probably the most important change has been 
the increased responsibility given to the District vice- 
chairmen of the committee in connection with the Section 
membership committees in each District. The vice- 
chairmen have done an excellent job, and together wifh 
the v^ good co-operation given them by the Section 
committees, have made possible a report that shows 
marked improvement in tilie Institute’s membership 
analysis. The entire membership has again given the 
committees much assistance this year by suggesting that 
certain nonmembers be approached. A new pamphlet 
was prepared, published, and, though, written for member¬ 
ship work mainly, it was placed in the hands of every 
member of the Institute. It is titled, “Membership in 


Tabic II. Membership Statistics for the Fiscal Year Ending 
April 30, 1937 



Honor- 6-Year 

ary Fellow Member Associate Asaociate Total 


Membership on April 30. 

1936......... 

Additions 


Former members reinstated...!.' 


Peductions 

Died...,...., 

Resigned..,.; 

Transferred;.; 


Membership on April 80 , 


.11.. 

..699.. 

..3,912,. 

..6,679,. 

..4,299.. 

.. 14,800 

. 1.. 

.. 27., 

. 182.. 

.-. 871 



• • * . • 

.. 6.. 

.. 180.. 

..40.. 

..1,285 


d.... 

•• 2.. 

,. 17.. 

,. 37., 

.. 42 


12.. 

. .734.. 

..4,261,. 

..6,327., 

..6,626,, 

.,16,960 

2.. 

..19;. 

.. 26;. 

., 32.. 

.. 4 



.. 2.. 

.. 34.. 

.. 186.. 

.. 91 



.. 1.. 

.. 24.. 

.. 165,. 

.. 691 


’ • •' 

8.. 

.. 89.. 

.. 204,. 

260 


10.. 

.709.. 

..4,118.. 

.,6,791.. 

,.4,680.. 

,.16,308 


Table VI. Membership of the Institute, April 30, 1937 

I" 30, 1987, 13,489 are fully paid to 
Apni 80, 1937. The balance of 1,869 are divided into the foliowing groups: 

1 . Members owing dues to April 80 , 1936. * 

Total number of members who have not acted upon resolution of board 
of directors adopted in January 1987 providing an extension of time for 

2. Members owing dues to April 80, 1937. ..!!!!!!!!!!!!!]!!!!!!*!!! i 304 
(Diuing tim pmiod May 1 to 26, 1987, 311 members have paid dues to 

April 30, 1937, reducing the total to 1,063). 


the American Institute of Electrical Engineers.” 

The changes that have occurred in the Institute’s 
membership totals during the year are given in table II. 
The most interesting figures are those that give the change 
in total enrollment. There is shown a gain of 708 which 
is more than twice the gain reported a year ago, the first 
year of increase since the business depression. There 
was a good increase in the number of “new members 
qualified,” and the decrease of the members “dropped” 
column is encouraging. The number dropped this year 
is 526 Compared with 797 last year. 

The number of applications received increased again, 
as shown in table III, by about 11 per cent. The increase 
of some 13 per cent in Student applications for transfer, 
and the increase in applications for Student membership, 
as well as in the total Student enrollment (see table IV) 
are all very encouraging. 

Table V shows a steady decrease in delinquent re¬ 
instatements for the past 2 years. This is as it should 
be since the total number of d^nquents has been reduced 
considerably over the past 2 years. There are 1,869 
owing dues on April 30, 1937, as recorded in table VI- 
The same figure last year ^ 2,154. The figure of 460 
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Table VII. Memberships Fully Paid 




Number of 

Per 


Membership 

Members 

Cent 


as of 

Fully Paid 

FuUy 


AprU30 

as of April 30 

Paid 

1937. 


...13,439.... 

.87.8 

1930. 

.14,600... 

...12,446.... 

..85.2 

1980. 


...11,512_ 

. .80.5 

1927 (year of maximum membership).,. 

.;....18,344... 

...16,247.... 

..88.5 


Penard, John W. Purcell, John A. Rockwood, A. W. Russell, 
Charles J. Russell, Thomas Spencer, Harry B. Thayer, Carroll 
Thomas, Earle Lamar Tyler, Hugo Vecera, Francis R. Welles, 
Charles V. Woodward. 

Board of Examiners 

The board of examiners held 10 meetings during the 
past year, averaging about 2 ^/^ hours each, and con¬ 
sidered 3,787 cases, divided as shown in table IX. 


Table VIII. Record of AIEE Membership 




Standards Committee 


Total Total Total Total 

Memborahip Mamborshlp Mombarahip Membership 

May 1 May 1 May 1 May 1 


1884... 

71 

1890... 

.. 1,133 

1013... 

.. 7,654 

1927.... 

..18,344 

188.5... 

.. 209 

1900... 

.. 1,183 

1014... 

.. 7,876 

1928.... 

..18,265 

1886... 

.. 200 

1901... 

1,260 

1016... 

.. 8,054 

1920... 

..18,133 

1887... 

.. 314 

1902... 

.. 1,540 

1016... 

.. 8,202 

1930... 

..18,003 

1889... 

.. 333 

1003... 

.. 2,220 

1017... 

.. 8,710 

1931... 

..18,334 

1890... 

.. 427 

1904... 

.. 3,027 

1018.... 

.. 9,282 

1982... 

..17,650 

1891... 

.. 041 

1905... 

.. 3,460 

1019... 

..10,352 

1033... 

..17,010 

1892... 

.. 615 

1906... 

.. 3,870 

1020... 

..11,345 

1034... 

.. 15,200 

1893... 

.. 073 

1007... 

.. 4,521 

1021... 

..13,215 

1036... 

..14,200 

1804... 

.. 800 

1908... 

5,674 

1922... 

..14,203 

1030... 

..14,000 

1895... 

.. 044 

lOOn... 

.. 6,400 

1923... 

..15,298 

10.37... 

..15,308 

1806... 

.. 1,035 

1010... 

.. 6.681 

1024... 

..10,455 



1897... 

.. 1,073 

1911... 

... 7,117 

1925... 

..17,319 



1808.... 

.. 1,008 

1912... 

.. 7,459 

1926... 

...18,158 




ill table V is not directly comparable with the others since 
it represents only a 9-month period, but the same figure 
for the same period last year was 608, which indicates a 
definite trend. 

Table VII shows the percentage of fully paid member- 
sliip to be within less than 1 per cent of the highest figure 
ever recorded. An increase of 2.6 per cent over last year 
should give additional encouragement to the members. 

Table VIII gives an interesting record of the Institute’s 
growth since its founding in 1884. 

Deaths 

The following deaths occurred during the year: 

Honorary Members: Elihu Tliomaon, Edward Weston. 

Fellows: James R. C. Arniatrorig, Charlca L, Fortescue, William 
D. Gherky, Stephen Q. Hayes, Halbert F. Hill, William B. Jackson, 
Samuel M. Klntner, Frank A. I.aw3, Edward B. Meyer, D. McFarlau 
Moore, George R. Murphy, I.ouis C. Nichols, Louis F. Rcinhard, 
Albert S. Richey, Robert A. Ross, Frederick A. Scheflicr, George 
C. Shaad, Arthur Williams, Fremont Wilson. 

Members: Clinton J. Axtell, Allan Cunningham, Frederick S. 
Cutting, William A. B. Doying, Albert G. T. Goodwin, William K. 
Hale, Charles E. Hebbert, William A. Hillebrand, Joseph D. Israel, 
Haraaton McR. Jones, Philip A. Lang, Adolf J, Lobeck, Meldon 
H. Merrill, Elam Miller, Henry A. Morss, Robert E. Orr, Hugh 
Pattisom AJbert T* Perkins, Arthur J. Ralph, Crandall Z. Ro.sen- 
crans, I«stear R, Safier, John A. Simit, Guy S. Turner, William S. 
Twining, WiUiam F. White, Russell A. Yerxa. 

Associalesi Eugene L. Alexander, Alfred Alsaker, James D. Andrew, 
Walter B. Bare, Frederick H. Barrington, Irving F. Day, Burton 
L. Delack, William H. Dieringtt:, John C> Dolph, Francis E. Dono- 
hoe, WBliatn G. Ely, Paul Engleheart, Willimn H. R. Fraser, Harry 
W. FuUer, Nicholas S. Hill, John Jenkinson, Ed. C. Jerman, David 
H. Kelly, Edgar Knowltoh, Edward Fi lAwtaa, Robert Lundell, 
Fiank G. McRae, Julius Meyer, Jejwe B, Mfllard, Thomas E. 


The activities of the standards committee for the past 
year reflect the general upturn in the engineering field 
with increased interest in standardization activities. The 
AIEE committees, as well as the sectional committees 
under the American Standards Association, have been 
extremely active. Much of this activity has had to do 
with needed revisions and suggested further development 
of existing standards. 

For instance, the AIEE comniittee on applications to 
marine work is preparing an extensive revision of Standard 
No. 45, “Recommended Practise for Electrical Installa¬ 
tions on Shipboard” (Marine Rules). These rules have 
been in general use without change since 1930. The 
committee on protective devices submitted to the stand¬ 
ards committee 2 reports, one dealing with a proposed 
revision of “Oil Circuit Breaker Standards,” No. 19, now 
before a sectional committee working under ASA pro¬ 
cedure, and the other a new project, “Fuses Above 600 
Volts.” Both were ordered printed and circulated in 
report form. 

The AIEE committee on instruments and m^ure- 
riients presented a report giving latest revised data on 
sphere-gap spark-over voltages. This was published by. 
order of the standards committee in Electrical Engi¬ 
neering so that it might become generally available. 
Eventually, these data will be included in a general 
revision, now being developed by the same committee, 
of Standard No. 4, “Measurement of Test Voltages in 
Dielectric Tests.” 

Renewed activities in the devdopment of the test code 


Table IX. Applications for Admission and Transfer 


AppUcfttions for Admission 
Recommended for grsde of Associate.;..... 

Re>elected to the grade of Associate.... 

Not recommended,... ... 

Recommended for grade of Member ....... 

Re-elected to the grade of Member........ 

Not recommended.... 

Recommended for grade of Fellow.. ...... 

Re-elected to the grade of Fellow.. 

Not recommended,.,....,. 

Applications for Transfer 
Recommended for grade of Member...... 

Not recommended.,.. .... •. • •. > r • • • • • 

Recommended for grade of Fellow........ 

Not recommended. ... • 

Students _ . ■ 

Recommended for enrollment as Studmits. 

Total,...... ........ • • •: • • •"••• 


.1,077 
; 112 

3 1,192 


113 

20 

38 

171 

3 

T 


167 
, 27 

194 

. 24 

. 2 

26 

; VV." 

.2,200 


..Si787 
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series have also taken place during the past year. An 
informal session was held during last winter’s convention 
for the discussion of the codes. As a result a revised 
edition of both the synchronous and the induction ma¬ 
chines codes will be issued, and a new code added to the 
series on d-c machines. The standards committee dele¬ 
gated to the committee on instruments and measurements 
the development of a code for measurements. Likewise 
the subcommittee on sound has ojffered for approval a 
“Code for Apparatus Noise Measurement.’’ 

Many of the ASA sectional committees on which t he 
Institute has representation have been similarly increas¬ 
ingly active. The sectional committee on transformers 
is a,bout to issue a very complete report on transformers. 
This will embody not only the revised and enlarged stand¬ 
ards themselves, but will include as appendices, the test 
code and guides for operation of transformers. The 
sectional committee covering graphical symbols, letter 
S 3 rmbols, and abbreviations, has been completely re¬ 
organized and is now revising the standards developed by 
its predecessor. The sectional committee on itigiilafpd 
wires and cables is about ready to issue a series of both 
revised standards and new ones. These represent only a 
few of the active sectional committees. 

The Institute’s co-operation through the standards 
committee was sought in several general fields. An 
appointment was made of a representative on a research 
committee on grounding to study the whole situation. 
Representation was also had on a committee on radio¬ 
electrical co-ordination, a field whose scope and possi¬ 
bilities will require much careful co-operative study and 
co-ordination work. The most recent development was 
the (^mmittee on international standardization of photo- 
inetric units to which appointment was made on invita¬ 
tion of the National Bureau of Standards. 

It might be well to point out in closing that there 
seems to be a general tendency under ASA procedure for 
sectional committees to issue reports in which are com¬ 
bined not only standards, but much related material. 
This is of particular interest from a historical viewpoint. 
When devdopm^t was proposed by the Institute of * 
codes and operating recommendations in particular much * 
opposition was incurred and argument offered opposing ^ 
such ^tivity. Finally, approval was obtained on the ^ 
basis that such reports when issued must be entirdy dis- ^ 
tmct from the accepted standards. Evidently, a better 
understanding of the subject matter has eliminated oppo- I 
sition to such projects. 

U.S. National Committee of the lEC i 

TOe year has been an active one fot the Inter- » 

natonalElectro^calConumssionforayearinwhich “ 

The commission has | 

^^s^draed by tte deaths of two of its honorary presi- 
Professor Ehhu Thomson and Professor Paid Janet « 

be e^or^^““'’’^ 2 

di^^^T committees as foUows were hdd 

during the year; storage batteries—number 21, alu- 2 


lU minum—^number 7, radio . communication—number 
>n dectrical installations on shipboard—number 18, and 
d international electrotechnical vocabulary—number 1. In 
i- addition, the international special committee on radio 
le interference hdd a meeting. 

i- President Burke has continued to devote his attention 

s to the finandal affairs of the commission, so that tlie 
e commission ended its fiscal year on January 1 in tlie most 
a favorable financial position which it has enjoyed for a 
number of years. 

e Meetings of the following advisory committees will be 
- hdd in Paris June 17-23, 1937: 

5 . 

Rating of electrical machinery, transformer section only—^number 2 
Standard voltages and currents and high voltage insulators—number 8 
: Electric traction equipment—^number 9 
‘ Electrical measuring instruments—^number 13 

It is expected that thfe U.S. national committee will be 
represented at these meetings by a good delegation, which 
wm be headed by President Sharp. In addition, there 
will be hdd in Paris, June 30 to July 3, an international 
conference on acoustics. The purpose of this meeting 
will be to make plans as to the handling of a comprehensive 
program of standardization in the acoustic field. The 
confereiice will be hdd under the auspices of the lEC, 
but it is not yet certain as to how the international 
acoustical work will be set up. The work originally was 
proposed to the lEC by the international consultative 
committee on telephony (CCIF), and it is now contem¬ 
plated that the work will include definitions, units, nota¬ 
tions, ^aphical symbols, methods of measurement and 
measuring apparatus, including noise meters, dectro- 
tech^cal acoustics, recording transmission and repro¬ 
duction of sound (except telephony), architectural acous¬ 
tics, noise abatement, etc. Acoustical work in the United 
States is well advanced, 3 important standards in the 
fidd having been approved as American standards. The 
sectional committee in charge of the work is a most 
authontatiye and representative body. The U.S. national 
committee is accordingly in an excellent position to take 
^e of tWs work on behalf of American industry. The 
U.S. national committee will be represented at the 
meetings by President Sharp, Doctor Harvey Fletcher, 
and probably others. 

The following reports of progress in specific technical 
projects will be of interest: 

International ELBcmoTBCMNicAL VocABtJLARY---NTO«BBR 1 

^ ^ i” 

V::. progressed to the point where it is olanned to 

The vocabulary irillcontaL 
over 2,000 samtific and industrial terms used in the various branches 

sJSS,:fd^r 

oove^fi^eZ^ the tot of which 

covers fmdamental and general definitions. The others tnore 

^e^^y deal with: machines and transformers; switchgear and 
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While the committee developing this “International Vocabulary” 
appreciates that it does not constitute a complete unification of 
electrotechnical nomenclature, it bdieves that through periodic 
review and revision based on the constructive criticism of electricians 
of the world, it should become increasingly valuable to engineers. 

As the edition will be limited, copies should be reserved at once 
by writing to the U.S. national committee of the International 
Electrotechnical Commission at 29 West 39th Street, New York. 
The price of the “Vocabulary” will be about $2.50. 

Steam Tvtrbinbs—^Nxtmbbr 6 

The secretariat for this project is hdd by the U.S. national com¬ 
mittee, and during the year they prepared an appendix to lEC 
Publication No. 46, “Rules for Acceptance Tests for Steam Turbines 
—Supplementary Notes to Section 4, Instruments and Methods of 
Measurement,” which was sent to the central office during the year 
for circulation for final approval under the 6-months rule. Active 
work is now going forward on expanding the rules to cover non¬ 
condensing back pressure extraction and mixed pressure turbines. 

Insulating Oils—Number 10 

The U.S. Tifttiftnal committee appointed a representative on an 
international subcommittee to draw up an ideal testing procedure 
for determining the sludging properties of insulating oil. This work 
is going forward. 

Terminal Markings—^Number 16 

During the year the American standard on rotation, connections and 
terminal markings for dectric power apparatus was approved and 
printed. This document has been transmitted to the central office 
to become the American part of the international specifications for 
terminal markings. 

Switchgear—Number 17 

During the year the draft lEC spedfication for a-c circuit breakers 
was studied by the U.S. national committee, and approved for 
service as an international standard. It is expected that the revised 
edition will be published shorUy. During the year lEC Publica¬ 
tion No. 64 (“lEC recommendations for standard direction of 
motion of operating devices and for indicating lamps for circuit 
breakers”) appeared in printed form. 

Ei^ctric Cables—^Number 20 

During the year lEC specifications for tests on impregnated-paper- 
insulated lead-covered cables having voltages from 10 kv to 68 kv 
were considered and discussed. The U.S. national committee had 
objections to these rules, and voted against their issuance. 
However, these objections were withdrawn with the understanding 
that an immediate revision of the rules would be undertaken. 

The next plenary meeting of the International Electro¬ 
technical Commission is scheduled to be held in England, 
June 1938. 

Committee on Safety Codes 

The conunittee submitted proposals for expanding the 
scope of its activities in order that it might study technical 
and ^eng ineering problems in connection, with the safer 
use of electridty. The present by-laws limit the com¬ 
mittee to matters connected with safety codes which for 
years have been handled by other organizations. After 
consideration by the Institute policy committee and the 
board, no formal action was taken on the proposal for 
enlarged scope. However, the board is interested in the 
possibility that the Institute within its proper scope may 
make further contributions to the cause of safety and has 
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invited the committee on safety codes to make further 
suggestions to this end. The committee is preparing to 
comply vdth the board’s invitation in the immediate 
future. 

The chairman of the committee on safety codes, as the 
AIEE representative, attended the annual meeting of the 
electrical committee of the National Fire Protection 
Association. At this meeting the biennial revision of the 
national electrical code was made. 

The chairman represents the Institute on the committee 
on low voltage haz ards of the National Safety Council but 
was called upon for no action during the past. year. 

The chairman attended the annual meeting of the 
National Fire Waste Council in Washington. Little of 
dectrical engineering interest is considered at these^ 
meetings. 

Co-ordination Committee 

The committee followed the established practice of 
requesting District and Section officers to submit by Janu¬ 
ary 1 applications for the authorization of any national 
conventions and District meetings desired in their respec¬ 
tive Districts during the calendar year 1938, and a recom¬ 
mended schedule of such meetings has been presented to 
the board of directors and approved. 

Institute Policy Committee 

The Institute policy committee has considered and 
reported upon 2 broad questions referred to it by the 
board of directors. 

The first of these was the question of the possible 
enlargement of the scope of the committee on safety 
codes. A report was submitted to the board of directors 
generally endorsing the proposal and suggesting a review 
with specific suggestions from the committee itself. 

The committee has also reported to the board of direc¬ 
tors on the recommendation of the committee on research 
that the Institute contribute financially to the support of 
such researches as the Institute may recommend, under 
its sponsordnp, to the Engineering Foundation. An exten¬ 
sive study was made of this question, and a report was 
submitted to the board of directors indicating a divided 
opinion within the committee, and the consequent inability 
to makp- a recommendation either for or against the 
proposal. 

Two resolutions submitted , to the board of directors, 
one proposing the establishment of the office of executive 
vice-president, and the other proposing an additional 
■m^n^ for further development of the work of the Institute 
committees, to be added to the staff of the national 
secretary, have been referred to this committee and are 
now under examination. 

Special Committee to Consider Dues 

of Associates and Related Matters 

A final report of this committee was presented to the 
board of directors recommending no changes in the present 
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rules and dues. This was received and approved and the 
committee discharged. 

Committee on Code of Principles of 
Professional Conduct 

During the year a number of points were raised by non¬ 
members of the committee and these points were pre¬ 
sented by letter to the committee members. In no case 
has any member of the committee urged that any change 
be made in the present code of principles of professional 
conduct. 

Committee on Constitution and By-Laws 

This committee had no meetings, as no matters had been 
referred to it until in the latter part of the year, when it 
was requested to consider several proposed amendments 
to the constitution and by-laws of the Institute. 

Committee on 

Economic Status of the Engineer 

The committee has conducted a somewhat limited but 
pertinent study of the economic status of the engineer as 
it affects his ability to earn an income commensurate with 
his needs and his value to the welfare of mankind. This 
study has disclosed much information in reports made by 
various organizations interested in education. It is hop^ 
a further study of these data will confirm the impression 
that in general engineers have “weathered” the depre^ion 
pretty wdl. 

This committee recommends activity on the part of 
engineers in seeking channds other than the AIEE through 
which they may take active part in educating the public 
regarding affairs of significance to our economic wdfare 
which involve engineering works. For further infor¬ 
mation on this point, attention is called to the papers 
obtained by the special committ^ on Institute activities 
which will be presented and discussed at the summer con¬ 
vention. 

Committee on Award of Institute Prizes 

Five national prizes and 13 District prizes for Institute 
papers presented in 1935 were awarded to the authors. 
These awards were announced in the 1936 issues of Elec¬ 
trical Engineering for June and July. 

The committee has made a careful study of a number of 
suggestions for changes in the ^es for the award of Insti¬ 
tute prizes. As a result they have recommended certain 
changes winch have been adopted by the board of direc¬ 
tors. These changes provide that in the future the 
national prize for Branch papers shall be based upon the 
college year, i.e., July 1 to June 30 inclusive, rather than 
the calradar year as at present. They also provide for a 


Committee on Award of 
Columbia Unwersity Scholarships 

By arrangement with Columbia University, this com¬ 
mittee of the AIEE has the privilege of awarding each 
year a scholarship in electrical engineering for each class, 
the amount covering the annual tuition fees of $380. 

As a result of improving business conditions, no definite 
application for the scholarship for the academic year 
1936-^37 was received. 

Edison Medal 

The Edison Medal, which is awarded by a committee 
composed of 24 members of the Institute, was, for 1936, 
awarded to Doctor Alex Dow for “outstanding leadership 
in the development of the central station industry and its 
service to the public,” and was presented on January 27, 
1937, during the winter convention. The medal may be 
awarded annually “for meritorious achievement in elec¬ 
trical science, electrical engineering, or the electrical arts.” 

John Fritz Medal 

The John Fritz Medal board of award, composed of 
representatives of the national societies of civil, mining, 
mechanical, and electrical engineers, awarded the thirty- 
third medal (for 1937) to Arthur Newell Talbot, professor 
emeritus of engineering. University of Illinois, who was 
cited as “moulder of men, eminent consultant on engineer¬ 
ing projects, leader of research, and outstanding educator 
in civil engineering.” 

Lamme Medal 

The Lamme Medal conunittee awarded the medal for 
1936 to Doctor Frank Conrad “for his pioneering and basic 
developments in, the fields of electric metering and pro¬ 
tective systems.” Arrangements are being made for the 
presentation of the medal at the annual summer conven¬ 
tion at Milwaukee, Wis., Jime 21-25, 1937. The medal 
may be awarded annually to a member of the AIEE “who 
has shown meritorious achievement in the development of 
electrical apparatus or machinery.” 

Alfred Noble Prize 

This prize, established in 1929, consists of a certificate 
and a cash award of $500 from the income from a fund 
contributed by engineers and others to perpetuate the 
name and achievements of Alfred Noble, past-president 
of tiie ASCE and of the Western Society of Engineers. It 
may be made to a member of any of the co-operating 
societies, ASCE, AIM!E, ASME, AIEE, or WSE, for a 
technical paper of particular merit accepted by the pub¬ 
lication committee of any of these societies, provided the 
author, at the time of such acceptance, is not over 30 


District prize for graduate student papws. A revised 
is^e of the rules for the award of prizes including these 
ehanges is now bdhg printed. 


years of age. The award for 1936 was presented to Abe 
Tilles, instructor in electrical engineering at the Uni¬ 
versity of California, Berkeley. . 
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Washington Award 

The Washington Award for. 1937 was bestowed upon 
Doctor Frederick Gardner CottreU, “for his social vision 
in dedicating to the perpetuation of research the rewards 
of his achievements in science and engineering,” and was 
presented to him on February 23, 1937. This aw^d may 
be made annually to an engineer by the commission of 
award composed of 9 representatives of the Western 
Society of Engineers and 2 each of the American Society 
of Civil Engineers, American Institute of Mining and 
MetaUiurgical Engineers, American Society of Mechanical 
Engineers, and AIEE. 

Iwadare Foundation Committee 

The fifth lecturer to visit Japan was Doctor Edwin H. 
Colpitts, who has just retired from his position as execu¬ 
tive vice-president of Bell Telephone Laboratories, Inc. 
Doctor Colpitts sailed from San Francisco on March 4 
last and planned to be in Japan throughout the month of 
April. He gave 3 different lectures: “Organized Scien¬ 
tific Research in Bell Telephone Laboratories,” “Recent 
Trends in Toll Transmission in the United States, and 
“Scientific Research Applied to the Telephone Trans¬ 
mitter and Receiver.” 


Employment Service 

The Institute co-operates with the national societies of 
civil, mining, and mechanical engineers in operation of the 
Engineering Societies Employment Service with its main 
office in the Engineering Societies Building, New York. 
Offices are operated in Chicago and San Francisco also. 

In addition to the societies named, others co-operate in 
certain of the offices as follows: New York--Society of 
Naval Architects and Marine Engineers; Chicago-West¬ 
ern Society of Engineers; San Francisco—California Sec¬ 
tion of the American Chemical Society; and the Engineers 

Club of San Frandscp. . . - 

The service is supported by the joint contributions o 
the societies and their individual members who are bene¬ 
fited In addition to the publication of the employmen 

servi« announcementsiiiontlily in Elbctmcal Enginbbr- 

ing, weekly subscription bulletins are issued for those 

seeking positions. . ^ a *. 

An analysis of this employment service as reported to 

the national societies is given in table X. 

American Engineering Council 

The American Engineering Council has continued ite 
activities in the wide range of affairs wHch are found . 
within the scope of its objectives: “to further the public 
welfare wherever technical and engineering knov^edge 
and experience are involved, and to consider and ad upon 

matters of common concern to the engineering and alhed 

technical professions,” and within the ifitere^ of its 
many iheinber-bodies. 


The work of Council has, during the past year, been 
carried on by 4 groups of committees: 

1. Public affairs 

2. Engineering-economics 

3. United action of member organizations 

4. AEG operating 

Some of the principal actions taken by the assembly at 
its annual meeting held January 15 and 16, 1937, provide 
for: 

1. Efforts to encourage the completion of the basic mapping pro¬ 
gram of the United States. 

2. Continued support of efforts which will bring about ultimate 

of engineering in public works activities. 

3. Support of the proposed plan for a single court of patent appe^s. 
and opposition to the various proposals which would restrict the 
freedom of owners of patents. 

4. Initiative to be taken by Council in the formation of co-operative 
relations between its staff and committees and representative groups 
in economics and social science to enable the engineering profesaon 
to make its proper contributions to the consideration and solution 
of problems in these broader fields. 

5 Study by the executive committee of the possibility of develop¬ 
ing and carrying out a broad educational program to encourage 
rural electrification. 

A conference of secretaries of engineering societies was 
hdd under the sponsorship of Council on January 14, 
and was attended by secretaries of about 30 national, state, 
and local organizations. 

A committee of Council has continued to confer with 
representatives of the Bureau of Labor Statistics regard¬ 
ing the contents of the report upon the 1936 survey of 
the engineering profession. Three articles have been 
pubHshed. A detailed report of the survey will be pub- 
Hshed later by the bureau. 

Council appointed an advisory committee to co-operate 
with the Lewis Historical Publishing Company in con¬ 
nection with preparations for a new edition of “Who’s 

Who in Engineering.” - 

More detailed information regarding the work ol 
Council has been published frequently in Electrical 
Enginbbrino. 


Table X. Analysis of Empl oyment Service 

Men Plaeed 


Men RegUtered 


Month 


New 

York 


Chi¬ 

cago 


San 

Pran- 

ciaeo 


Total 


New 

York 


San 

Chi- Fran- 
cago Cisco 


Total 


1936 

May.... 

June....,-- 

July.... 

August.... 

... 186.. 
... 228.. 

,, 164.. 

. 61.. 
.113.. 
. 60. . 

71. 

. 78. 
66. 

. 318... 
. 414... 
. 280... 

. 46... 

. 48... 

. 47... 

114.. 

. 86. . 

. 68. 

.. 207... 

, 61... 

September. .... • 

October......... - 

November.....'. 

December....... 

.... 126.. 

126.. 

..,. 128.. 

.... 116.. 

. 82.. 
. 40.. 
. 37.. 
. '66.. 

. 67. 

. 67 . 
. 30. 

. 44. 

.. 264.. 

.. 241.. 
.. 204.. 
.. 224.. 

; 60... 

. 61..'. 

. 67... 

. 64... 

1937 

January.. 

February.-- 

March.......... 

April. 

.... 197. 
.... 282. 
.... 846. 
.... 476. 

. 48.. 
.. 88. 
.107. 
.94. 

. 69. 
.62. 
.109. 
. 78. 

.. 314.. 
.. 427.. 
.. 662.. 
.. 647 .; 

.72... 

.. 60. .. 
.. 66... 
.y 64... 

Total........... 

,.. .2,476. 

.834. 

.793. 

..4,102,. 

..666... 


30. 


82.. . 109 

22.. . 03 

85^.. 123 

83.. . 128 

20.. . 122 
27 .,. 108 
27... 120 
24... 124 

. 82... 140 
.26... 112 
. 41... 139 
. 26... 119 

.360..>1.482 
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United Engineering Trustees, Inc. 

This organization, as an agency of the founder societies, 
made further improvements in the Engineering Societies 
Building, including the redecoration of the rooms occu¬ 
pied by the library and improvements in elevator equip¬ 
ment and service, and presented a plan for resuming pay¬ 
ments to the depreciation and renewal fimd of the build¬ 
ing. Much consideration has been given to investment 
problems in order to secure the maximum income con¬ 
sistent with safely of principal. 

The UET continued as treasurer of the Engineers’ 
Coimdl for Professional Development. 

An abstract of the annual report of the United Engineer¬ 
ing Trustees, Inc., was published in Electrical 
Engineering for December, 1936, pages 1400-01. 

Engineering Foundation 

The Engineering Foundation suffered a serious loss in 
the death of its director. Doctor Alfred D. Flinn, on 
March 14, 1937.. 

During 1936, the Foundation supplied financial support 
for many research projects sponsored by the founder 
societies, notably the foUowiag: ASCE—earths and foun¬ 
dations; AIMB—-allo 3 rs of iron and barodynamic studies; 
ASME—cottonseed processing, cutting fluids, critical 
pressure steam boilers, fluid meters, boiler feed water, 
strength of gear teeth, “Cutting of Metals’’ handbook; 
AIEE—welding with pure iron dectrodes (terminated on 
September 30, 1936) and comprehensive program under 
supervision of the wdding research committee sponsored 
by the AIEE and the American Wdding Society, with the 
co-operation of industries. 

The Foundation also assisted in studies of the plastic 
flow of concrete at the University of California, and the 
plastidty of metals at the University of Pittsburgh. 

It continued to assist the Engineers’ Council for Pro¬ 
fessional Devdopment and the Personnd Research 
Federation. 

An abstract of the annual report of the Engineering 
Foundation was published in the December 1936 issue of 
Electrical Engineering, pages 1401-02. 

Engineering Societies Library 

The Engineering Sodeties Library, which was formed 
by combining the separate libraries of the 4 national 
sodeties of dvil, mining and metallurgical, mechanical, 
and dectrical engineers, and the preparation of a com¬ 
posite card catalog, has been expanded as a single engineer¬ 
ing library, which probably constitutes the best collection 
of this type of literature in the country. 

On September 30,1936, the library had 138,742 voliunes, 
7,246 maps, and 4,298 bibliographies. Books, pamphlete, 
and maps totaling 12,148 were received during the year 
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ending at that time. Current issues of 1,358 periodicals 
were recdved. Work progressed rapidly on a dassified 
index to periodicals, and the index now contains more 
than 150,000 references to artides published since 1927. 

Spedal services rendered by the library indude: photo¬ 
prints, searches, abstracts, translations, bibliographies, 
book loans by mail, etc. 

An abstract of the annual report of the library was 
published on page 1402 of Electrical Engineering for 
December 1936. 

Engineers’ Council for 
Professional Development 

This council, which was formally organized in 1932 for 
the enhancement of the professional status of the engineer, 
indudes 3 representatives of each of the 7 partidpating 
organizations: the national sodeties of chemical, dvil, 
electrical, mechanical, and mi Tiing and metallurgical 
engineers, the Sodety for the Promotion of Engineering 
Education, and the National Council of State Boards of 
Engineering Examiners. 

The prindpal activities of ECPD indude the guidance 
of young individuals thinking of entering the engineering 
fidd, the accrediting of engineering schools, ^courage-r 
ment and assistance to individuals continuing their 
engineering and cultural training during several years 
after graduation, and the establishment of suitable stand¬ 
ards for indicating the attainment of the status of an 
engineer. 

Actions were taken, at the annual meeting in October 
1936, upon curricula of 39 institutions in regions I and 
II, and a list of accredited curricula in those regions was 
issued soon afterward. Actions upon curricula of a few 
additional institutions were taken on April 23, 1937. 
Consideration of engineering curricula throughout the 
remainder of the country is proceeding rapidly in prepara¬ 
tion for actions at the annual meeting in October 1937. 

The committe on professional training sdected a few 
dries in which conditions seemed espedahy favorable for 
the establishment of operating programs for assisting 
junior engineers in their self-development. Excdlent prog¬ 
ress was made in Providence through the leadership of 
the Providepce Engineering Sodety. 

Detailed information regarding the recommendations 
submitted by ECPD to the parridparing organizations 
and other features of its activities were published during 
the year in numerous i^es of Electrical Engineering. 

Representatives 

The Institute has continued its representation upon 
many joint coinmittees and national bodies, with which it 
co-operates in a wide range of activities of interest and 
importance to enpneers and others. 

A complete list of representatives was published in the 
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September 1936 issue of Electrical Engineering and 
in the 1937 Year Book. 

Finance Committee 

The committee, as usual, recommended a detailed 
budget to the board of directors, passed upon the expendi¬ 
tures for various purposes, made recommendations regard¬ 


ing delinquent members, and performed the other duties 
prescribed for it in the constitution and by-laws. 

Haskins and Sells, certified public accountants, have 
audited the books, and their report follows. 

Respectfully submitted for the board of directors. 

H. H. Henline, 

May 24, 1937 National Secretary 


HASKINS Se SEI-L.S 

CBRTIFIBD PUBUIC ACCOUNTANTa 


22 EAST 40TH STREET 

NEW YORK 


May 21,1937 


American Institute of Electrical Engineers, 

33 West 39th Street, 

New York. 

Dear Sirs: , f 

We have made an examination of your balance ^eet as oi 
April 30, 1937, and of your recorded cash receipts and ^bur^- 
ments for the year ended that date. In 

examined or tested your accounting records and oth^ supporting 
SSe i^a manner and to the extent which we considered ap^- 
priate in view of your system of internal accounting control. W 
present the following finandal statements: 

Balance Sheet, April 30. x™ R«erve for Bonds 

Property and Restricted Funds Secunttes, Less Reserve 

of Doubtful Value (Schedule 1). 

In accordance with the terms of our ei^gement, 
other debtors were not requested to confirm to us tire 
^v^rfr^m them at April 30, 1937, anf in accord^ 

practice of the Institute, no^ovision has been made for 
riiies whic h may prove to be uncollectible. j +n 

In our opinion, based upon your 

the foregoing, the fExJb^^ 
Bnancial condition at Apnl 30,1937, ^.^“3 yS^disburse- 

B and C set forth your recorded cash receipts M y 
ments of funds, as indicated, for the year ended that date. 


Yours truly. 


Haskins & Sblls 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
fialmce Sheet, April 30,1937 


UABIUTIES 


Property Fund Investments: 

One-fourth interest in real estate and other assets of 
United Engineering Trustees, Inc., exclusive of 

„ Trust Funds..$496,948.48 

Equipment: 

Library—Volumes and fixtures.. 37 293 37 

Office furniture and fixtures (less reserve for "dV-*' 

prMiation. $27,386.77).. 6,866.65 

WOTteofart,etc... 3 00135 

Securities—at cost (market quotation value 

$10,656.28)—Schedule 1 . ’ in/uafi. 

Cash (See Exhibit C).iI; 

Total property fund investments.$564,167.75 

Restricted Fond Investments: ' ' ‘ 

Securities—at cost, less reserve for bonds of doubt¬ 
ful value (market quotation value. $207,189 62)_ 

Accrued interest recti vable. *209 16 

Total restricted fund investments. 211 492 87 

Current Assets: . 

Cash (See Exhibit B).$ 61,700.32 

Accounts receivable: 

Mei^w—For dues. 17,666.67 

t^'^'rt.sers. *532 00 

Miscellaneous.. _ 1,790.61 

Accrued interest on investments. 2 736 68 

Traksactions, etc... 2 244 60 

Text and cover paper.i.!!!!!!!!!! 4*074!21 

Work in process (May issue of Electrical* 

. ■‘.M8-97 

... 1,006.10 


Total current assets. 


. 86,647.76 
.$852,308.38 


Property Fund Reserve. 

Restricted Fund Reserves: 

Resme Capital Fund... •ion ma w 

Life Membership Fund.... ..." nn 

International Electrical Congress of St. Louis Li- * 

Lamme Medal Fund. . 4 el, 

Maiiioux Fund.i;57i;2 

Total restricted fund reserves.. 21140 ^'^^ 

Current Liabilities—Accounts Payable. » «i ? ** * 

Deferred Income: *' * > 

Dues received in advance.. 3 868 31 

Entrance fees and dues advanced by applicants for ’ 

• • • .... 684.00 

Onerred credits and other unallocated receipts. 691.70 

Subscriptions for ‘I^msactioms received in advance.. 28.00 

Reserve for prepaid subscriptions for Elbctrical 
Ekoinbbrino....;. 7.500.00 


Total deferred income. 
Surplus. 


12,769^** 

64,90# 


.$862,308 •'! ** 
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Property end Restricted Funds Securities, Less Reserve for Bonds of Doubtful Value, April 30,1937 


Face Valtt'e Property 
of Bonds Fond 

or Humber (Equipment Reserve 

of Shares Replace- Capital 

of Stock v ments) Fund 


Life 

Member¬ 

ship 

Fund 


Restricted Funds _ . 

Inter¬ 

national 

Electrical 

Congress 

of 

St. Louis . Lamme 
Library Medal Maillooz 

Fund Fund Fund Total 


Railroad Bonds: 

20 -year collateral trust convertible 6%, 

® * Ohio Rtiiroad Company 6% refunffing and genii’ 

mortage senes C, due 1995... 


Company 5% consolidated mortage,’ ’ . 

Chi^go. Bnrlin^on & ’ouiMy' 'Rtib^d cim^y sfo'^’^d 

refunding mortgage series A, due 1971... . 1000 on 

“ortgage, due’ 1982.’.’ 1,’000.00.’!!!.’ 

1936 * ^®^*‘^*®**™ Railway Company 6Vi%, due March 1, 

^ due 19?8^”‘!’“ Terminals Company 3% sinfcln’g’ fund Jiaiw B,’ ’ ’'' 

^*‘*’^*^ Company 6% first and refiiniting ’ ** 

New YOTk* A ^®74 (certificates of deposit)............ 10,000.00. 

iNew York Central Railroad Company 6% refunding and im- 

mortgage series C, due 2013, . 6 000 00 

6 % refunding a^id mi^^v;!’ ’ ' . 

_ meut mo^gage series B, due 2047.... 10 non on 

seriaU%,’aw’' ’ • • • • 

■C.;mi;^;’5’% priw Iten ’mort-’ ’ ’ 

gage senes B, due 1960 (certificates of denositl. A nnnnn 

^Stxm Pacific Railroad Company 6% scries A, due 1946 ,.,.... loioOO.OO..... 

Total railroad bonds-^(Forward) ■ ^~r, 


. $15,000.00. .$ 10,627.60. 

12 ,000.00.. 8,940.00. 

3,000.00..... 1,477.30. 


. $4,330.00...8 14,967,i 


1 , 000.00 . 1 , 010 . 00 . 

1 ,000.00.. 1,106.00. 

9,000.00............. 7,202.50,. 

4,000.00.. $4,010.00.. 

10,000.00. 9,818.73., 


8,940.O|» 

1.477, fill 

1,010.01, 

1,106.011 

7.202..‘ h , 


3,742.30.. 


10 ,000.00.. 10,062:50. 


6 , 000 . 00 ....,...., 

1 , 000 . 00 .......... 

6 , 000.00 .. 

16,000.00.... 


5,337.60;. 
5,497.60., 


$1,067.60. i .., 


7,225.00.. 


.$3.306.25.. 


996.25.,..,.......:.;. 


.,$ 4,010.00..$ 74,946.25. .$5,306.25. .$2,063:75. .$4,330.00. 


. 9,818,74 

. 6,742.64 

. 10,962,6(1 

, 6,405,Q«, 

- 6,497.64 

. 996.24 

. 5,306.2* 

, 7,225.04 

.$ 88,046.24 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Property and Restricted Funds Securities, Less Reserve for Bonds of Doubtful Value, April 30,1937 
Exhibit A, Schedule 1 (Concluded) 


Restricted Funds 

Inter¬ 

national 

Electrical 

Face Value Property Congress 

of Bonds Fund Life of 

or Number (Equipment Reserve Member- St. Louis Lamme 
of Shares Replace- Capital ship Library Medal Mailloux 

of Stock ments) Fund Fund Fund Fund Fund 


Public Utility Bonds: 

American Gas & Electric Company 5% debenture, due 2028. 

Georgia Power Company first and refunding mortgage 8 %, due 

1967.. 

Monongahela-West Pennsylvania Public Service Company 6 % 


New York Telephone Company 4V»%i due 1939. 


Shawinigan "Water and Power Company 4Vi% first mortgage 
and collateral trust sinking fund series A, due 1967.. 


United Light & Power Company 5V»% first lien and consolidated 
mortgage, due 1989. 



. $ 4,010.00.. $ 74,946.25.. $6,306.26.. $2,063.75.. $4,330.00.. 

.$ 86,646.25 

% 9 000 00 

$ A KOA 28. 

.$ 9,596.25 


A 728 no .. 

. 9,725.00 


ft Aftft ftft . 

. 8,660.00 

I'ftftftftA .SLOOO.OO.. 1,000.00 


10 ftoft nn . 

. 10,000.00 


A ftfi . 

. 4,681.25 


p pilft 

. 9,838.75 

5,000.00. 

. 4,976.00. 

.. 4,975.00 


.$ 67,376.26. 

. $1,000.00.. $ 68,376.25 


Total public utility bonds.. .* .. . . .. 

Industrial and Miscellaneous Bonds, Etc.: ^ 

Fidelity Union Title and Mortgage Guaranty Company first 

mortgage certificates (on property 78-79 Prospect Street. * 18 688 47 .$ 13,688.47 

Bast Orange, N. J.). 4%, due 1944. $14.668.00..$ 977.88. .$ 18,688.47. 

International Match Corporation 8% convertible debenture, due 2 424 18 . 2.424.18 

1941 (certificates of deposit).... • • ... 2.880.00. 4,44*.io. 

International Securities Corporation of America 8% debentures, 11070 00 ... 11.070.00 

New York Steam Corporation 6% first mortgage, due 1947 10,000.00. 10,837.50.. 

United States Rubber Company 6% first and refunding mortgage „ . .. 1,915.00 

series A, due 1947. .! " :! —- - - - ' 

a 077 KS * so 082 12 ....^ 39,932.12 

Total industrial and miscellaneous bonds, etc.•_‘ ' * * ‘ . ‘ -__ __ ■ ■ — r- -- 


Municipal Bonds: 

City of Detroit public lighting 4‘/j% A, due 1948 ......... ...... .$10,000.00.$ 10,262.80., 

City of Union City, New Jersey, improvement bond of 1929 . 10,184.60.... 

New York City 41 / 1 % corporate stock, due 1967. 2,000. . .. 

.$ 20,417.00, 

Total municipal bonds....... .. . 


.$ 10,262.50 

.. .... 10,184.60 

’ ’. *.'. $2,204.06’.. 2,204.06 

... .$2,204.05..^ 22,621.06 


Capital Stocks: " « 2 892 00 

Commonwealth Edison Company. j.'i"’’*1” V"" minnnn 

Commercial Investment Trust Corporation 4V«% jqo shares. 10,100.00... 10,100.00 

CoMSid^ti?Edi8on*CompinyofNewYork,Inc., $A 30 shares. .$ 3,060.00.. 2958.75 

Public Service Corporation of New Jersey $6.00 prrferred. 30 stow..... .. 097.80 

United Gas Improvement Company, $6.00 preferred. 30 sharw. ---^-- igOdsTs 

..$ 6,066.00..$ 16,948.26. . * 

....;•••■ 

Total...!- --— - - - 


Less Reaorv® Bonds of Doubtful Value: 


Central of Georgia Rtilway Company 5% consoUdated ^ 3 990 09 .$ 1,477.60... • • ” *... ’ 

Fli^da^Bast Coast Railway Company 8% first and refunding ^9^^9 99 .. 9,818.76. 9,818.76 

mortgage series A, due 1974. •:j" . .'.i;.'’” ’ 2 424.18 

International Match Corporation 6% convertible debentures, 2,550.00. 2,424.16..... 4,444.10 

Stf I^is-San Francisco Railway Company 8% prior hen mort- ^ oqo oo.... 8,497.60... 5,497.60 

gage series B, due 196(f..... . ---— —---- ^ _ - — ,...*19.217.90 

......$ 19,217,90.... .. - 

.. 

Total securities, less rwerve. ..... ^ - _-- --- ——— .• ^ ” 

... . $10.042.58 

Total Property Fund Securities.. .. .s nna 28 . *4,267.80. .$4,880.00. .$1 ;000.00. .$205.306.M 

Total Restricted Fund Securities. ............... ■ ' ■ * ^ ^ 


$ 1,477.60 
9,818.75 
2,424.15 
. 5,497.50 

,$ 19,217.90 
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Exhibit B 


AMERIG\N INSTITUTE OF ELECTRICAL ENGINEERS 
Statement of Recorded Cash Receipt and Disbursements of General Fund for the Vear Ended April 30,1937 


Cuh on Deposit, May l, 1936, With Nationsl City Bank of New 
York.$ 48,867.77 

Receipts: 

Dues (including $80,634.00 allocated to Elbctrical 

Bngimbbkino subscriptions). .$186,305.80 

Advertising. 29,047.01 

Transactions subscriptions.. 6,651.68 

Elbctricai, Bnoinbbrino subscriptions. 14,011.80 

Miscellaneous publications, etc. 6,176.45 

Students’ fees. 10,413.00 

Entrance fees.. 7,160.63 

Membership badges. 1,719.50 

Transfer fees. 943^00 

Interest on investments, less purchased interest. 9,057.82 

Miscellaneous. 35.64 

Total rectipts... 272,421.83 

Total....... .$3203i9.e0 

Disbursements: 

Publication expense: 

Blbctricai. Bnoinbbrino.$ 86,126.82 

Transactions. 8,714.89 

Vbar Boor. 8,846.15 

Miscellaneous publications, etc... 4,415.05 

Administrative e:g>ense8. 43,089.23 

Institute Sections..:. 35,560.93 

Institute meetings. 10,883.57 

Institute Branches. 2,888.26 

American Engineering .Council. 18,000.00 

Traveling expenses: 

National Nominating Committee. 907.88 

Geographical districts: 

Branch delegates. 6,853.06 

Executive Committees.1,405.90 

"Wee Presidents. 281.07 

Board of Directors. 6,973.49 

Institute representatives. 24.00 


Total—(Forward).$320,789.60 

Disbursements—(Forward).$219,469.80 

United Engineering Trustees, Inc.: 

Library assessment. 8,776.30 

Building assessment. 7,596.88 

Space assessment—^B.C.P.D. 450.00 

Engineering Societies employment service... 2,257.28 

Membership Committee. 7,511.80 

Standards Committee. 5,513.96 

American Standards Association. 1,166.67 

President’s appropriation. 1,791.26 

Technical Committee. 190.69 

Edison Medal Committee. 141.28 

Membership badges. 1,765.51 

Retirement salary. 2,700.00 

Finance Committee. 1,600.00 

Headquarters Committee. 44.86 

United States Committee of International Commis¬ 
sion on Illumination. 300.00 

Code Committee. 60.00 

John Fritz Medal.. 50.00 

Geographical district—Paper prizes. 125.50 

Transfer to reserve capital fund... 7,677.60 

Total disbursements.... 269,089.28 

Cash on Deposit, April 30, 1937, With the National City Bank of 
New York...$ 51,700.82 


.$219,469.80 $320,789.60 


Exhibit c 


Statement of Recorded G$h Receipts and Disbursements of Property and Restricted Funds for the Year Ended April 30,1937 


Restricted Funds 

Inter¬ 

national 

Property Electrical 

Fund Congress 

(Equip- of 

ment Reserve Life St. Louis Lamme Totai 

Repiace- Capital Membership Library Medal Mailloux Restricted 

ments) Fund Fund Fund Fund Fund Funds 


Cash on Deposit, May 1,1936, \Wth East River Savings Bank and National Ci^ Bank 
of New York.,....... .$22.47..$ 4,732.99. .$ 666.06. .$177.63. .$ 8.92. .$ 6,679.69 

Receipts: 

5“*^“ ;.. ■'• ... • • • • .. ......... • ..297.22. .$ 174.00. .$240,00, .$46.00. 

Proceeds from sale and redemption of bonds.........$ e.sVs.OO.*.' 5,780.38..' T,098 67* *.*.*.'. ”' ’ 

Transfer from general fund........................ ... 7 577,60..... " ... 


.$ 766.22 

83.84 
. 13,242.85 
. 7,677.60 


Total receipts........ ..........$13,941.40. .$ 6,161.44. .$1,272.57,.$240,00. .$46,00. 

Tot^............... i.........................-------............... .$22.47. .$13,941.40. .$10,894.43. .$1,937,62. .$417.63. .$48.92, 

Disbursements:; ■ . ^ ; 

Annual vrithdrawal authorized in by-laws...^• 972.32 .. ..... 

Gbld and bronzer^licasof Lainme Medal.......... ... " issnsn *. 

Purctose of bonds, • • ^.....,,. $13*63^00,’.’ ’ ’s.sbd’sis '.'i ’99A25........’.V.‘.’.*.'.*.’. 

All other disbursements...................... 69.44.. 2.76 ., . 

Total disbursements....,,....,.........;...^,....,999.00..$280.30... 

W37, With Bast Riw Savings Bank and National City ~~ ^ . ” ' ■ ' ' ' 

BMUc of Hew York.......,..,,....... r.^. ^. $22.47.. $ 806.40.. $ 4,646.42.. $ 938,62,. $137.83. .$48.92,. 


.$21,660.41 

.$27,240.00 


.$ 972.32 

280.30 
. 19,937.60 
72.19 

.$21,262.31 


$ 6,977.69 
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A New Photoelectric Hysteresisraph 


By R. F. EDGAR 

ASSOQATE A1EE 


Introduction 


G raphical recording of hysteresis loops or 

magnetization curves by means of a hysteresigraph 
is in many instances amuch more convenient way of 
obtaining desired magnetic data than is the usual ballistic 
method. Uns 3 nmmetrical hysteresis loops, for example, 
may require considerable laborious procedure if obtained 
in the usual manner, but are easily recorded by some types 
of hysteresigraphs. The photoelectric hysteresigraph de¬ 
scribed herein is an instrument which readily records initial 
magnetization curves or any desired sjrmmetrical or un- 
symmetrical hysteresis loops. 

Several different forms of hysteresigraphs have been de¬ 
scribed. They are of 2 general types, depending upon 
whether the test specimen is magnetized by alternating 
current or by direct current. An a-c hysteresigraph may 
employ a cathode-ray oscillograph arranged in such a man¬ 
ner that the horizontal deflection of the electron beam is 
made proportional to magnetizing force while the vertical 
deflection is made proportional to induction.' Other types 
of a-c hysteresigraphs also have been described.**® Eddy 
currents within the specimen tend to distort the shape of 
the recorded hysteresis loop, making laminated specimens 
necessary . A-c hysteresigraphs record only cyclic loops. 
Usually symmetrical loops are recorded, but minor or un- 
symmetrical loops may be obtained if the power supply 
furnishing the magnetizing current can be arranged to 
introduce current of suitable harmonic frequency super¬ 
imposed upon the fundamental component of the mag¬ 
netizing current. A-c hysteresigraphs appear to have been 
applied principally to testing sheet materials of low loss 

and high permeability. . , ^ j 

An early form of cathode-ray tube hysteresigraph,« and 
a magnetic curve tracer described by Ewing,‘ may 
to obtain either cyclic a-c loops or d-c loops formed by 
slowly varying the magnetizing current through the de¬ 
sired cycles. In these devices part of the magnetic arcint 
is through air, and the strength of the magnetic Add m ^e 
air path is measured as an indication of the mducbon m the 
specimen while the Magnetizing current is tahen as a meas¬ 
ure of magnetizing force. Introduction of an air ^^p m 
the magnetic circuit, however, tends to prevent unffoim 

magnetization of the ^ecimen with resulting errors m the 

measurement of both induction and magnetizmg force 


meter having its restoring torque automatically counter¬ 
balanced throughout its range of deflection so that it is 
accurately responsive to slow flux changes. 

D-c hysteresigraphs do not require laminated specimens 
because the desired cycle of magnetization may be carried 
out so slowly that eddy currents do not become large 
enough to affect the results even if solid specimens are 
used. Tnitifl.1 magnetization curves and uns 3 mmetrical 
hysteresis loops, as well as symmetrical hysteresis loops 
may be obtained. Besides being applicable to the testing 


PHOTOCELL 



galvanometer 
MIRROR 


SEARCH 

COIL 


Figure 1. 


‘=^ milliammeter galvanometer 

Optical system and electrical circuit for photo- 
electric fluxmeter 


of sheet steels the d-c hysteresigraph nay also 

te S. te^g magnet materials, sp^ens of whrch 
are comnionly soHd rather than laminated. 


measurement of both induction aria magncu^xx^s*^^^^^ DeScription V 

recentmagneticcurvetracer'obtainsd-cloopsandis^^^ ^ ^ 

cable to the testihgof specimens inadosedmagnetic^^ . Th^ hysteresigraph described h^ein is a d-c ms 

Td. ^ search coil interlinking the specimen and aflux- . . .... or sohd snea- 


publication May 8, 1887. ^ of the General 

L F. i. employed in the engmeegw* UboraW^ 

Electric Company, Schenectady, N. Y. 

Fm idl numbered referwicea, see Ust at of pa^. ■ 


wldlmiy^s nLdto test either laminated or solid ^ 

m^inriLorbarfom. Forbarspedmens.trsconn^ 

toapennemeterinthesamemannerastheM^nb^ 

Si Sreter equipment. Whennsrf^^^ 

tio^^rmeametar’ measurements may be made to a mag- 
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netizing force of 3,000 oersteds or higher. The equipment 
is sturdy and, does not employ any delicate instruments 
which require careful handling, fine adjustment, or special 
mounting. 

The Photoelectric Fluxmeter 

The heart of the instrument is a photoelectric fluxmeter* 
which is responsive to slow changes in flux linking a search 
coil, and provides an indication which remains constant 
without drift as long as the flux linking the search coil re¬ 
mains constant. Elementary diagrams of the fluxmeter are 
shown in figiure 1. A galvanometer and search coil are 
used, and in series with them is connected the secondary 
coil of a mutual inductor. By means of an optical system 
and 2 photoelectric cells connected in a vacuum-tube 
circuit the galvanometer deflection is maintained at zero, 
the current in the primary coil of the mutual inductor 
being automatically varied so as to induce a voltage in 
the secondary coil equal and opposite to any voltage which 
may be induced in the search coil by a change of flux inter¬ 
linking it. The change of interlinkage in the secondary 
coil caused by the change in primary current is then equal 
and opposite to the change of interlinkage in the search 
coil. The variation in primary current is, therefore, a 
measure of the flux variation in the search coil. Since the 
galvanometer remains at the zero position its suspension 
torque does not act to cause drift, and the primary current 
varies only when the flux linkage in the search coil varies. 

The optical system and electrical circuit is adapted from 
the photoelectric recorder.® The beam from the galvanom¬ 
eter mirror is focused upon a set of mirrors and prisms 
which divides it into 2 parts and reflects each part into a 
photocell. Deflection of the galvanometer causes the light 
in one cell to increase and that in the other to diminish. 
The 2 photocells are connected in series with a voltage 
source, and to the grid of a vacuum tube in such a way 
that any unbalance of the divided light beam between the 
2 cells causes a change in the grid voltage with a resultant 
change in plate current. The plate current, supplied by a 
second voltage source, flows in the primary coil of the 


above-mentioned mutual inductor. The direction of cur¬ 
rent flow is such that any change caused by a deflection of 
the galvanometer light beam causes a change of flux linking 
the secondary coil of the mutual inductor, tending to cor¬ 
rect the galvanometer deflection and restore the orginal 
light balance. 

A slight deflection of the galvanometer is evidently nec¬ 
essary to initiate the corrective change of plate current. 
This, however, is very small, and the final position when 
a new balance is restored is almost exactly the same as 
the original position. The photocells are of the vacuum 
type and are operated at a high voltage so that the cur¬ 
rent through them depends upon the light falling upon 
them and is nearly independent of voltage variation. The 
current for any constant value of grid voltage must be the 
same in both photocells, since they are in series, and any 
difference in current would necessarily alter the charge 
on the grid capacitor and change the grid voltage. The 
Hght division between the 2 cells must, therefore, be the 
same also, which means that the final position of the gal¬ 
vanometer beam must be the same for all steady values of 
flux linking the search coil. This was demonstrated in 
the development of the apparatus by setting up in place 
of the galvanometer a pivoted rod carrying a galvanometer 
mirror and having an arm 50 centimeters long projecting 
at right angles. The outer end of the arm was held lightly 
against the screw of a rigidly mounted micrometer. Turn¬ 
ing the micrometer screw caused the end of the arm to 
move, rotating the mirror as it would rotate if mounted in 
the usual manner in a galvanometer. It was found that a 
motion at the outer end of the arm of 0.001 centimeter 
was sufficient to change the plate current of the tube from 
one extreme to the other. This corresponds to a Hght beam 
deflection of 0.0008 centimeter at the dividing prisms, and 
would be equivalent to a deflection of 0.004 centimeter on 
a scale set up at the customary meter distance. 

Angular movement of the galvanometer coil equivalent 
to 0.001 centimeter deflection at the end of a 50 centimeter 
arm causes an interHnkage change in the galvanometer coil 
of about 30 maxwell-tums with the coil and field strength 
employed. In practice the galvanometer is used without 

any external shunt or series 
resistance, but is connected 









ICOXMETER 


directiy to the search coil and 
mutual inductor secondary 
winding. Since the total num¬ 
ber of interHnkages in a cir¬ 
cuit tends to remain constant, 
the difference between the 
change of flux Hnkages in the 
secondary coil of the mutual 
inductor and that in the search 
coil is about equal to that 
in the galvanometer coil. 
This difference is, therefore, 
about 30 maxwell-tums for 
a full-range change in the 
search coil. With the tube 


used in this test, thq fuU-range 

Figure 2. Photoelectric hysteresigraph change of plate current was 
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about 27 milliamperes. A 
mutual inductor of 10’ second¬ 
ary maxwell-tums per pri¬ 
mary ampere is used, so that 
full-range change of flux link¬ 
ages was about 270,000 max¬ 
well-tums. The difference 
between the actual change of 
interlinkage in the search 
coil and that indicated by 
the change in plate current 
through the primary winding 
of the mutual inductor is 
then about 0.0011 per cent. 
The tube has since been 
changed to a type which per¬ 
mits a larger change of plate 
current and has a higher mu¬ 
tual conductance so that the 
present figure is somewhat 
less. 

The amount of deflection 



Figure 3. Photoelectric hysteresigraph circuit diagram 


during the flux change depends 
upon tlie rapidity of the flux 

change, the constants of the grid and plate circuits, and 
the characteristics of the galvanometer and its circuit. 
When the apparatus is used merely as an indicating flux- 
meter this deflection is not important, since it returm 
to the small equilibrium value when the instrument in¬ 
dication becomes steady and can be read. It is necessary 
only that the deflection be small enough so that there is 
not sufficient suspension restoring torque to cause measur¬ 
able drift during the flux change. 

For use in automatic curve tracing, however, it is nec^- 
sary that the current in the primary coil of the mutoal in¬ 
ductor shall change accurately in agreement with the 
changing of interlinkages in the search coil. There must 
be no measurable lag between them. The galvanometer 
coil must have sufficiently low inertia to quickly begin to 
deflect and initiate a corrective change in the plate current 
when there is a change in interlinkages in the search coil. 
The capacitance in the grid circuit must be low enough so 
that the grid voltage quickly changes wh^ there is m 
unbalance in the photocell circuit. The inductance m 
the plate circuit must be low enough to permit qtne^ 
changes of plate current. It has been found that a porteble 
reflecting galvanometer is entirely satisfactory, ^ 
difficulty is experienced in making the constants of the 
circuits correct for accurate response to slow changes of 

interlinkage. , x xr 

The accuracy of the measurement is not affected by 

small changes in supply voltage, vacuuni-tube ^aracto- 
istics, photocell sensitivity, or light intensity, ^he °pb 
system and photoelectric circuit are similar to ^ose^of the 
photoelectric recorder in being self-compensating for 

normal changes in these variables. . ^ ^ 

The photoelectric fluxmeter is equivdent to a galvano¬ 
meter of infinitely long period, in 
curately to slow flux changes ^ 
constant at any part of the range without drift- More 


over, the output of the instrument, instead of being merely 
deflection of a Ught beam on a scale, is in the form of elec¬ 
tric current of sufficient power to. operate sturdy and rela¬ 
tively insensitive indicating instruments or recording 
devices. 

The Hystbrbsigraph 

The photoelectric hysteresigraph as illustrated in figure 2 
consists of 2 such fluxmeters combined with a cathode-ray 
oscillograph. Magnetic deflection coils fitted to the oscil¬ 
lograph tube are connected in the plate circuits of the flux- 
meters so that one fluxmeter causes vertical deflection of 
the electron beam and the other causes horizontal deflec¬ 
tion. The search coil of the first fluxmeter is linked by 
the specimen under test and that of the second lies adjacent 
to the specimen but is not linked by it,’ so that one flux¬ 
meter measures induction changes and the other mag¬ 
netizing force changes. Bar or strip specimens may be 
- tes t***! at high magnetizing force in the saturation perme- 
ameter. The hysteresigraph is adaptable to any type of 
permeameter in which the magnetizing force can be me^- 
ured by means of a search coil as described, but which 
requires no varying compensating adjustment over ffie 
range of test. Ring specimens may be tested by using 
only one fluxmeter, a portion of the ma-gnetizing ^rr^t 
being passed directly through the horizontal deflection 

coilS' • 

Th* circuit diagram for the hysteresigraph is shown m 
figure 3. It is shniiar to that of figure 1. the tattenes 
being replaced by rectified iw ^wer soutw. and 2 com¬ 
plete fimonetem being provided. As^dryceU™ 

Led and variable resistors in eanh galv^meter ^t 

provide a means of balancing out any smallth^d^c 

or other voltage which may be preset. 

this circuit facilitate shifting the plate current at will so 
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that it can be set at any desired value for the beginning to the shield around the oscillograph tube. In the center 
of a test, and switches enable the search coils to be in- is a lens equipped with a shutter and cable release, and at 
serted in or removed from the circuit. the end provision is made for exposing film or sensitized 

Figure 4 shows the arrangement of galvanometers, pho- paper in 5-inch by 7-inch film holders. The shutter is 
tdqefis, optical system, ^d vacuum tubes for both flux- normally used in the “bulb” position, and held open by 
ineters in one cabinet, Transformers, capacitors, and means of the cable release while the recordisbeingob- 
wiring are mounted on the under side of the subbase. The tained. 

galvanometers ^e of the. I^prtable type“ having sturdy A motor generator set has been provided to supply the 
suspensions and require no careful leveling or delicate magnetizing current for the specimen. Field control of the 
adjustment. Moving systems of relatively low resistance separately excited generator is used to obtain the desired 
are used. Stops are provided Hiniting the deflection to a maximum current. Reversing contactors included in the 
small angle and preventing the beam from being thrown armature circuit of the generator permit a cyclic state of 
entirely off the dividing mirrors at any time. The light the sample to be obtained quickly, if dteired, before tracing 
beanis are supplied by 32-ciandlepower 6-volt automobile the loop. The magnetizing current is varied through the 
headlight bulbs in ventilated housings, and convex lenses desired cycle by means of 2 rheostats having the 
in adjustable tubes. The photocells and prisms are en- resistance elements connected in parallel across the power 

supply line from the generator and the sliders connected 
to the magnetizing coil. The sliders are mechanically 
coupled together in such a way that moving them from one 
extreme to the other causes the magnetizing current to 
vary from a maximum value through zero to an equal and 
opposite maximum value. Not only symmetrical cycles, 
but any desired unsymmetrical and complicated cycle can 
be easily obtained. 

When specimens are tested in the saturation perme- 
ameter a compensating variable mutual inductor may be 
used to compensate for any desired portion of the area of 
the potential coil measuring induction. By properly ad¬ 
justing this inductor the ^ace inside the coil but outside 
the specimen may be compensated for so that total induc¬ 
tion in the sample is records. If desired, the entire area 
of the potential coil may be compensated for, so that in¬ 
trinsic induction in the specimen is recorded. The pri¬ 
mary coil is connected in series with the magnetizing coil 
of the permeameter, and the secondary coil is connected 
closed in housmgs which prevent entrance of stray light, in series with the search coil measuring induction. The 
Voltage is supplied to the photocells by a vacuum rectifier magnetizing force in the saturation permeameter is very 
tube through a resistance-capacitance :Mter circuit. Power 
is supplied to-ithe plate drcuits by a mercury-vapor recti¬ 
fier tube having a low voltage drop, and a filter circuit of 
inductance and capacitance. 

Fig^e 5 shows the cabinet containing the 2 mutual in- . 
ductqrs and the galvanometer control circuits. The 2 
mutual inductors are each in 2 sections, astatic to uniform 
external fidds, and are ?o mounted as to have no inductive 
coupling betwe^ them. 

The cathode-ray oscillograph has a tube with a screen 7 
indies in diameter, and is equipped with its own power 
^Pply* The magnetic; deflectipn coils are located on 2 
yokes of nichd-^pn alloy haying high permeability and 
. low hystoesis, placed so as to produce magnetic Adds at 
right angles to each other and to the dectron beam. Two 
. sets of coils are placedv on each yoke, one being connected 
in the fluxmeter circuit and the other bdng connected to 
a battmy and adjustable; resistance. The second set is 
u^d to provide adjustmd?^t of the zero position of the 
electron beam. 

A photographic record of the pattern traced on the Figure 5. Gal- 
fluor^ent screen is jnade by means of the camera attached vanometer cpn- 
to the oscillograph. 4 piece of fiber tubing is fitted trol eabinel 





Mgar--Phot0ekctric llysteresigraph EtBCTRicAi. Enoinbbring 







nearly proportional to the magnetizing current, so that jected to varying external reluctance or strong demagnetiz- 
by means of the compensating inductor a component of ing magnetomotive force. For these applications the sec- 
flux linkages proportional to the magnetizing force is in- ond quadrant of the symmetrical hysteresis loop alone is 
troduced into the circuit containing the induction search not sufficient for design calculations, but minor loops in 
coil. Since the flux linkages in this search coil due to space this quadrant are also necessary. Figure 7 illustrates the 
outside the specimen, or that due to the difference between type of data required. 

total and intrinsic induction in the specimen, is propor- Occasions frequently arise in which mag^netic character- 
tional to magnetizing force, these flux linkages can be com- istics of a piece of equipment are desired for a particular 
pensated by means of the compensating inductor. 


Records 

Samples of records obtained with this equipment are 
shown in figpires 6 and 7. Figure 6 shows portions of sym¬ 
metrical hysteresis loops for 3 magnet materials. Figure 
7 shows the upper portion of a loop having several minor 
loops traced in the second quadrant. 

The co-ordinate lines are put in after the loop has been 
traced by switching the search coils out of the circuit, 
setting the plate current for one fluxmeter successively at 
values representing desired values of induction and vary¬ 
ing the other through its entire range, then setting the 
plate current for the other fluxmeter successively at values 
representing desired values of magnetizing force and vary¬ 
ing the former through its entire range. Values of plate 




Fisure 7. Hysteresis loop for magnet material showing minor 
loops in the second quadrant 


type of unsymmetrical cycle. The hysteresigraph has been 

found to be a convenient instrument for obtaining such 
data. 

Conclusions 

Development of the photoelectric fluxmeter and hys¬ 
teresigraph was accomplished by combining only appara¬ 
tus of known and tried characteristics to form a sturdy and 
accurate instrument simple to adjust and to operate. 
Testing of magnetic materials and of electrical eqmpm^ 
is facUitated, and magnet design data, not readily obtain¬ 
able with other forms of testing equipment, are made 
available. 


Figured. Hysteresis loops for magnet materials References 


rrent representing these quantities are calculated from a 
owledge of the cross-sectional area of the sample, toe 
mber of turns an Abe areas of the search coils, and the 
itual inductance of the inductors. 

splication 

The hysteresigraph has been found particutoly 

the study of magnet materials, and m obtauung to 
r magnet design. Recent development of unproved ma- 
rials^ brought about the use of permanent magto 
appUcations not previously consideed TracticM. 
mlarly in applications where the magnet may be su 
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Low-Current Ignitors 


By A. H. TOEPFER 


ASSOCIATE AIEE 


S LEPIAN AND LUDWIG’S discovery of the ignitron^ 
principle of initiating the cathode spot of an arc has 
been followed by intensive investigation of thefactors 
affecting the design and operation of the ignitron. . Many 
of the design features of the ignitron follow conventional 
mercury-arc-rectifier practice: The distinguishing fea¬ 
ture of the ignitron is the ignitor. An ignitor is an elec¬ 
trode of high resistivity material which is partially im¬ 
mersed in the cathode i^ercury. On sending a sufficiently 
large current through the ignitor into the mercury, a cath¬ 
ode spot forms upon the mercury at the ignitor mercury 
junction. The current to accomplish this varies in an in¬ 
verse manner with the resistivity of the ignitor so that it 
is necessa^ to use relatively high resistivity Tnatf^ri aT for 
practical ignitors. In practice the ignitor is connected to 
a suitable source of power with some means of switching 
so that the arc may be started at the proper time during 
the interval when the ignitron anode voltage is positive. 

The most generally used circuit uses a thyratron for 
controlling the ignitor current as shown in figure 1. 

When the grid control voltage of the thyratron and the 
^ode voltage first become positive, the ignitor current 
flows and increases at a rate determined by the circuit un¬ 
til an arc starts in the ignitron. The current taken by the 
thyratron then drops to a low value depending on the rela¬ 
tive arc drops of the thyratron and the igniLn and te 
r^stance of the ignitor circuit. Generally this value is 
dose to zero. The voltage across the ignitor at the same 
toe ^ops to a few volts. Figure 2 shows approximately 
how the st^ng volts and amperes vary during operation. 

The maxunum instantaneous value of the current taken 
by the thyratron is many times larger than the average. 

It IS necessary to use thyratrons with current ratings at 
l^t ^ lar^ as the maximum current peaks required by 
the igmtors because their cathodes cannot repeatedly stand 

ev^ momratary overloading without damage. 

It rs desirable to develop an ignitor requiring as fittle 
as possible for several reasons, the smaller size 
^y^troM are cheaper than the larger, and usually the 

If thermionic cathodes is shorter. 

If to stoting current is reduced without changing the 

to toe igmton more readUy at HgW loads. It is, there¬ 
at Zr t “ reduction in starting cur- 

** » <*eaper thyratron to handle toe 

The theory advanced by glepian and Ludwig* for the t 
the cathode spot at toe ignitor mZrvLZ ^ 


tion directs attention to the high current density and cor¬ 
responding voltage gradient developed there, and points 
out the similarity between these conditions and the condi¬ 
tions existing at the last points of contact of separating" 
electrodes. Other workers have used essentially the same 
picture. 2'* Experience indicates that a material must 
satisfy the following conditions to be practically suitable 
for ignitors. 

1. It must not be wet by mercury. 

2. It must be workable. 

3. It must not deteriorate in the arc. 

4. It must have the proper electrical resistance. 

The theory of Slepian and Ludwig suggests that the 
natoe of the contact between the mercury and ignitor at 
to ignitor mercury junction is important. Hence, it is 
not^surprising that if a material is wetted by the mercury 
during operation as an igmtor the starting current usually 
jumps to high values which may damage to thyratron. 
A convex meniscus seems to be necessary for low starting 
currents. If the material is wetted by the mercury a con¬ 
cave meniscus is obtained usually with large starting 
current. Also under these conditions the cathode spot 
tends to anchor at the ignitor instead of moving away from 
It in to usual way, and may damage it. This require¬ 
ment ehminates many materials. 

The substances which have been found to be useful igni¬ 
tor mat^s are generally very hard in their crystalline 
form. Some of these materials are silicon carbide, boron 
carbide, and materials known under to trade names of 
Ca^nuidmu, Globar, and salt. Shaping, mounting, and 
electa^ connection to these materials offers 
difficulties. Globar is easy to work when made up in high 


Figure 1 
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r^vity rods, but if processed to reduce the iesisti^ty 
S! to work because of mcreaserS 

de^hv V arises because it had been found 

^d the sW?* this de- 

the stmtmg current. For example, comparing an 

J^tor ^e of quarter-inch rod and one made ofZ^Lne 

material ground to a point, the latter required aboutoone 

urrautgmtors ^ ^ ^ 
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third of the current required by the rod at an increase in 
voltage of 20-25 per cent. The increase in voltage is due 
to the increase in the resistance of the ignitor due to re¬ 
ducing the section. 

The cathode spot starts at the ignitor afresh each cycle 
and then does not have tiihe to get very far away from it 
in the conducting period. Ignitrons also are usually built 
with the anode close to the cathode and often operate red 
hot. Hence, the ignitor frequently is required to run hot 
because it has little chance to dissipate heat through the 
ignitor lead or the mercury. Under these conditions the 
material must be stable. Materials have been found and 
are used that show no sign of deterioration, wear, or erosion 
after thousands of hours operation as ignitors. Some ap¬ 
pear to have unlimited life. 

The electrical characteristics depend on the resistivity 
and the geometric form of the ignitor. The geometric 
form and dimensions need to be a compromise between 
several conflicting conditions. 

It is desirable to have the area of the ignitor actually 
under the mercury as small as possible, as this makes the 
ratio of the useful current which flows in the close vicinity 
of the junction, to the total current large. Also, it is de¬ 
sirable to make the length of the ignitor above the mer¬ 
cury as short as possible to reduce the voltage drop re¬ 
quired to send the starting current through the length of 
the ignitor. The splashing of the mercury sets limits to 
what may be done in both of these directions. To avoid 
missing due to the ignitor losing contact with the mercury, 
it has been found necessary to use immersion depths of the 
order of a quarter of an inch. The distance from mercury 
to the conducting head, holder, or ignitor lead must be of 
the order of one half of an inch to prevent short circuiting 


cury when moving the ignitrons or during operation when 
some force is exerted by the mercury vapor and the motion 
of the mercury under the influence of the cathode spots. 
The shape generally used is approximately that of a canti- 


Fisure 4 

V/—Width of slot 

D—Depth of tip im¬ 
mersion 

5—Surface tension 
of mercury =«0.0475 
srams per millimeter 

Pressure of immersed 
mercury “ 0.0136 
srams per square 
millimeter 



Table I 


Startins Amperes Startt ug Volts Current Ratio 

Before After Before After After Slotting 
T gnUftr Slotting Slotting Slotting Slotting Before Slotting 


PAN 9. 

P/J V 14. 

_24... 

. 20 ... 

..... 11 .... 
. 7.... 

....40.... 

....50.... 

....42. 

....60. 

....0.35 

PAL 15 . 

..... 21 ... 

. 12 .... 

....43.... 

....46. 


PAH 20 . 

PAH 8. 

PAN19...... 

.18.. 

.24.. 

.14.. 

. 9...1 

. 11 .... 

. 7.... 

.... 88 .... 

.50.... 

.76.... 

....40. 

....60. 

....80. 

.0.46 


of the ignitor by the splashing of the cathode mercury. 
Such short circuits may damage the cathode of the control 
tube if too much current passes through the circuit. 
Hence, we have the length fixed at */4 of an inch plus the 
length of a head, or additional length to provide for some 
sort of mounting to make connection to the ignitor lead. 

The thickness and shape are also reached by ^mpromise 
between mechanical and electrical characteristics. The 
ignitor materials are brittle, therefore, they must be made 
in such diameters and shapes which will be strong enough 
to stand handling in assembly and the forces due to mer- 
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lever beam of uniform strength. A typical ignitor is 
shown in figure 3. The tip diameter is of the order of 
0.080 to 0.090 inch. 

The use of such a shape has a definite effect on the start¬ 
ing volts and amperes as mentioned before. For a defi¬ 
nite size and shape of ignitor the starting volta.ge is di¬ 
rectly and the starting current inversely proportional ap¬ 
proximately to the resistivity of the material used. Thus 
increased resistivity generally means increased voltage and 
decreased current. The law has not been definitely es¬ 
tablished but examination of the characteristics of a Imge 
number of ignitors shows the trend toward su(± a law. 
The most desirable resistance to use is governed by ^e 
voltage and current limits that can be tolerated. The 
upper voltage limit is generally set at 100 volts for the pres¬ 
ent though it is desirable to have it as low as can be ob¬ 
tained. Many ignitors require less than ^ 
limit The current for an ignitor of a resistance that ^ 

give staitmg voltage of 100 volts 

constant in value from one igniter to raotter J 

shaped ignitors were made of a material of a cert^resis- 
tivitr. but it happens that the problem of n^actiMg 
ignitors is far from being as simple as that tte 

of wetting has driven the ignitor maker to trea igmo , 

Fl8«« 3 inake^ t^^^ certain mat'™'® ’’1^ “ 

Toepfer-T-Law-Curreiitlgm^rs^^y 











difficult to control and repeat ex- eoi--— 

actly. Hence, the product varies 
in starting characteristics so an . ™ .amperes 

upper limit to the current required ^ ^-sions 

is set and the ignitors accepted ^ 

if the current is less than 15 o 50 - 

amperes and the voltage less than ^ 

100 volts. ^^40-- 

The current is influenced a great sB.. 

® 30-r 

deal by the surface of the part of y 

the ignitor immersed in the cathode g" 30 -^ 

mercury. An ignitor with a smooth ^ 

polished surface requires more cur- . 

rent than one with a rough surface 0 I 

though the resistivities are the ° , p^KAMreREJ 

same. One may easily reduce the . peak volts 

starting current, without affecting Figure 5. Effects c 
the voltage, by covering part of volts anc 

the immersed surface with insula¬ 
tion. However, fastening a suitr 
able insulator on an ignitor is diffi¬ 
cult and has been applied only in 
laboratory experiments. 

Slepian suggested a very effective method of reducing the 
surface area of the ignitor which could come in contact with 
the mercury and at the same time not appreciably in- 
crying the resistance through the ignitor to the mercury 
junction. He estimated that the mercury would not enter 
slots of the order of one millimeter wide at ordinary igni¬ 
tor immersion depths due to the high surface tension of the 
mercury. A simple experiment with 2 glass plates im¬ 
mersed in mercury proved the theory and calculations 
were made to show the relationship between the width of 
slot and depth of immersion when tlie surface tension 
forces just balance the static pressure. The results of 
these calculations are plotted iii a curve, figure 4. 

If the mercury level stayed always constant, the ideal 
slot would vary in width from tip to mercury surface. An 
ignitor with such slots has not been produced. It was con¬ 
venient to take some of the present design of boron car¬ 
bide ignitors which have a tip diameter of 0.080 or 0.090 
inch and cut slots which were approximately 0.020 inch 
wide. Six slots were cut in each ignitor. 

A few of the results are tabulated in table I. 

A large number of ignitors were tested and the results 
spotted on figure 5. This shows the effect of slotting quite 
clearly. The slight increase in voltage may be due to the 
increase in resistance due to the cutting away of material. 
The current was reduced to nearly one half of the original. 
The picture figure 7 shows several slotted ignitors and an 
unslotted one for comparison. 

It was observed that the ciurent reduction was greater 
than the reduction in area. This was investigated by cut¬ 
ting one slot at a time and myuring the current after 
each slot was cut. The results are shown in figure 6 , 
which shows starting current in per cent plotted against 
reduction of surface area in p» cent. 

An examination of the surface of the mercury at the 
slots and betw;een slots showed that the line of contact of 
the mercury with the ignitor between slots was not a plane 


^AVERAGE OF 


^PEAK^(m^ BEFORE SLOTTING 

Figure 5. Effects of slotting on starting 
volts and amperes 

Figure 6 
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curve but was lower at the slots than between the slots. 
This fact coupled with a change in current distribution in 
the ignitor and mercury may account for the additional 
reduction in current. 

The minimum cturent and voltage at which an ignitor 
will initiate an arc has not been determined. If the cur¬ 
rents can be reduced sufficiently it becomes possible to use 
smaller and cheaper thyratrons and other means of sup- 



Figure 7 


plying the ignitor current. Some ignitors do not suffer 
when back current passes through them so if the current 
requirement is reduced other methods of control become 
possible which, at present, are too costly or unwieldy to be 
useful. 
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AMERICAN INSTITUTE OF ELEORICAL ENGINEERS 
Property and Restricted Funds Securities, Less Reserve for Bonds of Doubtful Value, April 30,1937 
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Restricted Funds 



Face Value 
of Bonds 
or Number 
of Shares 
of Stock 

Property 

Fund 

(Equipment 

RepUce- 

ments) 

Reserve 

Capital 

Fund 

Life 

Member¬ 

ship 

Fund 

Inter¬ 

national 

Electrical 

Congress 

of 

St. Louis 
Library 
Fund 

Lamme 

Medal 

Fund 

MaiUoux 

Fund 

Total 

Totai. Railroad Bonds —(Forward) -:. 


.$ 4,010.00.. 

.$ 74,946^25. 

. $6,306.25.. $2,063.75.. $4,330.00. 


.$ 86,646.26 


Public UtiUty Bonds: 


...S 9,696.26.....* 


American Gas & Electric Company 6% debenture, due 2028.S 9,000.00.. 

Georgia Power Company first and refunding mortgage 6%, due _ 

.... 10,000.00... 9,726.00........,- 

Monongahela-West Pennsylvania Public Service Company 6% 

debenttures, due 1966.... «. 8,660.00 ....... jj Jjq 

New York Telephone Company due 1939.1,000.00... ’ 

Philadelphia Company, secured 6% series A, due 1967.. 10,000.00. 10,000.00... 

Shawinigan Water and Power Company 4Vi% first mortgage 

- . _• ^_... _A 10A7 


6,000.00. 4,681.26. 


9.696.25 

9,725.00 

8,660.00 

1,000.00 

10 , 000.00 

4.581.25 


Texas Electric Service Company 6% first mortgage, due I960.-.. 
United Light & Power Company 6Vi% first lien and consolidated 

. 1U,UUU.UU. 

. 6,000.00_ 

.. 4,976.00... 

. 4,976.00 


— 

.$ 67,876.25. 

.SI .000.00.. $ 68,876.25 

Industrial and Miscellaneous Bonds, Etc.: 




Fidelity Union Title and Mortgage Guaranty Company first 
mortgage certificates (on property 76-79 Prospect Street, 

$14,668.00.*$ 

977 63 $ 13,686.47. 

.$ 13,685.47 

International Match Corporation 6% convertible debenture, due 

. 2,424.16.. 

. 2,424.15 

International Securities Corporation of America 6% debentures. 

.11,000.00.... 

. 11,070.00.. 

. 11,070.00 

. . 10,837 60 

Nw York Steam Corporation 6% first mortgage, due 1947. 

United States Rubber Company 6% first and refunding mortgage 

. 10,000.00.... 

. 2,000.00.... 

.. 1,916.00.•... 

. 1,915.00 


Total industrial and miscellaneous 


bonds, etc.» 977.63..$ 89.982.12. 


Municipal Bonds: 

City of Detroit public lighting 4*/*% A, due 1946............... • $10,000.00. 

City of Union City, New Jersey, improvement bond of 1929 qq. 

^rfc Wty 41/.% corporate stock, due 1967.. 2,000.00. 


.$ 10,262.60. 

. 10,164.60..• 

.$2,204.06.. 


Total municipal bonds. 


.$ 10,262.50 

.. 10,154.60 

. 2,204.05 


.$ 20,417.00... .$2,204.06. 


..$ 22,621.05 


.$ 2,892.00 

. 10,100.00 


Capital Stocks: 

12 shares .$ 2,892.00... 

Commonwealth Edison Company...1.*"' 1,'/' vw' ‘.‘ . Vfl.'r'nV " 

Commercial Investment Trust Corporation 4V4% pr^ewed. . 10,100.00....... .. 

CoMOlid°ated Edison Company of New York, Inc,, $6.0(1 curnu- , 3,060.00.........2 958.' 

Public Service Corporation of New Jersey, $6.0^rrferre . ?0 shares.. 1.996.00.. 997.60... . _ 1 

United Gas Improvement Company, $6.00 preferred. —------ -^ • g 18 948 


.75 

-60 


Total capital stocks. 
Total... 


$ 6,055.00..$ 16,948.26. 


.$10,042. 


68 . .$209,619.87. .$6,306.26. .$4,267.80. .$4,380.00.. $1,000.00-. $224,523^2 


]l,eBS RcsetTe for Bonds of Doubtful Value: 

Central of Georgia Railway Company 6% 3.0OO.OO.... • •$ 1,477.60.... 

10,000.00........ • 9,818.76 ... 


PlmTda^^ast Coast Railway (Company 6% first and refunding 

International Match Corporation 6% convertible debenture , 

St^lToifs^an Fraiidsco RdlwaV CbiaVaoV 6% piior lien mort- 
gage series B, due 1960. 

Total reserve for bonds of doubtful value. 

Total securities, less reserve. - I ' 

TotiU Property Ptind Securities..... - • • ...•••* 

Total Restricted Fund Securities. 


2,560.00.... 

6 , 000 . 00 .... 


2,424.16. 

6,497.60. 


.$ 1,477.60 
. 9,818.75 

. 2,424.16 

. 5,497.60 


..$ 19,217.90.... 


,..,$19,217.90 


$10,042. 


.$190.401.97..$6,306.25. .$4,267.80. .$4,880.00. . W.OOO.QO . . $208.806.02 


. $10.042.68 

$190,401.97. .$5,306.25. .$4,267.80. .$4.880.00. .$1.000.00. 


.$205,306.02 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
Statement of Recorded Cash Receipts and Disbursements of General Fund for the Year Ended April 30,1937 


S 48,867.77 


CMh on Deposit, May 1, 1936, With National City Bank of New 
York. 

Receipts: 

Dues (including 880,634.00 allocated to Blbgtricai, 

Bwoinbbxiiio subscriptions). 8186,806.30 

Advertising. 29,947.01 

Transactioks subscriptions. 6,651.68 

Buctricai, BNOiMBBiaNO subscriptions.. 14,011.80 

Miscellaneous publications, etc. 6*176 45 

Students’ fees. lo!418!oO 

Entrance fees. 7,160.68 

Membership badges. 1,719.50 

Transfer fees.... *943.00 

Interest on investments, less purchased interest. 9.057 82 

hfiscellaneous. 35*54 

Total r^eipts..... 272,421.83 


Total..... 

Disbursements: 

Publication expense: 

Blbctkicai. Bnginbbximo.3 

Tkamsactions.!!!!! 

Ybas Book. 

M^ellaneous publications, etc.!!!!!!! 

Administrative expenses.| * 

Institute Sections..'.'!!!!!!!!!! 

Institute meetings.”]* 

Institute Branches. 

American Engineering Council... 

Traveling expenses: 

National Nominating Committee. 

Oeographical districts: 

Branch delegates.... 1. 

Executive Committees.! ! i!! 

■Wee Presidents..... 

Board of Directors. V/.'.', 

Institute representatives.. 


.8320,789.60 


86,126.82 

3.714.89 
3,346.15 
4,415.06 

48,089.28 

35,660.93 

10,883.57 

2,888.26 

13,000.00 

907.38 

6,863.06 

1.405.90 
281.07 

6,973.49 

24.00 


Forward. 


.8219,469.80 8320,789.60 


Total—(Forward).8320,780.60 

Disbursements—(Forward).8219,469.80 

United Engineering Trustees, Inc.: 

Library assessment. 8,776.30 

Building assessment. 7,696.88 

S^ce assessment—B.C.P.D. 450.00 

Engineering Societies employment service. 2,257.28 

Membership Committee. 7,611.80 

Standards Committee.. 5,513.96 

American Standards Association. 1,166.67 

President’s appropriation. 1,791.26 
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A New Photoelectric Hysteresigraph 


By R. F. EDGAR 

ASSOOATE AIEE 


Introduction 


G raphical recording of hysteresis loops or 

magnetization curves by means of a hysteresigraph 
is in many instances a much more convenient way of 
obtaining desired magnetic data than is the usual balhstic 
method. Unsymmetrical hysteresis loops, for example, 
may require considerable laborious procedure if obtained 
in the usual manner, but are easily recorded by some types 
of hysteresigraphs. The photoelectric hysteresigraph de¬ 
scribed herein is an instrument which readily records initial 
magnetization curves or any desired symmetrical or un- 
symmetrical hysteresis loops. 

Several different forms of hysteresigraphs have been de¬ 
scribed. They are of 2 general types, depending upon 
whether the test specimen is magnetized by alternating 
current or by direct current. An a-c hysteresigraph may 
employ a cathode-ray oscillograph arranged in such a man¬ 
ner that the horizontal deflection of the electron beam is 
made proportional to magnetizing force while the vertical 
deflection is made proportional to induction.^ O^er types 
of a-c hysteresigraphs also have been d^cribed.*'* Eddy 
currents within the specimen tend to distort the shape of 
the recorded hysteresis loc^, making laminated specimens 
necessary. A-c hysteresigraphs record only cyclic loops. 
Usually symmetrical loops are recorded, but minor or un- 
symmetrical loops may be obtained if the power supply 
furnishing the magnetizing current can be arranged to 
introduce current of suitable harmonic frequency super¬ 
imposed upon the fundamental component of the mag¬ 
netizing current, A-c hysteresigraphs appew to have been 
appUed principally to testing sheet materials of low loss 
and high permeability. 

An early form of cathode-ray tube hysteresigraph,* and 
a magnetic curve tracer described by Ewing,* may be used 
to obtain either cyclic a-c loops or d-c loops formed by 
slowly varying the magnetizing current through the de¬ 
sired cycles. In these devices part of the magnetic circuit 
is through air, and the strength of the magnetic Add in the 
air path is measured as an indication of the induction in the 
specimen while the magnetizing current is taken as a meas¬ 
ure of magnetizing force. Introduction of an air gap in 
the magnetic circuit, however, tends to ^prevent uniform 
magnetization of the specimen with resti^ng errors in tlm 
measurement of both induction and ina,g^ejizing force. A 
recent magnetic curve tracer • obtains d-c loops and is appU- 

olrkOA/l inaonnpi'rip. cifcuit. 


t net er having its restoring torque automatically counter¬ 
balanced throughout its range of deflection so that it is 
accurately responsive to slow flux changes. 

D-c hysteresigraphs do not require laminated specimens 
because the desired cycle of magnetization may be carried 
out so slowly that eddy currents do not become large 
enough to affect the results even if solid specimens are 
used. Tnitifll magnetization curves and unsymmetrical 
h3Fsteresis loops, as well as S3nnmetrical hysteresis loops 
may be obtained. Besides being applicable tp the testing 
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Figure 1. Optical system and electrical circuit for photo¬ 
electric fluxmeter 

: ■ 

of electrical sheet steels the d-c hysteresigraph may a^ 
be used in testing magnet materials, specimens of which 
are commonly spUd rather than laminated. 

Description 

The hysteresigraph described herein is a d-c instrument 
which may be used tP test either laminated or splid speci¬ 
mens in ring pr barf onn. F6r bar specimens it is cpnnected 
to a penneameter in the same rnanner as the common ballis¬ 
tic gjalvanometer equipment. When used with the satura¬ 
tion permeameitm:'^ measurements may be made to a vaA.'g- 
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netizing force of 3,000 oersteds or higher. The equipment 
is sturdy and does not employ any delicate instruments 
which require careful handling, fine adjustment, or special 
mounting. 

The Photoelectric Fluxmeter 

The heart of the instrument is a photoelectric fluxmeter* 
which is responsive to slow changes in flux linking a search 
coil, and provides an indication which remains constant 
without drift as long as the flux linking the search coil re¬ 
mains constant. Elementary diagrams of the fluxmeter are 
shown in figure 1. A galvanometer and search coil are 
used, and in series with them is connected the secondary 
coil of a mutual inductor. By means of an optical system 
and 2 photoelectric cells connected in a vacUum-tube 
circuit the galvanometer deflection is maintained at zero, 
the current in the primary coil of the mutual inductor 
being automatically varied so as to induce a voltage in 
the secondary coil equal and opposite to any voltage which 
may be induced in the search coil by a change of flux inter¬ 
linking it. The change of interlinkage in the secondary 
coil caused by the change in primary current is then equal 
and opposite to the change of interlinkage in the search 
coil. The variation in primary current is, therefore, a 
measure of the flux variation in the search coil. Since the 
galvanometer remains at the zero position its . suspension 
torque does not act to cause drift, and the primary current 
varies only when the flux linkage in the search coil varies. 

The optical system and electrical circuit is adapted from 
the photoelectric recorder.* The beam from the galvanom¬ 
eter mirror is focused upon a set of mirrors and prisms 
which divides it into 2 parts and reflects each part into a 
photocell. Deflection of the galvanometer causes the light 
in one cell to increase and that in the other to diminish. 
The 2 photocells are connected in series with a voltage 
source, and to the g^d of a vacuum tube in such a way 
that any unbalance of the divided light beam between the 
2 cells causes a change in the grid voltage with a resultant 
change in plate current. The plate current, supplied by a 
second voltage source, flows in the primary coil of the 


above-mentioned mutual inductor. The direction of cur¬ 
rent flow is such that any change caused by a deflection of 
the galvanometer light beam causes a change of flux linking 
the secondary coil of the mutual inductor, tending to cor¬ 
rect the galvanometer deflection and restore the orginal 
light balance. 

A slight deflection of the galvanometer is evidently nec¬ 
essary to initiate the corrective change of plate current. 
ThiSj however, is very small, and the final position when 
a new balance is restored is almost exactly the same as 
the original position. The photocells are of the vacuum 
type and are operated at a high voltage so that the cur¬ 
rent through liem depends upon the light falling upon 
them and is nearly independent of voltage variation. The 
current for any constant value of grid voltage must be the 
same in both photocells, since they are in series, and any 
difference in current would necessarily alter the charge 
on the grid capacitor and change the grid voltage. The 
light division between the 2 cells must, therefore, be the 
same also, which means that the final position of the gal¬ 
vanometer beam must be the same for all steady values of 
flux linking the search coil. This was demonstrated in 
the development of the apparatus by setting up in place 
of the galvanometer a pivoted rod carrying a galvanometer 
mirror and having an arm 50 centimeters long projecting 
at right angles. The outer end of the arm was held lightly 
against the screw of a rigidly mounted micrometer. Turn¬ 
ing the micrometer screw caused the end of the arm to 
move, rotating the mirror as it would rotate if mounted in 
the usual manner in a galvanometer. It was found that a 
motion at the outer end of the arm of 0.001 centimeter 
was sufficient to change the plate current of the tube from 
one extreme to the other. This corresponds to a Ught beam 
deflection of 0.0008 centimeter at the dividing prisms, and 
would be equivalent to a deflection of 0.004 centimeter on 
a scale set up at the customary meter distance. 

Angular movement of the galvanometer coil equivalent 
to 0.001 centimeter deflection at the end of a 50 centimeter 
arm causes an interlinkage change in the galvanometer coil 
of about 30 maxwell-turns with the coil and field strength 
emplbyed. In practice the galvanometer is used without 

any external shunt or series 
resistance, but is coimected 
directly to the search coil and 
mutual inductor secondary 
winding. Since the total num¬ 
ber of interlinkages in a cir¬ 
cuit tends to remain constant, 
the difference between the 
change of flux linkages in the 
secondary coil of the mutual 
inductor and that in the search 
coil is about equal to that 
in the galvanomet^ coil. 
This difference is, therefore, 
about 30 maxweU-tums for 
a full-range change in the 
search coil. Witii the tube 
used in this test, the fuU-range 
change of plate current was 
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about 27 milliamperes. A 
mutual inductor of second¬ 
ary maxwell-turns per pri- | 

mary ampere is used, so that | 

full-range change of flux link¬ 
ages was about 270,000 max- j 

well-turns. The difference 

between the actual change of _ A 

interlinkage in the search ^ 

coil and that indicated by ^ 

the change in plate current power 

through the primary winding supply 

of the mutual inductor is 
then about 0.0011 per cent. 

The tube has since been 
changed to a type which per¬ 
mits a larger change of plate 
current and has a higher mu¬ 
tual conductance so that the 
present figure is somewhat 

less. P‘ 3 

The amount of deflection 
during the flux change depends 
upon the rapidity of the flux 

change, the constants of the grid and plate circuits, and 
the characteristics of the galvanometer and its circuit. 
When the apparatus is used merely as an indicating flux- 
meter this deflection is not important, since it returns 
to the small equilibrium value when the instrument in¬ 
dication becomes steady and can be read. It is necessary 
only that the deflection be small enough so that there is 
not sufficient suspension restoring torque to cause measur¬ 
able drift during the flux change. 

For use in automatic curve tracing, however, it is nec^- 
sary that the current in the primary coil of the mutoal in¬ 
ductor shall change accurately in agreement wiih the 
changing of interlinkages in the search coil. There must 
be no measurable lag between them. The galvanomet^ 
coil must have sufficiently low inertia to qmckly begm to 
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Figure 3. Photoelectric hysteresigraph circuit diagram 


over, the output of the instilment, instead of being merely 
deflection of a light beam on a scale, is in the form of elec¬ 
tric current of sufficient power to operate sturdy and rela¬ 
tively insensitive indicating instruments or recording 
devices. 

The Hystbresigraph 

The photoelectric hysteresigraph as illustrated in figure 2 
consists of 2 such fluxmeters combined with a cathode-ray 
oscillograph. Magnetic deflection coils fitted to the oscil¬ 
lograph tube are coimected in the plate circuits of the flux- 
meters so that one fluxmeter causes vertical deflection of 
the electron beam and the other causes horizontal defla¬ 
tion. The search coil of the first fluxmeter is Hnked by 


must have sufficiently low inertia to rspeSeT^Ter^ anr^at S^^^ndHes adjacent 

deflect and initiate a correcflye t the anedmen but is not linked by it.' so that one flax- 


CienecL aiiu. -« - i. m 

When there is a change in interlinkages in the search coil. 
The capacitance in the grid circuit must be low enough so 
that the grid voltage quickly changes whe^ th^e is an 
unbalance in the photoceU circuit. The mduc^ce in 
the plate circuit must be low enough to 

changes of plate current. It has been found that a portob 
reflecting galvanometer is entirdy satisfactory, an o 
difficulty is experienced in making the constan o 
circuits correct for accurate response to slow changes o 

^^Thlraccmacy of the measurement is not aff^ted by 
xne <u-k-ui ^ _ __+isKp character¬ 


syrtJandphotodeotric .fficuit tpffio^the 

photoelectric recorder in bwng self-comp g 
normal changes in these variables. ^ ^ ^alvano- 

The photoelectric fluxmetffl ^ 5“^“* resi ac- 
meter of infinitely indication remains 

cnrately to ^rdrift. More- 

constant at any part of the range 


to the specimen but is not linked by it,’' so that one flux¬ 
meter measures induction changes and the other mag¬ 
netizing force changes. Bar or strip specimens may be 
tested at high magnetizing force in the saturation perme- 
ameter The hysteresigraph is adaptable to any type of 
permeameter in which the magnetizing force can be meas¬ 
ured by means of a search coil as described, but which 
requires no varying compensating adjustmen over 

of test.^g spectoeus may be te^d by ^ug 
ouly one flumneter. a portion of 

bdng passed directly through the horizontal deflectio 

^The drcuit diagram for the hysteresigraph is shown in 

3 “^ ifeLm to that of figure 1 . the battm« 
b^e replaced by rectified a-c power sources, and .. com¬ 
plete fluxmeters being provided. A small c ^ 
Led and variable resistors in each 

^ovide a means of balancing out any small th^otiectnc 

r^^vd^e which may be present. Push buttes m 
this^cuit fa«ate shifting the plate current at wiB so 
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that it can be set at any desired value for the beginning 
of a test, and switches enable the search coils to be in¬ 
serted in or removed from the circuit. 

Figure 4 shows the arrangement of galvanometers, pho¬ 
tocells, optical S3rstem, and vacuum tubes for both flux- 
meters in one cabinet. Transformers, capacitors, and 
wiring are mounted on the under side of the subbase. The 
galvanometers are of the portable type“ having sturdy 
suspensions and require no careful leveling or delicate 
adjustment. Moving systems of relatively low resistance 
are used. Stops are provided limiting the deflection to a 
small angle and preventing the beam from being thrown 
aitirely off the dividing mirrors at any time. The light 
beams are supplied by 32-candlepower 6-volt automobile 
headlight -bulbs in ventilated housings, and convex lenses 
in adjustable tubes. The: photocells and prisms are en¬ 



Fisure 4. Interior view of fiuxmeier cabinet 

A —Galvanometers 
B —Lens mountings 
C—Photocell housings 
0—Lamp housings and rectifier tube 
£—Vacuum tubes and mercury-vapor rectifier 
r—Filter reactors 

closed in housings which prevent entrance of stray light. 
Voltage is supplied to the photocells by a vacuum rectifier 
tube through a resistance-capacitance :^ter circuit. Power 
is supplied to the plate circuits by a mercury-vapor recti¬ 
fier tube having a low voltage drop, and a filter circuit of 
inductance and capacitance. 

Figure 5 shows the cabinet containing the 2 mutual in¬ 
ductors and the galvanometer control circuits. The 2 
mu^al inductors are each in 2 sections, astatic to uniform 
external fields, and are sp mounted as to have no inductive 
coupling between them. 

The cathode-ray oscillograph has a tube with a screen 7 
inches in diameter, and is eqtupped with its own power 
supply. The magnetic deflection coils are located on 2 
yokes of nickel-iron alloy having high permeability 
low hysteresis, placed so as to produce magnetic fields at 
right angles to each other and to the electron beam. Two 
^ts of Coils are placed on each yoke, one being connected 
in the fluxmeter circuit and the oth^ being connected to 
a battery and adjustable r^stance. The second set is 
used to provide adjustm^t of the zero position of the 
electron beam. : 

A pbotographic record of the pattern traced on the 
flnorescent screen is made by means of the camera attached 
to the oscihograph, piec^ fi^d 


to the shield arotmd the oscillograph tube. In the center 
is a lens equipped with a shutter and cable release, and at 
the end provision is made for exposing film or sensitized 
paper in 5-inch by 7-inch film holders. The shutter is 
normally used in the “bulb” position, and held open by 
means of the cable release while the record is being ob¬ 
tained. 

A motor generator set has been provided to supply the 
magnetizing current for the specimen. Field control of the 
separately excited generator is used to obtain the desired 
ma ximum current. Reversing contactors included in the 
armature circuit of the generator permit a cyclic state of 
the sample to be obtained quickly, if desired, before tracing 
the loop. The magnetizing crurrent is varied through the 
desired cycle by means of 2 rheostats having the 
resistance elements connected in parallel across the power 
supply line from the generator and the sliders connected 
to the magnetizing cpil. The sliders are mechanically 
coupled together in such a way that moving them from one 
extreme to the other causes the magnetizing current to 
vary from a maximum value through zero to an equal and 
opposite maximum value. Not only S 3 mametrical cycles, 
but any desired unsymmetrical and complicated cycle can 
be easily obtained. 

When specimens are tested in the saturation perme- 
ameter a compensating variable mutual inductor may be 
used to compensate for any desired portion of the area of 
the potential coil measuring induction. By properly ad¬ 
justing this inductor the space inside the coil but outside 
the specimen may be compensated for so that total induc¬ 
tion in the sample is recorded. If desired, the entire area 
of the potential coil may be compensated for, so that in¬ 
trinsic induction in the ,q)ecimen is recorded. The pri¬ 
mary coil is connected in series with the magnetizing coil 
of the permeameter, and the secondary coil is connected 
in series with the search coil measuring induction. The 
magnetizing force in the saturation permeameter is very 


Figjuto 5^.,, V Gal¬ 
vanometer con¬ 
trol cabinet ^ 
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nearly proportional to the magnetizing current, so th&t 
by means of the compensating inductor a component of 
flux linkages proportional to the magnetizing force is in¬ 
troduced into the circuit containing the induction search 
coil. Since the flux linkages in this search coil due to space 
outside the specimen, or that due to the difference between 
total and intrinsic induction in the specimen, is propor¬ 
tional to magnetizing force, these flux linkages can be com¬ 
pensated by means of the compensating inductor. 

Records 

Samples of records obtained with this equipment are 
shown in figures 6 and 7. Figure 6 shows portions of sym¬ 
metrical hysteresis loops for 3 magnet materials. Figure 
7 shows the upper portion of a loop having several minor 
loops traced in the second quadrant. 

The co-ordinate lines are put in after the loop has been 
traced by switching the search coils out of the circuit, 
setting the plate current for one fluxmeter successively at 
values representing desired values of induction and vary¬ 
ing the other through its entire range, then setting the 
plate current for the other fluxmeter successively at values 
representing desired values of magnetizing force and vary¬ 
ing the former through its entire range. Values of plate 


jected to varying external reluctance or strong demagnetiz¬ 
ing magnetomotive force. For these applications the sec¬ 
ond quadrant of the symmetrical hysteresis loop alone is 
not sufficient for design calculations, but minor loops in 
this quadrant are also necessary. Figure 7 illustrates the 
tjrpe of data required. 

Occasions frequently arise in which magnetic character¬ 
istics of a piece of equipment are desired for a particular 




current representing these quantities are calculated fto 
knowledge of the cross-sectional area of the smple, _ 
number of turns and the areas of the search cods, and 
mutual inductance of the inductors. 


AppUcation 

The hysteresigraph has been found 

<?tudv of magnet materials, and m obtaining apHi ms, pages 42 

in the stu y g^^gnt development of improved ma- g. pmx Meter, united 

for magnet design. K P _ as-manetit maenets 9 thb photobi.bctr3 

♦trials has brought about the use of permanent nwgne^ m«ci. isss 

• li/'fttinns not previously considered practical, p ^ gax.v^i*» 
“cr“l>S-b"nswhe^thenm^^^ — 

^gdf—-Photoelectric Hysteresigraph 


type of unsymmetrical cycle. The hysteresigraph has been 
found to be a convenient instrument for obtaining such 
data. 

Conclusions 

Development of the photoelectric fluxmeter and hys¬ 
teresigraph was accompUshed by combining only appara¬ 
tus of known and tried characteristics to form a sturdy and 
accurate instrument simple to adjust and to operate. 
Testing of magnetic materials and of electrical eqmpmen 
is facihtated, and magnet design data, not readily obtain¬ 
able with other forms of testing equipment, are made 
available. 
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Low-Current Ignitors 


By A. H. TOEPFER 


ASSOQATE AIEE 


S LEPIAN AND LUDWIG’S discovery of the ignitron^ 
principle of initiating the cathode spot of an arc has 
been followed by intensive investigation of thefactors 
affecting the design and operation of the ignitron. Many 
of the design features' of the ignitron follow conventional 
marcury-arc-rectifier practice. The distinguishing fea- 
ture of the ignitron is the ignitor. An ignitor is an dlec- 
trode of high resistivity material which is partially im¬ 
mersed in the cathode mercury. On sending a sufficiently 
large current through the ignitor into the mercury, a cath¬ 
ode spot forms upon the mercury at the ignitor mercury 
junction. The current to accomplish this varies in an in¬ 
verse manner with the resistivity of the ignitor so that it 
is necessmy to use relatively high resistivity material for 
practical ignitors. In practice the ignitor is connected to 
a suitable source of power with some means of switching 
so that the arc may be started at the proper time during 
the interval when the ignitron anode voltage is positive. 

The most generally used circuit uses a th 3 rratron for 
controlling the ignitor current as shown in figure 1.. 

When the grid control voltage of the thyratron and the 
anode voltage first become positive, the ignitor current 
flows and increases at a rate determined by the circuit un¬ 
til an arc starts in the ignitron. The current taken by the 
th 3 nratron then drops to a low value depending on the rela¬ 
tive arc drops of the thyratron and the ignitron and the 
resistance of the ignitor circuit. Generally this value is 
close to zero. The voltage across the ignitor at the same 
time drops to a few volts. Fig^e 2 shows approximatdy 
how the starting volts and amperes vary during operation. 

The maximum instantaneous value of the current taken 
by the thyratron is many times larger than the average. 
It is necessary to use th 3 rratrons with current ratings at 
least as large as Ihe maximum current peaks required by 
the igmtors because their cathodes cannot repeatedly stand 
even momentary overloading without damage. 

It is desirable to develop an ignitor requiring as little 
current as possible for several reasons. The smaller size 
th3rratrons are cheaper than the larger, and usually the 
heating time of the smaller thermionic cathodes is shorter. 
If the starting current is reduced without changing the 
voltage, the load current is shifted from the ignitor circuit 
to the ignitron more readily at light loads. It is, there¬ 
fore, more desirable to effect a reduction in Starting cur¬ 
rent than, to produce a cheaper thyratron to handle the 
iguitor load. 

The theory advanced by Slepian and Ludwig^ for the 
formation of the cathode spot at the ignitor merctuy junc- 
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tion directs attention to the high current density and cor¬ 
responding voltage gradient developed there, and points 
out the similarity between these conditions and the Condi¬ 
tions existing at the last points of contact of separating 
electrodes. Other workers have used essentially the same 
picture.2-» Experience indicates that a material must 
satisfy the following conditions to be practically suitable 
for ignitors. 

1. It must not be wet by mercury, 

2. It must be workable. 

3. It must not deteriorate in the arc. 

4. It must have the proper electrical resistance. 

The theory of Slepian and Ludwig suggests that the 
nature of the contact between the mercury and ignitor at 
the ignitor mercury junction is important. Hence, it i.s 
not surprising that if a material is wetted by the mercury 
during operation as an ignitor the starting current usually 
jumps to high values which may damage the th 3 nratron. 
A convex meniscus seems to be necessary for low starting 
currents. If the material is wetted by the mercury a con¬ 
cave meniscus is obtained usually with large starting 
current. Also under these conditions the cathode spot 
tends to anchor at the ignitor instead of moving away from 
it in the usual way, and may damage it. This require¬ 
ment eliminates many materials. 

The substances which have been found to be useful igni¬ 
tor materials are generally very hard in their crystalline 
form. Some of these materials are silicon carbide, boron 
carbide, and materials known under the trade names of 
Carborundum, Globar, and Silit. Shaping, mounting, and 
making electrical cormection to these materials offers 
difficulties. Globar is easy to work when made up in high 


Figure 1 
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resistivity rods, but if processed to reduce the resistivity 
they become difficult to work beca.use of increased hard- 
■ness.V, 

The need for working arises because it had been found 
de^able to shape ignitors to a point because tiiis de¬ 
creased the starting current. For example, comparing an 
ignitor made of quarter-inch rod and one made of the same 
material ground to a point, the latter required about one 
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third of the current required by the rod at an incre^e in 
voltage of 20-25 per cent. The increase in voltage is due 
to the increase in the resistance of the ignitor due to re¬ 
ducing the section. 

The cathode spot starts at the ignitor afresh each cycle 
and then does not have time to get very far away from it 
in the conducting period. Ignitrons also are usually built 
with the anode close to the cathode and often operate red 
hot. Hence, the ignitor frequently is required to run hot 
because it has little chance to dissipate heat through the 
ignitor lead or the mercury. Under these conditions the 
material must be stable. Materials have been found and 
are used that show no sign of deterioration, wear, or erosion 

after thousands of hours operation as ignitors. Some ap¬ 
pear to have unlimited life. 

The electrical characteristics depend on the resistivity 
and the geometric form of the ignitor. The geometric 
form and dimensions need to be a compromise between 
several conflicting conditions. 

It is desirable to have the area of the ignitor actually 
under the mercury as small as possible, as this makes ^e 
ratio of the useful current which flows in the dose vidnity 
of the junction, to the total current large. Also, it is de¬ 
sirable to make the length of the ignitor above the mer¬ 
cury as short as possible to reduce the voltage drop re¬ 
quired to send the starting current through the length of 

the ignitor. The splashing of the mercury sets limits to 

what may be done in both of these directions. To avoid 
mioQiti g due to the ignitor losing contact with the mdrcury, 
it has been found necessary to use immersion depths of the 
order of a quarter of an inch. The distance from mercury 
to the conducting head, holder, or ignitor lead must be of 
the order of one half of an inch to prevent short circmting 
of the ignitor by the splashing of the cathode mercury. 
Such short circuits may damage the cathode of the control 
tube if too much current passes through the circuit. 
Hence, we have the length fixed at V* of an inch plus the 
length of a head, or additional length to provide for some 
sort of mounting to make connection to the ignitor lead. 

The thickness and shape are also reached by compromise 
between mechanical and electrical characteristics. The 
ignitor materials are brittle, therefore, they must be made 
in such diameters and shapes which will be strong enough 
to stand handUng in assembly and the forces due to mer- 


IGNITRON 

VOLTAGE" 


IGNITRON 

CURRENT 


cury when moving the ignitrons or during operation when 
some force is exerted by the mercury vapor and the motion 
of the mercury under the infiuence of the cathode spots. 
The shape generally used is approximately that of a canti- 
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Figure St 


lever beam of uniform strength. A typical ignitor is 
shown in figure 3. The tip diameter is of the order of 

0.080 to 0.090 inch. , ^ ^ 

The use of such a shape has a definite effect on the start¬ 
ing volts and amperes as mentioned before. For a d^-. 
nite size and shape of ignitor the starting volta.ge is di¬ 
rectly and the starting cuirent inversely proportional ap¬ 
proximately to the resistivity of the material used. Thus 
increased resistivity generally means increased voltage and 
decreased current. The law has not been defimtely es¬ 
tablished but examination of the characteristics of a l^ge 
number of ignitors shows the trend tpward suc^ a law. 
The most desirable resistance to use is governed 
voltage and current limits that can be tolerated. The 
upper voltage limit is generally set at 100 volts for pres¬ 

ent though it is desirable to have it as low as can be ob¬ 
tained. Many ignitors require less than this maximum 
limit. The current for an ignitor of a resistance that will 
give starting voltage of 100 volts would be more or less 
constant in value froni one igniter to pother if ui^orm y 
shaped ignitors were made of a material of a certain reas- 
ti^dty, but it happens that the problem of manufactunng 
i^tors is far from being as simple as that, The problem 
of wetting has^ driven the ignitor maker to treat igmtors, or 
make thenl of certain materials by processes that are 
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difficult to control and repeat ex¬ 
actly. Hence, the product varies 
in starting characteristics so an 
upper limit to the current required 
is set and the ignitors accepted 
if the current is less than 15 
amperes and the voltage less than 
100 volts. 

The current is influenced a great 
deal by the surface of the part of 
the ignitor immersed in the cathode 
mercury. An ignitor with a smooth 
polished surface requires more cur¬ 
rent than one with a rough surface 
though the resistivities are the 
same. One may easily reduce the 
starting current, without affecting 
the voltage, by covering part of 
the immersed surface with insula¬ 
tion. However, fastening a suit¬ 
able insulator on an ignitor is diffi¬ 
cult and has been applied only in 
laboratory experiments. 



*’pEAKV0LT?^ BEFORE SLOTTING 

Figure 5. Effects of slotting on starting 
volts and amperes 

Figure 6 



PER CENT REDUCTION OF SURFACE 
AREA DUE TO SLOTTING 


Slepian suggested a very effective method of reducing the 
surface area of the ignitor which could come in contact with 
the mercury and at the same time not appreciably in¬ 
creasing the resistance through the ignitor to the mercury 


curve but was lower at the slots than between the slots. 
This fact coupled with a change in current distribution in 
the igmtor and mercury may account for the additiona.1 
reduction in current. 


junction. He estimated that the mercury would not enter The minimum current and voltage at which an ignitor 
slots of the order of one millimeter wide at ordinary igni- will initiate an arc has not been determined. If the cur- 
tor immersion depths due to the high surface tension of the rents can be reduced sufficiently it becomes possible to use 
mercury. A simple experiment with 2 glass plates im- smaller and cheaper thyratrons and other means of sup- 
mersed in mercury proved the theory and calculations 


were made to show the relationship between the width of 


slot and depth of immersion when the surface tension 
forces just balance the static pressure. The results of 
thesje calculations are plotted in a curve, figure 4. 

If the mercury level stayed always constant, the ideal 
slot would vary in width from tip to mercury surface. An 
ignitor with such slots has not been produced. It was con¬ 
venient to take some of the present design of boron car¬ 
bide ignitors which have a tip diameter of 0.080 or 0.090 
inch and cut slots which were approximately 0.020 inch 
wide. Six slots were cut in each ignitor. 

A few of the results are tabulated in table I. 

A large munber of ignitors were tested and the results 
spotted on figure 5. This shows the effect of slotting quite 
clearly. The slight increase in voltage may be due to the 
increase in resistance due to the cutting away of material. 
The current was reduced to nearly one half of the original. 
The picture figure 7 shows several slotted ignitors and an 
unslotted one for comparison. 

It was observed that the current reduction was greater 
than the reduction in area. This was investigated by cut¬ 
ting one slot at a time and measuring the current after 
each slot was cut. The results are shown in figure 6, 
which shows starting current in per cent plotted against 
reduction of surface area in per cent. 

An examiimtipn of the surface of the mercury at the 
slots and between slots showed that the line of contact of 
the mercury with the ignitor between slots was not a plane 



plying the ignitor current. Some ignitors do hot suffer 
when back current passes through them so if the current 
requirement is reduced other methods of control become 
possible which, at present, are too costly or unwieldy to be 
useful. 
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Approximating Potier Reactance 


By STERLING BECKWITH 

ASSOGATE AIEE 


P OTIER REACTANCE is a somewhat fictitious 
reactance, because it is a combination of reactance, 
change of saturation, and change of flux form. 
Nevertheless, it is sometimes a rather useful fiction be¬ 
cause it can be easily tested, and because it can be used to 
obtain full load field currents of synchronous machines 
when only the no-load saturation curve is available. It is 
also useful for determining effects of saturation on stability. 

The following discussion attempts only to give 3 ap¬ 
proximate empirical methods of calculating Xp and to 
show the probable accuracy of the methods for typical 
machines. The value of the methods can best be judged 
by a comparison of calculated values with test values, as 
is done in table I and in figures 6 to 9 . This is becau^ 
the equations used involve certain approximations and in 
addition are made up of 3 terms, all of wWch must be 
calculated by approximate or by semiempirical formulas. 


metrically as a voltage drop parallel to the air-gap line, 
it can be measured accurately only when the slope of the 
no-load saturation curve differs appreciably from that of 
the air-gap line. In the following discussion, therefore, 
the value of will not be discussed below the point 
where the slope of the no-load saturation curve at the 
peak of the Potier triangle equals twice the slope of the air- 
gap line. 

Analysis of Machine Internal 
Conditions Affecting Xp 

To get a better physical picture of what constitutes 
Potier reactance, let us first consider in detail the fluxes 
existing when a machine is operating as a synchronous 
condenser, that is, at the point A in figure 1 . Under th^e 
conditions, the internal or air-gap voltage is ordinarily 


'alculated by approximate or by semiempiricai loimiuaa. concuuons, xne lutciuai --- 

A discu-ssion of some of the difficulties involved in the considered to be greater than the termnal voltage, because 

..nf V. is also iucluded. but nf reactance drops. The end winding reactance, for 


accurate predetermination of Xp is also included, but 
formulas for accurate calculation are not developed. 

Potier reactance is tested as the difference between 2 
saturation curves, one taken at no load, and the other 
taken at full current, zero power factor. These curves for 
a typical machine are shown in figure 1, and the geo¬ 
metrical construction usually employed in obtaining the 
reactance from these 2 curves is shown by the tnangle 
ABC. (The altitude of the triangle is the 
ance drop in volts so that per cent Xp equals (C£>/ VB ) X 
100 .) Expressed in words, the process ip to. find the tn¬ 
angle which will fit between the 2 curves at both the loca¬ 
tion and the location where the point A 

is at the voltage at which the reactance is desired. _ 

The process of finding a triangle that will fit at 2 placw 
is simple, but, os might be supposed, the actu^ vdue of 

reactance obtained wiU 2 

uDper triangle is constructed. To illustrate this, flg^ 2 

has been drawn diowing 

of figiue 1 plotted against termi^ voltage, and r^ 
ence can be made to several rimilar e^ m the^^ 
article of the bibHography. 

with the process of fittiiig 2 triangles is tlratof 4 etenm^ 

Zhen ttey fit, and to fflnstrate thU point, the »^of 

fi^re 3 Ls been drawn. This curve *8 'denfi^ 
fi!me 2 except that the field currents at any pomt on the 
figniT /_Af 4; nriirA 1 have been assumed 


of reactance drops. The end winding reactance, for 
example, can be considered merely as external reactance 
so that all machine fluxes are raised by the drop across the 
end winding reactance. The slot reactance causes the 


Figure 1. Typical 
synchronous - ma¬ 
chine saturation 
curves showing 
construction for 
obtaining Xp. 
(These are actual 
test curves) 



80 160 240 320 

PER CENT FIELD CURRENT 


flux in the air gap to be greater than that “ 

Part of the flux crossing the gap is shunted acri^ the 
... ___and does not reach 


2 except that the field currents at any point on the P®^ ° ^ ^ armature current) and does not reach 


given test sa^i^on 

to he accurate only within * 1 per cent, auu ^ 

Affect on Potier reactance has been shown as a crosstot^ed 
S Sto^i?words, this question of fit resolves itself 
the faxit fiiat fince Fotier reactance is measured geto 


r comTbrd only cuts the conductors near tte top of the 
dot. Similarly, part of the flux 

not even cross the gap, but “osses directly tom tte ade 
of one pole to the side of the next, and may be said to pro 
du“ a field reactance top quite similar to the slot wind- 


uihu vAJiv. — -^—-— -.aucc tt - -a. * 


3.1937. / ,-Btrical enrinw wilJi tlw AIl^^ ttp into itS COmpOUeut partS, P 

CwwtTwn BuCKWtTH iS clCCtriffl cnginw _ ^ ^ ^ 
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tooth, and core saturation. To be exact, each of these 
components should be broken down into still smaller 
parts, and should vary with load conditions on the ma¬ 
chine, but the additional complications would only con¬ 
fuse the relations to be brought out now. The reactance 
drops mentioned above have been shown in figure 4, so 
that the points P, G, T, and C represent the internal 
voltages in the pole, air gap, teeth, and core, respectively. 
Figure 4 can be simplified by making the following assump¬ 
tions : (1) the core saturation is negligible; (2) the satura¬ 
tion in the teeth is largely at the tips of the teeth (see ap¬ 
pendix), so that the flux determining saturation in the 
teeth can be assumed to be the same as the flux in the air 



This curve is the same as that of fisure 2, except that the field currents at 
any point on the test saturation curves of fisure 1 have been 
assumed to be accurate only within =*=1 per cent, and the resulting 
effect on Xp has been shown as a crosshatched band 

gap; and (3) the effective flux in the pole can be con¬ 
sidered to be increased above no-load conditions by the 
amount of transient reactance drop, since transient re¬ 
actance represents leakage reactance plus flux which, 
crosses between poles and does not link the field winding. 
Transient reactance flux is not identical with leakage flux 
because of harmonics, change of wave form, saturation 
and other factors, but in developing the following ap¬ 
proximate formula, it will be considered identical. 


Table I. Comparison of Test and Calculations 


_ Machine _ Per Cent Reactances 

Ro. Kva Poles Xd Xj Xd' Test 


Per Cent Potier Reactance 

Calcu¬ 


Calcu¬ 

Calcu¬ 

lated Differ- 

Average 

lated 

lated 

by ence 

Differ¬ 

by Differ- 

by 

Bq 1 

ence 

Bq 2 ence 

Bq 3 


1... 

... 200. 

2... 

... 5,000. 

!}• 

...10,000. 

6... 

_ 100. 

6... 

... 500, 

7... 

... 800. 

8... 

,... 200. 

9... 

... 220. 

101 

nr 

... 250, 

12... 

... 450. 

13... 

... 850. 

14... 

... 626, 

15... 

... 875. 

171 • 

... 300. 

191’ 

... 760. 

20... 

... 1,100. 

21... 

... 2,200. 

22 1 


231, 

... 876. 

24) 


26... 

... 1,876. 

26... 

... 626. 

27) 


28^ . 

... 7,600. 

29) 

301 . 

... 1,000, 

81 j 

32... 

... 6,000. 

83... 

... 6,000. 

84... 

... , 800. 


, 6 .... 
. 8 .... 

8 .... 

, 10 .... 

, 10 .... 

,14.... 

,18.... 

,18.... 

18.... 

,18.... 

18.... 

22 .... 

24.... 


28.... 

30.. .. 

82.. .. 


32.... 
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44. 


,48.... 

, 66 .... 

56.... 

,60.... 


.108.. 

.. 6.3.. 

..19.9.. 

..19.8... 

...18.0. 

..+1.8.. 


..14.8... 

.+6.0.. 

..16.9. 

.142.. 

..13.7.. 

..36.3.. 

..26.0.. 

.. .26.4. 

.. -0.4. 


..27.3... 

. —I..*).. 

..28.3. 

..33.0. 

.170.. 

..13.6.. 

..41.1,. 

..31,1.. 

f29.7. 
’ 126.9 

..+1.4) 
+6.2 f 

....+3.4.. 

..80.8.. 

.+0,3.. 

.160.. 

..12.7.. 

..33.7.. 

..81.6.. 

...27.1. 

..+4.6. 


..26.9,. 

.+6.7.. 

..27.0. 

.129.. 

.. 9.4.. 

.,28.6.. 

..22.9.. 

...20.7. 

.,+2.2. 


..21,4.. 

.+1.6.. 

..22.8. 

. 71.. 

.. 8.6.. 

..21.7.. 

,.16,9.. 

...18.8. 

..-2.4.. 


..16.8... 

.-O.9.. 

..17.4. 

.124.. 

..17.0.. 

..83.0.. 

,.26.6.. 

...28.9. 

..-2.3.. 


..27,0... 

. -0.4.. 

..26.4. 

.125.. 

,.16.0.. 

..82.8.. 

..26.8.. 
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..14.1. 
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Saturation Data 
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Pole AT 

KnI 


.+4.0.. 
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..1.19.. 

.1.37 

.-2.3.. 

...0.69... 

..1.12.. 

.1.43 

.-2.O.. 

(0.69) 

* (0.46/ • 

..1.09.. 

.1.49 

.+4.6.. 

...0.68... 

..1.24.. 

.1.94 

.+0.1.. 

...0.69... 

..1.17.. 

.1.49 

.-1.6.. 

...0.74... 
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.1.7 

.+0.2.. 

...0.76... 
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.1.82 
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..1.18.. 
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.1.42 

.-1.9.. 
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(0.42) 
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.1.93 


(0.86) 



.+4.7.. 
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..1,19.. 
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(0.82) 



,-0.7.. 
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;+2.1.. 
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.1.46 


(0.61) 



.-4.4., 
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..1,12.. 
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.+6.7.. 
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(0.73/ 
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.. 1.39 
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regular commttcial tests and not from special tests. Xi has been calculated by Kilgore's formulas. Xg' has been 
atoer by Kil^re s formulas or by a dmplificd formula. Ratio of pole ampere turns to pole plus tooth ampere turns has been calculated in several cases by more 
than one method. ■ . ■ . ^ 
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Approximate Graphical Method 
for Calculating Xp 

Using these simplifications, then, figure 4 can be re¬ 
duced to figure 5, and the point A of figure 1, which is the 
operating point at zero power factor, can be determined 
as the sum of the ampere turns in the gap (equals NG in 
figure 6) plus the tooth ampere turns (equals in 
figure 5) plus the pole ampere turns (equals 5P in figure 5) 
plus the effective demagnetizing ampere turns of the 
armature current (equals D'A* in figure 1). After the 
point A has been obtained, the determination of can 
be made by the usual method shown in figure 1. 

First Approximation for Xp 

The above procedure for calculating Xp is a graphical 
one. The same procedure can easily be reduced to an 
approximate formula by considering 2 limiting conditions, 


the ratio of pole saturation to total saturation, the formula 
for Xp becomes 




pole ampere turns _ 

pole plus tooth ampere tiims 



This equation is a simplified form of one given by L. A. 
Kilgore in his discussion of reference 1. 

Second Approximation for Xp 

For use where the ratio of pole ampere turns to pole 
p h is tooth ampere turns cannot be determined, an average 
value for this ratio can be assumed, so that equation 1 be¬ 
comes 

Z, = Xj + 0.63 (Ztf' - Zi) (2) 

Third Approximation for Xp 

In cases where Xj is not available, an empirical formula 
applicable to average machines has been found to be 
merely 

Zp = 0.8 (ZaO 

Comparison of Test and Calculated Results 

Results of 34 calculations using formulas 1, 2, and 3 are 
compared with test in table I, and the same results are 
shown in graphical form in figures 6 to 9. In figures 7, 8, 


FIELD CURRENT (OR AMPERE TURNS) 

Figure 4. Internal conditions determining Xp 

and assuming linear variation between these 2 conditions. 
The first Uniting condition exists when th^ is 
tion in the poles, aU saturation being in the teeth. Fo 
reactance equals leakage re^tance 

The second limiting condition exists when aU 

nnles and the teeth are unsaturated. For 

STeiS points are assumed to depend directly upon 



FIELD CURRENT (OR AMPERE TURNS) 

Figure 5. Simplified inlem.l condition, deteiminins X, 
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and 9, the difference between test and calculated values 
for each macliine has been drawn as a line above or below a 
zero axis, and the lines have been arranged in order of 
descending magnitude to give in effect a distribution curve. 
The abscissa can consequently be labeled “number of ma¬ 
chines exceeding a given per cent error.” Thus in figure 8 



DISTRIBUTION CURVE 
SHOWING AMOUNT BY 
WHICH CALCULATED 
CURVE AA' IS ABOVE OR 
BELOW THE TRUE POINT A. 
FOR INDIVIDUAL POINTS 
THE CURV^ SEE. FIGURES 
7,8, AND 9. THE SMALL CIR¬ 
CLE AROUND POINT A REPRE¬ 
SENTS PROBABLE TEST ERROR 


FIELD CURRENT 

Figure 6. Comparison of calculated X. with test X, 


the ordinate for —3 per cent error yields an abscissa 
whose value is 4, which is the number of machines for 
which test Xp was more than 3 per cent less than calcu¬ 
lated Xp. Per cent has everywhere been taken as per 
cent of rated terminal voltage, in order to avoid confusion 
and so that the distribution curves of figures 7, 8, and 9 
can be more easily visualized in their true agnificance as 
per cent of terminal voltage above and below the true 
point A in figure 6. In this figure, the assumption made 
is that the no-load saturation curve has been obtained 
from test, and that calculated Xp is being used to ob¬ 
tain the full load zero power factor curve which will then 
be above or below the true point ^4 by an amount exactly 
equal to test minus calcuUited Xp. 

When judging the results, it should be remembered 
that the quantity being calculated varies with test error 
and voltage rating as shown in figure 3. Furthermore, 
the values of end winding leakage reactance and also those 
of transient reactance as calculated by published for¬ 
mulas diffd: slightly from each other and from test. The 
other term in equation 1 is the. ratio of pole saturation to 
tooth plus p61e satura,tibn,; and it is hardly necessary to 
say that its vsdue will depend upon the method of calcula¬ 
tion used, since all practical methods of calculating satura¬ 
tion in a magnetic circuit as complicated as a synchronous 
machine involve approshnations or empirical factors. In 
table I, the ratio of pole to tooth plus pole ampere turns 


for several of the machines has been calculated by 2 or 3^ 
different methods just to show the variation that is likely 
to be obtained. 

In compiling table I, most machines were chosen at 
random, and the remaining few machines were chosen be¬ 
cause they did not check the usual method of calculating- 
saturation. All results have been included in the table, 
and no machines for which Xp has been calculated have 
been omitted. 

Considerable data have been included in table I just to 
give a better picture of each machine. Thus the values 
of Kni, Xp, Xa, and Xp are sufficient to permit virtual 
reconstruction of the saturation curves, and the division 



Figures 1 , 8, and 9. Difference between test Xp and Xp 
calculated by equations 1, 2, and 3, respectively 

Note: In these figures, each machine Is represented by a line from the 
zero axis up or down to the proper per cent difference. The lines arc 
arranged from left to right In the order of decreasing magnitude to give. 
In effect, a distribution curve. These curves are indicated to a more 
correct scale In figure 6 


of saturation between stator and rotor can be determined 
from the ratio of pole ampere turns to pole plus tooth 
ampere turns given in column 15. 

Comments on the Difficulties of 
Calculating Accurately Potier Reactance 

As mentioned before, Potier reactance is a somewhat 
fictitious reactance, and consequently the more exact 
method of calculating it to be discussed below wiU be 
quite different from the usual method of calculating a 
reactance, and will consist only of calculating 2 saturation 
cuhres, one under full-load zero power factor conditions, 
and the other under nodoad conditions. Furthermore, 
since the usual methods of calculating saturation curves 
are so well known, the following discussion will assume a 
knowledge of the general method, and will discuss only 3 
details that have particular bearing on the difference be¬ 
tween the no-load curve and the full current zero power 
factor curve. 

1. At no-load, the flux form in the air gap is shown 
for a typical machine in figure 10. The estimated effect 
of saturation on this flux form is shown at 126 per cent 
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voltage by the dotted curve on the same figure. The flux 
form constants of these waves axe tabulated in the figure. 
The ratio between the fundamental peak and the actual 
peak flux is Ci. The ratio of the average to the peak value 
of the actual flux wave is Cp. 

2. Under full current zero power factor conditions, 
the same curve and its constants are also shown in figure 
10. The obtaining of these curves, especially the ones 
under saturated conditions, may involve considerable cut 
and try work or else good approximations, but the calcula¬ 
tion of tooth and of gap ampere turns is relatively simple 
once the constants have been obtained.^ It is assumed 
that tooth flux and gap flux are identical because, as 
shown in the appendix, tooth saturation occurs , largely at 
the tips of the teeth. ActuaUy, the flux form chang^ 
continuously between the tips and the base of the teett. 
In general, the flux forms become flat-topped soon after 
saturation occurs in the teeth. Saturation in the pole 
between damper bars or in the pole tips has been neglected, 
but may be quite important in the occasional machines 

where it occurs. . 

3. Having calculated tooth and gap ampere turns by 



ZERO PF 
FULL VOLTAGE 
FULL CURRENT 
Cl = 1.231 
^Cp= 0.856 

'no LOAD 
125% VOLTAGE 
C|® 1.195 

^Cp= 0.810 

( NO LOAD 
I FULL VOLTAGE 
1 C|» 1.106 
^Cp-0.727 


under the proper conditions of flux form 

second, that the ampere tunm “**"«’**^ ,„-Xs 

sides may sometimes act in a direcUon tha 

< ■* ‘j. • /yf increasing it. In other words, 

the pole density instead of increasing K^arntne 

the leakage flux between pole sides may ac^ly become 
^gativeii that the effective permeance betw^ 

X does not remain constant. This se»nd eff«t 
takes place only when the pole 

appreciable part of the total ampere turns but^o™ 
of the effect will always differ between no-load and fuU l^d 
because of demagnetizing ampere turns, and consequently, 

(1. change of wave shape to^ 

saturation. 2. change of wave shape with 

amoere turns. 3. change of pole side leakage flux mth pole 

saturation) are the major ones causing 

the no-load and fuU-load saturation curves, “““^nd 

2 for example, cause the air gap ampere-turn tae to tend 

back at higher voltages as shown “ ^8“' 

being the straight line it is often considered to be. It^ 6 

causes appreciable reduction in pole density at the ^g 

voltages and currents where pole ampere turns are greater 

^^It must-be remembered in considering the above, that 
all practical methods of calculating synclironous machine 


n -i 20 30 40 50 60 70 80 90 

ELECTRICAL DEGREES FROM POLE CENTER LINE 

Fi3ure 10. Flux forms for a typical salieiit-pole machine 
under different operatins conditions 

the usual methods, but using the above corrected values 
of Cl and C*, the next step is to calculate pole ampere 
turns; but in order to do this, the field leakage fl^ m^t 
be obtained. If a constant permeance is assumed in the 
leakage flux paths between pole sides re^^e^ of ^e 
amoimt of flux or shape of the. field, Uien the leakage flux 
is this permeance times the number of ampere t^s 
acting, and the per unit leakage is this flux divided by 

the average flux from figure 10. 

For help in approidmating the ampere turns acting to 
produce flux between pole sides, the sketches of figure 11 
have been drawn. Two things should be noted : first, 
that the ampere turns acting between pole heads is prac- 
ticafly the sum of the gap ampere turns plus the demag¬ 
netizing ^pere turns plus the tooth ampere tums-aU 



Figure 11. Approximate flux maps for different conditions 
(ampere turn lines only are shown) 

A —K|o load, no saturation ,.i 

e—No load, no pole saturation. Tooth ampere turns equ S P 
ampere turns 

C-No load, no tooth soturalion. . Pole entpere toms equal 34P 

turns 

D-FuII load, zero power factor. Pole, tooth, gap and demagnetizing 
ampere turns equal 

saturation are approximate, and 

exact method is to make flux plots of the entire circm , 

including both saturated and unsaturated portions. 

Saturation of Potier Reactance 

In the pre(«dmg analysis, no attempt h^bew^^^i^^ 

to show in detail the effect of saturation on X.. In com- 
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piling table I, all comparisons have been made arbi¬ 
trarily at rated voltage and rated current, and the un¬ 
saturated value of has been used. The use of the 
saturated value of is not thought to be justified be¬ 
cause saturated reactance depends upon that is, 

upon rate of change of saturation, while saturated Xj, does 
not. 

Symbols 

= direct axis transient reactance 
Xp s= Fotier reactance 
Xi =» direct axis sjmchronous reactance 
Xi = armature leakage reactance 
^aa *= direct axis demagnetizing reactance (« — Xj^ 

AT = ampere turns per pole 

Kni *= ratio of no-load ampere turns to gap ampere turns at 100 
per cent voltage 

Kp = ratio of no-load ampere turns to gap ampere turns at 
(100 per cent plus per cent Xp) voltage 
Cl «= ratio of fundamental to maximmn of air gap flux form 
Cp = ratio of average to maximum of air gap flux form 


Appendix— Use of Exponential Formula 
for Saturation Curve 

The saturation curve of iron very closely approximates an expo¬ 
nential curve over the usual ranges used in ssmehronous machines. 
In figure 13, the ampere turns per inch required by a saturated 
wedge-shaped tooth are shown for 2 values of maximum density— 
140,000 and 110,000 lines per square inch. The actual curve and 
the exponential representation of it have both been drawn in order 
to show the substantial agreement that exists between them. The 

Fisure 12. Effect 
of change of flux 
form on air-gap 
line of a typical 
machine 

/—Under no-ioad 
conditions 

B —Under full-load 
zero - power-factor 
conditions 
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Figure 13. Saturation of a trapezoidal tooth (with 100 per 
cent air area in parallel) 

/—Ratio of maximum to minimum tooth width for averase 60-pole 
machine 

® Ratio of maximum to minimum tooth width for average 20-poie 
machine 

C—Ratio of maximum to minimum tooth width for average 8-10-polc 
machine 

0—Ratio of maximum to minimum tooth width for average 2--4-polc 

machine 


If an e3q)onential equation is used for saturation, then the ratio of 
tooth to pole ampere turns can be approximated as 

tooth ampere turns 
pole ampere turns 


' tooth length 
pole length 


1.07 (tooth density — pole density) 

1,000 


And equation 1 will become; 
^p^Xx ^-i.Xi-Xi) X 


tot^ ampere turm required to force the flux from tooth tip to any 
ordinate of the curve is shown by curve B of the same figure, and is 
equ^ to a constant times the integral of curve A. The interesting 
thing to note is that if the exponential representation is chosen, the 
curve of total ampere turns (curve 3) becomes the usual curve of 
exponential decay or build up, from which it can be seen that if the 
wedge-shaped tooth were replaced by a parallel-sided tooth whose 
length was equal to the distance from the tooth tip to the point where 
tooth width 

mininiiitTi tOoth width ** the same total ampere 

turns as in Ihe whole wedge-shaped tooth would be obtained. 


^ tooth length ^ 
. pole length 


0.07 (tooth density — pole density) 
e 1,000 
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Characteristics of the New Station-Type Autovalve 

Lightning Arrester 


By W. G. ROMAN 

ASSOQATE AtEE 


T his paper is a description of the characteristics of c 
a new line of station-type autovalve arresters. These c 
arresters are designed to limit the surge voltage to a f 
low value for all types of surges, and at the same time to 1 
have high enough 60-cycle breakdown and cut off char- < 
acteristics to be practically free from trouble due to tran- 1 
sient 60-cycle overvoltages. ^ 

The arrester elements are sealed in porcelain weather ^ 
casings having aluminum-alloy castings cemented to each i 
end. The castings serve to make electrical connection to s 
the arrester elements and to bolt the separate umts of a 
complete arrester together. The autovalve bloclffi are 
cemented in the porcelain casing with a hard chlorinated 
wax which acts as a mechanical support for the blocks ^ 
prevents any movement during shipping or erection. 
The gap assemblies are sealed in porcelain tubes having 
spun metal caps soldered directly to a band of metalhc 
glaze on the porcelain. The gaps are dried before making 
the final seal by forcing hot dry air through th^ for 
several hours. Figure 1 is a cut-away view showing de¬ 
tails of the construction of a 60,000-volt arrester. 

In developing this arrester it was found that improve¬ 
ments in protective ratio, 60-cycle breakdown character¬ 
istics, and interrupting ability of the gaps could be made 
by utilizing 2 independent gap structures, each of which 
was designed for its particular purpose. The 2 gap struc¬ 
tures have been called switch gap and quench gap. Nor¬ 
mally the switch gap is located at the top, and the quench 
gap at the bottom of the arrester. In the higher-voltage 
arresters, the quench gap is in 2 or more units. Each gap 
unit, together with the proper number of porous blocks, 
is assembled in a separate casing, as in the lower half of 
figure 1. The complete arrester is biult up of ^ese 
quench-gap and block imits with a switch gap either 
mounted directly on them or suspended above them. 

The quench gap has a high 60-cycle breakdown and 
power follow interrupting ability, and at the same time a 
low surge breakdown. The high interrupting abiUty has 
been obtained by using a large number of closely spaced 
gaps. The high 60-cycle and low surge breakdown has 
been obtained by using a gap element wMch has an im¬ 
pulse ratio of very nearly tmity, and by using a resistance 
shunt to distribute the voltage evenly across all of the 
gaps. In figure 2 is shown a unit of 3 gaps assembled in¬ 
side the molded resistance ring. The low impulse ratio 
of this t3rpe of gap is probably due to the formation of a 
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corona or rimilar discharge near the points of contact of 
of the tnira washer and the electrode. This discharge 
furnishes an abjundance of ions for the gap, and as a result 
the gap is very fast and has a low impulse ratio. As a 
on this, tests were made in which a ring of Micarta 
between the outside edges of the electrodes was substi¬ 
tuted for the mica washers. Although the gap spacing 
was the same, the impulse breakdown became erratic and 
impulse ratios as high as 2 were obtained. In the as¬ 
sembled gap a number of units of 3 gaps and a resistance 
ring stacked on top of each other are sealed in a porcelain 
gap tube. The spring spacer between units assures good 
contact to the resistor and takes up any manufacturing 
variation in the parts. 

The switch gap insulates the arrester from the line 
voltage and prevents the continuous passage of leakage 
current through the resistance shunt of the quench gap. 
This is a multiple gap using pressed-brass electrodes sepa¬ 
rated by porcelain spacers. Improvement has been ob¬ 
tained in the impulse ratio of these gaps by using a molded 
insdi: of granulated carborundum in the face of the elec¬ 
trode. A double-gap element of this type is shown in 
figure 3. The surface of the insert is slightly below the 
face of the electrode and the arc takes place between the 
metal surfaces and not to the surface of the carborundum 
insert. The chart of figure 4 shows the results of tests on 
4 gap assemblies, each composed of 2 gaps, as in figure 3, 
in series. The 60-cycle breakdown and 10 front-of-wave 
breakdowns were taken on each gap assembly. Each gap 
assembly, in series with an autovalve block, was then 
surged 50 times with a 4,000-ampere surge while con¬ 
nected to a 3,000-volt power source. Then the 60-cycle 
and impulse tests were repeated. This was continued un¬ 
til a totel of 200 power follow shots had been reached 
In the chart the vertical lines represent the spread in 
the impulse ratio of a particular gap ^sembly for 10 
tests. The number above each line designates the ga,p 
! assembly tested. The line in the column at the right 
i riiows the spread in impulse ratio of a similar gap assem- 
5 bly without the inserts. 

The operation of the dual gap in the complete arrester 
5 is as follows: When the surge voltage becomes 50 to 75 
£ per cent above the crest of the arrester rating, the svdtch 

- gap breaks down and the entire voltage is applied to the 
D quench gap. If the voltage continues to rise, the quench 
a gap breaks down when the voltage reaches 126 to 150 p^ 

- cent above the crest of the arrester rating. The 

then discharged through the autovalve blocks which hold 

the surge voltage to a safe value. After the surge is dis- 

charged, the nomml-frequency current of approximately 

20 amperes crest passed by the autovalve blocfe is inter- 
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Fisure 1 (left). Cut-away view of a 60/ 
000-volt type SV arrester showing details 
of the internal construction 

^Switch-gap assembly 
B Quench-gap assembly 
^—Autovalve blocks 



Figure 2. Quench-gap unit consisting of 
3 gaps and a shunting resistor 

A —Pressed-brass electrode 
B —Mica washer 

C—Molded ring of resistance material 
D—^Spring contact plate 


rupted at the first current zero by the quench gap. The 
leakage current of less than a nnlHampere passed by the 
tjucnch-gap shunting resisters is then interrupted by the 
switch gap. 

Figure 5 is a curve of the protective ratio as a function 
of the time to breakdown of the dual gap on various wave 
fronts. The time to breakdown was hiken as the time 
from zero to breakdown voltage on an average front 
taken between the 10 and 90 per cent points. In order, 
to get a common scale for the different ratings, the actual 
breakdowns in kilovolts were divided by the crest value 
of the maximum arrester rating in kilovolts. The actual 
gap breakdown of any particular arrester can be obtained 
by multiplying the crest of maximum arrester rating by 
the protective ratio for any time to breakdown. This 
curve shows how faist the arrester gap is. For example, 
on the standard rate of rise of 100 kilovolts per micro¬ 
second for each 11,5 kilovolts of arrester rating the break¬ 
down occurs in about 0.4 microseconds and the ratio is 
about 2.4 Even doubling the rate of rise, which means a 
breakdown in the very short time of 0.2 microseconds, 
only increases the gap protective ratio to about 2.6. 

The aiitovalve block has a high surge-current-discharge 
capacity and at the same time a low protective, ratio. 
The protective ratio on the standard 1,500-ampere 10x20 
wave is 2.1. This means that for a current of this 
type the voltage across the arrester elem«its will be 
limited to 2.1 times the crest of the arrester rating. In 
order to compare the protective characteristics of the ar¬ 
rester with the characteristics' of insulation to be pro¬ 


amperes per microsecond can be seen when it is considered 
that a traveling wave on an open line of 400 ohms surge 
impedance rising at the rate of 2,000,000 volts per micro¬ 
second would be needed in order to produce this rate of 
rise of current in an arrester connected at the end of the 
line. These curves strikingly show the flat characteristic 
of the autovalve block. Even at surge currents of 10,000 
amperes and rates of rise of 10,000 amperes per micro¬ 
second, the protective ratio is held to the low value of 
2.8. These data have been replotted in a more useful form 
in the curves figure 7. These curves give the prptective 
ratio of the arrester at various surge current for the rates 
of rise of current of 1,000, 5,000, and 10,000 amperes per 
microsecond. Since the curves are relatively close to¬ 
gether, rates of rise between the values shown can be 
easily interpolated. From these curves the voltage which 
will appear across any given arrester for any assumed cur¬ 
rent wave shape can be easily determined. The protec¬ 
tive ratio for any rate of rise and crest current can be de¬ 
termined from the curves. The crest value of the maxi¬ 
mum 60-cycle rating of the arrester multiplied by this 
ratio gives the surge voltage across the arrester. 

This arrester can safely discharge surge currents in ex¬ 
cess of 50,000 amperes without damaging the arrester. 
On surge currents of this high magnitude the arrester 
stiU offers protection to insulation, as can be seen by ex¬ 
amining the oscillograms of figure 8. These oscillograms 


Figure 3. Gap 
elements used in 
switch gap 



A —Pressed-brass electrode 
B —Molded insert of granulated carborundum 
C—Brass plate 

D —^Wet-process porcelain spacing ring 
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cted, its performance on various rates of rise of current, 
i wed as drest currents must be Imown. The results of 
sts on these blocks at crest currents of 1,500,5,000, and 
1,000 amperes with the rates of rise of currents varying 
om 300 amperes per miqt-osecond to 10,000 amperes per 
icrosecond are shown in the curves of figure 6, An idea 
the meaning of a current rising at the rate of 10,000 


Figure 4. Performance of gaps, as in figure 3, with carbo¬ 
rundum inserts 

Each vertical line represents the spread in the impulse ratio on 10 
successive front; waye breakdowns; The numbers above the lines 
designate the gap tested. The line in the column at die right shows the 
spread Iri impulse ratio on a similar gap assembly without the Carborundum 

Inserts 
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TESTS ON 97-KV ARRESTER. 

TESTS ON 60-KV ARRESTER 

TESTS ON 40-KV ARRESTER- 

TESTS ON 30-KV ARRESTER 


Figure 5. Surge 
breakdown of the 
dual gap as a 
function of the 
time to break¬ 
down 


strokes without damage to the arrester, and the arrester 
while discharging these high currents will offer a fair degree 
of protection to connected equipment. A station-type ar¬ 
rester is rarely called upon to discharge the entire current 
of a heavy direct stroke, because the arrester is normally 


0.4 0.8 1.2 1.6 2.0 

TIME TO BREAKDOWN IN MICROSECONDS 


2.4 


In order to obtain a common scale for the arresters of different ratings, 
the actual breakdown voltage was divided by the crest of the rated 
voltage of the arrester tested. All breakdowns v^ere on the front 
of the wave. The time to breakdown was taken as the time from 
zero to breakdown voltage on a line through the 10 and 90 per 
cent points 
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MAXIMUM RATE OF RISE—THOUSANDS OF 
AMPERES PER MICROSECOND 

A —Crest current of 1,500 amperes 
B —Crest current of 5,000 amperes 
C—Crest current of 10,000 amperes 


Figure 6. Pro¬ 
tective ratio of the 
autovalve blocks 
as a function of 
the rate of rise of 
current for differ¬ 
ent crest currents 

The maximum rate of 
rise of current was 
taken as the rate of 
rise of approximately 
the first half of the 
front of the current 
wave 


Figure 7. Protective ratio of the autovalve blocks as a 
function of surge current for different maximum rates of rise 
of current 

A —Maximum rate of rise of 1,000 amperes per microsecond 
B —Maximum rate of rise of 5,000 amperes per microsecond 
C —Maximum rate of rise of 10,000 amperes per microsecond 
D—Maximum rate of rise of 20,000 amperes per microsecond 


were taken on (i-kv autovalve block units. Since the 
characteristics of the autovalve block add directly, tests 
on single blocks can be extrapolated to any arrester rating. 

At its rna yimum rated 60-cycle voltage the 5F arrester 
will pass a power follow current of between 20 and 30 am¬ 
peres crest. This power follow current is interrupted at 
the first current zero by the arrester gap. The power 
follow current is low enough and of such short duration 
that it will not cause any system disturbances. Power- 
follow tests have been made on this design of arrester on 
ratings up to 60 kv, both dry and with a spray to simulate 
rain. Under no conditions has a failure been produced. 

The results of various investigations on the surge cur¬ 
rent in the direct stroke in this country and abroad, show 
that the current in the majority of the strokes is below 
50,000 amperes, with occasional very heavy strokes where 
the current reaches magnitudes of the order of 200,000 
amperes. Norinder, of Sweden, has made measurements 
of the rate of rise of current by means of measurements of 
the magnetic field produced by the stroke, and he reaches 
the conclusion that in about 65 per cent of these strokes 
the maximum rate of rise of current is below 6,000 amperes 
per microsecond: Because of the nature of ^e mstru- 
ment used in making these measurements, it is highly prob¬ 
able that a large number of strokes of low curr^t and low 
rate of rise are not recorded at all, and therefore these 

data only include thestrokes of most severity. Ev^Jak- 

inv this data as it is, we find that the new type 

reLr wiU discharge the majority of the currents of direct 



Figure 8. High-current surge tests on autovalve blocks 

A ft ArnDerc-time and volt-lime curves of a 6-kv autovalvc b^k 

A, B—Ampere m c 30 qOO amperes with a maximum rate of 

disch«5i„,. ^se “ 

'^kv crlpro^T.Bo 0(22/6 X - ^ 

^ r^ A XU Work discharfling 79,000 amperes-20,000 ampere per 

. p,o«c«v. ,,ao 

blocks .0 
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Figure 9a. Re¬ 
trace of 5,000,- 
000-volt lightning 
surge recorded on 
a 115,000-volt 
wood-pole line 
in Arkansas 

Figure 9b. Per¬ 
formance of a 
121,000-volt ar¬ 
rester for 115,- 
OOO-volt un¬ 
grounded neutral 
service on a surge 
as in (a). The 



MICROSECONDS 


arrester on the end of a line of 400 ohms surge impedance 


Figure 11. Light¬ 
ning arresters 
mounted directly 
on a power trans¬ 
former 

The arrester for the 
solidly srounded 
neutral 132,000- 
volt primary winding 
is in the Foreground. 
The top of the ar¬ 
rester for the 46,- 
000-volt grounded 
neutral secondary 
can be seen above 
the secondary bush¬ 
ings 


A —Voltage across arrester 
B —Time-lag curve of 31 Vs'inch co-ordinating gap 
C— ^Time-lag curve of 115,000-volt transformer bushing 
D-rTransformer major insulation, 115,000-volt class 



Figure 10. Per¬ 
formance of a 
242,000-volt ar¬ 
rester for 230,- 
OQO-volt un- ^ 
grounded neutral | 
service on surges ^ 
entering a station 
on a steel-tower 
line of 400 ohms 
surge impedance 
insulated with 18 
standard insulators 

A —Time-lag curve 18 insulators 

B —Time-lag curve 64-inch co-ordinating gap 

C—^Wave chopped on rising front by line insulators • 

D —^Wave chopped at 5 microseconds by line insulators 
f—^Maximum 1V2X40 wave passed by line insulators 
/^“Voltage across arrester for a traveling wave as in C 
G—^Voltage across arrester for wave D 
H —^Voltage across arrester for wave £ 

effectively shielded from cUrect strokes by the station it¬ 
self, When heavy strokes occur to the line even in the 
span next to the station, they will probably cause a flash- 
over of the line insulators, which will offer a parallel path 
to ground for the lightning currents. 

. The voltage, and therefore the current, associated with 
a traveling wave entering a station over the overhead 
lines is limited by the flashover voltage of the line insula¬ 
tion. It is interesting to analyze the performance of this 
arrests for the type of surge which would be expected 
to epter the station from an overhead line. On a 115,000- 
yolt wood-pole line in Arkansas a cathode-ray oscillogram 
of. a lightning surge was obtained which reached a crest 
voltage of 5,000,000 volts in slightly less than 2 micro- 
seconds^ and decayed to half value in about 8 microseconds. 
This is the highest voltage lightning surge that has been 


recorded on a line. In figure 9a a replot of this oscillo¬ 
gram is shown,. Fig^e 95 shows the voltage which 
would appear across a type 5F arrester rated at 121,000 
volts ma xim u m for ung^rounded 115,000-volt application. 
Assuming a line surge impedance of 400 ohms, the crest 
current through the arrester would be approximately 24,- 
000 amperes and the rate of rise would be 20,000 amperes 
per microsecond. The arrester voltage reaches a maxi¬ 
mum of about 530 kv. In figure 9 are also shown the 
time-lag curves of the 3iy2-inch co-ordinating gap and 
the transformer bushing. The co-ordinating gap has a 
minimum flashover of about 525 kv and therefore would 
probably flashover at a relatively long time lag.^ The ar¬ 
rester voltage is well below the transformer bushing and 
the transformer major insulation level.® In f gure 10 are 
shown performance curves for a 240-kv arrester applied on 
a 230-kv ungrounded system in which the line is on steel 
towers and insulated with 18 standard insulators.. The ar¬ 
rester voltage is calculated for a line surge impedance of 
400 ohms and a traveling wave rising at the rate of 2,000 
kv per microsecond chopped on the rising front, at 5 
microseconds, and the maximum full wave passed by the 
insulators. These voltages are all below the minimniTi 
flashover voltage of the 64-inch co-or dinatin g gap. In 
both of these examples the arrester for the ungrounded 
neutral application was used. If the neutral were solidly 
grounded, arresters rated at 80 per cent of these ratings 
would normally be used and the margin of protection 
would be correspondingly better. 
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Relay Operation During System Oscillations 


By C. R. MASON 

ASSOCIATE AIEE 


Introduction 

T he better relays are made, the better they must 
be made. This is because better relays enable more 
economical transmission of power by permitting 
operation nearer to the stability limits of a system;^ and 
the nearer to its stability limits a system operates, the 
more dependence is placed on its relays. 

Relays have often been called superhuman, but they still 
believe what they see. Reference is made to system oscil¬ 
lations dehned here as the oscillating interchange of power 
between synchronous machines when they hunt or go out 
of step with one another. Protective relays sometimes 
mistake these oscillations for short circuits, and trip im¬ 
portant transmission lines.* 

The chance tripping of a sound line is bad at any time. 

If it happens during hunting, a system might not regain 
synchronism through its other interconnections. If it 
happens when generating sources are out of step, a small 
source might be isolated with a large load, or vice versa. 
The necessary separation of generating sources on loss of 
synchronism should be performed by purposely designed 
relays at prearranged locations. Protective relays should 

function only for short circuits.^ ^ 

The purpose of this paper is to show wherein a relay s 
vision is defective and to suggest remedies. We shall 
first discover what a system oscillation looks like to a re¬ 
lay. Then we shall compare this wi^ short circmts and 
attempt to find a difference in their appearance. And 
finally, we shall apply whatever corrective measures are 

possible. 

Characteristics of System Oscillations 

In order to stapUfy the problem, it is assumed that as 
far as system osdllations are concerned 

1, The system can be represented by figure 1 
2 Afi parts of the system elways have the s^e ratio of rescleuee 
to resisttnce, and the impedance of each part IS constant 

3. The generator voltages behind transient reactance are always 

equal and constant inmagmtude , 

4 AU electrical quantities are referred to the 

trrfm S^teaSal tnmstormers which transform wthont ctarnge 

in phase angle • 

the type of system osciUations involved here are 
balanced 3-phase phenomena, It is sufficient to cona « 

only one phase and its rdatton to ds hne-^ 
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neutral voltage as in figure 2. The difference voltage 
— Vj) impressed across the total line-to-neutral im¬ 
pedance of the system, causes the current/ to flow between 
the sources. The angle <l> by which I lags the difference 
voltage is a constant. As 6 changes, the magmtude of I 
and its ang u la r relation to each of the substation voltages 
changes. The voltage difference between any 2 points is 
always a constant proportion of the total difference 
(Va - and hence each vector, which on figure 2 rep¬ 
resents a substation voltage, always terminates at a con¬ 
stant division point on the difference voltage. This con¬ 
stant, which defines any location, and which will be called 
is often called the “per unit impedance” from the neutral 
of source F to the given location. 

The following values of n are chosen to locate the various 
points shown in figure 1. 


Point 

Source ... 

Substation . .. 

Substation . .. 

Substation ..* "' ‘ 

Substation . ...i!!!!!l!o 

Source A .. 


For one cycle of sUp between the 2 sources, the voltage 
vector of one source describes a complete rotation with re- 




SUBSTATIONS 


B 




-ate- 


SOURCE F 


®-0 


1. por all numbered referees, see Ust at end of P P 
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SOURCEA I 

O-f 

Figure 1. One-linc diagram of 3 sections of transmission 
line connecting 2 generating sources. The numbered 
rectangles represent circuit breakers arranged to be tripped 
by protective relays 

Rgure 2. Line- 
to-neutral voltage 
and current rela¬ 
tions of one phase 
at the various sub¬ 
stations of figure 1 
when the voltage 
Va back of tran¬ 
sient reactance of 

,o«e. A h- »!.. .«gl. 9 eo«- 

sponding voltage Vf of source F 
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spect to the voltage vector of the other source. If only 
hunting occurs, one voltage swings within a limi ted sector 
both sides of the other. 

The following equations describe the numerical rela¬ 
tions between d and each electrical quantity affecting relay 



Figure 3. Volt¬ 
age and current 
magnitudes at 
each substation 
for one complete 
slip cycle, or for 
0 to 360 degrees 
displacement be¬ 
tween the 2 
sources 



Figure 4. Phase angle between the current and the voltage 
at each station for one complete slip cycle 


operation. In all of the following discussions, d will be 
measured counterclockwise from Vp to 



(1) 

F “ Fa y COS * 1 + (1 - 2»)« sin* | 

(2) 

w = (90 — 0) -|- tan~*^(l — 2«) 

(3) 


where <a is the angle between V and 7. When w is posi¬ 
tive, I leads F, . 


The final step in preparing the picture of oscillations as 
seen by relays is to correct some of the curves of figure 5 
by taking into account the point of view of the various re¬ 
lays. Thus far, our picture is one looking down the line 
from A toward F. The relays connected to trip breakers 
1, 3, and 5 are arranged to look in this direction, but the 
relays at breakers 2,4, and 6 view the oscillation from the 
other direction, and to them the current is reversed. 

Making the necessary corrections, and separating the 
ciuves so as to place each next to the point for which it ap¬ 
plies, we have the final picture shown in figure 6. These 
curves are not ejqiected to show quantitative data, but 
they have been found invaluable for visualizing the oper- 


Z' = total line-tOrneutral impedance of the syst em 
V — voltage for any intermediate point 

In these and in equations to follow, and F, may be 
used interchangeably because they are assumed to be equal 
in magnitude. 

Figure 3 shows how F and 7 at each station vary with d, 
and figure 4 shows the relation between oi and 6 when 0 is 
assumed to be 75 degrees, 

A step toward obtaining a clear understanding of the 
picture seen by relays is to put the relations of equations 
1 and 3 into the form of figure 5. The arrow heads on the 
curves show the direction in which the head of the current 
vector moves as e increases from zero. Current vectors 
are shown for a value of e less than 180 degrees. Note 
that for a given angle, all current vectors have the same 
length. The curves are symmetrical about an axis in¬ 
clined at the angle 0 below the reference axis. The 
curves for n — 1 and n — 0 are equal circles externally 
tangent at the origin and centered on the axis of symmetry. 

The curve for » = 0.5 is shown dotted. As d increases, 
the cuirent increases maintaining a constant angular posi¬ 
tion ^th respect to its reference voltage. When goes 
through 180 degrees, the line-to-neutral voltage decreases 
to zero and reverses, but since this voltage is the reference, 
the cu^ent must beshown as incre^ing to a maximum and 
reversing in z^o time. What ha|)pens to the curve when 

d .is 180 d^ees may be matter for conjecture, but for 
values of n slightly greater of less than 0.5, the curves ap¬ 
proach the dotted circle sbown. 


\qP 
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Figure 5. The locus traced by the head 
vector at each station with respect to the 
voltage at the corresponding station for one 
cycle. Each locus is lettered to correspond 

of figure,! for which it applies 


of the current 
line-to-neutral 
complete slip 
to the station 
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ating tendencies of various relays and for interpreting 
quantitative data derived from trigonometric analysis. 

Operation of a Simple Directional Relay 

Because system oscillations are balanced 3-phase phe¬ 
nomena, a polyphase directional relay operates the same as 
a single-phase relay. Typical operating characteristics of 
a single-phase directional relay are shown in figure 7 for 


is connected, so that the operating region, lying to the 
right of each characteristic, and ejctending nearly 90 de¬ 
grees either side of the angle of maximum torque, will en¬ 
compass any short-circuit current for which the relay must 
operate. Grenerally, the angle of maximum torque is 
chosen to lie approximately mid-way between the extreme 
angular positions which the short-circuit current can take 
for different faults. 

If we superimpose the operating characteristic for nor- 


Figure 6. Paths 
traced by the 
head of the cur¬ 
rent vector with 
respect to its iine- 
to-neutral voltage 
at each substation 
(or one complete 
slip cycle. These 
loci are corrected 
(or current trans¬ 
former polarity 
according to the 
direction in which 
relays view the 
current at each 
station 



various voltage magnitudes. The line-to-neutral voltage 
vector is the reference. For the relay to close its tripping 
contacts at a given voltage, the current vector for the 
phase corresponding to the reference voltage must inter¬ 
sect the operating characteristic for the particular voltage 
as shown by I for 5 per cent of rated voltage. At any 
given voltage the least current required for operation is 

Figure 7. Oper¬ 
ating characteris¬ 
tics of a single¬ 
phase directional 
relay/ with refer¬ 
ence to iti line- . / twt-TO- 

to-neutral voltage A / 

for various voltage 
magnitudes 


mal voltage with the proper scale on each of the curves of 
figure 6, we are provided with an excellent perspective of 
directional-relay operation during system oscillations. 
Even though the effect of voltage variation is not shown, 
the conception gained by this procedure is of much value. 

In order to obtain quantitative data, it is necessary to 
resort to an analysis, the result of which is given in the fol¬ 
lowing equation: 



T K\Vji 


=>= Jmax|^ (2n — 


l) cos (t - ^)sin»-- 


sin (t - ^2 




(4) 


where 

T 


that at the angle t. and hence r is 
maximutn torque ” The ^ 

ooeration at nonnal. or rated, voltage of therday is cwra 
”C^Snimum pick-up current ” This current . sho« 

“-^aangle of nuudmnm torque is chosen, and the relay 


relay torque; positive torque doses the relay contacts; 
negative torque opens the contacts 
ir, =« a constant , , i 

r the minimum pick-up current of the relay 

/max “ the current which the rday gets when the 2 sources are 

180 degrees out of phase 

The ± sign before the first term in the braces is neces- 

accSJnt for the fact that 

^em oscillation in different directions; the ^ 

^es to relays connoted to tnp breaks 1.3,.and 8, the 
^ ciem atmlies to relays at breakers 2, 4, and 6. ^ 

~ E(matiol(4) is general and can be used to detente the 

.J, ^ "v- ' 
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Along the abscissa of each curve of figure 8 are the angles 
by which source A leads source F. If source A starts to 
lag source F, we must start at 360 degrees and move to the 
left in reading the curves. Thus during hunting, if source 
A leads F and then swings back and goes lagging, we 
should start from zero degrees and move to the right until 


which source went leading. If {t — 4>) = —90 the relays 
at opposite ends of each line would always have opposite 
directions of torque which would reverse with no overlap 
when the displacement went through 180 degrees. 

It is evident that all directional relays throughout a sys¬ 
tem cannot separately be adjusted to preclude the opera- 


___ 
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8. Torque developed in e simple directional relay at each location during one complete slip cycle according to 

equation 4 with the following assumptions: 

(t - = -45 desrees. In other words, the ansle of maximum torque is 45 desrees leading the natural system phase angle 

■^MAx = 20 amperes /min = 0.1 ampere 
“ '••0* This value has no effect on ihe direction of the torque, but merely on its magnitude 


source A begins to swing back; then we must retrace our 
path to zero, start from 360 degrees, and move to the left 
as A goes lagging, etc. 

The curves of figme 8 show that for small displacement 
angles between the oscillating sources, the directional re¬ 
lays which face in the direction from the leading to the 
lag^ng source immediately close their tripping contacts, 
while the relays facing in the other direction have the op¬ 
posite tendency. Thus, in the early stages of an out-of¬ 
step osdUation, the relays think that there is a short cir¬ 
cuit at the lagging end of the system. As the swing pro¬ 
gresses, there comes a time when the relays at both ends of 
a. line perceive a flow of current as to a short circuit in the 
line which they protect. This condition occurs first for a 
section of fine nearest the lagging end, and then progresses 
successively throjigh each line toward the leading end as 
the displacement angle increases further. And finally, as 
the (^splacement widens still more, the end which had been 
leading becomes lagging, and the apparent short circuit 
passes on toward that end. 

During hunting the apparent short circuit moves in 
from one end, retreats, moves in from the other end, re- 
treate, etc. If the swing is not severe, only the end sections 
of line alternately may seem to contain a short circuit 

The assumed value of (r - <f>) for figure 8 is represen¬ 
tative of most relay applications. The limiting values 
which (t - <!,) may havfc are zero and -90. For the for¬ 
mer, thi^e would be danger of failure of the relay to oper¬ 
ate for arcing faults near the relay location, and for the 
latter, the relay might operate sluggishly on highly lagginv 
short dr^t current. If (r - <^) = q, the relays at 
b^em 2 and 5 would never close their tripping contacts, 
while ^e relays at breakers 1, 3, 4. and 6 would always 
close their contacts regardless of the displacement or of 


tion of some of them during system oscillations. Since 
other types of relays are invariably used with directional 
relays, we must of course examine their characteristics too 
before drawing conclusions as to the over-all operation of 
any protective scheme. 

Operation of 

Directional Relays With Voltage Restraint 

A (firectional relay with voltage restraint is a simple 
erectional relay which is given an impedance characteris¬ 
tic, or a voltage restraint, for current flow in its tripping 
direction. The operating characteristics of such a relay 
are shown in figure 9. It will be noted that the minimum 
pick-up current J'uin Is a maximum at normal, or rated, 
voltage, and as the voltage decreases the pick-up current 
decreases. However, at very low voltages where the re¬ 
straint becomes negligible, the pick-up current increases 
the same as for a simple directional relay; to avoid con¬ 
fusion, this is not shown on figure 9. 

The superposition of this operating characteristic on 
the curves of figure 6 would have much the same appear¬ 
ance as for the simple directional relay. It is obvious, 
however, that the voltage restraint will render this relay 
less sensitive to oscillations. 

An analysis of the operating tendencies of a directional re¬ 
lay with voltage restraint provides the foUowing toroue 
equation: ^ 


T - KiV, 


/max|^ (2» — 


1) cos (t — sin* -sin (t — X 
2 


"■ (T'min -iMiNird - 2«)*sin*- -f- cos* - 

J L 2 2 
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where T and K\ have the same meanings as for equation 
(4) and where: 

Jmin — the minimuni pick-up current of the relay if the yoltage 
restraint is removed 

the minimum pick-up current of the relay with voltage 
restraint 

The significance of the ± sign before the first term of 
equation 5 is the same as for equation 4. 

Curves illustrating relay operation according to equa¬ 
tion 5 are given in figures 10a, &, and c The effect of the 
voltage restraint is largely to move the curves of a simple 
directional relay bodily toward the nontripping region. 
This effect is more pronounced for small displace¬ 
ment angles for which the voltage restraint is relatively 
high. As the voltage decreases with increasing displace¬ 
ment, the curves approach those of the simple directional 
relay more closely the nearer the relay is to the impedance 
center of the system. The curve for a voltage-restrained 
directional relay at the impedance center would converge 
to the curve of a simple directional relay at d = 180 de¬ 
grees. 

The voltage restraint chosen for the curves of figure 10a, 


relay without restraint for any given displacement angle, 
we equate this torque to the last term of equation 5 
which gives the voltage-restraint torque, and hence find 
a value of 7 'mim to reduce the total torque to zero. This 
^ra,lue of J'min will vary with the displacement angle, and 
several trials will be necessary to find the proper value so 
that at no angle does the curve go positive. 

The result of such a study is tabulated bdow: 


For No Operation During 
Syatem Oscillationg 
For the 

Relay at I'MIN Must 
Broiler Be 


Relay Current and 
Voltage for a Fault at 
Distant End of Line 


Relay 
Piclc-up 
for the Fault 


5 , Figure9. Operat- 

'P ins characteristic 

P of a directional 

^ relay with voltage 

/ restraint, referred 

/ to its line-to-neu- 

LINE" TO* NEUTRAL fral voltatie< for 
REFERENCE VOLTAGE 

various voltage 
magnitudes 


h and c does not prevent incorrect relay operation for the 
conditions during out-of-«tep system osr^tions. 
It is natural to inquire if, by a better choice of the re¬ 
straint, operation can be prevented. If we revert to 
figures 80, h, and c and read the contact closmg torque of a 


1 .28.2 amperes.26 amperes... .0.5 V± .20 amperes 

2 .... .13.7 amperes.12.6 amperes... .0.26 Va .'d.O amperes 

3.. ... .79.0 amperes.16.7 amperes-0.33 Va .37 amperes 

4 ... .79.0 amperes..... 16.7 amperes... .0.33 Va .37 amperes 

6.. ... .18.7 amperes.12.6 amperes... .0.26 Va .4.9 amperes 

6..... .28.2 amperes.25.0 amperes.. ..0.5 Va .30 amperes 


The crucial test of the adjustment is that a relay must 
operate for faults in the fine it protects. Hence, the tabu¬ 
lation lists also the fault current and voltage each relay 
will have for a fault at the distant end of its line, together 
with the pick-up current of the relay for the fault voltage. 
This pick-up current is obtained as follows: 

__ (Pmin) (per cent Va) f 
Ip.u. “ ^QQ l^cos (t — J 

where we have assumed cos (t — <^) = cos (—45) = 0.707. 

The tabulation shows that if /'min is made large enough, 
all but the relays at breakers 3 and 4 can be prevented from 
operating during oscillations without preventing operation 
for faults because, except for the relays at breakers 3 and 
4 Jou is always less than the fault current. It is im- 
tissibie to correct for the misoperation of the relays at 
breakers 3 and 4 because the line they protect spa^ the 
. impedance center of the system. When the 2 oscillating 
sources are 180 degrees out of phase, conditions at these 
relays are the same as for a dead 3-phase fault at im¬ 
pedance center of the system which falls m the hne b^ 
Leen breakers 3 and 4. Hence, if the relays tee are to 
operate for a 3-phase fault in the middle of their 
cLnot be prevented from operating when the oscillating 
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sources go through the 180-degree-out-of-phase position. 

Since the angle of maximum torque also affects the opera¬ 
tion of the relay, let us examine the effect of varying it. 
Was the choice of (t — 0) = —45 the best possible? Con¬ 
sidering only the relay at breaker 1, an analysis of its opera- 

Figure 11. Op¬ 
erating character¬ 
istic of a reactance 
element, with re¬ 
spect to its line- 
to-neutrai voltage 
for various voltage 
magnitudes 


tion provides the following typical data concerning the 
value of necessary to prevent operating during oscil¬ 
lations, and the pick-up current of the relay for faults 
at the distant end of its line, for values of (t — <^) either 
side of 45 degrees: 



It is probable that, by proper adjustment, even the relays 
protecting a line which spans the impedance center could 
be restrained against operating during hunting. 

These are not general conclusions, but they provide an 
indication of a possible solution to the problem for some 
cases. Where a long line exists whose impedance is a more 
sizeable portion of the total system impedance, it may be 
found impossible to adjust the relays to select between 
faults and severe oscillations. Similarly, it may be impos¬ 
sible to use a relay for back-up protection in the case of 
faults in adjoining lines if the relay is too highly restrained 
against improper operation during oscillations. And 
finally, we do not always have the ideal system setup, as¬ 
sumed for the purpose of analysis, where the location of 
the impedance center never changes, and where the oscil¬ 
lation is not accompanied by the short circuit which causes 
it. A general conclusion is that while in most cases the 
majorily of voltage-restrained directional relays can proba¬ 
bly be adjusted to improve their selectivity between 
faults and system oscillations, such adjustment is a satis¬ 
factory palliative, but not a complete cure. 

Operation of a Reactance Relay* 


1 'min Ip.u. 

—36.0 deg. .30.0 amp.18.3 amp 

—45.0 deg.28.2 amp. 20.0 amp 

—65.0 deg.26.1 amp...22.7 amp 

These data indicate that as (r — <i6) is reduced, the re¬ 
quired /'min increases, and the pick-up current for the^ 
fault decreases. However, the particular fault consid¬ 
ered provides highly lagging current. If the fault cur¬ 
rent should be more nearly in phase with the relay voltage, 
the pick-up current for that type of fault would increase 
when (t — <l>) is reduced below —45 degrees. Similarly, 
as (r — 0 ) is increased, /p.u. for the highly lagging fault 
increases. The optimum value of r is midway between 
the extreme angular positions which can be taken for the 
fault at the distant end of the line. For most lines tWs 
value of r will probably lie between 45 and 85 degrees. 

In the foregoing discussions concerning the choice of 
■f^MAx 8Jid (t — <t>), the attempt was made to prevent opera¬ 
tion when the oscillating sources went out of step. The 
problem is obviously simpler if hunting only is considered. 


This discussion will be confined to the reactance ele¬ 
ment of a distance relay. Such an element responds prop¬ 
erly only to lagging current in a given direction, and con¬ 
sequently it is always used in conjunction with a voltage- 
restrained directional element which prevents tripping 
except when a short circuit in the proper direction is indi¬ 
cated. 

The operating characteristics of a reactance element are 
shown in fi^re 11. For a given voltage magnitude, such 
as 100 per cent, any current vector 7, whose head lies out¬ 
side of the characteristic circle for the chosen voltage, will 
cause the element to close its tripping contacts; the ele¬ 
ment will not operate for any current vector which falls 
within the circle. 

The superposition of this characteristic on each of the 
cturves of figure 6 will indicate that the element is more 
than likely to operate. In order completely to determine 
the appearance of an oscillation to a reactance element, 
the following equation has been derived: 

z'V n 

■X" “ — (2« - 1) sin ^ - cot - cos ^ (<S) 
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where A" = the reactance indicated to a relay; positive 
reactance means lagging current; negative reactance 

_ i 1 ? __.4 


means leading current. c 

The 4- sign before the right-hand side of equation 6 is | 
to be used for the relays at breakers 1, 3, and 5; the nega- i 
tive sign is for the relays at breakers 2, 4, and 6. i 

Curves according to equation 6 are shown in figure 12a, 
l>, and c, for which it was assumed that 4> = 75 degrees. 1 
In order to use figure 12 to determine relay operation, it 
is first necessary to establish a value of reactance for which 
the relay shall operate for faults. A distance relay having 
a stepped distance-time characteristic is adjusted to oper¬ 
ate instantly on its lowest reactance setting for faults up 
to about 90 per cent of the length of the protected line; 
the secMjnd reactance setting is to provide operation for 
faults itp to about 50 per cent of the length of an adjoining 
line; the reach of the relay on its third time step is-deter¬ 
mined st)lely by the reach of the directional unit. 

Each line section of the system shown in figure 1 has a 
reactance of 20 per cent of the total system reactance. 
With </) assumed to be 75 degrees, 20 per cent of the sys¬ 
tem reactance is 10 per cent of the system impedance. 
I'he setting of the first reactance step will be approximately 
17 per cent, and the sec»nid step 2() per cent, of the system 
impedance. I'his is ecpiivalent to drawing horizontal 
lines on figure 12a, b, and r at heights of +17 per cent Z' 
and +28 per cent Z'. The reactance elements will operate 
for all portions of the curves below these horizontal lines. 

Figure 12 shows that the reactance elements at one end, 
and possibly both ends, of any line are likely to operate 
on hunting oscillations and that if oiit-of-step occurs, all 
cWineuts will operate. It is evident, therefore, that the 
oiMfration of the voltage restrained directional element 
will largely determine if tripping will occur. The time, 
or the reactance step, responsible for tripping would de¬ 
pend on the relay l(»cation and on the period and severity 
of the oscillation. The longer the time delay setting for 

Figure 13. Op- 

jT erating character- 

/ . \ linE-TO- hflc impe- 

f \ NEUTRAL feiflV with 

/ / \ \ REFERENCE 

I / { 1 I VOLTAG E respect to its line- 

1 I y T to-neutrai voltage 

V various voltage 

\ X / magnitudes 


PER CENT OF 

rated voltage 


its tripping contacts when the head of the current vector 
lies outside of the circle for any given voltage, such as the 
current I for 100 per cent of rated voltage. The super¬ 
position of this characteristic on the curves of figure 6 will 
indicate an increasing tendency to operate as the system 
displacement approaches 180 degrees. 

More definite conclusions are possible based on the fol¬ 
lowing equation: 


Z = ^.^(1 - + cot^l 

where Z = the impedance indicated to a relay. 

The operation of an impedance relay according to equa¬ 
tion 7 is illustrated in figure 14. Conventional distance 
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e second and third steps, the less likelihood 
eration. It is impossible to generalize except on the 
‘s.?«.at if the voltage restrained directional element 

it‘rates, tripping is possible. 

iteration of an 

The ooerating characteristics of an impedance rday 
e flUSin figure 13. This relay operates to close 


relays employing impedance elements have 3 such ele¬ 
ments, one for each of the 3 distance-time steps. The 
first step covers about 90 per cent of the protected line, 
the second step reaches to about 50 per cent of the next 
adjoining line, and the third step extends to about 25 per 
cent of the third line section. For use with figure 14, 
these 3 adjustments may be taken, respectively, as 18 per 
cent, 30 per cent, and 45 per cent, of Z', the total system 
impedance. Horizontal lilies through these impedance 
values reveal the operating tendency of the elements. 

For the assumed system, figure 14 indicates that opera¬ 
tion of only the third step impedance elements at the end 
stations is likely to occur. All 3 impedance elements at 
the other stations will function depending on the amount 
of displacement. Here, as in the case of the reactance 
relay, a determination of which elements can cause tnp- 
nine depends on their time settings and on the magnitude 
Ld the period of the oscillation. Since conv^tional dis¬ 
tance relays having impedance elements employ an unre- 
strmned directional element, the probable operation of 
such relays is almost solely determined by the operation of 

their impedance elements, 

operation of Guirent and Voltage Relays 

The carves of figure 3 are suitable for detuning the 
ooS-tiug tendencies of simple current or voltagj relw. 
Sthe nse of time delay in the operation of such a r^y 
can^event it from closing contacts 

Doint is reached during an oscillation. It ts desirable ^ 
: SrLetting time of such relays be as short as ^Siubfe 

. else there mU be a tendeniy for^tt^ contacts to np^ 
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closed during continued oscillations. Incidentally, this 
quick resetting characteristic is desirable in any relay. 

Preventing Tripping During System Oscillations 

The preceding analyses show that conventional relays 
are not individually endowed with enough discriminative 
ability to distinguish infallibly between any short circuit 
and any ^tem oscillation. At various instants during 
oscillations, the electrical quantities affecting relay opera¬ 
tion are identical to those existing during short circuits. 
Are there any differences between the characteristics of 
oscillations and of short circuits whereby discrimination 
can be made? 

Fortunately, relays commonly used for protecting 
against ground faults are not affected by system oscilla¬ 
tions. Such relays are energized with zero-phase-sequence 
current and voltage which are not produced by system 
oscillations. On the other hand, interphase faults not 
involving ground do not produce zero-phase-sequence 
quantities. Consequently, ground relays alone will not 
solve the problem unless protection only against faults in¬ 
volving ground is considered sufficient as a first line of 
defense. 

The consideration of ground relays and the zero-phase- 
sequence quantities suggests the possibility of using the 
negative phase sequence current and voltage. System 
oscillations of the type considered are balanced 3-phase 
phenomena and hence contain only positive-phase-se¬ 
quence current and voltage. Since interphase faults, ex¬ 
cept those which are balanced 3-phase, produce negative- 
phase-sequence quantities, this characteristic could be 
used for- discrimination. However, there ^e those who 
will consider it heresy in view of the fact that balanced 3- 
phase faults have been known to occur. Barring the ac¬ 
cidental closing in of a line on protective grounding de¬ 
vices which l i n eman have forgotten to remove, there are 
exc^dingly few substantiated cases of short circuits origi¬ 
nating in the balanced 3-phase state. Present-day high¬ 
speed relays would require an imbalance for only a short 
time in order to cause tripping. The protection against 
faults due to failure to remove gro unding devices, how¬ 
ever, is an easily solvable problem since these faults 
originate the instant the Ime breaker is closed. Auxiliary 
means could be used during that period to permit tripping 
even though the fault were balanced 3-phase. 

The requirement that there be an unbalance in current 
between the 3 phases in order to permit tripping has been 
used as a first line of defense measure against short circuits 
for several years by one large power company with appar¬ 
ently satisfactory results.* This method is somewhat 
different from using negative-phase-sequence quantities 
since it employs the line currents directly, but it is a sim¬ 
pler and easier method to apply. Its additional short- 
cor^g^ is that it may in some cases permit tripping for 
oscillations which accompany external faults. When an 
imbalance is reqmred for tripping, the remote possibiKty 
of balanced 3-phase faults is anticipated by the use of 
back-up relays having long enough time settings to pre¬ 
vent operation on oscillations alone. 
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The use of time delay in a relay’s operation is perhaps 
an obvious way to prevent tripping during oscillations. 
This solution will apply to a back-up relay particularly if 
the resetting time of the relay is short. 

But there are other uses which can be made of the time 
variable. An important difference between faults and 
oscillations is that whereas the electrical quantities pres¬ 
ent during an oscillation may reach proportions identical 
to those during short circuits, the approach to, and the 
departure from, the identical state during an oscillation is 
different on a time basis from that accompanying short 
circuits. The earliest known appreciation of the possi¬ 
bilities residing in this fact is recorded in a proposed 
method* to prevent the operation of distance relays during 
hunting following the occurrence of a distant short cir¬ 
cuit. There, the distance relay operated very sensitively 
for a limited time after the occurrence of the short circuit, 
but before the oscillation could progress far enough to 
cause false operation, the relay changed its sensitivity so 
as to be inoperative during the ensuing hunting. 

An extension of the principles involved led to making 
present-day carrier-current pilot rela 3 dng immune to any 
type of syst^ oscillation whether it be accompanied by a 
short circuit or not.* This method of protection uses 
directional and associated relays at the ends of a line and 
a simple carrier-current telegraph channd to apprise one 
end of what is happening at the other. During any system 
disturbance, if current flows out of one end of the line as to 
an external short circuit, the directional relay at that end 
permits a carrier-current signal to be impressed on the 
line which prevents tripping at the other end where the 
current flow is in the tripping direction. 

Reverting to the description of operation of directional 
relays, it will be recalled that a system oscillation first has 
the appearance of an external short circuit beyond one 
end, followed by the appearance of an internal short 
circuit, and still later appearing again as an external short 
circuit. This sequence of events in the cycle of an oscilla¬ 
tion before and after it resembles an internal fault is used 
to prevent tripping during that limited period when an 
internal fault seems to exist. This is accomplished, by 
prolonging the carrier-current signal once it has started 
during a 3-phase disturbance, for a definite time after the 
directional relay attempts to stop it, thereby temporarily 
taking control from the directional relays until they have 
passed through the period of delusion and once more regain 
their sense of direction. 

This solution to the problem is particularly significant 
because it is achieved with equipment which is both faster 
and more selective than any other type having comparable 
application. The irony of the solution is that we have 
not bettered the vision of a single relay, but have actually 
introduced a blinder against its seeing that which it should 
not. 

Conclusions 

The content of this paper cannot be fairly revealed by 
a set of conclusions. The paper was written to be read 
and studied by those who wish to understand better why 

Operation Electrical Engineering 


Figure 15 


Therefore, 



^ + (1 “ 2»)® 

Derivation of Equation 3 

In figure 15, 

<0 = (90 — <t>) •¥ p 
From inspection, 


( 2 ) 


conventional relays operate as they do during system os¬ 
cillations. An attempt has been made to present the 
analysis in an easily understandable form which has been 
found in actual practice to give a better insight into the 
apparent vagaries of relay operation. 

Certain definite conclusions can be drawn (probably 
more or less obvious without the preceding analyses): 

1. Any of the conventional relays except the zero-phase-sequence 
type is apt to operate in an undesirable manner during system 
oscillations. This is no reflection on the relay in so far as it reacts 
as it is intended under definite imposed conditions. The difficulty 
is that the conditions imposed by oscillations are the same to a 
single relay’s perception as those during short circuits 

2. It is possible to adjust some relays to better their discrimination 
between faults and oscillations depending on a relay’s location and 
on the severity of the oscillation 

3. Time delay and quick resetting in a relay’s operation are aids 
toward preventing incorrect operation during oscillations 

4. The problem is easily solvable if the best possible protection 
against balanced 3-phase faults is not required 

5. Pilot protection using a wired pilot or carrier current can be 
made immune to the effects of system osciUations 


e 

(1 - 2 ») Fa sin - ^ 

tan p ---- * (1 - 2») tan - 

U ^ 

Va cos - 

Therefore, 

« » (90 - ^) -F tan-i ^(i _ 2n) tan|J (3) 

Derivation of Equation 4 

Rdferring to figure 16, and neglecting the effects of saturation in 
cffcuits of a dircctional relay, its torque may be expressed 
as 

r »= KJV cos (t -1- w) — Ki 

where Xi is a constant for the production of electrical torque, and 
Kt is a constant representing the torque of the control spring. 

At tnitiimum pick-up the torque is zero. 

0 = KiluitfVA “ ^iIvisVa 

T = Ki[IV cos (t •+• «) ” -furnFAl 

Developing this equation, 

T Ki [ — IV Isin (t — 4>) cos p -f cos (t — ^) sin p] — IminFa} 


Appendix 

Derivation of Equation 1 

If Z' = total system line-to-neutral impedance, 

r _ - Vf) 

^ Z' 

From an inspection of figure 16, 

0 

(Fa “ Vp) *= 2 Fa sin 5 
Therefore, 


But 

2Fa . 6 . 

j ^ —sm - = JuAxsm - 

and 


F cos p = Fa cos - 


.9 

F sin p = (1 “ 2n) Fa sin - 
Substituting in the torque equation, 

T = KVa I^max (2» - 1)cos(t 

sin(T-0)sin^ cos|-1~IminI ( 4 ) 


2Fa . 0 
j„-^sm- 

Derivation of Equation 2 

From an inspection of figure 16, 

0 

V cos p *= Fa cos - 

. ® 

F sin p (1 •” 2») Fa sin - 

Squaring both sides of these equations and adding. 


F* as Fa* cos* " + 
2 


1 

— 2«)* sm*^ 
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Derivation of Equation 5 

The torque of a directional relay with voltage restraint may be 


Ki [IF cos (t + a) - IminFaI - 
At minimum pick-up the torque is zero. 
0 - JTiFa (I'min - lam) “ 

' (I'min — Jmiw) 


JFcos (t + w) - IminFa - 


fPiaiT - 7iaK)F» 
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Developing this equation, 

T = "I — IF [sin (t — 4>) cos p + cos (r — sin p] — 


But 


/uinF^ — 


- /min)F« ) 

F. ; 


Therefore 
Z 


-iya-2 


2 »)* 4* cot* 


(7) 


Symbols 


1 *= Imax sin - 


F sin p = (1 T- 2»)F^ sin — 

A 

and from equation 2 


F cos p = F^ cos — 


* c 


F* = Fx®| cos* “ + (1 — 2«)*sin' 
Substituting in the torque equation, 
T = K,Vj, 


-i] 


. e 

sm - cos 
2 


•| /max ^ (2« — 

2 J “/uin“(/^min~/mik) “ 


1) cos (t — ^) sin* - — sin (r — ^) X 

4U 


2 »)*sin*— + cos* 
2 


i]} 

(S) 


Derivation of Equation 6 

Referring to figure 15. 

F F 

^ = — y sin 6) = — y sin (p + 90 — ^) 
F 

- - - cos (p - 0) 


= — -j [cos p cos <^ + sin p sin 


Vj. Vp = line-to-neutral root-mean-square secondary voltage behind 
transient reactance at source A and at source F 
Vb, F(j, Vd, and F^ = line-to-neutral root-mean-square secondary 
voltage at substations B,. C, D, and £ 

F = line-to-neutral root-mean-square secondary voltage at any 
location 

= root-mean-square secopdary current at any location 
= m in i m u m root-mean-square pick-up current of a direc¬ 
tional relay 

= minimum root-meau-square pick-up current of a direc¬ 
tional relay with voltage restraint 
= ma x i m u m root-mean-square secondary current during an 
oscillation 

«=» root-mean-square pick-up current of a relay 
B displacement angle 
s natural ssrstem phase angle 
=» angle between F and I 

= angle of maximum torque of a directional relay with or 
without voltage restraint 

=» angle used in construction for derivation of equations 
= relay torque 
= per-unit impedance 

=» total system secondary line-to-neutral impedance 
=» secondary line-to-neutral impedance indicated to an 
impedance relay 

= secondary line-to-neutral reactance indicated to a re¬ 
actance relay 

Ku Ki, and Kz = constants 


I 

/min 

/min' 

/max 

/p.U. 

0 


But F cos p =* Fi cos - 
2 

Therefore, 

Fa r ® 0 I 

X *■ — (2« — 1) sin- sin ^ — cos - cos 


Fsin p = (1 - 2n) Fa sin - Bibliography 


But 

, 2Fa . fl 
Z' 2 

Therefore, 


ZT 

(2»- 


1) sin ^ — Cot - cos ^ 
2 


«5) 


Derivation of Equation 7 

Referring to figure 16, 

F 

Z »^ 

But^ ^ 

and 




^)* sin* - + cos® - 
2 2 
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A Comprehensive Method of Determining the Performance of 

Distance Relays 


By 1. H. NEHER 

ASSOQATE AIEE 


Introduction 


D uring the past few years rapid progress has been 
made in the development of distance relay pro¬ 
tective schemes, and there are now available a 
number of various types of distance measuring and direc¬ 
tional elements which may be utilized in various combina¬ 
tions to afford the protection desired. In determining 
the performance of these elements under various fault 
conditions it would be of great benefit to be able to expre^ 
the performance of each type of element under a giv^ Summary 
fault condition in terms of a simple quantity such as the 
effective line impedance between the relay and the point 
of fault. Unfortunately it will be found that the perform¬ 
ance of certain elements, notably those connected to the 
unfaulted phases will be affected by changes in system setup 
and in system capacity. Lewis and Tippet have pro¬ 
vided an excellent theoretical treatment of this problem* 
which Calabrese has supplemented by a study of the effect 
of wye-delta and delta-wye transformers interposed be¬ 
tween the relay and the fault.® 

Fundamentally, the performance of any distance ele¬ 
ment is a function of the current and voltage applied to the 
relay and of the vector angle between them. Unless this 
relationship becomes equal to a definite impedance which 
is present in the. system network, the practice heretofore 
has been to determine the performance of the element for 
a given fault condition by the calculation of the current, 
voltage, and vector angle involved. 

The calculation , of these currents, voltages, and anges 
involves the use of certain fundamental impedances and 
current distribution factors which are charactensUc of 
the system set-up, fault and relay locationj but winch are 
independent of the type of fault. By expt^ the 
formance of the relay directly in terms of ttese funda¬ 
mental quantities for any type of fault, the labor mvolved 
in the determination of the relay ^ormance for any spe- 

cific case will be reduced to a minimum. 4..+-„ 

The determination of these fundament^ quanUte 
may present considerable difficulty, and m the ^ of the 
Tmidicated system networks 

practices their accurate determination is pracb^ly 
possible without the use of M a-c 

.T'nmmma te determination rs poss ible, however, by tte 

iiJS? M. 

rrH.™ 1. >« ts, o- .a. 

Company, PWladdphia. Pa, _ ^ ^ ^ W«rr«gton of the 

The author ***?****“**^v Sr UieirWpful comments during the prepwation 
General Sfrticularly is tedebted to Mr. Warrmgton for the 

of this paper. The 


use of a d-c calculating table, and the general expressions 
for relay performance will be presented in such a form that 
the approximate values thus obtained for the fundamental 
quantities may be used instead of the more accurate values. 
The accuracy of the results obtained wiU, of course, be 
dependent upon the accuracy of the fundamental assump¬ 
tion necessary in the use of the d-c calculating table; 
i.e., that all of the impedances appearing in the system 
networks have the same power factor angles. 


This paper presente a comprehensive method of deter- ^ 
mining the performance of distance relays along the lines 
indicated above which may be summarized as follows: 

1. A general method by which the performance of any of the types 
of distance elements in common use may be determined from the 
effective im pedance presented to the element, 

2. A tftb»1 ftti»n from which the effective impedance presented to 
any type of distance element under any condition of fault may be 
obtained in terms of the effective line impedance between the relay 
and the fault and 4 quantities which are characteristic of the system 
setup and location of the fault with reference to the rday. Thwe 
quantities may be determined approximately by the use of a d-c 
calculating table setup. 

3. A method for including the effect of fault resistance in the 
determination of the effective impedance presented to the relay. 

4. Methods by which the performance of standard directional 

elemaits under fault conditions may be determined. 

5 An extension of the general method to enable the expression of 
the operating time of CZ relays in terms of the effective impedance 
presented to the relay. 

6 An extension of the general, method to indude the performance 
of distance relays connected for protection against smgle-phase-to- 
•ground faults. 

Types of Distance Relays Considered 

While the method outlined in this paper is primarly 
intended to encompass all forms of distance ^ays opera¬ 
tive on interphase faults, i.e., those relays wffi<i are con¬ 
nected to p^-to-phase potentials, it neve^elessm also 

arpHoable'^to the Case of relays connected to p^te- 
ial-potentials with or without current compe^tion, 
whidi ^ intended to protect against sm^phase-1^ 

ground faults only Snce this connection ^y^ regarf^ 
ST^l appHiation, it WiU be treated subsequent to 

®*WiS^ «^^<>n of the CZ relay, the time of opera¬ 
tion^ wk Wes tdth the effective imped^TJ^ 
^ ^ A relav all of thfe distance relays in general 

S^ SeVedW are either the instantaneous 
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type or are composed of elements which are of that type. 
The method of solution will, therefore, be indicated on the 
basis of instantaneous elements with no further reference 
as to their time of operation. The CZ relay will be sub¬ 
sequently treated as a special case. 

For purposes of treatment, distance elements may be 
classified both as to fimction and as to connections. Under 
the former classification the following types are evident: 
(a) Impedance elements (types CZ, HZ, IGX, IJX) 

{b) Reactance elements (type HX, ohm units of types GAX, GCX) 

(c) Modified reactance elements (type HY) 

(d) Directional elements with voltage restraint (starting units of 
types GAX and GCX, polyphase types CHV-B, IDP, CBP) 

In regard to classification as to connections, the follow¬ 
ing distinctions may be drawn: 

(a) One current and one voltage (types CZ, HZ, IGX, IJX, HY, 
HX, ohm units of type GAX, GCX, starting unit of type GAX) 

1. Star-connected current transformers 

2. Delta-connected current transformers 

(b) One current and 2 voltages (starting unit of type GCX) 
i (c) Three currents and 3 voltages (type CHV-3, IDP, CBP) 

In the above classification, the first group of elements 
is indicated as being operative from either star-or delta- 
connected current transformers. Actually the effect of 
delta-connected current transformers may be obtained 
by the delta connection of the main current transformer 
secondaries, the use of auxiliary secondary current trans¬ 
formers, or by the use of double coil elements. For sim¬ 
plicity, the problem will be treated as if the first method 
were employed. The use of any other method will not 
affect the theory and will merely change the value of the 
constant indicative of the relay setting. 


Distance Relay Equations 

The operation of any simple relay element involves the 
resultant torque produced in the element by the applica¬ 
tion of a current and/or a voltage. This torque may be 
made up of torques produced by the current alone, the 
voltage alone, and the interaction of the current and the 

Figure 1. Characteristic figure for an 
impedance relay 


voltage. In the case of a distance measuring element, 
the resultant torque at the balance point must equal zero 
and the following general equation may be written to 
express this fact 

— Kil* — Kt^V cos (^v — 4>i — iff) =» 0 ( 1 ) 

in which the first term is indicative of the torque produced 
by the voltage alone tending to open the contacts, the 
second term is indicative of the torque produced by the 
current alone tending to close the. contacts, and the third 
term indicates the interaction torque in which the angle 
^ is the vector angle between current and voltage at which 
this interaction torque is a mflyimiim 
Equation 1 may be expr^sed in terms of the effective 
impedance presented to the relay by dividing by KJK 

~ Z cos (4>t — ^ (2). 

Equation 2 may be transformed into the following form 
by the addition of (KtJ2K„y to both sides. 

^ + ©)■ - t ^ (3). 

Equation 3 will be recognized as the equation of a circle 
expressed in terms of the polar co-ordinates Z1 and <f>^. 
The rato of this circle is 4KtK,)/2K, and ita 

center is located at a distance Kj2iK„ from the origia 
at the angle ^ from the reference vector. 

It is therefore apparent that the balance point of any 
distance element may be expressed graphically on an. 
impedance diagram as a characteristic circle and in order 
to determine whether or not the element wiU operate 
under a given fault condition, it is merely necessary to 
determine the effective impedance presented to the relay 
under that fault condition and to locate it on the diagram.. 
If it falls within the circle the relay will operate, and the- 
relay will not operate if it falls outside of the circle. 

Equation 2 is a quadratic and may be solved for ^ 
giving the following expression 


cos (0«- 


cos«(»c - -F AKiK„ 
2K„ 


Figure 3. Characteristic figure for .a> 
modified reactance relay 






Figure 2. Characteristic figure for 
reactance relay 
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Both sides of equation 4 have been multiplied by 
(herein indicated as JL in order to indicate that the ef- 
fective impedance presented to the element is to be used 
as a vector quantity in determining its performance. 
As previously indicated the left-hand side of the equation 
when plotted for all possible values of will be a curcle. 

By the proper evaluation of the constants, equation 4 
may be made to assume the following forms which are 
characteristic of the various types of distance elements 
previously classified. The derivation of these equations 
in the conventional manner is given in appendix A. 

(а) IMPBDANCE Element 

0; VjW = -K 

=* 7 T 

The characteristic circle for this element shown in figure 1 has a 
radius equal to K with its center at the origin. 

( б ) Reactance Elembot 

« 0; Ki/Ku = -K; ^ 

=■ 7 ^ W 

sin <f>i * 


Figure 4. Char- (d) Directional Element With Voltage Restraint 
acteristic figure ICi = 0; Ku/K ,» it (11) 

for a directional _ , „ 

relay with Voltage ^ yP^ ^ ^ 

restraint K.cos i4>z — =• 7 “ 77 ( 12 ) 

2. GCX Type 

K cos iij>z ~ P) ^ Z^^e “® 

(<l>y — ^/) X sin (jpy — <l>yg) Z (90® -f 4fyg — ^7) (13) 

3. Polyphase Type 

g 

Jtcos(^«—T 7 r (^^) 

—-j-1-i— 

Za^4>za Zh^^zb Ze^^ze 

The characteristic circle for these elements shown in 
multiplied by figure 4 has a radius equal to K/2 with its center located 
idicate that the ef- at the same distance from the origin, 
ment is to be used In equation 12, 5 is a factor indicative of the variation 
'■ its performance, in range of the unit with variation of the apphed potential, 
ide of the equation This is discussed in appendix A. 

will be a circle. In the equation 14, the quantities Za> Zb* and Zc are 
is^ts, equation 4 the effective impedances presented to the respective phase 
g forms which are GCX type units as determined from equation 13. 

; distance elements In view of the above equations, it is evident that the 
of these equations performance of all of the above mentioned types of ele- 
L appendix A. ments for a given fault can be completely expressed by 4 

characteristic graphical figures (3 circles and a straight 
line) and the solution of the requisite- equivalent expres- 
rions for Z^4>z> Actually in the case of relays con- 
nected for protection against interphase faults, since 
3 individual phase relays are involved in all but the last 
type and since the first 3 types of elements may or may not 
employ delta-connected current transform^ (or their 
^magurelhasa ^ solutions must be made. These 

“■ solutions may be summarized in tabular form by the 

equations given below. 

(^) fiitirp the expression Z A 4>z its equi^ents are vectors 

we win be dealing hereafter entirely with vectors, which 
will be indicated by bold-face type. 


ralus fqSTottoky wiA Sty' b modified reactance. G4X starting unit) 

therSore a straight line and has a mitiimum distance of A from e ^ star-Connected Current Transformers 

origin. v.. (11 


(c) Modified Reactance Element 

In this element all of the torque terms are utilized. 

1 1 J_ 

Ki 1] Kv ^ ~~ jK**’ Aj 


Z« “ -T- 


■ Vac 

Zc ^ r 

ifi 


V \ 

- Zz^z « 7 ^ W - 4>i) 


*cos® (<^« - P) + 


-JEj®/ \Xi®-Ai®/J 


2 Delta-Connected Current Transformers 


f / 

*a 


Th«cha«cterUticckdetemiselemmt*^ta|^^^^ _ 

distant from the origin. 
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Table i. Relay Voltages and Currents in Terms of Fundamental Quantities for Various Fault Conditions 


Three-Phase 

Fault 


Phase-Phase Fault 


No Phase Shift io Voltage Between Relay and Fault 

Phase-Ground Fault Two-Phase-Ground Fault 




)' 


2 Zi 


\/5 Cl? 
2 Zi 




i4ZZ90' 


')' ‘it 


Cl? + 2Zo ci? . \ _ 

Zi + 2Zo Vs Z, j ^ 


I Vci, zEz.-qq° 

> -*1 Zi 


Z Z -90' 


2 Zi 

V3^ZZ-90" 

Zi 






|v V 3 ^r^- 90 " ^'ez- 90 " 

S z, z 

I V VB^r/riso" ^'r^ 90 " 


ZZZ90‘’ 


^z 

Zi 

0 

2ci "I" Co 

2Z, -j-Zo 

S-ZZ-120° 

\/3ci „ 

ZZ-90° 

Cl — Co 

Zi 

2Z, 

2Z + Z-o 

~ ZZ120° 

\/3 Cl 

—r-ZZ90° 

Cl — Co 

Zi 

2Z 

2Z, -j- Zo 

V3|-ZZ30° 

\/ 3ci 

~^ZZ90° 

3 c, 

Zi 

2Z 

2Z,-fZo 


2 Zi + Zo 


= ^5’^ZZZ9()“ 
2 Zi 


Zi + 2Zo 
1/ Ci_ 

2V Z, 


+ 2co Cl \ 

:p^-v3-^9o-)r 


\/3 Cl 

= ^^^CZZ-9i)“ 

1 / Cl + 2cii ^ Cl \ 

iV Zi+2Zo^ / 


Z)ZZ90* 






C'ZZ9()'’ 


V5^ZZ-90“ 

^1 • 


(-ri 




■v/H Cl ^ 

= "Y z ^ ^3^90“ 


(6) One CtJRRENT AND 2 Voltages 
Star-TOnnected current transformers (GCZ starting unit) 


Za = X ^ sin I (90° + ^y^j^ _ (21) 

2 

^ ^ ^ (90° + - 0rc») (22) 

- ■ 2 ' 

Zc Zc'X -;^ sm - ^m) ^ (90° + i ^ y ^ ( 23 ) 

(c) Three Ctjrrents and 3 Voltages 

fcdypW dl^ctiona, .ith 


Solution of X 

The solution of Z from equations 15-24 will be effected 
( 21 ) V application of the method of symmetrical com¬ 
ponents to the detenmnation of the various currents 
and voltages involved in these equations. It will be 


+ j- + i 


expressed ui terms of the following quantities, all Of which 
are to be considered as vectors. 

r w f “ normal primary phase to neutral voltage at the relay 

-ti. Zj, Zo =. the eqmvalent impedances of the positive-, negative-, 
and zero-phase sequence networks, respectively, ex¬ 
pressed'at the voltage Z 

ci.cs, c, - the respective ratios of the positive-, negative-, and 
zero-phase-sequence currents at the relay to the corre¬ 
sponding tot^ phase sequence currents at the point of 
fault 

z = the efecim (Positive-or negative-phase sequence) im¬ 
pedance between the relay and the point of fault 
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Table I (Continued). Relay Voltages and Currents in Terms of Fundamental Quantities for Various Fault Conditions 


Thirty-Degrae Phase Shift in Voltage Between Relay and Fault 


Phase-Phase Fault 


Phase-Ground Fault 


Two-Phase-Ground Fault 


t(- 

Vs 




Z, 






•\/3 2eiz + Za 
T 2Zi + Zo 


AZZ90' 


VS ZZ -90' 


^2£i£_4^jj Z -90* 
2 Zi + Zo 


i^('v3|?+51±5|/9o“ 

2 \ Zi ^ Zi + 2Zo 

* + 2Zo 

2 Z, + 2Zo 

V3£!£- t2^u 
^ Zi + 2 Zo 


>l£Z90' 

£Z -90® 




VSv + 1^90®^£ 




V"3' 


BZZOO' 


•v/3 2ci;g -j* Zo 
2 2 Zt "1“ Zo 


B£Z90® 


\/3 cij: -j- 2Zo 
2 Z, + 2 Z, 


B£Z90' 


-^£ 

2Z, 


Cl 


\/3c 


2 Zi 


1 5 — £ 
“ Zi 


2 Zi + Zo 


\/3 Cl 
2 Zi + Zo 


— £Z -90® 


1,^ 


-:^lL_ zgo^^Z* 

2 V Zi Z, + 2Zo / 




Cl 


C£Z -90® 


£Z90' 


2 Zi 2Zo 

2 V Z, Z, + 2Zo y 
•\/5 


Cl 


2 Zi + 2 Z( 


i>£Z90® 


V3 Cl 
2 Z, +Zo 


£Z90' 


c 4.- L_ Z90®) £ 

2 ‘V-Zi Zi +2Zo / 


Cl 


L5~ £ 

Zi 


2 V^ Cl 

2Zi + Zi 

\/5 Cl 
2Z1 + Zo 


^ 2 ^_ 

2 Zi + 2 Z 0 

Cl 


C'£Z90® 


£Z -90” 


£Z90‘ 


£Z-90‘ 


Zi + 2Zo 

\/5 


2 Zi + 2Zo 


D'£Z90® 


are identical. This assumption 

It is important to notice that t is tie jusafiable in work of this kind and connder- 

between the reUy and the point of fault and t^e into _ „j„ces W amount of calculation necessary to obtam 

account not only the impedances of the luira and ?q^- On this baas all currents and volt^ 

ment in this path, but the relative be expressed in terms of the fundamental quantities 

well For instance, if the path comprises the impedan^ Frz,ac. andt. 

z. s', and s', etc., with the corresponang current distribu- ^ tbe effect of the type of fadt 7 distmct 

tlonfactorscc'.andc'.then 

(ZS) ^'‘”'f‘^”!"i^Lse.to-ground.and2-phase- 
cal cases of phase^ faults occurring 


Z “« 


c* + 


““ « m^ymmetrical faidte^^ 

With relay elements not employing phase-to-neutral bank which produces a phase shift 

vott^s the oorreqmnding effective tero-p^^«»ce ^y^^"^ 3 ^ _ 

imoedance r» will not be needed smce the pha^-to-p^ Tf » iy. delto OT delta-wye trsmsformo: bmik is ater- 

„ -I dw*.t •V- * “"T-.ZSS'^ 
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and the negative-phase-sequence currents and voltages 
will be displaced 30 degrees in the other direction when 
passing through the bank. The effect of this upon the 
vector diagrams at the relay is such that they will be simi¬ 
lar for a given t 3 rpe of fault irrespective of the direction 
of phase shift and may be made identical by choosing the 
phases to be involved in the fault with reference to the 
direction of the phase shift. 

Three-phase faults produce no negative-phase-sequence 
components so that the presence of a bank between the 
point and the fault has no effect upon the vector diagram. 
Sunilarly delta-delta or wye-delta-wye banks produce no 
net phase shift and do not affect the vector diagram. 

To summarize, the 7 distinct cases of faults must be 
recognized which are as follows: 

1. Three-phase fault under any condition. 

2. B phase — C phase fault with no voltage phase shift between 
the relay and the point of fault. This includes faults beyond a 
delta-delta or wye-delta-wye transformer bank. 

3. A phase — ground fault under the conditions outlined in 2. 

4. B phase — C phase — ground fault under the conditions out¬ 
lined in 2. 

6a. A phase — B phase — fault beyond a transformer bank con¬ 
nected so that the voltage on the fault side lags the voltage on the 
relay side by 30 degrees. 

56. C phase — A phase fault beyond a transformer bank connected 
so that the voltage on the fault side leads the voltage on the relay 
side by 30 degrees. 

6a. C phase — ground fatdt under the conditions outlined in 6a. 

65. B phase — ground fault under the conditions outlined in 66. 

7a. A phase - B phase - ground fault under the conditions out¬ 
lined in 6a. 

76. C phase - A phase — ground fault under the conditions out¬ 
lined in 56. 

The values of the phase currents and voltages at the 
relay for each of these 7 cases in terms of the fundamental 
quantities are given in table I. Currents applicable to 
relays fed from delta-connected current transformers are 
indicated by a prime mark ('). The derivation of these 
expressions is given in appendix B. 

The ejpressions for currents and voltages given in 
table I when substituted in equations 15-24 give the solu¬ 
tions of ^ sought for each of the 7 cases of fault. These 
expressions are given in table II. In order to simplify the 
expressions thus obtained factors have been introduced in 
certain cases as indicated. These factors are, of course, 
vectors, and in the case of the factors applied to the simpli¬ 
fication of the voltage expressions, their vector angles are 
indicative of certain of the angles of the voltage triangle. 
T^ fact permits the formulation of the expressions for 
Z" in terms of the vector angles of the factors. 

In qtilizing the expressions given in tables I and II it is 
very important to realize that the quantities Ci and Co 
which are vectors should be formulated on the basis of the 
direction of phase sequence current flow in the line under 
consideration with respect to the fault and not with re¬ 
spect to tie ^ection of connection of tiie relay for which 
the ^ective Mpedance presented to it is desired. If the 
fault lies behind the relay the vector expression obtained 

838 


for the impedance presented to the relay should be rotated 
180 degrees. 

Effect of Fault Resistance Upon Z 

In dealing with the problem of fault resistance, it should 
be realized that the fundamental quantity to be considered 
in the usual case of an arc fault is the voltage drop across 
the arc. This is essentially dependent upon the length of 
the arc and independent of the fault current. Since we 
have chosen to express the performance of the relay in 
terms of a quantity having the dimensions of impedance, 
it is desirable to express the effect of the fault arc in terms 
of a resistance, realizing that this resistance, unlike the 
fundamental quantities dealt with heretofore, is a function 
of the actual fault. Futhermore, this fault resistance wrill 
affect the value of all of these fundamental quantities ex¬ 
cept E. 

In formulating the effective fault resistance, the quan¬ 
tity Rf is to be treated as a phase sequence resistance at 
the point of fault which is in series with Zi, 2^, and Z,, in 
the respective phase sequence networks. The values of 
i?/introduced into each network are all equal for any given 
lype of fault, but are different for different t 3 pes of faults. 
In order to determine the actual value of R^for the various 
types of faults, a 3-phase fault will be assumed to consist 
of 3 simultaneous single-phase-to-ground arcs of equal 
length and a 2-phase-to-ground fault to consist of 2 simul¬ 
taneous phase-to-ground faults of equal length. The 
magnitude of Rf will then be equal to the voltage drop 
across the arc divided by the total faulted phase current 
for 3-phase, phase-to-ground, and 2-phase-to-ground 
faults, and equal to half the arc voltage divided by the 
faulted phase current for a phase-to-phase fault. If we 
assume that the magmtude of the total faulted phase cur- 
rtnt is unaffected by the presence of Rj^ the following rela¬ 
tionships are evident. 


(а) Three Simultaneous Phase-to-Ground Faults 
Rf =» Z\ 

(б) Phase-to-Phase Fault {not involving ground) 

R 

E 

(c) Single Phase-to-Ground Fault 


Rr = 


VA. 2Zi -H Zo 
E 3 


(d) Two Simultaneous Phase-to-Ground Faults 


Rf= ^ 


Vx 2Z, 


E V3C' 


(26) 


(27) 


(28) 


(29) 


The value of C' to be used in equation 29 is that for the 
case of a 2-phase-to-ground fault without phase shift in 
voltage between the relay and the fault. Equations 26- 
29 yield the magnitude of R^ and the vector angle which 
results from their solution has no significance. Rj. thus 
determined should be used as a resistance vector and 
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should be applied if necessary in the correction of the fun¬ 
damental quantities. 

Rf must be included in the determination of z and equa¬ 
tion 25 may be rewritten as follows 

CZ -1- C'Z’ -H C'z" 

' —^ (»«) 
C 

Use of a D“C Calculating Table 

If a d-c calculating table is employed to obtain the fun¬ 
damental quantities mentioned above, it is of course im¬ 
possible to treat them as vectors with different vector 
angles. If the usual practice of setting up the calculating 
table on the basis of the reactive components of impedance 
is followed, then the vector angles of Ci and co will be 
zero and the vector angles of Zi and Zo will be 90 de¬ 
grees. It is still possible to S 3 mthesize z with a fair de¬ 
gree of accuracy from equations 25 or 30 and a knowledge 
of the impedances of the branches in the path between the 
relay and the fault. The effect of arc resistance is included 
only in the computation of Z‘ 

The results obtained by this procedure will usually be 
sufficiently accurate for most purposes, but it must be 
realized that in the case of a fault on the end of a line hav¬ 
ing a relatively large resistive component and fed by a 
system which is highly reactive, the impedances thus 
determined for the unfaulted phase relays may be subject to 
an appreciable error. The limitations introduced are, of 
course, due to the use of the d-c calculating table and not 
to the expressions given in tables I and II which are rigor¬ 
ous except for the assumption that the positive- and nega¬ 
tive-phase-sequence networks are identical. 

Under the assumptions necessitated by the use of the 
d-c cedculating table the solution for Zp the effective im¬ 
pedance presented to the polyphase unit is greatly simpli¬ 
fied and the following expressions may be used in place of 
equation 24. 

Three-Phase Fault 

Zv = 

Phase-to-Phase Fault 
Zp = 2 \/ 5 ^ 

Phase-to-Ground Fault 

Tivo-Phase~to-Ground Fault 


directional characteristics by means of the starting units 
discussed above. The CZ, HZ, HY, and IGX types are 
made directional by the use of a conventional directional 
element suitably connected to the circuit. In interpreting 
the performance of such relays, it is necessary to know 
whether or not the various phase distance elements will be 
released by their associated directional elements. 

In the case of CZ, HZ, and HY relays a true wattmetric 
type of element is used with a 30 degree connection. That 
is the ^ -phase relay is connected to the current 4 and the 
voltage Vat reversed and so on. It will be evident, there¬ 
fore, that the vector angle between the voltage and current 
applied to the directional element is equal to the vector 
angle of the impedance presented to the distance element 
minus the corresponding internal angle of the voltage tri¬ 
angle. The directional element will operate if the angle 
thus obtained lies between =t 90 degrees. Solutions of 
the following expressions are therefore required. 


A phase: 4>Za ~ 180“ -h 4>vae ~ 4>vi>a (35) 

B phase: — 180“ -}- 4>vi)a ~~ 4>vch (36) 

C phase: 4>Ze ~ 180“ -|- 4>veii ~ <l>vae (37) 

In view of the angular relationships developed in appen¬ 
dix B expressions 35-37 become: 

4 phase: <l>za - 180“ + <I>b - <I>a (38) 

B phase: il>zb -|- (39) 

C phase: <l>ze ~ 4 >b (40) 


If delta connected current transformers are employed 
for the directional elements, 4>z should be substituted for 
(f>f> in expressions 35-40. 

In the case of the IGX relay, a 90 degree connection is 
used for the directional element. (4-phase relay is con¬ 
nected to the current 4 and the voltage V^c and so on) 
and the angle of maximum torque of the element is variable 
within certain limits. The angular range of operation of 
this element is therefore similar to that ot the type GCX 
starting unit and therefore the element will operate if the 
vector angle of lies within =*=90 degrees of ^ where ^ is 
now to be interpreted as the angle of maximum torque of 
the directional element. 

If deltarcoimected current transformers are used with 
the directional element of IGX relay, Z” should be formu¬ 
lated from Z' rather than from Z. 

It should be noted, however, that by the use of auxiliary 
current transformers it is possible to obtain the effect of 
delta-connected current transformers on the distance ele¬ 
ments and at the same time maintain the more desirable 
effect of star-connected current transformers on any type 
of (firectional element. 


^ Vci? + ^o/ 


(34) 


Equations 31 t- 34 apply whether or not there is a phase 
shift in voltage between the relay and the fault. 

Perfpnnahce Directional Elements 
Without Voltage Restraint 

: Distance relays are almost invariably of the directional 
l^e. The type Cr4X and GCX reactance relays are given 


Determination of CZ Relay Operatihg Times 

Unlike the instantaneous distance elements previously 
discussed which either do or do not operate according to 
the value of Z presented to the element, the CZ relay 
operates in a time which is more or less a direct function of 
the magnitude of Z. The charactmstic time cui^es for 
this relay have usually been expressed as a set of current- 
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(32) 

(33) 
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Fisure 5. Time- 
impedance char¬ 
acteristics of CZ 
relays 


0.02 0.03 
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tween the relay and the fault to the effective positive- 
phase-sequence mpedance between the same points. 
Further it is generally agreed that the rday so connected 
must be rendered inoperative in case more than one phase 
is involved in the fault. On this basis the effective im¬ 
pedance presented to the relay in the case of a single-phase- 
to-ground fault will be: 

-^ 

u 

This becomes: 

2eiz + C 020 ( 43 ) 

2ci -h JIfc# 


time*, curves, each curve, being for a constant voltage main¬ 
tained at the relay terminals. This method is unsatis- ^ 
factory because, it fails to bring out the constant time-im¬ 
pedance relationship which is the inherent principle of 
operation for which the relay is designed. This may be ^ 
done by plotting a set of time-impedance curves, each ^ 
curve being for a constant current applied to the relay. ^ 
Figure shows such a set of curves plotted in terms of an ^ 
impedance, parameter Ze for various values of current ex- ^ 
pressed in per cent of current tap setting. The parameter ^ 
4 is so constituted that it bears the following relationship 

TcHc ^ (41) 

- y;k; ^ 

in which: 

Te "» the current tap setting of tlie relay 
T, •• the voltage tap setting of the relay 
Rt m the current transformer ratio 
Rf «• the potential transformer ratio 

The derivation of equation 41 and the curves of figtme 
r> is given in appendix A. Having detennined the value 
of Z ill exactly the same manner as for the case of an in- 
stantancoiu) Impedance element, equation 41 and the um of 
the curves of figure 6 permit the determinatton of the retay 
operating time. Unfortunately, as is 
ci^es of figure 5, this operating time is a function of the 
current in Uie relay. It vrill, therefore. 

solve the proper expression for ord« tol 

express this value as a percentage of TJt, ui order to 

termine which curve of figure 5 applies, 

Distance Relays for Ground Faults 

The appUcatiou of distance relays for protection a^t 
single-p^-to-ground faults has been discu^_by Utos 
and Ttopett,* A. R. van C. Warrington,’ and Goldstorough 
andS^4.‘ From these 

actflttce type of element is indicated, connected to me 

. ttfphai^ueutral potential of the phase at faidt and 
atimlied mth the faulted phase current compensated ^by 
of residiil current dependent_upon to 

rattorftte effective xero-phase-sequence impedance he¬ 


ir - 2 


5 a 

It should be remembered that za in the above expression 
is an effective value and takes into account not only 
zero-phase-sequence impedances of the lines and equip¬ 
ment in the path between the relay and the fault, but also 
the relative current distribution and, most important, the 
effect of mutual induction of zero-phase-sequence currents 
flowing in parallel circuits. 


Appendix A—Derivation of Distance 
Element Equations 

In an instantaneous distance element 2 torques, au operatog 
torque and a restraining torque are placed m opposition. T^e 
relay wiU be assumed to operate under con<htions su^ that the 
operating torque is equal to or greater than the restrm^g torque 
a^d to be balanced when these torques are equal. The» torques 
are functions of the fluxes produced in 

between them Since these fluxes are proportional to and have 
Lgles equal to the currents in the rday coils, the foUo^g 
wiU re derived from to 

fither reference to the fluxes produced by them. The foUowmg 
nomenclature will be used. 


I 

7. V 

Zp> Zp 

k,k' 

K, Ki, Kt 


current in the current epU 

voltages applied to the potential coils 

impedances of the potential coU ciremts 

1 balance constants i. .a..* •..: 

: derived constants indicative of the distance s^ttmg oy 

the de m ent ■. _ 

. a toor indicative of the variation Df the range of the 
TC starting unit with applied voltage ,. , 

. ^^i^rSLctvristic of to dadent at wUch to 

Operating torque is a maximum 


(o) Impedance Element 


■(0 

zpy/^ 


- -1 






(A4) (6) 
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(6) Reactance Element 
V 

kl^ = J — sin (^7 - ^ I- (AS) 

Zp 

In order for this element to indicate reactance must be made 
=* 0. If this is done 

kzp't <l>zp =" 0 (A 6 ) 

K 

sin (<f>y - 4 >i)^ I 


of the current in the above mentioned potential coil and the current 
in a second potential coil connected to the potential V. 


ife/^sin 

Zp 


— ) 


y - sin (0v — ^K«) 
Zp Zp 






— A i4>y — <f,j) 


(A 8 ) ( 8 ) 


(c) Modified Reactance Element 

The construction and principle of operation of this relay is fully 
described in reference 5 to which the reader is referred. 

(A9) 

Kx^kzp] = ^=-<i>zp* (Aio) 

Substitute equations A 10 in equation A 9 and divide by T* 

^~{h~ ^X?) - «)( 7 ) (A«) 

Equation All is a quadratic which may be solved for V/I and 
the solution expressed in the polar form yields equation 10 given in 
the text. 

id) Directional Elements With Voltage Restraint 

^o types of single-phase elements must be distinguished, the 
GAA^ sta^g unit type which employs a single voltage and current 
^ the GCX starting unit type which employs 2 voltages and a 

1. GAX Type. In this dement the operating torque is obtained 
from ^e current 1 m the current cod and the current in a potential 
coil whi^ is connected to the source of potential V through a con- 
d^ser (to obt^ the desired phase shift) and a Thyrite stack in 
order to give the current in the potential coil an amplified value at 
low values of V. The impedance of this potential circuit Zp is 
Aerefore, not a constant, but is dependent upon the value of V 
The power fa<^r angle of this circuit however, is substantially 

-I ® torque is obtained from a second 

potential coil operatmg from V without amplification. 

kip- sin - py + ^^^/) . 

“ TT •'90"-f ^ . 


K cos (90“ -I- 4>y^ _ « _ - sin (^^ _ ^Ais) 

■^cos {pz — P)A4 >z = Z^4>z (A19) (13) 

2 F . , 

” 7 sm {4>y - Py^) Z90" + Py^ - 0 / 

V 2 

= 7 A(.4>y-4>j) X ;^in A (90" + Py^-iPy) 

3. Polyphase Element. This element has 2 restraining potential 
coils mechanically balanced against the torque produced by a con¬ 
ventional polyphase directional element. The equations will be 
derived on the basis of the usual quadrature connections to the 
operating potential coils. Since we are to deal with 3 phase cur- 
rrats and 3 phase-to-phase voltages, these currents and voltage.^ 
will be given the usual phase notation. 


H- 


sin(^/a — -)- ^^'p) -f- 


- Vac . 
Ib -r~sin 
z'p 


~ 4 >Vae + 4 >z'p) + 


(A20) 


Jc , sin (07g — ipyia + 
Zp 




By making the substitution 
’ “ 2 Vs * ^ ^ a 


= — sm {iPy^a - 

zp Zp 

„ Zac Vcb . . 

Zp Zp — ^Vae) 

— ^^a Zsf * fj. 

Zp Zp ^^yae “ <l>rba) 


(AU) 

JC cos J ^ _ i r ^ 

is a constant indicative of the relay 
^ge atjnormal voltage. .S is a function of V and represents thi 

at^om?^ relay at any given value of V to the range 

conditioa the vstac of V 

«pressiongiyeo ta toblc i. &<>« ^ Proper 

bytSc^^ofttf^^?- « obtained 


and transposing the terms, the foUowing equation is obtained. 

K cos (90" + Pyg^ — — p) 

J^^»a • r 

vs 17 ^ ^^cb) 

K cos (90" + py^ — — p) 

J_Za . , ■ " + 

V5 h ^ ~ 

K. cos (90" -b 

^Vac .. “ ^ (A22) 

V5 le 

Jt wiU be noted that the 3 left-hand terms of equation d22 are 

rc^reit‘^K‘:““^ the terms of e^uat^ Tor 
tte CCT mut Snbsututm* their equivalente from equation A19 
the foUowmg equation is obtained: ^ uon .aiy 

■geos (^za— p) Apgg K coa jpzb — yp) 


Za A <t>za 
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ZUt.z, + 

g cos {<f>tc ~ p) A pjfc 
ZcAtpac 
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Equation A2Z may be reduced to the following form 


K cos 


Type CZ Impedance Relay 


^ ■+^—+-i— 

Za^^Ka Zt^^^o 

(A24) (14) 


In this type of relay the operating torque is balanced against 
the restraining torque through what may be considered as an ideal 
spring. It is apparent, therefore, that the effect of the operating 
torque in opposing the restraining torque is a function of the exten- 


Figure 6. Varia¬ 
tion in range of 
G AX starting unit 
with applied volt¬ 
age 



20 40 60 80 100 
SECONDARY RELAY VOLTAGE — V 


sion of the spring which in turn is a function not only of the curr^t, 
but also of T, the time of application of the current. The restraining 
torque is produced by a voltage solenoid so constructed that the 
torque produced is proportional to the first power and not to the 
square of current in it. 

The relay operates when: 


V 

kTI « — 

Zp 

K <=» 

kzp 


^KZ 

UnlortunaMy, equation A27 is not satisfacto^ te the 
determination of T from ^ due to the fact that k mA, j 

is not an exact constant but is affected by 
In order to best express this vanation it is desirable to write t 

following equations. 




Tc ^ (A29) 

^ 

where 

0 the current tap setting of the relay 
r. » the voltage tap setting of the relay ^ 

, » an impedance which would have to be apphed to the relay 

* terminals if the relay were connected bn the 1 -^pere cuirmt 
Z and the 1 -volt voltage tap to produce equivalent results 

The above relation^ips assumed that J is a secondary current 

an! iafi” Hscondary impedance. For primary vai^^ 

A29 will become 

TcRc (A30) (4l) 


2 ?e the current transformer ratio 
JRg » the potential transformer ratio 

The rdationship between T and Ze for various values of I/TJ^c 
can be readily determined and plotted as a family of curves. If a 
set of conventional CZ relay curves are avmlable in which T is 
plotted against current in per cent of tap setting for various voltages 
applied to the relay on a given voltage tap, then the T — Ze curve 
•may be determined for a given per cent current by making use of 
the relationship 

voltage applied ^_ 100 

*" r# per cent current 

T ■= the time shown by the voltage curve for the given per cent 
current 


Appendix B~^Derivation of Expressions 
for Voltages and Currents 

The expressions for voltages and currents will be derived on the 
basis that the positive- and negative-phase-sequence networks are 
identical. The following nomenclature will be used. 

E = the normal primary phase to neutral voltage at 
the relay in the reference phase 
Vi, Vi, Vo - the respective positive-, negative-, and zero- 
phase-sequence voltages at the rday in the 
reference phase 

Voa, Via, Vab, Vac = phase-to-neutral and phase-to-phase voltage at 
the relay as indicated 

Zi = the equivalent impedance of the positive- (or 
negative) phase-sequence network expressed at 
the voltage E 

Zo = the equivalent impedance of the zero-phase- 
sequence network expressed at the voltage E 

z = the effective positive- or negative-phase-se¬ 
quence impedance between the relay and point 
of fault expressed at the voltage E 

zo “ the effective zero-phase-sequence impedance 
between the relay and point of fault expressed 
at the voltage E 

Zi' = the effective positive- (or negative) phase- 
sequence impedance bdiind the relay expressed 
at the voltage E 

Zo' “ the effective zero-phase-sequence impedance 
behind the rday expressed at the voltage E 
/i, h, h = the respective total positive-, negative-, and 
* ' zero-phase-sequence currents at the point of 

fault transferred to the rday and in the refer¬ 
ence phase at the rday 

fi ii. io the respective positive-, negative-, and zero- 
phase-sequence currents at the rday in the 
reference phase flowing in z or zo 
i' ii io' “ the respective positive-, negative-, and zero- 
' phase-sequence currents behind the rday in the 

reference phase flowing through zi' or Zft' 

I fu I /« = primary phase and neutral currents flowing 

“ ’ through the rday with star-connected current 

transformers , - ,. 1 . 

r > I' -- primary phase currents flowing through the 

’ relay with ddta-connected current transformers 

Cl ii/h — ii/Ji ^ ^ 

» the positive- (or negative) phase-sequence cur¬ 
rent distribution factor at the relay 

** = .the 'zerorphase-sequence current distrilDution 

factor . + 1 ,- 

A, B - factors used to simplify the expressions for the 

I voltages Via 
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C, JO =3 factors used to simplify the expressions for the 
currents /j and /<, in the case of 2 phase-ground 
faults 

C, D' = factors used to simplify the expressions for iie 
currents la and /«' in the case of 2 phase- 
ground faults 

The following equations express the phase sequence voltages at 
the relay in the reference phase. 

i>i £ — ii'zi 

^ E — (/iZi — iiz) (Bl) 

02 =* —iiW 

— —{liZi — itz) (B2) 


=» — (/oZo — I'oJto) (B3) 

Prom these the following equations are derived to express the 
phase-to-neutral arid phase-to-phase voltages at the relay. 

Voa « oi -f i>2 + oo 

^ E — /i)Zi — loZo -f (ii -|- ii)z + *0^0 (B4) 

Vba = 's/3(»i-^30“ -H -30“) 

= \/3[£Z30“ - (7, 2^30“ -30“)Zi + (BS) 

(iiZS0° +iU-SQ^)z] 

Kb = \/S(Vi — Vt) Z —90“ 

“ "s/Sf-E — (7i — Ia)Zi -j- (ti — Z —90° (B6) 

^ \/S(viZ 150 °+ViZ - 150 °) 

= \/3[£Z150“ - (7i.^l60“ -f7j^-160“)Zi -}- 

(ii Z150° +iaZ- 150“)^] (B7) 

The phase and neutral currents in the relay may be expressed in 
terms of the phase sequence components in the reference phase as 
follows: 

+ «V+ *0 (B8) 

/ft =« *1.^-120“-1-22^120“ + fo (B9) 

fc = *1 Z 120“ -f 22 Z -120“ + lo (BIO) 

/» = 3io (Bii) 

/«'=• V5(«i^ 30“-Ht2Z -30“) (B12) 

/»' = \/5(ti /-90“+22^90“) (B13) 

/c' “ \/3(»U150“-f-2VZ-150“) (BU) 

The above equations are general and apply for any type of fault. 
The following relationships apply for the particular case of fault 
under consideration, 

1. Three-Phase Fault 

E = /iZi; /j m 0: /„ » 0 niio 


4. Two Phase-Ground Fault {no phase shift in voltage bHween relay 
and fault) 

£=(/,- /2)Z,; 

/* = - h\ /o = - /i (B21) 

Z\ -r Za Zi -|- Zo 

. ci(Z + Zo) 

Z,(Zi -f- 2Zo) ’ 

6. Phase-Phase Fault {30-degree phase shift in voltage between relay 
and fault) 

E = 2/iZi; /2 « /ii /o = 0 (B23) 

. C\E 

*1 ; . *2 = Ii; fo = 0 (B24) 

6. Phase-Ground Fault {30-degree phase shift in voltage between relay 
and fault) 

E 3= /i(2Zi -h Zo); h = —Ix\ s= o (B2S) 


2Zi -I- Zo ’ 


i2 =» — I'l; 


7. Two Phase-Ground Fault {30-degree phase shift in voltage between 
relay and fault) 

E = (/i +/2)Zi; h = - ° - /i; /o = 0 (B27) 

jC^ 

. ci(Zi -f Zq) , ciZo 

“ “ Zi(Zi -f 2Z,) “ Z(Zi + 2Zb) *“ “ ^ 

Equations B16-P28 when substituted in equation B5-B7 and 
B8-P14 yield the expressions for voltages and currents given in 
table I. 

Equations Bl4 and B20 when substituted in equations B4, S8, 
and Bll give rise to equa.tion 43 in the text. 

The vector angles between the voltages are obtained by division 
of the voltage expressions given in table I. In all cases: 


<l>Vba — <l>reb = 180“ -f- ff>A 


<pYcb ^Yae 180“ — ipB 


‘1 “ ^ ’ ** “ *0 " 0 (B1(5) 

2. Phase-Phase Fault {no phase shift in voltage between relay and 
fault) 

£ »= 2/iZi; /j /o 0 (B17) 

’. ci£ ^ . 

■*' 2Zi ’ ^ ® (B18) 

3, Phase-Ground Fault {no phase shift in voltage between relay and 
fault) 


~ ^Yba <I>B ~ <t>A 
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JF --/i(2Zi -1- ^); 
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2Zi + Zo 
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Tests on Oil-Impregnated Paper—II 


Effects of Gas Pressure 


By HUBERT H. RACE 

MEMBER AIEE 


Synopsis 

In 1934 tests were started to investigate the import^t 
factors influencing the life of oil-impregnated paper at high 
voltage. Last year we described the techniques developed 
to date in this investigation. The present paper presents 
all data taken on specimens tested under a gas pressure of 
200 pounds per square inch and compared aU results ob¬ 
tained with one commercial mineral oil and one commercial 
wood-pulp paper for 3 conditions of gas pressure. The 
results indicate that under the conditions of these tests 
/feere is fw correlation between dielectric loss and electrical 
life and that gas-free specimens are superior to any sp^i- 
mens saturated with gas up to 200 pounds per sgmre inch 
pressure. 

A. Introduction 

T he technique developed in our laboratories for 
studying the causes of electrical failure in oil-impreg¬ 
nated paper using miniature specimens has been de¬ 
scribed in an earlier paper.^ Three types of ceUs were devel¬ 
oped to allow life tests to be made under 3 conditions of gas 

pressure; namely, gas saturated at atmospheric pressure (fig¬ 
ure 2), gas saturated at 200 pounds per square inch pres¬ 
sure (figure 4), and gas free (figure 3). This paper also 
showed the results obtained with 23 specimens which were 
saturated with gas at atmospheric pressure. It is the ob¬ 
ject of the present paper to present the data obtained on 
all the specimens which we have saturated with gas at 
200 pounds per square inch pressure, an^ to compare the 
data obtained using one commercial mineral oil (oil A) 
and one commercial wood-pulp paper (paper P) for 3 con¬ 
ditions of gas pressure in the specimen. . 

The most general criticism of the work presented in the 
previous paper was the lack of check tests. The same 
criticism can be applied to the data presented in this paper 
smce aU specimens listed were made in 1934 during the 
pr^minary stages of this investigation. Our subsequent 
efforts have been directed toward studying gas-free speci¬ 
mens and no check tests on the gas saturated or gas pres¬ 
sure specimens have been attempted. Also, we exhausted 

A paper recommended for publication by the Amn ' 19 W- 

poww transmis^on and distribution. Manuscript submitted March 1, 1937, 
released for publication May 27, 1937. 

Httbbrt H Race is a research engineer for the. O’*®®*! Ele^ic ^mpSuy, 
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our supply of oil A so that no check tests with identical 
samples of oil and paper are now possible. However, I 
believe that the marked differences in life shown by figure 
1 are significant and worthy of publication. 

The important characteristics of oil A and paper D are 
shown in tables I and II. 

B. Specimens Saturated 

With Gas at Atmospheric Pressure 

Table III gives a summary of the life-test data for speci¬ 
mens containing oil A and paper D and maintained during 
life under a gas pressure of one atmosphere. All but one 
of these specimens failed at 22 kv in less than 150 days. 
Number 165, however, was raised to 30 kv at the end of 
150 days and failed immediately. The power factor life 
history of all specimens is shown in figure 1. 

C. Specimens Saturated With Gas at 
200 Pounds Per Square Inch Pressure 

Table IV gives a summary of the life-test data for all 
specimens made with 10 layers of paper D and maintained 
during life under a gas pressure of 200 pounds per square 
inch. Specimens numbers 182B and 300 were dried, im¬ 
pregnated and immersed with degasified oil in the pressure 
vessel, and then charged with gas to 200 pounds per square 
inch pressure. The other specimens were dried and im¬ 
pregnated in a glass cell and then allowed to drain while 
still under good vacuum. After draining, they were trans¬ 
ferred as quickly as possible to the pressure vessel and 
charged with gas at 200 pounds per square inch pressure. 
Specimens numbers 184, 185, and 186 were drained hot 
while the oil-impregnated samples were drained cold so 
that they would retain the maximum volume of oil. The 
drained samples were made up so as to simulate the worst 
possible conditions of a high-pressiire-g^ cable, such as ^ 
high spot in the line from which the impreghant would 
gradually drain away because of temperature cycles dur¬ 
ing operation. Specimen number 188 was made to ^e 
whether 200 pounds per square inch gas pressure was su^- 
dent to prevent ionization in unimpregnated paper. The 
result was quite conclusive. It was unfortunate that the 
pressure cell containing specimen number 300 developed 
a leak which Was not detected until the sample had failed 
electrically because this specimen would probably have 

had the longest life of any of tins series. ^. 

One veiy interesting observation in connection wi^ me 
preparation of these specimens was the cMerence in ab¬ 
sorption of N 2 and CO*. The oil and paper bec^e satu¬ 
rated With N* in about one hour where^ several days were 
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required to completely saturate the specimens with CO 2 . 
Also the quantity of CO 2 absorbed was correspondingly 
very much greater. 

Table V gives the data obtained by post-mortem exami¬ 
nation of the 3 high-pressure specimens having longest 
life. 

After specimens numbers 300 and 301 were prepared it 
was found that the tank N 2 used to charge them may have 
contained up to 1 per cent O 2 . This may account for the 
high values of power factor, acid number, hydrophil num¬ 
ber, and lead in solution in the oil from the latter specimen. 

Table I. Properties of Oil A 


Spedmens numbers 211 and 212 did not fail but were 
removed from test after a total life of 295 days, dissembled 
and examined by the micro methods described in the pre¬ 
vious paper.^ These are the only specimens which have 
been removed from test for examination before failure has 
started and therefore they have been included in this com¬ 
parison. The papers used in these specimens had the 
same physical characteristics as paper D, the only differ¬ 
ence being that they had been given special treatment to 
lower the ash content. There was no sign of incipient 
failures although there were dark brown stress marks on 
the inside of the inner layer showing the pattern of the 
e(^es of the copper threads on the iimer electrode and light 


Flash point.about 165 degrees centigrade 

Fire point.about 186 degrees centigrade 

Pour point.about -40 degrees centigrade 

Specific gravity nt 15.6 degrees centigrade.about 0.904 

Viscosity (Univ. Saybolt) at 37.8 degrees 

centigrade.about 105 sec. 

Iodine unsaturation number (grams per 100 

grams).about 15 

Slight oxidation number...about 16 

Neutralization number (milligrams KOH 

per gram). ^0.016 

Chlorides. 

Free sulphur.None 

Power Factor at 00 cycles per second and 

60 degrees centigrade.. a: 0.0002_^_ 


Table III. Summary of Data for Specimens Saturated With 
Gas at Atmospheric Pressure 


Table II. Properties of Paper D 


Type. 

Thickness.. 


. .100 per cent sulphate kraft 
,. .0.0066 inch ± 0.0006 inch 




Special 

Days Life 

Specimen 

Gas 

Treatmentt 

22 Et 30 £t 

166.... 

.. Carbon dioxide.... 

. .0.01 per cent Cf. 

...150+....0.02 

170.... 

.. Oxygen. 

. .0.1 per cent J?t. 

... 143 

166.... 

.. Oxygen. 

.. New oil. 

. ..110 

196.... 

.. Oxygen. 

. .0.1 per cent Ft. 

...76 

167.... 

.. Carbon dioxide... 

... New oil. 

... 62 

168.... 

. .Nitrogen. 

.. .New oil. 

.... 60 

169.... 

.. Carbon dioxide... 

.. .0.1 per cent Hf. 

.... 50 

169- 

. .Oxygen. 

.. .0.5 per cent . 

.... 49 

164.... 

.. Carbon dioxide... 

.. .0.1 per cent (?t. 

.... 38 

176*. .. 

. 1. Carbon dioxide. .. 

... Paper washed 24 




hours . 

... . 29 

157A ., 

.. Carbon dioxide... 

... New oil. 

.... 26 

162*. . 

.. .Nitrogen . 

.. .0.1 per cent Ft . 

.,,. 15 

168. .. 

.. .Carbon dioxide. .. 

.. .1 per cent fit . 

.... 8 

163... 

... Oxygen . 

.. .1 per cent Gt . 

.... 0 


Apparent density." 1 2 , 

Ash content.. .... 

Alkalinity (milligrams HrSO* per gram)............ O.l 

Tensile strength strip one inch wide (machine 

direction)...;•••..j:. 

Tensile strength strip one inch wide (cross direc- 


, 0.1 

, 80 pounds 
. 22 pounds 


Tearing VtUngih (Blmendorf) maclune dirertion... 140 po^J 
Tearing strength (Blmendorf) cross direction.280 pounds 


• These specimens indicated a gas pressure exceeding 2 atmospheres and were 
removed before failure and opened .. 

t Special characters P, G, H, and 7 indicate polar substances of undisclosed 
nature used in the laboratory experiments 


Table IV. Specimens Saturated With Gas at 200 Pounds 
per Square Inch Pressure 


By contrast, note the low values for all these quantitiw Specimen 

for the oil removed from specimen number 182B, which oas Paper 

was charged with dry CO 2 . ^ 


Days Life 


_ —, 300.N». 

D. Specimens, Gas Free, ^ 186. 

at One Atmosphere HydratiUc Pressure 

Table VI summarizes the life histories of all gas-frro 
specimens that have been made with oil A and paper P. iss.cc... 

S^ennnmberl98wasthefirstgas-tespe^®iMde .co..,. 

After it had been on high-voltage test for a to^ of iss.co-- - 

days it was taken out of its glass cell withoutAistmbmg ^ ^ 

th^electrodes or the wrapping of the paper, ezri^ m 

benzeneva^rto24h^«-n^ma^^^^^^ 

SC’^-1-^Sminewhetheredractionoffr^oa 

with hexene and ^n^ese spech 

prove the ^ nratoials responsible for di- Specimen n 

rSc^^eneitberar^^^^ 

or are bound so tightly to the paper fibers that they can ^ 

not be washed out wirii benzene. 

Race— OU-Impregnated Paper 

July 1.937 


22 Et 

30 Et 

151+.. 

...11 

150+ .. 

... 0.2 

,105* 


. 98 


, 79 



.Nr.:.:.©:;. a .Im«era«d.los* 

B.Drained.79 

ro. D (Cererinand Droned.40 

184 .CO». u...^ beeswax. 

po. D . E ..Drained.35 

..n ” .Drained. 35 

..rns™..s. 

. (Petrolatum 

185 CO,.....D...i aad20per Drained....... 0.9 

.. I centrorin,... ... 

,88... ....CO..... 

. cm 

probably caused failure 


eray marks on the outside of the outer layer at the edge 
Sffie lead electrode. The resifite of the microanatyses 
+>iP« 5 e soecimens are ^ven in table VIII. 

^Smm number 225 has been included in to com- 
because it was impregnated with ofi simte to ml 
A but removed from the joint of an oil-filled cable m ^- 
ice and ddivered to our laboratory m a standard reser- 









































































Fisure 2. Comparison of 
power factor of usoci cable 
oil alone and cable paper 
Impregnated with this oil 
under vacuum 
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Fisure 3. Radial 
power measure¬ 
ments of oil alone 
and oil-soaked 
paper from speci¬ 
mens 202 and 
212 


Vfiif witluiut ex|iii8iire to air* The important properties 
of thi» oil wliich were different from those of new oil are 
in table VII. These were probably caused by con¬ 
tact with limited amounts of oxygen and black varnished 
cambric tape in the joint* The important observations 
from tbi* m the stability, relatively long life, and 
relatively tow pC 3 Wer factor of the specimen impregnated 
withthtooil. That high power factor of oil does not me^ 
enrrpapmi iflltij g f y h^ h powcT factor of oil-unpregaated 
pSjpef Is ibbwn by the life history of specimen number 225 
shows hi i%are 1 luud :the comparison of oil alone and oil- 

Imfat^fwted ssiHnr idiow^ . . 

^lednieia ntimbezs 201 a»<l 202 are particn arly mter- 


esting in that they were impregnated with portions of oil 
A., one without and one with 0.1 per cent of a commercial 
oxidation inhibitor and preoxidized 96 hours at 115 de¬ 
grees centigrade in a standard aging oven used by cable 
manufacturers for making oil-oxidation control tests. The 
specimen without an oxidation inhibitor gradually devel¬ 
oped considerably higher power factor but had a longer 
life than the specimen containing the inhibitor (see figure 
1). Neither had a life comparable with unoxidized speci- 


Tablc V. Data From Examination of Specimens Saturated 
With Gas at 200 Pounds Per Square Inch Pressure 


Oil. 

Paper. 

Gas.;. 

Pressure (pounds per square 


.182S. 

.300_ 

sm 

150+..: .. 


... ifii + 

0.2 . 

. 0 . 

11 

.A . 

. A_ 

A 

.D . 

. D. 


.COj . 

. Ni .., 

. Na 

.250 . 




Test 1.... 

Paper plus oil 
Dielectric constant 
(«0 and power factor 
(P. P.) 


Test 2. 

Oil. 

Dielectric constant (cO 
and power factor 
(P. F.) 


Portion 


P. P. 


P.F. 


P. F. 

... 1,. 

.2.78. 

..0.097 . 

.2.49. 

..0.068. 

. .3.67. 

. 0.20(1 

2.. 

.2.13. 

..0.039 . 

.2.79. 

..0.053. 

. .3.46. 

.0.175 

3.. 

.2.69. 

..0.020 . 


..0.040. 

. .3.37. 

..0.132 

4.. 

.2.65. 

.0.025 . 

.2.79. 

..0.067. 

. .3.46. 

..0.160 

7.. 

2.56. 

.0.012 . 



. .3.54. 

.0.152 

8.. 


.0.017 . 



. .3 47 

0 10ft 

9.. 

2.84. 

.0.010 . 



. 3 . 60 ! 

!o!ioo 

10.. 

3.12. 

.0.056 . 



.8.62. 

.0.205 

... 1.. 

2.16.. 

.0.0036. 

.2.18.. 


.2.07. 

.0.250 

2.. 

2.16. 

.0.0019. 

.2.16. 

.0.046. 

.2.06. 

.0.237 

3.. 

2.17.. 

.0.0019. 

.2.16. 

.0.042. 

.2.07. 

.0.278 


Teat 3. 

.. 1 ... 

.... 0 . 1 ....... 

OS 


Acid 

2 ... 

.. < 0.1 . 

.!o!i;. 

n ^ 

(Milligram per gram) 

8 ... 

..< 0.1 . 


n R 

Test 4. 

.. 1 ... 

.30. 

SS 


Hydrophil 

2 ... 


. 68 . . . ... 


(Square centimeters per 

3... 

.26. 

..81.; 


milligram) 




Test 5. 

Molecular weight 
(Grams per mol) 

Test 6 . 

.. 1 ... 
2 ... 
3... 

.. 1 ... 

...335. 

...270. 

...313. 

...276.. 

...304... 

...303... 

.0 . 

..270 - 256 _332... 

,.184....314....294... 
.309 313 265... 

.256 

.284 

.208 

Unsaturation 

2 ... 


. 0 ......; 

\. 9 .,.*, , 4 


(Grams per 100 grams) 

3... 


. 0 ...., . 

.15. 7 


Test 7.. 

.. 1 ... 

Cu 

*. -. ♦ 

Pb 

... * 

Cii 

Pb 

Copper and lead 

2... 

... ♦ 

..' * 



( 10 ~» grams per gram)' 

3... 


... * 

.. * 

.380 


♦ Less than minimup detectable concentration; 


Table VI. Specimens, Gas Free, at One Atmosphere 
Hydraulic Pressure Containing Oil A and Paper D 


Specimen 

dumber 


Special Treatment 


198.. .... (First gas-free specimen made).. 

4004.. . .Number 198 extracted witb Ci Hi and re¬ 

impregnated.... 

248.. .. Paper washed 24 hours in.tap wiater........ 

248 .Oil filtered through fullers' earth..........,. 

250;... ,.Same as nvimbw248,...;. 

211.. .Spedal-ldw-ash paper.... . .. .....,; 

212.V.. ..Special low sish paper....,., 

225.. .... Used oil from oil-filled cable in service.. 

262 ..Oil A oxidized 96 hours at 116 degrees 

centigrade.j.... i. 

201.. ... .Oil A + P.l per cent oxidized 96 hours at 

'- 116 degrees centigrade. .. ...... 

I* Opoied for inspection—slid not fail 


Days Life 
22 Er 30 Ev 

.186H-....169-I- 

. 31-f-.,.. 151-1- 
.149-f-....446H- 
.166-h... .418-|- 

.156-^-... .4184- 
.149-I-.... 146* 
.149-H.. ..146* 
.1504-....123 

.1494- . . .; 33 
,1494- . •. .3 minutes 


Roue—-Oil-Impregnated Paper 


Electrical fi^oiNBBRiNG 
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mens (198, 401, 211, 243, 248, 250). Apparently, al¬ 
though a cable may contain no free oxygen, if the oil has 
been oxidized before it is used to impregnate a cable, 
chemical reactions thus started continue during the life of 
the cable to the detriment of its electrical properties. 

Table VIII shows the results of micro examinations 
which were made on gas-free specimens shown in table VI. 
Specimens for which no analysis is given are stiU running. 
Tests 4-7 are not reported because the measurements were 
made several days after the specimens were opened and 
the results are questionable. It is interesting to note that 
the specimens containing preoxidized oil showed measur¬ 
able neutralization numbers concentrated at the dectrodes 
whereas the unoxidized oils had neutralization numbers 
below our ability to measure them when these specimens 
were opened. Since these measurements were made the 
sensitivity of the acid and soluble metal measurements 
has been considerably improved. The technique will be 
described in later papers when more experience has been 
gained with the new methods. 

The major difference between specimens 202 and 212 is 
that the oil used in number 202 was preoxidized before de¬ 
gasification and filling. Therefore, it is very interesting 


Table VII. Measurements on Sample of Oil Removed From 
Gible Joint in Service and Used to impregnate Specimen 
Number 225 


Power factor at 26 degrees centigrade.0.0017 

Power factor at 100 degrees centigrade.0.115 

Power factor at 115 degrees centigrade. .;.0.245 

Neutralization number (grams EOH per milligram ml).0.037 

Hydropbil number (square centimeters per milligram oil).6.1 


a power factor curve similar to that observed in commer- 
di cables,® being higher in the layers closest to the copper 
core and lead sheath and lowest in the center layers away 
from the metal electrodes. These data indicate that 
oxidized oil is the cause of this type of results observed in 
tests on commercial cable. 

E. Conclusions 

The following general conclusions seem justified by the 
data presented in this paper. 

1. At Wgli dectric stress, gas-free, oil-impregnated paper at one 
atmosphere oil pressure (oil and paper having properties like the 


Table VIII. Data From Examination of Gas-Free Specimens 


DtfvB lift* 1 22 .. 


.202 ...... 

.149+ . 

.38 . 

.211 . 

...•.149+ . 

.146+ . 

.212 . 

..149+ . 

.146+ . 

.225 

.150+ 

Days Hit. ^ 30 .. 

. D . 

. A . 

. D . 

. A . 

.. J . 

. K . 

. D 


Paper. 


oil oxidized 96 hours at 115 degrees centigrade 

P.P. 

P. P. 

a' P. P. 

P. P. 

Test 1 



1 . 

2 . 

3. 

4 . . 

.3.36..0.146.... 

.2.98.0.017.. 

.3.08......0.020.. 

.8.03.0.017.. 

. 2.97 . 0 . 011 .. 

. .3.29.0.013... 

..3.30. 0 . 012 ... 

. . 3.22 . 0 . 020 ... 

. .2.99.i0.028... 

. .2.91.0.040 

. .3.29.0.047 

. .3.37.0.047 

Paper plus oil («' and power factor). 

.... 

7 . 

8 . 

. 3.02 .0.088- 

.3.06..0.018.. 

.8.13.0.044 .. 

..3.08.0.043... 

..3,16.0.053... 

^^l3l20.0.018... 

. .3.27 .0.048 

. .3.21.0.046 

. .3.23.0.044 

9 .. . 


....1 

9. 

10 . 

1 i.. 

2,17.0.274... 

. 2.88 .0.018.. 

.2.18......0.018.. 

.2.18.0.016.. 

!.3.11...... 0020 ... 

. .2,16.0.006... 

. .2.16.0.004... 

. .3.05..0.044 

. .2.18.0.047 

. .2.20.0.046 

. .2.20.0.047 

........ 0 . 02 * 

. 0 . 02 * 

. 0 . 01 * 

Oil 

(«' and power factor) 

Acid 

(milligrams per gram) 

13:::::;:; 
1 ^:::::... 

< 6,1 .< 0 . 1 ... 

.2.18. 0 . 011 .. 

.....< 0.1 . 

....,< 0 . 1 .. . 

er technique. 

.< 0 . 1 ... 


;ri^;;;r;reaflurements were made with a recently developed, more 

compare the electrical data shown in figure 3 taken 

er these 2 specimens were opened. ^ 

The oil removed from specimen number 212 showed low 
e7 throughout. The oU-soaked paper from specimen 
tnber 212 showed higher losses iu the cent^and lowest 
both the copper and lead ends. A plausible explana- 
n for this Nation is that if. the aJ>sence of oxygen or 
'dation products there was negligible chemical acUon. a 
» 2 electeodes but that some thei^nal deterioration oc- 
^red in the center layers where the temperature^ would 
because of didectric losses. Now co^^g 
ectaen nuinber 202 the findings are “brely ^e^t. 
le oU extracted from the paper shows very high lo^, 
at the lead end. The oil-soahed paper gives 


ecnponents ef dl-imed 

CO2 gas pressure up to at leasi jsuv 
pressure 
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Distortion of Traveling Waves by Corona 


By H. H. SKILLING 

MEMBER AIEE 


Synopsis 


In order to make possible the prediction of the attenua¬ 
tion and distortion of lightning waves on transmission 
lines an equation is proposed that relates the change of 
shape of a traveling wave to the corona loss on the line at 
norm^ operating frequency. Results obtained by com¬ 
putation from this formula are compared with experimen¬ 
tal results of various investigators. 

T he attenuation of high-voltage traveling waves 
by corona is of importance because of the protection 
it affords to terminal equipment when ligh tning 
strikes a transmission line at some distance from the near¬ 
est transformer station. The traveling wave that results 
from the lightning discharge has been found by many ob¬ 
servers to lose energy quite rapidly as long as its crest volt¬ 
age is well above the corona-forming voltage of the line on 
which it travels. A line of several niitps length may usu¬ 
ally be depended upon, therefore, to reduce the initial 
voltage of the lightning wave to a safe value. 

Various equations have been proposed to express the 
rate of attenuation of the wave. These are reviewed by 
Bewley.* All of them, including an equation proposed by 
one of the present authors,* are purely empirical gnd have 
one or more adjustable constants which cannot be pre¬ 
determined. It is now proposed to . relate the distortion 
traveling wave to the loss of power 
in Corona at the line’s normal operating frequency. 

The Mechanism of Corona Loss 

The energy loss that accompanies corona is due to mo¬ 
tion of free electnc charge in the space surrounding con¬ 
ductors at high potential. This was pointed out by Ryan 
and Henline^ in 1924, and the study of space charge which 
has since been carried on leads to the following conclu¬ 
sions: 

1.. There is a critical electric gradient for air that cannot be ex¬ 
ceeded. Any attempt to increase the gradient above the critical 
^Ue rwults in profuse ionization of the air, and the charges Uberated 
by loni^tion take up such positions in space that the gradient is 
maintained at (or below) the critical value 

ApapM recommended for by the AIEE committee oa power trans- 

dirertor of the Ryan Laboratory, is gratefuny acknowledged. 

1. For all numbered r^erences, see list at end of paper. 
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2. Shortly after its formation space charge becomes relatively 
immobile. This is doubtless due to the formation of relatively heavy 
ions, for which the mobiKty is almost negligible as compared to 
electrons 

3. The supply of space charge to the region about a conductor 
commences when the critical gradient is reached, and continues as 
lo^ ^ereafter ^ the applied voltage continues to inrrease. During 
this time there is loss of energy from the conductor 

4. After the crest of a voltage wave is reached, and the voltage 
begins to decrease, the space charge remains (approximately) con¬ 
stant in magnitude and fixed in position. During this time there is 
httle loss of energy from the conductor, what loss there is being due 
to diffusion of the ions in the electric field at a slow rate. This 
interval ends when the critical gradient of opposite sign is reached 
and a new interval of active ionization commences 

SpRce charge may be considered as forming a protective 
sheath about a conductor—a sheath that receives 
terminates mu(^ of the incoming dielectric flux, so that 
no part of the air about the conductor is subjected to elec¬ 
tric stress greater than the critical value. If voltage were 
raised so that the electric stress at any point exceeded the 
critical value, the gradient at the overstressed point would 
immediately be reduced by further ionization and the 
production of additional protective space charge. The 
action is analogous to the relief of mechanical stress in a 
piece of overstressed steel by inelastic deformation of the 
material. 

When the voltage applied to a conductor is alternating^ 
it is necessary to locate a protective sheath of space charge 
about the conductor as the voltage rises to a crest, and 
then to neutralize that charge and replace it with one of 
opposite sign as the voltage changes to a crest of opposite 
polarity. Energy is consumed in the production of the 
space charge j the amount of energy consxuned per cycle 
depends on the crest voltage of the wave but, as the amount 
of space charge required is independent of the duration of 
a cycle, the energy per cycle consumed in its production is 
independent of the frequency of the applied voltage. The 
power, consequently, or energy per second, is proportional 
to frequency. But this is not the total loss. 

There is another kind of loss that is due to migration of 
toe ions of space charge in the electric field. The protec¬ 
tive sheath of space charge can never be stationary, for it 
is at all times acted upon by the electric field of the applied 
voltage and that of other parts of the space charge. When 
space charge moves in response to the electric field of the 
applied voltage it consumes power. So there is a con¬ 
tinuous drain of power due to motion of the space 
charge, quite apart from that due to formation. Both 
are dependent upon the amount of applied voltage, but 
the loss due to migration differs from that due to forma¬ 
tion by being a nearly constant loss that (at low frequency) 
is independent of toe frequency. At moderately high fre- 


SkUling, Dykes—Traveling Waves 


Electrical I^ginbbrinc 






500,000 

OHMS 


: 0.0078 
IMICROFARAD 
- EACH 


w 420 L ^ 

d MICROHENRYS^ 

3 250000OHMS ^ | Sg 

oc ► VVWv- -f F >tD 

p 265KV 00078 =r= o 
K MICROFAR> y=np F >(M 

I 3^30 

£ microhenrys3 Q 

SYNCHRONOUS COMMUTATOR*' 


^ISOMICROHENRYS 

_ LINE ^ 

4,000 >40,000 OHMS 

Jq 3hi ^ cable> 4 0 >OOOHMS^ 

fn>i > 570 

V+jy ®Si SOHMS 

C^ OSCILLOGRAPH 


Figure 1. Impulse generator and oscillograph 


quencies it becomes a negligible part of the total loss, t 
while at 60 cycles per second it is about one-third of the i 

total.® / 1 . # ^ 

The energjy required to produce a protective sheath of i 

space charge about a conductor is dependent upon the ( 
height to which the applied voltage rises. Each increase ( 
of voltage requires an increase of space charge, with a cor- < 
responding consumption of energy. As the applied volt- i 
age is raised from e to e + As the energy which has been ^ 
used to produce space charge increases from £ to E + AE. 
The ratio of the increments is (for very small increments) 
dE/de, which may be found by differentiation. The loss 
corresponding to a given increment of voltage is of course 
not constant, but is in general greater when the increase 
of voltage takes place at a high voltage than when the 
same increase takes place at a low voltage. 

In developing the above concept of corona loss the 
mechanism of corona formation has been greatly idealized, 

and many small factors have been entirely neglected. One 

of these is a difference in loss on the positive and negative 
half-cycles of corona. This particular factor requires 
special mention, for it will arise again in the discussion of 
traveling waves. 

Loss From a Traveling Wave 

A wave of electric energy traveling along a transmission 
line will necessarily produce ionization about the line as it 
passes and, since the only source of energy the wave 
itsdf, it will lose energy as it travds. There is ample di¬ 
rect evidence of corona produced by traveling waves, for 
it may be both seen and heard. 

Moreover, the voltage of a wave is related to its energy, 
although the relationship is not at all simple in a wave 
which is changing in shape as it travels. On a line with¬ 
out loss, or a distortionless line, energy is proportional to 
the square of the voltage for eadi element of the wave. 
This simple relationship is an approximation when applied 
to waves that are producing corona, but under any cir¬ 
cumstances the voltage of a wave becomes less as its energy 
is decreased. And oscallographic measurements and sphere- 
gap measurements both show a rapid reduction of the volt¬ 
age of traveling -waves as long as their voltage exceeds the 

corona-forming voltage Of the line. 


Analysis of Oscillograms 

OscUlograms of waves attenuated by corona are shown 
in figure 2. The figure shows at the top, left, the record 
of a 320-kv wave impressed upon a line of number 10 cop¬ 
per wire, and at the top, right, the record of the same mve 
as it was received after traveling 836 feet along the line. 
Below this is a similar record of a wave of negative po¬ 
larity, with an equal initial voltage but showing rather le^ 
attenuation as received. The time scale of the record is 
given by the 5-million-cycle wave at the bottom of the 
figure; the initial waves rise from zero to niaximum volt¬ 
age in 0.3 microseconds, the wave fronts being practically 
straight lines. These are typical of a collection^ of several 

dozen of such oscillograms. u • • 

The network shown in figure 1 was used in obtaining 
these records. In producing a wave, the sphere gap set to 
at 285 kv is first to trip, the polarity of discharge 
being determined by a synchronous commutator. This 
immediately actuates the trip circuit of the cathode-ray 
oscillograph, and then, with a slight time delay, because 
of inductance, the gap set for 200-kv sparks. One set of 
condensers is charged by the transformers to 285 kv, and 
the other set to 570 kv; operation of the first 2 sphere gaps 
connects the condensers in series and so trips the main gap 
which is set at 850 kv. The condensers now commence to 
discharge into the line, producing the test surge, but when 
the voltage across the line has risen to 300 kv the surge is 
“chopped” by a sphere gap, and the surge voltage drops 
almost immediately to zero. 

By adjusting the values of inductance, waves were pro¬ 
duced having wave fronts of 0.3 to 1.63 microseconds 
duration. All waves were substantially triangular in 
, shape. The oscillograms 


show a superimposed ripple, 
but this originated in the os¬ 
cillograph circuit; itcouidbe 
removed by introduction of 
damping resistance in the 
oscillograph circuit, but it 
was found best not to do so 
because of resulting loss of 
accuracy of the record. 

The generated surge was 
sent out as a traveling wave 
on the test line. The line 
was laid out as a large loop, 
returning to the laboratory, 
and terminated in a resis¬ 
tor having the surge resis¬ 
tance of the line. Both 
outgoing and returning 
waves were recorded on a 
cathode-ray oscillograph. 

Examination of the oscillo¬ 
grams yields the folio-wing 
information. The received 
wave has a wave front that is 
less steep than was that of 
theinitialwave. Thetimere- 
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Figure 2. Oscillograms of 
traveling wavesy showing dis¬ 
tortion by corona 
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quired for the received voltage to rise from zero to maxi¬ 
mum is equal to the time required for the initial voltage to 
rise from zero to maximum and then to descend to a value 
equal to the maximum received voltage. In other words, 
if the received wave were superimposed on the initial wave 
its crest would fall upon the “tail” of the initial wave, as 
shown in figure 3. At the same time the received wave 
has acquired a longer tail than was possessed by the initial 
wave. The appearance of the whole is as if the wave 
front had been cut down to a gentler slope as a result of 
having traveled along die line, so that the front and crest 
of the wave have been reduced, while the tail ba-s some¬ 
what gained. 

Various attempts to deduce a law of action by a pos¬ 
teriori reasoning from the oscillograms failed, but they 
served at least to indicate the nature of the differential 
equation from which the law would have to be derived. 
It was seen to be related to the “quadratic law” of corona 
loss as promulgated by Peek,® and so the quadratic law Was 
adopted as a starting point for the a priori deduction of a 
law of distortion by corona. 

Deduction of a Law of Action 


The rate of energy loss as voltage increases is then found 
by differentiating equation 2: 

dE k 

-.2-(«-«,) (3) 

SO that for a differential increase of voltage the loss is 
dE = 2{k/n){e — e6)de (4) 

When an electric wave is traveling on a line the voltage 
at a point of the line rises as the front of the wave passes. 
During the passage of the wave front, space charge is 
placed about the conductor, and energy is lost from the 
wave. Consider a specific point of the line P at a distance 
which may be called 5 from some stationary reference axis. 
(See figure 5.) Consider a short section of the traveling 
wave at the point P, which section of the wave may be 
specified as being at a distance x from a reference avis 
which is moving along the line at the speed of the traveling 
wave. It follows that for a given point on the line .y is 
constant, while for a given section of the wave x is con¬ 
stant. The 2 systems of co-ordinates are related by .y = 
X y. By definition, then, y is the distance between the 
reference axes, so y = o/ wherein v is the velocity of propa- 


Power loss from the experimental transmission line was 
determined by measurement, and is shown in figure 4. 
By plotting on a logarithmic scale it was found that the 
curve may weU be expressed analytically as 

Loss = k'(e — <o)* (1) 

in which e is voltage, and eo and k' are constants. The 
constants as so determined are in good agreement with 
those computed from the coefladents of Peek’s law. 

Corona loss is measured as power; that is, as energy per 
second. After that part of the power loss which is Uot 


Figure 4. Corona loss from 
a number 10 American wire 
gauge copper conductor/ 836 
feet long, 12.5 feet above 
ground. Voltage: 60-cycle 
sine-wave, wire to ground 




Figure 3. Initial and received waves of oscillograms, super¬ 
imposed. Computed curves are also shown 


gation of the wave (practicaUy thatof hght) and / is the 
time that has elapsed since y was zero. 

The energy loss at the point P from a section of wave of 
length dx while the wave is traveling a short distance dy is 

Loss = 2^ dxie -r eo) de (5) 

in which de, the change of voltage at the point P, is 

J be 

dfi — dx + — dy 
Ox by 

But since at a fixed point y is constant, dx - —dy and 


proportional to frequency has been subtracted, the re- ^ n - ~ I; ^ «5) 

mamdermay be dividedby the number of voltage crests , . 

per second, and by the length of the line. The result, loss ' is nepessary to express energy of a section of 

per unit length per half cyde, is expressed by an equation ^ terms of voltage. In the absence of dis- 

sunilar to equation 1 but with a different value for the a section of wave of length djr would be 

Meffldmt wliich (for reasons that wffl appear later) maT 

capacitance per unit length of Halfofthe 

(Loss as yolt^ rises to « in Ihp electric field, and haff in t^ 

When distortion of the wave is taking place this equation 
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becomes an approximation only. Although of uncertain Use of Derived Equation 


accuracy in the presence of corona, it will nevertheless be 
used in the following discussion, for it must be of the right 
order of magnitude. 

Differentiation of equation 7 gives the rate of change 
of energy of a section of wave as its voltage changes, so 
the change of energy corresponding to a differential change 
of voltage is 

dE 2 c dx e de (8) 

But loss due to corona, as expressed in equation 6, must 
be supplied from the energy of the wave, so 


This form of the equation is easily applied to any travel¬ 
ing wave. The only information regarding the wave that 
is needed is a curve of voltage and time; an oscillogram, 
that is, of the initial voltage (or if this is not available, of 
the voltage at any point on the line). There is no neces¬ 
sity to express/o(0 or Fo{e) analytically, for the equation 
has been arranged to allow a graphical solution. I'he 
equation gives the information that at a point at distance 


/ be be\ 
^ \ 5.15 by) 


dy 


(9) 


K 

2cdxede — 2—'dxi^e 
n 

Since de of equations 8 and 9 is the change of voltage of a 
section of the wave it is the partial differential with con- 


Fisure 5. Co¬ 
ordinates of travel¬ 
ing wave 
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slant», and is ecjual to (de/Sy) iy. Introducing this into 
equation 9, and performing obvious simplifications, 

( 10 ) 


Rearrangement gives the partial diflerential equation 
fe(g — flo) 


__ df 4 . ^ _0 

k(,e — eo) + ^ 


for which the solution is an arbitrary function 

/ _ K,-«.) + »« . .y.n 

^ I neve / 
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• INITIAL WAVE FRONT 

• COMPUTED FINAL WAVE FRONT 


(Elimination of * and y between equations 11 and 12 to 
teen accomplished by use of the expressions definmg and 

form of function to be used in equation 12 ^ de- 
ff^rmined bv some known relationship between e and f at 
^tao^X of r; for example, at the -here 
some Known to the line If the imtial wave 

the voltage wave IS apphed to 

is the function of tune e - /o(?)j touows 4 

12 X at a distance r the wave will have become 

/ k(e — go) '4~ A (1^) 

g =* /o M “■ J 

que initial voltage as a function of 

J i ^ PJA and correspQnding to this is tne equ* 
13) which appHes at dfatance 

s: ' r ^ 

(14) 


k (g -^:«o) . _L i. 


....._.OBSERVED FINAL WAVE FRONT 

Figure 6. Comparison of computed and '^*''** 

after attenuation and distortion by corona. Ail initial waves 
have crest voltage approximately 310 kv 

5 there will correspond to each value of voltage c a value 

of time f. This will differ from the value of time that cor¬ 
responded to the same voltage at the initial point on the 

line by the last term of equation 14, 

time required for the wave to travel the distance s, and 

by the next-to-Isst term wMch alone describes the dis- 

tortion of the wave due to corona. 

To determine the shape of the wave at distance s, plot 

the initial voltage-time curve. Then. , _ 

voltage increase the value of tone by an amount Sst 

The result is the wave as distorted by corona. ! t 

®’ t- +eri iiftwever that this procedtore applies oid> 
the wa™ while the voltage is rising to a 
on attained. Intheabseueo 

higher be assumed that the tail of 

of further will be discussed 

Reference to equation Ugi^s a 

"<&X°t5^fonoWing meanings: 

t » tiine in seconds 

e = voltage in volts . «i*cfcrest) 

c 

V 
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s = distance of travel in feet 

k = the constant of equation 2 which relates crest voltage in volts 
to energy loss in joules per foot per half cycle, and which may 
be found from Peek’s quadratic law or otherwise 
n - a, factor which differs for positive and negative waves, and as 
discussed below 


to n for positive and negative waves; n+ (for positive 
waves) would on this basis be about 2 V 2 , whde n- (for 
negative waves) would be about 4. 

Comparison With Oscillograms of Waves 


The Factor n 


The factor « is a more or less constant factor which is 
needed to account for 3 differences between the corona of 
traveling waves and the corona at power frequency. These 
are (1) the effect of mobility of charge, (2) the fact that 
when voltage is alternating there is space charge left over 
from one ^ cycle to the next, and (3) the difference be¬ 
tween positive and negative corona. 

The effect of mobility of charge has already been men¬ 
tioned; at power frequency there is considerable loss due 
to mobility that is essentially constant regardless of fre¬ 
quency. Peek® shows that this is 25/85 of the 60-cycle 

loss. Other investigators give a slightly higher value, and 

It will be approximately correct to consider that the loss 
at 60 cycles due to cyclic reversal of space charge is 2/3 of 
the total loss. It was partly to take care of the division of 
power loss into cyclic and constant parts that the factor 
n was introduced, and this consideration alone gives n a 
value of 3/2. (See equation 2.) But this value of n may 
be altered to take care of other considerations also. 

Each crest of alternating voltage leaves the conductor 
surrounded by a sheath of space charge. Some of this re¬ 
turns to the conductor from which it came, some reaches 
the o^CT conductor or is lost in space, hut most remains 
imtil it is cancelled by a discharge of opposite sign as the 
applied voltage is reversed. During each half cycle of 
voltage, therefore, it is necessary not only to supply space 
charge of the same polarity as the voltage, but also to re¬ 
move (or cancel) space charge of the opposite polarity. 
Consequently the total loss per half cycle is greater than 
would be the loss if there had been no previous opposite 
charge by a factor of uncertain magnitude that is some¬ 
thing between 1 and 2. The use of n may be extended to 
care for this factor, and the value of n therefore becomes 
approximately 3. 

Moreover, it is found that the loss of energy from a posi¬ 
tive conductor is greater than that from a negative con¬ 
ductor. This is observed even with alternating voltage, 
although in the steady state the loss is largely equalized by 
the production of a rectified space charge. It is impossible 
for the charge that escapes from a conductor in corona to 
be continuously unbalanced, for the resulting excess of 
charge of one sign will accumulate until the voltage gradi¬ 
ent about the conductor is so adjusted that the production 
of charge on ^temate half cycl^ is equalized. But many 
observers of impulse voltages and traveling waves have 
foimd that the loss is greater from a positive conductor. 

It IS, of course, natural that there should be a difference 

due polarity because of different details of action of 

I^sitive and negative ions. The ratio of loss from a posi¬ 
tive wave to loss from a negative wave appears to be about 
3. to 2. It is helpful, therefore, to assign different values 


In figures 3, 6, 8, and 9 a comparison is shown of dis¬ 
tortion as predicted by equation 14 and actual oscillo¬ 
graphic voltage records. The oscillographic curves of 
figure 3 have been described above; superimposed on them 
are computed curves based on equation 14. The values 
of n used in making the computations were 2 V 2 and 4 for 
positive and negative waves, respectively. These are the 
predicted values of n, and they give reasonably good 
agreement. 

Figure 6 shows a comparison with the fronts of the same 
waves and with longer ones also. Each curve shows the 
average of data from several oscillograms; in most cases 
5 or 6 photographic records were averaged. The terra 
from equation 14 that expresses wave distortion due to 
corona is plotted in the lower left comer of the figure: in 
computing the shape of the distorted wave the abscissas 
of the appropriate curve are added to the values of time of 
the initial wave front, at the correspon din g value of 
voltage. 

It will be seen that agreement with measured waves is 
within the probable experimental error. However, com¬ 
putation for this figure was done with »+ = 4 and n~* — 6, 
which values are about 50 per cent higher that the pre¬ 
dicted ones. 

It was also possible to compare the results of computa¬ 
tion mth equation 14 to data obtained some years ago.* 
A series of measurements with sphere gaps gave crest 
values of very short traveling waves as they were attenu¬ 
ated by corona. Only maximum voltages were measured, 
so the comparison must necessarily be with computed 
maximum values. It is known that the waves employed 
in the experimental work had practically uniform rise of 
voltage from zero to maximum, at which point they were 
“popped,” so that they were essentially triangular waves 
without tails. The slope of the impressed wave front was 
of the order of 2,000 kv per microsecond, and the crest 
voltage varied from 100 to 220 kv, so the duration of the 
wave is computed to be from V 20 microsecond for the 
short waves to Vxo microsecond for the longer ones. It will 
be seen that these are of a shorter order of magnitude than 
the waves of figure 6. Comparison of experimental and 
computed results is shown in figure 7; the agreement is 
surprisingly good. The value of n used for the computed 
cmrves was 5, but the polarity of the experimental waves 
is not known. 

The line used for the data of figure 7 was similar in 
size and height to that used later, so its loss at 60 cycles 
was taken from figure 4. Its total length was 1,000 feet 
but the first 500 feet w^e most significant and data for 
that part of the line only are shown in figure 7. The 
complete experimental curves appear in figure 'l of a 
previous paper,* and agreement with computed values 
is good throughout. 

For comparison with completely independent e:q)eri- 
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CREST VOLTAGE OF WAVE IN KV 



DISTANCE ALONG LINE IN FEET 


Figure 7. Com- 
perison of com¬ 
puted and meas¬ 
ured wave crests 
as traveling waves 
are attenuated by 
corona 


Behavior of waves on the Bushkill-Roseland line is 
of particular interest because it is typical of 220-kv lines 
in general dimensions, and therefore in corona loss. 
The conductors are 795,000-circular-mil-steel-reinforced 
aluminum cables, some 60 feet above ground. Con¬ 
ductors are spaced 28 feet, 6 inches, in a horizontal plane. 

It will be noted that in aU cases of comparison the 
agreement of recorded and computed distortion is good, 
but that different values of the factor n have been em¬ 
ployed. The values used for n are shown in table I. 

It is not improbable that the apparent variation 
of n with duration of wave front is entirely fictitious, 
being due to experimental difl&culty. On the other hand, 
it may be due to an actual decrease of loss when the dura¬ 
tion of the wave front under consideration is very short. 


mental work, computations were made o{ the change of H the decrease of loss is real it may he due to inability 
shape to be expected in waves on one wire of the 5-19 line of ions to move with great enough speed, although this 
of the Consumers Power Company (Michigan). Dimen- is improbable because the motion required for the forma- 
sions of the line are given in a paper* by McEachron, tion of space charge is largely electronic and electrons 

_com- in a critical field travel several meters per microsecond. 


Sions Ol LUC uuc aiC glVCii Hi a Jja-lTN-a. - ' ^ • • 1 £ IJ + 

Hemstreet, and Rudge; corona loss on the line was com- m a critical field ^ 
puted according to the quadratic law, and the change of it may more probal 
shape as predicted for traveling waves by equation 14 

was determined on that basis. The experimentally _ 

recorded distortion of waves on the 5-19 line is shown in 
a paper’ by Brune and Eaton, and one set of their oscino- . A 

grams is particularly fitted for comparison with computed \ 

distortion. Experimental and computed waves ^e | 1.4 mile 

shown in figure 8 , The initial wave is shown, and ^0 ^ j L 
the received waves at 3 different distances along the hne. o * , 

In computing distortion of the negative wave of figure j r 2.£ 

Sa,avalueof4wasusedforn-,andfortheporitivewave \\ \ 

of figure 8b a value of 2 V4 was taken for «+. See teble I. 200 r U 

The general form of the computed and observed wave 

fronts of figure 8 is quite comparable. It is at ^ 0 t„CRosECONDl 

surprising that there is difference of detail, for the com¬ 
puted curves consider only the effect of ^ pigu,es 8a (left) ai 

bution of corona and completely neglec r^s 

line and ground, the presence of ot^er conductors, insd^ ^ 

tors and towers, variation of ground levd, 

irregularities of the Une. It is natural that the shorter 
the ^stance of travel, and the more rapid the attenuation 

by corona, the better is the ^ Eaton and a consequen 

Several of the other curves sho^ by B^e and ductor due to wb 


01 ions lo move wilti great enougn sspccu, a.j.i.iiuugj .1 
is improbable because the motion required for the forma¬ 
tion of space charge is largely electronic and electrons 
in a critical field travel several meters per microsecond; 
it may more probably be attributed to ground resistance 



POSITIVE 

. INITIAL WAVE '.CJ 


. AT 1.4 miles 


.AT 2.8 MILES 


5 10 IS 

MICROSECONDS 


Figures 8a (left) and 8b (right). Comparison of computed 
waves (solid lines) with oscillograms by Brune and Eaton 
(dash lines) as a traveling wave is distorted and attenuated 
by corona 


and a consequent decrease of gradient about the con- 
... _nf ns a lowered 


^veral’of the other curves shown by B~dJ^to^ a ^ns^-^^ ^ ^ 

offer further interesting comparisons, but wfil not be pl„e. . • ^ ^ 


T^dy oTSe change of shape of traveling wav« on 
thf B^^oseland Ine of t»e B«bUc^“ 

and Gi. Company (New 

and by Conwell and Fortescue. 

paper gives data that make possible the 
P P . ._.... r..«....ano'cr Aisinff the quadratic law) 


the 

and for is not at all surpri^g wh® 

that the duration of the waves vanes from about 10 

microseconds for Bmne and Eaton’s wav® 

Vw-c^secondforSkfiling^cnaf^rof^^^^ 


pn^ J:® possible the computron of Vw’^~17t‘^^e^e frequency is nearly 1 0^ 


and both papers snow ^ -- ^ 

affected by corona. Companson of + j ft-ntn 

Ifl+tcr oaper with a curve of wave form compu e 
tofdimLions appears in figure 

t^^pers for compari^n with com- 
grams of wa;^ m P P . ^ 


It^ppesrs on the contrary, that there must 1 m some ele- 

m^^oTSi^ in the theory proposed since the 

TX less than a factor of 2 over a toe ^ of ^ 

innnnn narticularly considermg that the 

100,000, fSkilling) to 900 (Conwell and Fortes- 

vaned from 100 kv (bkiiimg; mykes and Skming) 

cue), the line frpm a, num ^ and Fortescue), 


putationwas 2V2. with com- cue), the line from a numoer - 

^ ^Ir^hSSSately thL are no records ^“J 50 feet (Skilling) to 2.8 
of negative polarity. — okp 


of waves of negative polarity 
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miles (the greatest distance for really significant com¬ 
parison with Brune and Eaton). 

The of the Wave 

While the front of a wave is passing a short section of 
line it is surrounding that section with a sheath of space 
charge. This reduces the potential gradient in the im¬ 
mediate vicinity of the conductor. But after the crest of 
the traveling wave has passed, and the line voltage has 
dropped to well below its instantaneous maYitntiTn ^ there 
will be some return of space charge to the conductor. 
Because of the presence of space charge, the gradient about 
the conductor will be reversed in polarity even before the 
wave has completely passed, and it is this that will 
return some of the inner part of the charge to the con¬ 
ductor. As the charge returns, the tail of the passing 
wave is built up and lengthened. This effect is visible 
in ^1 oscillograms. (See figures 3, 8, and 9.) Whether 
an important part of the energy of the wave is thus re¬ 
gained depends on the shape of the wave and the relation 
of its maximum voltage to corona-forming voltage of the 
line. In general the tail of the wave is not greatly altered 
from point to point of the line. It will be seen from any 
of the oscillograms that voltage at a given point on the 
tail is continuously but slowly increasing, but that the 
total increase is small compared to the crest voltage of 
the initial wave. It seems entirely practicable, therefore, 
to neglect any change of the tail in computing the change 
of shape of a traveling wave. 

This is done in figures 3,6,8, and 9. It wiU be seen that 
the wave form at any point of the line is determined by 


Table i 


Data From m + »- 

Predicted from 60-cycle corona.2.4 ... .3*. .3.0 

Brune and Baton (figure 8 ). 21/4 .4 

Conwell and Portescue (figure 9).2»/». ... . 

Dykes (figure 3).. 2Vs.'i.. i.. ^4 

Dykes (figure 6 ). 4 i.’o 

Skilling (figure 7)...of 

* Average of polarities, 
t Polarity unknown. 


Other Theories 
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I yiMITIAL WAVE " ' 



RECEIVED WAVE 
C'. at 2.65 
MILES 


2 4 6 8 

MICROSECONDS 


Figure 9. Comparison of 
computed wave (solid line) 
with oscillogram by Conwell 
and Fortescue (dash line) as a 
traveling wave is distorted 
and attenuated by corona 


exten^ng the computed curve (based on equation 14) 
until it intersects the initial wave, and thereafter follow¬ 
ing the tail of the initial wave. This does not give an 
accurate rejur^tation of the tail of the distorted wave, 
but it does give a satisfactory curve for the front of the 
wave and a ghod approximation of the wave’s maximum 
voltap. It is this last v^aiue that is usually of greatest 
practical hnportahce. 

The shape of the computed wave will usually more 
nearly approach the shape of the actual wave if its sharp 
comers are slightly rounded. Physical^ this is due to 
^he resistynce of the line hnd ground, particularly as in¬ 
fluenced by skin effect. V 


So far as is known to the author, there has been no 
previous attempt to account in detail for the change in 
shape of traveling waves due to corona loss, Boehne“ 
in 1931 suggested that the change in shape is due to a 
change of tiae capacitance of a line during corona (in this 
connection, see also a paper by Gardner^*). Bewley® in 
1933 discussed the change of shape of waves due to 
ground resistance, and offered a theory of traveling waves 
which involved 2 or more velocities of wave components. 
He proposed the extension of this discussion, which ap¬ 
pears to give beautiful results at voltages below the corona¬ 
forming voltage, to explain distortion due to corona on 
the basis of a change of capacitance of that part of the 
line on which there is corona. There would be no sharp 
distinction between such a theory and the one that is 
used in this paper if it were possible to express the postu¬ 
lated change in capacitance as a function of the voltage 
and to include the loss of energy involved. But when loss 
of energy is omitted, and only distortionless wave com¬ 
ponents of different velocities are considered, the extremely 
large attenuation which is actually produced by corona 
does not appear. 

The following comment should be made in this connec¬ 
tion, Distortion due to corona becomes less as the voltage 
of a surge is diminished, and the wave tends to flatten out, 
with the voltage of its flattish top equal, generally speaking 
to the corona-forming voltage. This is illustrated by 
both waves of fipre 8, at the 14-mile position. But 
many factors whi^ are of negligible importance when 
the surge voltage is high make themselves felt when the 
surge voltage is low. Energy lost due to line resistance 
and ground resistance, and energy transferred inductively 
to nearby conductors, are overshadowed at high voltage by 
the great loss of energy due to corona. At lower voltage 
they have much to do with determining the shape of 
the wave. It can be seen, for instance, by reference to 
^e original oscillograms of the paper by Bmne and 
^ton/^at the waves of figure 8 at the 14-mile position 
dp not have a simple fiat top, but appear, in detail, to 
have 2 rath^ distinct humps. It is interesting to consider 
this shape m the light of the theory of multivelocitv 
compcinents. But it will also be seen from Bmne and 
Eaton s curves that this is a minor effect which does not 
pear while rapid attenuation by corona is taking place. 
In other words, the reduction of lightning voltage from 
a dangerous value to a safe value is the result of enervy 
loss in corona. 
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Any of the various empirical formulas which have been 
proposed can only hope to be true for an imposed wave 
of some standard form. This is clearly true when one 
considers that the corona loss at any particular voltage 
depends not only on the value of that voltage but also 
on the rate of change of voltage at that point; and con¬ 
sequently the rate of decrease of the crest voltage of a 
traveling wave depends on the shape of the entire wave. 

It is perfectly certain that any successful formula for the 
distortion and attenuation of waves that are affected by 
corona must take into account the whole wave, and not 
just the maximum voltage at the wave’s crest. 

Conclusions 

This paper is a derivation and discussion of a formula 
for the change of shape of a traveling wave that is dis¬ 
torted and attenuated by corona. The formula, eqtm- 
tioii 14 of the paper, is 

- > X . ^ “ ®«) I ^ 

/ = Fo(e) H-+ T 

ncv e V 

'I'hc first term of the right-hand member is the initial 
shape of the wave, and the second term is the change of 
shape due to corona. (The third term merely accounts 
for the lapse of time while the wave travels.) 

All quantities in this formula, except n, can easily be 
predetermined. The factor k is found from the measured 
or computed corona loss of the line at normal frequency. 
Approximate values of n are 2.5 for positive waves and 4 
for negative waves, but more data are needed to sub¬ 
stantiate these values and to determine their range of 
application. 

The derivation of the proposed law involves several 
approximations, but its agreement with experimental 
results over a wide variety of conditions is reassuring. 
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With the present tendency to employ higher tempera¬ 
tures in various industries, more extensive investigation 
of the behavior of metals at elevated temperatures has 
become important. Under a grant received from the 
Engineering Foundation during the years 1935-36, work 
on tins subject was done by John Boyd with the facilities 
offered by the research laboratories of the Westinghouse 
Electric &. Manufacturing Company in co-operation 
with the University of Pittsburgh, and reported in the 
paper “Relaxation of Copper at Normal and at Elevated 
Temperatures,” which was presented at the annual meet¬ 
ing of the American Society for Testing Materials at New 
York, N. y., June 28-July 2, 1937. The problem was 
suggested by Doctor A. Nadai of the Westinghouse labora¬ 
tories. 

The phenomenon of the decrease of stress at constant 
length, such as occurs in bolts, has been called relaxation. 
Some investigation of this phenomenon has been made, 
but few of the methods used have attempted to produce 
pure relaxation conditions. The tests described in this 
paper were made with an apparatus designed to eliminate 
the principal difficulties of former methods. Special at¬ 
tention was directed toward fulfilling the conditions of 
pure rdaxation, that is, measuring the decrease in stress 
while the length of the test piece is carefully kept constant. 
Copper was chosen as a test material because of its unpor- 
tance.in dectrical machinery as wdl as its rdative siin- 
plicity, and was used in the form of wire 0.204 inch in 
diameter. 

A complete corrdation has not as yet been made be¬ 
tween data for rdaxation and creep, which is the increase 
in length with time for material at constant stress. All 
experimental evidence seems to show that the creep rates 
found in rdaxation tests are greater than those obtained 
from creep tests under what were assumed to be similar 

conditions. As a result, the magnitude of the decrease 

. in stress in relaxation is larger than at first would be ex¬ 
pected from considerations based upon creep rates ob- 
’ served in tests made with constant stress. A brief sum- 

r mary of the results is as follows: 


«, AtT.»«T.o» 

closure by author, pages 597-98.) 

. TH THB PROPAGATION OF LIGHTNING SUROHS ON 

7. J. R. Eaton- AIEE TRAN8A«?nONB. 

TSSmTXsfptember'wSl, pages 1182-8. Lightning 

July 19M, pages 885-94. ^ t. .Tu-tf 

11. Discussioti, E. W. Boehue. AIEE Transactions, volume 50, June 1931. 

12* Corona iNvissTioA-piON on an ^ 

Transactions, volume 44,1925, pages 897-404. . ^ 

13. , TransiRNT Eubc^iC 
Company. New York, N.Y,. 1937. 


1 For practied purposes, the rdaxation of copper at r(wm le^^ 

perature and probably up to 200 degrees centigrade may be repre¬ 
sented by an e3q>re8sion of the form: 

= ffi [1 - d log (1-h 501 

<r is tht stress at say ttaa t. n is tie Wtial stress, and A aad S 
are constants. 

2. AmarWtereaseintdaxattoatakrepto^t^^ 

ture is raised above about 80 degrees centigrade. At 200 “egr^ 

^ti^d^ffie stress is estimatedto fad to about 2^^^^ 
initial value in a service time of ^ years. 

3. Recovery effects tend to decrease the creep rate found in the 
eiurly part of a relaxation test. 

4 Ti,. d.-...a.ri.v h.twaen the speed latre to decrei|slait_a^ te 

Further creep and rtto 

way and may be expected to add to knotriedge of this 

. subject., 
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% #HILE the unsaturated syTCichronous is 

in general well understood, the effects of satura- 
▼ ▼ tion upon its performance are still subject to 
discussion. Knowledge on the influence of saturation is 
important because of power-angle relations, steady-state 
stability limits, and excitation requirements. The prob¬ 
lem of saturation may be approached in several ways. 
One method^ is to determine empirical factors which 
modify characteristics of the unsaturated machine, the 
saturation factors being single average values for a group 
of machines. A second way* leads to the introduction of 
equivalent reactances which allow calculation of the rf- 
fects of saturation on small load changes about an initiat 
operating point. Third, there is the derivation* of satu¬ 
rated synchronous reactances to be used in the investi¬ 
gation of power-angle curves and maximtitn power. 

It is the purpose of this paper to present the physical 
concepts underlying the highly saturated S 3 mchronous 
machine operating under steady load, and to show how 
the theory developed for such a machine is in agreement 
with test results. With terminal voltage, current, and 


several reactances, and linear relations existing through¬ 
out the machine. Assuming no saturation in the aima- 
ture or cross-field paths, figure 27 of the paper by Doherty 
and Nickle shows an additional field excitation along the 
pole axis to take into account saturation in the pole body. 
Under these assumptions, the torque-angle is not ajBfected 
by saturation. Under conditions of saturation, and 
certainly for high saturation, all of the machine reactances 
are decreased in magnitude. The cross-field path, by way 
of the pole tips, and the armature teeth, will saturate as 
well as the pole body. Torque-angle therefore is ap¬ 
preciably affected as well as is the excitation requirement. 

Machine Constants 


Figure 1. General vector 
diagram of an alternator 



power factor known, the torque-angle and excitation may 
be determined accurately. 

The analysis here proposed is general in that it applies 
to both s^ent-^le and cylindrical-rotor machines. It is 
based on Blondel’sf 2-reaction theory of synchronous 
machine, and is a modification of the vector diagram 
given by Doherty and Nickle® in their extension of 
BlpndeL’s work. The diagram for the unsaturated machine 
assumes cohstmt values for arma ture resistance and the 
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The machine constants which must be considered in any 
steady-state analysis of the S 3 nichronous machine are 
armature resistance, armature leakage reactance, and the 
direct and quadrature synchronous reactances. The ef¬ 
fective armature resistance may be determined by methods 
previously described.® Tests on armature leakage re¬ 
actance^ have shown that it varies somewhat with satura¬ 
tion, being a function of the density in the armature teeth 
which in turn depends upon the air-gap flux. The varia¬ 
tion, however, is relatively small, and without introducing 
appreciable error this quantity may be taken as a function 
of terminal voltage. 

The synchronous reactances are a measure of the flux 
which the armature magnetomotive force produces in its 
magnetic ciremt. In the case of the direct synchronous 
reactance the magnetic circuit consists of the armature 
iron, the air-gaps, and the rotor poles and spider. For 
the quadrature synchronous reactance the magnetic cir¬ 
cuit consists of the armature iron, the air-gaps, the pole 
tips, and the interpolar region. With increasing flux 
through these circuits, the synchronous reactances de¬ 
crease. While a:, is a function of the voltage behind leak¬ 
age reactance, or the total air-gap flux, % depends also> 
upon the field leakage to the extent that this flux increases 
saturation in the pole body. 

The synchronous reactances are defined in terms of ar¬ 
mature quantities, i.e,, the direct S 3 mchronous react¬ 
ance, is the ratio of the fundamental component of the re¬ 
active armature voltage, due to the f undamfin tf^l direct- 
^s component of armature current, to this component of 
current under steady state conditions and at rated fre¬ 
quency. The quadratimesyncluonpus reactance, x,, is 
defined similarly. Slip tests,® which ate used to obtain 
both afg and aa^, also may be used to determine the saturated 
values of these quantities. Subtracting vectprially the 
armature resistance and leakage reactauce voltages from 
tiie terminal voltage, the S 3 ntichron 6 us reactances may be 
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plotted as functions of the air-gap voltage. The air-gap 
voltage, may be expressed® as 

Ba ~ e^’s/\ — {fJxY — xi/x] 

where x — ox Xg, as desired, e, is the terminal voltage 
and7*nthe armature resistance. The treatment presented 
in this paper makes use of the unsaturated direct and 
quadrature synchronous reactances, and the saturated 
quadrature synchronous reactance. 

The Vector Diagram 

The steady-state performance of the unsaturated S 3 nti- 
chroiious machine may be represented by a vector ^a- 



Figure 3. Rela¬ 
tion between 
zero-power-factor 
curve and field 
current required 
for pole leakage 
under saturation 


Table 1. Comparison Between Calculated and Test Valu^ of 
Torque-Angle and Excitation for the Saturated Salient-Pole 
Synchronous Machine 

Three phase, 6 pole,40 horsepower,1,200 rpm, 440 volts, 44.5 amperes 


et iftvg (Kilo- (Kilo- Angle( Degrees) 1/ (Amperes) 
(Volts) (Amperes) watts) watts) Calculated Test Calculated Test 


Motor, 0.8 power factor leading 
535_ 0 .... 0 .... 

0 ... 

. 0 ... 

, 0 ... 

. 7.06... 

. 7.06 

536.... 6.7 .. 

. 3.56.... 

1.42... 

. 2.7... 

. 2 . 8 ... 

. 7,61... 

. 7.61 

636_11.45.. 

. 6.08.... 

2.40... 

. 4.6... 

. 4.8... 

. 8.05... 

. 7.97 

636_16.15.. 

. 8.06.... 

3.19... 

,. 6 . 0 ... 

. 6 . 0 ... 

. 8.37... 

. 8.30 

635_21.0 .. 

.11.17.... 

4.47.. 

.. 8 . 1 ... 

. 8 . 0 ... 

. 8.98... 

. 8.88 

535_25.8 .. 

.13.72.... 

5.52.. 

.. 9.8... 

. 10 . 0 ... 

. 9.48... 

. 9.40 

635_30.0 .. 

.16.96.... 

6.39.. 

.. 11 . 0 ... 

. 11 . 0 ... 

. 9.99... 

. 9.92 

635....37.3 .. 

..19.82.... 

7.76.. 

..18.3... 

.13.2... 

.10.90... 

.10.70 

Motor, unity power factor 

536_0 _0 - 

0 .. 

.. 0 .. 

,. 0 ... 

. 7.05... 

,. 7.05 

535_8.25.. 

.. 3.82.... 

8.82.. 

.. 4.8.. 

.. 4.2.,, 

. 6.97.., 

.. 7.00 

535_15.05.. 

.. 7.40.... 

7.40.. 

.. 8 . 1 .. 

.. 8 . 1 ... 

. 7.01.. 

.. 7.04 

586_24.5 .. 

..11.36.... 

11.36.. 

.. 12 . 6 .. 

..12.3... 

,. 7.11., 

.. 7.20 

635_31.9 .. 

..14.80..., 

14.80.. 

..16.1.. 

..16.0.., 

.. 7.29.. 

.. 7.39 

636_39.6 .. 

..18.36.... 

.18.36.. 

..19.8.. 

,,19.8,. 

.. 7.68.. 

.. 7.70 

536_46.8 .. 

..21.70.... 

21.70.. 

..23.1.. 

. .23.1.. 

.. 7.84.. 

.. 8.06 

Motor, 0.8 power factor lagg^g 
RSS_ 0 _ 0 ... 

. 0 ., 

... 0 .. 

.. 0 .. 

.. 7.05.. 

., 7.05 

685.... 7.76.. 

.. 1.61... 

. 4.11., 

... 8 . 0 .. 

.. 3.0.. 

.. 6.34.. 

.. 6.38 

535....15.5 .. 

.. 3.21... 

. 8 . 22 . 

... 6.4., 

.. 6 . 8 ., 

.. 6.71.. 

.. 5.76 

635_ 22.85.. 

.. 4.83... 

.12.16. 

... 10 . 0 .. 

.. 10 . 2 .. 

.. 6.18.. 

.. 5.20 

636... .28.05.. 

... 6.96... 

,14.90. 

...12.7., 

,.. 12 . 8 .. 

.. 4.86., 

.. 4.93 

535....33.06.. 

... 7.14... 

.18.04. 

...16.0. 

...16.0.. 

.. 4.55.. 

,. 4.62 

535_39.1 .. 

... 8.06... 

.20.74, 

...18.8. 

...18.7.. 

.. 4.29., 

.. 4.40 

536....44.5 .. 

... 9.64... 

.28.66. 

... 22 . 1 ,, 

... 22 . 0 .. 

.. 4.23.. 

.. 4.36 


gram. Figure 1 shows such a diagram for an alternator 
operating at a lagging power factor. The purpose of the 
diagram is ultimately to give the torque-angle and excita¬ 
tion requirement of the machine under load. This paper 
follows the per-unit notation, and the nomenclature is 
given in the following tabulation; 


Xg = quadrature-axis synchronous reactance 

Xaa “ direct-axis reactance of armature reaction 
5 = torque-angle 

=> direct-axis component of armature current 
ig = quadrature-axis component of armature current 
a = excitation voltage giving field current for no saturation 



machine terminal voltage 
armature current 
power factor angle 
effective armature resistance 
armature leakage reactance 

air-gap voltage (voltage behind leakage reactance) 
direct-axis synchronous reactance 


ly ■= field current 

The vector diagram of figure 1 is general, and is es¬ 
sentially that shown by Doherty and Nickle in “Syn¬ 
chronous Machines-I.”' From it, for the unsaturated 
machine, may be obtained directly the displacement 


ignetizatlon. Armature N/"- 75# field 
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angle, 5, and the field current, If, corresponding to the ex¬ 
citation voltage, e^. It is assumed that the reader is 
familiar with the method. 

With saturation, however, the torque angle is decreased, 
and the required field current is increased. These state¬ 
ments hold regardless of motor or generator action, or of 
power factor. The angle obtained by way of the un¬ 
saturated machine constants must be corrected, and the 
proposal made in this paper is to determine that angle 
directly by using the saturated value of to locate the 
true direct axis. The angle is thus given immediately 
without subtracting a correction angle. The closeness 
with which test results agree with this method of determin¬ 
ing torque angle is shown in tables I-IV. 

In appendix D of “Synchronous Machines-I and II,” 
Doheriy dnd Nickle outline a manner of obtaining the in¬ 
crease in excitation to care for saturation. Figure 27 of 
that paper contains the fundamental ideas involved. The 
projection on the direct axis of the voltage behind leakage 
reactance is carried to the saturation curve, the field cur¬ 
rent to be added being that measured by the horizontal 
separation between the air-gap line and the no-load satura¬ 
tion curve. This added field current, however, is not 
suflficient for the saturated machine with demagnetizing 
armature current. Depending upon the degree of satura¬ 
tion and the armature current, it may be far less tliaTi is re- 



Table II. Comparison Between Glculated and Test Values 
of Torque-Angle and Excitation for the Saturated Salient-Pole 
Synchronous Machine 

Three phase, 6 pole, 7.5 kva, 1,200 rpm, 220 volts, 19.7 amperes 


(Volts) (Amperes) 

Wt 

(Kilo¬ 

watts) 

Wi 

(Kilo¬ 

watts) 

Angle (Degrees) 
Calculated Test 

If (Amperes) 
Calculated Test 

Motor, unity Wwer factor 
S40..... 0 .b ..... 

0 ... 

0 ... 

... 0 ;... 

.10,60... 

. .10.60 

540. 

.... 6.3 ... 

,2.42..... 

2.42... 

.; 2.8... 

.,2.7.... 

.10.36... 

..10.82 

540. 

... .10.6 ... 

..4.82....; 

4.92... 

;. 5.4... 

,. 6.4.... 

.10.20... 

..10.22 

.540. 

....16.6 ... 

..7.37.,... 

7.37... 

.. 8.1... 

.. 7.8.... 

.10.17... 

..10,20 

540. 

....20.8 ... 

.9.56_ 

9.55.., 

..10,3... 

..10.2.... 

.10.20... 

.10.20 

Motor, 

540. 

0.8 power factor lagging 
.... 0 .....0 ,.... 

0 

.. 0 ... 

., 0 .... 

.10.60... 
. 9;70... 

..10.60 

540. 

... 6,2 

.1,37.,.,. 

3.19..., 

,. 2.3... 

.. 2.5..,. 

., 9.74 

540. 

...11.3 .... 

.2.47...,. 

6.93..,, 

.4.4... 

.. 4.8. . ;. 

. 9.00... 

.. 9.03 

54Q., 

...16.36...; 

.3.46..;., 

8 .68,... 

.. 6.6.,, 

.. 6.7.... 

. 8.87... 

.. 8.42 

540.'. 

...21.6 .... 

.4,66,,...: 

11.42... 

. 8,9... 

.. 8.9.... 

. 7.71... 

.. 7.72 


Table III. Comparison Between Calculated and Test Values 
of Torque-Angle and Excitation for the Saturated Cyliiidrial- 
Rotor Synchronous Machine 

three phase, 6 pole, 7.5 leva, 1,200 rpm, 220 volts, 19.7 amperes 

■ ■ ■ ^ :' w* 

■ _ IVb (Xilo-; Am^e (De grees) Ir (Amperes) 

yol^) (Amperesi mtts) Vnutts) Calculated Teat CiOev^ited"^ 

Meter, unity power factor 


. P ., 

.,0 ,. 

V.O /. 

.. .0 .., 

,.. 0 .. 

...67.0,. 

...67.0 

• .. 

^ 0.95.. 

. .2.04.. 

.2.04.. 

..;17,5.., 

...17 ,. 

...67.1,. 

.. .67.2. 

..3,78., 

. ,3.78.. 

...30.9.. 

...30.6.. 

,..69.8.., 

...71.5 

.14;9 . , 
.20.6 .., 

..6,76.. 

..5.76.. 

...43.0... 

..48 

...80.2... 

...82,0 

.. .7.92.. 

.7.92.., 

,..63.2... 

.,68 ... 

. ,96.8... 

..97.0 
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FIELD CURRENT—AMPERES ' ° 

Figure 4. Zero-power-factor curves for determination of 

field current required for saturation 

quired. On the other haind, the machine with magnetiz¬ 
ing armature reaction is overcompensated in field current. 

Part of the field magnetomotive force which must be 
added to care for saturation is that required to force the 
fiux through the entire saturated circuit, and is repre¬ 
sented by the distance between the air-gap line and the no- 
load saturation curve. This component takes care of nor¬ 
mal field leakage at this flux density. In addition a 
second component of magnetomotive force is required to 
force an increased leakage flux through the saturated path 
at the base of the pole due to the demagnetizing" effect of 
the 4 component of armature current. The second por¬ 
tion of magnetomotive force may be represented by an 
additional number of ampere turns indicated on the 
saturation curve by the distance between the no-load curve 
and what may be called the field leakage curves. 

Field Leakage 

The magnetomotive forces of the field and armature 
windings act on the main magnetic circuit of the machine 
to produce the resultant flux. These magnetomotive 
forces may wholly oppose each other, as in the case of the 
zero-power-factor-lagging generator (zero-power-factor¬ 
leading motor), or they may wholly assist each, other. 
Between these 2 extremes the armature cuirent will have 
one TOmponent which is directly magnetizing or demag¬ 
netizing, and a second component winch acte on the cross- 
fidd magnetic circuit. The first of these supplies the 
direct coniponent of armature magnetomotive force, and 
the second is synonomous with the quadrature component 
of armature magnetomotive force. The strehgthandrda- 
tiye direction of the components depend; of course, 
upon both load current aud power factor. 

Un^^^ no load, and below Saturation, equal increments 
of fidd current produce eqtial increments of total flux 
through the field coils, By far the greater part of the flux 
foUows the main ma^etic circuit and is inutual to both 
fidd and armature windings. The other part encloses 
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the field winding alone and is known as field leakage flux, 
most of it being located near the base of the pole. Both 
parts increase in the same proportion up to the point of 
saturation. With saturation, successive equal incre¬ 
ments of field current produce diminishing increments of 
total flux, the increments of the mutal or air-gap flux being 
less in proportion to the increments of field leakage flux up 
to a certain point of saturation which usually is beyond 
the working range of any machine. The reason for this 
phenomenon is that the main flux follows a path consisting 
mostly of iron, while the path of the leakage flux has a far 
greater ratio of air to iron. At extremely high saturation; 
when the reluctance of the iron in the main path is very 


2 cases of demagnetizing and magnetizing armature am¬ 
pere turns. The same air-gap ampere turns exist in all 
cases. 

Field Leakage Curves 

The full lines d'c and e'e of figure 3 show, respectively, 
the no-load and the full-load zero-power^factor overexcited 
saturation curves of a s 3 nichronous machine. Whereas 
the horizontal separation at the zero ordinate in the usual 
manner of treatment is that value of field current which 
would produce a voltage on the air-gap line equal to ixa, 
in figure 3 the. separation correspon<k to iXaa> Similar 
curves may be obtained for any value of magnetizing or 
demagnetizing armature current. 



The dotted curve d'd of figure 3 is the zero-power- 
factor curve moved to the left by that amount of field cur¬ 
rent corresponding to the voltage of armature reaction for 
imsaturated conditions. The distance ae represents the 
total field current required to produce, with full-load de¬ 
magnetizing ampere turns on the armature, the air-gap 
voltage indicated. This total field cmrent may be thought 
to consist of several components. The first is that which 
produces the magnetomotive force to overcome the de¬ 
magnetizing effect of armature reaction, and is given by 
de. The second component, db, is the field current re¬ 
quired to send the main flux across the air gap. The 
third component, be, is that necessary to force the mutual 
flux through the iron of the magnetic circuit under condi¬ 
tions of no-load saturation. Lastly, there is the added 


great, the increments of air-gap and leakage fluxes ap¬ 
proach a constant ratio again, although not the same ratio 
as for no saturation. 

With no saturation, and for a given air-gap flux, any de¬ 
magnetizing ampere turns of the armature must be met by 
an equal rise in field ampere turns. The field leakage ob¬ 
viously increases. Similarly, magnetizing armature cur¬ 
rent requires an equal decrease in field magnetomotive 
force with a corresponding reduction in field leakage flux. 
Although this leakage flux varies, it maintains the same 
linear relation with respect to total field magnetomotive 
force as exists at no load, no saturation. 

Under saturation, and at no load, there exists a given 
field current to provide a desired air-gap flux. If wi& 
the application of demagnetizing armature ampere turns 
the field ampere turns are increased by an equal amount, 
there will be an increaJse in pole saturation due to the in¬ 
crease in field leakage flux. This toeased saturation 
decreases the air-gap flux, and to maintain the desired 
air-gap flux the field ampere turns must be increased by an 
additional amount to overcome the effects of the greater 
pole saturation. Conversely, magnetizing armature am¬ 
pere turns will require a decrease in field ampere turns 
greater thati the corresponding change in armature mag¬ 
netomotive force. j- 

The iron-filing pictures of figure 2 are given as an aid m 
visualiziing field lealtage, tiie circuit re^esenting the de¬ 
ments of tije sychronous madune. Figure 2a indicates 
conefitions of no load. Figures and 2c show the effeds 
df atmature magmetotnotive forc^ on field leakage for the 
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fidd current, cd, to care for the increased saturation caused 
by the increased fidd-leakage flux which in turn is caused 
by the demagnetizing armature current. This fourth 
component of field current is a function not only of air-gap 
voltage but also of armature demagnetizing magneto¬ 
motive force. 

Figure 4 shows a family of field leakage curves plotted 
in the manner described, where the initial curves have 
been moved over by the amount of the respective field 
currents corresponding to the armature reactance voltages. 
The data for the curves were obtained by test on the 40- 
horsepower synchronous motor (described latCT under 
“Test Results”) emplo 3 dng a single-turn fuU-pitch test 
coil so placed on the armature surface that it endosed the 
main air-gap flux. Because the vector diagram for the 

Table IV. Comparison Between Calculated 
of Torque-Angle and Excitation for the Saturated Salien^Pole 
SyncHronous Machine 

Three phase, 6 pole, 15 kva, 1/200 rpm, 2S0 volts, 39.4 amperes 

a, W (Kflo- (KUo- Angle (begraeg) r/(Amp^^ 

Taat Cnlcnleted Test 

<Volt8) (Amperes) watts) watts) caicnia 


Motor, unity power factor 0 ...11.88.....12.10 

277 ....10.2 2.45..... 2-46.• • •' Jl- 8.8.....12,02.....12.04 

277.. ...19.8 -••• 4.75..... ’ .18.1....,12.64.12.60 

277.. .. .29.4 . .... , 7.06..... J-J®* •' ’ ‘lyV ‘ . .17.9... ,.13.42-13.46 
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synchronous machine is based on fundamental voltages, 
harmonics in the air-gap voltage were eliminated by iifitng 
a wave analyzer, thus giving the values of fundamental 
voltage directly. 

For an overexcited machine at zero power factor, the 
armature current is wholly demagnetizing and is repre¬ 
sented in the vector diagram by a positive 4- Con¬ 
versely, for an imderexcited machine at zero power factor 
the armature current is magnetizing and is designated by a 
negative The field leakage curves indicate these rela¬ 
tions, the parameter being amperes armature current. 
The curves are entered with the direct axis component of 
the air-gap voltage. The horizontal distance between the 
no-load saturation curve and the interpolated curve for 
the direct axis component of armature current, also found 
from the vector diagram, is the field current required to 
supply the increased field leakage flux caused by that 
component of armature current. 

Application 

The application of the foregoing theory is illustrated by 
2 examples. The first is that for the 40-horsepower over¬ 
excited synchronous motor operating at 535 volts with a 
line current of 37.3 amperes at 0.789 power factor. Fig¬ 
ure 5 is the vector diagram for this case with all corre¬ 
sponding quantities given in per-unit terms. The torque- 
angle of the machine is found immediately upon location 
of the direct axis and is 13.3 electrical degrees, agreeing 
with the angle of 13.2 degrees obtained by test. 

The field current is calculated on the assumption of no 
saturation, the method following that discussed in con¬ 
junction with figure 1. To this value of field current 
there is added a correction for saturation. Following the 
method of Doherty and Nickle, the direct-axis component 
of the voltage behind leakage reactance is carried to the 
field leakage curves, figure 4. The field current correction 
is given by the distance between the air-gap line and the 
interpolated field leakage curve correspon^ng to the value 
of 4 ill amperes. 

The second example, shown by figure 6 is that of the 
imderexcited synchronous motor operating at 535 volts 
with a line current of 44.5 amperes at a power factor of 
0.805. The procedure in determining the torque-angle and 
excitation is the same as for the first example with the ex¬ 
ception that is now negative, indicating magnetizing 
action of the armature current. It is to be observed that 



Figuro 6. V^or diigram for the imderexcited synchronous 

motor 


the diagrams of figures 5 and 6 are for purposes of cor¬ 
rection, and do not completely represent the unsaturated 
machine. 

Test Results 

Tables I-IV show the comparison between calculation 
and test of torque-angle and excitation for synchronous 
machines operating at high voltages under steady load. 
The data of table I were taken on a salient-pole general- 
purpose synchronous motor rated 3 phase, 6 pole, 40 horse¬ 
power, 1,200 rpm, 440 volts, 44.5 amperes. Tests were 
taken on the machine, both as a motor and as a generator, 
over a range of voltages extending from below saturation 
to 535 volts. All calculations gave the same close ag^ree- 
ment with test as shown in the table, but for purposes of 
comparison only the results of 3 general conditions of load 
are presented. The curves of machine constants used in 
these calculations are given by figures 7-9. Motor opera¬ 
tion at 535 volts was chosen for presentation because of 
the high degree of saturation introduced, coupled with the 
fact that the motor still could carry approximately rated 
current before reaching the limit on instruments or com¬ 
mutation of the d-c machine connected to it. 

Tables II and III show data on a 3-phase 6-pole 7.5-kva 
1,200-rpm 220-volt 19.7-ampere alternator designed for 
operation as a salient-pole generator or as a wound-rotor 
induction motor by interchanging rotors. Table II 
gives results for operation of the machine as a salient-pole 


Figure 7. Effect¬ 
ive armature re- 
sistanee of a 
40-horsepower 
1,200-rpm 440- 
volt synchronous 
motor 



motor. Table III shows data for operation of the machine 
as a cylindrical-rotor synchronous motor, direct cuirent 
having been supplied the wound rotor. Due to the fact 
that saturation was extremely small at rated voltage, 
tests were carried out at the relatively very high voltage 
shown. 

Table IV gives similar results on a 3-phase 6-pole 16-kva 
1,200-rpm 220-volt 39.4-ampere generator. Due to in¬ 
herent voltage unbalance within this machine, the field cur¬ 
rent did not check the saturation curve when the tnaoViino 
was coimected to an infinite bus with no power exchange. 
This also accounts for the small discrepancies between 
c^culated and tested field currents at the lower loads. 

Zero readings were obtained by adjusting the field cur¬ 
rents on both machines so as to give no deflection on the 
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wattmeters. All constant losses therefore were supplied 
by the d-c machine. Measurements were taken at those 
times when the power supply gave balanced voltages be¬ 
cause it was found that an unbalance, although very 
small, introduced errors. Adjustments of the wattmeter 
readings for desired power factors were occasionally a 
trifle difficult to make under pump-back operation of the 
set. Limits on instruments, field hating, and commuta¬ 
tion of the d-c machine prevented loading the synchronous 
motor as highly as was desired. 

Summary 

The theoretical discussion given in the paper offers a 
general method of treating the highly saturated synchro- 
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Figure 8. Armature leakage reactance of a 40-horsepower 
1,200-rpm 440-volt synchronous motor 
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Figure 9. Varia¬ 
tion of synchro¬ 
nous reactances 
with saturation for 
a 40-horsepower 
1,200-rpm 440- 
volt synchronous 
motor 


gram for the imsaturated machine. The last 2 are ob¬ 
tained from field leakage curves. 

The paper is offered as a theoretical analysis on the ef¬ 
fects of saturation, and as such should lead to a better 
understanding on the performance of the s 3 mchronous 
machine. In addition, it should aid in the proper evalua¬ 
tion of empirical methods, and in furthering studies on the 
saturated machine operating, under transient conditions. 
It is felt that the good agreement between calculation and 
test results, as shown in the tables, greatly substantiates 
the theory given in the paper. 
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New Bipost-Base Street-Series Lamp 


nous machine Operating under steady load. To as great an 

extent as possible the mode of attack employs the accepted 
form of the vector diagram based on BlondeVs 2 -reaction 
theory. Torque-angle is obtained by using the saturated 
quadrature synchronous reactance rather than the un¬ 
saturated reactance. Saturation in the interpolar axis 
affects the di^lacement angle of the machine, the angle 
decreasing with saturation, thus leading to a stiffer ma¬ 
chine. For accuracy, the effective armature resistance 
may not be neglected, at least for smaller machines. 

While direct axis saturation requires less field cu^ent to 
overcome direct armature reaction, this decrease is more 
f-Vian offset by the required increase in field cu^ent to care 
for increased field leakage flux caused by this direct ar¬ 
mature magnetomotive force. The total field current 
may be thought to consist of several components ; one to 
force the mutual flux across the gap, a second to overcome 
armature rea'ctioh, a third to care for no-load saturation, 
and a fourth to account for an increase or decrease in 
saturation due to a change in pole leakage when current 
is present in the armature. In a manner, the first 2 com¬ 
ponents are included in the calculation from the vector dia- 
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A new type of street-series lamp has been designed es¬ 
pecially for use in “high visibiUty” lighting equipment. 
The 4,000-lumen lamp, which is 6 V 2 hiches in len^ 
and which is designed to bum base up, is equipped with 
a medium bipost base, a rda- 
tively small tubular-shaped bulb 
of dear hard glass, and a hori¬ 
zontal bar filament about one 
inch long. Application of the 
bipost method of constiruction re¬ 
sults in the following advantages : 
reduction of inaccuracies in fila¬ 
ment positioning, permanency of 
lamp and reflector adjustment, 
a major reduction in size, a 
rugged straight-sided bulb whidi 
is immune to bulb breakage from 
sudden temperature changes and 
which is less, likely to collect 
dirt than pear-shaped lamps, and 
a simplified filament assembly 
which eliminates several old st^s 
formdly required in lamp mak¬ 
ing, with economy for both user 
and maker. 
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Discussions 


Papers as ReconMpenJeJ for PuLbcaMfion ly Technical C!onaBniD«>e« 


foUowing 45 pages appear discussions submitted for 
pubhcation, and approved by the techmcal committees, on papers presented 
at the sessions on communication, electric welding, electroidcs, ins^ents 
and measurements, power distribution, selected subjects, and svncS^oiS 
mai^nery at the 1937 AIEE winter convention. New York, N. January 
^i^^o^®,.closures, where ^ey have been submitted, will be fomTS 
the end of the discussion on their respective papers. Other discussion of 
winter convention papers wiU be published as it is made avSahle ^ 

are encouraged to submit written discusrion of any 
paper published in Electrical Engineering, which discussion will be re^ 
T .technics comimttee and considered for possibk publict 
bon in a subsequent issue. Discussions of papers scheduled for oresMitation 
^ any AIEE meeting or convention will be closed 2 weeks after m-esentation 
Discussions should be (1) concise; (2) restricted to the subjSt^mfpapS* or 

1 ?“*^ typewritten and submitted in tripUcate 
33 Wefi committee, AIEE headquarters 


The Resistance 
Welding Circuit 

Diseuttion and author's closure of a paper by 
C. L. Pfeiffer published in the August 1936 
iaue, pages 868->73, and presented for oral 
discussion at the electric welding session of 
the winter convention, New York, N V 
January 28,1937. 

National Elec- 
toc Wddmg Machines Company, Bay City, 
l^ch.): Mr. Keiffer’s paper “The iS- 
a^ance Welding Circuit” is very timely 
Smce ^e advent of positive cycle control 
r^stance welding equipment. 
®“''® ^® welding machines 
^selvM have been improved consider¬ 
ably matenals are now being welded by the 
^stance me^od that demand dose calcu¬ 
lation as to their power-demand and wdd- 
mg.<arcuit conditions. 

The welding-machine manufacturers can 
^ough accepted and now standard calcu^ 
latoM determine the total impedancrof a 
w^g machine circuit (electrodes to trans- 
thereby design a transfonner 
“^wdd ““ “ at 


put on the name plate of the welding ma¬ 
chine, Md this alone will be a great step 
forward m a mutual understanding among 
Ae user of the welding machine, the manu¬ 
facturer of the wdding machine, and the 
power company supplying the power, which 
supersedes the antiquated and usdess kilo¬ 
volt-ampere rating of resistance welders. 


Primaiysupolv J Predetermined 

supply, all of which can be definitdy 


C, E. Heitman (Edward O. Budd Manufac- 

of^^tep” !*»•): To those 

of us vitaUy concerned with resistance weld- 
mg and its applications, it is gratifying to 
note w mcreasing amount of published in- 
this subject. Mr. 

Keiffers present paper IS noteworthy in that 

It emphasizes the effect which the dectric 
^cuit 1ms upon the successful operation of 
wdding application. This 
phase of the problem has been more or less 

because the 

^her ^es of machines did not require 
a thorough analysis of the dectric cir- 
^borate machines of today, 
it, author s discussion of this subject is 
“!^®^®®^' although the examples 
^ed apply to a type of wdder with which I 

An of the spot wdd- 

conned demand machines having much 

shown m the vector diagrams of fieurT? 

Cbaracteristics of the 


tM average 

86 per cent of the opS! 
CTWtset^dary voltage of the transfoiS 
^ over 90 per cent of tto second£?w 
Itoge. In some cases these figurKtereaw 
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to 90 per cent and 95 per cent respet-iively. 
In such cases, little or no difference is rnadi- 
upon the amount of secondary currciii, 
whether there is ferrous metal between the 
electrodes or whether the electrodes an- 
brought together with no metal between 
them. In the ca.se of the upright stationary 
machine, the impedance of the leads may be 
a smaUer percentage of the total secoiulary 
impedance, depending upon the length and 
spadngs of these leads. In any event , I 
have found that this lead impedance is prae- 
tieaUy all reactance, so that thi.s voltage 
drop must be added at right angle.s to the 
almost purely resistance voltage acr«.H.s the 
weld. For this reason, the impedance of t he 
weld does not add materially to the total 
circuit impedance. In all such cuse.s the 
voltage drop across the weld is qonsidm ahly 
less than the voltage drop in the sccondai y 
leads, eyra when welding relatively thick 
sheets of ferrous materials. In ca.se.s when- 
the coupling between electrodes ami traiiw- 
foraier is very close and where the spacing 
between these leads is small, the valuc.s given 
by the author would no doubt apply, but 
such machines have comparatively litth- 
ntihty m large sheet metal plants. 

I mention these welding conditions us 
bei^ typical of tho-se with which I have 
de^t, and which I believe are typical of 
other mMufacturlng plants, in the hope thm 
sbed some additional light upon tin* 
problem, and perhaps stimulate further dis- 
cussion. The field of resistance welding 
very broad, and impossible to thorouglilv 
cover m any one discussion. 

apprecitt ■ 

In?intcre.siiMg 
and enlightening discu.ssion of this subject. 


J'''^®®‘^”fifbou.se Electric & 
^ufacturmg Company. East Pittsburgh. 

is most sincerely cotu 
c^ed with m his hope that this elemmtarv 
paptt wiU stimulate a more thorough iii^ 
\i;®/esi8tance welding dreuit 

XSi ^ of transient nature. During the 
metaulwSS?**' thermal, and 

"Aort time" weiXg 
^ Poetical difficui 

wers aurtng the weld. The author's 

resistance welding dmuit 
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stood that instrument measurements were 
necessarily made with relatively long weld¬ 
ing periods. Mention is made, however, of 
oscillographic mea^ements of these quan¬ 
tities and it would be of interest to learn 
whether the oscillograph showed appreci¬ 
able changes in weld area voltages during 
welding. 

The author’s use of work-body resistance 
as a criteria in roughly calculating condi¬ 
tions in the weld ar^, seems to the writer 
a rather inaccurate basis of approach to this 
problem. Although less convenient, the all 
important contact surface resistances are 
given too little attention. Likewise, Jean’s 
formula r/4a would not seem to apply here. 
The chief justification for considering the 
problem in the- light of this formula should 
lie in the fact that resistance is assumed a 
function of the number of contacting sur¬ 
faces. Even on the basis of metal-body re¬ 
sistance, this formula should not give cor¬ 
rect results since the sheets are of small di¬ 
mension in the direction of current flow al¬ 
though, as stated by the author, of very 
large cross section. 

Referrring to the 2 vector diagrams, 
figure 3, it is not clear to the writer how the 
vector quantity Et denoting transformer 
voltage drop has been determined from the 
measurements given. 

The writer cannot entirely agree with the 
author in that definite energy input to the 
weld is always the ideal basis for terminat¬ 
ing the weld, although in "slow" welding, 
it would seem a step in the right direction. 
First of all, the rate of applying energy to 
the weld area is extremely important, par¬ 
ticularly in "short time" welding, one factor 
being the flow of thermal energy away from 
the weld through body of the work. Con¬ 
sidering the extreme case, a proper total 
quantity of energy might be applied to the 
weld but at such extremely low rate as to 
result in barely warming the weld surfaces. 
Secondly, and again particularly for the 
"short time" welding, it is very difficult 
to terminate the weld excepting at the end 
of V 2 cyde of current. For these reasons, 
accurate control of all factors would seem 
the best practice for "short time" welding, 
which is being much used at present. 


H. A. Woofter (nohmember; The Federal 
Machine and Welder Company, Warren, 
Ohio): Mr. Pfeiffer's exceUent paper on 
resistance welder circuits is*one of the best 
that has been written to date. A few nota¬ 
tions and elaborations might be helpful to 
the reader. 

Referring to figures 4 and 5 the layman 
might take it for granted that because prac¬ 
tically any number of projection welds can 
be made instantaneously from a single cir¬ 
cuit as shown in figure 6, that it would im¬ 
mediately follow that practically any num¬ 
ber of spot welds could be made instantane¬ 
ously from a single circuit as shown in figure 
4. It is an outstanding fact» however, that 
only one good spot wdd can be made at 
one time from one circuit with one set of 
leads. Tbe reason for this is as follows: A 
spot weld is virtually a short circuit of 
the secondaiy of the transformer. Now, 
when 2 or more points are uSed, or attempted 
to be used, the pow« will not break through 
all of the points at the same time. One spot 
will break through under one point first. 
This as stated above establishes a dead short 


circuit which knocks down the secondary 
voltage of the circuit to such an extent that 
the other points do not have sufficient vol¬ 
tage to make a good spot weld. This, how¬ 
ever, can be corrected by bringing out a 
separate set of leads to each electrode point. 
It can also be further improved by having 
individual pressure applied to each indi¬ 
vidual point, such as a pressure spring, small 
hydraiffic cylinder, air cylinda:, or any of 
the well-known pressure devices. 

Referring to figures 6 and 7, especially 
the latter, when attempting heavy work, 
requiring large amounts of power, the 3 
transformers shown can sometimes be con¬ 
nected to the 3 phases of the power circuit, 
thusbalancingtheload onthepowerline. Un¬ 
der such conditions, however, it is necessary 
to insulate the 3 heads on one or both sides 
of the transfonner to eliminate the leakage 
between phases, which on a 3-phase circuit 
is the square root of 3, which amounts to 1.73 
times as much voltage between the phases 
as there is across the points of the welder. 

While perhaps 99.99 per cent of resistance 
welding is done single phase there are some 
cases of projection welding, mash welding, 
wire-mat welding, etc., where the projec¬ 
tions or intersections can be grouped into 
clusters of 3 or multiples thereof, and each 
cluster welded on a separate phase. This is 
sometimes done by connecting one side of 
the transformer to a ringle lower table with 
the 3 phases insulated above. At other times 
it is necessary to insulate the phases on 
both upper and lower tables. 


L. H. Frost (nonmember; The Electric Con¬ 
troller & Mfg. Co., Cleveland, Ohio): Mr. 
Pfeiffer’s paper indicates that the electrical 
circuit involved in a resistance-welding 
machine is not complicated mid that the co¬ 
ordination of 3 principal factors; namely, 
current, electrode pressure, and time of cur¬ 
rent application, is essential to proper weld¬ 
ing. This is true as a general statement, but 
it is not generally realized what effect chang¬ 
ing values of these factors has upon the total 
result. 

The current which will flow through the 
welding circuit depend upon conditions as 
outlined by Mr. Pfeiffer, but the current 
which is important from the angle of wdd- 
ing is the current which actually flows 
through the work pieces. Within reason¬ 
able limits, this current will be constant for 
given physical dimensions and electrical 
characteristics of the welding machine but 
may vary somewhat due to chang;e of the 
effective resistance between the work pieces, 
and the work and the electrodes. In order 
to show clearly how these factors affect each 
other, and in general, the amount of heat re¬ 
quired to make a weld, refer to figure 1, in 
which electrodes El and E2 are shown as 
bring of conventional design. 3^1 and 52 
are the 2 work pieces, in this case indicated 
as sheets. Between the work pieces and ^e 
electrodes are 2 contacting surfaces which 
have been derignated as number 1 and num¬ 
ber 3, respectivriy, and between the 2 piecM 
there are 2 other contacting surfaces which 
have been designated as number 2. ^ The 
involved in each of these conditions 
hasbeen termedA 1,A3, andA2, respectively. 

It will be evident that the point of greatest 
resistance in this circviit is at the contacting 
surfaces themselves rather than through the 
various conducting portions of the circuit, 



CONTACTINS SURFACES 
NUMBER 1 (At) 
CONTACTING SURFACES 
I NUMBER 2 (A2) 


CONTACTING SURFACES 
NUMBER 3 (A3) 


Figure 1 
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where 

Hfo =“ heat required for weld 
Hd — heat devdoped by current 
Hd =» heat lost by conduction 
t = time 
I current 
R — resistance 

fi, ra, fa “ effective resistance at contact¬ 
ing surfaces 1, 2, and 3 
Cu Ca, Cr constants for resistivity of con¬ 

tacting surfaces, 1, 2, and 3 
OjM/ O 31 =» resistivity 
Ofla, O 32 = resistivity 
P =5 pressure 

K]ii, Ks%= thermal conductivity of elec-^ 
trpdes I and 2 

2^38 *= thermal conductivity of sheet 
land 2 

Fi =* volume and gradient of riec- 
trode 1 

Fe =* volume and gradient of elec¬ 
trode 2 

Fa’S,*® volume and gradient of sheet 1 
affected by area Ai and elec¬ 
trode 1 

F, oa volum,e and gradient of sheet 1 
affected by areas Aj and Aa 
Vi =“ volume and gradient df sheet 2 
affected by areas Ai and A 2 i 
Fs *= .volume and gradient of sheet 2 
affected by area Aa and elec¬ 
trode 2. 
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therefore, heat will be generated at contact¬ 
ing surfaces number 1, and number 3 
and also at number 2. It is further 
evident that the resistance between contact¬ 
ing surfaces number 2 must be greater tlian 
between surfaces number 1 and number 2, 
if a weld is to occur between contacting 
surfaces number 2. This is a general state¬ 
ment, of course, for there may be a wide 
dissimiliarity between the fusion points of 
the electrode material and the work pieces. 
It is possible to allow the heat to be con¬ 
ducted through from the outside surfaces to 
the center, but in general, this does not 
provide a satisfactory wdding condition. 

Following through the discussion applying 
to figure 1, we find that the total heat re¬ 
quired for welding is equal to the heat de¬ 
veloped by the passage of the current mitina 
the heat lost due to conduction into the 
work pieces and electrodes, times the time 
required for welding. The heat developed 
follows I^R, as shown in equation 2. Since 
R is the unknown and the variable in which 
we are interested in analyzing, this may be 
expanded as shown in equation 7. It will 
be noted that pressure has been introduced 
into the equation and that the resistance 
varies inversely with the pressure. This 
point has been shown in many tests relating 
to current carrying capacity of contacting 
surfaces and voltage drop across contacting 
surfaces and is familiar to everyone. 

The heat lost is given in equation 8. The 
constant designated by K is the thermal 
conductivity of the electrodes and work 
pieces expressed in standard units. The fac¬ 
tors designated as 7i, 7*, etc., are a com¬ 
bination of the volume and gradi^ts in¬ 
volved. It will be evident that the gradient 
will not be linear as in the case of a steady 
condition, but will be a curve. A mathe¬ 
matical expression of this gradient has not 
been used as this would unnecessarily com¬ 
plicate the final equation. It should be 
noted, however, that since heat is being ab¬ 
sorbed into the work pieces and into the 
electrodes at the same time, if there is a 
temperature at contacting surfaces number 
li number 2, and number 3, and a low tem¬ 
perature in the electrodes and work pieces, 
that this gradient cannot be a straight line. 
The mathematical expression is complicated 
because of this fact and also because the 
^®J^P®*‘e'ture is increasing throughput the 
initial portion of the timing period. There¬ 
fore, the terminal temperature at the con- 
t^ting surfaces is variable and that com¬ 
bined with the heat absorbed into the con- 
ductini^ materials makes this a complicated 
expression. 

The final esjiressioa for the heat required 
for a weld is given in equation 9. It will be 
^dent from this equation that the most 
important single variable in this equation is 
the time of current application. This is 
more important even than the amount of , 
current applied since it affects not only the ' 
heat devdoped for wdding, but also the y 

heat lost by conduction. It is, therefore, t 

mportant that the time of wdding be con- i 
ttoUed. The hext most important variable i 
K the cuirent which, as indicated above, is s 
imuOTced by the resistance of tibe wdding s 

circuit for given physical and dectrical char- s 

artmstics of the wdding machine. The f 
thirdm<^t important variable is the pressure s 
which the curtent inversdyi From 
the Equation 9 it will be evideut that the t 
relationship between the 3 prindple factors t 


• of current, dectrode pressure, and time of 
> current application, is definite and it is pos¬ 
sible to place the proper value in general 
upon each of these variables. From thi.g 
equation it is also evident that if the resis¬ 
tivity of the dectrodes and the work pieces 
are the same that the 3 expressions for 
resistance will be equal and that the heat 
will be divided in 3 points in equal amounts 
which will prevent satisfactory wdding. 
This indicates one limit to which dectrodes 
and materials may be changed. 

To express this in concrete terms, it would 
be impossible to obtain satisfactory wdds 
when using sted dectrodes for wdding sted 
sheets or by using copper dectrodes for 
wdding pure-copper sheets. This, of course, 
is for dectrodes of conventional design as 
shown. It is sometimes possible, by iising 
a special design, to change the constants Ci, 
Cs, and Ct. 

The constants Ci, Ct, and C« must be de¬ 
termined by actual test. Also the effect 
of the factors 7i, V^, etc., may be deter¬ 
mined by actual test although in tbis 
a mathematical expression can be obtained. 

It will be obvious that for various oxides qth^ 
coatings on the work pieces, different values 
of Cl, Ci, and C* will be required. This 
wiU affect the dectrical characteristics re¬ 
quired in the wdding machine to some 
extent as shown by Mr. Pfeiffer on page 871, 
but in general the adjustments on the ma¬ 
chine permit a reasonably wide range of con¬ 
trol for these conditions. 

One interesting fact diown by equation 9 
is that due to the relationship of current, 
elMtrode pressure, and time of current ap¬ 
plication, it is often possible by increasing 
the pressure to cause a decrease in resistance 
which for the given current requires an in¬ 
creased time to make the proper wdd. This 
mea n s that in the case of certain materials 
where practice has indicated that wdds can 
be obtained only in the shortest possible 
time, that it may often be possible to in¬ 
crease the pressure and for the same current 
obtain satisfactory wdds in a somewhat 
longer time, 

Mr. Pfdffer’s article is cer tainl y of im¬ 
portance in stimulating activity in the art 
of resistance wdding. In the last few years 
there has been considerable done to improve 
means of timing the wdds, but there is stiU 
much research work to be done in determin¬ 
ing what factors influence the wdding 
operation in detaU. This work can best be 
done by educational institutions and engi- 
ne^g foundations, and if Mr. Pfdffer’s , 
artide or this discussion can stimulate any i 
such activity, the effort expended in pre- , 
paring the paper ^d this discussion will be ^ 
amply repaid. 


mated that as much as 60 per cent of the 
original pressure may be relieved by the 
surge of current through the secondary. 
The elastic recoil of the machine following 
this surge may frequently serve to reverse 
this effect when the wdd metal is in poor 
condition to withstand sudden overloading. 
These same pressure fluctuations will natu- 
r^y produce corresponding dectrical 
disturbances, and a paper embracing this 
phase of the subject would be valuable. 

The title of the paper might better have 
been "The Spot-Wdding Circuit” for much 
of the subject matter may not strictly apply 
in tte case of flash wdding which is also a 
resistance wdding process. Regardless of 
the title, however, the author* is to be com¬ 
plimented for a fundamental addition to the 
scarce literature on the subject. 


J. H. Zimmerman (nonmember; The Linde 
Air Products Company, Newark, N T)* 
This simple treatment of the resistance- 
wdding circuit should be of much hdp to 
the nondectrical engineer and to the prac¬ 
tical man who does resistance wdding. It 
is^hoped that the paper will also serve to 
stmiilate more publications on the ■MmA 
subj^t, particularly papers dealing more 
^ecmcally with phenomenal changes in the 
immediate vicinity of the wdd as has been 

suggested by the author. 

^ For example, little is known of the fluctua¬ 
tions, m dectrode pressures during the short 
time mterval of wdding. It has been esti- 
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R. H. Hobrock (nonmember; Bundy Tub¬ 
ing Company, Detroit, Mich.): It is 
p-atifying to see that Mr. Pfeiffer has taken 
it upon himself to again call our attention to 
the fact that the resistance-welding circuit 
as well as the control equipment used in 
conjunction with resistance welders is in 
need of further study. Very little has been 
published on this subject in this country 
and, although I believe that consideralile 
work is bdng done in Europe, particularly 
Germany, not a great deal of the results have 
as yet found their way into the literature. 

The author has mentioned that "the gre-ut 
problem for improvement in resistance weld¬ 
ing processes is absolute control of power 
input to the weld area.” This should be- 
emphasized. I have, on several occasions, 
heard wdding engineers describe the ideal 
control as one which would parcel out exactly 
a predetermined amount of energy. This 
is obviously false since the requirement for 
producing a spot wdd is that the tempera¬ 
ture of a certain volume of the metal be 
raised to some value within the welding range 
of the metal. Whether or not this tempera¬ 
ture will be reached is dependent upon the 
specific heat and specific resistance of the 
metal, the mass of tiie metal in the weld 
area, in some cases on the value of the heat 
of fusion, and on the temperature gi*adietit 
between the wdd volume and the surround¬ 
ing metal. The temperature gradient is. 
agam dependent upon the heat conductivity 
of the metal and the shape, size, distribu¬ 
tion, and temperature of the electrodes and 
upon time. Obviously then a gdven amount 
of energy, if supplied at low power, may 
never achieve the fundamental requirement 
of raising the wdd volume of the metal to 
the temperature required for welding. 

The ideal wdd control would be some 
device which permits the current to flow un- 
id a predetermined temperature is readied 
in the weld volume. Two methods have 
been tried to accomplish this. One method 
attempts to measure the temperature of 
the weld volume by measuring the resist¬ 
ance between the dectrodes—actually a 
S3^tem of rdays opens the primary circuit 
of the wdding transformer when the poten¬ 
tial drop across the electrodes reaches a set 
value. The variable contact resistances be¬ 
tween dectrodes and sheet as well as be¬ 
tween sheets and the variable volume of 
the material which acts as the dectrical 
conductor are great hindrances to the suc¬ 
cess of this scheme. 

Another method employs the photodec- 
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trie cell for measurement of the temperature 
of the weld spot and through a system of 
relays controls the flow of current in the 
welding circuit so as not to exceed a certain 
predetermined temperature range (see H. 
Zetzmann, Archiv f. d. technische Messen, 
volume 214, 3, September 1934 and G. 
Mueller, Elektroschweiszung, volume 6, num¬ 
ber 1, 1934). 

I should like to ask the author why he 
assumes the volume of the metal carrying 
the current to be 3 times the volume of the 
cylinder with bases equal to the diame¬ 
ter of the electrodes and with an 
altitude equal to the thickness of the 2 
sheets, when, from the example of data 
Siven, a factor of 2 would be more nearly 
indicated. Observations made by F. Gold- 
mann {Elektroschweiszung, volume 2, page 
8 , 1931) seem to indicate that the path of 
the electrical current through one sheet is in 
the shape of the frustrum of a cone with the 
smaller diameter equal to the diameter of 
the electrode. If a cross section of a spot 
weld is examined and the diameter of the 
weld spot at the former interface of the 2 
sheets measured and if this is assumed as 
the larger diameter of the frustrum of a 
cone, the volume of the path traversed by the 
major portion of the welding current can be 
calculated. In a few such measurements 
and calculations made by the author, the 
factor 2 seemed to be indicated for calcula¬ 
tions based on the cylindrical path. 


R. A. Gilbert (nonmember; General Elec¬ 
tric Company, Pittsfield, Mass.): When the 
article ‘‘The Resistance Welding Circuit," 
by C. L. Pfeiffer, was published in the 
August 1936 issue of Electrical Engineer¬ 
ing it was recognized as being of consider- 
.able fundamental value; in fact, so much so, 
that photostat copies were made for our files. 

The fundamentals of the welding circuit 
“have been thoroughly analyzed by Mr. 
Pfeiffer and while it could hardly be ex¬ 
pected that such a paper would cover all of 
the ramifications of resistance welding, we 
ieel that he has provided the ground work 
Jor more data in a field where little or noth¬ 
ing is available in the current literature. 

There is great need for a handbook or text¬ 
book on resistance welding, covering not 
•only the fundamental circuit but also other 
phases of the art such as welding technique, 
•welding machine design, modem tube con¬ 
trol devices, electrode materials, etc. 

We trust that such a work will soon be 
savailable. 


T. T. Hook (nonmember; American Brass 
•Company, fi^sonia. Conn.): Mr. Pfeiffer 
has brought to our attention some important 
•.features of the resistance-welding operation. 
For .instancei he places electrode pressure on 
-par with current value ;and time of heat-on 
period. For a long time, the importance of 
-iTigintaining the pressure uniform was un- 
•der estiniated. As a matter of fact, in 
wading low-carbon plain steels, the pres¬ 
sure may vary greatly without seriously 
^impairing the strength of the connection. 
Sted is wddable oyer a long range of tem- 
•poratuf e and pressure. Since common stedl 
was, for the most liart, the material seam 
:and spot wdded, little attention was given 
to the maintenance of a constant pressure. 
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However, with the fabrication of the 
stainless steels and copper alloys by resist¬ 
ance welding, more precise control over the 
3 fundamental variables became necessary. 

In the case of the copper alloys, a weld was 
obtainable only by melting the metal. A 
slight variation one way or the other in the 
pressure would cause nonfusion, and con¬ 
sequently no weld, or weaken the connection 
by squirting the molten metal out of the 
spot forming troublesome cold slivers be¬ 
tween the sheets. 

With metals which are inclined to be hot 
short as is the case of some of the newer 
copper alloys, it is important that the pres¬ 
sure be controlled to a nicety in order that hot 
short cracks may be avoided in the welds. 

The modem machines with air-weighted 
electrodes seem to fulfil the requirement of 
exact pressure control. 

Mr. Pfeiffer has made it quite clear that 
exact timing is also important in spot and 
seam welding. Short time intervals down 
to that required for a single wave of a 60- 
cycle current may be an advantage in the 
case of the copper alloys for 2 reasons (c) it 
avoids heat losses by conduction into the 
surrounding areas and (6) it minimizes the 
danger of hot short cracks adjacent to the 
spot besides restricting heat effects to the 
spot itself. 

Mr. Pfeiffer points out that ‘‘the best 
weapons to combat such variables as sur¬ 
face oxides, heat losses to surrounding areas, 
etc., are relatively high voltages, high cur¬ 
rent intensities and short time intervals." 
We believe that the importance of these 
electrical and timing desiderata has not been 
sufficiently emphasized. 

What we desire above all things is a defi¬ 
nite quantity of energy (electrical at the 
outset converted to a definite quantity of 
heat energy at the spot) delivered in a short 
period of time, say Vno second. By con¬ 
trolling primary voltage, electrode pressure 
and time, we are attempting to do this. 
However, this set-up calls for a source of 
primary energy capable of overcoming high 
momentary loads which means a relatively 
high kilowatt-hour rate. 

Studies such as Mr. Pfeiffer has given us 
help greatly in elucidating the problem. 
Perhaps we shall see, in the not distant 
future, some more convenient means of de¬ 
livering definite quantities of energy in a 
small fraction of a second of time. 


G. G. Somerville (nonmember; Generd 
Electric Company, Pittsfield, Mass.): This 
paper presents a very dear and complete 
theoretical picture of the conditions found 
in ideal spot and projection wdding. The 
discussion is systematic and straightforward 
showing a dear understanding of the sub¬ 
ject by the author and the writer should be 
congratulated on his contribution to the art. 
His attack of the problem and his method of 
obtaining rdiable readings are unique and 
well worth study by wdding engineers. 
The practical application of the material 
presented in the paper by the wdding appli¬ 
cation engineer or welding foreman would 
present difficulty, however. In practice 
every wdding job is a problem in itsdf and 
unless the job is very carefully analyzed the 
actual voltage, current, and pressure best 
suited to the problem can be only a guess 
based on the experience of the supervisor. 
Many variables enter into the picture such as 


amount and shape of the material being 
wdded; for example, a sted cylinder extend¬ 
ing over one of the wdding arms may in¬ 
crease the reactance of the welding circuit 
to a point where calculated values are use¬ 
less. Again in practice the ideal spot wdd 
is the exception rather than the rule—gen¬ 
erally a great percentage of the welding cur¬ 
rent is by-passed by pre-vious welds or by the 
inherent shape of the work. In simple cases 
the increase in current to compensate for 
these conditions may be estimated, but in 
general the proper values of current and 
time can be determined only by trial. 

In a paper such as Mr. Pfeiffer has pre¬ 
pared, it is readily understood that any de¬ 
tailed discussion of problems encountered in 
practice could not be covered—^but it is 
believed that his paper would be enriched if 
he included in his summary, a brief para¬ 
graph showing where a theoretical attack of 
some practical welding problems would lead 
to complications. 


D. I. Bohn (Aluminum Company of 
America, Pittsburgh, Pa.): Mr. Heiffer is 
to be commended for presenting his analysis 
of the resistance-welding circuit. 

The rapid changes in resistance-welding 
technique, as well as the development of 
suitable equipment for welding nonferrous 
materials, has required a more intimate 
knowledge of the electrical conditions ac¬ 
tually existing in this type of equipment 
tTign has been known in the past. 

I am in hopes that this paper will inspire 
others of a similar nature in the future. 

Mr. Pfeiffer mentions that "it is this con¬ 
dition that makes difficult the welding of 
materials of high dectrical conductivity such 
as copper, brass, or aluminum, because sur¬ 
face conditions often force the use of cur¬ 
rents higher than otherwise necessary with 
the result that the joint is badly burned 
when the surface resistance between parts 
or between dectrodes and parts approaches 
zero." I cannot agree with this general 
statement regarding altmiinum, as, with 
suitable equipment, aluminum is being spot 
and seam wdded commercially with restfits 
comparable to those obtained with other 
materials. 

This wdding is done without any burning 
or pitting of the surfaces, and, where de¬ 
sired, one of the surfaces may be welded so 
that the wdd is practically invisible. 


Bela Gati (Katona Rail Wdding Concern, 
Mount Vernon, N. Y.); The author’s com¬ 
ment that "the lack of available literature 
on this subject inspired the preparation of 
this paper” is very significant to iue since 
this scardty is especially evident in European 
fltiH other cotmtries. I have, in the past, 
been able to get copies of such papers for a 
quarter and have found it ad'visable to send 
such copies to my boss. It is not considered 
good practice in the Orient to send an artide 
torn out of Electrical Enginbering, but 
when I send the whole issue, it gets passed 
on to a subordinate due to the boss’s lack 
of time and the need to have a subordinate 
study the other articles contained therdn. 
The present article is already being studied 
by fihe Katona Concern, TWs concern has 
arc wdded 26,000 rail joints in Hungary 
and some hundred test joints in other coun¬ 
tries. I realize that about 10,000 wdded rail 
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joints have been made in the United States 
in tunnels and on bridges and that most of 
these are made by the thermit process and 
were not made during traffic. I would like 
to inquire whether the author has had any 
experience with the resistance welding of rail 
joints. I would like to make a general in¬ 
quiry as to whether the Sperry Company 
could furnish such information and a lso if 
any information is available on the mystic 
infrared X-ray welding of Doctor Longoria. 

One hundred million rail joints need to 
be welded, and this should give work to 
100,000 welders for a year. At the present 
time the battering of steel rail ends in the 
United States so affects their life as to cause 
them to last only 6 years and this would be 
much shorter in case of war. North Amer¬ 
ica might lose such a war because of the 
failure of her unwelded rails; thus good 
maintenance of her railroads may be even 
more unportant than the acquiring of very 
costly battleships. 


C. L. Pfeiffer: I am pleased by the general 
comments given in all the discussions which 
emphasize the need for investigating the 
weld area more thoroughly. 

I agree with Mr. Heitman that in most 
cases the unpedance of the leads and trans¬ 
former is the determiniag factor in determin- 
. ing lie current through the weld and that 
^is is mostly reactance. I also feel it 
is usually desirable to have high impedance 
in the leads and transformer as this acts as 
a stabilizer and sometimes brings definite 
rewar^ in weld quality. The question of 
dectrical efficiency in the wdd circuit is often 
quite secondary to quality in manufacturing 
operations especially on lower kilovolt¬ 
ampere wdders. The Uttle data that was 
given was in connection with relatively low 
kilovolt-ampere welders having short leads. 

Mr. Zimmerman's reference to fluctu¬ 
ations in electrode pressure during the weld¬ 
ing mterval is an interesting problem for in- 
yesti^tion and no doubt would require an 
ingenious set-up for accurate measurements 
in short intervals of time. 

Mr. Cogan’s remarks indicate that he ap- 
inedates even w approximate rule-of- 
thumb method which allows a sufficient fac¬ 
tor of safety in determining voltage drop in 
the weld area and which may be used as a 
stflTting point m the design of a welding 
machine to be used on a specific job. The 
factor of 3 given in the paper includes a 
factor of safety for design requirements 
mould wswer Mr. Hobrock’s question as to 
why 3 is used when 2 appears to be more 
nearly correct. 

In connection with Mr. Dawson’s com¬ 
ments on osc^ographic measurements, not 
enough data is at hand to say what voltage 
•Wiations there are in the weld area, al- 
ttough on copper-rod butt welding I can say 
ttot no appreciable change was noted on any 
of hmdreds of oscillograms. The references 
to J^s formula and rdated matter are 
^Ply suggestions because the whole prob-^ 
l^is oneof groping arotmd for a possible 
hue of attack. The vector ffiagrains repre¬ 
sent vector values fen all qumtities 
except Sjp which is obtained by Subtraction 
because of the angular 
can only fit in one way. I agree 
WithMr. Dawsbn that definite diergy input 
mto the weld area cannot be generally used 
and only works out in a practical way by the 
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use of ignitron or thyratron control. Be¬ 
cause of variable contact or material condi¬ 
tions it is important to know when occasion¬ 
ally a weld or poorer quality is made and this 
might be accomplished by measurement of 
voltage drop and current values by an in¬ 
strument which indicates or reports an oflf- 
normal condition. This weld can then be 
put aside as being questionable. Mr. Ho- 
brock's discussion of energy control into the 
weld area is correspondingly interesting. 

To supplement Mr. Woof ter's remarks 
I wish to point out that figure 4 was made 
and an example given to show primarily 
what should not be done, and that the other 
circuits, figures 6, 6, and 7, are far superior. 

In my refermces to difficulties in welding 
"materials of high electrical conductivity 
such as copper, brass, or aluminum” I did 
not wish to give the impression that there 
is much trouble in welding aluminum as 
questioned by Mr. Bohn, but instead that 
one must be more alert in making mai^iiii^A 
adjustments and have better welding equip¬ 
ment than in welding low-carbon steels. 

Mr. Frost’s discussion presents a very 
dear picture of the input energy and loss 
factors involved in spot wdding and I wish 
to compliment him in presenting an equation 
which is a good starting point for nearly any 
further investigation of the weld area. 

I am not in a position to discuss resistance 
wdding of rails or Dr. Longoria’s secret proc¬ 
ess as mentioned by Mr. Bda Gati. Off¬ 
hand it seems to me that the fla-gh wddmg 
of rail ends in the fidd is a problem of having 
portable equipment of suffident capacity 
available in remote places. Certainly a 
power supply of perhaps between 1,000 and 
2,000 kva to be made available just any¬ 
where along a railroad is a problem by itself. 

Further comments on remarks by Messrs. 
Gilbert, Hook, and Somerville are hardly 
necessary. Of course I agree with Mr. Som¬ 
erville that an entirdy "theoretical attack 
of some practical wdding problems would 
lead to complications.” At a given voltage 
the wdding machine will duplicate its work 
time after time providing the parts fed to it 
are imiform in every respect. One hundred 
per cent uniformity in fractions of a thou¬ 
sandth of an inch, in surface condition, or con¬ 
tact area is practically impossible. These 
small variables are not usually of major im¬ 
portance on most jobs but the wdding engi¬ 
ne must recognize them, and on critical 
jobs the design of parts, materials, the type 
of machine, tools, and control, must be such 
to reduce possible variations to a minimiiTn 
In conclusion I wish to thank the various 
discussers for the time spent in eyfl-Tnin^Tig 
my paper and preparing their discussions. 
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Proposed 

Transformer Standards 

DiKussion of a paper by J. E. Clem published 
In the January 1937 issue, pages 32-36, and 
pr^ented for oral discussion at the selected 

convention. 

New York, N. Y., January 25, 1937. 

S. I, Qesterreicher (Metropolitan Device 
Corporation, Brooklyn, N. Y.): I would 
hte to discuss Mr. Clem’s paper on the 
proposed transformer standards and in par- 
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ticular that section which deals with current 
limiting reactors. 

The paper recommends certain insulation 
requirements for oil immersed and dry type 
reactors. I believe the values g^ven in 
table IV are conservative and there should 
be no difficulty in complying with the sug¬ 
gested requirements. 

Up to the rated voltage limits given in 
table IV, dry-type reactors are used for both 
indoor and outdoor service. Therefore, 
it should be made clear whether or not the 
given values apply to both kinds of service, 

I believe that for outdoor service we can 
afford to increase the low-frequency applied 
voltage tests to higher values so as to he 
better than the transmission line. To sum¬ 
marize the past and proposed test poten¬ 
tials, I have prepared a diagram which 
shows the practices followed for the various 
kinds of reactor services. 

However, it is misleading to believe, that 
due to the new and higher test voltage re¬ 
quirements the reactor will automatically 
become a superior product. The recom¬ 
mended low frequency dielectric strength 
requirements are easily met by providing 
the proper supporting insulators. But this 
leaves the reactor winding in the same di¬ 
electric test muddle as it has been in the 
past and as stated in the Institute Stand¬ 
ards, section # 13, namely: "although it is 
gener^y recognized that a test between 
turns is desirable, no rules have as yet been 
Mtablished.” It is not to be thought that 
because no rules have been set as yet, the 
designer has an easy task—on the contrary 
his job is the more difficult. One purchaser 
specifies a 40-kv high-frequency test for a 
13.2-kv line. Another is satisfied with 
66 iv on a 24-kv system. One wants a 100- 
kv impact test with a steep wave front. 
Not so long ago a Vvcycle front on a 60- 
^de system was considered steep. Nowa¬ 
days we speak of wave front in fractions of 
microseconds, etc. To correct these in¬ 
consistencies, I would suggest Mr. Clem 
and his associates on the transformer sub¬ 
committee tackle also this phase of the 
stMdardization rules and recommend cer¬ 
tain minimum requirements and some uni¬ 
form procedures which wiU give us a guide 
for testing reactors on a more equal basis. 

I noticed in the report that the commit¬ 
tee changed the classification of the reac¬ 
tors to that of oil-msulated and air-insulated 
reactors. ^ I would suggest that the present 
classification namely, oil-immersed and 
dry-type reactors be retained. 
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K. B. McEadiroii (General Electric Com¬ 
pany, Pittsfield, Mass.): The use of the 
rod gap as a means of determining the po¬ 
tential to be applied to transformers when 
undergoing impulse t^t is not a very satis¬ 
factory means of determining test conditions. 

The volt-time spark-over curve of the 
rod gap is very different in shape from the 
volt-time breakdown curve of transformer 
insulation. ■ Furthermore, since the trans¬ 
former insulation strength is not affected 
by external atmospheric conditions, and the 
rod gap is so affected, it would appear that 
the use of kilovolt crest for a given wave 
shape would be more satisfactory. Thus, 
the crest value and wave shape without re¬ 
spect to polarity would be specified for each 
rating of transformer. If it is desired to 
spark over a parallel rod gap as in test (a) 
of the paper, its spacing would be adjusted 
to correspond to the existing conditions of 
humidity, air density, and polarity. 

The change from inches of gap to kilo¬ 
volt values shotild not now be dlfhcult, 
since data agreed upon by the various 
American laboratories are available for both 
polarities, and corrections for atmospheric 
conditions are pretty well agreed upon. 

It seems to me that there is no very good 
reason for continuing the use of inches of 
rod gap as a standard, when kilovolt crest 
values are much more fundamental and 
can be regarded as a true standard. 

For other wave shapes than the standard 
iVaxdO, sufficient data concerning the 
volt-time breakdown curve of transformer 
insulation are becoming available, so that 
the proper kilovolt value can be readily 
chosen. I would like to recommend to the 
transformer subcommittee that serious 
consideration be given to the use of kilovolt 
values rather than inches of rod gap. 

In making the impulse tests which have 
been called for, upon transfomers, one 
rather serious difficulty has arisen, which 
has increased both the time and cost of 
making the required tests. I refer par¬ 
ticularly to transformers having more th^ 

2 windings, in which case one winding will 
be utilized for excitation at normal fre¬ 
quency and potential. The winding under 
test will have one terminal grounded,. the 
impulse being applied to the other end of 
the same winding whUe any other wind¬ 
ings (and there may be several, particu- 
larly if the transformer is 3-phase) will 
have an air gap connected across each ter¬ 
minal to ground. Quite often these gaps 
spark-over, and the sudden change of 
constants affect the wave shape of the im¬ 
pulse applied to the winding under test hi an 
unpredictable de^ee, and at the same time 
power follow may take place a<yoss the gaps. 
To prevent such power following, lightning 
arresters are frequently connected to ground 
from the terminal of each winding not 
under test. This is not a complete ^wct, 
however, partly because of the multiplicity 
of arrester ratings required, and partly ber 
c a u se die arrester’s reastance is nonlinear, 
being infinite until the ga.ps spark oyer, 
dropping to a low value which increases as 
the current decreases. . 

' A cQiisiderable improvement in testmg 

technique Would rwffit if A resistoce of 
proper ohinic value could be connected be¬ 
tween ea<di tertninal of windings not bemg 
tested and ground. This, however, is im¬ 
practical. ^ long as the power-frequ^cy 

excitation is a required part of the test, since 
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the energy loss in the resistors is very high. 
This situation is somewhat improved by the 
use of a high voltage fuse in series with the 
resistance and having a series gap just great 
enough to prevent the normal-frequency ex¬ 
citation potential from putting the fuse into 
the circuit until the arrival of the test im¬ 
pulse. 

A solution of this problem, it seems to 
me. would be to make the 3 tests as now 
outlined in Mr. Clem’s paper, without the 
use of power excitation, and follow with a 
fourth test with normal excitation with the 
applied impulse reduced to a levd just be¬ 
low the spark-over values of the gaps in 
parallel with the terminals of the winding 
or windings not being tested. For this 
last test, the resistor which had been bridged 
across the bushings for the 3 previous tests 
would have been removed. Such a pro¬ 
cedure would greatly facilitate the test, 
the proper impulse-generator con¬ 
stants can be set up in advance using the 
transient analjrzer (The Oscillograph Electric 
Transient Analyzer, N. Rohats, G. E. Eev. 
volume 39, 1936, page 146), since the trans¬ 
former constants would not change due 
to the flashover of gaps connected to wind¬ 
ings not being tested. 


1. W. Gross (American Gas and Electric 
Company, New York, N. Y.): I am sure 
we very much appreciate the efforts of Mr. 
ripm in studjdng in detail the proposed 
transformer standards and pointing out 
those features which are outstanding, so far 
as suggested changes or revisions are con¬ 
cerned, before they are written into the 
standards with which we may be tied up 
for some period of time in the future. 

There are several comments I would like 
to make on this paper: first, in regard to 
the rated circuit voltages listed in the first 
columns of tables I and VI, I thmk the 
setup of both tables would be much sim¬ 
plified by omitting voltage classifications 
where no data is given, such, for example, 
as voltage ratings of 120, 240, 480, 2,400, 
4,160, and 4,330. It is not dear w^ these 
have been induded in the table and it would 
sppm to be a very simple matter to foot¬ 
note this column to indicate that transform¬ 
ers to be used at rated circuit voltages which 
were not listed would fall in the dass of the 
next higher voltage dass. 

In table VI, also, the voltage ratmg of 2.5 
kv is given but data are not pven for bush¬ 
ings in this voltage dass. Either this volt¬ 
age rating should be omitted or proper data 
should be inserted in the table. . „ 

Another point which has contmu^y 
come up for consideration is the designation 
of impulse strength of transformers. I 
note that specifying impulse strength m 
terms of inches of gap is still re^ed to 
the exdusion of any other method. In 
table I, the value, of the impulse charac¬ 
teristics of transformer insulation woffid 
be very muda enhanced if the so-called 
"basic insulation levd’’ were givm in kilo¬ 
volts. This does not mean that the tabula¬ 
tion of gap spacing need be omitt^, but I 

fed very strbUjdy that the kilovolt 
should appear. At the present time, thae 
is ho tie between the indies of gap 
given in table I and the impulse stomgth of 
the transformer without searching the 
Uterature for the corresponding ^uhpihse 
strength of the g^ levds indicted. Such 
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an omission in "Standards’’ is going to be 
decidedly burdensome to those who have 
frequent occasion to design a protective 
system in conjimction with either light¬ 
ning arresters or gaps in their various forms. 

It cannot be too strongly emphasized 
that the gap is only a test device for ap¬ 
plying voltage under spedfied conditions 
and has impulse characteristics quite differ¬ 
ent from fibrous transformer insulation. 
For example, the gap spadngs given in 
table I are suitable only for positive waves; 
for negative waves the spacing must be 
changed. For fast rising waves, the gap 
permits higher voltages on the transformer, 
even to the point of exceeding the trans¬ 
former ultimate strength. To adopt such 
a test device as a basic insulation level for 
transformers seems fundamentally unsound. 

Commerdal impulse tests on transformers 
have now been made for a period of several 
years, and in our own company such tests 
are usually made on all large high-voltage 
transformers. In this connection, I wish 
to point out that the procedure indicated on 
page 33 under "Impulse Test on Trans¬ 
formers’’ is, at present, rather confusing. 
Apparently, the intent is to apply 3 im¬ 
pulse waves; one, a full wave; one chopped 
on the tail (by gap flashover); and one 
chopped near the crest (by bushing flash- 
over). If these waves were definitdy sped¬ 
fied as to the crest kilovolts, with toler¬ 
ances for time at the instant of flashover, I 
bdieve the situation would be fully covered. 
It seems the logical way to detoe a test 
voltage is by magnitude and duration, 
leaving to the test code such problems as 
t 3 a>e of equipment to use for the test and 
the conditions under which they are to be 
made. Another point in connection with 
items (a), (b), and (c) referring to the ap¬ 
plication of the test wave, shows that 2 
voltages are applied undra: the existog con¬ 
ditions of humidity, and air density, and 
another test under standard conditions. 
Under these conditions, therefore, the 
transformer winding will receive a voltage 
test depenffing, to some extent, upon 
weather conditions, and there seems to be no 
justification for this. I would suggest that 
all impulse tests be made under definite 
standard conditions. This again would 
be accomplished if the test voltages were 
specified in terms of volts and time rather 
tiign in terms of the device used to make 

the test. , . , * * 

I bdieve this section on the impulse test 
data on transformers-could be, md should 
be, very much darified before being written 
into the permanent standards. 


A New Electrostatic 
Precipitator 

Discussion and author’s closure of a P«P« by 
G W. Penney published in the January 1937 
issue, pages 159-63, and presented for oral 
discussion at the selected subjeds session of 
the winter convention. New York, N. r., 
January 25,1937. 

R. E, Hellmund (Westinghouse Ele^^ & 
Manufacturing Company, East Pittsbuii^, 
Pa)* The rather brief reference m the 
papei to the beneficial effects of the dectro- 
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static precipitator upon those suffering from 
allergic conditions conveys very little idea 
of the very important part which this device 
may play in the relief of such suffering. 
An allergic condition as referred to in the 
paptt simply means a supersensitiveness 
which some persons have to certain sub¬ 
stances which they eat or with which they 
come in contact in other ways. If these 
persoi^ breathe air containing substances 
to which Ibey are supersensitive and which 
m the majority of cases seem to be of an 
org^c nature, it results in the irritation 
of the nose, throat, or eyes so familiar to 
victims of hay fever. If the bronchial 
tubes are sensitive, the result will be asthma, 
either of the hay-fever ts^pe caused by pol¬ 
len m the air, or of a tsrpe caused by other 
substances. It is claimed that even cer¬ 
tain. skin irritations, such as eczema, are 
caus^ by similar conditions. Asthma, in 
particular, seems to be caused to a great ex¬ 
tent, although by no means exclusively 
by something emanating from , moulds or 
ftmgi growinjg in damp places. One method 
of c^e consists in innoculating the patient 
by hypodermic injections of the particular 
^bstance to which he is supersensitive. 
However, the number of cures claimed by 
this method is small because so few of the 
substances likely to cause these allergic 
conditions are known at this time. In view 
of this, it is at once evident that this elec¬ 
trostatic precipitator offers relief to a great 
many people. It is claimed that about 15 
per cjmt of tile population (about 20,000,000 
m the United States) are suffering from 
some allergic condition or other, and it 
seems that only a small percentage of these 
are affected by substances other than those 
conveyed by the air. 

In view of the prevalency of asthma in 
Holland, a chair for the study of it was 
created in the University of Leyden several 
years. Dr. W. S. van Leeuwen, foflowing 
some original work done in America, ob- 
tamed some very excellent results. He was 
the &st one to experiment with means for 
Heamng the air to bring about relief. He i 
ganged for air intakes a considerable dis- i 
tance above the ground and used large 
amounts of cotton as filtering material. In » 
TOme cases this yielded very good results * 
to those who spent their nights in these t 
rooms and went about their regular duties i 
m the ^ytime. However, in other cases 
he faded to get results, though his analyses 
had shown that they were also due to sub- i 

^ces conveyed by the air. It is well > 

Jmown that ak even at considerable height o 
wntams particles of organic materials, and o 
from Peimey’s investigation it is evi- d 

dent that the cotton was effective in re- tt 

moving only some of the larger particles: 

M a consequence, those sufferers affected tt 
by the smaller partides naturally did not 
obtam relief. It is in this connection that fo 
the electrostatic predpitator is likdy to be in 
of great value. As indicated in the paper. ^ 
OTme Mtounding results have been obtained or 
with It and Comparative experiments on tu 
^tiente. have definitdy proved its superior- in- 
ity over the mechanical fiOiter; in fact it 
seems to give almost 100 per cent resiilts hv 
m deatung the air. 

Thtte we some persons, however, who 
Me affects by dust or othar irritating sub- 
stance located in wearing appard, bedding, 2 . 

Leeuwen has, for instance, ] 
estabhshed as a cause certain moulds grow- titi 


a mg on the feathers in pillows in damp lo- 
a cahties. Such substances can, of course, 
e rcMh the breathing organs through air 
. which immediatdy surrounds the sleeper 
i and which has not been passed through the 
3 predpitator. Again, such substances as 
• face powder, dandruff, and the like have 
b^ susp^ted as possible causes, and here 
! It IS again impossible to accomplish complete 

i mtering before the particles enter the pa- 
timt s breathing organs. However, with 
the many substances diminated which can 
be filtered out by the electrostatic precipi¬ 
tator, the remaining possible causes are 
narrowed down to a very few, thus making 
It rdativdy easy to determine what they 
are and to eliminate them from the living 
quartMs of the sufferer. Dust partides, 
m edition to causing allergic conditions, are 
quite generally assumed to carry certain 
bacteria, and therefore their eltmination 
may also lessen the danger of contagious 
diseases caused by germ-laden air. 

Myron Zucker (The Detroit Edison Com¬ 
pany, Detroit, Mich.): Mr. Penney calls 
It a predpitator, but its real meaning would 
be brought home better if he called it a 
filter. 

Mr. Penney s devdopment is of great in- 
ter^t because of the fldds it opens. The 2 
major contributions seem to be the practi¬ 
cal elimination of ozone (which is now con¬ 
sidered an active poison), thus permitting 
the use of the deaner for air conditioning' 
and increased economy. Since no costs are 
pven, however, it is difficult to imagine 
just how widespread the predpitator’s use 
nught become. Would the author give 
some orders-of-magnitude for initial cost, 
power demand, and power consumption for i 
^es ranging from his window air filter up 
through 600,000 cubic feet per minute in ] 
plants? ^ 

Also, similar figures for physical size of ( 
toe umts, and the corresponding gas ve- 1 
locities to be used for satisfactory filtration t 
would help orient the fidd for this precioi- i 
tator. 

Have any tests been made for ionization i 
remaining in the deaned air? It might be 
a favorable by-product in case researches a 
now being conducted show that ionized air p 
IS healthful. „ 


show just how wdl these objectives were 

realized. I would inquire what power is used 

by the modds now built and how it is pro¬ 
portioned between ionizer and predpita- 

The generation of unhealthful products 
seems to me a matter of major concern and 
one whi^ demands thorough investigation 
bdore the apparatus is made available to 
the generd public. So far as I am aware 
our knowledge of the effects on the health 
of humans, exposed for long periods to the 
products of corona in confined air, is verv 
meager. ’ ^ 

One very logical appKcation of the appara¬ 
tus ffiustrated by the author is in the air 
w^ting system of the modern air con- 
ditiomng unit for home or other use. With 
^stomary high percentage recirculation 
It M conceiTObk that the "twy low genera- 
tion of unhe^thful products may well ac- 
cumulate to sizeable and definitely danger¬ 
ous proportions. 

If the author has as yet any data on this 
aspect of the appHcation of the precipitator, 
surely they are of major importance; if 
not, I would urge that a careful study be 
made mto the consequences of long-time 
hvmg with the apparatus before it is put 
on the market. 


S’ University, Ithaca, 

•N. Y.): The author has produced a very 
commendable improvement in the technique 
of electrostatic filtering. A reaUy effective 
dust remover has aiormous possibilities in 
many fields and in large quantities. I am 
mterested especially in the fidd of hay-fever 

mentions. 

While this IS an allergic affliction and there¬ 
fore concerned with food and other factors 
m addition to dust and pollen, it is true 
that removal of these partides is a major 
preventive. The author may very wdl ini- 
^te a humane service in this fidd which 
m'^ves a large sh^e of oiir population. 

Ttoe are 2 major objectives indicated 
by me author in the devdopment of his 
preapitator; 

1. Reduction of power and space required 

2. Reduction of generation of unhealthful products 

regrettable that more definite quan¬ 
titative data are not given in the paper to 
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• Mr. Strong and Mr. Zucker 
asked for definite figures on the size of the 
mut and the reduction in size as compared 
to tte previous predpitation practice. This 
IS frequmtly given in terms of predpitation 
^e. The predpitation time which we 
have used varies from 0.12 seconds to 0 6 
secon^, depending on the appUcation. 

Tno? “ precipitator to handle 

cubic feet per minute would occupy a 
volume of 6 to 30 cubic feet. From pub¬ 
lished figures I believe that the predpita¬ 
tion time in older practice has been of the 
order of 6 seconds, which would correspond 
to a predpitator volume of 260 cubic feet 
to handle 3,000 cubic feet per minute. These 
volumes refer to the actual volume occupied 
by the predpitator proper and does not 
mclude ^y space occupied by ducts. 

The high-voltage power consumption is 
approximately one watt per 100 cubic feet 
PM minute. For the 3,000-cubic.foot-per- 
mmute umt referred to above, the trans¬ 
former and tube losses amount to about 30- 
watts so that the total power consumption 
IS about 60 watts. 

There is apparently no disagreement as 
to the harmful effects of the amount of 
ozone present in the air from the older pre- 
apitators. However, I believe that the 
^ger from minute quantities of ozone is 
frequently exaggerated. There are many 
tiungs which are essential to life in certain 
concditrations but which are very harmful 
m excessive concentrations. In 
this question with a number of doctors, they 
have all agreed that ozone is probably bene- 
fic^ tod certainly not objectionable as long 
as It IS present only in a concentration not 
exceedmg that found in outdoor air. 

The generation of ozone is controllable 
over a considerable range, although a unit 
for very low ozone generation is somewhat 
more expensive. The ozone generation 
wiuch, we have regarded as the allowable 
limit is based on the same premise as that 
suggested by Mr. Strong, which is that 
when used in a house with fuU recirculation. 
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the natural infiltration and the decompo¬ 
sition of ozone must keep the ozone below 
any objectionable limit. We assume that 
the ozone is not objectionable provided 
that its concentration does not exceed that 
present in outdoor air in bright sunshine. 
Our measurements give the ozone generated 
as less than one part in 300,000,000 parts 
of air. However, methods for measuring 
such minute quantities of ozone may not 
be entirely reliable in giving the absolute 
concentration, but at least the comparison 
between outdoor air and the air from the 
precipitator should be reliable. 

Mr. Zucker asked for cost figures. This 
device has been produced in relatively small 
quantities to date so that manufacturing 
costs are not stabilized, so that for the pres¬ 
ent we can only quote prices on specific 
applications. However, when manufac¬ 
turing methods are developed for quantity 
production it is expected that the cost of 
equipment for cleaning the air in a house 
should be comparable with the cost of the 
household refrigerator. 

In reply to Mr. Zucker's question as to 
the ionization remaining in the cleaned air, 
there is some residual ionization and this 
can be varied over a wide range but our pres¬ 
ent viewpoint is that this ionization proba¬ 
bly does not have any noticeable effect. 

Studies of Stability 
of Cable Insulation 

Discussion and authors' closure of a paper by 
Herman Hafperin and C. E. Betzer published 
in the October 1936 issue^ pages 1074-82/ 
end presented for oral discussion at the se¬ 
lected subjects session of the .winter conven¬ 
tion, New York, N. Y., January 25,1937. 


T. B. Jones (The Johns Hopkins Univer¬ 
sity, Baltimore, Md.): At The Johns Hop¬ 
kins University studies are in ^progr^ 
•dealing with the nature of the radial va^- 
tions of power factor as affected by oxida¬ 
tion of the compound and by the type of 
metals used as electrodes. By varying 
the amount of oxygen in the eompound it 
is possible to obtain rising power factor- 
time curves with very high values of powCT 
factor at elevated temperatures in the vi¬ 
cinity of 80 degrees centigrade. However, 
when the specimen has cooled down and 
radial power factor measurements are made 
it is found that the average of the radial 
curves does not differ greatly between good 
specimens and deteriorated specimens. 
This is in agreement with the authors’ table 
I. Since the radial measurements indicate 
the degree of "solid” loss then the diff^- 
ence between the average value of the radial 
tests and the final over-all value of power 
factor of the sample before dissembling 
should ^ve an indication of the interlays 
or ionization losses. I would like to know if 
the authors have made any determinations 
of this nature and if such results correlate 
with the ionization factors of the complete 

samples. . ., t 

The ionization factors m table 1 are 
taken at room temperature. Is there any 
change in ionization factor with increase 
in temperature? Our results indicate ioni¬ 
sation factors as high as 0.006 at 80 de- 

JtJLY 1937 


grees centigrade whereas when the tem¬ 
perature is reduced to 25 degrees fwittgraH^ 
the ionization factor is zero. Moreover 
the final over-all valu^ of power factor at 
room temperature do not differ greatly 
among good and poor samples, thi.«t would 
seem to indicate that the high losses occur¬ 
ring in samples with oxidized compoimd can 
in all cases be associated with elevated 
temperature. 


W. A. Del Mar (Habirshaw Cable and Wire 
Corporation, Yonkers, N. Y.): Load cycle 
life tests are the penultimate tests of cables, 
the ultimate tests bdng, of course, actual 
service under proper supervision. 

The company with which I am associated 
has used and continue to use such tests 
for comparing different cable oils, papers, 
and designs. Formerly the criterion of 
these tests was the number of cycles until 
failure occurred. Tests on this basis often 
lasted for several months and as the capac¬ 
ity of the equipment was necessarily lim¬ 
ited, the number of tests that could be 
made per awnnTti was not very great. 
Thanks to Messrs. Halperin’s and Betzer’s 
work, this condition has been changed and 
a great many more tests can be made in a 
given time. This is accomplished by es¬ 
tablishing a number of arbitrary test limits 
and stopping the test when any one of these 
has been reached. These test limits in¬ 
clude power factor, temperature, and ioni¬ 
zation, as well as life. The limits are chosen 
by experience to distinguish a cable that is 
practically stable from one that is unstable. 

Messrs. Halperin and Betzer choose a 
test voltage of 2 V 2 times the working 
voltage. I think , that it would be more 
revealing if they said that they use a maxi¬ 
mum stress of 234 volts per mil (calculated 
by the simple logarithmic formula). Using 
this stress it is possible to practically paral¬ 
lel Mr. Halperin’s results using cable of 
different design, for instance, thinnw walls 
at lower voltages and indeed, this is what 
we do in our standard tests, using 220 mils 
of insulation. 

Mr. Halperin’s tests were made on hori¬ 
zontal cable, whereas some tests by De¬ 
troit Edison Company were made on ver¬ 
tical loops. We have made tests both on 
vertical U’s and horizontal lengths and 
find that quite different results are obtained. 
There is some question as to which type of 
test gives the more reliable results, i.e., 
results most consistent with operating con¬ 
ditions. However the test is made, it seems 
important to have the ends horizontal, so 
that the oil in the end paper (wh^e there 
is no lead sheath) will not drip into the 
remainder of the cable. 

There is difficulty in obtaining consis¬ 
tent results on a number of apparently iden¬ 
tical cables and until this has hem r^oved, 
some suspicion attaches to the validity of 
all these tests. We have made senes of 
4 cables of apparently identical materials, 
given identical and simultaneous, treatment 
the most carefully controlled labora¬ 
tory conditions and yet the cables, on test, 
will show differwit results. Dr. White- 
head’s voltage-time tests on laboratory 
prepared cables showed similar divergen¬ 
cies. In those tests only 16 layers of paper 
were used, so that differences in paper 
density might not have been averaged out, 
but in our tests, there are normally at least 
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36 layers of paper, so that the probability 
of many low-density. spots being superim¬ 
posed is rather reniote. Nevertheless, we 
find that the variance is much less with hi^ 
than with low-density paper. 

Mr. Halperin has spoken of the better 
results given by cables impregnated with 
rosin-blended oils. We have found that 
such cables exhibit better adhesion of com- 
poimd to the paper and are less subject to 
excessive drainage. The use of rosin, how¬ 
ever, is advantageous only with certain types 
of oil, instability resulting from its use with 
certain naphthene base oils now advocated 
for cables. 


G. M. L. Sommerman (American Steel 8e 
Wire Company, Worcester, Mass.): The 
results presented by Halperin and Betzer 
show that cables made under identical con¬ 
ditions of fabrication, but with different 
saturating materials, possess widely differing 
values of stability and life. This leads to.the 
general conclusion that the problem of find¬ 
ing stable impregnating compounds is fully 
as important as the problraa of reducing de¬ 
teriorating infiuences by the use of improved 
methods in the manufacture of cables. 

Load cycle life tests indicate whether one 
cable is better than another, but, in them- 
sdves, give little information as to why it is 
better. Various methods of diagnosis, such 
as the dyeing of tapes and the radial power 
factor test, indicate reasons for superiority 
more clearly. The authors are to be com¬ 
mended for thdr discovery of a corrdation 
between life and the quantity: inch-hours 
of vacuum maintained by the cable. In 
order to determine the ultimate baas of 
superiority, however, the materials used in 
cables must be subjected to various simpli¬ 
fied tests, each determining some isolated 
characteristic. The results of these sim¬ 
plified tests must then be corrdated with 
the observations covering load cycle life tests. 
As an illustration of this, it has been found 
by simplified tests made in our laboratory 
that there are at least 3 advantages ac(^- 
ing from the use of rosin in impregnating 
compounds, in addition to the obvious 
effects arising from the increased viscosity 
of such compounds. 

It is now being more generally recognized 
that the stability of insulation and the prop¬ 
erties after some service are more important 
ttiftTi the initial properties. This should 
have an effect on the choice of cable satu- 
rants. The use of roan in the saturating 
compound is a case in point. Many cables 
made 6 to 10 years ago contained from 5 to 
15 per cent rosin in the saturant. Be¬ 
cause the rosin then in use was rdativdy 
crude in form, these cables had maximum 
power factors of the order of 2 per cen,t 
(at 86 degrees centigrade), while cables 
containing no roan had lower power factors. 
Although it was realized in a general way 
that rosin stabilized the insulation, there 
has been a general trend away from its use 
during the last 6 years—mainly , b^use of 
the lower initial power factors obtainable by 
the use of straight oils. The load cycle life 
tests made prior to several years ago were 
so acederated (employing voltages from 3 
to 10 times the rated values) that dif^- 
ences in ^electric loss were greatly mag- 
nifidi. Because of these exa^erated con¬ 
ditions, the probability of thamal i^ta- 

bility in test was high for the rosin-containnig 




cables, and these cables consequently 
showed up rather poorly. The load cycle 
life test has, from its inception, enjoyed such 
prestige that the results were allowed to sub¬ 
ordinate the results of electrochemical sta¬ 
bility tests and cable operating records. 

In the last few years, 2 things have oc¬ 
curred. One has been Ae development of 
improved rosins and the use of these rosins 
in cable saturants, with the result that the 
cables so made have power factors little if 
any higher than those of cables made with 
straight oils. Another has been the im¬ 
provement of load cycle life testing proced¬ 
ures which are less accderated in character, 
and which yield cable failures approximating 
those occurring in service. The work of 
Halperin, Betzer, and their associates is an 
important contribution to this latter fiel d . 
As a result of these developments, both of 
which have made thermal instability im¬ 
probable in the life tests, the more stable 
characteristics of rosin-containing 
have become manifest. In view of this, 
it would not be surprising to see a tr^d 
back to the greater use of rosin or similar 
addition agents in the saturants of paper- 
insulated cables. 


M. G. Malti (Cornell University, Ithaca, 

N. Y.): Various writers, !•*•*•* on dielec¬ 
trics have ascribed the breakdown of di¬ 
electrics to heat, asserting that electric break¬ 
down is essentially a heat phenomenon. 
Over 9 years ago, in a paper,® I asserted 
that the absence of valuable data on the 
natmre of dielectric breakdown with alter¬ 
nating potentials renders the formulation 
of a theory, or even a definition thereof, a 
matter of wild conjecture. I further <ia- 
agreed with the propounders of the so- 
called pyrodectric theory of breakdown on 
the following grounds: 

(a) . The energy dissipated in the period 
from the time of voltage application to the 
time of breakdown, does not raise the tem¬ 
perature sufficiently to account for a break¬ 
down due to heat 

(b) . Actual temperature measurements* 
show that no temperature rise 

10 degrees cditigrade does occur in glaw 
before rupture. 

The results of the present paper’' fur¬ 
nish excellent evidence against the pyro¬ 
dectric theo:^. Indeed that the break¬ 
down of a solid didectric cannot be a heat 
phenomenon is shown by the following facts 
brought out by the paper: 

1. The fact that power factor is some¬ 
times low^ at high temperatures than at 
room temperature (see reference 7, figure 1). 

The fact that breakdown is alwa]^ ac¬ 
companied with a change in the physical 
condition and chemical composition, atid 
that no breakdown occurs except where such 
a change shows up (see reference 7, figure 

3. The fact that breakdown TOmetimes 
takes long paths (over 6 feet as shown by 
reference 7, figure 7). Indeed if break¬ 
down were simply a heat phenomenon, it 
would occur^ where heat would be concen¬ 
trated, riiat is, ovd short paths. 

fact that breakdovm sometimes 
starts at the dieath (referdice 7, figure 7) 
where presumably the cable is coolest. 

6 . The fact that it takes “ageing’' to re¬ 
veal weakness and that different samples 
presumably subjectdl to the same heat 


show no failure unless chemical and physical 
changes occur (see figures 1 and 6 and con- 
dusion 13 of reference 7). 

6 . The fact that the authors have ob¬ 
served (see condusion 6, reference 7) that 
ionization not heat is the cause of deteriora¬ 
tion which ultimatdy results in failure. 

7. The fact that stability of the impreg¬ 
nating compound (not heat) is a primary 
factor in insulation deterioration (see 
condusions 5 and 10). 
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R. J. Wiseman (Tlie Okonite Company, 
Passaic, N. J.): In stability tests on cables 
we are largdy concerned with small move¬ 
ments or migrations of the free oil, that is, 
the oil between the paper tapes, in the gaps 
between the paper edges, and the oil 
between the strands of the conductor. For 
this reason, the amoimt of oil which flows 
longitudinally into or out of the joints is of 
importance in determining the life of the 
cable. However, because this is such a 
variable factor, and because the section of a 
long ^ble farthest from the ends is the 
most isolated, and usually the most liable 
to breakdown on stability test, it appears 
to be preferable to seal the ends of the cable 
as completdy as possible. The authors’ 
cable joints were designed to prevent longi¬ 
tudinal flow and this was “dosdy approach¬ 
ed," but not “completdy achieved.” What 
tests were made to check the amount of 
longitudinal flow? 

If this lengthwise flow is eliminated, then 
stability tests on 50 foot lengths of cable, 
or even somewhat less, are practical. The 
cable should be long enough to include in a 
representative way those slight irregularities 
which are the reason for breakdown initia¬ 
tion at one point rather than another, and 
so that the effect of the inevitable loss of a 
few drops of oil at a splice or insulating joint 
is insignificant. 

If the length of cable under test has the 
ends perfectly sealed, the only oil move¬ 
ment when the cable is heated is a radial 
inpvement, which expands the sheath. 
If the sheath expansion is measured at 
different points around the circumference, 
and at intervals along the Iwigth, very con¬ 
siderable differences will be found in sheath 
expansion. Even with pressures of 40 or 
50 pounds per squaire inch inside the sheath, 
there may be a decrease in diameter along 
one axis. The differences in sheath expan¬ 
sion probably account for the unequal sta- 
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bility of samples 60 and 61, which were iden¬ 
tical except for being sheathed separately 
and with different kinds of lead. 

The difficulty of predicting failure by 
making periodic power factor tests is well 
illustrated by the radial power factor tests 
made on a few inches of cable involved 
in incipient failures. Take the case of curve 
H, fig^ure 3, where the carbon extended 
about 30 per cent of the distance from the 
conductor to the sheath. The radial power 
factor curve shows the remainder of the 
wall to be in good condition. It is easy to 
estimate approximately the effect of the 
high power factor of this short section on 
the average power factor which would be 
measured on a reel length of cable. Sup¬ 
pose 50 per cent of the insulation was broken 
down completely, then this whole section 
would be at conductor potential and except 
for the increased stress on the good 50 per 
cent remaining, its power factor would re¬ 
main unaltered. So that if 50 per cent of 
the insulation was completely broken down, 
there would be no appreciable change in the 
average power factor of the cable. 

If this 50 per cent, instead of being com¬ 
pletely short-circuited, had its power factor 
increased 40 times, the power factor of the 
short section under consideration would be 
about 10 times what it was before. If this 
section was about 6 inches long, tbi> effect 
would be lost in a 500-foot length, for it 
carries only l/l,000th of the total capacity 
current, and the power factor would only be 
increased by 10/l,000th or 1 per cent of its 
previous value. Such a small increase is 
completely masked by temperature changes 
and other effects. 

On this account, the authors have made 
their power factor measurements on 25-foot 
sections, but the introduction of insulating 
joints is open to objection, chiefly because 
it disturbs the cable. A better method for 
locating incipient failures and testing longi¬ 
tudinal imiformity is to measure the tem¬ 
perature rise along the sheath with thermo¬ 
couples at points located 2 or 3 feet apart. 
If the power factor of a few inches of cable 
increases 10%, the heat generated in that 
section will increase 10 per cent and the 
sheath temperature would increase 10 per 
cent were it not for heat conduction along 
the cable. If a 66-kv cable is held at say 
115-kv with a similar dead cable alongside 
for use as a temperature zero level, then 
the heat of dielectric loss will give a tempera¬ 
ture rise of something like 3 degrees centi¬ 
grade for a 66-kv cable with a 0.0035 power 
factor. A one-degree-centigrade ^e above 
normal at a point on the sheath represents 
a “hot” spot, and by making careful meas¬ 
urements the point of failure of a cable 
has been predicted a month before break¬ 
down occunred. This would have been im¬ 
possible with pow^ factor measurements. 

It is important to decide whether the 
quality of a cable is to be judged by the in¬ 
terval betwem the start of test and the time 
when instability sets in, or if the time to 
failure is to be used to make comparisons. 
Figure 4 shows-that class A and class B 
cables could easily be distinguished from 
the other classes by the small increase in 
power f^tor at elevated temperature. The 
^tual time to failure, once failure has set 
in, does not seem so important, for condi¬ 
tions might be very local at the fault. Prob¬ 
ably the best way to compare cables on 
stability tests is to make sheath terapera- 
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ture or “hot s^ot” measurements at 2-foot 
or 3-foot intervals along the sheath, and to 
use the curves of sheath temperature rise 
versus length, obtained after a standard 
interval of say 2 or 3 weeks to grade the 
cables. Whereas figure 4 shows that grade 
B cables had similar average power factors 
to grade A cables, the local deterioration 
which was found in grade B cables, and 
which is evident from figure 6, would be¬ 
come apparent from sheath temperature 
measurements. 

It is quite possible that simultaneous volt¬ 
ages and load cycles are not necessary. 
The power factor of the cable could be 
tested with no more end preparation than is 
used for routine tests at the factory. Load 
cycles could be applied, followed by. a final 
high-voltage test for making sheath tem¬ 
perature measurements. The oil move¬ 
ment caused by the load cycles is responsible 
for the formation of the ionizable voids and 
consequent incrfease in power factor, and 
the authors have shown in figure 3 that the 
carbonized areas created by the high voltage, 
contribute very little to the power factor in 
the earlier stages of the test. 

The difficulty of corrdating power factor 
tests with cable condition is increased by 
the difficulty of controlling the ambient 
temperature. A change of a few degrees 
in the room temperature may change the 
oil pressure in some cables from a good 
vacuum to a few pounds above atmospheric 
and this will have an important effect on 
the measured ionization. It is also lied 
in very closely with the effect of previous 
heat cycles on sheath stretching and it may 
be that a hot spot or local deterioration 
originates at a point where the sheath ex¬ 
pansion is abnormal. The sheath stretches 
most where, measured around the drcum- 
ference, there are the longest sections of 
thin lead. 

The improved stability resultrag from 
the use of paper and oil which are gas free, 
is wdl illustrated in the authors’ papM. The 
reason for this is not as obvious as it might 
seem, but it is probable that in a highly de¬ 
gassed cable, the oil returns radiaJly inward 
on cooling in a continuous unbroken col¬ 
umn, and the voids are created near the 
sheath, where the stress is lower. If this 
is the case, we should expect that m class-A 
and B cables, failure would initiate at the 
sheath, whereas it would commence at the 
conductor in the poorer classes. An ex¬ 
amination of figure 7 shows samples 24 and 
64 (in dass B) apparently do belong to the 
sheath failure class, whereas in samples 07 
and 114 (in dass D) the breakdown evi¬ 
dently initiated at the conductor. 

It is said that the primary cause of failure 

is the bombardment of the compound by 
ionization in gaseous spaces. Is not the 
primary cause rather the production of ion¬ 
izable spaces? The most effective method 
of improving high voltage cables is not . in 
toding i a compound which will withstand 
bombardment, or evolye a minimum of gM, 
but to prevent or minimize the formation 
of these ionizable voids m the . first pl.ace> or 
else to restrict their formation to a part of 
the cable which is not imder stre^. 

accompanied by instiUition breakdown, re- 

paus are made in the manhole or shop. The 
cable-instdation is removed until; all traces 
of moisture is eliminated. It is difficult to 
dedde whether a tape is inoist or not by its 


appearance, and power factor tests are not 
practicable ‘ under such conditions. How¬ 
ever, high-voltage d-c tests on paper tapes 
are said to be a good indication of the pres¬ 
ence of moisture and are easily carried out 
on portable apparatus. 

The article proves the value of stabihty 
tests to determine the ability of the cable 
to operate satisfactorily in service. Some 
manufacturers have been making these 
tests for a long time, and have found them 
invaluable in arriving at the operating 
characteristics of new types of cable. 


Herman Halpezin and C. E. Betzer: In 
reply to T. B. Jones’ question, the re^ts of 
power-factor measurements of inffividual 
tapes when properly averaged give the 
power factor of the cable as a whole at 
sufficiently low voltage to avoid ionization 
providing that conducting paths have not 
formed in the insulation. Such paths do 
not necessarily have the same effect in the 
test of individual tapes as in the test of the 
complete cable. 

We have noted in a previous series of 
aging tests of 66-kv cable that in most cases 
factors increased with increasing 
temperature but in a few cables the reverse 
was true. We have no explanation for this 
phenomenon. In the tests covered by this 
paper ionization measurements were made 
at room temperature only. 

Although the point is not emphasized 
in the paper, we are pleased to have W. A. 
Del Mar point out again the fact that 
aging tests need not be continued to failure. 

His suggestion that the test voltage be 
expressed in terms of maximum stress is in 
general agreement with our statement that 
for cables to operate at less than 66 kv the 
ratio of test voltage to operating voltage 
might be more than 2V8 on account of the 
rdativdy low operating stresses. Voltage 
tests in general are based on average str^- 
ses instead of maximum stresses in the in¬ 
sulation and probably the same should 
apply to aging tests. 

In coimection with the differences in 
test results for apparemtly identical cables 
it should be noted that such cables often 
differ widely in service. Sometimes a few 
lengths fail in service in a few weeks or 
months while other lengths have normal 

lives. . 

We agree with Soramwman that swvrce 
performauce is the all-hnportant conadera- 
tion. The aging test is the only known 
method of determining the performance in 
a shortened time. We have endeavored 
also to obtain all available information from 
auxiliary tests and service. ^ 

As emphasized by Malti, detmoration 
and failure in these tests resulted primarily 
from ionization, and this has been the weak¬ 
ness in insulation that has caused service 
failures in our 66-kv cables made in 1927 and 
later We do not consider the test results 
: proof, however, that breakdown by thermal 
instability is impossible. In one series 
of aging tests at IV 2 times normal volt¬ 
age, 66-kv cables were immersed in oil. 
one 1926 cable deteriorated until its power 
factor at 70: degrees centigrade was 0.23 
and then it remained stable fOr oyer 2 
we^. the cablw were removed 

from the oil, this cable soon failed in test. 
Apparently the failure was due to a pyro- 
: electric .effect which could not develop 
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while the oil was conducting the heat away 
from the cable. It appears that failure 
/^an develop by ionization or by thermal in¬ 
stability and that increasing the voltage to 
accelerate the aging, hastens mainly the 
ionization action. 

In reply to Wiseman's question, some 
of the joints had small standpipes in which 
loss of compound, if any, diuing the tests 
could be observed. When the joints were 
dissected, examinations were made for com¬ 
pound movement. 

That differences in sheath expansion may 
have caused the differences in stabilities of 
samples 60 and 61 appears to be supported 
by the results of measurements of the gaps 
between insulation and sheath measured 
after the aging tests. These gaps were 
about 0.003 inch in sample 60 and 0.012 to 
0.021 inch in sample 61. In general, how¬ 
ever, no consistent relation was found be¬ 
tween the sheath expansion and stability. 

In these tests sheath temperatures were 
observed by means of thermocouples and 
by means of 2 stripes of heat-sensitive paint 
applied over the entire lengths of all samples. 
Information of this kind has been found to 
be helpful, but in all cases approaching 
failures were predicted by increases in power 
factor of the cable samples. 

Concerning the suggestion that voltage 
and load cycles need not necessarily be ap¬ 
plied simultaneously, failures have in some 
ra«»i»«8 developed during the cooling period 
of our a ging tests. Ionization effects are 
most pronounced during cooling when the 
greatest internal vacuum exists. In time 
after cooling, improvement in ionization 
factor and decrease in vacuum takes place. 
It appears important, therefore, that &e 
voltage be on during the load cjrcles which 
simulates service conditions. 

The theory that failure in dass-B cable 
should start at the sheath does not agree 
with the test results. In 2 cables of dass 
B failure started at the sheath while in three 
cables of this class failure started at the con¬ 
ductor. . 

We agree that the ionizable voids m 
cable insulation should be at a minimum. 
In cable of the ordinary type, however, 
some voids appear to be mevitableandthere¬ 
fore it is important that the compound be 
able to withstand bombardment at least to 
some extent. 


Electronic 

Transient Visualiiers 

Discussion and author’s closure of a paper by 
Herbert J. Reich published iii the December 
1936 issue/ pages 1 314^1 8, and presented For 
oral discussion at the selected wi** v" 

of the winter convention/ New Voih, N. 7*/ 
January 25,1937. 

N. Rdhats (General Electric Company, 
Schenectady, N. - This paper presettts 
some very interesting work on mrimits for 
Use' with ; the ■ cathode-ray psciUograph* 
"The idea of repeating a trahsi^t in exact 
co-ordination with the oscillograph time 
axis so that a standing wave pn the flupr^- 
cent screen is available fpr yis^ observa¬ 
tion or permanent photpgraphip. rpcprds 
has already been used in a number of prac- 
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tic^ commercial applications. As the 
author points out, an arrangement which 
Mcomphshes this by mechanical switches 
has serious limitations for aU but slow tran¬ 
sients. Considerable objection may be 
?author’s statement (quota- 
faon) The device should not possi in¬ 
ductance, capacitance, or resistance—and 
this requirement prohibits the use of devices 
in which a capacitor or inductor charge or 
sparge is inherently associated with the 
part of the switching device 
through which the transient flows” (quota- 

arrangement 

which hM been found most useful in general 
engineering work is one wherein the tran- 
si^t mergy is originally stored in a capacitor 
fr through a mercury-vapor 

tube to flow into an inductance and resist- 
Mce discharge circuit. Presumably, this 
“Ottor’s requiremente 
that ^e visualizer should be an ideal switch- 
7 ^ requirement considered 
testing problems 
in trs^ient work seems to have very little 
practical significance. 

+-h^ realistic general requirement is 
thy such a device be capable of generating 
mposmg on circuits and machines! 
d^te waves of a wide range of shapel! 
T^s requironent is met by the osciUo- 
8 fr p clectnc-transient analyzer. The 


Figure 1 

! arrangement is shown in figjure 1. 

The complete analyzer consists of a set of 
variable capacitors, inductors, and resistors 
a sweep circwt for a cathode-ray osdUo- 
graph time axis and the required means for 
propwly co-ordinating these 2 so that a 
standing wave is visible on the oscillograph 
screen. Such a device from a testing stand¬ 
point IS defimtely related, as to type and use, 
to smge or impulse generators. When con¬ 
nections are arranged to give one output 
surge for each cycle of a power frequency 
supply voltage, it becomes a repeating type 
surge generator. It differs from the usual 
^ «low in volt- 

® of the 

usud sphere gap, and is portable. 

in impulse generator is shown 

m^relmheaivhnes. Operation proceeds 
as follows. On the negative half cycle of the 
supply transformer Ci receives a negXe 

0 -thepoS: 

alf-cyde Ti begms to conduct at the crest 
osdufS- sweeping the beam of the 

, a speed determined by 

and Ci. The grid of tube T, received S 
mpi^e through C, at the start of the sweep 
^d becomes conducting thereby initiating 

and ^.through L, Ri, R^, 
an<3. Ci and producing the required wave 
shape across C*. '=qmrea wave 

The practical usefulness of such a device 


Many of the tests previously made with the 
single-discharge surge generator are now per¬ 
formed with a great saving in time over the 
old method. 

For instance, in the adjustment of circuit 
constants of high-voltage surge generators 
to give standard waves such as the 1x5 or 
1^/2 x 40 for commerical impulse tests, such 
as for transformers, the analyzer is con¬ 
nected directly to the transformer and the 
drcuit elements adjusted until the required 
wave is obtained on the oscillograph screen. 
The numerical values , of circuit constants 
required are read from the dials of the ana¬ 
lyzer and the high-voltage surge generator 
circuit constants set to correspond. This 
saves many hours of work. 

The distribution of voltage across windings 
of transformers and generators is readily 
determined by applying output surges of the 
analyzer to one end of the winding and re¬ 
cording wave shapes at several tap points. 
This is a very important application because 
maximum surge-voltage strength is obtained 
only when the design is such as to cause uni¬ 
form surge voltage distribution from one 
end of the winding to the other. 

By connecting the output surges to a 
circuit or to machine windings and studying 
voltage and current reflection conditions for 
a range of values of resistance at the terminal 
end the surge impedance can be readily 
obtained. 

These are all practical applications which 
have been made in many instances and 
through which valuable design and test in¬ 
formation has been obtained. 

Other uses such as demonstration of 
transient phenomena, study of induced 
voltages, and location of faults in circuits 
and windings are also of importance. 

^ Returmng to consideration of the visual- 
izer and keeping in mind its conception as 
purely a switching device, it seems to be 
toited to special applications, particularly 
demonstrations of transients associated with 
switching phenomenon. Would the author 
comment on the limitation of current by the 
gas discharge tube itself? Also, does not the 
tube current controlled by the grid poten- 
tial affect the shape of the transient? Also 
« not tube voltage vary with current 
sufficiently to depart from a true switching 
device and to affect voltage distribution in 
•the circuit? 

The author is to be commended on the 
progress made in the design of visualizer 
cncuits. It is hoped that his work will con¬ 
tinue as the field is considerably unexplored 
^d new factors of usefulness are quite cer¬ 
tain to be obtained. 

H. J. Reich; In discussing the limitation 
special applications Mr. 
Rohats seems to confine himself to the types 
of visuahz^ shown in figures 4 and 7 of my 
paper. This enticism also applies, however 
t^y wcuits, of figures 11 and 12 and to his 
own. Is It not generally true that the best 

W transient have 

It. 1 (P«-agraph 3, 

page 1314; paragraph2, page 1317). So far 
as I have been able to determine, these fac¬ 
tors do not affect the form of the 
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In the type of visualizer shown in figure 7 
the variation of anode voltage of an 885 gas- 
discharge tube affects the form of a starting 
transient to a certain extent when the supply 
voltage is low. The anode-voltage vs. anode- 
current curves of individual 886 tubes differ 
and are likely to change somewhat with tube 
age. The voltage of a t 3 rpical tube falls 
from 17 V 2 volts to 17 volts in the range from 
40 to 6 milliamperes; at l^A milliamperes it 
is 16 volts, and below IV 2 milliamperes it 
falls to zero nearly linearly with current. 
A discontinuity of a volt or a volt and a half, 
accompanied by a change in the form of the 
discharge may occur at about 25 or 30 miUi- 
amperes, but its effect has not been observed 
in the transients, probably because of the 
rapidity with which the current changes 
during the transient. Distortion decreases 
with increase of supply voltage and with 
increase of average current. With a 45-volt 
supoly and an average current of 40 milli¬ 
amperes, the distortion is small. The dis¬ 
tortion which results from the rapid fall of 
voltage below l^/z milliamperes can be pre¬ 
vented in most studies by shunting the 
transient circuit with a resistance of such 
size that the current does not fall below 6 or 
6 milliamperes during the life of the tran¬ 
sient. In the work referred to in reference 4 
of my paper, Mr, Bennett showed that cir¬ 
cuit parameters could be determined with 
considerable accuracy from oscillograms ob¬ 
tained with a transient visualizer of the 
type shown in figure 4 of my paper, using 
thyratrons. When transients are initiated 
by the interruption of current the tube does 
not conduct during the life of the transient 
and so cannot affect the form except as the 
result of its small inter-electrode capaci¬ 
tance, If the life of the transient is extremely 
short, some distortion may result from the 
finite deionization time of the tube, but this 
may be safely neglected in the study of 
transients whose life exceeds 1,000 micro¬ 
seconds. 

Mr. Rohats’ circuit is beautiful in its sim¬ 
plicity. It should prove to be valuable in 
many applications. 

An Electronic Regulator 
for D-C Generators 

Discussion and author's closure of a paper by 
F. H. Gulliksen published in the August 1936 
issue, pages 873-5, and presented for oral 
discussion at the electronics session of the 
winter convention. New York, N. Y., 
January 27,1937. 


B. G. Ballard (National Research Council, 
Ottawa, Ont., Canada); Those of us who 
have requested prices from manufacturers 
for electronic regulators will appreciate the 
devdopment of a unit which selte at a price 
comparable to that of electromagnetic regu¬ 
lators. _ 

The regulator described in Mr. Gullik- 
sen’s paper appears to possess particularly 
desirable features. It has dispensed with 
the amplifier usually employed and it ap- 
p^ently does not require a specially wound 
field. If a constant a-c input is assimied a 
sensitivity of 0.1 per cent is claimed which 
is equal to that of any precision regulator 
of which I am aware. In view of these de- 
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sirable features I have been wondering if 
it would not be possible to adapt this regu¬ 
lator to a-c generators. It would seem 
feasible to heat the cathode of the diode 
with alternating current and feed the re¬ 
sistance in series with the cathode from a 
small filtered rectifier with a relatively 
short time constant. Since the alternating 
current supplied to the thyratrons should 
now be constant the over-^ sensitivity of 
the unit should approach 0.1 per cent. I 
should appreciate the author’s comments on 
this point and also I would like to know if 
the diode was specially devdloped for this 
application. Is it provided with a tungsten 
filament or a coated filam^t? 


Russell Ranson (Duke University, Durham, 
N. C.): It is understood from Gullik- 
sen’s paper that the compensating or com¬ 
pounding rheostat in the filament circuit of 
the diode must be adjusted to suit the needs 
of the particular generator with which the 
regulator is used. This adjustment is similar 
to the adjustment of a diverter which is 
used in parallel with the series field of a 
compotmd generator to give flat compound¬ 
ing, It follows that a different adjustment 
of this rheostat is necessary for every 
voltage for which the regfulator is set by 
the voltage-adjusting rheostat. This 
means that in order to change the regulated 
voltage from one value to another 2 adjust¬ 
ments must be made. 

According to Mr. Gulliksen’s curves the 
generator voltage varies in a straight line 
from no load to full load, either with or 
without the regulator. If this be true, 
why not pass the generator load current 
through a very low resistance similar to an 
ammeter shunt and impress the voltage 
drop across this resistor on the grid circuit 
to obtsun the necessary phase shift? This 
will eliminate one electron tube, the diode. 
It is generally believed that a reduction in 
the number of electron tubes is desirable. 
Again referring to the curves givmi, the volt¬ 
age change as given by the diode might be 
equaled by a voltage drop across a very low 
resistance as suggested with a loss of power 
that will be negligible. 

Even if this plan were followed, it would 
still be necessary to provide adjustable re¬ 
sistors to match the generator character¬ 
istics and to provide for generator voltage 
adjustment. 

F. H. Gulliksen: Mr. Ranson raises the 
question whether it is necessary to change 
the compensating adjustment if the regu¬ 
lated voltage is varied. Theoretically this 
assumption is correct, i.e., if the regulated 
voltage is varied the regulator will hot have 
a flat characteristic from no load to full 
load, but the variation in regulated voltage 
will be so small (approximately ±Vio of 
one per cent or less) that it will not be neces¬ 
sary to change the compensating adjust¬ 
ment. This is apparent from the curves B 
hi figure 6 and 7 which show the regulator 
characteristic without compeisation giving a 
droopiug characteristic of 3 per cent and 
one per cent, respectively. If the character¬ 
istic in figure 6 is used it is apparait that Ae 
compensating adjustment may be varied 
10 per emit without giving more than 0.3 volt 
error in regulated voltage from no load to full 
load. This is well within the guaranteed 
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sensitivity of the regulator which is =^0.5 
volts. 

Mr. Ranson’s suggestion to eliminate 
the diode may not be practicable because in 
that case voltage £» must be reduced con¬ 
siderably in order to obtain sufScient regu¬ 
lator sensitivity. If this be done the regu¬ 
lated voltage will vary with the changing 
grid-voltage characteristics, of the arc dis¬ 
charge tubes caused primarily by varying 
tube temperatures. 

In reply to Mr. Ballard’s question, the 
author wi^es to state that regulators for 
a-c generators operating on a somewhat 
similar principle are commercially available. 
In a-c generator applications a d-c exciter 
is usually needed and for this reason anti- 
htmting means must be added to the regu¬ 
lator circuits to obtain stable operation. 
The diode was specially developed for this 
application, and is equipped with a timg- 
sten filament. 


Sealed-ODF Ignitrons 
(or Welding Control 

Discussion and authors’ closures of a paper by 
David Packard and J. H. Hutchings published 
in the January 1937 issue, pages 37-40, and 
presented for oral discussion at the electronics 
session of the winter convention, New York, 
N. Y., January 27,1937. 


Bela Gati (Klatona Rail Welding Concern, 
Moimt Vernon, N. Y.): Three little ques¬ 
tions: Have you tried to weld nickel with 
aluminum? If so, did you preheat the 
nickel? Aluminum melts at 669 centi- 
grades (Cdsius), nickel at 1,452. Did you 
use your ignitron in rail-wdding process? 


J, H. Cox (Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa.): 
The authors have done a creditable piece of 
work in working out to a satisfactory con¬ 
clusion, the numerous problems involved in 
manufacturing a sealed-off metal tube for 
use with a mercury arc. The paper could 
have been made more valuable by a discus¬ 
sion of the degassing processes essential in 
this type of device. 

T - imiting temperatures of 60 to 126 de¬ 
grees centigrade are given. Our work indi¬ 
cates that the twiniTniim temperature for 
satisfactory operation is a great deal le^ 
t haw 60 degrees centigrade, and a m^i- 
mum of 126 degrees centigrade sounds m- 
practicably high for a water-cooled device. 
Possibly Fahrenheit degrees were intended. 

Unless more water is used than is usually 
necessary, a water jacket design results in 
a low water velocity, deposit of sedimeut and 
inefficient cooling. Cooling coils permit 
more flexibility in design and, for the above 
reasons, may supdrsede the jacket. 

This paper provides additioiwl confirma¬ 
tion of the contention made by DaUmbach 
several years ago, that it is impossible to 
build a sealed-off metal tube with a corr 
rosive cooling system, since corrosion. <rf 
iron in water produces hydrogen ions which 
diffuse through steel waffs. _ 

The authors mention peak currents of 

7,000 amperes and 260-ampere average cur¬ 
rents at lower peaks. I would like to ask 
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what average currents they are able to 
carry with 7,000 ampere peaks, and how 
large the tubes are that carry these currents. 

I think that the list of advantages given 
is misleading, since most of them are char¬ 
acteristics of ignitrons in general and not 
limited to sealed-off designs. In general, 
there is an economic division between the 
fidd for sealed off tubes and continuously 
pumped tubes. At the lower ratings, the 
tube cost is low and the assembly does not 
justify the expense of a vacutun pumping 
equipment. At the higher ratings, the re¬ 
placement cost of tubes would be prohibitive 
and the cost of a pumping set a small per¬ 
centage of the total. The dividing point 
will be influenced by what proves to be the 
average life of the sealed-off tubes in ser¬ 
vice. It is quite likely that it will be 
greater than we are used to in the case of 
thermionic cathode tubes. 


W. C. White (General electric Company, 
Schenectady, N. Y.): In connection with 
the life of this form of ignitron, it is im¬ 
portant to differentiate clearly between 
dapsed time and actual operating 
Unlike a tube with a thermionic cathode, it 
is absolutdy as "dead” as an ingiilating 
bushing when not actually passing current. 
This is particularly true of these sealed-off 
tubes incorporating only one anode, as there 
is no holding arc or pump in operation. In 
normal industrial wdding operating sched¬ 
ules, the tubes are actually "alive” only a 
rdativdy small part of the dapsed time. It 
is bdieyed, therefore, that in this service 
tube failures will be from acddental causes 
traceable to use or manufacture rather tha n 
any normal deterioration factor in the igni¬ 
tor or other parts of the tube. 

As regards choice between sealed-off and 
pumped ignitrons, there is an additional 
factor. This is the number of years as¬ 
sumed for the write-off period of the in¬ 
vestment in the wdding equipment as a 
whole. In the resistance wdding fidd, it is 
rdativdy short compared with, for instan^^a 
the central-station fidd. A short write-off 
period, in combination with the afore¬ 
mentioned intermittent operation, is favor¬ 
able to the sealed-off tube. Another 
favorable factor is the inherent feature of 
this type of tube to be ready to operate the 
instant power is appUed regardless of the 
tune it may have been shut down. 


R. E. Hellmund (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): In addition to the previously men¬ 
tioned advantages of the ignitron over other 
^es of tubes for wdding purposes, it has the 
fWer advantage that it can be built 
eith^ sealed off” or for operation in con- 
neefron with pumps; this, of course, would 

not be practicable with gas-filled tubes. The 

qu^on ^ to which way the ignitron should 
be built is then piudy an economical one. 
^e s^ed-off tube has a someiyhat limited 
life, v^eh means dther complete replace 
to tune or retreatment of 
the tebes. This maintenahee cost has to be 
yei^ed a^JMt the carrying charges result- 
mg from the higher initial cost of tubes de¬ 
signed fw updating with pumps. It is at 
onc^yidmt that the smallest tubes nien- 
tioned m the paper will pirove more economi¬ 
cal as sealed-off tubes. It is also quite 


certain that the very large and high-power 
tube arrangements will be more economical 
under present-day conditions if equipped 
with pumps. Somewhere between these 2 
extremes there is a dividing line, above 
which the one arrangement will prove more 
economical and bdow which the other will 
work out best. It will probably be some 
time before the dividing line can be defi- 
nitdy determined, and furthermore, as the 
design, manufacturing practice and treat¬ 
ment of the sealed-off tubes are improved, 
the dividing line may shift to a higher level. 
However, in order to establish even a pre¬ 
liminary dividing line, it will be necessary 
to know something about the life to be ex¬ 
pected from the sealed-off tubes in their 
present state of perfection. While I appreci¬ 
ate that it is rather early to raise thi.Q ques¬ 
tion, it would be of assistance if the authors 
could give an approximate idea of the life of 
the larger sealed-off tubes having stainless 
steel walls, as described in the papers. 

It is very gratifying to note that in the 
papers presented and the discussions relat¬ 
ing to them, the same nomenclature was 
used for the various tubes mentioned. 
After the igniter principle had been dis¬ 
covered in the Westinghouse Research 
Laboratories and practical tubes had been 
designed, it was of course necessary to find a 
fitting designation for these tubes. The 
n^e "ignitron,” signifying an igniting de¬ 
vice, was chosen, and in accordance with 
the established practice,- trademark rights 
were secured. While this is a perfectly 
legitimate commercial practice, it became 
more and more evident as time went on that 
su(± practice was resulting in great con¬ 
fusion in the establishment and application 
of a proper nomenclature for electronic de¬ 
uces. Therefore, at the suggestion of the 
General Electric Company, the interested 
manufacturers relinquished their trade¬ 
mark rights, thus, permitting anybody to 
rrf^, for instance, to the gas- or vapor- 
med, hot-cathode, grid-controlled tube as 
the ‘thyratrou” or to call the pool-type 
tube with an igniter an "ignitron.” 

In talking about the life of tubes, from an 
engmeering point of view it is of course 
logical to express this in the number of opera- 
teons or load cycles performed by the tube. 

On the other hand, the purchaser of weld¬ 
ing equipment in choosing between the 
pumped and sealed-off arrangement, is 
accustomed to calculate his carrying-, main- 
tenance, and replacement charges on an 
a^ual basis for his particular application. 

Xt may, therefore, be necessary for manufac¬ 
turers eventually to determine the life of 
tubes for a number of selected and typical 
typw of service on an annual basis. While 
m the previous part of my discussion refer- 
^ce WM m^e to a dividing line between 
different ratmgs, it is quite possible that 
ov» a certain range of ratings the sealed-off 
tube may prove more economical for rela- 
frvely hght and infrequent service, and 
pumped tubes of the same rating maybt 
preferable for continuous and heai^ ser^ce. 


tubes have the field to themselves, and as we 
pointed out in the paper we have not yet 
encountered an application which required 
higher welding currents or greater duty cycle 
than can be handled by the largest sealed-off 
tubes now developed. If it appears unde¬ 
sirable to make sealed-off tubes for higher 
currents, there is, of course, the possibility 
of going to higher voltages in which case 
tubes of essentially the same size might be 
extended to higher power. 

The life which will be obtained from tubes 
now in the field will also be an important 
consideration in determining how much 
further sealed-off tubes may be extended. 
In the development of the sealed-off tubes 
we have had every indication that they will 
give VMy long service. Oui* experience with 
tubes in the field has substantiated this 
belief although they have not been in 
use long enough to determine just what the 
life will actually be. There have been fail¬ 
ures, of course, but in general the failures 
have been traceable to either misuse or to 
manufacturing defects which have showed up 
when the tubes were first put into, service or 
shortly thereafter. To state a typical case; 
one user of the water-cooled ignitrons with 
60 tubes in service under severe conditions 
hw been operating about 7 months with no 
failmes other than manufacturing defects 
which became apparent due to transporta¬ 
tion or when the tubes were first installed. 
Some of the smaller tubes have been in¬ 
stalled for approximately 2 years. Although 
the life of the sealed-off tubes has been 
entirely satisfactory thus far, the users of 
die tubes are protected against excessive cost 
in 2 ways. In the first place, the tubes are 
supplied on a policy which assures the user 
that the tube cost per month will not exceed 
a certain m^imum amount when the tubes 
are used within the specified ratings. In 
the second place, losses which might result 
from a shut-dom in a production line be¬ 
cause of tube failure are kept at a minimum 
wth sealed-off ignitrons because they can 
be replaced quickly and are ready for service 
mstantly. 

In closing, it might be of interest to know 
how many sealed-off tubes are in the field. 
The total number of tubes now in service 
is about 600. Of these about 160 are water- 
cooled metal ignitrons, some of which have 
been in s^ce nearly a year. The remainder 
we the air-cooled tubes, and some of these 
have been in service about 2 years. 



The question of where to 
waw the dividing line between the applica- 

and: continuously 
pumped tanks is one which cannot be an¬ 
gered definitely at this early stage of igni- 
brought out in the disS- 
sion, there is no question but that the smaller 
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J. H. Hutchings: In regard to the tempera¬ 
ture range in which ignitrons will operate, 
work done by the authors and their associ¬ 
ates has netted results in agreement with 
^ose expressed by Mr. J. H. Cox. As Mr. 
Cox points oiit, ignitrons are able to oper- 
ate at quite low temperatures (far below 
60 degrees centigrade). Reasonably reli¬ 
able operation has been obtained, in fact 
•vnth tubes so thoroughly chilled as to solidify 
the meremy. The absence (for all practical 
purposes) of any ininimum operating tem- 
pwature limit for ignitrons is attributed to 
The fact that evaporation of mercury from 
the cathode spot supplies the vapor pressure 
necessary for conduction of the arc current. 

The limiting temperature range of 50 to 
126 degrees centigrade mentioned in the 
paper is a range of maximum temperatures 
■ . ® tubes under consideration, the 

vanation being due mainly to circuit con- 
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units degrees centigrade applies as a 

‘ where high voltage and peak cur- 

•lu^ ^*^<iotmtered and the period of current 
! is of long duration. Some air- 

‘ "txxbes wiU operate reliably at 126 
s oentigrade when voltage and cur- 
^ low and the conduction period short. 

^ox asks how large a sealed-off igni- 
* **^^^i**ed to pass peak currents of 7,000 
’<-ies and what average current can be 
nUcteci at this peak. Size: 6Vs inches 
nattieter. Average current rating: 110 

[•t^res at 560 volts, 160 amperes at 220 

ts. 

n aixsv^er to Mr. Bela Gati’s 3 questions, 
navo never attempted to weld nickel 
Stainless steel and alumi- 
n» Ixowever, have been welded satis- 
lorily, in which case it was not necessary 
the stmnless steel. We are not 
liliar with any attempt to use ignitrons 
rail-virelding processes. 

I he matter of tube life has been discussed 
oilaors. However, Mr. Hellmund in- 
res iiato life of tubes “having stainless 
el Walls'’ and so brings the thought that 
imiting factor in tube life may be gas ac- 
lUilat-ion through the process of hydrogen 
fusioii. Pr elimin ary tests recently com- 
ted indicate that many years would be 
luiredL for vacuum to be impaired through 
s tnecltanism. 


/att-Hour 
h^^ter Bearings 

icussion of a paper by I. F. Kinnard and 
H. <3om published in the January 1937 
UC/ pa see 129-37/ and presented for oral 
icussion at the instrumenb and measure- 
mts session of the winter convention/ New 
>rk/ y./ January 28, 1937. 


. B, J&rooks: See discussion, page 880. 


Green (Duncan Electric Manu- 
flurii3-g Co., L^ayette, Ind.): In this 
iper a. great deal of work has been sum- 
leading toward a better watt-hour- 
yter ■bearing. The demand for such a 
•aritig which will last up to 20 years with- 
Jt replacement under the recently imposed 
ijjjlitions of outdoor operation with attend- 
it vax'iations in humidity and temperature 
iH t>eea insistent. The bearing problem 
•rtaitxly is one of the most acute of any in 
Its today. During the 

wt few years I have followed with interest 
id soxxie concern the work outlined in much 
. bibliography appended to this paper 
. also want to commend the authors on 
/r irxtitistry and thoroughness with respect 
‘“{.e xnaterial in the papar. 

’ pei-sonsdly, however, I fed that we shall 
f .j-^^ain the object of our search until 
-totally eliminated in bearings. Alloys 
'* obtained which will run oh a jewd 

-/pitbout being harmed. With the de- 
? /iment in the fidd of alloys progressing 
is I fpossibility 
? ^ V i-bis liPC than that a perfect oil will ever 
”%tveloped. Even if a perfect oil were 
® ^^ble, there are still operating incon- 
and uncertainties attached to its 

■se. ^ 


A. R. Rutter (Westinghouse Electric & 
Manufacturing Company, Newark, N. J.): 
The authors have prepared an excellent 
paper which will be used by meter engineers 
as a reference on the subject of meter bear¬ 
ings. While most of the data deals with the 
pivot type of bearing:, the ball type is men¬ 
tioned a number of times in the paper. 
Some additional information on the ball 
bearing might be of interest to anyone study¬ 
ing the problem. 

The ball type of meter bearing has been 
manufactured in America for over 36 years, 
Hiiring which time a large percentage of the 
meters manufactured have been equipped 
with this type of bearing. The functioning 
of the ball bearing is described in Mr. 
Lendian’s artide in the November 1929 
Electric Journal. 

The performance of the ball bearing has 
been recognized by the utility companies 
b ec ans<* of 3 important fundamentals. 
These are: 

1. Sustained meter accuracy 

2. Long life without Ittbrication trouble and 
wear 

3. Low maintenance cost 

The bah bearing satisfies these outstanding 
characteristics because the bah turns be¬ 
tween 2 jewels and acts as an mfinite number 
of pivots, with the result that the wear of the 
parts is distributed over the entire surface 
of the bah and over a large portion of the 
jewd area. Since a double jewel is used and 
the bah rohs in the jewds, the jewd surface 
used is much greater than in the pivot bear¬ 
ing. For ah practical purposes the bah hM 
a rolling action and does not require lubri¬ 
cation. The action of the bah bearing is 
such that dirt does not interfere seriously 
with the bearing. 

The radius of the bah used in American 
meters is 0.031 of an inch. The data in the 
paper, particularly figfures 3, 4, and 12, 
confirm the reason for the very good results 
in service that have been obtained with the 
bah type of bearing. 

A large amount of study has been pven 
to the question of material for the bah, 
but, to date, no commercial materids have 
been accepted and approved as being su¬ 
perior to carbon sted. 


A. J. Ahen (Consolidated Edison Company 
of New York, Inc., New York, N. Y.): 
The paper “Watt-Hour Meter Bearings,” 
by I. F. Kinnard and J. H. Goss is very com¬ 
mendable as it indicates an endeavor to¬ 
ward an end that is very much desired by 
meter engineers. 

For a long period of years >ratt-hour 
meter lower bearings have consisted of 
natural or ssmthetic sapphire jewels with 
glass-hard sted pivots or balls. The use of 
sted in meter bearings has proved unde¬ 
sirable because if the sted rusts rapid failure 
of the bearing fohows; Rust or ferrous 
oxide is most abfasive and forms readily 
^tfiioss some protective coating is main¬ 
tained: for this purpose oh has been used. 
The oh also provided lubrication which is 
necessary for sted pivots but not for sted 
balls; in fact its presence in a bah bearing 
is undesirable from a lubrication standpoint. 

The need to find or devdop a substitute 
for high-carbon sted that would not form 
an abrasive oxide has been foremost in the 
minds of meter engineers and at th^ urgent 
request several meter manufacturers have 
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given the devdopment serious attention. 
The increasing practice to instah watt-hour 
metars on the outride of buildings further 
intenrifies the need, and it injects into the 
problem temperature range requirements 
for bearing lubricants not necessary for 
met^ instahed indoors. There is a wdl 
substantiated bdid that oh is not necessary 
or desirable in a meter bearing. The 
authors state "the provision of a good lubri¬ 
cant is not a simple matter,” this has been 
true ever since the first oh was placed in a 
meter bearing. The sad experience which 
foUowed the use of fish, vegetable and min¬ 
eral oils and various oil compounds has weh 
established the hope to ehminate the need 
for oil in meter bearings. As to this, the 
authors hold out a ray of hope when they 
state “'While ah tests definitdy show that 
proper lubrication increased the hfe of 
bearings, it has also been shown that cobalt- 
tungsten performs exceptionahy weh even 
without oh.” 

Table I—"Properties of Pivot Materials” 
indicates in the second column whether the 
mfttmalfi were corrosive or not. Cobalt- 
tungsten is shown as not being corrosive 
yet it oxidizes when exposed to air. If the 
oxide is nonabrasive that fact is naturally 
the most important. Berylhum ahoys, as 
indicated in the table, may have some posri- 
bihties. I have experimented with a beryl- 
hum-nickel-copper ahoy that has proved 
superior to berylhum ahoyed with nickel 
or copper alone in respect to non-abrarive 
oxide. 

The matter of shock resistance of pivot 
materials is most important. It appears 
that reducing the contact area to an area 
as smah as possible has been responsible 
for considerable damage to jewels. The 
advantage of a larger area is apparent from 
the tests made in comparison with steri and 
cobalt-tungsten pivots. It appears that a 
cobalt-tungsten pivot should have a con¬ 
tact area equal to that created by the shock 
of the short-circuit test on the assumption 
that a short-circuit shock would not cause 
deformation of a pivot having this area. 

Accelerated hfe tests, while necessary, do 
not prove entirely the serviceabhity of a 
material, they do, however, indicate a 
trend that can be expected. A meter bear¬ 
ing that has a life of 20 years and does 
not require oil is not far away. 


Amplification Loci of 
Resistance-Capacitance 
Coupled Amplifiers 

Discussion and author's closure of a paper by 
Anatoli C. Seletzky published in the De¬ 
cember 1936 issue/ pages 1364-71/ and pre¬ 
sented for oral discussion at the electronics 
senion of the winter convention/ New York/ 

N. y., January 27/1937. 

Dale Pohack (nonmember; RCA Manufac¬ 
turing Company, Inc., Camden, N. J.): 

In the form in which the author writes the 
vector amplification of a resistance-coupled 
amplifier, (2) of his paper, it appears that 
the locus is not a single ^de, but is tl^e 
vector sum of 2 different circles. Howeveri 
the equation is easily manipulated to show 
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that it may, in fact, be represented by the 
locus of a single circle, and that the author’s 
2-circle representation is unnecessarily com¬ 
plicated. Consider the author’s (2), 


^ 

— jbaa — c 

dividing through by the numerator gives 


is erroneously called a bicircular quartic 90 
instead of simply a circle. By starting with 
this single drde, instead of taking the sum 
of 2 circles as the author does, the computa¬ 
tion is simplified. Tlie writer has been 
. using a graphical deagn method based upon 
the simple circular locus, and it may be of 
interest to present it. Using Luck’s notation 
and analysis (see figure 1) which differ 
slightly from the author’s, 
let 

i. = ^ 4. J- L 

R, R'^Rj,'^R, 

1 = 1 + 1 

Ri R Rp 




Making the substitution 


Substituting (2d) into (2c) 

1 b /— - I 

JX| “ i +tan*0 = jsec 5 

and, inverting. 


|A|-jcos» . 

of a drcfc 

^ same conclusion is reached bv Luct 
m l«|P^er "A Simplified MethS 

^ states, on page 

betwUi^m^ “ feedrdSion 

.At _“^^^“^Pfirstafireahd nliaott 






+ c, + 


m a - 


^(b +jm) 

where m is now the parameter instead of u. 
(2a) is the locus of a single circle, which is 
evident by comparison with the author’s 
(4), or from the following: 

= ^C*+i»*) = (2b) 


b* + w* 


m 

r =* tane 
0 


1 + c,/c 

is the maximum gain occurring at a fre¬ 
quency/o 


^WRl/RlCpC -I- CgC + CpCg) 

Sm is the mutual conductance of the tube. 
Also let 

/• / 

be the frequency parameter. Then 


Ml = Ao 




tan“‘ — 
w 


IS the angle of the vector amplifica- 
assumption made, aside 
from those from linearity and freedom from 
feed-back, is that 

^V'~Ca 


Tim assumption does not affect the shape 
^““Plificatiop locus but it does simplify 
some of the equations. ^ 

general k»cus for any resistance-ca- 
^plifier may now be sketched by 
. ® circle on polar-co-ordinate 

paper, as m figure 2. By plotting the fre- 
quency determining parameter y/l linearly 
^ng t^ vertical line, as shown, and pro^ 
through the verSal 
to the ^^de the frequency determining 
pomts on the cirde are found. Enowine 
the cons^ts of the amplifier, its gained 

me aia of the cirde diagram. It is onlv 
nwessary to calculate w and y for the desired 
frequenciw from which the value oMhe 
gam may be read from the diagram 
converse process, for obtaining^ 
wmt comtmts from a known frequency 
and phase characteristic, may also be cS 
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Figure 2 

tied out. The proces.s is very .similar to the 
one suggested by Luck, except that the 
circular locus on polar paper replaces Luck's 
gmeralized gain and phase curve.s. Tliis 
reduces the labor involved and improves 
the accuracy of the method. 


L Rot^ (United Transformer Corpora¬ 
tion, New York, NT. Y,)* This paper pre¬ 
sets an mteresting and convenient solution 
of the problem of calculating the complex 
^ponse of a resistance-coupled amplifier 
from Its circuit constants. 

To the extent that grid-to-plate capacity 
m the vacuum tube is neglected the final 
r^t IS, however, only an approximation. 
This IS the case even in what Mr. Seletzky 
calls the exact equivalent circuit. The 
amount of error introduced by omitting con- 

deo*Sd°*^ ffrid-to-plate capacity 

depends on the circuit constants, and it in¬ 
creases with frequency. There are 3 dis- 
l>ytiiisapproximatioM. 
When the gnd-to-plate capacity is taken 
into account, the exact equivalent circuit 
of a resistance-capacitance stage of ampli- 

where is the grid-to-plate capacity of 
^ amplffier tube, and R/ and C/ we, 
respectively, the effective input re.sistance 
Md input cap^ty of the fofiowing tube. 

Except for very high frequencies 
IS much ^dler than /i. Hence theCrw 

ribirr in genial negli- 

^ble,is the^^or mtroducedinthepaper by 
term in the outpu? 

tn **^*^**1 the most serious. It 
SfSf r ^ author’a 

audio frequendles for 
certam types of tubes. Mr. Seleteky as- 
impedance of the fSSwing 
.j o l>e con^ant and to consist of the 

^d-to-cathode capacity 
of the followmg tube. Under actual 
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tions, however, the plate circuit of this tube 
is reflected back into its grid circuit through 
its grid-to-plate capacity. As a result the 
values of Rg' and Cg‘ vary with frequency. 

1 have c^culated this effect for 2 types of 
tubes, the 67^5 high-mu triode and the 6J7 
pentode, both of which are very commonly 
used in resistance-capacitance coupled am¬ 
plifiers. A 6F6, with a one-megohm grid 
resistor, a 260,000-ohm plate-loading resis¬ 
tor, and total grid-to-cathode and plate-to- 
cadiode capacities of 20 micromicrofarads 
including socket terminals and wiring, when 
used at 8,000 cycles, will have an effective 
input resistance of only 156,000 ohms and 
an effective input capacity of 162 micro¬ 
microfarads. In short, the effective input 
resistance is only 16.6 per cent of the one- 
megohm grid resistor, while the effective 
input capacity is 800 per cent of the grid-to- 
cathode capacity. At higher frequencies the 
error is even larger. 

Even the 6J7, which has an extremely 
small grid-to-plate capacity (only 0.006 
micromicrofarads), gives effective values of 
Rg’ and respectively, of 0.99 megohm 
and 21.2 micromicrofarads. This represents 
an error of one per cent in resistance and 6 
per cent in capacity. Here, too, the error 
would be greater for higher frequencies. 

Mr. Seletzky’s method is, neverthdess, a 
very valuable one. If care is used in its 
application, it should yield results of suf¬ 
ficient accuracy for most purposes with a 
minimum of effort. It will be especidly 
useful in problems which involve phase diift. 

A. C. Seleta^; Mr. Pollack in his dis¬ 
cussion brings out several valuable com¬ 
ments on the design of resistance-capad- 
tance coupled amplifiers. It should be noted, 
however, that throughout the entire paper, 
the fttigiilar velocity is treated as the 
scalar variable. With TMpcct to the scalof 
vafidhle w the general equation for ampU- 
fication as given by ( 2 ) remains a bidrcular 
quartic, because it consists of the sum of 

2 cirdes, which sum does not reduce to the 
canonical expression of the circle, 

Qt -i” ha 
c da 

inasmuch as it invdves higher powers of 
as may be seen from equation (2), 
. namely 


— jha — c 


variable scalar treated in the problem is 
the angular velocity. 

Mr. Pollack throws the amplification 
equation into the form of a cirde by chang¬ 
ing the scalar variable from a to 
a — c/a 

which is («* — c) /a 

and by this artifice conaders the amplifica¬ 
tion to be circular in form. It is, but the 
scalar variable in the transformed equation 
is not the angular velodty a, but a new 
function of angular velodty, involving higher 
powers of a. Thus instead of using a linear 
scale line in units of a, Mr. Pollack is using 
a linear scale line in units of 

(«* — c)/a 

It should be evident, therefore, that Mr. 
Pollack, instead of contradicting any state¬ 
ments made in the pap^, is merely introduc¬ 
ing a new scalar variable of higher order. 
Thus the general equation of amplification 
may be considered to be dither (a) a bi¬ 
drcular quartic, i.e., the sum of 2 cirdes, 
each component drde having a linear scale 
of «i or (b) a single drde with a linear scale 
in units of 
(m* — c)/ a 

Mr. Pollack’s modification of Mr. Luck’s 
method applied to the single drde is very 
interesting and helpful. The author is 
gratified in observing the increasing use of 
the cirde diagram to eliminate time-con¬ 
suming computation. It is difidcult to judge 
as to which particular method involves the 
Tninimmn of time and effort. Generally 
speaking, however, it has been the ex¬ 
perience of the author, that what is dimi- 
naited from the drawing board is merdy 
transferred to the slide rule and tables of 
functions, and that best results are ob¬ 
tained from a judidotm balance of the 2. 

Mr. Rotkin’s comments on the variation 
from linearity of the general circuit are 
greatly appreciated. This paper was written 
on the basis that the “exact” equiyalmit 
dreuit as shown in figure 1, was sufBdently 
emet to.be valid for the great majority of 
resmtauce-capadtance coupled amplifiers, 
and Mr. Rotkin concurs with t^ viewpoint 
in the dosing paragraph of his discussion. 


( 2 ) 


cond itintis described by Mr. Rotkin should 
be guided by his observations. The author 
hopes that Mr. Rotkin will iormulate the 
proper expressions of circuit epeffidmts, 
expressed as functions of the frequency, and 
incorporate them into a general method of 
determination of amplification lod. 


In the author’s opinion, the opening 1^ 
of the paragraph in the paper following 
equation d; “The yai^ 
present case is the angular vdodty i;. -. 
should make it reaSC^ly dear that the 
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Development of a 

Modern Watt-Hour Meter 

Piscunion and authonV closure of a paper by 

I. F. Kinnard and H. E. Trekell published in 

the January 1937 Issue, pages 172-9, and 
presented for Oral diicussion at the instruments 
and measurements session of the f®"" 

vention. New York, H Y., January 28,1937. 

Stanley Green (Puhean ElK:tric Manu¬ 
facturing Go., Lafayette, Ind.),: Pi^OTm- 
ahee of the new nreter described in this paper 
is better than has been considered accept- 
alde pieviot^y end therfa^^^^^l^ it is now 


proposed indicates that there may be a de¬ 
mand for it by the utiHty users of meters. 

In general, such improved characteristics in 
a meter wfll cost more to manufacture—but 
not much more. The idea has been ad¬ 
vanced by some utilities that by concentrat¬ 
ing production in one size, tWs small cost 
increment can be overcome. Under these 
conditions, the low-capacity type would 
become rare and production would be con¬ 
centrated in only 2 sizes, domestic and com¬ 
mercial, with the former greatly predominat¬ 
ing. This view appears constructive and 
even if the future domestic meter were in¬ 
creased in cost tiightiy, the increased range 
could be worth it to the utilities, not only 
from simplification of operations but be¬ 
cause it will give ample margin for the vitally 
important load building activities of the 
future. 

The authors have accurately expressed the 
tiementary derigu limitations in equations 1, 

2, and 3 and the discussion relating thereto. 
On these, most detigners ^ould be in agree¬ 
ment. Unfortunately, space available has 
apparentiy not permitted a more detailed 
expotition of subtidiary design factors and 
their interrtiationships, although some of 
these are mentioned by the authors. Rela¬ 
tive gap leng ths and proportions, pole con¬ 
figurations and proximity, relative flux 
density in interrdated parts and character¬ 
istic curves of the magnetic material enter¬ 
ing into parts of the structure all so com¬ 
plicate the problem that many solutions 
of only one unique one are posable. 
This is where the tidU and judgment of the 
deagner are utilized and if it were not for 
this, there could be only one good meter de¬ 
sign. Instead, there have always been many 

deagns and generally each is a little better 
than its predecessors. A paper such as the 
present one is useful in a high degree as it 
supplies still another step in that st im ulating 
chain of advances which is ever-lengthening 
because of changing requirements in the 
electrical industry. 

The short mean length of potential-coil 
twm mentioned by the authors is a useful 
expedient. The recognition that load com¬ 
pensation is necessary to give linear per¬ 
formance at the heavy-lmul end of the 
registration curve is constructive. Better 
methods of controlling this form of com¬ 
pensation have been devdoping in the iMt 
few years and preddon load compensation 
■ in any reasonable amount ca n now be ob¬ 
tained by several forms of compensate^ all 
working on tiie. same “saturable bridge 
prhiciple. It has been recognized by de- 
- dEmrirs fm some time that the load compen- 
^tor modifies the shape of the registration 
curve at light loads and I think we can look 
for continued beneficial effects from the 
compensator on this tmd of the curve in 
future dedgns. , 

In modifying the dedgn of a given meter 
to meet the new long-range performance 
more tTiau one path c a n be taken. It would 
be interesting to describe more than one 
avenue, but for brevity smd dearness, I 
mention only one simple s<*eme: 

In a paper in the October 1935, issue of 
]^BcnutCAi, Engjnbierino, .1 described a 

new watt-hour meter which has been manu¬ 
factured in 6-, 16-, and 60-ampere nomind 
ratings. The 3 ratings in this meter cotfld 
be inodified eadly to dupHcate the uew per¬ 
formance now proposed. In this modifica¬ 
tion the Ifi-ampere rating would heexm^ 


ir' 


the “domestic” meter. Its torque would 
be raised from 46 to 62.8 by incr easing 
the potential-element ampere-turns. This 
would give the same torque at 12.5 amperes 
as the new watt-hour meter and would, of 
course, allow the same light-load perform¬ 
ance as such performance is basically a func¬ 
tion of torque available. The increased 
potential excitation would be accomplished 
at the expense of raising the potential watts 
loss from 0.9 watt to about 1.26 or the same 
as the meter of the paper under di jjciijgfsinTi , 
The increased ratio of potential to current 
flux makes it easy to compensate the 
modified meter so tiiat the performance is 
straight line to 400 per cent load or 60 
amperes since before modification the droop 
at this point was only 1.5 per cent. In¬ 
creasing current-coil copper and providing a 
stronger damping magnet are details easily 
accomplished. 

Since a stronger damping magnet would be 
used, the watt-hour constant would not be 
changed and for the 15-ampere 2-wire 
"domestic” meter would be one, which is 
also a desirable constant for use with all 
t 3 q)es of rotating standards now in use. 


Table II of Kinnard and Trekell’s paper 
does not include a meter of 2.5 amperes 
nominal, 7.5 amperes maximum rating. 
This meter would differ from the authors’ 
“low-capacity” meter only in having 20 
turns on eadh current pole, and would be 
preferable to the nominal 5-ampere meter 
for use in connection wifh current trans¬ 
formers. I understand that meters of 2.6 
amperes nominal rating are being used for 
tWs purpose. It seems advisable to recog¬ 
nize this formally as a fourth standard rat¬ 
ing. 


H. B. Brooks (National Bureau of Stand¬ 
ards, Washington, D. C.): The papers by 
Kinn ard, Goss, and Trekell are gratifying 
examples of the modem trend away from 
the old policy of secrecy. If the design of 
electrical measuring devices is to progress 
as it should, designers must be allowed a 
reasonable degree of freedom to publish 
the principles which guide them, the re¬ 
sults of their experimental studies, and the 
particular structures which form the end 
result of their work. It is to be hoped that 
tho^ who control the policies to which the 
designing engineer must conform will 
cera the advantages which will accme to 
^ concerned as a result of such co-operation 
in the advancement of the art. 

Referring to the analysis chart, table I 
of Kimiard and Trekell’s paper, I suggest 
that it would be interesting to have for 
comparison the corresponding figures for 
the meters now being produced by the other 
^erican manufactmers. Most of the data 
for one of these other meters was given in 
Green’s paper in volume 64 of the 
Transactions. 

The suggestion of Kimiard and Trekell 
that modem watt-hour meters should be 
rated in terms of the nominal and the maxi- 
m.^ current rating d^erves consideration 
mth a view to general adoption. The reten- 
uon of the present nominal rating (i.e. 

6 amperes for a meter with a maximum con- 
tmuous rating of 16 or 20 amperes) is a 
necessity for calibration and comparison 
purposes for the present and for the im¬ 
mediate future. The straight-line accuracy 
ch^ctenstics over a large portion of the 
load raises an interesting question in 
regard to what shall be eventually takm as 
tte noimnal test point. If individual treat¬ 
ment of meters were pmcticable, the aver- 
inrtallation would be the 
logi^ one at which teste and adjustments 
wotdd be made. Since this is not feasible 
^^ce teste of modem meters at Ae 
™^um cment would require that the 
test^ should carry larger and heavim- 
^meht. it seems logi^l to Z 


F. C. Holtz (Sangamo Electric Company, 
Springfield, lU.): The authors are to be 
complimented on their very clear con- 
ciM presentation of a subject which, while 
fairly clear to the designer of watt-hour 
meters, may not have been fully appreci¬ 
ated by the user. 

By a careful and systematic analysis it 
has been possible to greatly extend the use¬ 
ful range of a meter by the introduction of 
various types of compensating means. In 
this way the manufacturer has kept pace 
with the increased demand of the user until 
now it seems possible that we may be able 
to further limit the number of types or 
capacities required for a more diversified 
application. 

From a manufacturing standpoint, I 
believe we agree with the choice of ampere- 
tu^ which will simplify our problems. In 
doing so, however, it should be on a basis 
which fully rcognizes the requirements of 
the user as to convenience of testing and the 
use of testing equipment. 

I doubt if the time is right for us to forget 
meter ratings in volte and amperes and 
merely refer to them as “domestic,” “com¬ 
mercial” or other meters. 

There is also some question as to the advisa¬ 
bility of changing ampere rating from the 
senes toward which the industry has been 
stnving. This may be of no great impor¬ 
tance or it may readily be modified by ad- 
vancments which as in this case would 
definitely tend toward the elimiriatinn of 
one or more of the present t 3 q)es. The ad- 
t^tages in this case would lie in simplifica¬ 
tion of stocks which is a great benefit to 
producer and user alike. 

In the present instance we may find our¬ 
selves m a dilemma. If the author’s meter 
were to be rated at 16 amperes and given 
a watt-hour constant of 1.6, this would not 
agree as to constant with existing meters of 
s^il^ manufacture. If it is given a rating 
ot 12 Vj amperes with the same constant, 
then the capacity is out of line with the 
present accepted standards. Of th e se 2 the 
choice should probably rest with the change 
m capaaty in order that the constants may 
remam m Ime with present practice. 


forms of commercial measuring apparatus, 
with a minimum amount of attention. 

Perhaps the nature of the problem and its 
importance has acted as an incentive for 
improvement in the art, so that now the 
most scientific methods of design and 
analysis are employed together with pure 
scientific research to determine the under¬ 
lying theories of operation. 

The contents of this paper graphically il¬ 
lustrates this fact and the treatment of 
analysis deserves special mention. Table I 
may well serve as a criterion for meter ac¬ 
ceptance with perhaps some other constants 
added. Such a table allows uniform pre¬ 
sentation of the data in a concise practical 
style. The determination of meter constants 
to establish performance charactcri.stics 
might reduce the labor in making accept¬ 
ance tests and reduce operating parameters 
to a more equal basis. Infonnat ion concern¬ 
ing additional factors may prove de.sirable. 
Suggestions from designers as to the best 
parameter which could be used a.s a relative 
index of over-all performance would be in¬ 
teresting. No doubt sueh a value will lie 
found in the future as the investigations are 
earned further into the problem to which 
this investigation has contributed so much. 

It is to be hoped that the bibliography of 
meter research will continue to grow and 
the literature will be as productive of prog¬ 
ress as that of other .scientific and engineer¬ 
ing fields. 

The proposed rating discussed for new 
watt-hour meters appears to offer consider¬ 
able advantage as is pointed out in the 
paper, namely; 

(a). Reduced stock of meters and parts 
(f>). Meets field requirements to better ad¬ 
vantage 

(c). Offers improved standardization in 
test methods 

The question of the test constant value of 
the “long range” domestic, namely; 1.6, 
may cause confusion but that condition 
can be easily overcome by proper run selec¬ 
tion. 


nJ*' Company, 

De^t, MKh): This papor fa a worthy 
ontnbution to the art of metering, in that 
It presents a comprehensive discussion of 
die elemmts affecting watt-hour meter 
watt-hour meter holds a unique 
position as an instrument for measuring 
a quantity from which revenue is dSJed 
bemuse it is subjected to so many variable 

Sid "Tl* location 

tnJtf *“^curacy require¬ 

ments must be more stringent than other 

Discussions 


L F. Kimard and H. E. Trekell; Doctor 
Broolre has sugge.sted that the 3 self-con- 
tamed ratings be augmented by a meter of 
^.0 ampere nominal current rating for use 
with instrument transformers. With a 6- 
ampere-secondary current transformer, the 
use of a 2.6-ampere meter provides greater 
insurance of accuracy of regi.stration, es¬ 
pecially at light loads, since the meter 
works at double torque. From a thermal 
standpoint, current transfonners will not 
operate continuously at loads above 7.6 
amperes in the secondary Mrinding. A 2.6- 
ampere meter is the best choice for the actual 
operatmg range of the transformer. The 
burden of the current circuit of a watt-hour 
wS “ increased 

^ proposed an interesting 
moAfication of a present meter design. 
However, it has been found from experience 
Aat a smaU inherent error can be 

sated much easier than a large error. Fur- 

ma variations in materials and 

attempts to com- 
errors usually result 
of Se d^ vanations in the performance 

As pomted out in the paper, any design 
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can be readily analyzed and its merit judged 
by a tabulation of data as shown in table I, 
page 178. It would be interesting, as sug¬ 
gested by Doctor Brooks, to give complete 
data of this nature for suggested alternate 
designs. 

While it is true, as Mr. Holtz points out, 
that when rated in accordance with present 
established constants the “domestic” meter 
described is in reality a 12.6-ampere size, 
yet it might be called a 15-ampere meter. 
In this event, however, the relation between 
watt-hour constant and ampere rating is 
different from any established standard. 
If this is done in order to meet present rating 
classifications, the inherent, nominal full 
load of 12.5 amperes should also appear on 
the nameplate to prevent confusion. 

Mr. Kane’s discussion is very much to the 
point, and as he points out, meter design 
and operating constants can be rationalized 
and guided by scientific analysis. 


ImpulsC'-Generator Voltage 
Charts for Selecting 
Circuit Constants 

Discussion and author's closure of a paper by 
J. L. Thomason published in the January 
1937 issue, pages 183-9, and presented for 
oral discussion at the instruments and measure¬ 
ments session of the winter convention, New 
York, N. y., January 28,1937. 


C. F. Haring (Purdue University, Lafay¬ 
ette, Ind.): This paper provides a much- 
needed rapid method of adequately deter¬ 
mining and standardizing surge test results 
as they arc undertaken in the various labora¬ 
tories wherein some diffiadties have been 
experienced in the past in securing compa¬ 
rable data. Demands on the part of pro¬ 
spective customers for surge tests to be made 
in independent laboratories are becoming 
more numerous and therefore any develop¬ 
ments, such as are outlined in this paper, 
looking toward the co-ordination of results 
obtained from surge generators of varying 
capacitance and discharge constants repre¬ 
sent a distinct contribution to the pioneer 
work of our profession. .. . , 

In the accompanying discussion, which I 
shall present with my endorsement, from 
Mr. C. S. Sprague, who is in charge of the 
surge testing of our high-voltage laboratory 
at Purdue University, a fu^her simplifica¬ 
tion of the standard calculations of the paper 
which are applicable to the frequently used 
11 /ax4() wave will be evident. 


T. H. Hagenguth (General Electric Com¬ 
pany, Pittsfield, Mass.): Mr. Thomason 
has presented a paper which should prove 
very useful in laboratories where nnpulse 
work is being done. Especially in those 
laboratories, where cathode-ray oscillo¬ 
graphs are not available the cha^ and 
curves presented should save considerable 
time as compared to the more lab<OT 0 us 

methods of actual calculations to obtam 

accurate information ; of the waye shape 

used for a particular impulse circuit. ^ 

Where accuracy required is within *^0 
per cent of actual values some rather simple 
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Table I 


Constant 

By Tost 

By Chart 

By Equations 

Kx . 

.0.80. 

n 30 

0 30 

Ki ... 


. 0.057. 

.. 0.057 

Front (microseconds). 

. 1.9 . 

. 1.9 . 

. 1.88 

Duration (microseconds). 


.39 . 

.37.7 

Crest (per cent).. 


.71 . 

.73.2 

Ki . 

.0.128. 

. 0.128....... 

.0.128 

Ki .. 


. 0.073. 

.0.073 

Front (microseconds). 

..1.4 . 

. 1.6 . 

. 1.35 

Duration (microseconds). 

.44 . 

.44 . 

.43.3 

Crest (per cent). 

.81 . 


.82.5 


equations are available as follows uring the 
same notations as the paper: 


Wave front: 3RiC = SRiCt 


1 

1 CilC\ 




Wave duration: 0.697(22i -|- 2?s) X 
(Cl + C,) = 0.697ieiCi(l + Rx/Ri) X 

(I + C,/Cx) (2) 


E/Eo = 


1 

1 " 1 “ Ri/Ri 


1 

1 + Ci/Ci 


(3) 


These equations yield remarkably good 
results if jRi is equal to the critical resistance 
as explained in the paper. 

Applying these equations to the 2 ex¬ 
amples presented the values of table I are 
obtained. 

It can be seen that the equations give nu¬ 
merical values which check dosdy the test 
results and the values obtained by means of 
th e charts. Often it is desired to have a 
higher crest than that obtained with the 
circuit of figure 2 but maintaining the same 
wave duration. In such a case it is an ad¬ 
vantage to insert another resistance Rt 
from the junction of Ci and Ri to ground. In 
that case the equations 1 and 3 remain un¬ 
changed, while the equation 2 changes to 

Wave tail: 0.697i2(Ci + Cj) 

where 

R = {Ri + Rj)^ 

J?i -|- 2?2 + 

For transformer testing more complicated 
charts would have to be used to take care of 
the inductance to ground of the transformer. 
It is also relatively difficult to determine the 
impulse capacitance of the transformer 
winding, which with any additional load 
capacitance determines the wave front. 
Although these voltages, wave fronts, etc., 
can be calculated, it would be a rather time 
co TisuiTiin g task to do so, when a large num¬ 
ber of transformers have to be tested. For¬ 
tunately the electrical transient analyzer is 
available, with which the circuit constants 
required for any particular transformer can 
be determined rapidly and accurately. 


wave shape, or conversely the wave shape 
produced by a given set of constants may be 
determined. 

For a wave, such as the l^/2x40, which is 
in sufficiently general use to warrant the 
procedure, the use of the curves can be con¬ 
siderably simplified by plotting, in figures 
4& and 4B, Ki vs. Kt for the constant 
value of h/h representing the lV2x40 
wave. Likewise in figures 4a and 44, the 
value of CiRi may be plotted against Ks for 
the particular wave front time U =» 1V» 
microseconds. This procedure would re¬ 
duce figures 4a, 44, 4i, and 4B to a single 
curve each, and avoid interpolation between 
a family of logarithmically spaced curves 
on a logarithmic scale. In the more general 
nature of the data as presented by the 
author, these simplificationsi could not be 
obtained; however, it might be well to indi¬ 
cate the advantages to a particular labora¬ 
tory of limiting the variables to those repre¬ 
senting conditions in that laboratory. 

The author indicates the growing need for 
specification not only of the time constants 
of the impulse but also of the circuit con¬ 
stants of the generator producing the im¬ 
pulse. 

The above seem to be the principal con¬ 
tributions of this pap^. 

As is well known a particidar wave riiape 
can be obtained from a variety of dreuit con¬ 
stants. However, the actual test results ob¬ 
tained, particularly in flashover tests of 
equipment having conaderable time lag, 
will depend upon the series impedmee or the 
rate at which energy can be supplied to the 
test piece. This is particularly true at short 
flashover times or flariiover on the rising 
front and is a further argument for specify¬ 
ing, at least the permissible range, of the 
generator constants. 

On page 186 under circuit II, the author 
calculates a necessary inductee of 68 
microhenrys and states that if this valu^e 
cannot be obtained, or if the actual Xa 
= 40 microhenrys, that the values of Ri and 
2?* can be adjusted on a straight line baas. 
Will not this change the duration of the 
wave? Why not add 18 microhenrys to 
obtain the calculated value of 58 micr^^ 
henrys? Theoretically the limitation on U‘ 
is the minimum value of the inherent self 
inductance of the generator circuit. 

• In chart II the author states (page o) 


S. Sprague (Purdue University, Lafay- 
;te, Ind.): Although the use of charts 
ad’ curves for quickly determining the 
api^ generator constants for produemg 
specified wave is not new, the author, by 
le use of ratios of circuit constants, and of 
ave front and duration times, presents a 
lethod whereby the circuit constants may 
_ _oracticallv any 


that 


Ri‘a 

4 




or in oth» words 
4L 
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so that oscillations of the generator induct¬ 
ance and the effective series capacitance 
cannot occur. Three values of W are de¬ 
noted by asterisks as indicating real roots, 
presumably meaning a unidirectional im¬ 
pulse, which the author designates (page 
6) as a "smooth wave.” Are all other 
waves oscillatory, and if so, cannot a 
damped oscillatory wave be smooth? 
Prom the conditions 


superimposed o^llations could not occur. 
Perhaps the author’s defimtion of a "smooth 
wave” might clear up this point. 

On page 188 a value of 1.4 microseconds 
is given for the wave front as determined 
from the oscillogram of figure 7. With the 
slow sweep used in figure 7 the accuracy of 
determination of the wave front timf> 
somewhat questionable. 

P. L. Bellaschi (Westinghouse Electric & 
Manufacturing Company, Sharon, Pa.): 
The impulse generator came into <»ng riti<»A»-iti£r 
prominence about 6 years ago. At that 
time the basic circuits and generator char¬ 
acteristics when testing electrical apparatus 
were analyzed and carefully studied.^ 
then the literature on the subject has grown 
both here and abroad.* Some of these con¬ 
tributions relate to the experience ac¬ 
quired, others pertain to further refinements 
in the analysis or method of 
The present paper is of a character that 
should be helpful in reducing labor where 
charts similar to those in figure 4 may not 
available. The calculation of these or 
similar charts is based on circuit anal 3 rsis, 
on methods where terms are expressed as 
ratios between similar circuit constants and 
on plotting the results conveniently and 
effectivdy in terms of the time constants 
of the circuit—all of these having been de¬ 
veloped and applied some 5 years ago. The 
usefuln^ of such methods is well demon¬ 
strated in the present paper. 

Reference is made by Mr. Thomason 
that the circuit diagram of figure 2 has been 
^ommended as basic by the International 
Electrotechnical Commission. This state¬ 
ment ^ould not be misconstrued perhaps to 
the effect that this circuit represents all 
circmt conditions encountered in present- 
day tes^g. For example, this is not 
necesmnly the basic circuit when testing 
taansfoimers for such apparatus may intro¬ 
duce other elements into the circuit, such 
as low inductance to ground, substantial 
energr dram from the generator into the 

ti^^er cir^t proper and also into the 
^tfrom which the transformer may be 
exat^ at normal-frequency voltage. A 
consid^tion of the work by the lEG 

in question wiU br^ > 

^yi^tOTded,whensuchloadsasinsulators, 

«aps, bushings, and similar equipment are i 
connected to the generator 1 

Mve come^ mto existence both in this ] 

OTuntry and m Europe since 1982. These ! 

7 S^^ter part bS J 

built to ^n^te a smooth impulse voltage t 

or a lVsx40-microsecond duration nr I 

thereabout. When wa or h 

the half-a ^ compare for example y 

tne nalf-a-dozen unpufae generators buUt I 


hereto for 3 million volts, particularly those 
for testing equipment of relatively large 
capacitance, we find that the genera¬ 
tor capacitance, the self-inductance, the stray 
capacitance, the damping resistance, and 
the load resistance for each generator are 
respectively of the same order of mag nitude 
as the corresponding^ constants of the other 
generators. Thus in practice for a given 
voltage rating of the generator the part of 
the circuit charts, such as in figure 4 of the 
paper, which would be used is rather 
localized. Considering the various voltage 
ratings of generators even then only certain 
"practical” regions in the charts would 
really be used. 
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the values of i?i and i? 2 ~”this gives a mini¬ 
mum wave front with a maximum economi¬ 
cal crest for a practically smooth wave. 

There is one idea in this paper that I 
believe should be emphasized again and that 
is this: Considering the mathematical ex¬ 
pression of the voltage wave applied to the 
test piece, as long as the ratios JC, and AT* 
are constant and 


J. L. Thomason: In. their discussions of 
this paper Dr. C. F. Harding, and Messrs. 
C. S. Sprague, J. H. Hagenguth, and P. L. 
Bellaschi have extended the art of impulse- 
voltage testing by adding new and qualify¬ 
ing information. 

Mr. Sprague has asked for the author's 
definition of a smooth wave. It can be 
stated thus: "In impulse testing the. volt¬ 
age wave applied to the test piece vdll be 
considered smooth and when its mathe¬ 
matical expression for a circuit of five con¬ 
stants (figure 2 in paper) takes the form 


L, = i?i*C/4 

all test waves will be identical throughout 

Mr. Hagenguth has presented some very 
useful approximate equations and has .shown 
their accuracy with examples. Such equa¬ 
tions should be very helpful in reducing the 
time required to select circuit constants. 
Mr. Hagenguth has also referred to the use¬ 
fulness of the electrical transient analyzer* 
which is a valuable adjunct to any labora¬ 
tory doing impulse work. 

Mr. BeUaschi has brought out a point 
which may have been overlooked in the 
paper by some readers—that is, that figure 
2 in the paper is for only a capacitance load, 
lu his discussion Mr. Bellaschi apparently 
overlooked the fact that the original in¬ 
vestigators, Steinmetz and Peek, had ana¬ 
lysed the behavior of the impulse generator 
considerably earlier than 5 years ago. 

Dr. Harding has indicated the need of 
co-ordinating the data obtained in various 
mpulse-voltage laboratories and to this 
I will add that there is the ever present need 
of reducing the time and cost of making 
tests. 

References 

AnaSITbr Tramsibnt 

volume 39, March 1036, page-i 146-0. 


and conversely the voltage wave wiU be 
considered oscillatory when its mathe¬ 
matical expression takes the form 

e =» life-”** 4 - (^os wf -f- 0 sin w t), 

where ^ ^e symbols axe constants except 
s and f. While the smooth-wave form of 
the equation could express a wave that 
would cross the zero-voltage axis, this does 

^ 5 constants 

(figure 2 m paper) for ordinary values of the 
^uit constants,” This definition of a 
smooth wave was used in the paper. For 
practical purposes the wave could be con¬ 
sidered smooth even though the part 

iV« ”* (cos at Q sin 

in the oscillatory form amounts to one per 

™ Idea also was used in the oaoer tn 
allow for the rigorous use of the rdation 

Xi » Ri»C/4 

uscuiatory form of unpul^woltaFe w 
tUs reUtioo. In > 
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Short-Time 
Spark-Over of Gaps 

Dis^ssiort and author's closure of a paper by 

lolJ'In the January 
J’”*'.'**®? presented for 

oral discussion at the Instruments and meat- 

n!w V convention, 

New York/ N. Y., January 28,1937, 

(Purdue University, I,afay- 
ette, Ind.): The shielded resistance di- 
^dCT described by the author seems to be 
*15 to make this type of 

rim for fast fronts and very short 

tow. Withregard to this divider the writer 
TOshes to Mk what length of resistance 
wire IS used to obtain the 7,000 ohms era- 
ployed m the divider. The voltage applied 

par? fromT^ ^ 

part, from the current flowing through the 

dS to fhe induced charges 

due to the shielding and ground capaci- 
teni^s. With very steep waves the latter 
must form a reasonable percentage of the 
on the rising wave front; 
w ' ^ need for shield- 

That portion of the voltage at the 
Cable, arising from the 
^^tance effects, is presumably applied 
rising voltage at 
the top md of the divider, while that por¬ 
tion resulting from the surge current flowing 
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through the resistance is not applied until 
the wave has traveled over the length of 
resistance wire between the top end of the 
divider and the cable connection. There is 
also the fact that the induced charges are 
continually leaking to ground during the 
short interval before the current wave has 
traversed the entire length of the resistance 
wire. The argument becomes complicated 
and will be carried no farther, however, it 
seems remarkable that the resistance di¬ 
viders when used for such fast fronts are as 
satisfactory as they are stated to be. 

With reference to the author’s figures 
4 tt and 6 the writer agrees with the author 
as to the elimination of Lg inso far as possible. 
However, where some Lg must be tolerate<^ 
it appears that the impulse generator and 
oscillograph grounds could be made to the 
circuit at the lower end of providing the 
voltage drop across Lg was not too high so 
as to damage charging equipment, etc. 

For some time the writer has contended 
that short-time fiashover and breakdown 
values are considerably affected by the 
amount of series resistance and inductance 
in the generator circuit. It is gratifying to 
have ttiia confirmed in the author’s figure 
6 and thus lend further support to the sug¬ 
gestion that surge generator constants, or 
at least their range, should be specified as 
well as the wave shape. 


K. B. McEachron (General Electric Com¬ 
pany, Pittsfield, Mass.): There appears 
to be a real need for a high-voltage divider, 
to be used in laboratories where impulse 
testing is carried on, which will successfully 
reproduce steep-fronted waves and still be 
compact in design and uninfluenced by sur¬ 
rounding fields. Such a divider Mr. Hagen- 
guth described, and should prove to be 
very useful indeed. Additional tests are of 
course necessary in connection with this 
divider, so that all of its uses are completely 
understood, but the data presented by hp. 
Hagenguth appeared to indicate quite 
clearly that it gives results which may be 
relied upon. It is, of cour^, unfortunate 
that no standards exist in this field of ineas- 
urement when times shorter than a micro¬ 
second or so to breakdown are considered- 

I hope that this paper wfil not be inter¬ 
preted in any sense as being intended to 
propose steeper and still steeper waves for 
impulse testing of apparatus. From my 
experience relating to surges due to natural 
lightning, either at the point of inception or 
elsewhere, there seems as yet to be no indi¬ 
cation that waves having an over-all steep¬ 
ness much in e:|c.cess of 1,000 kv per micro¬ 
second need be considered. 

It is true that much of our information 
along line is deductive and based to a 
conaderable degree upon the effects observed 
of direct strokes on apparatus and struc¬ 
tures of one sort or another. These observa¬ 
tions are, of course, coupled with results of 
tests made in the laboratory where wave 
shapes are known, and there^ does not seem 
at this dme much justification for further 
in the rate of rise of' test impulse 

waves^' 

From the point of viewi howeym’, of being 
certain of the accumey of the results for vthe 
steepness of waves expected in practice, it is 
^uite desirable that our measuring equip¬ 
ment be so deagned and operated tlmt 
measurements can be taken at rat^ of rise 
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considerably in excess of those expected. 
These additional data points will lend sup¬ 
port to the accuracy of those points within 
the expected lightning range, and help to 
appreciably increase our confidents in the 
results obtained. It would seem, therefore, 
in the absence of data to indicate these 
ultrasteep waves, that we would do well to 
confine our co-ordination studies to waves 
not exceeding 1,000 kv per microsecond at 
least, until such time as field data indicate 
that stiU steeper waves are to be encountered 
in practice. 

There is one atuation in which waves 
may appear whose steepness compares with 
that found m the laboratory, and this is the 
of fiashover between one conductor 
and another where the time to breakdown 
would be of the same order as observed in 
the laboratory for the same distances. 

In Mr. Hagenguth’s paper, mention is 
made of the difficulties involved in de¬ 
scribing the front of the wave in those cas<s 
where sufficient prespark-over current is 
drawn to cause the applied voltage wave to 
depart from its normal expected rise. It 
seems to me that the best answer to tliis 
situation, from the point of view of the test¬ 
ing laboratory, is to so proportion impulse- 
generator capacitances, and load caps^- 
tancGS and series resistance that this turning 
over characteristic will be so small as to be 
negligible. If this result can be obtained, 
then the kilovolts at breakdown divided 
by the time to breakdown would give a cor¬ 
rect rate of voltage rise, assuming of course 
that the zero of time was determined by the 
intersection of the line drawn through the 
10 and 90 per cent point on the front of the 
wave and its intersection with the time 
gvig To get such a rate of rise with a sharp 
breakdown when testing on the front of the 
wave may require some modification in some 
of the impulse generators now in use, but it 
certainly would prevent considerable con¬ 
fusion with respect to the meaning of the 
data obtained. 


H, L. Rorden and P. M. Ross (Ohio Bra-ss 
Company, Barberton,- Ohio); In surge- 
voltage testing, the accuracy of recorded 
waves and voltage calibration has been the 
object of much discussion and question. 
The voltage divider is a necessary part of 
surge testing and its accuracy might well 
be questioned, since with high voltages an 
accurate means of calibration or check is 
lacking. When the new laboratory of the 
Ohio Brass Company was put into opera¬ 
tion in 1934, one of the major itmns of con¬ 
sideration in the: design of the surge genera¬ 
tor was to obtain an electrostatic field 
which, inherent to the design, would be sub- 
stanti^ly uniform throughout the height of 
the generator, illustrated in fi^e 1. The 
divider is placed in the field adjacent to the 
generator structure, which, is t>uilt in the 
form of a helix. In each revolution of the 
h^iiv a capacitor is dose to the divider and 
T Tinititftins a voltage proportional to its 
physical height above ground. This results 
in a unifonh voltage distribution throughout 
the length of toe divider and is a desired 
condition for accurate reproduction at the 
oscillograph. ^ ^ 

At the several available junctions of the 

divider toe potential differs by leM than 3 
per cent from a uniform distribution. For 
further check, volt-tone Characteristics of 
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Figure 1. The Ohio Brass Company surge 
generator . 


spheres were obtained, the results of which 
arc in close agreement in the Vc-micro- 
second region with Mr. Hagenguth’s figure 
15. 

In many of its features this generator fits 
toe description suggested by Mr. Mc¬ 
Eachron in his discussion as being desir¬ 
able. Due to the helical design it is com- 
paetj it has a substantially uniform volt¬ 
age distribution; the entire generator in¬ 
cluding toe divider is portable. The divide 
and other circuit resistors are enclosed in 
porcelain, also the supporting insulation is 
porcelain. The generator may be used 
outdoors without damage in the event of 
inclement weather. _ 

In his figure 6 showing the chwge of 
wave shape with a change in circuit con¬ 
stants, we believe Mr. Hagenguth has 
touched upon an item which should receive 
serious consideration in setting up standards 
of surge testing. Other investigators 
directly familiar with surge testing have un¬ 
doubtedly observed this phenomenon. It 
seems very evident that considerable energy 
is required to charge corona and ionization 
streamers prior to complete breakdown. In¬ 
sertion of damping resistors in surge graera- 
tors is very necessmy, since otherwise it 
seems impossible to obtain ^form wave^. 
The damping resistance so limits the avail¬ 
able energy at the test that prior to break¬ 
down the voltage across a gap falls apprea- 
ably from that of its normal wave toape. 
This becomes increatoigly greater with over¬ 
voltages and appears to be present in ml 
where flatoover is dependent upon the 
completion of corona streamers. ^ _ 

An outstanding example of the imbility 
of surge generators- to wave 

shape before spark-over is illustrated in 
figure 2. This illustration, with additions, IS 

reproduced from' the h&rch 1936. Journal 
Of toe British TEE. The ihriuta^^ mo¬ 
tioned are very evident. 'It m 
served that to^ final flashqver^ b^^ 

voltages occurs below toe vi^ve of toe minir 
mum flashovmr. These authors have pro¬ 
posed to set up British Standmds of testing 
on toe basis of tocar re^tsj whidi would 
seem to be of questiormblO accuracy. 
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fisurt 2. Spark-ov«r at voltaset in excess of 
fliinimuin impulse spatk-over 


generators of higher energy in use, the 1x6 
wave so limits the available energy and 
TOlta^ for due to the necessary high 
damping resistance, that it is undesitable 
M test puiposes. This wave was readily 
obtained m generators of low energy but 
^wses a senous handicap on present meth- 

compUcated by several 
^ch hnutations and we wish to stress the 
ira^rtance of this point which Mr. Hagen- 
guth has touched upon. * 

R L. Bellaschi (Westinghouse Electric & 
Manufactumg Company, Sharon, Pa.): 

J- H. Hagenguth is a furthi 
contnbution on the short-time spark-over of 

Sto tedmique in obtaining such 

to compare his results 

to ^ta published m the past few years, the 
first question which arises is one on method 
of sc^g osciUogr^s and plotting data. 

t has been and is the common practice in 
testmg with impulse voltages chopped on the 

Slovoh/**®”^^ steepness of the front in 
kilovolts per microsecond and the crest volt- 
In table I the results from typical 

the steepness of the front is determined ac- 
cordmg to ^blished definition, that is 
drawmg the hne of the slope through the 2 
and oidUograms" at 10 per^? 

^d ^ per cent the crest value. Circuit 
conations present in practical testing often 

®“P“^POsed oscillations on 
nd distortion of the main component of 

judgment is neces- 
sary m applying the 10 per cent-^0 per cent 
defimtion ^d this is best done sXgl^e 
steepness of the front along the major com- 
ponent. The second column of table I gives 
^e values detamined from the appHcation 
^t^s practical method. It shows that the 
“ substantial agree¬ 
ment with those applying the 10 per Snt- I 

SieT r* Sfcohim^ Se 
time-to-breakdown has been employed to 

^culate the rate of voltage rise (average) ^ 

third from tWs C 

to i“ general compaiable 

to aose from the first 2 methods. C 

The values in column 3 ate 10 to 20 per 


Figure 4 


<^t lower than those in column 2. Con¬ 
sidering the different methods, it wiU be 

g;ps in figure 
author) are in better agreement 
Pubhshed data (Elbc- 
TRic^ Engineering, June 1934, page 870 
Engineering, September 
1936, page 986) than it may appear from a 
^p^ci^ comparison. The data in the 
papw and those reported by the writer for 
bushings, insulators, and similar equipment 
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TO BREAKDOWN-MICROSECONDS 

F'Sure 3. Spark-over voltage of BS-centi- 
meter sphere gap on positive impulse 

Cro«« represent resisMn«.dMder measureroenfs (recent 

Circled crosses represent «%cltance-dlvider measure- 
r- , ... vecent data) 

Curves In solid fines are from Rsure 6 of "Sphere Gao 

volume 32, March 1935, page 120 
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{Ekctnc Journal, June 1936, page 274) are 
substantially in the same order considering 
the char^ter of the tests. It would have 

that wfd attention 

that his data for sohd and for the com- 

bmed solid and liquid insulation applies for 
sii^le or a limited application of tests. 

""od saps which 
were takra recently in the course of ordi- 

established technique 
“ column 2 of table I) from such 
oscillograms as C and 23 of figure 4 A 
companson of these sample data with those 

(Electrical 

Entering, June 1934, page 874, figure 
) shows adequate agreement from a prac- 

as and techmque used can give practicallv 

Tnnwf conne^tion'^?-s S 

to note that departures from the average of 
some * 10 per ^t for the voltage and aLut 
p» cent for the rate of rise are to be 
expected and such variations should be con¬ 
sidered permissible at the present. That 
these and even greater variations are present 
and inherent in work of this kind will be 

inthe data 
n figure 8 of the paper. The smoothness of 
this curve at the short times is more ap- 
parent than real. 

number of points which come 
o the attention in studying this paper: 

la). According to the author, the method 
of measunng steepness in terms of time to 
bre^dovm comes into the picture because 
ot the &ttemng effect on the crest of the 
M^ve when a high series resistance (2,000 
ohms) IS used in the generator. Judging . 
from the exp^ence in a good many labora¬ 
tories the series resistance more commonly 
used IS about 400 to 600 ohms. Besides, as 
the author suggests, this resistance could 
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be removed partially or altogether to get the 
steep fronts when the load is of high capaci¬ 
tance. Because of this the flattening effect 
would not be expected in any great amount 
in the more common test arrangements. 

(b) . While the steeper fronts are ob¬ 
tained by the removal of the series resist¬ 
ance there are disadvantages entailed from 
this practice. For example, it is often con¬ 
venient or desirable to have an identical 
setup of the generator to test the same gap 
or apparatus with either the 1 V2x40 micro¬ 
second wave or a steep-fronted impulse. 
Another disadvantage would be that the 
effects of leads are accentuated upon com¬ 
plete removal of the series resistance. 

(c) . The scheme in figure 4 (&) of the 
author in attempting to reduce the effect of 
voltage drops in the ground discharge cir¬ 
cuit has been recognized. There are physical 
limitations to the degree this method can 
actually be applied. There are other possi¬ 
bilities and approaches possible to mini¬ 
mize the ground effects such as the follow¬ 
ing. Good results are obtained keeping the 
cable of the divider away from the discharge 
circuit or insulating it from ground. It 
should also be possible to ground at the test 
piece and connect this grounded end directly 
to the generator by means of cables so as to 
confine the discharge currents in a definite 
known path. 

The data on the short-time spark-over of 
the 26-ceutimeter sphere gap in figure 16 of 
the paper are substantially in disagreement 
with the results obtained by the writer and 
W. L. Teague from tests on this of sphere 
gap at exactly the same spacings {Electric 


Table I. Comparison of Methods of Scaling 
Oscillograms to Determine the Rate of Rise of 
Voltage 


Method by Method 

to Per Cent Averaging Method 

to Front on Using 

eo Per Cent Main Time-to- Oscillogram 

Definition Component Breakdown Crest 

Kv/Micro- Kv/Micro- Kv/Micro- Votoge 

seconds seconds seconds 


1,460 .. 

...1,360... 

... 985... 

... 820 

2,600. .. 

...2,820... 

...2,300. ., 

. ..1,310 

l ',880. .. 

...1,876... 

...1.620... 

.. .1,315 

2,750. .. 

...2,440... 

...2,400... 

.. .1,100 

3,000. .. 

...3,140... 

...2,370... 

...1,160 

1,850. .. 

...1,990... 

...1,440... 

... 1,035 

2^070... 

...2,160... 

...1,520... 

. ..1,036 

l',330. .. 

...1,460... 

...1,160... 

... 640 

1,140... 

...1,220... 

...1,040... 

... 865 

640... 

... 696... 

... 520... 

... 885 

020. .. 

... 640... 

... 570... 

.. • S95 


Table II. Sample Data on Rod-Gap Break 
down on Front of Wave 


Gap 

Spacing 

(Inches) 


Polarity 

of 

Impulse 


Crest Rate of 
Voltage* Rise Kv/- 
(Kv) Microseconds 


5.75. Positive. .. 

5.75 . . . .Positive. . . 

5.75. Positive. . . 

5.75. Poative.. . 

10.0 .....Negative... 

10.0 .Negative... 

10.0 .....Negative... 
20 Negative... 

*Rad - 1.0: Humidify 
cubic foot. 


..:26i.... 

... 600 

...300.... 

... 620 

...313.... 

... 800 

...320.,.. 

... 840 

...600.... 

...1,246 

.. .620.... 

...1,476 

...51.5.... 

. - .1,460 

.. .770.... 

...lillO 


» 2.0 to 3.4 grains per 
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Figure 6. Spark-over voltage of 12.5-centi- 
meter sphere gap on positive impulse 


Crones represent rcsIstance-dMder measurements 
Circled crosses represent capacitance-divider measure¬ 
ments 

The squares give the data for the one-centimeter, 2-centl. 
meter, and 3<entiineter spacinss reported by A. K. 
Nuttal (Journal of the Institution of Electrical Engineers, 
February 1936, page 229), end the dotted curve Indicates 
the fully developed wave used In these tests 


Journal. March 1935, page 120). For ex¬ 
ample the data for 4-centimetCT spacing at 
a time to breakdown of 0.2 microsecond is 
40 per cent higher in figure 15 than in the 
corresponding data plotted essentially on 
the same basis which appears in figure 6 on 
page 122 of Electric Journal, March 1935. 

<iifir>p taking the data in the Electric 
Journal, check tests have been made from 
t isnft to time with substantially good agree¬ 
ment. Recently a series of check tests have 
been made in a different laboratory from 
the one where the original data were taken. 
Results of these tests for the _2- and 4- 
cfefitimeter spacings are plotted in figure 3. 
Approximately half the measuremeuts were 
recorded at the cathode-ray oscillograph 
with the resistance divider having a re¬ 
sistance of 3,300 ohms and with a short 
cable (surge impedance equals 44 ohms). 
The other half of the tests were recorded 
With a capacitance divider. Figure 5 shows 
the test and measuring setup. Osdllo- 
grs,ms recorded are giv^ in figure 4 (a 
and B). A study of these data leads to the 
conclusion that the 2 dividers are in good 
agreement. It furtha: shows that the use 
of t h<»se 2 methods of measurement has the 
great advantages of confirming results and 
establishing confidence in measurement. 

At the same time these check tests were 
made oh the 26-centimeter sphere gaps data 
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were taken also on the 12.5-centimeter 
sphere gap for spacings of one centimeter, 

2 centimeters and 3 centimeters (plotted on 
fi^e 6). On this same fignire are also plot¬ 
ted data obtained by A. K. Nutall (Journal 
Institution of Electrical Engineers, February 
1936, page 229) on the 12.5-centuneter 
sphere gap for these same pacings by means 
of a cathode-ray oscillograph of such con¬ 
struction that the measurements are directly 
recorded at the oscillograph plates. The 
agreement between data obtained from the 

3 methods of measurement (figure 6) is 
amply close for all practical purposes. Be¬ 
cause of this good agreement there are good 
reasons to question the data of figure 15 in 
Hagenguth’s paper. 

In conclusion it is gratifying to note the 
progress that has been made possible through 
the application of the resistance divider. 
The resistance divider has come into wider 
use in the past few years and in greater 
favor. A good number of laboratories in 
the country are now also using the capaci¬ 
tance divider. Experience has shown that 
the judicious use of these 2 methods of 
measurement can fulfill most if not all prac¬ 
tical reqmrements, in impulse voltage 
measurements. 


J. H. Hagengutii: The discussions are 
principally related to the divider, effect of 
circuit constants, and the steepness of waves 
and will be taken up in that order. 

In answer to Mr. Sprague the length of 
wire used in the divider described is ap- 
proximatdy 860 feet. However, the total 
physical length of the resistance elements 
is only 6 feet. A brief attempt was made 
several years ago to determine the velocity 
of wave propagfation on an ordinary resist¬ 
ance divider, using 2 dividers of approxi¬ 
mately equal resistance (see figure 7a) but 
of different physical leng^ both as regmds 
length of wire and length of divider. 
The ends of these 2 types of dividers we?* 
connected through cables of equal lengths to 
the 2 pairs of plates of the cathode-ray oscil¬ 
lograph. ^ 

If, as expected the current must be estaW 
fished in a divider of this type by trav^g 
along the wire only, the pattern obtained 
should have been of ^e form shown on figure 
7 ft, i.e., the voltage at the plates connected 
to the short divider should have increased 
first anti approximately one microsecond 
later, assuming a vdocity equal to the speed 
of fight, the voltage at the other pair of 
plates should have increased. Howdvkr, 
the actual oscillogram obtained was dt'thO 
form as shown on figure 7c. The wave .usied 
for this test is shown on figure 7d and had a 
front of approximatdy 0.2 nucroseconds.. 

This test spptns to indicate that the volt¬ 
age transmisrion on a divider of this type 
is a Wave phenomenon of somewhat the 
nature of a space wave traveling along ^ 

divider. An exact phyrical interpretation 

of tViiQ phenomenon has not been attempted 
on accoimt of the more urgqit problem of 
finding a divider which could be used with 
confidence to measure impulse voltage with 
steep fronts. It is, howev^, an intriguing 
problem and well worth while of study. 

Standards for determining the accumcy 
of dividers for measuring steep wave fronts 
are not available, as pointed ont by hfc 
]V4oTi!ar>iiTnTi. Threfemethods have beenhsed 
to obtain proofs for the correctness of the 
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solution: First, the use of the spark-over 
of a sphere gap strongly irradicated (figure 
I of paper) represents a relative proof, since 
the actual wave front is not known. The 
fact, that a spark-over of the sphere occurs 
after the crest, which is reached in 0 1 
micro^ond, shows that the divider wiU 
he suitable for measuring fronts of 0.4 
microsecond or longer, which represent the 
^put of large high-voltage generators, 
oecond, a comparison between a 
wave and waves measured with 3 different 
r^stance dividers as shown on figure 8 


0-4 0.8 1.2 

TIME —MICROSECONDS 


may be tmder- or overcompensated. 

For ^mination of inductance Lg in the 
ground leads compromises have to be made, 
Mnce for spark-over tests on the range of 
0.6 microsecond or less voltages of the 

Qrw ^ ^ ®‘^oss a wire of 

30-foot length. 

All are agreed that it is weU to arrange 
OMchwge circuit to obtain an essentially 
straight voltage rise, thus eliminating one of 


^ the low resistance divider check fairly 
The third method consists in checking 
tte ' input and output voltages of the 
^^ded. divider by means of the electrical 
tr^^ 'analyzer, and comparing the re- 
sult with other types of dividers such as a 
small eapadtance divider. The waves 
appUed. during such tests have fronts of 
.approximately 0.06 microsecond. 

^Messrs. Rorden and Ross show a divider 
shielded by the impulse generator and claim 
. voltage distribution along the 
myider is practically uniform. It is grati¬ 
fy^ to know that the author’s results on 
sphere gaps are checked with this arrange¬ 
ment. Without knowing how this distri¬ 
bution toeasured and with what type 
of , wave, it is npt possible, to interpret this 
result correctly. 

. 'Fhcre, are severad objectipns: ( 1 ) 
divid^ has to be u^ in this one position 
^mnng relatively long leads between 
diiader:^d testpiece; (2) the shielding can¬ 
not be checked conveniently and the divider 

m 



the vykbles of the problem of front of 
t^g. Mr. BeUaschi shows in Ms 
table I the values of rate of rise of several 
osciUogr^s obtained by 3 methods. Dif. 
ferences between method 1 and 2 are of the 
^5 cent whUe differences S- 
^ 3 as proposed in the 

paper we as much as 30 per cent The 
reason for the large differences is the bend- 
mg over of the wave near the crest. In the 

M 3 the front is 

probably straight, in the other cases bmd- 
mg over occurs. This bending over is 
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nsure 9. Spark-over voltage of a 22.5-lncb 
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Figure 8. Glculated and tested wave shapes 
with redstance dirider 
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Rgure 10. Front-of-wave tests on 20-ineh 
rod gaps 

Positive polarity; standard conditions 

Imwever, not as confusing as it appears as is 
shown on figure 9 of this discussion. Curves 
dll Md Bi were plotted using conventional 
metho^ of definition of kv/yus rise, for 
Ai and J?j. The method proposed in the 
paper was used. Spark-over without series 
resistMce (Ai and At) took plhce partly on 
tim tail of the waveat about one microsecond, 
WMe at short times to spark-over (0.26 
nnCTosecMd) the voltage rise was straight 
with a sharp breakdown point. The waves 
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Rgurell. Overvoltage time 
to spark-over curves o? sphere 
gaps 
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Solid curves—^Averase for 25-centtir.eler and 100-centl- 
meter spheres; tests with shielded divider 
-)■—Positive polarity; SO-centimeter sphere; 16.7-centl- 
meter spacing 

•—Negative polarity; 50-centlmefer sphere; 16.7-centI- 


siilts between the 2 laboratories is not 
greater than 10 to 20 per cent is undoubtedly 
due to the fact, that Mr. Bellaschi uses a 
1.6x40 wave. For a front of such relatively 
slow rise the distortion effect of the non- 
shielded resistance dividm* is relatively small. 
However, as pointed out in the paper, the 
1.5-microsecond front cannot economically 
be used for front-of-wave tests on gaps in 
excess of 30 inches and it should, therefore, 
be expected that results for the larger gaps 
should show greater differences. 

It is not quite clear why it should be de¬ 
sirable to use an identiced generator setup 
for both the 1.6x40 wave and the steep- 
fronted impulse. A standardized front is 
desirable for full-wave test and expecially 
the elimination of oscillations superimposed 
on the crest of the wave is of gpreat impor¬ 
tance; for front-of-wave tests, however, limi¬ 
tations on the actual front used riiould not 
be imposed except to specify the rate of 
voltage rise, or the time to spark-over. The 
removal of the series resistance does not 
materially increase testing difficulties pro¬ 
vided the divider is connected directly to 


creasingly steeper fronts for impulse testing. 
It is merely intended to discuss the problem 
of voltage measurement and to show the 
effect of steep wave fronts on the spark- 
over of the component parts of transmission 
systems. 

A much greater amount of field data 
would be required to justify testing with 
fronts having rates of rise in excess of 1,000 
kv per microsecond. 


Currents and Potentials Along 

Leaky Ground-Return Conductors 

Discussion of a paper by E. D. Sunde pub¬ 
lished in the December 1936 issue, pages 
1338-46, and presented for oral discussion 
at the communication session of the winter 
convention. New York, N. Y., January 25, 
1937. 


meter spacing 

o—^Average of 100-centimeter sphere; 23- to 40-centi- 
meter spacing 

Nuttal Oournal of the Institution of Electrical Engineers, 
February 1936), direct measurements without divider 
Dotted curves—Bellaschi; 25-centlmeter sphere; 4-centi¬ 
meter spacing 

(a) —Capacitance divider 

(b) —Resistance divider 


of curves Bi and 3% showed the bending-over 
effect shortly before spark-over occurred. 
In spite of the different nature of the waves 
used to arrive at these curves, curves A 2 
and Bi practically fall together, and are 
checked with waves having straight voltage 
rise at all rates of rise. It appears therefore 
that the method of average rate of rise would 
produce more consistent results. 

Neither definition, however, seems to fit 
conditions for spark-over on the front of the 
wave, when spark-oyer takes place at a time 
in excess of one microsecond. Figure 10 
shows spark-over of a 20-inch rod gap when 
waves with slow exponential fronts are ap¬ 
plied. Two limits appear to exist: (a) 
spark-over due to a rectangular wave (or 
practically speaking a 1.6x40 wave) and 
(6) the spark-over due to straight line rise ' 
of voltage (or practically curve a with a time 
constant, RC = 12 microseconds). That 
waves with such slow rates of voltage rise 
cause arc-over on transmission system has 
been shown by Berger (Lightning Investi¬ 
gation During 1932 and 1933 in Switzer¬ 
land, K. Berger. ASE Bulletin No. 9, 
April 27, 1934). For slow wave front tests 
it appears desirable to indicate rate of rise 
by the time coMtant of the wave front to 
permit comparison between results obtained 
by different investigators. 

Ojnceming comparison of results pub¬ 
lished by Mr. Bellaschi and his associates 
and in the paper, it appears that the dif¬ 
ferences of rod-gap spark-ovar obtained are 
of the order of 10 to 20 per cent for larger 
spacings, i.e., spark-over values obtained 
with the shielded divider are higher by about 
that amount; yyhen compared on the same 
basis (average rate of voltage rise). The 
values obts^ed with the shielded divider 
usually check within 10 per cent under en¬ 
tirely different test conditions, with dif¬ 
ferent generators, oscillograms, and operat¬ 
ing personnel. That the differences in re- 


the testpiece. 

Much greater differences in results, are 
found when comparing the spark-over of 
sphere gaps, as pointed out by Mr. Bellaschi. 
From figure 3 and figure 6 obtained by Mr. 
Bellaschi using a redstance type and capaci¬ 
tance divider it appears that spark-over 
voltages obtained with the capacitance 
divider are consistently higher than those 
obtained with the resistance divider which 
seems to indicate that even a resistance 
divider of as low a value as 3,300 ohms will 
not reproduce correctly the true rate of rise. 
In figure 6 of this paper is replotted an aver¬ 
age curve obtained recently on a 60- 
centimeter sphere gap with 16.7-centimeters 
or 33.4-per cent spacing with points indi¬ 
cating negative polarity and crosses positive 
polarity. The large circles on this curve 
represent average values obtained from tests 
on a 100-centimeter sphere gap with spac¬ 
ing varying between 23 and 40 centimeters. 
Other recent data obtained with a 26- 
centimeter sphere gap fall within 10 per 
cent of the plotted curve. The squares indi¬ 
cate the points published in Mr. Nuttal’s 
paper simitar to those in figure 6 of Mr. 
Bellaschi’s discussion. Finally the 2 dotted 
curves represent values of figure 3 of Mr. 
Bellaschi’s discussion for 4-centimeter spac¬ 
ing. A comparison of the overvoltage values 
of the 60-centimeter and 100-centimeter 
sphere seems to indicate that the character¬ 
istic spark-over curves of the 2 sizes of 
gaps agree very well, also Nuttal’s results 
obtained on a much smaller gap of 12.5- 
centimeter diameter indicate' the same 
general trend. The curves of figure 1 of 
Mr. Bellaschi’s paper, e^ecially the values 
obtained with the capacitance dividei: agree 
fairly well in the region for spark-over times 
of 0.4 microseconds and longer. In the 
region of short-time spark-over the curves 
do not check, which possibly is due to the 
distorting eflcect of the resistance divider 
and possibly due to the effect of riie 
resistance di'vider on the field in the capa¬ 
citance diidder, which apparently were 
placed quite close as shown in figure 6 of 
Mr. Bellaschi’s discussion. 

In conclusion the author wishes to em¬ 
phasize the point brought out by Mfi; 
McEachron that the paper should not be 
interpreted as advocating the use of ;in¬ 


K. L. Maurer (Bell Telephone Laboratories, 
Incorporated, New York, N. Y.): The 
earth as a conductor of electricity has long 
been a puzzling and troublesome subject be¬ 
cause of its great extent, its amorphous 
structural arrangement, and its general lack 
of homogeneity. The tendency upon the 
part of the engineer dealing with practical 
problems involving the earth as a conductor, 
has been to get around the uncertainties 
either by ignoring them or by idealizations 
often more consistent with convenience than 
Tirith the facts. Fortunately, in many types 
of circuit problems, propagation rates are 
slow enough to admit rather sweeping ideal¬ 
izations of the electrical behavior of the 
earth. In other types of circuit problems, 
some of which are mentioned in the paper, 
and in particular, those involving differences 
in potential between points on the ground 
itself, recognition of what actually takes 
place in thC'earth cannot be avoided. In 
the past 10 years or so, a great deal of work 



Figure 1 


oh this subject has beeh done by a numbtf 
of investigators, as a. result of which many of 
the diffictilties have been resolved, and to 
this work Mx. Sunde’s paper is an important 
contribution. 

The formidable appearance of the expres¬ 
sions for voltage and current may, at first 
gianrp, give the imprcssion that the formulas 
axe too imwieldy for practi^ use. As a 
matter of fact, in most practical applioi- 
tions it will be found that the expressions 
can be considerably simplified without over¬ 
stepping the limits of engineeriiig accur^y, 
b^use it is rardy if ever that aU of the f aCr 
tors in a circuit pf oblem involving the earth 
can be determined with enough assurance to 
jiislffy carrying out all of the steps called for 
hi the fpnhulas. The main fadtor of tmcdr- 
tainty, Of cbume, is the character of the earth 
in the locality in question. As may be se^ 
from the ffMomulas in table II, fhe^ earth 
resistivity, although of ^cpndary impbf- 
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tance in the expressions for the conductor 
current and^ voltage, is an extremely impor¬ 
tant factor in determining ground potential 
since the latter is almost directly propor¬ 
tional to the resistivity. Since it is known 
by experience that the earth, particularly 
at the surface, usually is far from homogene¬ 
ous, and since it is practically impossible to 
determine the variations in resistivity over 
the entire area involved in a particular prob¬ 
lem, the question of the reliability of the 
/omulas in practical work naturally arises. 

To answer this question, a rather exten¬ 
sive senes of tests was undertaken in the 
summer of 1935. The leaky ground-return 
conductor for these tests consisted of a 
angle electrified railway track, and particu- 

attenrion was given to the investigation 
of ground potentials, such as might affect 
wmraumcation circuits in the vicinity 
From the results of these tests, which are 
de^bed m another discussion of this paper 
and from sever^ other experimental checks! 

It appears ttat in the average case, a reason¬ 
ably good fit between the formulas and the 
e^ental data can be expected with 
SucUmT hypotheses as to the earth’s 

As m example of the extent to which the 

simplifed 

expression 

by an ele^S Potential produced 
fiLJ?i nf railway, as at point P in 

ngi^ l of this discussion. Since ground nn 
tM^ are largest dose to the trSc, itls^^^f 

vam^ of separation. By means nf 
(tts^ the notation of the^pap^)?^ written 


K(x,y) 


■ (1 - f) X 


Kix) +2e~ 


■r*, 1.12'| 


Since the largest values of ground poten¬ 
tial at a given separation occur opposite the 
current source or the load, it is also of 
practical interest to examine the formula in 
the paper for small values of x. In this 
vicinity, the ground potential may be writ¬ 
ten as 

K(x,y) = Jpr(i - volts (2) 

For convenience in practical work the terms 
of equation 2 are defined as follows: 


sign. The total ground poteuiial |irt»diH'ni 
by current entering the track ui one point 
and leaving at another, as in u stH'iion 
between a load and u substation, is i he alge. 
braic sum of the potentials caleulated for 
each point separately. The differsiit c in 
ground potential between 2 electrode-i is the 
difference between the ground pmeiiiinU 
calculated in this way for each point inde¬ 
pendently. 


SrS^iS wwKl^^' of 

to vary only 

r*. In obtaininJ^e 
potential between 2 

Of *. the quantitv * given value 

potMtW 

f«et in the average S 

to igncwe ^ permissible 


J ■* trolley current, amperes 
p =» earth resistivity, meter-ohms 
M “ M/Z » ratio of mutual impedance 
of trolley and return sys- 
:tor tem to return ssrstem self- 

3or- impedance, both on an 

tial earth return basis 

)or- * =* distance along track from 

>wn point opposite electrode 

xly at which ground poten- 

ne- tial is taken, to point at 

to which current enters 

cer tracks, miles 

)b- y =■ separation, normal to track, 

lie between electrode and 

es. _ track, miles 

sn- r « = track-return-system propa- 

^ / ^// . sation constant, per mile 

^ = track-return-system leak- 

“■ age conductance mhos 

per mile 

^ “ leakage conductance of 
^ ties, track ballast, and 

® other leaks, such as cate- 

structure footings, 

*' tracks, this 

^ quantity has been found 

® to vary between 0.6 and 

2 mhos per mile per track 
for dry and wet weather 
, conditions, respectively, 

j One x^o per mile per 

^ track is frequently used 

, M a representative value 

a *■ 'leakage conductance" 
rearing to the earth in | 
Sf. vanity of track. 
This quantity may be 
taken as 1,000/p mhos per 
regardless of the 
^ “««ber of tracks ‘ 

«(ry) » a function of the return- f 

system propagation con- I 

stMt and electrode sepa- ! 

ration, containing factors I 

for conversion of dis- « 

tances from meters to „ 

miles. ^ This function is k 

sp 

At X = 0 equation 2 is valid i 
range of values of Vy of 

ever, the range of vahi^^lff cu 

equation is accurate becom for which the ou 

r* larger th^Xut te“ 

the equation is average case, eai 

about the same as ttSe for eauar^^?*°“® 

large values of Tx, however Si At Uq 

tential ordinarily is ^ tm 

that at small values 

de^inatiou is of less wactWi; ^ wh 

The ground potential orndi ^Po^tance. on 

leaving the track as “^’>>'«Wnt dlti 

oalculatedinttctine™. ^t 

way, Put has reversed ous 

^discussions 


P. Goldstone (Gibbs & IliU, Iiu*. NT-w 
. York, N. Y.): In the iirwecliiig diM iissnm 
reference was made to certain test.s b» «ditu(n 
ince expemiiental checks on the aimlvsiis Kiveii 
sys- fu ‘t*sis, in which I wjt*, 

lelf- interested from the railroad viewpotni, in 
^ addition to the study of ground potent iuh, 
measurements were also made of track eur 
om mnts and potentials, whieli are of interest 
to the railroad engineer. 

en- ^® f‘^®t uirangcnients are .shown in ligtirr 
at “• , he circuit, which rei)rc.sents the truHev 
ers Ifuck circuit of an elt*ctrilied railway, crni 
Msted of a single overheatl wire with ref urn 
m a single bonded truck. The tests wi-je 
made at one end of the drenit and rireiiii 
lengths of 1, 2, 3, and *1 mile.s were used. 

f'^fi^um'^showsob.servution.sof the follow¬ 
ing quantities as the length of the eiier«i/c,f 
section was varied: (o) track poteiiiial 

3s rl^ ^ ^ . if*) ftif 

ference m ground potciitinl between the 
ground rod nt the etlge of the IialJast mid a 
^ ground rod situated about P,t)tH) feet away 
I on a hue at right angh-H to the lrack,T) 

5. ciinent flowing away from the erirr 

8 «*zedsection. (This currentwofeonrjwetiual 

j lion.; 1 he re.suJts indicate that all 3 ouanti. 

1 ties vary in substantially the iime 

uprai ihc 

potential, however, was negligible 
sround iwlemtoi, ,t Loinu S .L 
seen to this cu* t,! be of 

Soas fb*"' 

C«?vr^ -ne.trhmt «: 

~^vaHub;:’ibX.to'“^t^ 

ous earth xpo™ h^vSon ar'""”T“- 
tential with senaratlST ^ ground po- 
earth resistivitvb??^* ^f^«reinenis 
tte vietafty cTrt' '*•' “•«'■«> to 

lion todicatedrouvhto.°a “"**“'* "*• 
to wm ”™'- 

layer was on the order 

while at greater deoih^^n* ^ 
on the carder of 200 

ditionrequiredextendi 'fhiacon. 

m the paper, wS a^l 

to eortcspand tf.h"ST“: 
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Rgure 3. 28-cycIe 
tests on single-track 
railroad; earth po¬ 
tentials at end of 
4-mile section re¬ 
ferred to a ground 
near track 
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Figure 4. 28-cycle tests on single-track 
railroad 



The following conclusions may be drawn 
from the experiments: 

1. Ground potentials, track potentials 
and earth current at one end of a traction 
circuit (at which point the potentials nor¬ 
mally are largest) vary with the circuit length 
s nearly as 1 — and decrease with 
distance x, along the track from one end of 
the section toward the. center nearly as 

2. If the earth is not homogeneous, but 
has a resistivity decreasing with depth, the 
ground potential difference between 2 elec¬ 
trodes, one of which is near the track, in¬ 
creases less rapidly, as the other electrode 
is moved away from the track, than if the 
earth is homogeneous 

3. With the track energized across a 
track break (as in case 1 of the paper) the 
track current propagation is nearly exponen¬ 
tial for a considerable distance. This was 
found to be the case over the entire section 
(3 miles) used in the tests. 


sistivity variable with depth and curve C on 
figure 4 is based on this assumption. The 
calculated curves are based on the assump¬ 
tion of infinite length of the energized circuit 
whereas the actual circuit was only 4 miles 
long. This fact accounts for some of the 
difference between the observed results and 
the calculated curve C. 

Curve C was calculated by the author 
of the original paper in the following man¬ 
ner. Assume the variation in apparent earth 
resistivity p', with electrode separation r to 
be given by the formula: 

p' - p(l 

where p is the earth resistivity measured for 
large dectrode spacings, (1 -h ^) p the earth 
resistivity for small spacings and /S a properly 
chosen constant. The earth potential is then 
approximated by calculating the earth po¬ 
tential for homogeneous ground of resis¬ 
tivity p for 2 separations y, and 



where T is the propagation constant of the 
track for the unit length used for r. The lat¬ 
ter earth potential is multiplied by ^ and added 
to the first. It was fotmd that the earth 
resistivities measured in these tests could be 
approximated by taking p = 200 per foot, 
k «= 7, and ** 0.016 per foot, and curve C 
of figure 4 is based on these assumptions. 


Inductive Co-ordination of 
Common-Neutral Power- 
Distribution Systems and 
Telephone Circuits 

Discussion and authors' closure of a paper by 
J. O'R. Coleman and R. F. Davis published 
in the January 1937 issue, pages 17-26, and 
presented for oral discussion at the communica¬ 
tion session of the winter convention. New 
York, N. y., January 25,1937. 


Sidney Withington (The New York, New 
Haven and Hartford Railroad Company, 
New Haven, Conn.): The co-operation 
which has been accomplished between the 
power and telephone interests, implied in 
this paper, I b^eve should be emphasized. 

R^erence is made in the paper to the co¬ 
ordination between the National Electric 
Light Association and the Bdl Telephone 
system. Attention is called to the joint 
effort of the Edison Electric Institute and 
Association of American Railroads, resulting 
also in general agreement as to principles 
and practices, which should avoid a great 
deal of unprofitable controversy in the fu¬ 
ture. 

Work of this kind whldh insures that de¬ 
cisions will be based upon engineering princi¬ 


ples, is incomparably more desirable than 
permitting contests in the courts, where de¬ 
cisions by nontechnical individuals may be 
based upon cleverness of presentation by 
brilliant lawyers, regardless of engineering 
merits or economic factors, rather than upon 
logical analysis founded upon facts. 

Instances of this kind have unfortunately 
occurred in the past, and it speaks well for 
the engineering profession that means have 
been taken to keep such discussion out of the 
courts in the future. 


T. A Taylor (Bell Telephone Laboratories, 
Incorporated, New York, N. Y.): The 
paper by Messrs. Coleman and Davis dis¬ 
cusses the factors which must be considered 
in the inductive co-ordination of common 
neutral power distribution systems and 
telephone circuits operating in urban areas. 
As pointed out in the paper, there has been 
a recent trend toward the use of multi- 
grounded or common-neutralsystemsinrural 
areas and in view of this trend, it may be of 
interest to compare briefiy the co-ordination 
problems presented in rural areas with those 
discussed in the paper. This discussion is 
based upon the results of field studies of this 
problem carried out during the past 2 years 
by the joint subcommittee on development 
and research—^EEI and Bell system. A 
comprehensive report on this work is now 
being prepared. 

As the authors have indicated, rural power 
circuits are generally longer, operate at lower 
load densities and frequently at higher volt¬ 
ages than those in urban areas. As a result, 
it has been found, particularly in the case 
of rural lines operating at the higher volt¬ 
ages, that the ground-return charging cur¬ 
rent components are apt to be more im¬ 
portant in contributing to their inductive 
influence than either the load current or 
transformer exciting current components, 
which generally control the influence of the 
lower voltage urban circuits. These "capaci¬ 
tive” or charging-current components re¬ 
turn, at least in part, in the ground, regard¬ 
less of whether the circuit is operated iso¬ 
lated, or with a single-grounded or multi- 
grounded neutral. The results of tests in a 
number of locations indicate that while mul¬ 
tigrounding the neutral of these longer cir¬ 
cuits increases the 60- and ISO-csrde ground- 
return components, it, on the average, 
makes no substantial change in the com¬ 
ponents of higher frequency, although in in¬ 
dividual cases they may be increased or de¬ 
creased. Measurements of noise on rural 
telephone circuits exposed to these power 
circuits have shown that these higher fre¬ 
quency components tend to control the noise 
whether the power circuits are imigrounded 
or multigrbunded. On the average, there¬ 
fore, on circuits exposed to rural power lines 
operating at 7,600 volts and above, the 
noise is not materially different whether the 
power circuit neut^ is uni- or multi- 
grounded. 

In the case of short low-voltage rural 
power lines, the charging Currents are of 
relatively small importance compared to the 
transformer exciting currents and load com¬ 
ponents. The behavior of such circuits, 
when mulligrounded, is therefore sunilar to 
that of the urban circuits discussed in the 
paper, although differences in the influence 
und.er the tmigrounded and inultigrounded 
conditions may not be as great. 
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The studies of the committee have dis¬ 
closed no new co-ordinative measures which 
may be applied to rural power and telephone 
circuits but indicate that certain of the 
measures outlined in the Coleman-Davis 
paper are applicable in rural areas. Since 
the ground-return charging current com¬ 
ponents are of particular interest, measures 
which tend to limit their magnitudes are 
relatively more important than those which 
primarily affect the transformer ev piting 
current or load current components. 

Experience has shown that the magnitudes 
of the charging currents may be affected in 
either the unigrounded or multigrounded 
c^es by resonant conditions and propaga¬ 
tion effects which occur in the longer circuits 
used in rural areas. The importance of these 
effects depends upon the voltage wave shape 
unpressed on the circuit. The charging cur¬ 
rents may therefore be reduced by improve¬ 
ment in the wave-shape conditions. The 
ground-return components of the charging' 
currents on 3-phase lines may fllan be re¬ 
duced by maintaining the greatest prac¬ 
ticable degree of balance-to-ground of the 
system, by equalizing the lengths of single- 
pha^ extensions connected to each phase. 

Since most of the rural telephone plant is 
of open-wire construction, the use of ade¬ 
quately co-ordinated telephone transposi- 
bons and the avoidance of severe iiTihaiaTir>Aq 
m the open-wire conductors may often be a 
practicable and effective co-ordinative 
measure. 

The method of co-operative platitiing of 
routes by both parties to avoid severe ex¬ 
posure conditions, which has been found 
e^tive in urban areas, is sometimes more 
dfficult to employ in planning rural exten¬ 
sions, since the power and telephone circuits 
frequently must be carried along the same 
highways. Therefore, co-operative advance 
planning must usuaUy be directed to¬ 
ward limiting the influence of the power 
s^em and the susceptiveness of the tele¬ 
phone system. 

j points out that in many cases 

desirable magnetic shielding effects may 
be obtamed by grounding the sheaths of ex- 
The joint subcom- 
mttee found from tests in 2 urban areas 
that pounds may often be practicably 
provided by bonding the cable sheath to 
tte multigrounded neutral of the power- 
^tnbution system. Since the neutrals in 

grounded 

comparable to that observed 
with other low-mipedance grounds. 


without any reference to inductive co-ordina¬ 
tion might give rise to noise difficulties, 
these can largely be avoided by co-operative 
procedure with regard to certain features 
of both the power and communication sys¬ 
tems. 

The experimental studies led to the break¬ 
ing down of the over-all noise into its 
component parts. The tables given in the 
paper show well the effects of the wave shape 
of the power system and of the unbalances 
on the telephone system. The section on 
inductive coupling, however, refers only to 
factors which generally infliiptirft the type 
of construction used, whether the systems 
use the same pole jointly or are at highway 
separation. I feel that a table or curve 
giving a comparison of the effects of these 
types of construction in an average 
would be a worthwhile addition to the pa¬ 
per. I should also like to suggest the in¬ 
clusion in the paper of a comparison of 
open-wire and cable telephone circuits 
Rowing the results to be expected on each 
in some ts^iical average case. 

At the bottom of page 24 it is stated that 
"direct metallic-circuit induction can be 
peatly reduced by systematic transpositions 
in the telephone circuit.” This agrees 
with the results in table 9 where variations 
of 5 to 1 up to 20 to 1 are given for the con¬ 
tributions to the noise from open-wrire 
SMtions. These variations are attributed to 
the effectiveness of the transpositions. On 
page 24, however, the further statement is 
made that "due to the physical limitations in 
a practical layout of telephone transpositions 
tne reduction in metallic^cifcuit induction is 
on the average from 60 to 80 per cent on 
nonpole p^s and about 90 per cent on pole 
pairs. These reductions, ranging from 2 
to 1 up to 6 to 1, do not seem to agree very 
well with the previous statement or with the 
result given in table 9. I should like to have 

the authors clarify this point. 


b^ed on tests made by the joint subcotn- 
mittee on development and research on sev¬ 
eral lines and published in volume 2 of 
"Engineering Reports,” table IX, page 102. 
Under favorable conditions greater effective¬ 
ness than the average can of cour.se be ob¬ 
tained. In table IX, page 25, the lower 
values of the noise contributed by the open 
ware is for a transposed nonpole pair and the 
higher value is for a nontransposed pair. 
Consequently the range shown is greater 
than that obtaining for a particular iiair 
when transposed and nontraiLsposed. 

"Engineering Reports” 13 and 17, (vol¬ 
ume II and III) show complete information 
on coupling and since there are many factors 
such as direct metallic and longitudinal 
coupling for both the balanced and residual 
components of both current and voltage 
each varying differently with separation it 
does not seem feasible to prepare a suinmarv 
curve. 

For distribution circuits induction from 
residual currents and voltages ia frequently 
the controlling factor. The table I .shows 
the order of magnitude of the ratios between 
joint use and roadway .separation for re¬ 
sidual coupling. 


Calorimetric Measurement 

of Dielectric Losses in Solids 

Discussion and authors’ closure of a paper by 

till n’ published in 

the December 1936 Issue, pages 1347-56, 

and presented for oral diicustlon at the com- 
municatlon session of the winter convention 
New York, N. Y., January 25,1937. 


Coleman and Davis: On the first page of 
paper reference is made to the start of 

is. use in this country 

tte system was developed and instaUed in 
T<^to, Canada by Mr. Hood pri« to iS 
installation in. Minneapolis. 

Mr. S^th rwses 2 technical points that 
to require slight elaboration to 

transpositions in exchange 
hues cited on page 24 are average vaX 


M V^ (Cornell University, Ithaca, 

Me.«5.sr.s. H. II. Race 
and S. C, Leonard, de.scribing calorimetric 
measurement of dielectric bases in .solids is 
an interesting one. 

procedure is 

pirfectly sound. This theory is that a iht- 

Of material during a given time will rai.se that 
^ cmain determinable tcmpia-a. 
ture at the end of that time. The teni- 

application 

whfiJn ‘^^obng rate, details of 

which are fully de.scnbed in the paper. If 

^en power is applied to a similar mass of 
matenal at an unknown rate, the power can 


X J. Smith (General Electric Company 
Thispap^illusSatS 
weU benefits to be derived from co- 
op^tive studies by power and telephone 
e^eers of the mutual problems which arise 

between th^ respective systems. Myrecol- 
l^tion IS that in the days when the use of 
^e^commourneutral system was first con- 
adered on a large scale, some engineers 
thought that it would considerably iSr^ 
iMuence of power circuits on paralleling 
^bile other 

experimental studies were^- 
dertak^ winch over the succeedij 
braught forth ^er^ts given 

*’esults desenbed indicate that 
while the use of the common-neutral s^tem 
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be inferred by determining the temperature 
elevation after a given short time. 

The method is perfectly sound in theory, 
but there are a number of discrepancies 
which appear in the data submitted in this 
paper which I believe deserve further ex¬ 
planation. 

In the first place the points at which the 
wattage is applied to the samples under test, 
and to the calibrating sample are quite 
different. In the test samples the wattage 
is applied presumably at a uniform rate 
throughout the mass of the material. In 
the calibrating sample, however, the watt¬ 
age is applied to the exterior surface of the 
sample, and it is an open question whether 
or not the temperatures measured by the 
method indicated are a true relative measure 
of the energy input in the 2 cases. In the 
case of the ceilibrating sample there must 
necessarily be a flow of heat from the point 
of generation to the point of measurement, 
and it is highly questionable whether or not 
the heat is uniformly distributed throughout 
the sample at the end of the short time of 
the calibration sample test run. 

The method of measuring temperature of 
both the calibrating sample and the test 
sample is such that it gives essentially the 
temperature gradient at the surface of the 
piece under test. This temperature gradient 
is in turn a measure of the cooling rate. One 
of the things in this paper, for which I see 
no explanation, is the decided difference in 
the cooling rate for the calibration sample, 
as compared to the test sample which pre¬ 
sumably is identical in every respect, except 
that the calibration sample is covered with 
a tliifi coating of conducting material. An 
analysis of figure 8, for instance, showing the 
cooling curves taken during the d-c calibra¬ 
tion on the fused-quartz calibration sample, 
shows that the rate of cooling is such that 
the temperature falls to ^/j the initial tem¬ 
perature in approximately 100 seconds as 
a minimum and 150 seconds as a maximum. 
These cooling rates are shown by the slope 
of the cooling curves. The slopes of all 
curves in figure 8 are not the same. The 
slope of the curve starting at the maximum 
temperature is approximatdy 50 per cent 
neater than that of the curve which starts 
at the tnttiiiniim temperature. This is as 
might be expected, since it is well known 
that the rate of cooling due to natural con¬ 
vection decreases with terriperature eleva¬ 
tion, and the above result might have been 
anticipated. However, when we come to 
compare the rates of cooling shown in figure 
S on the calibration sample, with the rates 
shown in figure 13 on a test sample, which 
is presumably a duplicate of the sample of 
figure 8 except that it has no surface conduc¬ 
tor, we find a rate of cooling entirely differ¬ 
ent. In figure 13 the rate of cooling is such 
that Va tibe initial temperature is reached 
in from 220 to 250 seconds, or, in othw 
words, the rate of cooling is only about Va 
of what we find on the calibration sample. 
I should like to ask Mr; Bace if there is any 
known rea^n for this rather remarkable 
Terence in the cooling rates of the 2 pre¬ 
sumably duplicate samples. 

If now we compare figure 10, which shows 
cooling curves of the Isol^tite cahbra- 
tion sample, with those of figure 14 which 
shows the cooling: curves for test sample 
of the same matenal, we find that a very 
shnilar Condition exists. In figure 10 V» of 
the initial temiperature is reached in 75 to 


110 seconds, while in figure 14 we find that 
it requires 130-150 seconds to arrive at V* 
the initial temperature. Why should there 
be this difference? 

If I may be permitted, I should like to 
suggest one possible explanation for these 
discrepancies. It is quite possible that the 
temperature of the rather heavy masses at 
the ends of the samples under test was quite 
different during the test upon the calibration 
sample, and the test upon the test sample. 
Analysis will show that a very contiderable 
portion of the heat applied to these samples 
wiU escape by thermal conduction, and of 
course the rate of heat escape by thermal 
conduction wiU depend upon temperature 
difference between the rather heavy metaUic 
terminals on the samples and the tempera¬ 
ture at the midpoint of the sample. I do 
not find that Mr. Race made any attempt 
to determine the temperature of these t^- 
minals. I am informed by those more famil¬ 
iar with high-frequency radio matters than 
I, that there is a possibility during the ap¬ 
plication of the high voltage, high frequency 
test, that some heat \tiU be developed in 
the rather heavy terminals on the test sam¬ 
ple. If this is the case, it would explain the 
difference in cooling rates that I have 
pointed out above. 

If, as I suspect, a very considerable part 
of the heat in bo^ the calibrating and the 
test samples is carried away by thermal .con¬ 
duction, the question of thermal conduc¬ 
tivity of the materials under test wiU have 
a very decided bearing upon the results 
attained. Thermal conductivity of ma¬ 
terials such as Mr. Race is experimenting 
with, varies over a very wide range. For 
instance, reference to the Smithsonion 
Physical Tables, confirmed by the Inter¬ 
national Critical Tables, give values as fol¬ 
lows: 

For crystalline quartz perpendicular to 
a-Yia of 0 degrees centigrade 

kt “ 0.0173 

For crystalline quartz parallel to axis, same 
temperature, the value of k is 0.0325. For 
hard rubber at 0 degrees centigrade the 
value of k is 0.00037, being thus about 1 per 
cent of that for crystalline quartz. I can 
find no values of this constant for fused 
quartz, but I understand it to be of the 
order of 10 per cent or 15 per cent of that 
of crystalline quartz. 

For Isolantite the value of fe is 0.00175. 
It will thus be noted that the thermal con¬ 
ductivity of the materials which were tested 
by Mr. Race vary over a very wide range. 
For instance, crystalline quartz parallel to 
the axis has a thermal conductivity, which 
is approximately 3Va cent of copper, 
while Imrd rubber has only about 0.04 per 
cent of that of copper, a variation of nearly 
100 to 1. If, as I suspect, there is an ap¬ 
preciable dissipation of heat by therm^ con¬ 
duction during the 2 minute application of 
high potential, high frequency, to the test 
samples, will not this variation in thermal 
conductivity lead to results which are far 
from accurate? 

The methods which Mr. Race is proposmg 
in this paper certainly are interesting, and 
are worthy of additional study, but I would 
question whether the results so far obtained 
are of a very high degree of accmacy. I 
believe that if Idr. Race had taken his cooling 
curves between the center of his sample and 
the metallic tenuinals thtteof his results 
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might have led to determinations quite dif¬ 
ferent from those cited in his paper. 

There is one other point that might be 
mentioned before closing this discussion. If 
the information which I have received is 
correct, namely, that heat is developed in 
the metallic terminals during the high- 
potential high-frequency voltage applica¬ 
tion, this very fact would cause the results 
as reported in the paper to be quite errone¬ 
ous. I should like to inquire whether or not 
any tests have been made to determine if 
there is such a loss in the metallic terminals 
during the period of high-potential high- 
frequency application. 


C. L. Dawes (Harvard University, Cam¬ 
bridge, Mass.): To my mind the.authors 
have developed a new and valuable tech¬ 
nique in the methods of measuring dielectric 
losses. It permits measurement of such 
losses at high voltages simultaneously with 
high frequencies, which would otherwise be 
quite difficult. Also, because of the rapidity 
with which measurements can be made, 
the method is valuable not only for control 
work but for the rapid comparison of dif¬ 
ferent dielectric materials. In the method 
as it Tia ** so far been developed, there are some 
possible sources of error. In figures 8 and 
10, which give the cooling curve for the 
calibrating samples with fused quartz and 
Isolantite, the rate of cooling is much greater 
with the test samples, as given by 
figures 13 and 14. This is explained, 

I believe, by the fact that with the calibrat¬ 
ing samples the power is applied only to the 
surface. On cooling, some of the heat flows 
inward toward the center, thus producing 
a more rapid rate of coolirig than with the 
test sample. With the latter, heat is pro¬ 
duced throughout the body of the sample 
and theheat flowmustneceskrily be outward 
toward the surface. This gives a le^er rate 
of surface cooling than for the cahbrating 
sample. Also it is questionable whether or 
not the placing of the thermocouple on the 
surface of the sample not covered by the 
surface layer of resistor material gives a 
true criterion of the cooling of the calibrat¬ 
ing sample itself. Heat must flow over more 
or less irregular paths from the heated sur¬ 
face to the point of contact of the thermo¬ 
couple. To my mind, these 2 difficulties 
might be overcome by calibrate ^th 
steady-state measurements, nang the 
method of Baldwin. 

Moreover, in calorimetric measurements 
the losses over the surface as well as the in¬ 
ternal losses of the sample are measured. 
That is, surface losses cannot be^ eliminated 
by the usual guard electrodes, as in electrical 
measurements. Also the pot^tial difference 
is appUed between the 2 ends of a sample the 
length of which is considerable in comparison 
with the diameter. Hence the field belwem 
the electrodes will not be umform and me 
didectric lines will diverge outward as they 
leave the dectrodes. This makes the str^ 
per unit volume less at the midzone of the 
sample than at the ends. Hence the loss per 
unit volume throughout the s^jfie is not 
constant. This, however, probably would 
have little or no effect so far as the com¬ 
parison of samples of dmilar geometry is 

concerned. jj. 

The authors have attempted a very dii- 
ficult problem and in their fast att^pt may 
not be expected to have brought the method 

89(1 



to perfection. They should be complimen- 
obtained such rational re- 
StSnT^^^ critical and difficult con- 


itnaca, N. Y.). This paper is very out- 
stanffii^ m its clear and fuU presentation of 
the test data. However the authors seem 
to have given only a smaU amount of at^ 
teflon to the interpretation of these data. 

evidence that temperature con¬ 
ditions were not governed by the simple 
heat-storage relations that the authors re- 
hed on m determimng the loss of a sample 
by the use of a calibrating resistor of differ- 

Si equation 4 states, in 

effect, that the quartz calibrating resistor 
reqt^es 0.25 watts (per cubic centimeter) 
per <^orie per cubic centimeter, 
on a 12q-second test, or 30 watt-seconds per 
^one, mst^d of 4.186, or the temperature 

ri«iP ^ about Vt the temperature 
nse ^t would occur with no heat loss. 

There are 2 possible explanations: 

tSSiSL'iE.SJS.* wrt ta 


bare / 4 -inch strip, any close agreement be¬ 
tween the thermal behavior of the calibrat¬ 
ing resirtor and the test sample must be 
reg^ded as a fortunate accident. Certainlv 
conduction plays a part in the heating of the 
b^e stnp, and it seems incredible that a 
radic^ change in the width of this strip 

With elimination of conduction effects and 
a c^brati^ resistor that simulates the 
tMt specim^ m aU essential respects, it is 
hkdy that this method would be capable of 
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H. H. Race and S. C. Leonard: Before 
an^^mg specific questions raised regard- 

“•ke this 


uvcr wnicn Dndge and substitution 
measurements can be used to measure dielec- 
and_didectric loss of solid in- 


Both of these are true, as can be shown 
cooling curves of, say, the 
quartz calibratmg resistor. The uppemost 
8) shows a thermal time con¬ 
stant of about 150 seconds, indicating a heat 
loss which should have resulted in a tem- 

tim^ ATo, durmg the heating period. (With 

no heat loss, the rise would be about 3 de¬ 
grees.) 

In view of the construction of the appara- 
be unreasonable to assume 
^tATo repres^ts only about V. the actual 
rise, but to justify extrapolation of the cool¬ 
ing curves by drawing them as straight lines 

of ® constant fraction 

ome true rise. However, the slopes of the 
cwlmg ^es on the quartz-calibrating re¬ 
sistor differ by as much as 1.6 to one,\ud 
the average of these is about twice as great 
as Ae slope of die cooling curves on the 
qi^ twt sample, raising a question as to 
ag^cana of the results even when the 

material. M it is unreasonable to ascribe 
iuconstant coefficients of 
beat transfer over the narrow range of work- 
mg temperatures, it seems likely that An 
represent a fixed fraction of 
tue true temperature rise; or, in other 
words, that the assumption of a linear cool- 
ing curve is arbifrary and unjustified. 

‘1““^ caUbrating 

rwistor IS about 6 times as large as can be ■ 

^ black-body radiation. i 
rffis discrepancy persists for any assumed 
Sf A temperature rise to ATo » 

Hence the temperatures must have been - 
hrgdy by i 

ably to the massive metaUic end pieces If i 

Isolantite can I 

eff Jr+i Significance, for the conduction S 

“to account and i 

would be entndy different in the caKbratffig ^ 

reastor and in the test sample. J 

tbenbsence of any published defense of ^ 

^e construction of Ae calibrating re^or. 

Its surface heating and with tempera- R 
ture measuronent made at the middle of a 


, should be possible at frequencies and vol? 
nS ^ than those we ha4 

I rSe ®“PP^y is avail- 

I able. The major disadvantage of previous 
calormetnc methods has been the time re- 
quir^ to reach steady state. This paper 
u2T? process in a 3 months attempt to 
use a traiuient calorimeter in this hitherto 
held of loss measnremSi^ 

s^d dielectries. There is need tor forth™ 

"S^erit of the method which waTnr? 
noth the hope of stimolating o£ 

snwkeis to try transient calorimetry 

3 ““ ^ “Petated into 

CoNDvonoN From ihb 
ISNDS OP THE Samples 

^ When we started this work we planned to 
Me sample 6 inches long with the hope that 

SSl have a negKgible 

^Mt upon the temperature of the midpSnt. 

measurements showed that with 
the maximum voltage available the gradient 
material was in- 
produce a measurable tempera¬ 
ture (Merence. Therefore the samSL 
shortened to IVs and 2 inchS^S 
Mogmzed attendant increases in the effects 
of ai^ thermal conduction. Preliminary 
^culations from the experimental data 
showed that about 80 to 85 per cent of the 

^ 2 -^uTh 2 lSg 

penod was being dissipated through the 
the theoretical 

A^al charactmstics of our specific cal- 
S f c^culated by Doctor H. Por- i 
itsky of our engmeering general department. j 


His resets indicated that (a) assuming ser, 
end conduct^, the time constant of radial con 
^ vectvm and radiation should b/aiZtm 

5 metal ends U 

Ae hmt sumps, the time constant oj 

^Ico^uchon s^ be about 150 seconds. 
This latter value is of the same order as the 
me^red time constants, indicating that the 

SSuv^°^r f dissipated 

^^y. Because of space limitation, these 
mattematicd studies of heat flow could not 
be mcluded in the paper, but are available 
m report fom. The fact that a major por¬ 
tion of the heat is dissipated axially should 
not prevent the use of the differential ther¬ 
mocouple to measure total heat if the 
cncuits have constant coefficients 
Md If the test piece and caHbrator are made 
of ^e s^e materials. When the test piece 

material 

SciSd™^ “ certainly less 

OR TrMRKRRTURr 

We have not used the time constants of 
the temperature measurements to indicate 
hm geiiCTated, but have extrapolated the 
of removal of potential to 
observed that the 
toe constot of temperature relaxation 
^^es with ^perimental conditions and 
that If the ambient temperature is changing 
the relaxation curves may not have the s^ 
hni! may not be exponential in form, 

v^UM of ATo are effected much less than 
to toe coMtants by such changes in am- 

SSl ^nriderable more work 

must be done to determine the ultimate 

The paper shows 
to check obtained for the absolute value 
of loss factor of fused quartz. 
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(C). Tvpe of Calibrator 

themal conductivity of a sample is 
unportot, it was considered necessary to 
make the caHbrator of the same material as 
material having com- 
No materials 

we available having sufficiently high volume 
riectncal conductivity so that toy could 
c^ibrators which also have the 
same thermal properties as the materials 
b^g twted. A one-point calibration was 
btamed using a soKd carborundum caHbra- 
to as shown m figure 2. The cooling curves 

were not exponential functions and the 
steepness of the initiid slopes caused by its 
^^ter ^erm^ conductivity made it diffi- 
extrapolated value of 
as great as 30 per cent 
oidd be m^e in this extrapolation. The 
vtoe of ATo as extrapolated in figure 2 
when corrected for specific heat and density 
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agreed with the value of AFo obtained from 
the fused quartz calibration curve for the 
same value of watts per cubic centimeter 
input. 

Since the surface type calibrators gave 
more consistent data, we asked Doctor 
Poritsky to make a mathematical analysis 
of the temperature rise at the center of the 
uncoated portion assuming uniform heat in¬ 
put to the remaining surface and zero heat 
loss. The mathematics are too involved to 
be included here, but indicated a heat rise at 
this point of 2.8 degrees centigrade for a total 
heat input of 0.2 watts for 2 minutes. Like¬ 
wise, if we assume uniform volume heating 
at 0.2 watts for 2 minutes and zero heat loss 
the average temperature rise shotdd be 3.0 
degrees centigrade. Therefore, the error 
resulting from surface heating is given by the 
ratio of 2.8 to 3.0 degrees centigrade. On 
the other hand we have already shown that 
heat dissipation to the ends is a much more 
important factor. This is again indicated 
by the fact that the measured value of ATo 
was only 0.42 degrees centigrade for these 
conditions. 

"Whether or not this ratio of 0.42 to 2.8 re¬ 
mains constant is one of the important fac¬ 
tors to be investigated more thoroughly. 
The independent check obtained in the case 
of fused quartz and the fact that measure¬ 
ments on other low-loss samples give con¬ 
sistent results between different samples of 
similar materials and yield loss factors of the 
order of magnitude anticipated indicates 
that the variation in this ratio may not 
be as serious as has been assumed. 

Case II under “Calculations’* was pre¬ 
sented as a possible method of determining 
a value for loss factor for a material that 
was different from that of the calibrating 
body. Calibrators were made of several 
different bodies other than the quartz and 
Isolantite units described in the paper and 
correlation of the experimental data thus 
obtained led to the presentation of case II. 
We realize that this method is based on a 
limited amount of experimental data and 
that case I is the preferable method. 

On the whole we are pleased with the 
initial results obtained with the transient 
calorimeter as reported in this paper. The 
complete development of a measuring tech¬ 
nique built around this method obviously 
will require a large variety of samples. In 
the meantime we believe ttot with adequate 
manipulation and analysis that satisfactory 
results are obtainaUe. 

Automatic Boosters 
on Distribution Circuits 

Discussion and author's closure of a paper by 
Leonard M. Olmsted published in the Octo¬ 
ber 1936 issue/ pages 1083^6/ and pre¬ 
sented for oral discussion at the power dis¬ 
tribution session of the winter convention. 
New york, N. Y., January 26,1937. 

J. A. Brooks (New York and Queens 
Electric Light and Power Company, Flush¬ 
ing, N. Y.): The author has discussed in 
detail the application of automatic step 
boosters on 4-kv distribution feeders. lam 
inclined to agree with his views in the case 
of most rural circuits^ That is, I feel that an 
automatic booster controlled by voltage re- 
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lays is the solution to low-voltage problems 
where neither the feeder nor the bus to which 
the feeder is connected are regulated. In 
such a case, the voltage on the feeder is 
determined not only by the load on the 
feeder but by external conditions quite re¬ 
mote from the feeder itself. As a conse¬ 
quence, the feeder voltage is likely to have a 
large spread and voltage control for the 
booster must necessarily be the choice. 

However, in the cases which the author 
describes, where the feeder voltage is held 
substantially constant at some feed point by 
induction regulators in the station, it ap¬ 
pears to me that the possibility of current 
control for the boosters has been dismissed 
too lightly. The author states that current 
control operates on the principle that the 
voltage drop in the line is directly propor¬ 
tional to the current flowing. Actually, of 
course, the voltage drop depends upon 3 
factors, they are: (1) The impedance of the 
circuit; (2) the current flowing in the cir¬ 
cuit, and (3) the power factor of this load 
current. Of these 3 factors, the circuit im¬ 
pedance is a known constant and I submit 
that, for a circuit which feeds a suburban 
load, the power factor is also a constant for 
any given time of the day. With these 2 
factors constant the only variable remaining 
is the load current. In my opinion, there¬ 
fore, the assumption on which current con¬ 
trol is based is accurate. 

In the case which the author cites for a 
2 Va per cent single step booster controlled by 
voltage relays it is shown that, due to an 
expected one per cent error in reky accm-acy 
the effective boost obtained is only 1.5 per 
cent. This amounts to a reduction of 40 per 
cent in terms of the booster rating. If cur¬ 
rent control were used in this case and the 
relay error was the same—one per cent—^the 
effective boost would be lowered by only one 
per cent of the voltage drop. Since the 
booster rating will be of the order of mag¬ 
nitude of the voltage drop, the relay error 
would result in a reduction in booster effec¬ 
tiveness of only one per cent in terms of the 
booster rating or one fortieth of that when 
voltage control was used. 


P. £. Benner (General Electric Company, 
Schenectady, N. Y.): Mr. Olmsted Im 
made a very interesting analysis of the 
application of boosters to the distribution 
circuits of the Duquesne Light Company. 
It should be noted that his particular prob¬ 
lem was not one of economically regulating 
small loads and low-capacity feeders but 
consMed of supplementing the regulation of 
the feeder induction regulators at the sub¬ 
station. In this connection it would be well 
to differentiate between the low-capacity 
low-cost 10-per cent-range regulator and 
the low-range supplementary booster used 
in connection with the usual station-type 
feeder regulator. As shown by figure 1 the 
pole-type induction regulator and the small 
4-step regulator were developed to make it 
possible to economically regulate small loads 
and low-capacity circuits. By means of 
these regulators, capacities as low as 10-kva 
can be obtained at approximately the same 
cost per kilovolt-ampere as the larger sta- 
tion-t 3 rpe regulators. 

The booster on the other hand is strictly a 
supplementary device. A one-step booster 
can be readily arranged to give one 2V»-P^ 
cent fixed boost and one 2 V 2 -per cent auto¬ 



matic boost. By following through the 
author’s method of analysis, it will be seen 
that this arrangement gives exactly the 
same results as a booster having 2 automatic 
steps because theoretically the first step is 
always in. Therefore, there is no particular 
advantage in having the first step auto¬ 
matic. Moreover, the one step device lends 
itself to a much simpler control and should 
be especially attractive for this reason. 
Figure 2 ^ows several curves similar to 
those plotted in the author’s figure 6. The 
curve on the one 2Vr-pcr cent fixed and one 
2 V 2 'percent automatic step booster has 
been extended to cover the same range as 
the 2—^2Vi~step booster inasmuch as the 
analysis ^ows it will produce the same 
results. It will be noted that the curves 
have been terminated so as to indicate the 
useful range of the device in question. Ex¬ 
tending the curves horizontally to the 
right-hand margin might easily give the im¬ 
pression that the device was economically 
applicable for the entire variation of pri¬ 
mary voltage, whereas it is believed that it 
would be very questionable to say the least 
to use a device which did not make full 
use of the permissible primary-voltage vari¬ 
ation. 

It is believed that further consideration 
should be given to the analysis by which the 
author concluded that the 2—^1,33-per cent 
step booster would give the most economical 
operation for a primary voltage variation of 
5 per Figure 3 riiows the factors 

entering into this analysis. The prunary 
voltage varies from 100 per cent to 105 per 
cent. The booster is selected on the basis 
that its range plus the band width of its con¬ 
trol is equal to 6 per cent. As shown, the 
band width figures to be plus or minus 1.17 
per cent and the range 2.66 per cent. It will 
be noted that at full load whmi the incom¬ 
ing primary voltagpe is 100 per cent, the 
booster would attempt to hold the outgoing 
primary voltage within the band width for 
which the control was adjusted. Ordinarily 
the voltage held would average somewhere 
pi»ar the center of the band-^dth setting. 
However, in this case because 6f the limited 
range the voltage which could be 

bpH approximates the lower limit of the 
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2V2 per cent instead of 6 per cent. It should 
be noted that line-drop compensation would 
be uecMsary to take advantage of this in¬ 
crease in range from 6 per cent to 71/4 per 
cent. That is, the booster or regulating 
device would hold voltage not at the point 
where it was located, but it would compen¬ 
sate for a portion of the distribution trans¬ 
former and secondary drop. 

From a practical standpoint it is obviously 
desu-able wherever possible to use a regu¬ 
lator or booster having a range and size of 
step applicable to average rather thati speci¬ 
fic feeder conditions in order to permit a 
Mgree of standardization which will justify 
the low price levels desired on this type of 
equipment. 


to expect that branch feeder regulators in 
many c^m will operate for long periods of 
tune without any inspection or mainte- 
mnce whatever. Accordingly, it is my opin¬ 
ion that the mechanisms used in branch 
feeder regulators must be of the same order 

changing mechanisms 
used m station-tsrpe regulators. 


CENT PRIMARY 
VOLTAGE VARIATION 

Figure 2 
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^ lower fban 

Wd be heldifthebooster had an additional 

one or 2 steps. It is bdieved that this ex- 
Wh “ outgoing voltage is easily 

the extra cost of the larger range de- 

S if the cost of the device it- 

100'^ steps is represented by 
100 per cent the next 2 could be had for 

approximately an additional 30 per cent. In 

oth^ words 2 additional steps, one of which 

fi analysis would be in serv¬ 

ice at full load, would cost only about 60 

per cent as much as each of the Lt2stei« 
frnm this analysis it is beUeved that 
from the theoretical as weH as the practical 
standpo^ rule number 2 governing the se- 

The vnltage range of the booster should be 
^proxunately the same as the perSlfie 
voltage^ variation in order to allow 
to liold UK madmiim voltage 

. JlMaotiortaadarfttedlv Wconeero 

^ amount of primary 

yolj^e variation permissible. It cm^ 

rea^y that the 6 per cent vXion 
t^d m ^ analyds Could ea^y be extended 
TO 7 /j ptf cent by assuming the difference 

loaded transformers and secondaries ^o be 

.^694 : 


L. H. Hill (AUis-Chalmers Manufacturing 
Company, Milwaukee, Wis.): Mr. Olmsted 
IS to be congratulated on having presented 
a paper which includes considerably more 
fund^etd data than would be indicated by 
me title of his paper. Ever since the intro¬ 
duction of step voltage regulators, there 
been considerable discussion concerning 
the u^ of time delay in the control; and 
Mr. Olmsted shows conclusively that the use 
of time delay will give good results from a 
regulation point of view. He also considers 
the ^ect of primary relay setting on the 
Q numbtf of operations and also the size of 
step that can be used. His analysis of the 
raect of size of step on the range of regula¬ 
tion IS general and would apply to any type 
of regulator. 

It mght be pointed out in connection 
mtb figure 6 that since Mr. Olmsted's con- 
dusions are drawn on the basis of a regula¬ 
tor with ^per cent range, the 8-step regu- 

> Vrpercent step ta- 
st^d of a IVi-per cent step for this appli¬ 
cation, in which case the relative effective¬ 
ness cuiwe would have been above the curve 
for the induction regulator. 

Natur^y since Mr. Olmsted's conclusions 
we based on a total of 5 per cent regulation. 

It IS necessary to point out that other con- 
dusions might be reached for regulators of 
tte conv^tional 10-per cent range, such as 
are needed on more rural-type 
_ It sho^d also be pointed out in connec- 
® concerning the relative 
c^ts of vanous automatic voltage boosters 
the condusion might be drawn that the size 
of step wwe the only variable. As a matter 
of fact, th^coste must be based on equip- 
mrats made by different manufacturers, and 
It cannot be assumed that the cost of the 
vanoM mechanisms is comparable. Actu- 
auy, there is considerable difference in the 
quahty of mechanism in booster regulates 
of various steps. There seems to be m im- 

pr^ion abroad on the part of some de- 
operators, for that mat- 
b^w mechanism in a 

regulator can be something 
sunply because it is used 
for bran<* replation. It might be admit- 

brfioi argument that a regulator on 
b^ch service may not operate as fre¬ 
quently as one used for station type service- 

branch type regulator wiU un¬ 
doubtedly opwate for much longer periods 
of^ time_ ^thout inspection. The very 
Mtme of the application-mountdi on poS 
jn^^ore or Jess inaccessible places-means 
that i^ection and maintenance will be at 
a mimmum; and it wiU not be unreasonable 

Discussiom 


Li M. Olmsted: Before repl3dng to the 
di^ussions, I wish to correct 2 errors in the 
published ^cle. In figure 8, the per cent 
regulation from B to C should be 3.00 per 
cent instead of 2.66 per cent. In table II, 
the rday-band widths should read *1 00 
1.10, * 1.26 and 1.38. It is well to ob- 
seive also that table II presents estimated 

® experiments in- 

ended to check them is under way but not 
yet completed. 

I agree wi^ Mr. Brooks’ statement that 
voltage ^op in a distribution feeder depends 
upon (1) impedance of the circuit, (2) cur¬ 
rent flowing in the circuit, and (3) power 
factor of the current. It must be observed 
however, that the purpose of a booster on a 
regulated feeder is to correct for voltage 
wop between the feeding point and the 
booster. If there is no load tapped off the 
circmt between these points, then the cur¬ 
rent through the booster provides a fairly 
accurate measure of this voltage drop and 
could be used to control the booster. Usu- 
^y most of the load is fed from the circuit 
between the feeding point and the booster 
however, ^d a considerable part of the volt¬ 
age drop is caused by load current which 
does not pass through the booster. In such 
cases the current through the booster is not 
an apeurate measure of the voltage drop and 
could be used to control the booster only if 
the characteristics of loading on the circuit 
we ^ch that the current flowing through 
the booster is always proportional tb the 
wltage drop between the feeding point and 
the booster. For example, assume a dr- 
emt passing through an industrial section 
wd mto a residential area; voltage is low 
m tte residential area and a current-con¬ 
trolled booster is installed between the 2 
weas to correct it. With the relay adjusted 
to give satisfactory night-time voltage, the 
residential area might continue to get low 
voltage during the daytime because its day 

load might be too light to operate the booster 

to correct for the voltage drop caused by 
the low-power factor day-time industrial 
load between the feeding point and the 
booster. 

It is quite true that the great spread be- 

tw^ light-load current requiring no boost 

and heavy-load current requiring boost 
might permit a relay setting which would 
sa^ce less than one per cent of the droiit 
voltage, but the necessity to allow for dis- 
proportionality between booster current and 
wltage drop could v^ easily eradicate 
t^ advantage. Such considerations led 
the wthor to write that "the accuracy \rith 

which the voltage is regulated (by currmit 
COTtrol) depends upon the consist^cy with 

wmchthedistributionofloadalongtliecir- 
duplicated from day to day. This 
limitation is overcome by voltage control. , 

^ Mr. Benner has advocated the use of 
boosters having one permanent step mid one 
automatic step in p^ce of 2 automatic 
steps. Undoubtedly the first booster on a r 
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circuit could be of this type, but a second 
booster in series could not have a fixed sitep 
without causing high voltage during light¬ 
load periods. A booster having a perma¬ 
nent step cannot be set on neutral and by¬ 
passed out of service without interrupting 
customers beyond the booster. Further¬ 
more, it is difficult to avoid some phase un¬ 
balance on long circuits, and a perihanent 
booster might tend to increase the voltage 
on a phase already high on account of un¬ 
balance. The difference in cost is not large, 
and it is doubtful whether the savings offset 
the disadvantages. 

Mr. Beimer’s criticism that the limited 
range of the 2--1.33 per cent step booster 
results in a full one per cent lower output 
voltage than could be secured by a 4-step 
booster is minimized by the fact that the 
input voltage of 100 per cent, upon which it 
is founded, actually is the lower limit of a. 
101 *•= 1 per cent voltage band and would 
exist for comparativdy short periods. It 
is well to note, howevCT, that 4 0.8 per cent 
steps would hold the ou^ut voltage at 104.1 
* 0.9 volts with a lower limit 0.64 volts 
higher at a relative cost only a little higher 
than the 2 1.33 per cent steps. Of course 
0.8 per cent is not a standard step/ but as 
long as a 4-step regulator with a total range 
of 6 per cent or less is not standard anyway, 
I see no reason why the step size should 
not be selected for the application. 

Obviously it is desirable to use a regulator 
or booster having a range and size of step 
applicable to average rather than specific 
feeder conditions. The very fact that 
these standard ratings have been found so 
grosdy inadequate for applications having 


limits admittedly cloi^ but not unusual 
leads one to wonder whether a more gener¬ 
ally applicable set of standards might be 
developed. Mr. Benner has noted that the 
problem "consisted of supplementing the 
regulation of the feeder induction regu¬ 
lators at the substation" and that the booster 
was developed for this purpose. Why, 
then, was a total range of 10 per cent incor¬ 
porated into the design? The diagrams 
show the curves of figures 6 and 6 of the 
paper (corrected for pri<^ changes) extended 
to show the full range of each device. Note 
that a primary voltage variation of 21 per 
cent is necessary to secure the full effective¬ 
ness of a 1-10 per cent step booster. Surely 
so great a variation in primary voltage is 
excessive for any system. If we limit the 
primary voltage variation to 14 per cent, 
which certainly could not be considered too 
dose, we find the 1-10 per cent step booster 
completely outclassed, both in effectiveness 
and in relative cost, by the 1-7.6 per cent 
and the 2-^60 per cent step boosters although 
neither is used to its maximum effectiveness. 

Boosters of somewhat less range designed 
for maximum effectiveness at 14 per cent 
primary voltage variation would have either 
1-6.6 per cent step or 2-4.33 per cent steps 
and the rdative cost, taking the price as 
that of the corresponding standard ratings, 
would be from 10 to 18 per cent lower be¬ 
cause of the increased effectiveness. Follow¬ 
ing the present established practice of hav¬ 
ing taps at the quarter points on the one- 
step design, and of having a serieS-parelld 
connection on the 2-step, we would find 
steps of 1.62, 3;26, 4.88, and 6.60 per cent 
on the one and ^eps of 2.16 and 4.33.per 


cent on the other. These steps are some¬ 
what more adaptable to the dose limitations 
discussed in the paper than are the steps at 
present available on standard equipment, 
and indicate that compromise ratings might 
be found which would prove entirdy satis¬ 
factory for both types of application. It is 
suggested that this compromise rating 
have 1.6,3.0,4.5, and 6.0 per cent taps, with 
a choice of one-step or 2-step tap changers. 
People requiring dose regulation could use 
2-1.6 per cent steps to secure a maximum of 
3.0 per cent increase within a primary volt¬ 
age variation of 5.6 per cent. People requir¬ 
ing maximtun correction at miniTmiTn cost 
could use 1-6.0 per cent step to secure an 
increase of 6.0 per cent within a primary 
voltage variation of 13.0 per cent. Inter¬ 
mediate requirements could be satisfied by 

1- 3.0 per cent or 1-4.6 per cent step, or 

2- ^.0 per cent steps. The dashed ctnves 
based upon prices of correspon ding capadty 
in standard ratings, show that these pro¬ 
posed steps lower the relative cost of booster 
operation within 6.0 per cent limits practi¬ 
cally to the 2-1.33 per cent special design, 
and yet can be applied to the wider limits 
for which the present standard designs are 
suitable with no increase in r^tive cost. 

Inasmuch as the amount of boost has been 
reduced, the largest rating of booster in the 
2,400-volt dass would be 104 amperes at 
6.0 per cent or 16 kva, permitting standard¬ 
ization upon the 3 capadties of 6, 10, and 
16 kva in place of the present 4. It is my 
opinion that such a change would be of 
decided benefit to the industry. 

I agree with Mr. Hill's suggestion that 
S-'/s per cent steps would be more suitable 
than 8-1V4 per cent for the application dis¬ 
cussed in the paper. It would not lower the 
relative cost as much, however, as the one- 
and 2-step boosters with a total range of 
6.0 per cent. Automatic voltage boosters 
do not receive the same attention in service 
as the station-type voltage regulators, con¬ 
sequently must be simple and sturdy, ap¬ 
proaching as nearly as possible the reli¬ 
ability of distribution transformers. In my 
opinion time dday is valuable in that it 
tends to reduce the number of operations, 
thereby minimizing wear and increasing the 
time whidi can be allowed between inspec¬ 
tions. Recently a spot wdder has been 
connected on the single-phase extension of 
the boostdr application described in the 
paper, which varies the primary voltage al¬ 
most 3 volts, and the time delay has proved 
very desirable. 


Trends in Distribution 
Overcurrent. Protection 

Discussion and authors' closure of a paper by 

G. F. Li neks and P. E. Benner published in 
the January 1937 issue, pages 138-52, and 
presented for oral discussion at the power 
distribution session of the winter convention. 
New York, N. Y., January 26,1937. 

H. P, Seelye (The Detroit Edison Com¬ 
pany, Detroit^ Mich.): At several points 
in this excellent presentation of the mbj^t 
of co-ordination of overcurrent protection, 
the authors have mmitioned the importance 
of economic considerations and of the rda- 
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tiye amount of customer outage in deter- 
mmmg the proper combination of devices. 
Some light on these factors has been gained 
outages on the 

Detroit Bdison system. 

The Detroit system is divided into 2 sec¬ 
tions m which somewhat different conditions 
prevail. In the suburban part which in¬ 
dudes a large number of smaller cities and 
towns as well as rural territory, the trans¬ 
formers are radial, that is each serving its 

Tl secondary, and are 

proteded by pnmary fuse cutouts only In 
sdecting fuse sizes the emphasis has been 
placed on service continuity rather tban 
protection to the equipment. The smallest 
p^ary fuse used is one of 8-ampere rating 
This coreesponds fairly weU with the nSd- 
M of 6 amperes for a 20-to-l ratio system 
which the authors of this paper have men¬ 
tioned as ^vmg proper co-ordination with 
the larger household fuses. The fuse itself 
w a cartridge fuse of special Detroit Edison 
design which has an appredably greater in¬ 
verse (^act^tic than the usual expulsion 
shown in the curves of this paper. 

K ® 3-year period an average of only 
f A7® transformers per year out of a 
total of approximately 30,000 transformers 
Imve been burned out due to secondary 
short circmts or overload. This is about i A 
ofoneperc^t. Of these, 38 per cent were 

in ® per cent, 

10 kva, 2 per cent, 16 kva; and a negligible 
amount of Imger ones. The propoSon 
between number burned out and total in 
ser^ce for each size is: D/j kva. 0.42 per 
cent; 6 kva, 0,29 per cent; 10 kva. 010 
per cent,' 15 kva, 0.08 per cent. It is 
evident ^t, for this system at least, the 
rario of burnouts decreases rapidly with size 
Md most of the burnouts occur on 1 Vj- gud 
5-kva sizes. For 15 kva and above the 
cnpaaty seems to be large enough to bum 
on most faults. 

An estimate of the cost of replacing a nd 
repa^ bumed-out trensformeis, com¬ 
pared with the cost of using secondary fuses 
tor merged protection, showed that to 
accomphsh any saving such a fuse must cost 
less than an amount ranging from 76 cents 
for a 1 V2-kva down to 36 cents for a 10-kva 
mduding mcidental material and labor of 
^tallation. A study of the curves given in 
t^ paper shows that it would be rather 
oiffi^t with the conventional fuses to get 
inu(* protection from such a fuse on the 
transformers. As to the benefit to 
be gamed in service continuity, on this sys¬ 
tem most of the 1 Vs- and 6-kva transform^ 
serve only one customer so the loss of serv- 
ice due to their burnouts is not great 
iUso, the records available indicate that only 
about V* of the faults which would blow a 
secondary fuse, and hence interrupt service 
do bum out the transformer, the other half 
clearag, whereas with fuse protection these 
would be likely to cause intermption. 

In the dty of Detroit, transform^s are 
banked, that is, the secondaries tied solidly 
togethw and the transformers protected by 
both pr^ary and secondary fuses in then- 
leads. The paper points out the advan¬ 
tages of banking (page 147) in redudng volt¬ 
age variations and the emergency duty 
thrown on any transformer and its prbtec- 
apparentiy favors the 
iMse bank, however, with fuses midway 
between fransformers rather than the solid 
bank, giving a number of reasons, most of 


which are not as serious in practice as they 
appear from a distance. It is tme that 
sohd banking requires somewhat more care 
m design than loose banking—for example, 
primary rings are quite a necessary accom¬ 
paniment of large banks—but 30 years suc- 
cessf^ operation of this scheme in Detroit 
has s^wn conclusively that it is economical 
^d effective in decreasing customer outage 
Its advantage over the loose bank, in addi¬ 
tion to maintaining service in case one trans- 
foimer develops a fault, is that the capacity 
of 2 or more adjacent transformers is avaU- 
able to b^ off a secondary short whereas, 
bank, the intermediate fuses 
are likely to blow, leaving conditions the 
same as for a radial ^tem. Although 
cascadmg of a whole bank in such a case is 
a possibility which is frequently mentioned 
as a serious disadvantage, it actually occurs 
m relatively few cases. 

A cm^ record of aU fuses blown on the 
Detroit banked system over a period of 18 
months, and involving about 20,000 trans¬ 
formers, showed only 6 cases of cascading in 
ba^ containing more than 4 transformers 
aad m ^ of these only one side of the 

Ajo-volt secondary was involved.. Of the 

remai^g cases, 60 per cent had only 2 
transfomers in bank, the remaining 60 per 
c^t being about equally divided between 
mose with 3 transformers and those with 4. 

In n^ly all of these, the transformers were 
smaU and also usually only one side of the 
secondary went out. On the whole system, 
267 transformers, or about •/» of one per 
per year were involved in these outages 
, service outage amounted to 

only half that in transformer-secondary 
umts or *Vioo of one per cent. The con- 
dusion IS evident that the bigger banks do 

* w ‘cJi occur and 

pat rile best banks have more than four 
fransformers, although of course it is not al¬ 
ways practical to make them. Further 
pudy of this record showed that the solid 
bmks aUowed about 66 per cent less actual 
mtenuption than would probably have been 
experienced with a radial system, and 50 per 
cent kss than with loose banks. Consider¬ 
ing the smaU banks of 2,3. or 4 transformers 
^one, the mdications were that the soHd 
bai* ^ at least as good in this regard and 
probably a little better than either of the 
other sch^es, there being many cases in 
which only one or two fuses were found 
blown without any service interruption, 
pen where only two transformers were tied 
togemer. Transformer bumoute due to 
senace ports or overloads in this area are 
negligible. 

This is np intended to disparage the 
l<»se bmik, which no doubt has its field. 

It IS pspd to emphasize what the authors 
have indicated in their paper that banking of 
tranrformers is an important means of im¬ 
proving protection to service and to point 
wt that solid banking is practical and ef¬ 
fective where it can be properly applied. 


Being somewhat familiar with the work 
which the New York Power and Light Cor¬ 
poration has done and is doing along the lines 
suggested in this paper, the following com¬ 
ments may be in order. Over the past 2 
years this company has put in much hard 
work and effort studying their distribution 
sptem by districts to find ways and means 
of unprovmg service to customers and doing 
It economically. ^ 

In studying a district the plan has been to 
mst inspect the lines and make recommenda¬ 
tion as to putting them into first class phys- 
icp shape. This would include tree trim- 
mmg vpere desirable, and seeing that cross- 
arms, braces, and equipment on the poles 
were installed properly. 

Secondly, decision would be made as to 
he type, rating, and location of overcurrent 
devices for each circuit in a district. This 
would usually mean several changes and 
some additional devices. Time-current 
ch^teristics were plotted for the fuses 
and devices, in manner shown in the au- 
thors paper. Selections were made only 
after it was reasonably certain as shown by 
the curves plotted, that no fuse blowing 
would cause damage to another fuse or 
mcorrectly cause a relay to operate and 
thereby tnp a circuit unnecessarily. 

This program has now been carried out 
over considerable time with what seems to be 
about 100 per cent results. In some of the 
long ru^ lines as many as 4 fuses have been 
placed in series. These might be rated for 
example 16,26, 40, and 60 amperes. Some 
of the longer lines have been operating this 
way for about one year with good results as 
reported from the.districts. However, steps 
are now being taken to improve the way of 
obtaufing and reporting operating results 
to make sure the fuses and overcurrent de¬ 
uces are operating as expected. It is also 
the pm to obtain more information regard¬ 
ing the ratio of permanent to temporary 
faults for different circuits so the benefits to 
be derived from the use of reclo sing devices 
may be determined. This seems to be a 
step m the right direction, because if it is 
worth while to spend much time and effort 
selecting and applying fuses and overcurrent 
devices, it certainly is worth while to get 
complete outage data and then analyze it 
to determine if the devices are operating as 
expected and also determine if any improve¬ 
ments can be made in the devices themselves 
or in the ways of using them. 
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E. J. Burnham (General Electric Company, 
^mectady N.Y.); The paper by Lincks 
and Bemer brmgs out facts and information 
which throw considerable Ught on the Preb¬ 
le of overcurrent protection. By using 
these facts and studying the results much 
can be gained from the standpoint of the 
user and fromthe standpoint of the manu¬ 
facturer. 

Discussions 


IL H. Buie (Line Material Company, South 
Milwaukee, Wis.): There is a certain type 
of low-cost rural system now being built in 
different parts of the country which prob¬ 
ably includes more of the interesting prob¬ 
lems described by Messrs. Lincks and Ben¬ 
ner than any other type of power distribu¬ 
tion. . 

I refer to those systems in which power is 
dehvered to individual farms through IV*- 
or 3-kva transformers supplied by 4,800- 
volt or 6,900-volt sinjfle-phase grounded 
branch lines or subbranch lines. At the 
^stomer’s service entrance 60-ampere fuse 
boxes are provided. The transformers have 
mtemal fuses and have spill-over gaps in¬ 
stead of lightning arresters. All brimch 
hnes have repeater fuses or r^osing 
breakers where the line branchy off from 
me main feeder. When one of gaps 
flashes over due to lightning the branch-line 
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ifuse blows to dear the circuit. After a mo- 
tnentary’ interruption the next fuse of the 
Tepeater conies into the circuit and power is 
restored. 

The 60-ampere fuse which it is possible 
or the customer to insert in the service box 
is considerably oversize for the initial load, 
which the customer is expected to provide 
and this 60-ampere fuse is, of course, too 
large to afford much overload protection to 
the transformer. The likelihood of this 
load in ^rpas in g , however, warrants the large 
•service fuse although first cost prohibits the 
•installation of a larger transformer. 

If the transformer fuse is installed inside 
the tank, it is important that the fuse co- 
■ordinate with the 60-ampere secondary fuse 
and that it blow only in case of dire neces¬ 
sity because of the inconvemence of replac¬ 
ing the link- As a result the size of this 
link is selected so as to blow in case of a short 
■circuit between service wires leading to the 
•customer’s house but to let the 60-ampere 
secondary fuse take care of less serious 
trouble. 

The spill-over gaps that are used instead 
•of lightning arresters require the system to 
be broken up into as small sections as pos¬ 
sible so that when one of these gaps flashes 
•over and blows a branch line fuse, only a few 
•customers will be affected. This sectional- 
iising requires that the fuse links on the vari¬ 
ous branches and subbranches be spaced 
■closer together than is ordinarily permis¬ 
sible. The result is that certain values of 
f atdt current wiU blow not only the nearest 
fuse but will also take out the next larger 
fuse in the series. A larger number of cus¬ 
tomers are affected than is entirely desirable, 
but since all fuses are of the repeater type 
the interruption of service is momentary. 

A system of this kind obviously 
certain sacrifices in quahty of service in 
order to reduce the cost of the lines to a 
point where it is possible to build •them, and 
is a good example of the increasing demand 
being made on fuses for greater accuracy in 
co-ordination. 


manent line faults varying from 64 to 85 
per cent, 3 companies from 6.7 to 7.6 per 
cent, and in the case of the ninth company 
there seems to be more permanent faults 
than total faults on the circuits. 

It would be very interesting to know more 
about the differences in conditions existing 
between 6 companies mth high percentages 
of permanent faults and the 3 companies 
with low percentages. A great number of 
conditions might be responsible, such as 
nature of area served, type of construction, 
tree conditions, relay protection, etc. The 
differences are so great, however, that there 
should be some apparent reason for them. 

The idea of instantaneous tripout on ini¬ 
tial fault and time delay on redosure is 
p.< yi»da11y attractive horn the standpoint of 
preventing permanent damage. It would 
be interesting to know from those companies 
nfiing it, whether it has had any influence in 
this respect. 

L. M. Olnuted (Duquesne Light Company, 
Pittsburgh, Pa.): Mr. Lincks and Mr. 
Benner have presented a very good account 
of the techmque of co-ordinating over¬ 
current protection on a distribution system. 

Sitnilar Studies by the Duquesne Light 
Company have indicated severd difficulties, 
however, which might well be considered at 
this time. 

The diagram below shows curves for a 
10 -kva 2,400-volt transformer serving an 
individual consumer. Full-load cment on 
the secondary is 42 amperes, and inasmuch 
as it is common practice to permit loading 
up to 160 per cent of rating, this current 
may be as great as 63 amperes. The next 
larger commercial size of fuse is 100 ampwes 
which size is taken as the basis of co-ordiim- 
tion. The secondary connections are 3-wire 
grounded-neutral and practically all of the 
consumers’ load is connected line-to-neutr^, 
consequently short circuits are practicaUy 
aU from one line to netural. This gives a 
transformation ratio of 2,300 to 115, so that 


20 amperes primary current is equivalent to 
400 amperes of secondary short-circuit cur¬ 
rent. Curves for 3 different types of 1(W 
ampere secondary fuses are shown on this 
basis. 

There seems to be a growing trend toward 
thermally tripped circuit breakers, how¬ 
ever, and it is advisable to compare their 
characteristics with the curves of the fu^ 
which they replace. The commercial size 
next larger than the 63 amperes load cur¬ 
rent for this 10-kva transformer is 70 am¬ 
peres; corresponding curves are shown on 
the diagram. It is veiry evident that these 
dewces are much slower blowmg than fuses, 
which ha-«; permitted the sales feature of 
being less subject to tripping by motor¬ 
starting currents. The co-ordination of 
primary fuses, however, must be with the 
circuit breaker rather than fuses. 

In order to provide some degree of pro¬ 
tection to the transformer and secondary 
system, it is desirable to use a primary fose 
of about 15 amperes continuous rating. 
The curves for four such fuses, each one 
rated for 100 per cent current and 3 of them 
universal, are shown as il-15, B-16, C-15, and 
P-16. A-16 co-ordinates with ample mar¬ 
gin but has a rather high continuous carry¬ 
ing capacity. B-15 is very dcse at h^yy 
currents but probably co-ordinates ^tis- 
factorily and has a more reasonable continu¬ 
ous-carrying capacity. C-15 and P-16 fail 
to co-ordinate for short circuits exceeding 
approximately 6 times full-load current. 
This comparison demonstrates the marked 
difference in characteristics for supposedly 
interchangeable fuses of diff^ent manufac¬ 
ture. 

The comparatively recent agreement 
oTTinTig fuse manufacturers to rate fuses for 
continuous operation at 100 per cent current 
might seem to offer some hope that the 
characteristics of fuses gradually will be 
brought into closer agreement. In that 
light it is unfortunate that manufacturers 
B and C both superseded a fuse with char¬ 
acteristics which would have co-ordinated 


O. B. Dodds (Duquesne Light Company, 
Pittsburgh, Pa.): The authors have corre¬ 
lated a great amount of information relative 
to the protection of distribution circuits. 
The information they have obtained regard^- 
ing outage data of various companies is 
particularly interesting. ^ , 

As the authors have pomted out, thwe is 
a 'Wide variation between the companies in 
the frequency and nature of outages. How- 
in, one respect there is a disappointing 
similarity. This is in regard to the perma¬ 
nent line outages (per 100 miles of line) as 
shown in line 1, table II. Although the 
numbers vary greatly for the different com¬ 
panies, when they are compared with the 
total outages due to line troubles (per 100 
miles of line) on line 1 of table I and ^- 
pressed on a per cent basis of the total line 
faults, the results are alarmingly consistent 
for some of the companies. For ^ample, 
comparing line 1 of table I with line 1 of 
table II, it is seen that of the total line 
faults, the following percentage are per¬ 
manent for the Various companies: 64 per 
cent, 61 per cent, 6 per cent, 66 per cent, 
70 per cent,. 7.5 per cent, 85 per cent, and 
Si7 pecent. 

It appears from these figures that 5 ot 
the 9 cOmpanie have percentage of per- 

JULY 1937 



100 

PRIMARY AMPERES 
Figure 1 


Discussions 


897 



R 1 K when they introduced 

5-16 and C-16. There seems to be a de¬ 
eded trend toward "fast blowing" primary 
fuses, probably intended to afford better 
selective action between transformer fuses 
and line sectionalizing fuses. This trend is 
entirely opposite to the trend of consumers' 

overload protectionand seriously complicates 

the co-ordination of primary and secondary 
protective devices. 


G. F. Lincks and P. E. Benner: The 
authors greatly appreciate the contributions 
made by those discussing this paper. This 
^oidd enhance its value for those interested 
m tte mprovement of service continuity 
on distnbution systems. 

It is assumed that the lOO-ampere fuse 
^d 70-^pere circuit breakers referred to 
by Mr. L. M. Olmsted, are those located at 
board on the consumer’s premises, 
desi^of ^e fuse links referred to as 
Olmsted’s discussion, was 
made to fit a saentifically developed set of 
bme-current curves as shown in figure 4 of 
the published paper. In developing these 
ea^ fuse link was made to blow within 5 
mmutes at as low a percentage above the 
ratu^ as possible and still carry the rating 
continuously and without exceeding a tem- 
perattue rise of 30 degrees centigrade above 
an ^bi^t temperature of 40 degrees centi¬ 
grade. Motor starting acceleration time- 
current curves were plotted for motors rep¬ 
resenting 75 per cent of fuU-load current of 
a teansformer fused with a fuse link rated at 
2 tunes the M-load current, which is the 
lowest of the fusing practices developed and 
qmte gen^afiy used by the utilities for the 
pnmary of distribution transformers. These 
practkes apply to fuse links rated to blow 
at 160 per cent of their ratings within 5 
mmutw and a similar application was made 
m the development of the curves in figure 4 



Figure 3. 
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of the published paper, although some fuse 
S*® were reamed later in order to meet 
the iiew 100 per cent continuous current 
ca^g rating standards. Induction type 
usca oy me Utilities for the apprx^h these motor starting 

Pnm^ of distribution transformers. These 

practices apply to fuse links rated to blow one-tr3^im«H ^ locating the 

- ' ' • ^ one-to-3-second range of the time-current 

cu^es for the fuse links best adapted to co- 

higher-current range of the fuse-link curves 
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was made to co-ordinate with plunger-type 
relays of which there are many in service 
and with the interrupting rating of the fuse 
^tout for which the fuse links are designed. 
The ci^es for all ratings were made to 
p^allel each other as closely as possible so 
the smaUer fuse links will protect the larger 
ftwe links to the highest currents possible 
when connected in series for line sectionaliz- 
mg. The design of the actual fuse linka 
was made so as to produce these scientifi¬ 
cally developed curves. 

In figure^ 2, the full-load full-voltage 
motor-starting-acceleration time-ciurent 
curves for 3- and 6-horsepower 116-volt, 
motors are plotted with a duplicate of Mr ., 
Olmsted’s curves for the 100-ampde fuses, 
circuit breakers and the 
Olo 16-ampere fuses. The 3-horsepower 
motor has a full-load current of 28 amperes 
OT 65 per cent of the full-load current of the 
0-]^a transformer, thus closely approxi- 
development of the 
C16 curves. The fuU-load current of the 
6-horsepower motor and 10-kva transform^ 
are approximately equal. It can be seen, 
j. t both of these motor-starting curves in¬ 
dicate successful co-ordination with the 100- 
ampere fi^, while the less inverse curves of 
.® ^*^^t breakers allow ^ excessively 
wide range above the motor-starting curves. 

a result, these slower-less inverse— 
characteristics of the breaker prevent rea¬ 
sonably cloto co-ordination with branch-line 
ifiug^or cartridge fuses (connected oh either 
the line or load side) on the consumer’s, 
preimses and, as Mr. Olmsted points out, 

' mterfere wili the applicatipn of the piimaiy 

ruse links scientifically developed to proidde 

close co-ordination with both induction, 
rel^s and motor-starting currents. Actuai 
studies by the engineers of several utility 
companies have shown that slowd: (less, 
mverse) .primary fuse link characteristics, 
thanthe ’C16" curves will heces|sitate higher 
feeder circuit breaker relay settings, which 
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FUSING PRACTICE-TIMES FULL LOAD CURRENT 
OF TRANSFORMER=RATINS OF FUSE LINK 

Figure 4. Primary fusing practice—transformer 
burnout curve 

Bdsed on usins an S-ampere fuse linkwithi V!-/5-,10-, 
and- 15-l(va 4,800-volt transformers which Mr. Seelye 
'States is the practice for the transformers to which the 
data in his discussion applies. 

Transformer Fusins Practice Per Cent Burnouts 
Ratins X Full Load Per Size Installed 


IVs.25.0...-..0.42 

5 7.2.0.29 

10 . 3.8.0.10 

15 2.5.0.08 


in turn will interfere with the protection on 
the transmission system. This indicates 
the need for making the time-current char¬ 
acteristics of the secondary circuit breakers 
more inverse. 

Mr. Olmsted has chosen the less conser¬ 
vative example on the basis that the major¬ 
ity of faults will occur between line and 
neutral (115 volts) where the transformation 
ratio for short circuit and surge currents is 
:20 to 1. Figure 3 illustrates the effect of 
line-to-line 230-yolt faults for the same in- 
rstallation except with 5-horsepower and 
10-horsepower, 230-volt motors having full- 
load currents of 23 and 43 amperes, respec¬ 
tively. It can be seen that a 20-ampere 
primary fuse link “C20’' figure 3 is necessary 
instead of the 16-ampere fuse link “CIS” in 
order to be protected by the 100-ampere 
•cartridge fuse. However, this is not unrea¬ 
sonable when one considers that with the 
wide variation in the many different mi^es 
of cartridge fuses purchased on the open 
-market out of the control of the utility engi¬ 
neer, the 100-ampere rating, in meeting the 
Fire Underwriters’ specifications, blows at 
150 amperes secondary current or 15 am¬ 
peres primary current (150 per cent of its 
:rating) within 4 minutes, while most 16- 
:ampere primary fuse links blow at 22.6 am¬ 
peres primary current (150 per cent of its 
•rating) within 5 minutes. The curves in 
•figure 3 show the conditions of figure 2 made 
worse by the lower transformation ratio, 
thus accentuating the need for speeding up 
'(making more inverse) the characteristics of 
•secondary circuit breakers for use on the 
•consumers’ premises, in order that as a 
.comparativdy new device entering the field, 
:it niay better line up with existing condi¬ 
tions and equipment. 

The instantaneous trip shown by Mr. 
'Olmsted for one of the 70-ampere circuit 
:breakers/ see curve X figures 2 and 3, as 
taken from Mr, Olmsted’s curves, might be 
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helpful on 115-volt faults if set to cut off at 
lower currents, see curve Y figure 2. How¬ 
ever, as shown by curve Y figure 3, this 
does not appear to offer a solution on 230- 
volt faults, where the full-load current of 
the 230-volt motors closely approximates the 
full-load current of the transformer. With 
smaller 230-volt motors having full-load 
currents approximately 75 per cent of that 
for the transformer or even large 116-volt 
motors, the setting of the instantaneous trip 
might be made low enough, curve Z figure 3, 
to permit co-ordination with the motor 
acceleration curves and the ‘'C20” primary 
fuse links of figure 3 but the co-ordination of 
branch line, plug, or cartridge fuses might 
prove difficult with such an installation. 

With this background and to more directly 
answer Mr. Olmsted’s question, the trend 
has been to faster time-current character¬ 
istics for primary fuse links during the past 
years, so as to permit the closer co-ordina¬ 
tion with existing induction type relays 
which many utility engineers have declared a 
vital necessity. 

Mr. H. D. Seelye has made a real contri¬ 
bution in enlarging on the economies of 
secondary protection for individual trans¬ 
formers and outlining the advantages of the 
secondary banking, which he calls “solid,” 
meaning with fuses in the secondary leads 
and not everything solidly tied together'as 
is being used by another utility pioneering 
in this phase of secondary protection.® Mr. 
Seelye’s data confirms that given in table I 
and II of the paper in showing that the nor¬ 
mal primary fusing practices just mentioned 
are affording a high degree of protection to 
the transformer except for the lower kva 
ratings where the ratio of fuse rating to 
transformer full load current is much higher. 
The curve figure 4 shows how the percentage 
of transformer burnouts per size installed, 
as taken from the tabulation in Mr. Seelye’s 
discussion, varies with the fusing practice. 
It is of interest to note that 3 of the points 
fall on a straight cturve, indicating a trend 
which, of course, may or may not apply to 
higher-rated transformer. Mr. Sedlye’s 
records of the types of loading and any other 
causes for the higher percentages of burn¬ 
outs with 5-kva transformers would be of 
value. Possibly, the increased use of 5-kva 
transformers for range and hot-water heat¬ 
ing loads might be an explatiation for the. 
higher percentage of burnouts which, if 
true, would also raise the percentage of 
burnouts for 3-kva transformers above such 
a trend curve plotted f<M: other utilities’ 
systems where they are using these for simi¬ 
lar loads. As Mr. Seelye indicates, the use 
of secondary protection depends on the de¬ 
gree of improvement in protection which can 
be secured and a comparison of the savings 
made possible thereby rr. the cost of squiring 
these savings for the particular conditions 
pertaining on each specific system. 

It was not the intent of the authors to 
favor the "sectionalized” or “loose” bank¬ 
ing or any of the other types of protection 
covered in the published paper, but rather 
to investigate the effect of each of the trends 
in distribution protection so utility engineers 
may be better .enabled to decide which best 
suits his requirements. If emphasis was 
placed on the “sectionalized” banking, it wsts 
because this method appears to predominate 
in the installations known to the authors 
and because it does permit squiring the 
benefits without increasing the primary fus¬ 
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ing practice. Actual service experience has 
proved that this latter is important for 
those wishing to sectionalize the lines now 
or in the future. Mr. Seelye points out that 
the so-called “solid” banking is best adapted 
to ring feeders where the secondaries of a 
large number of transformers are connected 
together which he states is not always prac¬ 
tical to adapt to existing systems. He rates 
the “solid” and “sectionalized” or “loose” 
banking as equal where 2, 3, or 4 trans¬ 
formers are connected together, although 
having previously discounted the effect of 
each on line sectionalizing as discussed in 
the paper since he believes this is not a 
serious operating problem. 

Mr. E. J. Burnham’s discussion of the ex¬ 
periences of the New York Power and Light 
Corporation with fused line sectionalizing, 
which includes not only straight radial cir¬ 
cuits but those that are more complicated 
and interconnected, exemplifies the growing 
trend toward this effective method of reduc¬ 
ing consumer minutes outage. The im¬ 
provements embodied in modem fuse cut¬ 
outs and fuse links^’® along with the pro¬ 
tective characteristic charts,* the total 
clearing time-current curves and the simpli¬ 
fied methods of calculating the currents in 
primary line short circuits® now available 
have made primary-line sectionalizing with 
fuses practical even to a much greater degree 
than heretofore. Mr. Btunham supports 
the paper in stating that more actual operat¬ 
ing data expressed in numerical terms are 
necessary to help toward the more effective 
application of this and other methods of dis¬ 
tribution-protection. However, as exempli¬ 
fied in Mr. Burnham’s discussion, the prac¬ 
tical and more general knowledge of utffity 
engineers on the reductions in line outages 
by line sectionalizing when applied accord¬ 
ing to modem methods has placed this 
method of line protection beyond the experi¬ 
mental stage. In addition to the benefits 
mentioned by Mr. Burnham and in the 
paper, fused sectionalizing when applied in 
accordance with figure 12 of the published 
paper can be made effective in extending 
protection to the lines out beyond the point 
where the line impedance limits fault cur¬ 
rents to values below the minimum pickup 
current setting of the feeder circuit breaker 
rday. Permanent faults might otherwise 
anneal the copper or actually bum down the 
lines. 

Mr. G. B. Dodds has brought out an im¬ 
portant point in regard to permanent vf. 
temporary faults. He appeairs to favor a 
system on which temporary faults predomi¬ 
nate, whereas some other utility engineers 
have expressed their belief that the causes of 
temporary faults are subject to correction 
and thus believe permanent faults should 
predominate. Possibly this variance in 
viewpoint may influence the system design, 
which, along with the other conditions Mr. 
Dodds suggests, might be responsible for the 
difference between the 6 companies having a 
percentage of permanent faults varying 
from 64 per cent to 85 per cent and the 3 
companies varying from 5.7 per cent to 7.6 
, per cent. 

The authors appreciate Mr. Dodds Calling 
attention to the misplaced decimal point in 
table il. In chedcing ihis table, other simiT 
lar errors suggest reprinting the data in 
correct form. 

Mr. Dodds expressed interest im the idea 
of instantaneous tripotit on initial opening 
























Table II. 


Comparison of Peimaneni Primary Line Oiifaset widi Disiribiiflon Transformer and Secondary Outages 

(Reprinted to Include Corrections) 


Company 


8 


1.. . .Permanent line outages (per 100 miles of lines). 

2.. . .Cistribation transformer and secondary outages (per ioo tiatribution tr^s- 

lorzners). 

3.. . .Transformers per mile.. . i!. 

4.. . .Transformer outages for one mlie of line due to permanent line faults !. 

“ ’ * one-mile line due to transformer and secondaiy 

«... .Transformer outoges for a‘i/,liile Kne duiVo p^man^t-Hne faulto. 

^-^^Its*™**^ outages for a Vs-mUe line due to transformer and secondary 


.18.65.,.,8.3 .... 2.54. 


.. 7.2 . 
..11.9 . 
., 2 . 22 .. 

.. 0 . 86 ., 

.. 0.505. 


..4.1 , 
.. 9.6 . 
..0.79. 

..0.39. 

.. 0 . 20 . 


... 8.7 . 
...18.5 . 
... 3.43. 

... 1.73. 
.. 0.83. 


..35.0. 
... 5 . 6 . 


.. 0.43 -0.20 _0.80, 


...14.0 

... 8.1 
... 10.7 
... 1.5 

... 0.87 
.. 0.38 

.. 0.44. 


. , 1 , 0 . 

. . 0.9. 


..34.0 


..7 
.. 7 


.8 , 

9 

. 68 . 


,.1,7. 
. .3.0 


L63 

.07. 


0.31 


.. 0.4 

.. 11.6 
.. 8.9 
. 0,30 

.. 1.03 
. 0.09 

. 0.62 


of the feeder circuit breaker and time delay 
on reclosure so as to permit branch line fuses 
to isolate permanent faults. The Toledo 
Edison Company have reported very favor¬ 
ably on their experiences which we believe 
extend over a period of several years. One 
or 2 other companies in that district have 
also adopted this scheme. Without doubt 
many engineers would welcome the publish¬ 
ing of any operating data they have 
accumulated. 

Mr. R. H. Earle brings out an interesting 
trend in rural distribution with respect to a 
practice of wiring residences with 60-ampere 
meter svritches and receptacles for future 
needs while installing low kva transformers 
rated for the present load. He states that 
the mtemal transformer fuses are selected to 
Dtow on ^ort circuits between the service 
^wes leading to the house. However, from 
rae available published data, internal trans¬ 
former fuses in the primary leads are usually 
rated too high to blow even on secondary 
Ime faults dose to the transformer. Thus a 
secondary protective device is required if 
faults are to be deared between the service 
^trance fuse and the transformer. As 
shown by curves I' and figure 9 of the 
paper, the rating of the internal transformer 
^ IS generaUy so high that there is very 
utrie. If toy, range for sectioualizing the 
pniMry even at one point. Thus 
the breakmg up of the line into many sec- 
tions even with the overlapping of fuse blow- 

Sf « Possiblelt 

could only be accomplished by an ex- 

^dy high s^g of the feeder circuit 
breaker relay. On the other hand, the spiU- 
lightning protection re- 
q^e Ae positionmg of the time-current 
d^cte^c curve for the rday, redoser or 
^^onah^ fuse, so it always functions on 
WdynamcfoUow current at the gap 
suffident speed 
^ ^ instances, this 

<Jaracteristic curve is to the 
internal 

primary fuses m the transformer so the 
relay redoser, or fuse on the primary linS 
op^tes ^ead of the internal fuS^ndJ 
such condition.^ ait _. vnaer 


^shovers. Such operation would 
impractical two or three redbsures on re¬ 
peating fuses. The experiences of any utili¬ 
ties employing such fuses on this type of 
rural circuit would be valuable. 
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1. Fusb Link Iuprovbmbnts Givb Co-oxuinatbi> 
Protection G. P. Lincfcs, Blectriial World, 
November 4, 1933. 

2. Figure 4 of the published paper. 

Tkansformbrs Improves Sbrvicb. 
T. Crawford. Electrical World, November 23, 

^ Co-ORDWATINQ PUSBS AND RbLAYS FOR DlS- 

k Distribotion Paodts, 


Pole Flexibility as a 
Factor in Line Design 

Discussion and authors' closure of a paper by 

llshed in the January 1937 issue, pages 91 ~ 
100, 4nd presented for oral discussion at the 

of the winter con- 
vention. New York, N. Y., January 26,1937. 

(Philaddphia Electric Com¬ 
pany, Philaddphia, Pa.); This paper is a 
*stmct contribution to the advancement 
of our thwretical knowledge in a field where 
^acrice has heretofore been based almost 
^tu-dy up<m experience and established 
^ to those 

the use of 
■y, 



m - ^-acA Vice on tne ent 

feed^or t^e sectionalized portion. As ex- 
pl^ed m the paper some utflities, using Se 
service, shunt it manJaUy 
with a fused cutout and fuse link ratS hieh 
^ough to p^t the internal fuses to blow 
^t whto cheeking to determine whether 
the fault ^at caused the redos^ to iS^ 
out IS on the hne or in a transformer. C^- 
t^ on such redosers have indicated ashSi 
25 or more operations without lock-out 
m one hghtning storm, evidently due to gap 

900 


to^WeavailahleVS^^^ 

wfe^ they ^ establish wdl-defined rules 

for toe use of the men in the fidd. In some 

the conditions encountered. ^ 

Philaddphia Electric Com- 
pany wea, our engmeering and operatinsr 

value, wWeh tava 
Discussions 


the regulations and code.s within recent 
years, and these values are leading to the use 
of smaller poles. It has not been necessary 
to make frequent use of the smaller size 
poles of other utilities as guy stubs. 

Sometimes we "rake” the end poles of a 
line to a specified amount so that when the 
wire loads reach the normal tension at 60 
degrees Fahrenheit the pole tops are in a 
vertical position. Of course, when heavy 
ice loads are applied, there is an additional 
deflection of the pole; but the pole, even 
designed thus as a semirigid structure, is 
not called upon to withstand a greater load 
than 60 per cent of the ultimate strength of 
toe wire. 

If the fixity of the pole in the ground can be 
precisdy determined, and if no loads occur 
during either the period of construction or 
Mtnd service which would cause a stretch- 
mg of the wire to a point outside of the range 
covered by toe initial modulus of elasticity 
then toe method of dc.sign prescribed in the 
paper can be used with accuracy. These 
factws, however, deserve attention and must 
be toorouglUy taken into consideration in 
the application of the method described by 
the amhors If the pole in question is 
j foundation movement, the 
hkehhTOd of any considerable variation in 
Its position at toe base, from the fixed verti¬ 
cal, IS very slight. However, it may not 
always be possible to block or concrete the 
btoe of these poles, and in such cases it is 
well to remember that the change of posi- 
hon of the top of the pole due to moveS 
“ the ground may lead to as 

accompanying tensional 
c^ges in the wires than the actual flexing 
o the pole itself. Even if the pole is blocked 
dow the ground line, freezing and thawing 
of the soil at toe ground line is respoS? 

ment ^ resistance to move¬ 

ment of the base of toe pole. 

Also, if for some reason or other the wire 
« stretched during the constiuSion to a 

Sd^dCT ^^® average tension sus- 
^ conditions, toe com- 

^tation may be considerably in error uifiSs 
some ^owance for this change has beto 
^de m toe sdecrion of the wire modulus 
u^d. Heavy loading would also cause a 
plastic exten^on of the wire material and 
We something of the same effect. These 
wire effects are, however, much lece nm 
nounced in Qopp„ thnn in Sn™ £ 

comp^tecnbtewteealtnninrfaSeSn” 

A pole system is hot uecessarilv 

with »chteane„S&eT 

c^ction loni ^ t 

sible this therefore it is pos¬ 

sible that flexibihty in the poles might b^n 
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important contributing factor in this type 
of design, extending farther back into the 
line than the 2 poles of the span considered. 

Wood as a material cannot be subjected 
to the ordinary principles of design with 
the same freedom as materials such as steel 
and concrete. The fibrous composition of 
wood raises shear to a much greater impor¬ 
tance than in materials having a more crys¬ 
talline and homogeneous construction. 
Longitudinal shear or shear parallel with the 
fiber, together with effect of defects in the 
wood on the distribution of shear are of the 
utmost importance in some types of wood 
design; and while they do not achieve nearly 
the importance in the cantilever pole used 
to support wires as they do in the horizontal 
beam, still they are factors not to be lightly 
dismissed. Their effect upon the section 
modulus to be used and consequently upon 
the proper cross section of the pole is worth 
while considering. Poles may when newly 
erected, and more frequently after they have 
been in service for some time, have a central 
section which is not of full v^ue. The unit 
stresses allowed take care of these considera¬ 
tions to some extent, but not entirely so. 
The articles written by Mr. J. A. Newlin, of 
the Forest Products Laboratory, United 
States Department of Agriculture, are inter¬ 
esting in regard to these last points since 
they are the result of Mr. Newlin’s long and 
varied experience in testing, designing, and 
using wo(^ in all kinds of work. 

With regard to the methods which are 
developed in the paper in determining the 
bending in the pole and the final position of 
equilibrium, it is well to remember that in 
cases where lateral as well as transverse 
loads come upon the same pole, sometimes at 
different levels, the “deflection constant 
is affected and should be either a partial 
constant for each direction of bending or 
else a combination constant for the resultant 
direction of bending. If these loads are 
applied at different levels, the determination 
of the combined bending effect is somewhat 
more involved, but some answer to this 
question must be determined, or else only a 
part of the stress in the pole will have been 
considered and hence the computations may 
be in error. 

This paper should arouse great interest 
among those who have to do with the design 
and construction of wood-pole lines, and 
should encourage studies and experiments 
to determine the movement of a pole in the 
ground when the pole is not blocked, and 
where average types of soil are encountered. 
Further studies should also be developed to 
show the combined effects of vertical and 
horizontal longitudinal and transverse loads 
occurring simultaneously. Also, in this 
connection it would be interesting to know 
the magnitude of the actual guying effect 
which the supported wires provide ag^st 
lateral transverse deflection in the individual 
poles in a long line of poles. 


A. B. Campbell (Edison Electric Institute, 
New York, N. Y.): The presentation of 
this paper offers a needed opportunity to 
/^icr^1ftC8 wood-pole flexibility in connection 
with the design of overhead lines; Since 
the second edition of the National Electrical 
Safety Code was published about 20 years 
ago, it has contained a general requirement 
that did not permit taking into account the 
deformation or deflexion of any part of a 



supporting structure in the calculation of 
stresses. This requirement has been in¬ 
cluded in subsequent editions. Inasmuch 
as this code forms the basis for the minimum 
construction requirements in force by sev- 
eralstateregulatory commissions, therequire- 
ment just mentioned is given legal status 
where this part of the code has been adopted. 

Actually, flexibility is oftentimes desirable 
in the supporting structure of an overhead 
line, particularly when these supports are 
wood poles. It constitutes one of the great¬ 
est assets of a structure in resisting ice and 
wind loads, and probably is the explanation 
why many lines have not failed when theo¬ 
retically they might have been expected to 
do so. 

The code requirement referred to above 
has made it necessary to assume a wood pole 
as a rigid structure. Compliance with this 
assumption has usually been obtained by 
the use of guys or braces, some of which 
have in themselves introduced electrical 
conditions that have resulted in conductor 
failures which the installation of the guys 
were intended to prevent. Furthermore 
an attempt to make a wood pole into a rigid 
structure by the use of guys which are not 
required to support a constantly unbal¬ 


anced load, is likely to introduce a mechani¬ 
cal condition which prevents the distribu¬ 
tion and equalization of stresses throughout 
the pole and thus causes failure at or near 
the point where stresses are concentrated. 
There is little doubt but that a rigidly gUyed 
pole is less capable of withstanding impact 
loads than one which is free to deflect within 
reasonable limits under load and then 
return to its normal position when the load 
is removed. 

This is one phase of the problem. An¬ 
other is that no generally accepted method 
has been developed whici would make pos¬ 
sible a precise solution. Attempts have been 
made and considerable thought given to the 
problem but several factors are involved 
which make an exact solution impossible. 
For example, the effect of moisture content 
in the pole and the varying conditions in 
earth settings are not only difficult to evalu¬ 
ate but vary from, day to day. It is well 
known that a relativdy small lon^tudmal 
movement of a pole top can result in exces¬ 
sive conductor tensions or greatly i-educed 
dearances. Since this effect would vary 
quantitativdy with weather conditions, no 
exact method of calculating this effect seems 
possible. Therefore the coderule previoudy 
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referred to was perhaps the best method 
known at the time the code was formulated 
to hold variations in sags, tensions, and clear¬ 
ances within desired limits. 

The past several years have furnished a 
wide experience in the performance of wood 
poles under normal loading and storm condi¬ 
tions. In my opinion some of the condi¬ 
tions for whiA guys are used seldom occur 
and when they do the guyed pole, when 
properly selected, seems to possess the abil¬ 
ity to equalize stresses and remain unbroken. 
For this reason I favor the omission of un¬ 
necessary guys and the use of an approxi¬ 
mate method such as the authors of this 
paper have developed whereby a reasonable 
advantage may be taken of the inherent 
flexibility of a wood pole structure. It is to 
be hoped that further attention will be 
given to the subject covered by this paperand 
an effort made to co-ordinate loadings with 
the flexible characteristics of wood pole 
structures. 


their moduli are more consistent anrf they 
3deld less initially and over a period of time 
than do knotty poles, due to the large bend¬ 
ing effect in the latter when moderate loads 
straighten out the curved fibers surrounding 
the knots. 

Informal discussion has shown that a 
chart in terms of tension instead of sag is 
needed for convenience in calnil atioTi. Sub¬ 
stituting equation 6 in equation 5 gives the 
relation 


e = 


T 

24r* ~AE 


(Sa) 


H. P. Seelye and Myron 2ucker: Mr. 
Beck has summarized the elements that 
must be considered in designing floviMo 
spans. However, it must be emphasized 
that while such items as load distribution up 
the pole, strmgth of pole foundations, elastic 
limit of the wire, andpoleconstantsenterinto 
the problem, they are by no means indeter¬ 
minate. 

In dis^ssing these variables, the govem- 
mg fact is this: a relatively great variation 
in deflation constant will cause but little 
change in the relation between stringing an/i 
loaded tensions. Therefore, pole and founda¬ 
tion movement per unit load need be deter¬ 
mined only with reasonable accuracy. The 
2 elements of uncertainty in pole flexure are 
vaimtion of fiber stiffness, and vertical distri¬ 
bution of load. The former is admittedly a 
^able, although not to quite the extent 
that might be indicated by tests on smalt 
yeomens. Deflection constants derived 
from tests on 15 full-size poles have agreed 

mtim *26 per cent of calculated values. As 
o the latter, a reasonable approximation 
^y be made, for wires in the same zone 
by usmg the deflection constant for a load 
hmglrt equal to the square root of the sum 
of individual heights squared. For more 
^dely separated loads or loads in different 
direction m analysis of deflections may be 
m^e. It M relatively complicated andre- 
successive approximations 
as descrfted m the paper for joint-use leads. 

As to foundation movement, the results of 
sever^ short-tme and numerous long-time 
^-^e teste have enabled us to iecify 
foimdation designs for various types of sS 
Md rmges of l^d, so that poles may be held 
with a negligible or reasonably predictable 
fotmdation yield. Considering L relate 

coLtant' mm! 

tioned at the beginning of this paragra^ 
the accuracy is well within the lim£ ^ 

sumed for standard loading conditi™ 

« possible to stretch wires 

past then: elastic limit. However the tf>n«i 

S ““ to lappa, b 
^ans than m ngid spans where the effect te 

^^^y neglmted. In addition, a sSoi 

show that the wire stretching is^- 
mmor facto c«nparSh pole 

Straight-gr^ed woods are grmtly to be 
preferred for holding dead-end"^S, 


This may be charted as in figure 1, which is 

manipulated in the same mann er as figure 9. 
Thus, with WiS, N, and Ti known e is found; 
appropriate changes are made in e for tem¬ 
perature variation and external forces; 
and then with e\ N, and WiS known, Tj is 
read. The chart may be used whenever 
tensions are involved, and is especially 
valuable when tension is specified under one 
set of conditions and is to be found for an¬ 
other set. The range of figure 1 may be ex¬ 
tended by using any desired scale multi¬ 
plier on the wS, T, and JV values (not affect¬ 
ing s). 

Mr. Campbell mentions some variables_ 

moisttme content and pole setting—^which 
are difficult to evaluate. This difficulty 
must be admitted, but it applies equally 
well (as do the points enumerated by Mr. 
Deck) to the design of poles for transverse 
loads. The uncertainty of actual loads and 
the judgment needed in specifying safety 
factors overshadow the other unknowns in 
both cases. At any rate, satisfactory results 
have been obtained with numerous special 
cases of flexible dead ends designed accord¬ 
ing to the principles outlined in the paper. 

Mr. Campbell’s comments bring out the 
advantage of flexibihty under certain con¬ 
ditions and point to the fallacy of the com¬ 
mon idea of "being on the safe side." This 
re^orces the thesis of the paper: that cal¬ 
culation of dead ends on the assumption of 
ngiffity may actually make some elements 
in tte ^e undersize. Regardless of the 
mmts of unguyed poles, it is c^tain that 
where they are used, the design should be 
bM^ on the fact of flexibility rather than 
the fiction of immobility. 


A Review of Overhead 
Secondary Distribution 

W. P. Holben published in the January 1937 
Issue, pages 114-SS, and presented for oral 
discussion at the power distribution session of 
me winter convention. New Yoric. N Y 
January 26,1937. * '• 
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Hwold Cole (^e Detroit Edison Company, 
Detemt, Mi^.); Mr. Holben’s pap^f 
valuable addition to the technical 
secohdary- 

2.economics. The secon^- 
Md their associated transformers fora 
wch a l^pn^o^on of ^e investment of 
^ ®^tncal distribution system that the 

ST™*, t S 

field cannot be overempha^d. The com¬ 
parison of the results of studies made 

Discussions 


large systems shows very little difference in 
conclusions, despite some rather wide varia¬ 
tions of assumptions as to cost factors. The 
interesting thing is that the investigators 
agree that wire sizes from number 4 to num¬ 
ber 2 are the most economical for the densi¬ 
ties of load found largely in urban districts, 
and that through a rather large range of 
load densities there is not a great variation 
in the relative cost of the secondary distri¬ 
bution system, no matter whether number 
4, number 3, or number 2 wire is selected, 
providing, of course, that the transformer 
size and spacing is selected to give the mini¬ 
mum cost of the combination of the 2. If 
the smaller wires are installed initially, the 
later cost of more frequent relocation of 
transformers or of secondary replacement, 
or both, offsets the initial saving in invest¬ 
ment to a heater or lesser extent, depending 
on the rate of growth of load. 

All of this would indicate that a rather 
wide latitude is possible in the proportioning 
of secondary copper and transformers with¬ 
out affecting greatly the over-all economy. 
The important thing to my mind, therefore, 
is that a program of development is laid out 
that is best suited to the conditions iu the 
particular area under consideration and that 
It is carried out under hitelUgent super¬ 
vision. Haphazard development resiilt.s in 
costly rearrangements later on or else per¬ 
petuates uneconomical layouts made in an 
effort to take care of the immediate iieces- 
sity at the least cost without consideration 
of over-all economy. 

An effective way of providing for an orderly 
development of the distribution system i.«; 
to draw up master plans which show the 
location of all poles, transformers, secondary 
and primary mains in all areas which have 
been subdivided into city lots. If the facili¬ 
ties are built as required in accordance with 
these plans, the cost of the initial extensions 
may be tiightly higher than would be pos¬ 
sible with expedients which take account 
only of the cost of providing service to the 
tew scattered customers first applying, but 
in an area which is expected to build up solidly 
in a few years, the added cost of later 

faciUties amply justifies 
the shghtly higher first cost. 

In my own company we have prepared 
such master plans, not only for undeveloped 
areas but for the older sections of the city 
of poles will be required 
m the future. In this way, the relocation of 
tr^formers and replacement of wires may 
oft^ be earned out at time of pole replace- 
ment at a mmimum of expense. The plan- 
n^ of thwe layouts is supervised by an 
en^eer of long experience in distribution 
design and every effort is made to adapt the 
layout to the type of load which may be 
expected to develop in that area. 

In residential areas we have adopted num¬ 
ber 2 copper wire as standard for secondary 
maiite and mitial transformer spa:cings are 
usually 700 to 800 feet. The 
formers may be as smaU as 6 kva but where 
development is expected to be rapid or where 

develop, we will 
^ the lO-kva size. A spacing of about 
^f^t is n^ess^ with these smaU trans- 

^ noticeable voltage dips caused by . 
startmg of small household appliance 
motors^are to be avoided. Ability to give 
adeqtmte voltage for electric ranges in the 
devdopment stages also reqS?es“pS! 
mgs of this order. The same secondary 
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wire and transformer spacing will be ade¬ 
quate for load densities up to about 50 kw per 
1,000 feet. It is only necessary to change 
transformer sizes as the load requires. We 
feel that any possible saving in the use of 
wire smaller than number 2 in the early 
development stages would not justify the 
poorer quality of service which would result, 
especially in view of the present trend to 
more complete home electrification with the 
increased use of appliances equipped with 
'dectric motors as well as the larger heating 
appliances which will ultimately result in 
much greater load densities. On the other 
hand, the use of conductors larger than 
number 2 does not seem to be required in 
residential areas, even with the increased 
load densities to be expected, as a relocation 
of traxisformers on number 2 secondaries 
will permit going to much higher densities 
when they develop before the system be¬ 
comes uneconomical. 

Incidentally, the banking of transformers 
on a more or less continuous secondary main, 
such as practiced in Detroit and now being 
rapidly extended to other parts of our sys¬ 
tem where conditions are at all favorable, is 
very helpful in many ways to the economical 
development of the system. Steady state 
voltages are more easily maintained on the 
secondaries and voltage dips due to motor 
starting are much less troublesome, to say 
nothing of decreased outages due to trans¬ 
former failures and less transformer capacity 
required. 

I want to emphasize that the orderly de¬ 
velopment of a distribution system requires 
a trained personnel to supervise that de¬ 
velopment. The men who are responsible 
for this development should be men of engi¬ 
neering training, and should not be burdened 
with so much detailed routine work that 
they do not have time to adequately study 
the engineering problems involved in addi¬ 
tions to or changes in the system. The use 
of master plans, however, will be of much 
aid to these men in helping them to make 
rapid decisions and still not overlook some 
important considerations which would not 
escape one who had sufficient time to study 
all of the conditions involved. The field 
engineer need then only concern himself 
with situations where new considerations 
develop which make it desirable dr neces¬ 
sary to modify the original plans. 

I want also to urge the importance of 
making studies such as those reviewed by 
Mr. Holben for each particular system. I 
do not wish to minimize the value of the 
presentation of such a review but there is 
some danger, I think, that some of the gen¬ 
eral conclusions may be misinterpreted by 
those who have not carefully stuffied all as¬ 
pects of the problem. A study which takes 
account of all of the local fidd conditions 
and operating practices will make certain 
that devdopment plans will be adopted 
which are best suited to the particular sys¬ 
tem. 


W. P. Holben: Mr. Harold Cole, in his 
discussibn of the paper "A Review of Over¬ 
head Secondary Distribution,” has pre¬ 
sented a number of points that are worthy 
of serious consideration. In fact, I am 
heartily in accord with these items as well 
as the results to be obtained by using his 
recommendations and will therefore repeat 
them in outline form. 
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1. Importance of sound engineering to in¬ 
dude studies for each particular system 

a. To account for all local conditions 

(. To avoid mi^nterpretation of the general 

conclumons 

2. Need for a program of development 

a. Intelligent and experienced supervision 

b. Master plans with future steps indicated 

c. Procedure in new developments 

The summary and conclusions, included 
in the paper, have stated some necessary 
exceptions to the prindples recommended 
by the respective authors. There are other 
natural differences of opinion and local oper¬ 
ating practices that will probably affect the 
application of these principles of design on 
various systems. Further study there¬ 
fore along the following lines should provide 
valuable information and knowledge on the 
subject of overhead secondary distribution. 

1. A classified list of necessary exceptions 
with the best engineering solution for the 
principal classifications 

2. Flicker conditions and economical solu¬ 
tions. 

3. Transformer loading practice and a sum¬ 
mary of experience records especially for the 
higher per cent loadings 

4. Banking transformers, single-phase, and 
3-phase, for large appliance load to meet 
capacity and flicker conditions 

Mr. Cole has referred to the practice of 
banking transformers in Detroit. He re¬ 
ports improved voltage conditions, de¬ 
creased outages and less transformer capac¬ 
ity required for areas served in this manner. 
It is apparent therefore that such advan¬ 
tages warrant a thorough study of this type 
of a secondary system. Mr. Sweetman and 
Mr. Arnold have contributed the suggestion 
that the new development in transformer 
design and use of a secondary breaker for 
transformer protection warrants further 
development of secondaries with banked 
transformers at least on a trial basis. With 
a probable increase of flicker complaints as 
the appliance load increases, it follows that 
banking should be considered as a possible 
solution since this method cuts sudden volt¬ 
age variations to approximately half of that 
experienced on radial secondaries under 
similar conditions. 


Nesative-Sequence Reactance 
of Synchronous Machines 

Discussion and author's closure of a paper by 
W. A. Thomas published in the December 
1936 issue, pages 1378-85, and presented for 
oral^ discussion at the synchronous machinery 
session of the winter convention. New York, 
N. y., January 27,1937. 


S. B, Crary (General Electric Company, 
Schenectady, N. Y.); This paper presents 
a very complete theoretical and experi¬ 
mental analysis of the AIEE method of 
measuring the negative-phase-sequence re¬ 
actance and should result in a more accu¬ 
rate description of the method of testing by 
the AIEE. 

Figure 1 of this discussion presents in a 
little different way than in the paper, the 
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Figure 1. Ratio of the 2 expressions for Xz 
as a function of the ratio of the subtransient 
reactances. Full line indicates approximately 
the maximum range obtained in practice 


variation between the 2 limiting values of 
negative-phase-sequence reactance as a func¬ 
tion of the ratio between and xa*'. In this 
figure the approximate maximum range to 
be expected in practice is indicated by a 
solid line. As seen from this curve the 
maximum variation to be expected is about 
20 per cent for a ratio of Xq" to Xa" of 3.5. 
This variation, of course, would decrease 
quite rapidly with increase in the amount 
of external reactance. Accordingly, the 
value (.Vrf*' •+• Xq')/2 can be used for most 
practical purposes in system calculations 
involving this reactance. 


J. C. Balsbaugh (Massachusetts Institute of 
Technology, Cambridge): Reference is 
made to the application of the negative- 
sequence reactance of synchronous machines 
to the study of power system fault currents. 
I should like to add several significant fac¬ 
tors in the application of this reactance. 

For a line-to-line fault in a power system 
as viewed from a generator, the negative- 
sequence reactance is given in general by 
the equation 

xt ^xa" Xq" 

in which Xi is the equivalent negative-se¬ 
quence impedance from and including the 
generator to the fault, Xd" and Xq' are the sum 
of the generator subtransient reactances 
and Xgq', respectively, and the equivalent ex¬ 
ternal reactance The negative sequence 
reactance xgg of the generator, is equal to 
Xi — Xt and is equal to the geometric mean 
of the generator subtransient reactance with 
X, 0, and approaches the arithmetic mean 
of the generator subtransient reactances 
with Xe large relative to and The 
equivalent external reactance Xg is not in 
general the reactance frorn the machine to 
the point of fault, but in a power system with 
a group of machines feeding into a fault 
tlirough a network, it is the equivalent re¬ 
actance as viewed from the generator ter¬ 
minals. 

It is further important that the foregoing 
negative-sequence reactance does not apply 
in general to all line-to-line faults in a power 
system, but only those faults that are line- 
to-line faults as viewed from the generator 
terminals. Thus consider an individual gen¬ 
erator tied to a line through a A-Y grounded 
transformer and a ground fault bn the line. 
In this case a line-to-ground fault on the line 
becomes an equivalent line-to-line fault on 
the generator and Xtg is determined as given 
in the foregoing, and Xg must be determined 
as an equivalent impedance as viewed from 
the generator terming. 

It can also be shown that the negative- 
sequence reactance in general for a line-to- 
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Table I. DeftniUont of Negaflve-Sequence Reaefance 


Aflalytical Brprossions 


. Fundamental Root-Mean-Sonar* 

(1) Apphcation of sinu. -7=-- 

soidal negative-sequence V2*/*, 

*« + *rf' v'JTjTTT. 

(2) Application of sinu- « + 

soidal negative-sequence *o + xi' 1 _ ___ 

, . ~r- 2 + *-0* + 9(*, - */). 

(3) Initial svmmetrieal 


Numerical Value 
*d -» 0.85 x„ - 0.70 - i ft 

Fundamental Root-Mean-Square 


current 

(3) Initial symmetrical 
component of sudden sin¬ 
gle-phase short-circuit cur¬ 
rent 


VsTd'*, - 51-1) + v^X 

Vi-b* 


/ax IS_..._ VT"—T* 


(6) Same as (4) with 0.36 
pell, external reactance 

(6) AIEE 


ground fatdt (as viewed from the generator 
terminals) in a power system is 

in which Xt is the equivalent negative-se¬ 
quence reactance from and including the 
generator to the fault, x^'' and Xg" are the sum 
of the generator subtransient reactances xog" 
and*®", respectively, and the equivalent 
temal reactance Xg and is the equivalent 
i^o-sequence impedance from and ifioTiiriing 
the generator to the fault and is equal to sum 
of the generator zero-sequence impedance 
Xoff plus the equivalent zero-sequence ex¬ 
ternal impedance Xso to the fault. The 
negative-sequence reactance of the genera¬ 
tor Xjg for ^e condition is equal to jc* - Xg. 

^ Thus it is seM that accurate determina¬ 
tions of negative-sequence impedances of 
generators for use in connection with fault 
studies in power systems involves the circuit 
COTnections and other system impedances. 
These and other considerations should be 
taken into account in the measurement of 
negative-sequence impedances of synchro¬ 
nous machines and in their application. 


2 


but if Xi be defined in terms of the root- 
mean-square values the reactance is equal to 

V^Xg' Xg . 


However, if a sinusoidal set of negative- 
sequence currents be made to flow through 
the mac^e a fundamental and third har- 
momc voltage are set up across the armature, 
in terms of the fundamental component Xg^ 
IS equal to Xg -f- xa*/2 and in terms of the 
root-mean-square values is equal to 

5 V^g-t Xg'y -I- 9(Xg - 

If xj be defined as such a quantity which 

withafi wiU give, upon applying symmetrical 

components, the proper fundamental com¬ 
ponent of current for the initial a-c com- 
poi^t of a suddenly applied single-phase 
short-circuit current, then Xi is 


Xd' = 0.36 
Xg « 0.70 
= 1.0 

Md ^e numerical values corresponding to- 
tK ^^ytical expressions were 

tabulated on the right-hand side of the table. 

Let us now analyze these results in view- 
of ^e utdity of the quantity and theappUc- 
^ihty of the method as a testing means, 
l^e gr^test use of xi is in connection with 
short-cucuit and stability studies. It would 
appear then that the results obtained by the 
root-m^-square values for the single¬ 
phase short-circuit tests, would be the most 
important, preference being given to the- 
sustamed value because it results in a some¬ 
what smaller value of reactance and also 
because it does not require an oscillograph^ 
IS an Msier method to apply. The AIEE 
method gives a value of aca somewhat greater 
than the v^ue obtained by the single-phase 
short-^cuit test. With regard to the ease 
m ma^g the test it will be noted that the 
o^y ddierence between the single-phase 
short-cucuit method and the AIEE method 
IS ^t ^e latter requires an extra watt- 
metw whereas the former requires a previ- 
synchronous react- 
ance. The difficulty of obtaining either a 
smusoidal negative-sequence voltage or cur¬ 
rent would eliminate the first 2 methods as 
test methods. 

I am therefore submitting this discussion 

for your consideration. It would appear 
^t the sustamed single-phase short-circuit 
test for root-mean-square values is a better 
* '<5 ^ent-pole machines than the pres¬ 
ent AIEE method. In terms of the test 
values this quantity is expressed by the 
equation ^ 


Wagner (Westinghouse Electric & 
ManufMturing Company, East Pittsburgh, 
Pa.):^ Mr. Thomas is to be congratulated 
m raising the general question of the na¬ 
ture of the negative-sequence reactance of 
synchronous machines. A particularly valu¬ 
able contribution is his analytical proof 
that die AIEE method of measuring the 
negative-sequence reactance gives a quan¬ 
tity equal to the arithmetic mean of the 
reactances in the 2 axes. 

In reading this paper I have been 
prompted to make a. table to show some of 
the methods that mightbe suggestedtomeas- 
tu-e the negative-sequence reactance. In 
preparing this table a salient-pole mflnVi^nA 
^thout amortisseurs has been considered 
because the^ effects in question should be 
pronounced in such a machine. Resistances 
^ be negl^ed. The first method con¬ 
sists in applying a sinusoidal set of negative- 
sequ^ce voltages to the machine. Using 
tte fundamental component of current in 
defi^g the reactance results in the expres¬ 
sion* ^ 

2Xd^ Xg 
+ Xd 


and to give the proper root-mean-square 
value of current xt is 

— 1) 4- \/xg' Xg s/l — js 

tS* f B described in paragraph 
184 of the Preliminary Report on a Pro¬ 
posed Test Code for Synchronous Machines 
(January 1937). 

If xa be defined as that quantity which 
will give the proper fundamental component 
of sustamed single-phase short-circuit cur¬ 
rent wh^ the method of symmetrical com- 
poncnts is used, then X 2 is a^ain 

Xq 


I = root-me^-square value of armature 
current in the short-circuited phase 
E = open^cuit voltage before the short 
circuit is applied or the no-load volt¬ 
age corresponding to the field current 
at which I is read 

For turbogenerators saturation introduces 
variables of such greater magnitude that the 
appropriate method of measurin g the un- 
^turated value becomes inconsequential 
Perhaps the best solution for turbogenera¬ 
tors IS to simply use the subtransient react¬ 
ance. 


and to give the proper root-mean-square 
value of current, Xg should be 

xdiVi- b»-r-i) + 

The AIEE method which is also based upon 
me sustamed single-phase short-circuit test 
metering connections 
gives, as^Mr. Thomas has shown, the value 
of Xi as (xg + XdO/2, 

It is difficult to draw conclusions of the 
merit, of the different etjnemions 
unm nummeal values are inserted. To this 
wd a typical machine was chosen having 
the constants * 
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W. A. Thomas: I wish to emphasize the 
need of agreement on the use or abandon- 
system of notation. 
I have dehberately avoided throughout my 
paper such short-hand systems as per-unit 
or per-cent notation. 

To a large group of engineers and especi¬ 
ally to students who are reading the litera¬ 
te for applications of fundamental princi¬ 
ples, such special systems are not easily un¬ 
derstood. Some equations when written in 
a p«-umt system lose their dimensional 

check and thus invite confusion. 

May I e«est a return, in all synchro- 
nous-maclune papers, to the use of funda¬ 
ment^ units of voltage, current, and reac¬ 
tance? 
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Two-Reaction Theory of 
Synchronous Machines 

Discussion and author's closure of a paper 
by S. B. Crary published in the January 1937 
issue, pages 27-31, and presented for oral 
discussion at the synchronous machinery ses* 
sion of the winter convention. New York, 
N. y., January 27,1937. 


W. V. Lyon (Massachusetts Institute of 
Technology, Cambridge):. Mr. Crary’s 
method of analysis is particularly suited to 
transient conditions of operation. For some 
cases of steady-state operation a simpler 
method of analysis may be preferred. The 
criterion for self-excitation of a salient-pole 
machine when it is running synchronously 
(s = 0) with the field circuit open and de¬ 
livering current to a balanced capacitive 
load having series constants of R and X was 
given in my discussion of "Synchronous 
Mat^hines —^I,” by Doherty and Nickle, 
AIEE, page 947, 1926). In this discussion 
I said: 

"There is a problem of some interest that 
the authors did not mention. It is that of a 
synchronous generator which, when feeding 
an open-circuited transmission line, loses 
its field excitation. If R and X represent 
the equivalent resistance and reactance of 
such a line on open circuit then it is readily 
shown for this case that 

(R + 0* “ — (X -1- Xg) (X -f- Xa) (1) 

This shows that X is capacitive and lies be¬ 
tween and Xd. Since the values of Xg 
and Xd depend upon the saturation, a graphi¬ 
cal solution of the foregoing relation can be 
made which will determine the saturation, 
and from that the terminal voltage can be 
found.” 

This equation 1 is derived from the equa¬ 
tions which apply to the steady-state opera¬ 
tion of a salient-pole synchronous machine. 

E >= (R + f) — (X + *«) -Ttf 1 (O'] 

0^ iR-br)Id + {X + x^)I, i 

where E is the excitation electromotive force 
due to the d-c field and R and X are the series 
resistance and reactance of the capacitive 
load (X is inherently negative). 

If JE =■ 0 it follows that 

(i? + y)* » _ (X 4-»«) (X-f Xd) 

from which the critical value of X for self¬ 
excitation is 

X = ' __ 

-(x<t + Xg) '\/(xg — Xf,y — 4(ig -i“ r)* 
2 

This agrees with Mr. Crary’s equation 24. 
The greatest value of X for which self-ex- 
dtation can occur is determined by sub¬ 
stituting for Xd and unsaturated val¬ 

ues. If it be assumed that there is no resis¬ 
tance in the circuit, either (X + Xd) or (X 4- 
Xg) equals zero. Due to the effect of the 
reluctance toque, the machine will undoubt¬ 
edly operate stably so tiiatJ<r » 0 andhence 
it is (X -|- Xd) that equals zero. The syn¬ 
chronous reactance in the direct axis equals 
Xm/k -I- Xa, where x^ is the unsaturated 
-^ue of the nialUietmng reactance in the 
direct axis and k is the saturation factor (^e 
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“Saturated Synchronous Reactance,” 
C. Kingdey, Jr., AIEE, March 1935). Con¬ 
sequently 

W- 7 + *. 


or 


Xm 


\x\ - x« 


(3) 


Since Xm and Xa are both constant, the value 
of the saturation factor for any value of X 
numerically less than (x« -f- Xa) but nu- 
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merically greater than Xa can be found, and 
hence the electromotive force Ba due to the 
resultant air-gap flux can be determined. 
The terminal potential V is 








Xa 


■ Ea 


(4) 


It follows that the greatest numerical value 
of 

je -f r 
X -f- Xa 
is 

Xmd Xyrig 
2\/ XmdXma 

This determines the greatest value of the 
power factor at the air gap in terms of the 
unsaturated values of the magnetizing re¬ 
actances in the 2 axes. The sign before 
the radical in equation 7 must be taken so 
that k is greater than one. If both values 
of k are greater than one, the larger value 
should be chosen, since the flux will stabil¬ 
ize itself nearer the direct axis than the 
quadrature axis. 

Consider the following numerical case: 
Let 

Xjfid 0.86 X = —0.80 

Xmq =• 0.40 2? -f r = 0.20 

Xa = 0.15 

Whence, using the minus sign before the radi¬ 
cal, k — 1.07. If the plus sign is used be¬ 
fore the radical, k = 0.764, The greatest 
value of (R + r)/(X 4- x®) is 0.386. 

From equation 2, since E = 0, 

Jg ^ + *• 

Id X 4- .V, 

The tangent of the angle between the axis 
of the field pole and the axis of the funda¬ 
mental component of the armature flux is 

Jg Xmt 
Id Xmd 

and in this numerical example is 


The resistance {R 4* cau be taken into 
account if desired, but the expressions are 
not as simple. In this case the stable oper¬ 
ating point depends both upon the direct- 
axis synchronous reactance and upon the 
quadrature-axis synchronous reactance. It 
is necessary to assume in what manner each 
of these reactances is affected by saturation. 
As a first approximation assume that the 
magnetizing reactances in each axis are af¬ 
fected eguaUy by .saturation. That is, as¬ 
sume that 

(5) 

^ ^ 

This approximation is better when the re¬ 
sistance, (R 4" r), in the circuit is well below 

its limiting value of for which con- 

2 

dition the internal power-factor angle is 46 
degrees and equals Iq. If these values 
of Xd and Xq are substituted in [equation 1, 

I ^ ~(X 4~ Xg) (xmd Xmq) ^ 

^ 2Xnj<{ Xmqi 

,^(X 4^ *«)* i.Xmi ^g)* ““ 

T' ^Xmi Xmq {R 4~ ^)^ 

2x^ Xmg (7) 


0.20 


0.40 

-0.80 + i;5^ + o.i5 


0.40 

X — = 0.341 
0.85 


The displacement of the armature flux with 
respect to the field poles is 20 degrees. This 
small displacement tends to justify the as¬ 
sumption that saturation affects the magne¬ 
tizing reactances in the two axes equally. 

There is another point that I wish Mr. 
Crary would discuss. It is well known that 
an induction generator may self-excite on a 
capacitive load. With a cylindrical rotor 
there is no tendency of the rotor to occupy 
one position rather than another with re¬ 
spect to the rotating armature magnetomo¬ 
tive force. On the other hand, there is a 
Strong tendency for the rotor of a salient- 
pole machine to lock with the rotating ar- 
matiire magnetomotive force and run so that 
the quadrature component of the armature 
current is just sufficient to satisfy ihe condi¬ 
tion that the power developed Id Iq {Xd — x^ 
is sufficient to carry the load J® (E -h f). 
What is the criterion which determines 
whether the machine will run as an induction 
or as a synchronous generator? If the resis¬ 
tance, (E + f), in the circuit is greater than 
its critical value of (Xd *g)/2 so that the 
machine cannot operate stably as a sim- 
chronous generator, will the marine operate 
stably as an induction generator at a dip sid* 
ficient for the development of the necessary 
power? 
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C. Concordia (General Electric Qjmpany, 
Schenectady, N. Y.): We have recently had 
occasion to apply the methods given by 
Crary to the determination of the stable 
and unstable regions of operation of an in¬ 
duction motor when operating with series 
capacitance. Curves have been deter¬ 
mined for induction motors simitar to figure 
1 of the paper. In this case only the un¬ 
shaded portion of the unstable region of 
figure 1 appears since the ordinary induction 
motor has a symmetric rotor. Takahashi 
(reference 4 of the paper) has given similar 
induction motor curves for some ragf»s ati<t 
our results have been in complete agreement 
with his. 

Also by a simple extension of the theory 
to the case of a resistor in shunt with the 
series capacitor we have shown that for this 
extended case, the final equations 14 and 15 
of the paper will still apply if only the first 
p in each of these equations is replaced by 


where R is the shunt resistance. The com¬ 
plexity of the equations is therefore not in- 
leased and the only change is in the intro¬ 
duction of the quanity Xe/R, which may be 
mterpreted as the reciprocal of the timA con¬ 
stat of the capacitor-resistor circuit con¬ 
sidered by itself. Using these extended 
equations the regions of stable and unstable 
operation of induction motors have been de¬ 
termined as affected by the value of shunt 
resistance. It has been found that if xJR 
be plotted as a function of Xc just as the 
^es resistance r was plotted in figure 1 of 
the paper, the unstable regions in the 2 
very similar in both form and mag- 


Professor Lyon has made an 
5.® phenomena of self-excitation 
ayd u^u the steady state equations, that 
Js, and are constants for any given set 
of cu^t conations. The phenom^ can- 
S « d^bed by such an analy- 

M self-excitation is produced under the 
wnditions when the armature maguetomo- 
Jve force^is pulsating with.respecTto^^ 
dn-ect and quadrature axes, and L are 

^Wm^time. From the steady st^e 

Rations for the direct and quadrature 
coi^n^ts of armature current ^equations 
^ and 34) one nught suspect that Sie criti 


fr, wiU occur for values of from Xa to zero, 
id Professor Lyon says “Due to the effect of 
y the reluctance torque the machine will un- 
le doubtedly operate stably so that = 0 
i- and hence it is (AT -f Xg) that equals zero." 
!s No reluctance torque as ordinarily ^AfitiAd 
exists unless there is an applied armature 
e voltage. If self-excitation exists ig will not 
i- be a constant value equal to zero, so that 
f the explanation based upon the steady-state 
1 equations is misleading and unnecessary, 
i Profe^r Lyon asks about stability and 
r “Wiat is the criterion whether a mnAlijtiA 
I will run as an induction or as a synchronous 
generator? * A mac hin e will run as a syn¬ 
chronous generator when connected to an 
impedance load when there is a unidirec¬ 
tional field excitation corresponding to that 
produced by residual or d-c excitation. The 
machine will operate as an induction ma¬ 
chine if the circuit constants and the speed 
are such as to produce self-excitation. Sta¬ 
bility is determmed by the balance between 
the electrical and me^anical torques. No 
electrical torque will be developed for the 
case when there is no field excitation or ap¬ 
plied a^ture voltage unless the 
self-excites. If the machine self-excites the 
electrical torque after the currents have 
reached their maximum valuw as 
by saturation will pulsate if the machine is 
of sah^t pole construction, but will be con¬ 
stant if the rotor is symmetrical. 

remits of Mr. Concordia’s work, 
whi^ he has only very briefly described in 
his (^cussion, constitute an important ex¬ 
tension of the theory, as many cases occur 
m practice which do not correspond to the 
comparativdy simple cases studied in this 
“ hoped that his results will 
shortly be made generaUy available by pres¬ 
entation to the AIEE. 

Thtte is one point in regard to the deriva¬ 
tion of eqimtions 18 and 19 which it would be 

lathederi- 

vation of these equations for 4 and L, the 
Ranges in field excitation were neglected ^ 
that IS, ■= AErff = 0. This assump¬ 
tion was of course unnecessary and the com- ^ 

ponents of and ig due to the field exd- ‘ 

tation voltages, and E/-, can be de- > 

^ ® ““*ier to that used = 

components due to ea * 

have ajed m regard to these componeiSs e 
S Tv advisable that they be given 

m t^s closmg discussion. The direct and 
quadrature axes components of armature ^ 
^.indttdU«,hecompon«ts^‘'^ ti 
the field eicitotion are given below: t< 


nents of current have the same denominator 
A(p). It can be further shown that when 
these expressions are rationalized the re¬ 
sulting denominator which determines 
whether or not self-excitation will exist will 
be the same. This means therefore that the 
results presented in the paper apply equally 
well for small changes in the field excitation 
voltages, as well as for changes in the arma¬ 
ture voltage. 


Synchronous Machine With 
Solid Cylindrical Rotor 

Discussion of a paper by C. Concordia and 
H.Poritsky published in the January 1937 issue,, 
pages 49-58, and presented for oral discus¬ 
sion at the synchronous machinery session of 
the winter convention, New York, N. V. 
January 27, 1937. 


field 

roots of Mjttaon'si **“ 

'™e constaot of 

ewtion, fa 

cal PointsL but ^ 

*oot by tlMoselvo, 

sdf-excitatipn. me region of 

1“ «der to «plafa why self^tatioo 


/ r/v ^ ^ — (1 — s)x I 

L-.^){[(!-.)* + p»] r + 2pxc}G,M E.. 

(18a) 

“ (1 --t) 

It WIU be noted that oil u the compo- 
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'■ «*, (General Electric Company, 

g Schenectady, N. Y.): This paper represents 
B a valuable contribution to the theory of 
5 synchronous machines in that the effect of 
1 eddy currents in the main flux path of the 
5 solid rotor are included in the general equa- 
tioiu. This makes possible more accurate 
analyses than have heretofore been made 
^ of the effect of the solid rotor on the short- 
t circuit current, the torque .slip characteris- 

‘ into step, 

etc. Additiot^ mformation as to the effect 
of saturation is also made available as the 
authors included the permeability of the 
rotor ^ one of the factors entering into their 
eqmtions. The mathematical analy.si.s of 
the effect of rotor eddy currents and main- 
flux saturation which the authors have made 
was essential in order that a better qunlita- 
tive Md quantitative understanding of the 
tr^ient phenomenon involved in .solid 
rotor synchronous machines be obtained 

torT h® of turbogenera, 

tms 1ms been calculated for some time based 
on rather empirical design constants which 
when compared with test data hav^ not 

S ^ ‘*^culty in evaluating the 
of magnetic saturation and eddy cur- 
rents in the magnetic parts. 

livht to consider in the 

hght of the work by Concordia and Poritsky 
the preset status of the problem of the ^ 

c^es. They have found that the effect 

saturation and eddy cur^ 

StSation”S?®?r^^ indicating that 
muration and eddy currents in the leakaee 

“f * Pl«y , predommant part^i! 
du^ the effeeave reactance 

which i. lit.! P®”®®fibfiity, an aasumption 
d^tv fifirotio-ed becauae the 

w»ity actuauy may vary considerablv 

flux SJuSif 

evaluatofi ®ay^^ be more reatonably 
the effect of eddrci^LtT’V i®*^®°tmg 

Ei^crarcAL Enoinbekino 




Figure 1. Effect of rotor main-flux saturation 


If the effect of eddy currents is neglected, 
the comparative effect of main and leakage 
flux saturation can be approximately evalu¬ 
ated by equation 10 of a discussion given 
on page 1114 of the 1936 AIEE Transac¬ 
tions. This equation is: 

^a'csat’) = 2 X 

/ Xfffa \ f xgfi ^fu\ ^^afd 

if* I *rM~| I 21”*] 

feol ki ka J i2|_ kaa kao J 

jfea = rotor main-flux saturation factor 
ka = rotor leakage-flux saturation factor 
kao - rotor initial main-flux ^turation 
factor 

ii!«o = rotor initial leakage-flux saturation 
factor 

Refer to the above mentioned discussion for 
more complete definitions of this and the 
remaining quantities. 

Figure 1 of this discussion shows the ratio 
between ac^Ksatd.) as calculated by this equa¬ 
tion to acd(unsat.)' for the case when the 
leakage saturation is zero (kao = ifej = 1.0) 
for different conditions of initial saturation 
in the rotor main flux path (kao ^ 1.0, 1.5, 
2.0), while the salturation at the instant of 
maximum armature reaction varies (ka ■= 
1.0 to 2.0). As shown by these results, the 
initial saturation in the main flux path has 
only a small effect, while changes in satura¬ 
tion from the initial to the value at the in¬ 
stant of maximum armature reaction has a 
still smaller effect. The magnitude of the 
effect of the initial satmration in the main 
flux path checks very well the results obtain¬ 
ed by Kilgore ("Effects of Saturation on 
Machine Reactances," AIEE Transac¬ 
tions., volume 54, pages 545-60, May 1935) 
and by Concordia and Poritsky for the lami¬ 
nated-rotor case. The additional fact, in¬ 
dicated by figure 1, that the effect of the 
change in rotor main-flux saturation is very 
small and tending to increase the effective 
reactance checks physical reasoning and 
further justifies the assumption of Concor¬ 
dia and Poritsky of constant permeability 
in the main flux path. Physically, increased 
saturation in the main flux paths under 
short-circuit conditions is due to an increase 
in density due to a required increase in the 
fotal flux hear the base of the rotor teeth 
in the direct axis in order that Constant field 
flux leakages be maintained. This interest¬ 
ing fact was pointed out sometime ago by 
Mr^ P. 1/. Algor Although this increase in 
density may increase the saturation in the 
rbtor^ it results in a very small increase in 
the effective tranment reactance. This 
probably can be noticed more decidedly by 
its effect to increase the a-c component of 


induced field current rather than its effect 
on the magnitude of short-circuit current, 
the short-circuit current being limited 
chiefly by the leakage flux. Therefore, the 
conclusion is reached that the effect of rotor 
main-fiux saturation on the magnitude of 
armature short-circuit current is small and 
that the effect of leakage-flux saturation is 
the important factor which should be further 
investigated. 

Accordingly, letting ka = ka = 1.0 in . 
equation 1 and investigating the effect of 
changes in initial leakage saturation (^ss = 
1.0, 2.0) and changes in leakage saturation 
at the instant of maximum armature reac¬ 
tion (ka = 1.0 to 4.0), the results shown in 
figure 2 of this discussion were obtained. It 
is seen from these results that the effect of 
saturation in leakage paths is appreciable. 

These results indicate the very decided 
effect of saturation in the leakage flux paths 
in reducing the effective reactance, while 
very little effect is produced by saturation 
in the main flux path. 

Because of the importance of saturation 
in the leakage flux paths on the short-cir¬ 
cuit current, a possible explanation for the 
apparently inconsistent results sometimes 
obtained when attempting to obtain the 
transient and subtransient reactances firom 
the oscillographic records presents itself. 
Maximum leakage flux exists when the rotor 
has moved 180 degrees after the instant at 
which the 3-phase short circuit was applied, 
this leakage flux decreasing to a minimum 
value at 360 degrees and then rising to a 
. slightly reduced maximum value at 640 de¬ 
grees, etc., until the d-c armature tran¬ 
sients have died out. Therefore, if the envel¬ 
ope of the completely offset wave of arma¬ 
ture current is measured, this effect will 
tend to yield lower values of short-circuit re¬ 
actance than the envelopes which are not 
completely offset. If a completely offset 
wave is not obtained, the lowest possible 
value of short-circuit reactance may not be 
obtained. This leakage flux, which pulsates 
with respect to the rotor, disappears with 
the decay of the d-c components of armature • 
current, so that if the d-c components of ar¬ 
mature current have disappeared, the mag¬ 
nitudes of the envelopes of the different 
phases should be approximately equal and 
the saturation in the leakage paths consider¬ 
ably reduced even for the case of a long field 
time constant. 

This suggests a modification of oiu: present 
manner of defining and measuring subtran¬ 
sient and transient reactance of turbogenera¬ 
tors. Possibly, we should use the terms 



Figure 2. Effect of rotor leakege-flux 
saturation 


"maximum possible 3-phase short-circuit 
current” to apply to the first peak of the 
completely offset current wave and "transient 
symmetrical short-circuit current” to apply 
to the component of short-circuit current 
obtained from extending the slowly decaying 
components of armature current, after the 
d-c component of armature current has de¬ 
cayed, back to the zero time axis. These 2 
values of current could have their corre¬ 
sponding values of reactance. The react¬ 
ance determined after the d-c components 
of armature current had decayed could be 
used in calculating system short circuits 
where the d-c time constant is very small, 
which is practically true every place except 
on or just off a generator bus. This react¬ 
ance could also be used in stability calcula¬ 
tions. 

The value of reactance used for determin¬ 
ing "the maximum possible short-circuit 
current” could be used for determining the 
maximum short-circuit currents near or at 
the generator terminals. This method would 
have the advantage of giving more accu¬ 
rate answers and a clearer conception of the 
actual effect of saturation on the short-cir¬ 
cuit current. 

Contributions to Synchronous 
Machine Theory 

Discussion and author's closure of a paper by 
A. S. Langsdorf published in the January 
1937 issue, pages 41-48, and presented for 
oral discussion at the synchronous machinery 
session of the winter convention. New York, 
N. y., January 27,1937. 

S. B. Crary (CSeneral Electric Company, 
Schenectady, N. Y.): Dean Langsdorf has 
presented an interesting paper which gives 
methods of obtaining the steady-state 
characteristics by graphical constructions. 
Such constructions have the advantage in 
that the work involved in calculating the 
steady-state performance of a machine may 
be materially decreased. The work that 
Dean Langsdorf has done suggests a further 
step, that of taking satmration more com¬ 
pletely into account by modifying the pres¬ 
ent constructions based on no saturation. 
This would make the results considerably 
more practical as the steady-state perform- 
. ance of a machine is affected appreciably 
by saturation in the magnetic drqiit under 
many normal and particularly under certain 
abnormal operating conditions. The effect 
of saturation on the steady-state per¬ 
formance is, in general, a more important 
factor than the effect of saliency. 

If the effect of saturation is to be con¬ 
sidered it is sugg^ested that the assumptions 
in regard to it be critically reviewed. Satu¬ 
ration in the armature core is not negligible 
and there may arise conditions of operation 
in which saturation m the pole tip cannot 
be neglected. Dean Langsdorf presents in 
figure 16 a method for modifying V curv^ 
to account for the effect of saturation. This 
modification tacitly assumes that saturation 
in the field poles is only a function of the 
fie l d excitation while actually saturation in 
the field poles is a function of the flUx in the 
pole which is dependent on both the arma¬ 
ture and field magnetomotive forces and 
not the field magnetomotive force ailbne. 
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Rsuw 1. Chart for a salient-polc synchronous machine 


R«-0 X((-1.00 Xj-0.60 


whidi show constant values of the load 
angle d. 

The only essential differences between 
chart and figure 10 of Professor Langs- 
aori s paper are the change of scale, mfllring 
rae chart applicable at any ter minal voltage 
(saturation being neglected), and the addi¬ 
tion of the radial angle lines. This chart 
^be used, as shown by Professor Langs- 
dorf, to obtain practicaUy any of the normal 
steady-state operating characteristics of the 
machine. 

The chart is constructed by a different 
n^od than that used by Professor Langs- 
7^’ procedure is shown in figure 2 of 
this discussion. In this construction the 
armature resistance is included. The con¬ 
struction is as follows: 

Compute the co-ordinates of the point A 
which are 


+ X. 


b= + 


+ XJ 


Draw the line OA, connecting point A 
with the origin. Except for the change in 
and the rotation of the chart through 
W de^ees, this line is the same as line OC 
of Professor Langsdorf's figure 9 extended 
to the pomt A where line OC again intersects 
the reluctance circle. 

Dmw the perpendicular bisector of OA 
md find point C, its intersection with the 
The distance OG should be equal to 

^aw the axis of symmetry AGB. 

Draw the reluctance circle ALC with its 

symmetry AGB and 
With its diameter equal to 


H. E. Edgerton and Charles Kingsley. Tr. 
n Institute of Technology, 

The writers, in collaboration 
mth ProfesOTr W. L. Sullivan (now at 
SteveiM Institute of Technology) developed 
several years ago a power chart for salient- 
pole synchronous machines which is very 
to the current chart, figure 10, of 
mfessor Langsdorf’s paper. The chart is 
m^trated in figure 1 of this discussion. 
1 ne rectangular co-ordinates are 

power at the machine terminals 

p * apparent 

conductance g 

— active component of armature current 
per-unit terminal voltage, 


reactive volt-amperes at the terminals 

' " 

apparent susceptance 4 
“ reactive component of armature current 
per-unit terminal voltage. 

Pc^tive values of power are for generator 
action. Positive values of reactive volt- 
aipperes we fpr leading-current generator 
action, or lagging-current motor action. The 
curves show the rdation between the ap- 
parmt conductance and susceptmce for 
^ous constmt values of the ratio E/F. 
Ihe radial lines show various constant 


values of the load wgle S. The chart shown 
IS drawn for a machine having the following 
constants: 

= 0 

Xa =: 1.0 per unit 

= 0.6 per unit 

The reactances are assumed to be constant 
mdepmdent of saturation. This same as- 
sumption IS made by Professor Langsdorf, 
^though resistance has been neglected in 
Rawing this chart, it is not a difficult matter 
to mclude resistance, as will be shown sub- 
sequmtly in describing the method by which 
the^rt IS drawn. Practically, the effects 
of the resistance of the machine are usuaUy 
very small. ^ 

_ TJiis chart is very much like figure 10 of 
ftofes^r Langsdorf’s paper. In fact, if 
figure 10 of the paper were rotated counter- 
clockwise through 90 degrees,, and the scale 
dt^d by dividing by the terminal voltage 
K, iTofeMor Langsdorf would have obtained 
exactly these same curves for this machine. 
The advantage of altering the scale in this 
manner is that the chart now shows the vec¬ 
tor loa of the armature currm per unit 
terminal voltage. The chart can now be 
used at any t^nal voltage, by correcting 
the readings taken from it in accordance with 
whatever the terminal voltage may be This 
IS a simple matter of multiplication. In 
adffition to the curves for constant values 
of the ratio B/V, radial lines are drawn 
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Xg-X, 

+ X^x, 

Except for the change in scale, this is the 
same cirde shown in figure 9 of the paper. 

Draw in a ntmber of radial lines ALP, 
ALiPi, etc., radiating from point A. These 
we the linM of constant load angle J. The 
load angle is equal to the angle which these 
linM make with the zero angle line AO. 

FVom the intersections L, Li, etc., of the 
angle Im^ with the reluctance circle, meas¬ 
ure the distance LP , LiPi, etc., equal to 

- . B . 

V -f XaXg ® chosen value. 

Draw the cu^e connecting points P, Pi, 
Pt, etc. ^ This is the admittance locus for 
tbe particular chosen value ai B/V. 

By repeating this comparatively simple 
graphical construction for other chosen 
values of B/V, the complete chart can be 
constructed. 

It can readily be shown by simple geome- 

points L, Li, etc., are the same 
as the corresponding points which would be 
obtamed by Professor Langsdorf’s graphical 
construction. 

Mathematically, the curves are liTnflrrtiie 
spimetrical about the line and having 
the polar equation 

/> = o -f- 4 cos B 

where a and 4 are constants. 

There have also been several articles 
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Rgure 2. Construe* 
tion of the chart 


published in German ("Das Stromdiagramm 
der Synchronmaschine mit Ausgepriigten 
Polen in Symbolischer Behandlung,” by 
Johannes Schammel, Archiv f&r Elecktro- 
technik, volume 23, 1929, page 237). This 
article also gives a bibliography which 
may be of interest to those following the 
subject. 


Sterling Beckwith (Allis-Chalmers Manufac* 
turing Company, Milwaukee, Wis.): The 
relations and curves derived by Mr. Langs- 
dorf are very interesting, and probably an¬ 
swer questions which have been wondered 
about by everyone who has worked with 
synchronous machines for any appreciable 
length of time. 

There are 2 interpretations of the term 
"equivalent” impedance. One is the reac¬ 
tance which can be used to replace the vary¬ 
ing reactance of a machine and which has 
the value that will give correct power limits 
for the machine when used with constant 
internal voltages in the usual formulas for 
power limits. Another is the reactance 
which will give the correct internal voltage 
of a machine. A point worth mentioning 
in connection with the 2 definitions, both 
of which appear in the literature on the 
subject, is that the first reactance will not 
give correct internal voltages, and that the 
second reactance will not give correct stabil¬ 
ity limits. In order to get correct stability 
results with the latter type of reactance, for 
example, it is necessary not only to take 
into account the magnitude of the reactance 
but also its rate of clmnge and the rate of 
change of the inteamal voltage, Bodi react¬ 
ances a^e useful for their purposes, but 
their shortcomings must not be overlooked. 

Two questions occur to me after reading 
the article. One is whether the power 
circles in figure 10 are true drdes, or whether 
they approximate oirdes in the case of the 
circles for constant internal voltage E. The 
. other is whether the assumption of neg^gible 
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tooth saturation and the use of the no-load 
saturation curve in figure 16» are sufficiently 
accurate in view of the fact that stability 
is dependent on the rate of change of satura¬ 
tion. 


A. S. Langsdorf: The excitation lod of 
figure 10, and their Cartesian representation 
in the maimer indicated in figure 12, have 
been checked experimentally by slip tests 
made with a small 15-lom laboratory alter¬ 
nator. The accompanying oscillograms, all 
made by the usual slip-test method show 
the results of slip tests with zero exdtation 
(curve number 9); with very small exdta¬ 
tion (curve number 10); and with a larger, 
but less than normal, exdtation (curve 
number 11). 

In the case of oscillogram number 9, the 
theoretical polar current locus is the small 
rductance drde O' of figures 9 and 10. The 
current variation through the range from 5 
« 0 to S »=> 360 degrees should theoretically 
show values of current which are less than 
the average through a range smaller than 
180 degrees, and which are greater t h a n the 
average through an angle of more than 180 
degrees. This condusion is amply supported 
by the oscillogram. 

The second osdllogram, number 10, shows 
very dearly the humps predicted by figure 
12 of the paper; and oscillogram number 11 
shows how these humps are levded with in¬ 
creasing exdtation, and with the asym¬ 
metry to be expected because of the fact 
that the exdtation loops of figure 10 extend 
bdow the zero-power drde more than they 
rise within it. 

It is a further fact that the maximum 
power that can be devdoped by an unexdted 
motor (indicated by cirde Pi, figure 10) is 
equal to the rductance power 

XaX, V 

Discussions 


which appears as the coeflfident of the second 
term of the coupling factor (equation 44), 
provided the resistance Ra is neglected. The 
proof of this statement follows readily from 
the equations given in the paper. 

There is no doubt that a critical study of 
the effect of saturation, as suggested by Mr. 
Crary, would be useful to designers, but it 
is neverthdess true (quoting from the origi¬ 
nal paper) that "the full effect of saturation 
of the magnetic circuit is apparently beyond 
the scope of any reasonably simple analysis.” 

It was believed that such an open disclaimer, 
serving as an introduction to the "reason¬ 
ably simple” construction of figure 16, con¬ 
stituted suffident notice of the approxi¬ 
mate nature of that construction. As a 
matter of fact, the approximations involved 
in figure 16 are precisely the same as those 
suggested in appendix D (part I) of Doherty 
and Nidde's paper,* (footnote refers to 
numbered references in the artide) and 
which are there shown as modifications of 
the vector diagram, whereas the present 
author chose to represent them as modifica- 
tions of the derived V curves. Mr. Crary is 
quite correct in his contention that satura¬ 
tion is not. a function of fidd exdtation 
alone; it is decidedly a function of the 
armature current and the phase displace¬ 
ment between current and voltage. If any¬ 
one knows how to bring these additional 
factors into the picture he has a dear fidd; 
pending the presentation of a complete an¬ 
alysis, it may merdy be said that the method 
embodied in figure 16 tends in the right 
direction. In any case, the purpose of the 
paper was not to emphasize saturation 
effects, but (quoting from the opening para¬ 
graph of the paper) "to point out some 
features . . . which follow . . . from the 2- 
reaction theory.” That theory is completdy 
represented by the vector diagram figure 4, 
and any shortcomings in the deductions are 
inherent in the theory itsdf. 

It is interesting to note that the method 
of Messrs, Edgerton and Kingsley leads to 
the same condusions as those of the paper 
ii ndpr discussion, though their analysis 
stops short of such deductions as those con¬ 
cerning the law of variation of reactance, the 
nature of the V curves, etc. 

Mr. Beckwith mentions 2 different inter¬ 
pretations of the term "equivalent imped¬ 
ance,” both of which refer to single-valued 
quantities. As the term is used in the paper, 
it refers to a variable impedance which is 
a function of the 2 constant reactances, Xa 
and Xq, and of the variable phase angle if. 

Mr. Beckwith raises the question whether 
the power cirdes of fig;ure 10 are in reality 
true cirdes. Inasmuch as these cirdes are 
merdy the geometrical representations of 
equation 1, the question is equivalent to 
qs THn g (a) whether the power devdoped by 
the machine is really equal to the input 
minus the copper loss, and (&) whether the 
voltage V and the current I are the simple 
harmonic functions of time that they are 
tacitly assumed to be. The truth of (a) can¬ 
not be questioned, hence if (&) is satisfied 
the lod are truly circular, but with the un¬ 
derstanding that P represents power de¬ 
vdoped, not power usefully ddivered at Ae 
shaft. The second question, concera^g 
tooth saturation, has already been implicitly 
answered in reply to Mr. Crary; the method 
of figure 16 is confessedly somewhat approxi¬ 
mate, that is, qualitative rather than quan¬ 
titative. 
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Of Inisliliite fiumJf RelaieJI J^cH^iliesi 


Pacific Coast Convention 
Includes All-Day Trip to Grand Coulee 


I THOSE who have looked fonvard to 
the time when they might profitably visit 
the Pacific Northwest, the 1937 ATPF. 
Pacific Coast convention to be held in Spo¬ 
kane, Wash., August 31-September 3, 
off^ an excdlent opportunity to combine 
business with pleasure. Not only is the 
city of Spokane itself a recreational center, 
but also within easy reach are many fine 
trout streams and mountain lakes, 
several famous national parks. 

A special feature of the high-dass tech-' 
*u^sl program that has been arranged is 
a joint session with the Institute of Radio 
Engineers, which organization is concur- 
r^tly holding its first Pacific Coast conven¬ 
tion. Other attractions include an all-day 
inspection tnp to the Grand Coulee project 
on the Columbia river, and the usual sports 

competitions and special entertainment. 

Spokane a Recreational Center 

A mountain river fiows through the cen¬ 
ter of Spokane, and a big proportion of its 
banks has been, and is being, converted into 
State and City park areas. City and ad¬ 
jacent State parks total 4,920 acres, which 
is said to be the largest park area per capita 
of any city in the United States. Five golf 
courses, play grounds, the sunken gardens 
of Manito, all provide pleasant recreation. 

For those who* will combine either all or 
part of their vacations with attendance at 
^e convention, Spokane offers a surround- 
mg recreational area of motmtain scenery, 
fine trout streams, and lakes. Within 50 
miles of Spokane are located 76 clear moun¬ 
tain lakes, Only a little farther away is the 
famous Coeur d’Alene mining district with 
the Sunshine Mine, the Bunker Hill Smelter, 
^d other new and old producers. Only a 
little farther, and all within easy reach of 
Spokane, are the national parks. Glacier, 
Yellowstone, Craters of the Moon, Mount 
Rainier, Mount Baker, and others. 

Technical Program 

The. tech nica l program is comprised of a 
w^th of material, and some of the papers 
deal with recent problems in the Pacific 
Northwest. Five technical : sessions and 
rae conference scsaon on dectric house 
heatilig .will be bdd. The cotmniuiication 
session will be a joint session with the In- 
stitute 6f Radio Engineers and papers also 
^ be presented by weU-known members of 

the IRE. According to F: E. : Teiman 
(-j^'23, M’34) of Stenfbrd University, Calif., 

diairinan of the IRE invention committee* 


present tentative plans call for a 2-day 
IRE invention to be held September 1 
and 2 in the same hotel as the AIEE conven¬ 
tion. Registration will be on the morning 
of September 1, followed by a technical ses¬ 
sion that afternoon. Tlie jointly sponsored 


session is scheduled for Thursday morning 
Md will be followed by another IRE session 
in the afternoon. The joint session and 
the IRE convention should prove an addi¬ 
tional attraction for electrical engineers. 

Interesting Inspection Trips 

As a special feature, it is planned to 
devote one entire day to an iiispection of 
Grand Coulee, the world’s greatest dam, and 
an address on its electrical features by 
Alvin F. Darland of the United States 
Bureau of Reclamation. This dam, which 



Tk. top of tt. Ani l, to b. K,™. 300 fort 
above the top of the^tr^le ^own. Openings to the infection and groqting galleries mav 
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hoing built for the dual purpose of irriga¬ 
tion of power generation, is of great 
interest to all engineers. Grand Coulee is 

•only 92 miles from Spokane. 

What is said to be the world’s tallest 
tmguyed radio tower, which has^ just been 
•completed in Spokane by station 
■aijart is on the inspection-trip program. The 
niain towcT is 803 feet tall with a short wave 
■anH television spire extending up to a total 
height of 828 feet. , , . , 

Another "world’s greatest” scheduled for 
inspection is the new pumping plant of the 


City of Spokane. Each of the 2 v^ical 
turbine-type pumps is driven by a 900- 
horsepower 1,200-rpm vertical hollow-shaft 
motor built into the pump head, largest ever 
built of this construction. 

Some Facts Concerning Grand Coulee 

The Grand Coulee project, perhaps the 
most extensive of its kind every attempted, 
embraces the construction of a dam, pow^ 
plant, and pumping plant on the Columbm 
River; a reservoir in Grand Coulee; and 



Tentative Program 

In this program, reference to the issue and, in so far as P^ssiWe, 
to Se p^e to ELECTRICAL ENGINEERING is given for aU papers 


Tuesday: August 31 

10:00 a.ni.—Opening of Convention 

10:15 a.m.—Selected Subjects 

IIOHTING THB SaN 

Bbidob, C. R. Davis, Department of Public Works, 

State of California. Scheduled for August issue 

Prbsent Day akd Probable 

Applications nr Aircrart, W. V. Boughton, 

Douglas Aircraft Company, Inc. ^ 

* Scheduled for August issue 

Proposals for the AommsTRATiON of Fbdbi^ 
Power in the Pacifio Northwest, H. V. Car- 
oenter. State College of Washington. 

Scheduled for August issue 

2:00 p. m-— Development of Protective 

Equipment 

Rblav Operation During System Oscillations, 
C. R. Mason, General Electric Company. 

July issue, pages 823-32 

A Comprehensive Method of 

Performance of Distance Relays, J. H. Neh , 

Philadelphia Electric Company. 

July issue, pages 838-44 

THE Ultra-High-Spbbd RBttO^O Bxfot.«on 
On. CiRCurr Breaker, A. C. ^hwager, Padfic 
Blectric Manufacturing Corporation. 

Scheduled for August issue 

Cafacwancb Control of 

IN Multi-Break Breakers, R. C. Vm Sickle, 
Westinghouse Blectric & Manufacturing Company. 
^ ® Scheduled for August issue 

9:00 p iu- —^Reception and Informal Dance 


Wednesday, September 1 

9:00 a.m.— -Power Transmission and 

Distribution 

Smpirical Method op Calculatino Corona 
Loss I^oM Hioh-Voltaob Transmission Li^, 

T S Carroll, Stanford University, and Mabel 
liacferran Rockwell, cCnsulting electrical 

May issue, pages 568-00 

Distortion of Traveling Waves by_ Cojwi^, 

H. H. Skilling, Stanford Uniyersity, and P. deK.. 

Dykes, Cambridge (Englsmd) Uniyeraty. 

• July issue, pages 860-7 

Analysis OF Sebibs CafAcitor Application 

I. BM8. J. W. Butler and C. Concordia, General 
Bld±cic Company. Schdluled for August issue 


2:00 pjn.—Student Technical Session < 

—Golf 

8:00 pjn.—^Banquet; Presentation of Prizes 

Thursday, September 2 

9:00 a.m.—Joint Communication Session 

With Institute of Radio Engineers 

Magnetic Generation of a of BUr- 

MONics, Eugene Peterson, J. M. Manley, and 
L R Wrathall, Bell Telephone Laboratories, inc. 

* Scheduled for August issue 

radiotelephone Noise Rbduoton by Voice 
Control at Rbcbivbr, C. C. Taylor, Bell Tele¬ 
phone Laboratories, Inc. 

Scheduled for August issue 

THE VODAS. 8. B. Wright, Bell Telephone Labora¬ 
tories, Inc. Scheduled for August issue 

Transmission Lines at Very Hiot 
qtjbncibs, L. E. Reukema, Umvermty of California 
“ Scheduled for August issue 

The Developmental Problems and Operating 
Characteristics of 2 New 
QUBNCY Triodbs, WinBeld O. Wagener. RCA Radio- 
tron Company. paper 

HiohtEppicibncy Grid-Modulated Amfliftos, 

P E Terman and John Woodyard, Stanford Uni- 
, v;rsity. 

2:00 p.m.—Student Technical Session 
r —Session on Electrical Machinery 

’ tooth-Freocbncy Eddy-Current Loss, Paul 

e Narbutovskih, Stanford Unlverrity. „j.o -- 

February issue, pages 268—66 

The Saturated Synchronous Mac^nb, B. L. 

Robertson, T. A. Rogers, and C, F. 

veraty of California. July issue, pages 868-63 

Transformer Current and Power Inrustos 
Under Load, B. B. Kurtz, University of Iowa. 

Scheduled for August issue 


main irrigation canals and water 
tion system on the project lands. The esti¬ 
mated cost of the dam and power plant is 
*178,790,000: of the irrigation 
$197,841,000. The dam is of 
gravity type and will rise to aheight of 550 
feet, second only to Boulder Dam ^ 

727 feet. Thickness of the dam at the base 
will be about 600 feet and at the top about 
30 feet. Length along the crest wiU be ap¬ 
proximately 4,200 feet. 

Some 11,260,000 cubic yar^ of masomy 
and 65,000,000 pounds of reinforcing steel 
will be required for the dam, power plant, 
and appurtenant works. The reservoir 
created by the dam wiU cover ^ area ot 
about 82,000 acres and will contain approxi¬ 
mately 10,000,000 acre-feet of water. 

There will be 2 power houses, one at eacn 
end of the dam, each about 765 feet long. 
Ultimatdy, 18 generating units ^1 be in¬ 
stalled, each consisting of a 160,000-ho^- 
power vertical turbine and a 120,000-kva 
60-cycle 13,800-volt generator. Water wiu 
reach the turbines through 18 penstocks, 
e ach 18 feet in diameter, under an aveiage 
head of 336 feet. 

The pumping plant, which ultimately 
will contain 12 pumps each having a 
capacity of 1.600 cubic feet per second 
and driven by a 66,000-horsepower motor, 
will be on the west bank of the river adja¬ 
cent to the upstream ade of the <tom. 
Normal pumping head will he 296 feet; 
maximum, 367 feet. Water from this 
pumping plant will be used to irrigate 
about 1,200.000 acres of land on the east 
side of the Columbia river. 

The entire project is bring cops^ctea 
by the United States Government under the 
direction of the Bureau of Reclamation of 
the Department of the Interior. Ex^ya- 
tion was begun to December 1933, me 
placing of concrete to December 19o6. 
If the present rate of progress is mam- 
tatoed, the dam and power plant will be 
completed in 1941. Initially, only 3 gener¬ 
ating units will be installed; these are 
pected to be to operation during 19^. 

Present plans providef or bringing to irrigation 

■ areas to small units only, at such ttoes as 
» there is a demand for additional land. Ac¬ 
cording to estimates, the irrigation project 
^ will be finally completed at the end of about 
40 years. 


8:00 p.m.—Conference on Electric House 

Heating 

B^ciuc Heating op Residences, C. B. Mag- 
nusson. University of Wsshington. 

Blbctbic Hbatino of Rbbtdbncbs, H. V. Car¬ 
penter. State College of Washington. 

Friday/ September 3 

Coulee Dam Trip 

Address: The Coulee Dam Project, Alvin F, 
Darland, United States Bureau of Reclamation. 


Sports 

As usual, the high tight of the sports 
events will be the golf toumamrat for the 
John B. Fisken cup. An toteres^g feature 
of the sports program this year is that Mr. 
Firicen hims^, a resident of Spokane, is 
chairman of the convention’s sports sub¬ 
committee. A variety of other competi¬ 
tions will round out the sports program. 

Special Entertainment for Women 

For the women guests at the convention, 
one of the most toteresttog features will be 
the gardens of Spokane. During 4 years 
of participation in the nationwide jMntest 
of the National Yard and Garden Corrtest 
Association of America, Spok^ 
have won 4 first prizes. This is said to be 
more "firsts” than have been won by any 
other American city—^in fact, m many as 
ever have been won by all the gardens 
•within any other entire state. 
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Lobby of the Davenport Hotel, Spokane, Wash., headquarters of the AIEE 1937 Pacific Coast 

convention 


There will be sight-seeing trips for the 
women, a bridge luncheon at the Country 
Club, golf, putting contests, and other en¬ 
tertainment. 

Hotels and Registration 

Convention headquarters will be at the 
Davenport Hotel where registration desks 
will be open from early Tuesday morning, 
August 31. Accommodations of all types 
are available at the Davenport at prices 
beginning at $3 per day. 

Accommodations at the Spokane Hotel 
will range from $2 to *6. The Desert 
Hotel, across the street from the Davenport, 
and the Coeur d’Alene have accommoda¬ 
tions ranging from $2.60 upward. All 
members desiring accommodations are 
urged to make their reservations early. 
Special arrangements are being made for 
economical accommodations for Enrolled 
Students. 

COMMITTBBS 

In the following list are given the mem¬ 
bers of the 1937 Pacific Coast convention 
committee, which includes the 10 sub¬ 
committee chairmen, as indicated. 

H. V. Carpenter, chairman 

R. . D. Sloan, vice-chairman 

F; Hatch, secretary 

Reinier Beeuwkes H. S. Lane 

S. E. Caldwell p. o. McMillan 

J. B. Fisken H. L. Melvin 

L. R. Gamble H. S. Osborne 

J* Gaylord George Quinan 

•C. R. Higson C. E. Rogers 

N. B. Hinson R. w. Sorensen 

.R.H.HU11 A. Vilstrup 

L. R. Gamble, meetings and papers 

J*. S. McNair, finance 

X. A. Traub, transportation 

•H. W. Webbe, housing 

J. R. Murphy, entertainment 

J. B. Fi^en, sports 

H. B. Hodgins, publicity 

iR.. H. Hull, student activities 

H, H. Olney, registration' 

Sari Baughn, inspection trips 

JSlectric Power Markets in Washington. 
This is the title of a 40-page bulletin (No. 
93) of the University of Washington Engi¬ 


neering Experiment Station, prepared by 
Doctor C. E. Magnusson, professor of elec¬ 
trical engineering at the university, and 
director of the Engineering Experiment 
Station. This bulletin presents, largely in 
tabular and graphical form, the results of 
an extensive study of the electric heating of 
residences in Seattle. It is listed as being 
available from the University at 40 cents 
per copy. 


AIEE Directors Meet 
at Institute Headquarters 

The regular meeting of the board of 
directors of the American Institute of 
Electrical Engineers was held at Institute 
headquarters. New York, on May 24, 1937. 

Present: A. M. MacCutcheon, 

Cleveland, Ohio. Past-President—IL. P. 
Charlesworth, New York, N. Y. Vice- 
Presidents —C. V. Christie, Montreal, 
Canada; Mark Eldredge, Memphis, Tenn.; 
C. Francis Harding, Lafayette, Ind.; 
W. H. Harrison, New York, N. Y.; A. C. 
Stevens, Schenectady, N. Y. Directors-^ 
F. M. Farmer, New York, N. Y.; H. B. 
Gear, Chicago, Ill.; F. Ellis Johnson, 
Columbia, Mo:; C. R. Jones, New York, 
N. Y.; P, B. Juhnke, Chicago, Ill.; W. B. 
Kouwenhoven, Baltimore, Md.; Everett 
S. Lee, Schenectady, N. Y.; K. B. Mc- 
Eachron, Pittsfield, Mass.; C. A; Powel, 
East Pittsburgh, Pa.; R. W. Sorensen] 
Pasadena, Calif. National Treasurer —^W. I. 
Slichter, New York, N. Y. Nalidnad 
Secretary —H. H. Henline, New York, N. Y. 
Present by invitation during discussion of 
one item—Past-President A. W. Berres- 
ford. New York, N. Y. 

Minutes were approved of meetings of the 
board of directors held January 26-27,1937, 
and the executive committee on March 26* 
1937. ’ 

Announcement was made of the vacanciw 

in the board of directors caused by the 
deaths of Past-Presidents J. Allen Johnson 
and E. B. Meyer and the filling of these 


vacancies by Past-Presidents H. P. Charles- 
worth (to August 1, 1937) and J. B. White- 
h^d (to August 1, 1938), in accordance 
with the board’s interpretation, in May 
1936, of section 36 of the constitution to 
mean that the 2 most recent living past- 
presidents shall be members of the board 
of directors. 

Actions of the executive committee on 
applications for admission, transfer, and 
Student enrollment were reported and con¬ 
firmed, as follows: As of February 19, 
1937—1 applicant elected and 6 applicants 
tranrferred to the grade of Fellow; 12 
applicants elected and 13 applicants trans¬ 
ferred to the grade of Member; 76 appli¬ 
cants elected to the grade of Associate; 
81 Students enrolled. As of April 16, 
1937—2 applicants transferred to the grade 
of Fellow; 6 applicants transferred and 11 
elected to the grade of Member; 470 appli¬ 
cants elected to the grade of Associate; 68 
Students enrolled. 

Rejports were presented and approved of 
meetings of the board of examiners held 
April 14 and May 12, 1937. Upon the 
recommendation of the board of examiners, 
the following actions were taken: 2 appli¬ 
cants were transferred to the grade of 
Fellow; 14 applicants were transferred and 
27 were elected to the grade of Member; 
342 applicants were elected to the grade of 
Associate; 164 Students were enrolled. 

Monthly disbursements as follows were 
reported by the finance committee and 
JPP*;°ved: April, $18,714.91; May, $20,- 

Upon recommendation of the committee 
on electrophysics, the board authorized a 
change in name of that committee to 
committee on basic sciences," without 
change in function. 

Approval was given to a rec ommi»n flq rion 
OT the m^bership committee that p flch 
District vice-chairman of that committee 
be added to the executive committee of his 
geographical District, if not already a 
member of the executive committee in 
another capacity. The wording of revi¬ 
sions of sections 32 and 76 of the by-laws, 
to bring them into conformity ■with thitt 
policy, ■was referred to the committee on 
constitution and by-laws. 

Approval was given to the appointment, 
upon nomination by the standards com- . 
mittee, of Institute representatives, as 


Future AIEE Meetings 

Pacific Coast Convention 
Spokane, Wash., Aug. 30-Sept. 3 

1937 

Middle Eastern District Meeting 
Akron, Ohio, Oct. 13-16, 1937 

Winter Convention 

New York, N. Y., January 24-28, 

1938 

North Eastern District Meeting 
Pittsfield, Mass., Spring 1938 
Sommer Convention 
Washington, D. C., June 20-24,1938 
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follows:. T. H. Haines, on Sectional Com¬ 
mittee on National Electrical Safety Code, 
and W. C. Goodwin, on Sectional Com¬ 
mittee on Safety Code for Mechanical 
Refrigeration. 

H. B. Gear was appointed an Institute 
representative on the Commission of 
Washington Award, for the 2-year term 
beginning August 1, 1937, to succeed L. A. 
Ferguson, whose term v^l expire at that 
time. 

The board confirmed applications made 
by the AIEE committee on research to The 
Engineering Foundation for financial sup¬ 
port for the year 1937-38 of the following 
research projects: investigation of electric 
shock, stability of impregnated paper insu¬ 
lation, and work of welding research com¬ 
mittee. 

Upon recommendation of the committee 
on research, it was voted "that the board 
approves in principle the idea of a contribu¬ 
tion by the AIEE toward the specific re¬ 
search projects which, the board recom¬ 
mends to The Engineering Foundation for 
financial support, of not more than $500 
for any one project in a year, the total 
amount appropriated for all such projects 
dumg a budget year not to exceed one- 
half of one per cent of the total gross 
income of the AIEE for the preceding 
fiscal year." 

Appointment by the president of the 
following committee of tellers to canvass 
and report upon the ballots for the election 
of Institute officers was approved: W. E. 
Coover (chairman), John T. Binford, 
George C. Brown, M. S. Mason, L. M. 
McCullough, L. A. Nelson, and A. M. 
Schoettgen. 

A report, transmitted by Chairman F. B. 
Jewett of the committee on Iwadare 
Foundation, from E. H. Colpitts, covering 
his Iwadare lectureship itinerary in Japan 
in the spring of 1937, was received and 
ordered filed. 

The report of the committee on award of 
Institute prizes, of the awards made by 
the committee for papers presented during 
1936, was presented. (The report was 
published in the June issue of Electrical 
Engineering, page 756.) 

The annual report of the board of direc¬ 


tors to the membership for the fiscal year 
which ended April 30, 1937, as prepared 
by the national secretary, was approved 
for presentation at the annual meeting of 
the Institute on June 21. This included 
reports in full or in abstract of general 
standing committees. The report appears 
elsewhere in this issue. 

The annual report of the national treas¬ 
urer was presented and approved. 

In accordance with section 37 of the 
constitution, consideration was given to the 
appointment of a national secretary of the 
Institute for the administrative year be¬ 
ginning August 1, 1937; and National 
Secretary H. H. Henline was reappointed. 

President A. M. MacCutcheon was ap¬ 
pointed the official delegate of the Institute 
to the semicentennial of The Engineering 
Institute of Canada, June 15-18, 1937. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 

Honorary Members Named 
at Summer Convention 

Election of Bion J. Arnold and Alex Dow 
to honorary membership in the AIEE was 
formally announced at the opening session 
of the Institute’s 1937 Summer Convention, 
which is being held in Milwaukee, Wis., as 
this issue goes to press. These 1937 elec¬ 
tions are ihe first rince 1933 when 6 promi¬ 
nent engineers and scientists were so hon¬ 
ored. Doctor Arnold has been an inde¬ 
pendent consulting engineer since 1893 and 
has been active in Institute affairs, having 
served as the 16th president (1903-04). 
Doctor Dow is a pioneer in the electric 
• utility field and was awarded the AIEE 
Edison medal for 1936 for outstanding lead¬ 
ership in that industry. Biographical 
sketches of both men are given in the "Per¬ 
sonals" columns of this issue. 

Neither Doctor Dow, who is in Europe, 
nor Doctor Arnold was present at the cere¬ 
mony. Doctor Arnold was injured in an 
automobile accident on June 19, the Satur¬ 



The electrolytic zinc plant of the Sullivan Mining Company, a 2- or 3-hour drive from Spokane# 
will be an attraction to those attending the Institute's 1937 Pacific Coast convention who are 
interested in the application of electricity to ore mining and refining 


day before convention week, while on his 
way home from hospital confinement result¬ 
ing %om an earlier accident. Honorary 
Member certificates were sent to Doctor 
Dow by D. H. Baker, convention delegate 
from the Detroit-Ann Arbor Section, and 
to Doctor Arnold by his son. 

As specified in sections 8 and 9 of the In¬ 
stitute’s constitution, 

Honorary Members may be chosen from among 
those who have rendered acknowledged eminent 
service to electrical engineering or its allied sciences. 

Honorary Members shall be proposed in writing by 
at least 10 members, and may be elected only by the 
unanimous vote of the board of directors, a ballot 
in writing to be forwarded by members absent from 
the directors’ meeting. The election of an Honor¬ 
ary Member shall be deemed invalid if an ac¬ 
ceptance is not recuved within 6 months after the 
date of his election. 

The grade of honorary member is the 
highest in the AIEE, and since the founding 
of the Institute in 1884 has been granted to 
only 33 men, including Doctors Arnold and 
Dow. Of those elected prior to this year, 
only the following are still living: Andrfe E. 
Blondel, W. L. R. Emmet, Herbert Hoover, 
A. E. Keimelly, Guglielmo Marconi, R. A 
Millikan, Chas. F. Scott, and Motoji 
Shibusawa. 


New Officers Elected 

The report of the committee of tellers also 
was presented at the first sesfion of the con¬ 
vention, and the follovdng new officers were 
declared elected, each to take office Aug^ust 
1, 1937. 

President: 

W. H. Harrison, assistant vice-president, depart¬ 
ment of operation and engineering, American Tele¬ 
phone and Telegraph Company, New York, N. Y. 

Vice-Presidents; 

I. Melville Stein, director of research, Leeds & 
Northrop Company, Philadelphia, Pa. 

Edwin D. Wood, general superintendent, Louisville 
Cas & Electric Company, Louisville, Kentucky. 

L. N. McClellan, chief electrical engineer, U.S. 
Bureau of Reclamation, Denver, Colo. 

J. P. Jollyman, hydroelectric and transmission 
engineer. Pacific Gas & Electric Company, San 
Frandsco, Calif. 

M. J. McHenry, manager, Toronto district, Cana¬ 
dian General Electric Company, Ltd., Toronto, 
Ont. 

Directors: 

C. R. Beardsley, superintendent of distribulion, 
Brooklyn Edison Company, Inc., Brooklyn, N. Y. J 

Vannevar Bush, vice-president and dean of en? 
gineering, Massachusetts Institute of Technology, 
Cambridge. 

F. H. Lane, manager, engineering divirion. Public 
Utility Engineering & Service Cor^ration, Chicago, 
Ill. 

National Treasurer: 

W. I. Slichter, professor of electrical eupneering, 
Columbia University, New York, N. Y. 


The board of directors for the adminis^- 
re year begiimhig August 1,1937, conasts 
these newly elected officers, togeliier 
th the following hold-over officers: A. M. 
acCutefieon (retiring preadtot), Cleve- 
ud, Ohio; J. B. Whitehead (junior p^t 
•esident), Baltimore, Md.; F. Malcolm 
armer, New York, N. Y.; N. B. Funk, 
hiladdlphia. Pa.; H. B. Gear,^Chi^go, 

1 • F, Ellis Johnson, Columbia, Mo.; 
*•> 1 XT tr. nr R. 
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Kouwenhoven, Baltimore, Md.; K: B. 
McEad^on, Pittsfield, Mass.; C. A. Powel, 
East Pittsbiirgh, Pa.; R. W. Sorensen, 
Pasadena, CaUf.; A. C. Stevens, Schenec¬ 
tady, N. Y.; O. B. Blackwell, New York, 
N. Y.; C. F. Harding, Lafayette, Ind.; 
L. T. Blaisdell, Dallas, Tex.; C. E. Rogers. 
Seattle, Wash. 

The first day’s registration, which num¬ 
ber^ 663 members and guests, presaged 
a highly successful convention. A detailed 
report of the various convention activities 
is scheduled for inclusion in the August 
issue. 


New Name for 
Electrophysics Committee 

The iiame of the AIEE committee on elec¬ 
trophysics has been changed to "committee 
on basic sciences” by authorization of the 
AIEE board of directors, following the 
recoi^endation of the committee. The 
function of the committee remains un¬ 
changed. 

The dectrophysics committee was or¬ 
ganized in 1911. Its scope, as defined at 
the pre^t ^e, is: "Treatment of all 
matters m which the dominant factor is elec¬ 
trophysics, and which are of such novel char¬ 
acter as to be unapplied in any apparatus or 
field of application within the scope of the 
other technical committees, or which are of 
such generality as to be significant within 


the scopes of several technical committees. 
Such subjects as general circuit theory, 
electrostatics, mathematical treatises, mag¬ 
netics, general electrical units, and nomen¬ 
clature are properly within the scope of this 
committee.” 


Executive Committee of 
Pacific District Meets 

A meeting of the executive committee of 
the AIEE Pacific District was held in the 
Engineers’ Club at San Francisco, Calif., 
May 27, 1937. Members of the executive 
committee who attended were: 

N. B. Hinson, vice-president, AIEE, Los Angeles 
J. C. Gaylord, chairman, Los Angeles Section 

E. F. Peterson, chairman. District committee on 
student activities, Santa Clara 

H. S. Lane, chairman, San Francisco Section 

F. S. Benson, secretary, San Francisco Section 
Fred Garrison, secretary, AIEE Pacific District 

Present by invitation: 

R. F. Monges, executive committee, San Francisco 
Section 

W. H. Evans, executive committee, Saii Francisco 
Section 

C. V. Fowler, executive committee, San Francisco 
Section 

E. M. Wright, executive committee, San Francisco 
Section 

R. O. Brosemer, chairman-elect, San Francisco 
Section 


Electrical Industry Honors George Stickney 



a dmnd given ais part of the annual advanced lighting conference held recentlv 

aLG^erd E^tacTnstitute, Nela Park, Cleveland, Ohio, tribute was paid by 
^ i^ustry to G. H. Stickney (A’04, F’24) consulting engineer of the incandesc^fWn 
SnSSl^f Electric Company, Cleveland, in recognition of his numerous 

^^ntnbutions to hghti^ progress durmg more than 40 years of service with the comoanv 

E^r" r the tribute was inscribed was made b^ 

Potter, eastern sales manager of Ihe incandescent lamp department, in behalf of the 
W Whose dgoatores the “e 

photogmph reproduced above are shown John Arthur, Kansas City Power and 'Lwht 
pany; WsW Harrison (F'36) direoKn of Nela eniine^ 

examininghis souvemr book; and hir. Potter. 


J. P. Jollyman, nominee for vice-president AIEE 

J. S. Carroll, member-elect of executive committee. 
San Francisco Section 

Vice-President Hinson presided. As the 
first item of business, chairman Gaylord of 
the Los Angeles Section read the following 
letter which he had written to Chgim-ian 
Lane of the San Francisco Section: 

At a recent meeting of the executive committee of 
the Los Angeles Section, it was unanimously voted 
that we should pledge to the San Francisco Section 
our wholehearted support in its effort to have San 
Frwctsco chosen as the convention dty for the 
national summer convention of the AIEE in the 
year 1939. 

It WM also voted that should you be successful in 
obtaining the convention that year, we would do 
everything in our power to help make the conven¬ 
tion a success. 

After the reading of this letter, the com¬ 
mittee voted to go on record as being in 
favor of holding the Institute’s 1939 sum¬ 
mer convention in San Francisco. 

Promotion of greater interest on the part 
of students in preparing papers for District 
Branch paper competition was discussed. 
It w^ believed that the student counselors 
were in best position to encourage the prepa¬ 
ration of such papers. It was thought 
also ^at the closer co-operation of student 
relations members on the executive com¬ 
mittees of neighboring Sections with the 
students would encourage the students to 
prepare papers. 

The proposed method of inviting Institute 
members to become Fellows, rather than 
lea^^g to the members themselves the 
initiation of applications for transfer to 
that^ grade, was discussed. It was the 
opinion of the committee that this plan 
should be adopted.. 

Much discussion centered about the 
proposed professional engineers licensing 
act, which was defeated in the California 
State Assembly at Sacramento this year. 

It was reported that a committee has been 
appointed from the San Francisco Engineer- 
mg Council, which will co-operate with a 
similar committee from the Los Angeles 
Engineering Council, to frame a bill licens¬ 
ing professional engineers for possible 
introduction into the Assembly at their 
1939 meeting. 

After adjournment, those present at¬ 
tended the regular dinner and monthly 
meeting of the San Francisco Section. 


Schenectady Section 
Sponsors Steinnietz Museum 

The Schweetady Section of the AIEE, 
believing that the home of Dr. C, P. 
Steinmetz; inciuding his library, laboratchy, 
and personal effects, should be preserved to 
serve as au mspiration for the engineers of 
^ time, is participating with other groups 
in a camp^gn to secure funds for its pur- 
rimse. This property, when acquired; will 
he ebnVerted into a memorial museum to 
serve as a showplace for idl the worthy Stein- 
inetz mementos available, and will provide 
P®btt of great interest for all visitors, par- 
ticularly to electrical engineers. An invita¬ 
tion to participate in the establishment of 
the museum has been extended to friends 
of Steinmetz throughout the United States. 
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attended. Chairman Gamble, who pre- 
aded, first gave a report of the discussions 
at the conference of officers, delegates, and 
members hdd during the Institute’s 1936 
summer convention at Pasadena, Calif. 
Upon formal invitation of Professor 
Bingham, it was voted that next year’s 
conference be hdd at the University of 
Nebradca, Lincoln. Following the usual 
custom. Professor Bingham then was dected 
District Branch counsdor chairman for the 
coming term. 

Concerning the conduct and scheduling 
of future student conferences, the following 
actions were taken: 

1. Time allowed for delivering student papers is 
to be limited to 20 minutes each. 

2. Bach paper is to be discussed i mme d i ately fol¬ 
lowing its presentation. 

8. Discusaons of student papers are to be limited 
to students, and the time allowed each discusser is 
to be limit^ to 10 minutes. 

The proposition of obtaining an outside 
speaker for the anmiftl conference was dis¬ 
cussed and was viewed with favor. T. H. 
Granhdd of Omaha, Neb., secretary of 
the AIEE North Central District, acted as 
secretary of the conference. 


This is the second activity to memorialize 
this noted dectrical engineer to be engaged 
in by the Institute’s Schenectady Section, 
the Steinmetz Memorial Lectures having 
been established by that Section in 1925. 
To date, 11 lectures in this series have 
been delivered, the last of which was pub¬ 
lished in the May 1937 issue of Electrical 
Enginbemng, pages 510-17. 


Student Conference Held 
by North Central District 

The tenth annual conference of Student 
Brtmches of the AJEE North Central Dis¬ 
trict was held at the South Dakota State 
College, Brookings, April 23-24, 1937. 
The conference included 2 technicid ses¬ 
sions at which 8 papers by student authors 
and a demonstration lecture were presented, 
a banquet, and 2 business sessions of the 
Student Branch counselors in the District. 
Although the official registration numbered 
only 68, it was estimated that more than 
100 persons attended the technical sessions. 
All 9 Institute Branches within the District 
were represented. 

President A. M. MacCutcheon of Cleve¬ 
land, Ohio, was present for the entire con¬ 
ference and participated actively in all 
the technical and business meetings. His 
interest and advice was said to be very 
helpful in making this one of the most suc¬ 
cessful student conferences ever held in 
the District. He was the principal speaker 
at the banquet. 

The meeting was opened by AIEE Vice- 
President R. H. Fair of Omaha, Neb., who 
introduced President MacCutcheon and 
Doctor H. M. Crothers, dean of engineer¬ 
ing of Uie South Dakota State College, who 
Tfig/lo an appropriate address of welcome. 
After the opening address the first technical 
session began with T. J. Anderson, chair¬ 
man of the University of Nebraska Branch, 
presiding. Lester C. Corrington of the 
South Dakota State School of Mines 


Branch presided at the second session. 
The following papers were presented at 
these sessions: 

Asc Wbldinq and Its Applicatcon in thb In¬ 
dustry, by James Landmesser, South Dakota 
School of Mines, Rapid City. . 

Electron Focosnro, by R. P. Buckingham and 
B, Fekhonen, University of North Dakota, Grand 
Forks. 

The Development op Sound Pictusbs, by John 
McEendry, University of Wyoming, Laramie. 

X-Rays and Their Applicattoks, by Charles B. 
Minnich, Univmrity of Nebraska, Lincoln. 

The Lips op Charles Proteus Steinmetz, by 
Everett H. Lee, South Dakota State College, 
Brookings. 

Son and Wind as Power Generators, by Howard 
McAllister, University of Colorado, Boulder. 

Some Investigations on Elbctrbts, by John J. 
Shideler and Alfred R. Lee, University of Denver, 
Colo. 

Newton’s Development of tee Calculus, by 
Kenneth Frolund, North. Dakota State College, 
Fargo. 

In addition to the foregoing papers, a 
demonstration relating to inductive co-or¬ 
dination was given by S.- B. Hughes and 
I. M. Ellestad (A’24) of the Northwestern 
Bell Telephone Company and A. A. Little 
of the Dakota Central Telephone Coinpany. 
In this demonstration a miniature trans¬ 
mission line paralleled by a mituature tele¬ 
phone line was employed, and the effect of 
various conditions on. the amount of noise 
induced on telephone circuit parallded 
by power circuits was illustrated. The 
effectiveness of transpositions in mitigating 
interference effects was veiy dearly demon¬ 
strated. 

Counselors present at the 2. business 
SPssiGTis were: W. H. Gamble, Branch 
counselor chairman, AIEE North Central 
District, South Dakota State College; H. S. 
Rush, North Dakota Agriculttual Col¬ 
lege; H. F: Rice, Uniyerdty of North 
Dakota; J. 0. Kammermati, South Dakota 
State School of Mines; L. A. Bingham, 
Univerdty of Nebraska; H. B. Palmer, 
Univeraty of Colorado; and G. H. Se- 
christ, Univeraiy of Wyoming. President 
MacCutcheon and Vice-Preademt Fair also 


Electrical Reports 
at NFPA Meeting 

At the forty-first meeting of the 

National Fire Protection Association, held 
in Chicago, Ill., May 10-14, 1937, reports 
ware presented by the electrical committee 
and by committees on static dectricity and 
protection against lightning. H. S. War¬ 
ren (A’03, F’13) attended the meeting as 
Institute representative on the electrical 
committee of the association, and the fol¬ 
lowing information was received'from him. 

The report of the electrical committee, 
A. R. Small, chairman, was a summary 
report outlining the more important changes 
in the National Electrical Code which were 
adopted by the conmuttee in March 1937. 

A minority report was submitted, but this 
did not prevent the acceptance of the elec¬ 
trical committee’s report. The issue raised 
by the minority report was whether the use 
of a nontamperable type of plug fuse should 
be mandatory after July 1,1937. The dec¬ 
trical committee’s attitude was that such 
mwdatoiy requirement would be 
because of the patent situation and because 
satisfactory tippes of nontamperable fuses 
embod 3 ting interchangeability have not yet 
been nmde available. Another item in the 
dectrical committee’s report whidi recdved 
extended discussion had rderence to the 
dassification of pyroxylin plastic manufac¬ 
turing plants in respect to hazardous loca¬ 
tions. The 1937 edition of the code will 
many changes, and will have ^ 
entirdy new format and editorial arrange¬ 
ment. 

The committee on static dectridty, P. V. 
Tilden, chairman, presented a report con¬ 
sisting of 44 printed pages of text md dia¬ 
gram^. Sparks from; static dectridty con¬ 
stitute a very serious hazard where flam¬ 
mable liquids or gsises are present. ^ In 
many kinds of manufacturing establish¬ 
ments' flammable or explosive materials are 
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involved, so careful safeguarding against 
sparks is essential. The report tells how 
accumulations of static electricity can be 
prevented most effectively by the interbond¬ 
ing and thorough grounding of all metal 
pipes, containers, and other equipment. 

The report of the committee on protection 
against lightning, M. G, Lloyd (A’08, FT2) 
chairman, was devoted principally to an 
additional section covering the protection 
of reinforced concrete stacks. A similar 
addition was approved by the sectional com¬ 
mittee on protection against lightning of the 
American Standards Association, which 
held a joint session with the NFPA on one 
of the^ daj^s during the meeting, Doctor 
Lloyd is chairman of both committees, and 
Mr. Warren is a member of the ASA com¬ 
mittee. 


National Adequate Wiring Program. Ap¬ 
pointments to a national adequate wiring 
committee have been completed, according 
to a recent issue of “Nema News,” and the 
committee will now proceed to consider the 
details for the national adequate wiring pro¬ 
gram initiated by the National Electrical 
Manufacturers Association. The broad 
purpose of the program is to educate the 
householder ito recognize and meet the need 
for adequate electrical wiring. Members of 
the committee are: M. E. Skinner and C. A. 
Eastman (A’35), Edison Electric Institute; 
E. G. May and S. J. O’Brien, National Elec¬ 
trical Contractors Association; W, E. 
Spracklihg and G. C. Hiomas, Jr., NEMA; 
and J. S. Bartlett and George R. Conover, 
International Association of Electrical 
Leagues. 


C^urreol Items From 

Americaua Engmeeriify 


Engineers^ . 

Public-Employment Trends 

En^e^ing employment by government 
agencies in Washington is somewhat dis¬ 
turbed by ^e tl^eats of both Congress and 
the Admimstration actually to apply econ¬ 
omy measures. The President has ordered 
all departments, administrations, and com¬ 
missions including the Bureau of the 
Budget materially to reduce current expendi¬ 
ture and to ^t future operations to be 
budgeted within the national income. Con¬ 
gress seems to have accepted the Presi¬ 
dent’s advice, and to have set itself to the 
task of reducing federal expenditure. Al¬ 
lowing for the applietion of political ex¬ 
pediency in 3 delding to "certain iwessure,’’ 
a substantial reduction in the flow of public 
imufe through the "emergency agencie” 
for work relief” and "pump priming pur- 
pee appears more like a certainty than 
ever before. 

^ evidence of the acceptance of the 
^ousness of these intentions,, "adminis¬ 
trative executives” are advising capable 
associates to transfer to other work within 
government service or seek opportunities in 
pnvate enterprise. Rural electrification 
and the more permanent agencies are ab¬ 
sorbing some of the engineers. Others 

be re-employed by special activities 
si^» to "the building materials study” 
^edul^ to be started by the Bureau of 
Stan^ds m July but a distressingly We 
number of competent engineers are leavimj 
government work with its uncertainties 
md meagre compensation for the increas- 
mgly attractive private life. In recogni- 
turn of operatmg difficulties likely to de¬ 
velop as ^ore of the better engineers return 

practice the 

Civd Service Commission is planning to 
conduct an imassembled examination for 
Mgm^s of the several grades of a dozen 

an early date. 
Although avil service cannot be made 
more attractive in either dassificatiou or 


compensation until there is new legislation 
m that direction, an effort is being made 
to raise educational and experience stand¬ 
ards for each grade, with the hope that 
engmeers better fitted for public service 
may be mduced to qualify for the design, 
constraction, operation, and maintenance 
of public property, and for research, edu¬ 
cational, or advisory and supervisory or 
inspection duty in the several lines of ac- 
cepted public service. 

Without becoming involved in anything 
leadmg toward the socialization of engi- 
neermg or the standardization of either 
duties or salaries which might limit en- 
gineenng initiative. Council through its 
s^ and committees, is aiding the Commis- 
swn and its "engineer examiners” in their 
j^orts to improve the engineer personnel 
mder avd ^ce. This opportunity to 
fomard engmeering recognition and to 
act mduectly for the improvement of the 
economic status of the engineer in public 
invitation from 
Service Commission. Council is 
tnus a^epted as an instrumentality of or¬ 
ganized engineering in position to express 
the umt^ opinion of engineers reading 

conditions of the 
employm^t of engineers by those arms of 
tte federal ^vemment of the United States 
under dvil service. 

* Council may well be a 

^bilimg ^uence against unionization 
^uncil IS also given an opening to act for 
^ ra^eenng profession to further the 
^ of the merit system in preference to 
patronage and in the public welfare. 


Government 

Reorganization 

has made 

ite files available to both The President's 
CM^ttTO on Administrative .Manage¬ 
ment and the Select Committee on the 


Investigation of Executive Agencies. Mem¬ 
bers of the staff have advised with both 
committees regarding the economies which 
might be attained by regrouping or reor¬ 
ganization of existing agencies. Coiuicil 
has also offered its services to the Joint 
Committee on Government Reorganization. 

Each of the committees has studied 
Coimcil’s recommendation for the central¬ 
ization of all public works under one quali¬ 
fied head and it is understood that ideas 
advanced by AEC have been incorporated 
in committee suggestions as reprc.scnting 
the best thought on the subject available. 
None of the findings of the committees 
have been announced but all 3 committees 
are believed to have urged the creation of a 
public works department. 

Four bills carrying the principal points in 
the President’s reorganization program are 
scheduled for this se.ssion of Congrcs.s but it 
is doubted that any of them can pass under 
present circumstances. Even if departments 
of public work and social welfare .should be 
established. Congress is not believed to be in 
a mood to delegate authority to the Presi¬ 
dent over such important "arms” of govern¬ 
ment service as the comptroller general’s 
office and Interstate Commerce, Fed¬ 
eral Trade, Communications, and Power 
Commissions, or willing to relinquish con¬ 
trol over the disposition of public works 
appropriations and authority. Feelings 
^ong these lines, in the Congress, arc be¬ 
lieved to be almost as deep seated as that 
involved in the present Supreme Court 
controversy. 


Rural Electrification 
Administration 

The Rmal Electrification Administra¬ 
tion had its second birthday on May 11 
1937. As of that date REA had approved 
310 projects involving $68,962,968. Of 
that ^ount, about $66,862,968 wiU be 
used for line construction; $1,980,000 for 
builtog generatmg plants; and $110,000 
for finanemg wiring and plumbing instal- 
lation. Loan contracts have been exe* 

S'”! *«.«X),000 of the 

$32,000,000 have reached some one of the 
construction and accord¬ 
ing to REA mough wire has been strung 
on projects which it has financed to reach 
tw^ aroMd the earth at the equator, 
of procedures wiU be 

o“8*neers in contact with 
rurrf electrification: Rural electric co-oo- 
^ahves are now required to use consffiZ 
^^ettmg ^rvices. The co-operatiwf 
employ skilled management even 
brfore the lines are built and cliarge Imh 
Varies agaiMt REA loans until the project 
“ operation. Hdp in 
supplied by REA ex- 

inSon! ^ headquarters staff in Wash- 

and production 

be in^ted in ^“e^gy may also 

tor tniin n n hnowmg that Administra- 
finL- ^ *5- of the Rural EIiS- 

that announced 

Servir,* n the Kentucky Public 

Commission estabUshes a^ whole- 
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sale rate of about 11 mills per kilowatt-bour, 
to be made avukible to rural co-operative 
projects by 7 private utility companies op¬ 
erating in Kentucky. In a trieg ram to 
Governor Chandler, Administrator Car- 
mody states that the Kentucky action 
"might well serve as a model for other 
state commissions.” 


National Rivers 
and Harbors Congress 

The outstanding feature of the April 
1937 meeting of The National Rivers and 
Harbors Conference was the attention given 
to various features of water use and control 
in our river basins other thaTi navigation. 
In past sessions of this congress, the em¬ 
phasis has been placed upon navigation 
and water transportation. At this session, 
consideration was given to such factors as 
flood control, stream pollution, power de¬ 
velopment, water supply for municipal 
and industrial purposes, and biological and 
recreational uses. 

After a series of addresses and discus¬ 
sions on each of these factors, the following 
resolution was unanimously adopted: "Am¬ 
ple funds should be provided at once to 
construct flood control projects already 
authorized by Congress—^There should be 
no stint where human life and human mis¬ 
ery are involved—^Nothing substantial 


Liefters to fbe 


CONTRIBUTIONS to these cdlutuns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technictd 
papers, articles published in previous issues, or 
other subjects of some general interest and profes¬ 
sional importance. Elbctkical Bkoinbbrimo ti^I 
endeavor to publish as many letters as possible, but 
of necessity reserve the right to publish them in 
whole or in part, or reject them en^ely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in* duplicate, 
one copy, to be an inked drawing but idthout 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly 
understood to be made by the writers; publication 
here in no wise constitutes endorsement or recog¬ 
nition by the American Institute of Electrical 
Engineers. 


A Power Scale for the 
Instant Heavisidion 

To the Editor: 

At the AIEE winter convention in 1923 
the writer demonstrated and described a 
computing kinematic device for long trans¬ 
mission lines which he named the "Heavi¬ 
sidion” ("The 'Heavisidion,' "AIEE Trans¬ 
actions, volume 42, 1923, pages 42-63). 
With this device, the desired current and 
voltage having been set in their proper 
vectorial relationship at one end of the line, 
the corresponding quantities anywhere on 


has been tmdertaken to prevent a recur¬ 
rence of these catastrophies, largely through 
lack of appropriation—At this very mo¬ 
ment another flood is generating at Johns¬ 
town, Pittsburgh, and the upper Ohio val¬ 
ley and still there is delay and lethargy.” 

Two diametrically opposite plans for 
water resources devdopment received em¬ 
phasis in this meeting. The first plan is 
exemplified by the Tennessee Valley Au¬ 
thority and the recent legislation proposed 
by Smators Barkley, Bulkley, and Norris 
providing for a series of similar projects 
throughout the country. The second plgn 
contemplates the co-ordination of federal, 
state, and local agencies according to the 
recommendations of the National Resources 
Committee in the development of basin 
plans and programs for the various phases 
of water use and control including naviga¬ 
tion, water power, municipal and industrial 
water supply, sanitation, irrigation, drmn- 
age, soil conservation, and the biological 
and recreational uses. 

Council’s present attitude favors the 
plan of co-ordination but the matter is be¬ 
fore the AEC committee on the conserva¬ 
tion and utilization of natural resources 
and its recommendation is yet to have con¬ 
sideration by the executive committee and 
the assembly. In the meantime Council 
shall be i^ad to have both opinions and 
suggestions from individual engineers and 
member engineering organizations on these 
questions of such vital social and economic 
implication. 



the line, including the other end, could be 
obtained by a simple rotation of certain 
portions of the linkages. Moreover, the de¬ 
vice was adjustable for any desired line 
constants and length of the line. Later, the 
author designed and built a simpler device, 
suitable only for a particular line and with 
the electrical quantities indicated only at 
the 2 ends of the line, but not at intermediate 
points ("The Instant Heavisidion,” General 
Electric Eeview, volume 28,1926, page 746). 
Both these devices indicate the current, the 
voltage, and the power factor, so that the 
power may be readily computed. However, 
it is convenient to have the r^, reactive, 
and apparent power indicated directly on the 
device, in order to see at once their approxi¬ 
mate magnitude and note the sense in which 
they vary as the load is varied. This is of 
particular importance in studies of static 
stability of a line, for which studies the 
device is particularly suited. 

During the spring of 1937, a large heavi¬ 
sidion was built by 2 of the writer’s students 
(figure 1) to illustrate the electrical re¬ 
lationships which may be expected on the 
276-kv line between Boulder Dam and the 
city of Los Angeles. The device was quite 
carefully and accurately made out of steel 
bars and so proportioned that the electrical 
quantities could be scaled off from no load 
to short circuit within quite a wide range of 
operating voltages. The measured currents 
and voltages agreed with those analytically 


computed by means of hyperbolic functions 
of a complex variable to within better than 
one per cent. It was therefore deemed op¬ 
portune to add a power scale to the device 
to enable true kilowatts, reactive kilovolt¬ 
amperes and apparent power to be read off 
directly. 

The principle upon which the power scale 
is based is shown in fignire 2. The line CO 
is the same as that in figure 2 in the article 
in the General Electric Review, referred to 
above. The line CD is drawn at an angle 
6 to it, 0 being the same as in that article. 
CB is Ae current vector whose correct phase 
angle ^ is with respect to CD, and not 
CO. CDFG is a piece of ruled paper (ordi¬ 
nary cross-section paper with decimal divi¬ 
sions will do). HJ is a guide, and CK is a 
straightedge whose lower side, UMN, passes 
through C and is used in measuring power. 
The straightedge can be fastened at any 
point of the guide by means of the thumb¬ 
screw at L. S and T are 2 markers which 
can slide along CG in grooves or along 
straight guides, to fix the values of the real 
and reactive power until the next reading. 
The kilovolt scale along the edge FG is a 
nonuniform scale, computed as is explained 
below. The setting at U must be the same 
as the value of the voltage OC. Thus, if OC 
is 300 kv, the straightedge must be set for 
the division 300 at U. If, however, OC is 
read in centimeters and not in kilovolts 
another scale along FG must be used, also 
calibrated in centimeters, but in reaUty a 
nonuniform scale. 

The use of this attachment is as follows: 
Having set the Heavisidion for some de¬ 
sired currents and voltages, read OC (in 
centimeters or in kilovolts) and set the 
straightedge CK accordingly. Follow the 
ruled line BN to point N and set the marker 
S, following the ruled line NS. CS gives 
the real power, on the scale marked on CG, 
directly in kilowatts. With a pair of di¬ 
viders transfer the reactive component of 
the current, CR, into the position CR\ 
Follow R‘M with the eye, and set the marker 
T accordingly. CT will give the reactive 
kilovolt-amperes, to the same scale as the 
real power. If the total kilovolt-amperes 
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are desired, transfer BtoB\ follow B* B'' 
to its intersection with KC, and read CX 
on the kilowatt scale, as before. 

The foregoing arrangement is based on 
me similarity of the triangles UGC and 
NSC. We have 

UG/GC » NS/SC (1) 

Make UG »= a/{E \/3)» where a is a 
convement arbitrary constant, and E is the 
toe voltage OC. GC is an arbitrary length 
denoted by A. NS is the power component, 
t, of the hne current. SC must be the value 
of the real power, iE VS; let it be denoted 
by q. Equation 1 may therefore be re¬ 
written m the following form: 

a/{Ek vs) «= i/q (2) 

from which 

q ^ Eik y/Z/a 

Since a and k are. arbitrary constants, they 
can be so chosto that q will give the 3-phase 
power, M VS. 

The following example illustrates the 
choice of the scales. Let the range of operat- 
mg voltages be from 250 to 360 kv 
Choose arbitrarily o = 26 X 35 X For 
-E = 260 kv, the length GXJ> will be 36 centi- 
• meters, but the division marked there will 
be 2^ kv. For GXJ" the length will be 26 
c^tuneters, but the voltage, marked there 
^ be 360. Any number of intermediate 
divisions may be similarly computed, and a 

fairly detailed nonuniform scale drawn. Let 

the current scale be 1 centimeter * 60 
^per^, and let us compute the conditions 
for an in-phase component« » 400 amperes, 
w 8 centimeters. Let the line voltage be 
360 so that the real power is 242,^0 kw. 

To pick out a convenient value for h = CG 
we r^bn as follows: NS is 8 centimeters,' 
and is 26 centimeters (assuming Z7 to be 
at: 360, kv). . Hence, the division of the 
power scale at <? mu^ be (26/8) 242^500 =* 
758j000 kw. It is therefore convenient to • 
<Joo» 1 centimeter - 20,000 kw, making i 
the length CG fa 37.0 centimeters. The 
s^e power scale -vrill be correct, by con- 
stmetion, for any other value of the line 
voltage. 

One could establish theoretical equations 


for the interdependence of the scales, but 
It seems that a few trials, such as the fore- 
^ing example, will readily permit to choose 
the most convenient proportions within the 
available space on the board. The power 
scale is shown in the upper left comer in 
figure 1. The board on which the Heavi- 
si^on is mounted is 42 by 64 inches; this 
wiU give the idea about the size of the device. 

The writer wishes to express his appreci¬ 
ation of the help rendered by his 2 former 
students, Robert R. Gay (Enrolled Student) 
and Paul H. Hunter, both Cornell '37, who 
computed the sizes of the linkages and ac- 
tu^y built and assembled the device follow¬ 
ing the writer’s instructions in the 2 above- 
mentioned articles. 

Very truly yoturs, 

Vladimir E^arapbtorp 
(A’03, F’12, Life Member) 
Cornell University, Ithaca, N, Y. 


Articles on Radio 
In . Electrical Engineering^' 

To the Editor: 

This is just a note to let you know how 
^tractive the^ June issue of Elbctrical 
Enghtbbrino is with its cover lettered in 
red. I am sure that the combination of 
•color printing and the unique paper whidi 
IS used makes this publication by all odds 
the most pleasing in appearance of the 
20i-odd periodicals which reach mv desk 
every month. 

I win ahio take this opportunity to tell 
you how pleased I was to find not just one 
bm 2 articles on radio in the June issue. 
When it is remembered that the radio in¬ 
dustry produced about 8-miilion receivers 
last y^, the importance of this brS^? 
electneal engiuewing stands out. I trust 
that tl^ field will continue to receive the 
attention it so clearly deserves in Elbctsi- 
CAL ENGINBBRIKG. 

Very truly yotus, 

AlbbrtR. Hgdges (A’37) 
Associate, Ralph H. Laosley, 
Consulting Bngineer 

loo Broadway, New York, N, Y. 


To the Editor: 

I wish to point out some errors in my dis¬ 
cussion which appeared in the May 1937 
issue of Eibctrical Enginsbrino on page 
621* 

In the center coliunn the equation ap¬ 
pears. 

This should be 
If » -J 

Lower down in the same column the eoua- 
tion 

Vm = J( V3 - F«) 

is shown. This should be 
Vm =iV3 (F„ - F«) 

Equation 1 reads 
■Isi = ISi 
This should be 
In “ ~Ia 

The second line of equation 4 appears as, 

Vj, « -f a liVi - (/i -f. Js) Zi 

This should be, 

1^6 “ I\Zi + a liZi ■— (7i ■+• 7j) Zi 
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UNIT TORQUE 

Figure 4. Speed-torque cheraderittics of a 
5-horsepower S20-volt 3-phase 60-cycle 6- 
pole indudion motor 

A—^ormalJS-phase operation 
^^Sle-phase operation, llne-to-llne voltaae 
Cooperation on 2 of the 3 phases 
The motor constants In unit values are as follows; 
m 0.044 
m - 0.067 
Zo - 0.044 -fy 0.140 
Tmi - 0.023 + j 0.380 
4-0.140 
Xn - 0.140 


The speed-torque curves of figure 4 were 
not published in the May issue and are 
therefew givw here. 

Very truly yours, 

H. J. Rbbvbs (A’30) 

Paui, AMS Rbbvbs, 
Spokane, Wash. 
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B. J, Aknold (A’92, F’12, past-president, 
member for life) consulting engineer, 
Chicago, Ill., has been elected an Honorary 
Member of the Institute. Colonel Arnold 
was bom at Casnovia, Mich., in 1861, and 
received the degrees of bachelor of science 
(1884) and mechanical engineer (1887) at 
Hillsdale College; later, he took a graduate 
course in electrical engineering at Cornell 
University, in 1897 received the degree of 
^ectrical engineer from the University of 
Nebraska, and at variotis times has re¬ 
ceived several honorary degrees. One of 
Colonel Arnold’s first important engineering 
projects was the design and construction 
of the Intramural Elevated Railway at 
the Columbian Exposition in Chicago, in 
1893. This was the first commercial dem¬ 
onstration of the third rail on a large 
scale. Later he did pioneer work of con¬ 
struction for such railroads as the Chicago- 
Milwaukee Electric Railway and the Lan¬ 
sing, St. Johns, and St. Louis Railway in 
Michigan. For the latter company he 
devised, in 1900, a single-phase a-c system. 
Colonel Arnold dectrified the Grand Trunk 
Railroad through the St. Clair Tunnel 
from Port Huron, Mich., to Sarnia, Ont., 
Canada, and used for the first time a single¬ 
phase high-voltage system for heavy electric 
railway work. Among his other important 
commissions were the electrification of the 
Grand Central Terminal, New York, N. Y., 
and the development of the subway system 
in New York. He has been a consultant 
on surface and underground traction 
problems for cities throughout the United 
States and consulting engineer for numer¬ 
ous railroad commissions. During the 
World War Colonel Arnold served in various 
capacities, being assi^ed as lieutenant 
colonel in the aviation section in 1917, to 
make a complete survey of aircraft supply 
and : production facilities for the United 
States Army and Navy, and to take charge 
of the development and production of aerial 
torpedos. He has served the Institute 
as manager, 1895-^8; vice-president, 1902- 
03; and president, 1903-04. In addition, 
he has served as a member of the com¬ 
mittees on education, 1924-26; meetings 
and papers (now technical program), 1902- 
03 and 1908-09; executive, 1924-26. He 
was a member of the American Committee 
on Electrol 3 ?sis (1914-21 and 1922-32) and 
of the John Fritz Medal board of award 
during 1905-08. Colonel Arnold received 
the Washington Award of the Western 
Society of Engineers in 1929, and is a mem¬ 
ber of many technical and engineering 
societies, including the American Society 
of Civil Engineers, The American Society of 
] V/f^hfl.niofl.l Engineers, and the American 
Society for the Promotion of Engineering 
Education. 


P. S. MiLtAR (A’03, M’13) president. 
Electrical Testing Laboratories, Inc., New 
York, N. Y., has received the 1936 AIEE 
national prize award for best paper in engi¬ 
neering practice for his paper "The Quali- 
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ties of Incandescent Lamps,’’ Mr, Millar 
was bora at Andover, N. J,, in 1880, and ob¬ 
tained his formal technical education at 
Paterson Classical and Scientific School and 
through the International Correspondence 
Schools. In 1897 he entered the employ of 
the Lamp Testing Bureau (now Electrical 
Testing Laboratories, Inc.) and in 1899 be¬ 
came assistant manager of that organization. 
He became general manager in 1914, and has 
been president since 1930. Mr. Millar has 
done much original work in illumination re¬ 
search, being co-inventor of the Sharp-Mil¬ 
iar photometer, and has contributed liber¬ 
ally to the technical press. He has been a 
member of the Institute’s committees on 
electrophysics, 1917-18; meetings and pa¬ 
pers (now technical program), 1926-28; and 
production and application of light (chair¬ 
man, 1925-28) since 1924. Recently he was 
elected president of the United States Na¬ 
tional Committee of the International Com¬ 
mission on Illumination. Mr. Millar is a 
fellow of the American Physical Society, 
member of the council of the Association of 
Consulting Chemists and Chemical Engi¬ 
neers, secretary-treasurer of the Association 
of Edison Electric Illuminating Companies, 
member and past-president of the Illuminat¬ 
ing Engineering Society, and a director of 
the Thomas Alva Edison Foundation, 


Alex Dow (A’93, F’13, member for life) 
president, Detroit (Mich.) Edison Company 
has been elected an Honorary Member, 
the highest grade of membership in the. In¬ 
stitute. The petition proposing his elec¬ 
tion as Honorary Member stated: "Doctor 
Dow’s responsible guidance has developed 
one of the great utility companies, which 
has, throughout this long period [Doctor 
Dow has been President of the Detroit 
Edison Company for 24 years] been in the 
van of technical progress and which has 
maintain^ a high standard of service in the 
public interest." He has been a leading 
pioneer in the United States in the engineer¬ 
ing, rate making, and general operation of 
the electric light and power utiUty, and is 
given credit for both the engineering and 
financial success of his enterprises. He is 
considered the father of the so-called "big" 


steam boiler in the United States and was 
the first to adopt the underfeed stoker for 
large installations. A more complete bio¬ 
graphical ^etch of Doctor Dow was pub- 
fished in the January 1937 issue of Elec¬ 
trical Engineering (page 197) upon the 
occasion of the award to him of the AIEE 
Edison Medal for .1936 "for outstanding 
lead^hip in the development of the cen¬ 
tral station industry and its service to the 
public.” 


W. J. Lyman (A’25) electrical planning 
engineer, Duquesne Light Company, Pitts¬ 
burgh, Pa., has received honorable mention 
in the 1936 AIEE national prize awards for 
best paper in engineering practice for his 
paper "The Relation Between Load, Capac¬ 
ity, and Service Continuity on an Electric 
Power System." Mr. L 3 mian was born 
August 30, 1901, at Cambridge, Mass., and 
received the degree of bachelor of science in 
electrical engineering at Carnegie Institute 
of Technology in 1924. Prior to his emroll- 
ment at that school he was affiliated briefly 
with the Turners Falls Power and Electric 
Company, Greenfield, Mass., and the Auto¬ 
matic Transportation Company, Buffalo, 
N. Y. In 1924 he entered the ^ploy of the 
Duquesne Light Company as an apprentice 
engineer, but in the following year was 
transferred to the planning division of that 
company, where his work has consisted of 
engineering and economy planning for the 
entire system. Mr. Lsmian has been elec¬ 
trical planning engineer since 1929, in which 
capacity he has been in entire charge of the 
electrical p lanning section. From 1927 to 
1932 he served as a member of the lightning 
arrester subcommittee of the AIEE protec¬ 
tive devices committee, and was active in 
committee work of the former National 
Electric Light Association. In addition to 
his regular duties, Mr. Lyman has taught 
technical subjects in the night school at 
Carnegie Institute pf Technology since 1924. 
He has written several technical papers and 
articles, including 2 papers presented before 
the Institute. 


H. P. Sbelyb (A’19, M’28) engineer for 
The Detroit (Midi.) Edison Company, has 
received honorable mention in the 1936 
AIEE national prize awards for best papd: 
in engineering practice for his paper "Mod¬ 
ernization of Power Distribution Systems." 
Mr. Seelye was born Jxme 27, 1890, and was 
graduated from|thesUniversity of Michigan 






■ 



with a degree in civil engineerin g in 1912 . 
^ter 4 years of varied engineering training, 
he entered the employ of The Detroit Edisoh 
Company in 1916, and since that time has 
been engaged in transmission and distribu¬ 
tion enginee^g problems and fierigy, 

Seelye now is in active charge of the trans¬ 
mission and distribution section of the Com¬ 
pany. He was chairman of the AIEE De- 
troit-Ann Arbor Section during 1936-36 
and is a member of the distribution subcom¬ 
mittee ^of the AJEE committee on power 
transmission and distribution atid the elec¬ 
trical standards committee of the 
Standards Association. In addition, he is 
a sponsor of the ^oup on standards and 
specifications of the transmission and dis¬ 
tribution committee of the Edison Electric 
Institute. Mr. Seelye is the author of 2 
books: “Electrical Distribution Engineer¬ 
ing” and "Economics of Electrical Distri¬ 
bution.” 


H. R. Woodrow (A'12, F’23) vice-presi¬ 
dent, Brooklyn (N. Y.) Edison Company. 
Inc., has been elected vice-president of the 
Consolidated Edison Company of New 
York, Inc., New York, N. Y. Mr. Wood- 
row was bom April 15, 1887, at Luverne, 
Mum., and received the degrees of bachelor 
of science (1909) and master of science 
®-t Drake University and University 
of Illinois, respectively. Following his grad¬ 
uation in 1911 he joined the 1‘engineering 
^aff of The New York Edison Company, 
Inc*i as assistant to tlie chief electrical engi- 
nett, and hdd that position until he was ap- 
pothted assistant chief electrical engineer in 
1917. In 1920 he became affilia t ed with 
Stone and Webster, Inc., as an electrical 
mgineer, but remained with that company 
for only one year before transferring to the 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., as a general 
engineer. Mr. Woodrow entered the em¬ 
ploy of the Brooklyn Edison Company in 
1922 as an assistant electrical engineer. 
Four years later he was promoted to electri¬ 
cal mgineer, and since 1932 he has been vice- 
president. He served the Institute as a di- 
rectOT from 1931 to 1936, and is at present 
serving, as its representative to the United 
Engineoing Trustees for the term 1934-^37, 
just ending. He has also served as a member 
of many of the Institute’s technical com¬ 
mittees. 



D. H. ROWLAND 


H. R. WOODROW 


H. E. EDGERTON 


engine^g. He became assistant professor 
m 1932. His graduate work for his doctor’s 
degree consisted of research on synchronous 
machmes and stroboscopes, and much of his 
subsequent research has been of a similar 
natime. He has become widely recognized 
for his accompKshments in studying motions 
of machmes and moving parts by means of 
high-speed motion pictures. Doctor Edger- 
ton se^ed as a member of the Institute’s 
co^ittee on electrical machinery from 
1931 to 1935. 


H. E. Edgerton (A’27, M’32) assistant 
professor of electrical engineering, Massa- 
w^etts Institute of Technology, Cam¬ 
bridge, has received the 1936 AIEE national 
prize award for best paper in theoi^r and re- 
s^ch for his paper “High Speed Motion 
Pictmes.” Doctor Edgerton was bom 
Ap^ 6 , 1966, at Fremont, Nebr., and was 
^dilated in electrical engineering from the 
Umvtt^ty of Nebraska in 1926, following 
wluch he Mttted the test course of the Gren- 
tt^ Electric Company, Schenectady, N. Y. 
In 1926 he enrolled in the graduate school of 
Massachusetts Institute of Technology and 
received from that institution the degrees of 
masttt of ^ence (1927) and doctor of sci¬ 
ence (1931). During 1927-28 Doctor Ed- 
as a res^ch assistant, and in 
the following year was appointed to the fac¬ 
ulty of MIT?, as an instmetor in electrical 


Rowland (A’26) research engineer, 
Insulator Corporation, Baltimore 
Md., has received the 1936 AIEE national 
pnze award for initial paper for his paper 
Porcelain for High Voltage Insulators.” 
Mr. Rowland was bom December 26, 1898, 
at Baltimore, and received the degree of 
ba<m^or of science m electrical engmeering 
at The Jolms Hopkins University in 1922; 
hoTyever, his college training was interrupted 
by his service in the United States Army 
World War, and at the conclusion 
of the war Mr. Rowland went to Paris, 
rrance, to study physics and mathematics 
at the Sorbonne University before returning 
to the United States. Following his gradua¬ 
tion he was employed in the statistical de- 
Ptttment of Stone and Webster, Boston, 
M^., but shortly thereafter he entered the 
lightning protection department of the West- 
^ Union Company, New York, N. Y. 
In 1922 Mr. Rowland became afifiliated with 
the Locke Insulator Corporation and in 
vanous capacities has since served that com¬ 
pany continuously. He is the author of 
sevttal techmcal articles on ceramics as re¬ 
nted to insulators. He is a member of Tau 
Beta Pi and Omega Delta Kappa honorary 
fraternities. 


work. Professor Smith has been head of the 
department of electrical engineering since 
the incorporation of Northeastern Univer¬ 
sity in 1916. 

A. A. Low (M’37) executive vice-presi¬ 
dent, Brooklyn (N. Y.) Edison Company, 
me., hM been elected vice-president of the 
Consolidated Edison Company of New 
York, Inc., New York, N. Y. Mr. Low was 
bora August 1, 1889, at Saratoga Springs, 
N. Y., and received the degree of bachelor of 
arts at Yale University in 1911. He entered 
the public utility field in 1928 as organizer 
and president of the Old Forge (N. Y ) Elec¬ 
tric Company. In 1931 he became affliated 
mth the Utica (N. Y.) Gas and Electric 
Company as executive vice-president, which 
portion he held for 3 years before being elec¬ 
ted president of that company in 1934. Mr. 
Low became identified with the Brooklyn 
Edison Company in 1936 as executive vice- 
president in responsible charge of operations. 

W. R. Harry (A’37) BeU Telephone 

J^aboratones, Incorporated, New York N Y 

has received honorable mention in the 
1936 AIEE national prize awards for Branch 
paper for his paper “A High-Speed Vibra- 
tion Analyzer.” Mr.Harryisanative( 1912 ) 
of Detroit, Mich., and an electrical engineer- 
ing graduate of Cornell University. Prior 
to graduation, he was employed during sum¬ 
mer vacations by The Detroit Edison Com- 
^ny and radio station CKLW, Windsor, 
Ont., Canada. Since the beginning of his 
association with the Bell Telephone Labora¬ 
tories, in 1936, he has been engaged in the 
denvation of a new microphone for broad¬ 
cast use. 


Smith (M’22) professor and head of 
the department of electrical engineering 
Northeastern University, Boston, Mass..' 
recently retired from-active duty, rfter 
more than 40 years of service. Professor 
Smith was bom Septembtt 6, 1867, at Con- 
cord, MMs., .and was graduated in electrical 
engineering from Massachusetts Institute of 
„ Technology in 1890. FoUowing his gradu¬ 
ation he was appointed to the faculty of the 
sam,e. institution as an assistant in physics; 
lattt, he became an assistant in electrical 
engmeering and an instructor in electrical 
engineering, but resigned in 1902 to pursue 
experimental and consulting-engineering 


W. P Graham (A’02, F’23) acting chan¬ 
cellor, Syracuse University, Ssracuse, N. Y., 
has been appointed chancellor. As stated 
in a biographical sketch of Doctor Graham 
published in the December 1936 issue of 
Electrical Engineering (page 1404) he 
has been affiliated with the university for al¬ 
most 40 yems, and was vice-chancellor for 
16 years prior to his appointment as acting 
chancellor in 1936. 


W. J. Walsh (Enrolled Student) graduate 
student in electrical engineering at Oregon 
State College, Corvallis, has been awarded 
the 1936 AIEE national prize award for 


Electrical Engineering 


Branch paper for his paper “Heat Transfer 
Efficiency of Electric Range Surface Units.” 
Mr. Walsh was bom February 7, 1916, at 
Portland, Me., and received the degree of 
bachelor of science in electrical engineering 
at Oregon State College in 1936. In addi¬ 
tion to his regular scholastic work, Mr. 
Walsh serves as a research assistant in the 
Oregon State College Engineering Experi¬ 
ment Station. He is a member of Tau Beta 
Pi, Eta Kappa Nu, Phi Kappa Phi, and 
Sigma Xi. 


G. H. Jones (A’02, F’12) for many years 
power engineer for the Commonwealth Edi¬ 
son Company, Chicago, Ill., recently was 
appointed manager of power sales. Mr. 
Jones was bom at Fond du Lac, Wis., in 
1874, and received the degree of bachelor of 
science in electrical engineering at the Uni¬ 
versity of Wisconsin in 1897. He became 
affiliated with the Commonwealth Edison 
Company in 1909. 


E. S. S.iBVERs (A’34) who has been a sales 
engineer in the New York (N. Y.) offices of 
the Weston Electrical Instrument Corpora¬ 
tion, has been transferred to Los Angeles, 
Calif., as assistant to the Weston company’s 
representative in that area. Mr. Sievers 
has been associated with the Weston organi¬ 
zation continuously since his graduation 
from Purdue University in 1934. 


T. H. Haines (A’23, M'31) superintend¬ 
ent, distribution department, Edison Elec¬ 
tric Illuminating Company of Boston, 
Mass., has been appointed a representative 
of the AIEE on the Sectional Committee on 
National Electrical Safety Code. 


W. C.' Goodwin (M*33) air conditioning 
department, Westinghouse Electric & Manu¬ 
facturing Company, Mansfield, Ohio, has 
been appointed a representative of the AIEE 
on the Actional Committee of Safety Code 
for Mechanical Refrigeration. 


H. B. Gear (A’Ol, F'20, director) vice 
president in charge of operating and engi¬ 
neering, Commonwealth Edison Company, 
Chicago, Ill., has been appointed a repre¬ 
sentative of the AIEE on the Commission 
of Washington Award for the 2-year term 
beginning August 1,1937. 


J. F. Lambias, Jr. (A*36) formerly a dis¬ 
tribution draftsman for the Brooklyn (N. Y.) 
Edison Company, now is a junior engi¬ 
neer in the evaluation bureau of the New 
York and Queens Electric Light and Power 
Company, Long Island City, N. Y. 

S. P. Sawyer (A'30) formerly assistant 
district engineer, New England Power Ser¬ 
vice Corporation, Northampton, Mass., now 
is assistant superintendent of ffistribution. 
Central Massachusetts Electric Company, 
Palmer, Mass. 

L. L. Robinson (A’31) who has been em¬ 
ployed by the Kinnear Manufacturing Com¬ 
ply, Columbus, Ohio, now is associated 
with the production division of the Mgrion 
Steam Shovel Company, Marion, Ohio. 

S. A. SraxH, Jr. (A’24, M’31) resigned 
recently from the Public Service Electric 
and Gas Company, Newark, N. J., to be¬ 
come afiiliated with the engineering depart¬ 
ment of the General Cable Corporation, 
New York, N. Y. 

F. W. Mevbrbnd (A’34) electrical engi- 
neer, John A. Roebling’s Sons Company, 
San Francisco, Calif., has been transferred 
to the Trenton, N. J., offices of that Com¬ 
pany. 

Frank Mansur (A’36) local agent for the 
Southern California Edison Company, Pla¬ 
centia, Calif., has been appointed commer¬ 
cial and industrial lighting specialist for that 
company, with offices at Santa Ana. 

M. M. de Lascurain (A’36) recently re¬ 
signed his position in the engineering de¬ 
partment of the General Electric Company, 
Mexico City, Mexico, to become sales mana¬ 
ger of Cia Comercial Ericsson, Mexico 
City. 

K. C. Hollister (A*36) assistant sales 
engineer, Westinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa., has 
been transferred to the New York (N. Y.) 
offices of that company. 

Joseph Gladis (A’27) who has been em¬ 
ployed by the Board of Transportation, 
City of New York, N. Y.; now is affiliated 
with the switchgear engineering department 
of the Westinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa. 
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C. H. Anderson (M’34) formerly general 
superintendent of the Ontario division of the 
Niagara, Lockport, and Ontario Power 
Company, Medina, N. Y., now is general 
superintendent of the Niagara Falls division 
of the Buffalo and Niagara Electric Corpora¬ 
tion, Niagara Falls, N. Y. 

Nathan Friedland (A’36) formerly 
production manager of Belmet Products, 
Inc., Brooklyn, N. Y., now is employed in the 
office of the signal engineer of the Inter¬ 
borough Rapid Transit Company, New 
York, N. Y. 

W. ^C. Stewart (A’28) formerly an engi¬ 
neer in the data ffivision of the General 
Electric Company, Schenectady, N. Y. has 
become technical adviser to the American In¬ 
stitute of Bolt, Nut, and Rivet Manu¬ 
facturers, Cleveland, Ohio. 


Paul Shaad (A’34) student engineer. 
General Electric Company, Schenectady, 
N. Y., has been transferred to the San Fran¬ 
cisco, Calif., offices of that company. 

H. W. Giesecke (A’36) formerly em¬ 
ployed in the electrical department of the 
Federal Shipbuilding & Dry Dock Com¬ 
pany, New York, N. Y., now is an en gineer 
in the general engineering department of the 
Standard Oil Development Company. Eliza¬ 
beth, N. J. 

^ V* Hoard (M’36) who has been an en¬ 
gineering assistant in the plant bureau of the 
Consolidated Edison Company of New 
York, Inc., New York, N. Y., now is with 
the Westinghouse Electric & Manufacturing 
Company, Newark, N. J. 

Taliaferro Milton (A’ll, F’20) has 
been appointed special representative of the 
K. W. Battery Company, with headquar¬ 
ters at Chicago, Ill. 


OLiiuiury 


Ambrose Swasby (HM’28) chain nan of 
the board. The Warner and Swasey Com- 
pany, Cleveland, Ohio, died at his summer 
home in Exeter, N. H., June 16, 1937, in 
his 91st 3 rear. Doctor Swasey was bom at 
Exeter, N. H., December 19,1846. During 
the peri(^ 1869-80 he was with the Pratt 
and Whitney Company, Hartford, Conn., 
where he gave special attention to problems 
of gearing. In 1880 he formed a partner¬ 
ship with W. R. Warner, the firm being in¬ 
corporated in 1900 as The Warner and Swa¬ 
sey Company, The company engaged in 
the manufacture of machine tools and as¬ 
tronomical instruments at Chicago, HI., 
moving later to Cleveland, Ohio. Doctor 
Swasey has been chairman of the board 
since the death of Mr. Warner. In 1914, he 
established the Engineering Foundation, 
resemch agency of the 4 national societies 
of civil, mining and metallurgical, mechan¬ 
ical, and electrical engineers. He has conr 
tributed gifts totaling more than $760,000 
to the Foundation. Doctor Swasey's many 
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honors include: The John Fritz Gold Medal, 
1924; Franklin Medal, highest award of the 
Franklin Institute; WashingtonAward, 1935; 
The Second Hoover Gold Medal, 1936; and 
the Medal of Honor of the Verein Deutscher 
Ingenieure, 1936. In addition to honorary 
membership in the AIEE, which was awarded 
him June 27,1928, he is an honorary member 
of The American Society of Mechanical Engi¬ 
neers (president 1904), American Society of 
Civil Engineers, Institution of Mechanical 
Engineers (Great Britain), Institution of 
Mining Engineers (Great Britain), and the 
Society of divil Engineers. He is a cheva¬ 
lier and officer of the French Legion of 
Honor, and has received several honorary 
degrees in the United States. 


Arthur Langley Mudge (A’Ol, MT2, 
FT2) consulting electrical engineer, To¬ 
ronto, Ont., Canada, died April 29, 1937. 
Mr. Mudge was bom October 17, 1873, at 
Montreal, Que., Canada, and was graduated 
in mechanical engineering at McGill Uni¬ 
versity in 1894; in 1895 he received a degree 
in electrical engineering at the same institu¬ 
tion and almost at once joined the Cana dioti 
General Electric Company, Peterborough, 
Ont., as an instructor in the student training 
course. In 1897 Mr. Mudge became affilia¬ 
ted with the Royal Electric Company, Mon¬ 
treal, where he remained for 2 years as a 
test engineer before being appointed elec¬ 
trical engineer for the Grand Trunk Railway 
Company. In 1901 Mr. Mudge became en¬ 
gaged as a test engineer for the Stanley 
Electric Manufacturing Company, Pitts¬ 
field, Mass., but in 1904 he began a series of 
brief associations with the AUis-Chalmets 
Manufacturing Company in the United 
States and the AUis-Chahners-BuUock Com¬ 
pany ^d the Crocker-Wheeler Company, 
Ltd., in Canada, which lasted until 1908. 
At that time he joined the consulting engi¬ 
neering firm of Smith, Kerry, and Chace, 
Toronto, and was placed in charge of the 
electrical department. He remained with 
that company until 1925, when he was ap¬ 
pointed senior electrical engineer with the 
joint board of engineers in the Canadian 
section of the St. Lawrence waterways proj¬ 
ect. In 1927 Mr. Mudge was appointed 
semor electrical engineer of the Welland 
Ship Canal and remained in charge until 
construction was completed. He was chair¬ 
man of the AIEE Toronto Section during 
1911-15, was a past-vice-president of the 
Canadian Electrical Association, and a 
member of the Association of Professional 
Engineers of Ontario. 


Harry Milton Dbarmin (A’22, M’28) 
supervising draftsman. Pacific Gas and 
Electric Company, San Francisco, CaHf., 
died recently. Mr. Dearmin was born Sep¬ 
tember 16, 1895, at Hillsboro, Texas, and 
recmved the degree of associate in electrical 
engineering at the Polytechnic College of 
Engineering. Following brief periods of 
association with the Pacific Gas and Elec¬ 
tric Company, tlie Marconi Wireless Tele- 
raph Company of America, and the West¬ 
ern Electric Company, he entered the 
mnploy of the . United Electric Vehicle 
Company, Oakland, Calif., and was placed 
m <ffiarge of plant maintenance. He was 
af^ted. with that company for only one 
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year, however, before enlisting in the United 
States Navy, in 1917, as an electrician. 
Later he was promoted to the rank of ensign, 
and was made an inspector of machinery at 
the Union Iron Works, San Francisco. At 
the end of the World War Mr. Dearmin 
joined the engineering staff of the Pacific 
Gas and Electric Company as a designer, 
and had been a supervising draftsman since 
1924. 


Elden S. Code (ATI, M’20) electrical 
engineer, Westinghouse Electric & Manufac¬ 
turing Company, Seattle, Wash,, died Janu¬ 
ary 1, 1937, according to word just received 
at Institute headquarters. Mr. Code was 
bom January 15, 1883, at Carleton Place, 
Ont., Canada, and received the degree of 
bachelor of science in electrical engineering 
at Queens University in 1907. Following 
his graduation, he entered the electrical en¬ 
gineering apprenticeship course of the West¬ 
inghouse Electric & Manufacturing Com¬ 
pany, East Pittsburgh, Pa., and upon com¬ 
pletion of the course was transferred to the 
switchboard engineering department of 
that company. In 1910 he was sent to the 
Seattle offices of the Westinghouse company. 
His work there comprised sales and 
work for industrial, power, railway, find 
lighting projects, and his service extended 
over more than 25 years. 


ich, Switzerland, and received his technical 
education by serving an apprenticeship with 
the Tmeb Tauber Company, Zurich, from 
1915 to 1919. In 1919 he became a designer 
of d-c control apparatus for the Brown Bo- 
veri Company, at Baden, Switzerland, but 
in the following year came to the United 
States, where he secured a position with the 
Hoskins Manufacturing Company, Detroit, 
Mich., and remained 2 years. After a brief 
association with the F. B. Electrical Com¬ 
pany and the Premier Radio Corporation, 
Detroit, Mich., he joined the Brown Boveri 
Company, Camden, N. J., and was placed 
in charge of the drafting department for 
rectifiers and auxiliary equipment. In that 
capacity Mr. Kaegi supervised the design of 
several large substations in the United 
States and Canada, and when the Brown 
Boveri Company was purchased by the 
Allis-Chalmers Manufacturing Company in 
1931, he was retained in the same position, 
but with the title of electrical engineer. 

Thomas Hoskins Kbttig (A’34) con¬ 
struction superintendent, Southern Bell 
Telephone and Telegraph Company, Louis¬ 
ville, Ky., died Febmary 12, 1937. Mr. 
Kettig was bora at Louisville, August 2, 
1889, and received his education in the pub¬ 
lic schools there. He served the Southern 
Bell Telephone and Telegraph Company in 
various capacities for 31 years, and was 
superintendent of construction in the Ken¬ 
tucky division for more than 12 years. 


Michael Romano (A’20) manager and 
treasurer, Hackett Products Company, 

Inc., Providence, R. I., died March 21, tb m « « 

1937. Mr. Romano was bora in Italy, 

Febraary 15, 1886, and attended Lowell 
Institute and Massachusetts Institute of 
Technology. From 1908 to 1914 he served 
the General Fire Extinguisher Company, 

Providence, first as an electrician and later 
as maintenance engineer. In 1914 he en¬ 
tered the employ of the General Electric 
Company, Schenectady, N. Y., as a test 
engineer and remained there for 4 years 
before becoming an inspector for the United 
States Navy. He became associated with 
the^Hackett Products Company, Inc., in 


Zella a. MeBERTY (A’24) secretary and 
treasm-er of TheFederal Machine and Welder 
Company, Warren, Ohio, and one of the 
few women members of the Institute, died 
May 24, 1937. Mrs. McBerty was born 
August 27, 1878, at Mineral Ridge, Ohio, 
and received her formal technical training 
through private instruction. In 1913 she 
became interred in electric welding, and 
began to design low-voltage, transformers 
and electric welding machines. In the fol¬ 
lowing year she became affiliated with the 
National Electric Welder Company, War¬ 
ren, and her service ^th that company and 
its successor. The Federal Machine and 
Welder Company, was continuous for more 
than 22 years. Mrs, McBerty had retired 
from active service on the day of her death. 


Emil M. Kaegi (M’36) electrical .ragi- 
for the Alhs-Chalmers Manufacturing 
Company, Milwaukee, Wis., died recently 
Mr. Kaegi was bora June 21,1900, at Zur- 
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Recommended 
for Transfer 

exaniiners, at its meethix on June 
18, 1937, recommended the following members for 
teansfw to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 

To Grade of Fellow 

Bail^,R Cooperjsystem^controlengineer, Virginia 
Electeic and Power Company, Richmond. 
Spur^, R M., inanager, circuit breaker sales. 
General Electric Company, Philadelphia, Pa. 

2 to Grade of Fellow 

To Grade of Member 

assistant superlnt^dent, Tampa 
Electric Company, Plant City, Fla. 

Burrowa:r, A.^ C., dmsion plant superintendent, 
Cincmnati and Suburban Bell Telephone Com- 
pany, Cincinnati, Ohio. 

Larhn, P. J., supwintendcnt of distribution, Florida 
Power ud Light Company, Miami. 

^‘*'*"*“ Company, 

Coursey, R. W., undwground engineer, Oklahoma 
^^Gas and Mectnc Company, Oklahoma City™ 
central station department. 
Company, Schenect&y, N. Y. 
Deam C. E.j radio engineer, Hazeltine Service- 
w# New York, ^f. Y. »efV«se- 

electrical engineering, and 
LoawvHh^ 

Holtc^T. L., assirtant distribution engineer. New 
York and Queens Electric Light and Poww- 
Company, Flushing, N. Y. 

Houchws, J. M., TO-ordinator (assistant professor) 

Lpmsville^ Loidsrillo, ICy. ’ 
Howm, j. C., electrical engmeer, Geheral Blectrie 
Company, Pittsfield,^ Mass. n-iectrie 


cuginecrp union Blectrle 
Loeffli? B Company, St. Louis, Mo*^* 

McMorris, Waiimn A., ele^kS.?’enriS’Sn'L,! 
Electric Company, Pitffii*SS“s. 

Electrical Engineering 





Miller, C. W., sales engineer, Westinghouse Elec- 
teic & Manufacturing Company, New York, 
N. Y. 

Mulligan, J, F., superintendent, transmission divi¬ 
sion, Consolidated Hdison Company of !tTew 
York, Inc., New York, N. Y. 

Parker, yi^lliam W., technician, switchgear engi- 
department, Westinghouse Electric 
& Manufacturing Company, East Pittsburgh, 
Pa. 

Skone, R. C., resident engineer, Diablo Project, 
Rockport, Wash. 

Southworth, H., assistant manager, Lawrence Gas 
®*id Electric Company, I^wrence, Mass. 

Tadlock, W. L., supervising engineer. Common¬ 
wealth and Southern Corporation, Birming¬ 
ham, Ala. 

Town, G. R., research engineer, Stromberg-Carlson 
Telephone Manufacturing Company, Roches¬ 
ter, N. Y. 

23 to Grade of Member 


Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to mem¬ 
bership in the Institute. If the applicant has ap¬ 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
Qame. Any member objecting to the election of 
any of these candidates should so inform the 
national secretary before July 31, 1937, or Sept. 30, 
1937, if the applicant resides outside of the United 
States or Canada. 

Ashbaugh, E. G., Westinghouse Electric & Manu- 
factunng Company, Sharon, Pa. 

Byers, J. F., Libbey-Owens-Ford Glass Company, 
Charleston, W. Va. 

Caldwell, C. A., Houston Lighting and Power Com- 
psmy, Houston, Texas. 

Carter R. C., Jr., Company 1843, Camp NP-5-C, 
Mesa Verde. Colo. 

Coates, R. E., General Electric Company, Pitts¬ 
field, Mass. 

Cooley, M. C. (Member), W. N. Matthews Cor¬ 
poration St. Louis, Mo. 

Corves, G. S., Southern New England Telephone 
Company, West Haven, Conn. 

Dimmitt, E. H., Federal Power Commisdion, Wash¬ 
ington D. C. 

Elmer, E. R., Jr., Underwriters* Laboratories, Inc., 
Chicago, Ill. 

Fetherolf, J. M., in care of Edward J. Cheney, 
New York, N. Y. 

Fox, C. E. (Member), 806 North Fifth Avenue, 
Knoxville, Tenn. 

Goodbum, R. A., Florida Power and Light Com¬ 
pany. Miami. 

Harmon, L. B., Westinghouse Electric & Manufac¬ 
turing Company, Los Angeles, Calif. 

Hubbard, R. R„ J. A. Adams Company, Indianapo¬ 
lis, Ind. 

Jabour, E., Department of Light, Los Angeles, 
Calif. 

Kearns, J. J., Crucible Steel Company of America, 
Hsurison, N. J. 

KimbalL A. L. (Member), Otis Elevator Company, 
Buffalo, N. Y. 

Klumb, R. K., Southern California Edison Com¬ 
pany, Ltd., Chino, Calif. 

Lickey, B. F., State College of Washington, Pull¬ 
man. 

Madsen, R. V., Southern Pacific Golden Gate 
Ferries, San Francisco, Calif. 

Mathes, R. E., RCA Communications, Inc., New 
York. N. Y. 

McCormick, F. J. (Member), V^sconsin Telephone 
Company, Milwaukee, ms. 

Mellor, A. G., Buffalo, Niagara and Eastern Power 
Company, Buffalo, N. Y. 

Miller, M. I., Carolina Power and Light Company, 
Raleigh, N. C. 

O’Neal, F. C., Jr., Texas Electric Service Company, 
Eutland, Texas. 

Parsons, C. W., Johnson Electric Supply Company, 
Cincinnati, Ohio. 

Power, R. B., Jr., Kennecott 'Wiie and Cable Com¬ 
pany, Phillipsdale, R. I. 

Ramsay, H. B., New Orleans Public Service, Inc., 
New Orleans, La. 

Rogers, H., Jr,, Western Electric Company, San 
Frandsco, Calif. 

Rossrucker, £. A., Ohio Bell Telephone Company, 
Cleveland, Ohio. 

Scheer, G, B., San Francisco-Oakland Bay Bridge, 
Sim Francisco, Calif. 

Selmau, M. H., housing division. Public Works 
Administration, Washington, D. C. 

Shannon, S. R., Jr., General Electric Company, 
Brie, Pa.' 

filiah iftic, V. B., Bureau of Power and Light, Los 
Angeles, Csdif. 

Simmons, E. E., Jr., California Institute of Tech¬ 
nology, Pasadena. 

Sinnott, J. F., San Diego Consolidated Gas and 
Electric Company, San Diego, Calif. 

Smith, C. J., Charles H. Smith and Company, 
E^mneers, Inc., New York, N. Y. 

^ares, Glen J., 5482 Kales Avenue, Oakland, Calif. 
Stafford, D. »., National Electric Coil Compsmy, 
Columbus, Ohio c, 


Stabler, L. L., Florida Power and I4ght Company, 
Miami. 

Taylo^ W. F. (Member)^ New England Allis- 
Chalmers Manufacturing Company, Boston, 
Mass. 

Tellra, J. S., Pipe Trades Service Company, Toledo, 
Ohio. 

Tho^on, W. T., 1224 Park Avenue, Alameda, 
Calif. 

Ves^^, S. M., Chicago Electric Company, Chicago, 

Waidhu, G., Allis-Chalmers Manufacturing Com¬ 
pany, West Allis. Wis. 

Ward, 8. J., Houston ligM and Power Company, 
_ Houston, Texas. 

White, E. L. (Member), Federal Communications 
Commission, Washington, D. C. 

Vfillis, J. D., Canadian General Electric Company, 
Ltd., Toronto, Ont., Canada. 

Witzke, R. L., Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa. 

Woolley, H. P., Woolley Welding and Machine, 
Houston, Texas. 

50 Domestic 

Foreign 

Apte, S. V. (Member), College of Engineering, 
Poona, India. 

Geltz, Ft, ^uth American Development Company, 
Guayaquil, Ecuador. 

Gordon, F., Cerro de Pasco Copper Corporation,. 
La Grow, Peru, 

Madahar, G. D., Modem Electric Works, Lahore, 
Punjab, India. 

Page, F. W., British Electrical and Allied Indus¬ 
tries Research Association, London, England. 

Shivapuri, P. R. N., Pumab Electric Power Com¬ 
pany, Ltd., Gujrat, Punjab, India. 

6 Foreign 



New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Library, New York, recently 
are the following which have been stiected be¬ 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, boolm listed 
have been presented gratis by the publishers. The 
Institute assumes no responribility for statements 
made in the following outlines, information for 
which is taken hrom the preface of the book in 
question. 

CONTRIBUTIONS from the PHYSICAL 
LABORATORIES of HARVARD UNIVERSITY 
for the Years 1933, 1934, and 1936. Series II, 2 
volumes. Cambridge, Mass., Harvard University 
Press, 1930-1987. Illustrated, 11x8 inches, volume 
1, 628 pag^: volume 2, 469 pages, leather, S2.60 
each. Collections of 66 and 67 papers, respectively, 
on work done in the physics laboratories of Harvard 
Univerrity. 

First Course in STATISTICAL METHOD. By 
G. I. Gavett. 2 edition. New York and London, 
McGraw-Bfill Book Company, 1937. 400 pages, 
illustrated, 9x6 inches, cloth, 33.60. A textbook 
for use as a foundation course in ’'statistical 
method” for all fields in which the mathematical 
representation of facts is desirable. 

ZERO to EIGHTY, bring iSy Lifetime Doings, 
Refiections and Inventions, mso My Journey around 
the Moon. Bjr E. F. Northrup. Princeton, N. J., 
Scientific Publishing Company, 1987. 280 pages, 
illustrated, 10x6 inmes, cloth, 33.00; foreign coun¬ 
tries 33.50. Devoted to a presentation of the pos¬ 
sibilities in the production of high velocmes 
to the use of traveling waves of electric force. 
C^t in the form of the autobiography a scientist 
living from 1920 to 2000 A. D. 

(The) WORLD of ATOMS. By A. Haas. 2 
edition, translated by G. B. Welch and EL S. 
Uhler. New York, D. Vwi Nostnmd Company, 
1937. 183 pages, illustrated, 9x6 inches, riom, 

33.00. A translation of the revision of a series of 
lectures intended to present to a lay public the 
achievements of modem atomic physics In as brief 
smd yet thorough a manner as posable. 

VALUATION of PROPERTY. 2 volumes. By 
T. C. Bbnbright. New York and London, McGraw- 
Bill Book Company, 1937. 1271 pages, 9x6 inches 
cloth, 312.00. A presentation oi the results of a 
research in legal and economic theories of property 
valuation; Volume 1 covers: concepts of ^ue, 
methods of valuation, and valuation tot specific 
legal purposes. Volume 2 covers specific cases of 


vriuation under certrin mles, tax restrictions, aud 
other legal considerations. 

TECHNIQUE of MARKETING RESEARCH. 
Ffoparcd by the Committee on Marketing Research. 
Technique of the American Marketing Society. 
Nw York, McGraw-Hill Book Compsmy, 1937. 
432 pages, illustrated, 9x6 inches, cloth, 34.00. 
A review of methods for investigating problems in 
marketing policies, salability of products, markets, 
and selling. 

SAE HANDBOOK, 1937 edition. New Yorkt 
Society of Automotive Engineers. 774 pages, 
illustrated, 9x6 inches, cloth, 35.00 to SAP! non¬ 
members (32.50 to members). Contains specifica¬ 
tions covering ^parts and fittings, materials, and 
small hardware in the automotive field. Also covers 
standard tests, ratings, aud codes. 


A A ¥ A X X AAAVrAX wa C3UU 

ELECTRONS. By ^ A. S. Eddington. New 
York, Macmillan Company; Cambridge (England) 
University Press, 1936. 336 pages, tables, 11x7 
inches, cloth, 35.60. A companion volume to 
Matheiwtical Theory of Relativity.” The central 
problem is concerned with the conditions which fix 
the amount of mass and electric charge carried by 
protons and electrons. 


PASCAL, the life of Genius. By M. Bishop. 
New York, Reynal and Hitchcock, 1936. 398 

pages, illustrated, 10x6 inches, cloth, 33.60. 
Biography of a man whose life had many interests 
and contadts. 


PORT for the YEAR 1936. Great Britian, De¬ 
partment of Scientific and Industrial Research. 
London, His Majesty’s Stationery Office, 1987. 
144 pagte, tables, 10x6 inches, paper. (Obtainable 
from British Library of Information, 270 Madison 
Avenue, New York, 30.80.) Contains a r4sum4 of 
the resrarch work done in 1936 in the departments 
of physics, electricity, radio, and engineering. 


MOTOR and CONTROL APPLICATIONS. 
By G. H. Hall. New York, McGraw-Hill Book 
Company, 1937. 259 pages, illustrated, charts, tables, 
9x6 inches, cloth, 33.00. Contains information for 
the machine designer; also presents data and di¬ 
mensions of motors as standardized by the National 
Electrical Manufacturers Association. 


MARCONI, the Man and His VHreless. By 
O. E. Dunlap, Jr. New York, Macmillan Com¬ 
pany, 1937. 360^ pages, illustrated, 9x6 inches, 

cloth, 33.50. A ’’biography” of wireless telegraphy, 
from infancy to maturity, combined with personal 
information concerning Marconi. 


FUNDAMENTALS of VACUUM TUBES. 
By A. V. Eastman. New York and London, Mc¬ 
Graw-Hill Book Company, 1937. 438 pages, illus¬ 
trated, 9x6 inches,, cloth, 34.00. Discusses the basic 
theory underlying the operation of all types of 
modem vacuum tubes. Discusses at length high- 
vacuum tubes, mercury-vapor tubes, and several 
special varieties, with engineering anmyses of their 
more important applications. 


ELECTRIC POWER DEVELOPMENT in the 
U.S.S.R., edited^by U.8.8.R. Committee for Inter¬ 
national Scientific and Technical Conferences. 
K^hanovsky Power Institute of the Academy of 
Sciences of the U.S.8.R. London, Lawrence and 
Wishart, Ltd., 1936. 496 pages, illustrated, 9x6 
mches, cloth, 38.00. An exposition of the principal 
technical and economic problems of electrical de¬ 
velopment in the Soviet Union, and of the plans 
for meeting them. 


Ensineering Societies Library 

29 West 39th Street/ New York/ N. Y, 

M aintained «$ a public reference library 
of ensineering and the allied sciences, this 
library is a co-operative activity of the.national 
societies of civil, electrical, me^anlcal, and mln- 
ihs engineers. 

Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to diarges suffi- 
cient to cover the cost of the vwrk required. 

A collection of modern technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of Rve cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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Indimslrifihl IVofes! 


New Rod Mills in Operation.—The two 
parallel continuous rod mills ofcthe American 
Steel & Wire Co. at Joliet, Ill., have been 
completed and were formally dedicated 
on June 23. These mills, designed by the 
wire company’s own engineers, embody all 
modem improvements and a number of 
new developments never before used in such 
mills. Every 40 seconds a No. 6 rod, nearly 
a mile long, comes off the final pass at a 
speed of 34^ ft. per minute, as compared 
with 1600 ft. per minute in the old Joliet 
mills. Speed practically eliminates tem¬ 
perature drop in the rod during rolling and 
assures greater accuracy as to contour, and 
physical properties which improve wire 
quality. The new project is part of a 
^,000,000 development which includes im¬ 
provements in the South Chicago and Gary 
billet mills, as well as the wire milla in. 
Illinois. Local power companies supply 
power at 6600 volts for tlj,e new mill. Di¬ 
rect current is supplied by a 4 unit motor- 
generator set, one generator supplying direct 
current for general use, the other two genera¬ 
tors providing power to the reel motors 
which must be run in step with the mill at 
the final pass. One 4600-hp motor drives 
all the rolls on one mill. 

New BKgh Speed Electric Locomotives.— 
Six new streamlined electric locomotives, 
more powerful than any of the 53 already 
in operation between New York and New 
Haven, have been ordered by the New 
Haven Railroad and will be built in the 
General Electric plant at Erie, Pa. Each 
3600-hp unit will weigh approximately 
130,000 pounds, capable of a speed of over 
80 miles an hour. Power will be supplied 
by six motors on as many driving axles, 
with each motor having two armatures 
geared to the one axle. 

Cutler-Hammer Appointment—E. J. Gove 
has been placed in charge of a new Cutler- 
Hammer office recently opened in Youngs¬ 
town, O., at 1106 Central Tower. The new 
office is a branch of the company’s Pitts¬ 
burgh office. 

Ohio Brass Appointment—^E. C. Thompson, 
formerly supervisor of transmission for the 
Alabama Power Co., has joined the Ohio 
Brass Co., Mansfield, O., as sales engineer 
in the power utilities department. He will 
spend co^derable time in the field contact¬ 
ing utility engineers in coimection with 
transmission problems! 

New Resistors.—^Electrical resistors of an 
improved type have been developed by the 
Ohmite Manufacturing Co., 4835 W. Flour¬ 
noy ^., Chicago. Among thfe features em¬ 
phasized are evenness of windings and special 
vitreous enameled covering. 

New Oil Filter Press—^A new line of oil fil- 
t^ presses for cleanmg and drying in.taiiatitig 
oils has been announced by the Westinghouse 
Elec. & Mfg. Co. These presses are light in 
vre^ht, have low power consumption are 
quiet in operation. Their features include 


a pump bypass through a V 4 -inch needle 
valve to test the suction line for leaks; 
a small tank providing a primary gas 
trap; a discharge flow taken from the 
bottom of the filter sections providing a 
secondary gas trap. Standard outfits are 
rated 6, 10 and 30 gallons per minute for 
60 cycle, 220 volt supply. 

New Cable Insulation.—A new ssmthetic 
cable compound has been introduced by the 
General Electric Co. under the trade namo 
of "Flamenol.” While similar to rubber in 
its characteristics, it contains no rubber and 
will not support combustion. It is also 
highly resistant to moisture and acids, al¬ 
kalies and oils, and has excellent aging quali- 
ties. The properties of the new material are 
such that it can be made a very soft and 
flexible compound, or one with celluloid¬ 
like rigidity. Flamenol-insulated cable is 
recommended by the manufacturer for 
power and control circuits at 600 volts and 
le^, and is well adapted to machine tool 
wiring, switchboard wiring, and battery 
and coil leads. 


rade m-iiterainre 


Lighting Equipment—Bulletin, 112 pp. 
Desmbes lighting equipment for theatrical, 
architectural, photographic and special pur¬ 
poses. Prices are listed. Century Light¬ 
ing, Inc., 419 W. 55th St., New York Qty. 

Residential Wiring.—Bulletin, 12 pp. De¬ 
scribes "Durax” non-metallic sheathed 
cable for residential and similar circuits 
and interprets its use according to the 
National Electric Code. Anaconda Wire & 
Cable Co., 25 Broadway, New York City. 

Bus Supports.—Bulletin 34B, 32 pp. De¬ 
scribes outdoor bus supports and fittings. 
With the parts listed, approximately 60,000 
bus support combinations are available. 
Delta-Star Electric Co., 2400 Block, Fulton 
St., Chicago, HI. 

Instruments.—Btilletin. Describes instru¬ 
ments for measuring coils, condensers, 
dielectrics and insulators at radio frequen¬ 
cies; covers the Q-Meter, QX-Checker, the 
new dielectric imit, the converter test os¬ 
cillator, Hi-Q parts and inductors. Boon- 
ton Radio Corporation, Boonton, N. J. 

Motors.—BuUetin. Describes manufac¬ 

turer’s method of integrally-casting end 
rmgs, fans and rotor bars of a-c squirrel- 
ca^ induction motors, whereby all possi¬ 
bility of bad contacts or loose connections 
is eliminated, and tmiformly Tiigh per¬ 
formance is assured. The Reliance Electric 
& Engg. Co., 1086 IvanhoeRd., Qeveland, 0. 


Detachable Instruments.—Cat. Sec. 43-600, 
10 pp. A description of these detachable 
instruments includes outline dimensions; 
I apphcation data; economic advantages; 
construction details of the socket and the 
ins^ment; accuracy and permanence of 
cahbration; performance characteristics; 
multiple installations, etc. Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

Insulating Paper Sample.—A novel figure 
cut from "Manning 300’’ insiilatitig paper,— 
a high quality, high density paper for slot 
msulation and other uses, characterized by 
extreme toughness, heat aging qualities 
and extreme dielectric strength. The pur¬ 
pose of the paper character, trade-named 
"Tuffy,’’ is to illustrate the toughness of 
die product and unusual resistance to tear¬ 
ing. Insulation Manufacturers Corp., 665 
W. Washington Blvd., Chicago, Ill. 

Motors. Bulletin 1032, 8 pp. Describes 
slip ring motors, 1 to 350 hp., designed for 
continuous duty, open and enclosed rat¬ 
ings, or for intermittent reversing applica¬ 
tion, short-tune duty rating. Available 
in open, drip proof, splash proof, fully en¬ 
closed and gear head types for horizontal 
and vertical operation. Century Electric 
Co., 1806 Pine St., St. Louis, Mo. 

Lightning Arresters.—Catalog 390, 116 pp. 
A cotnprehensive volume aiming to provide 
essential data on lightning protection for 
distribution systems and on Crystal Valve 
lighting arresters. Much new and up-to- 
date information has been included in the 
engineering section. Chapters are devoted 
to lightning protection for distribution sys¬ 
tems, for rural distribution lines, perform¬ 
ance characteristics of arresters, and theory 
of operation of CV lightning arresters and 
complete descriptions of the various types. 
Electric Service Supplies Co., 17th and 
Cambria Sts., Philaddphia, Pa. 

Electrical Steel Sheets.—BuUetin, 32 pp. 
Describes development of electrical steel 
sheets and modem miU technique in pro¬ 
ducing this material. Ten grades of USS 
electrical steel sheets are discussed and 
many appUcations are detailed. Conver¬ 
sion tables are included as weU as a new table 
on guaranteed maximum core losses and in- 
for^tion on magnet wire and varnished 
cambric insulated cables made by the 
American Steel & Wire Co. Terms com¬ 
monly used, including normal ma gnptig tn^ 
hysteresis loss, etc., are treated and ex¬ 
plained. The uses of electrical sheets in 
different t3q)es of electrical apparatus are 
iUustrated. United States Steel Corp. 
Subsidiaries, P. O. Box 176, Pittsburgh, Pa. 

Arc Welding Design Chart,—A newly- 
revised en^eermg drafting room chart 
to provide, in concise ready reference form, 
(^ta necessary for producing arc welded de¬ 
signs. The chart includes the latest weld 
symbols adopted by the AWS in May. 
Additional data covers particulars re^^ding 
the 16 t 3 ^es of joints for arc welding; il- 
lusteated suggestions for better arc welded 
design; sketches explaining the nomencla¬ 
ture of welds; and a comparison of welded 
and riveted drawings. Tables are 
giving properties of base metals, weld 
metals, electrode metals, etc. The Lincoln 
Electric Co., Cleveland, Ohio. 
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The Engineer and Society. Two stimulat¬ 
ing addresses on the general subject of the 
engineer and his relation to society were de¬ 
livered at the Institute's 1937 
convention in Milwaukee, Wis.; both of 
these addresses are published in this issue. 
The first address, on the subject of “The 
Engineer and His Relation to Government,’’ 
stresses the need for a more effective ex¬ 
pression of the engineer’s viewpoint on im¬ 
portant public questions {pages 928—36). 
The second address discusses the position 
and duties of “The Engineer in a Gbangitig 
World’’ and emphasizes the necessity for 
engineers to exercise their responsibilities 
more for the sake of society as a whole ftigti 
for the sake of themselves or the private 
interests of the businesses with which they 
may be connected {pages 937-41). In a 
third article on this same general subject, 
an electrical-engineering student urges engi¬ 
neers to “interest themselves in something 
outside their narrow technical field . . . 
and become human and humanitarian’’ 
{pages 943-4). 


higher power, directive antennas, and 
selective filters, may be used to increase 
the intensity of the signal with respect to 
the noise level in transmitting speech over 
radiotelephone circuits. Another method, 
somewhat unconventional in character, 
consists of diminishing the noise during the 
intervals of no speech {pages 97T1-4). 

Resonant Lines. Transmission lines, com¬ 
posed of either parallel or concentric wires, 
provide a stable means of frequency con¬ 
trol for ultrahigh radio frequencies of 30 
megacycles or more. Radiation resistance 
has been found of dominant importance in 
determining the ^lectivity factor and input 
impedance, and therefore materially changes 
the optimum design of the line {pages 
1002 - 11 ). 

Electricity on Aircraft. Applications of 
electricity in modem aircraft construction 
are manifold, because electrical operation 
is convenient and the equipment required is 
relatively light in weight. The electrical 
system of a modem transport ship is de¬ 
scribed in a paper in this issue {pages 
959-63). 


Wash., August 30-September 3. The Pa¬ 
cific Northwest offers splendid opportuni¬ 
ties for combined vacation-convention trips 
{page 1053). 

Harmonic Generation. A harmonic genera¬ 
tor circuit, suitable for the supply of carrier 
currents to multichannel telephone systems, 
for S3mchronization of carrier frequencies in 
radio transmission, and for frequency com¬ 
parison, has been developed {pages 995- 
1001 ). 

Senes Capacitors. Improved voltage regu¬ 
lation in power circuits may be obtained by 
the insertion of capacitors in series with the 
line. Sometimes, however, difficulties such 
as hunting of synchronous machine je anrl 
self-excitation of induction motors arise 
which require investigation {pages 975-88). 

The Vodas. Suppression of feedback and 
singing in the interconnection of ordinary 
telephone systems by means of radiotele¬ 
phone links requires a special type of ap¬ 
paratus known as the “vodas’’ {pages 1012- 


Circuit Breakers. Simply dividing a circuit 
breaker into several units will not raise its 
interrupting capacity as a multiple of the 
nimber of breaks, because the voltage dis¬ 
tribution across the breaks is not uniform. 
Capacitance shields will give a satisfactory 
distribution of duty in multibreak circuit 
breakers {pages 1018-24). Ultrahigh-speed 
reclosing of oil circuit breakers is said to 
provide an effective and economical solution 
to the problem of reducing transmission-line 
outages and thereby improving continuity 
of service {pages 968-70). 

Federal Power in the Northwest. The 
federal administration of a public utility 
is a new idea in the United States; conse¬ 
quently, the formulation of some ultimate 
plan of administration has become a prob¬ 
lem of major importance. The Tennessee 
Valley Authority and the plans proposed 
for the .public administration of power from 
the Bonneville and Grand Coulee projects 
have been compared with the Ontario 
Hydro-Electric Commission and the British 
Grid {pages 964-7). 

Summer Convention Reports. Reports 
covering the various activities of the Insti¬ 
tute’s 1937 summer convention held in Mil¬ 
waukee, Wis., June 21-25, are published in 
the news section of this issue. Included are 
reports of the annual business meeting, the 
presentation of the Lamme Medal, confer¬ 
ence of officers, delegates, and members, 2 
technical conferences, prepared discussions 
on Institute activities, board of directors 
meeting, and other features {pages 1042-52). 

Radiotelephone Noise Reduction. Several 
conventional methods, such as the use of 


Power Inrushes Under Load. “Starting’’ 
currents in transformers have been studied 
by several investigators, but most of such 
tests have been conducted under the special 
condition of no load. A paper in this 
issue presents the results of a study of start¬ 
ing currents in transformers connected to 
loads having various power factors {pages 
989-94). 

Electric Range Units. Several types of 
surface heating units are used in electric 
ranges, the heat being transferred by radia¬ 
tion, conduction, or both. The efficiency 
of heat transfer varies with the type of 
unit, and may be improved, particularly 
for radiation, by the use of black-bottom 
utensils {pages 953-8). 

Eta Kappa Nu Recognition. An honorary 
electrical-engineering society has established 
awards to recognize outstanding young 
electrical engineers; statistics for the 
nominees for the 1936 awards reveal sig¬ 
nificant information concerning the leading 
American engineers under 36 years of age 
{pages 945-9). 

Cooling Transformers. Units composed of 
a radiator and fan, conamonly used for 
heating industrial buildings, have been 
found suitable by an eastern power com¬ 
pany for cooling transformers by circulat¬ 
ing oil from the transformer through the 
miit. A water spray further increases its 
effectiveness {pages 950-2). 

Pacific Coast Convention. Plans are near¬ 
ing completion for the AIEE 1937 Pacific 
Coast convention to be held in Spokane, 


The Engineer of Tomorrow. Some thought- 
provoking questions were propounded by 
President MacCutcheon concerning the 
engineer of tomorrow, in his 1937 summer- 
convention address {pages 941-3). 

\ 

New AIEE Officers. Nine officers were 
newly elected at the recent AIEE summer 
convention to serve the Institute during 
the ensuing year {page 1049). 


DISCUSSIONS 

Appean’ns m this issue are discussions 
of the following papers: 

Electrical Machinery 

A SuMcsIcd Rotor Flux Locus Concept oF Singk- 

Phnie Induction Motor Operation—Button 10S8 
Operational Solution oF A-C Machines—Miller 

and Weil 1028 

Protective Devices 

A New Service Restorer—Sixtus and Nodder ... 1033 
A New Thermal Fuse For Network l>roteetort— 

Nettleton 1031 

A Single-Element Polyphase Directional Relay— 

McCbnnell 1025 

The Control Gap For Lightning Protection— 

Higgens and Rorden 1036 
UHrahigh-Speed Reclosing oF High-Voltage 

Transmission Lines—^Sporn and Prince 1033 

Tensor Analysis 

Complex Vectors In 3.Phase Circuits—Sah . . .1030 

Dyadic Algebra Applied to 3-Phase Circuits— 

Sah 1030 
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A Message From the President 


Fellow Members of the Institute: 

( SHOULD LIKE to take this opportunity to say to 
all of you what I had the privilege of saying to those at 
^e stunmer convention in Milwaukee in response to 
notification of election as president: 

“Instinctively I feel sure you understand how wholly 
inadequate words of mine are to express appreciation of 
the great honor the membership of the Institute has con¬ 
ferred upon me. 

^ “I am mindful of the responsibility that goes with the 
high and cherished office of president, and with humility I 
confidently look forward to this distinguished opportunity 
further to serve the profession in which we are spending 
our lives. 

It has been my privilege for many years to participate 
in the affairs of the^ Institute, and I am familiar with its 
high ideals, its traditions—^its responsibilities to the pro¬ 
fession at large. 

No period has ever afforded our organization a greater 
opportunity to be of service. 

One need but recall the many new developments loom- 
mg on the horizon in almost every phase of the industry to 
visualize the important part the Institute will play in the 
penod ahead. Perhaps even more immediate and bearing 
on the profession as a whole is the situation presented by 
the changing social and economic order of the world in 
which we live. In this we as engineers face a stiff chal¬ 
lenge—a broadened horizon. The engineering societies 
can do much to point the way. 

The joy and satisfaction one gets in service to the 
Institute is the opportunity afforded for associations and 
acquamtanceships with the membership, and I am eagerly 

lookmg forward to this through the coming year. 

The life of the Institute is in the Districts, Sections 
Student Branches, and committee activities. No organi^ 
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zatlon, year in and year out, has ever hud a more enthu.si- 
^tic, loyal, and effective group of workers. Then there 
is an equally able headquarters staff, headed hy oiir ef ¬ 
fective national secretaiy, Mr. Henline. 

As I think of all of these I look fr>rvvarcl to the year 
with confidence. 

Last year District 2 of which I was tlien a member wa.s 
accorded great distinction by having elected from its 
ranks our president, Mr. MacCutcheon. You need no 
reminder as to how faithfully he has currietl out his re¬ 
sponsibilities. Under the impetus of the enthusiasm he 
has generated I am sure we will continue to go hirward. 
I want to take this opportunity io express great admira¬ 
tion for him, and for the work he has done in the riast 
year. 

“Again my deep thanks for the great honor you have 
conferred upon me. Milwaukee, 1937, is a milepost in 
my life.” 

The summer convention is over. Those of us who were 
fortunate enough to be there will long carry in mind the 
interesting, instructive sessions, the in.spiring talks by 
Doctor Bush and Doctor Flanders, the inspection trip.**, 
the courtesy of those who made the trips possible, the 
entertainment, and in particular the consideratir)U .shown 
our families. 

The Institute has gained new honors from the really 
superb manner in which the Milwaukee, convention pro¬ 
gram wa^ carried out. As host the Milwaukee vSc‘ction 
earned high praise. It is a privilege to e.xpress apprecia- 
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The Engineer and His Relation to Government 


By VANNEVAR BUSH 

FELLOW AIEE 


W HATEVER one may 
conceive to be the 
future of civiliza¬ 
tion, whether one is pessimistic 
or optimistic in regard to the 
long pull, one thing stands out 
—we are certainly on our way. 

The ■ world is full of change. 

Our systems of government, 
not only in Europe, but here 
in America, are in a state of 
flux. We live faster, occa¬ 
sionally longer, and always in 
a new pattern of relationships 
between man and man. We 
are headed somewhere in a 

hurry, whether that somewhere be a grand crash, a 
rev^ion to a long sleep, or a more abundant life. 

The scientist and the engineer started us on this path. 
They wakened us from the semipeaceful somnolence of a 
century ago, shrunk the world to a fraction of its former 
size, and placed the well-oiled wheels of the scientific 
method under us; and we roar forward in a crescendo of 
tumult toward the unknown. Now it is suggested that 
some attention should be paid to the steering gear. 

Much attention has been paid to equipping and speeding 
up the conveyance in which civilization rides, and com¬ 
paratively little devoted to safety devices. The medical 
profession has conquered one plague after another, engi¬ 
neers and health officers have extended sanitary measures, 
and the mentally defective benefit along with everyone 
else, breed rapidly, and may inherit the earth. Bringing 
science to agriculture makes possible the production of 
food by fewer men on less acreage, and our farmers have 
no place to go. Individual transportation is cheapened, 
and automobile accidents kill 30,000 people a year. The 
airplane applies a multiplying factor to the useful lives of 
busy and creative men, and brings hostile nations within 
grasp of one another’s throats. 

Since the dawn of history the acquisition of skill and 
knowledge has rendered more complex, the relationships 
between man and man. It is the function of government 
to control these relationships. Today the burdens and 
responsibility thrown upon government are increasing by 
leaps and bounds, and government everywhere is stagger¬ 
ing under the load. The kaleidoscopic changes we have 
'witne^ed in governments of the nations are a direct 
result of the growing technical complexity of our lives. 
Every advice increases the rate of advance, in accordance 
with the law of acoideration of Henry Adams.* Whether 
democracy in Anifrica can successfully carry the modem 
burdm arid the burded to come, and endure, remains to 

* ^'The Education of: Adams.'’Hougfaton Mifflin Company. 


Whether democracy in America can endure 
depends in no small measure upon the attitude of 
the great professional classes in general, and in 
particular upon the attitude and effectiveness of 
the engineer in his relation to government, says 
this well-known engineer and educator, who 
states further that although there is an enormously 
complex system of organizations of scientists and 
engineers in the United States, this mechanism is 
not utilized to the full in expressing the viewpoints 
of engineers generally upon important public 
questions. To meet this need. Doctor Bush 
suggests that the organization of engineers should 
be integrated, simplified, and strengthened. 


be demonstrated. Certainly 
this depends in no small meas¬ 
ure upon the attitude of the 
great professional class in gen¬ 
eral, and in particular upon 
the attitude‘and effectiveness 
of the engineer in his relation 
to government. It is this re¬ 
lationship that is examined in 
this address. 

First, what really is this 
government of ours? I am 
not going to review the history 
of our democratic system, or 
the details of its organization. 
Certainly I am not interested 
at the moment in the affairs of individuals or parties. The 
important point is that we have a government which is 
responsive to public opinion. Sometimes, it is true, this 
is only haltingly effective; but by and large the course of 
our affairs is determined by what the great bulk of the 
public thinks and feds. As we all know, small minorities, 
through effective organization and pressure, can dictate 
the course of events in limited areas; but not the major 
trends. We have had striking illustrations of this power 
of public opinion in recent times. It first, in a reflection 
of the war enthusiasm, placed prohibition in the Consti¬ 
tution; and then, in a revulsion of sentiment, forced it 
out again, in spite of a complex legal situation and the 
strong resistance of well-knit groups. There is no doubt 
that, in 1936, public sentiment generally desired a con¬ 
tinuance of federal social activity, and obtained what it 
wanted. More recently public sentiment has turned a 
tide that was running strongly against the power of the 
judiciary. The final outcome of the present labor move¬ 
ment similarly will depend upon what aU the people think. 

This is the essence of democracy, and of a government 
responsive to the will of the people. This we have and 
this we hope long to maintain. It is the most beneficent 
type of government that has yet been created by the mind 
of man. Yet it has its disadvantages and dangers in a 
complex modern world; and there is serious question as 
to whether it can be maintained indefinitely under modem 
conditions. I make this statement with no implications 

An addres$ deliver^ at an evening session of the AIBB summer convention, 
Milwaukee, Wis., June 22, 1037. 

Vani^var Bush is vice-prendent of the Massachusetts Institute bf Te<^ology, 
Cambridge, and dean of the school of engineering. ' He was graduated from 
Tufts College in 1013; in :i016 he received the degree of doctor of engineering 
from MIT and Harvard University, and in 1932 the honorary degree of doctor 
of science from Tufts. He is known for both his achievements in research and 
his contributions to engineering education. He has long been interested in the 
design of analyzing instruments, and for his work in this field he was awarded 
the Levy Medal of the Franklin Institute in 1928 and the AIBB Lamme Medal 
for 1985. Doctor Bush is one of the newly elected directors of the AIBB and 
has served on many AIBB committees. He is the author of many techniefti 
articles, and of "Operational Circuit Analysis" and, jointly with W. H. Timbie 
(A’lO, P’24), of "Principles of Blectrical Engineering.'' 
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whatever in regard to any individuals or isms. We have 
proceeded far in this country along the road of democracy. 
This republic started its career with great detail in its 
representative form, expressly designed so that the pri¬ 
mary opportumty of the electorate would be to select 
trusted representatives who would then be somewhat 
removed from immediate pressure. The loss of real 
significance of the electoral college, the direct election of 
senators, the introduction of the referendum, have been 
some of the steps toward that complete democracy in 
which the people themselves decide on the important 
questions of the moment. This trend began with the 
election of Jefferson and has continued ever since. 

Yet this enormous country, with its heterogeneous 
population and interests, is one of few remaining democ¬ 
racies. We witness a movement in the world at large 
toward absolutism. It has made little difference in the 


men who are sensitive to, and able to cope successfully 
with, this opinion of the public. 

In this form, our government is called upon to decide 
momentous technical matters, most of which are so com¬ 
plex that they can be fully understood, if at all, only by 
experts. Such questions involve finance, sociology, eco¬ 
nomics, engineering. They cannot be grasped completely 
and intelligently by the general public. They cannot In: 
grasped by the elected representatives of that public, who 
must in the nature of things, be specialists principally in 
the political art. How then are they t<^ be decided wisely 
in a democracy? 

Much depends upon the answer to this question. We 
are in competition with nations in which absolutism and 
intense nationalism control. The maintenance of our 
position, our relative standard of living, depends upon the 
skill with which our affairs are handled. Under an abso- 


end result whether this has come about by reason of a lute ruler all specialists of every sort become government 
first move toward the left or the right. We see many specialists. A dictator can make final, binding, prompt 

nafirkna Irumi-ncr -t-rwcrarA i-ha rAarn-nfr. 


nations turning toward the placing 
of absolute power in the hands of 
One man, with consequent sup¬ 
pression of individual freedom. 

Democracies elsewhere have proved 
unstable. No small factor in this 
situation is to be found in the fact 
that the questions of the day are 
too complex for the people truly to 
grasp in time. 

There is a pessimistic philosophy 
of government which holds that the 
trend of democracy toward break¬ 
down and succeeding absolutism by 
an individual or a class is in¬ 
evitable. According to this theory, 
democracies tend to become in¬ 
creasingly more direct, checks and 
balances gradual^' are thrown 
aside, the dependence of the gov¬ 
erning group on public whim leads Doctor Bush 

to weakness in law enforcement, 

respect for law decreases, and finally chaos ensues, tend! 
to be followed by seizure of arbitrary power by a closely trenc 
organized minority. Shall this be true of America? natic 
Not necessarily. All these dire results were predicted to as hd 
follow promptly upon Jefferson’s accession; and in fact indui 
many seriously expected that the Reign of Terror of Wha 
France would be repeated here. But it was not, and over chart 
a century has passed while this republic has gone through alwa 
stress of the most intense form. There is a counter in- must 
fluence which has saved us from catastrophe. This is the if the 
gradual increase in tiie standard of living, and the iht^i- sphej 
gent grasp of large affairs on the part of the people. We and« 
have also developed in this country a resistance to the topn 
forces of propaganda which occasionally manifests itsdf. govei 
So we may yet go on. v ' 

For present purposes, it is sufficient to note that our thefi 
government is now of ratha: extfeme democratic form, and govej 

that public opinion controls its trends m large affairs, jtg ^ 

governing bodies and executives, thorefofe, are bound to be umpi 


decisions upon weighing their 
‘ recommetidations. Will we, with 

our exceedingly loose system, in; 
similarly able to bring to bear the 
best of intelligent judgment upon 
the technical problems of the day ? 
We must do so, if we are to hold 
our place. Our frontiers have van¬ 
ished; the surge of a pioneeritig 
people cannot indefinitely carry ii.h 
forward; we are making rapid in ¬ 
roads upon our unique national re¬ 
sources. The day is coming when 
our progress will lean heavily cm 
the intelligence with which we treat 
our public questions. 

The age-old struggle lH‘twecn 
those who have and those who have 
not is disthictly modified by ad- 
„ vancing standards of living. A 

greater proportion of the petjple 
become property holders, and this 
tends toward stability and orderly processes. Yet tlie 
trend proceeds slowly, and the struggle is far from termi¬ 
nation. We still face a clash of interests which is as old 
w history, between those who control our social and 
industrial systems, and the great mass of people who laf>or. 
Whatever the political system, whatever changes in the 
character of our institutions may come, this situation will 
^ways be with us, for someone must always control; there 
must dways be those who issue orders, benignly or harshly, 
if the industrial mechanism is to function. Itis the proper 
sphere of government to control and regulate; to set up 
enforce the rules that will insure efficiency and equity, 
to protect minorities,and to deal with other nations. For 
government to step in and itself become the manager of 
mdust^ is a mistake. There is no longer an umpire in 
the field. The lines become drawn between the people and 
government iteelf, and this is the beginning of disaster. 
We cannot afford, m this country of ours, to have an 
umpire who also plays on one of the teams. 
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What Distinguishes a Professional Man? 

Standing aside from the industrial system, and yet in¬ 
timately connected with it, are the great professional 
classes, of which the engineer forms a part. What renders 
a man a member of this professional group? It is much 
more than the possession of special knowledge, although 
this is a necessary attribute. The skilled machinist pos¬ 
sesses special knowledge, as does indeed the man who owns 
and manages a machine shop; yet neither thereby is con¬ 
stituted a professional man. It is more than the nature 
of the source of income. True, many professional men, 
physicians and lawyers especially, derive their income 
from fees from clients. Yet a clerg 3 rman is usually on a 
salary. The majority of scientists are similarly paid by 
universities and scientific institutions. The great propor¬ 
tion of engineers are employed regularly by industry on a 
salary basis. Definite association with a specific organiza¬ 
tion on a salary basis does not bar a man from rightful 
membership in the profes^onal class. The distinguidiing 
characteristic is the possesssion of a philosophy and a 
point of view. The true criterion lies in the basis of 
motivation of the individual. 

In any society there are 4 primary classifications of in¬ 
dividuals. First is the great body of artisans who carry on 
the work of the world. Second are those who manage and 
direct, deriving their power rather directly from the pos¬ 
session of the facilities for production, or indirectly by 
delegation from the actual owners. Third stand those 
who govern. Finally come those whose primary mi^on 
in life is to acquire learning and render it usefully available 
to those in every classification. These last form the pro¬ 
fessional group. 

It is possible for an individual to belong simultaneously 
to several groups. The farmer is often a worker and a 
manager. The owner, to whom management is at least 
formally responsible, may comprise hundreds df thousands 
of stockholders in all walks of life. He who governs may 
derive from any group. Similarly, the professional man 
may adhere also to other classifications. But if he loses 
his philosophy, if he ceases to regard the acquisition of 
knowledge for the public welfare and rendering it available 
to all groups as his primary mission in life, he no longer is 
truly a professional man. 

The late Arthur D. Little in an essay* delivered before 
the Franklin Institute, defined the “fifth estate” as: 
“those having the simplicity to wonder, the ability to 
question, the power to generalize, the capacity to apply. 
It is, in short, the company of thinkers, workers, expound¬ 
ers, and practitioners upon which the world is absolutely 
dependent for the preservation and advancement of that 
organized knowledge which we call science. It is their 
seeing eye that discloses, as Carlyle said, ‘the inner har¬ 
mony of things; what Nature meant.’ It is they who 
bring the power and the fruits of knowledge to the mul¬ 
titude who are content to go through life without thinking 
and without questioning, who accept fire and the hatching 
of an egg, the attraction of a feather by a bit of amber, and 

’■' Centenary celebration of the founding of the Fianklih Institute, September 17, 
1924. 
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the stars in their courses as a fish accepts the ocean.” 

It is the high privilege of the engineer to aspire to genu¬ 
ine membership in this distinguished category. The 
possession of an academic degree is not sufficient to admit 
him. Success, as measured by his income, does not admit 
him either. The humble Jesuit parching amid the sands 
of the desert that he may bring light to the lowly, and the 
country physician struggling through the storm to relieve 
suffering, need no decoration of material success to mark 
them as honorable members of the group. Recognition 
by colleagues, based upon true scholarship, untainted by 
self-advertising—this is the reward. Completely free 
from prejudice as to class or race, laboring for the ultimate 
good of society at large as he envisages it, above passion, 
secure in the possession of special knowledge which the 
world needs and hence independent of the whims of in¬ 
dividuals and groups, the true professional man is and 
should be a figure apart, wherever he may be placed. It is 
his duty to merit that confidence which alone will permit 
him to operate with effectiveness. 

Government Needs Influence of Engineer 

There is all too little respect for law in this country. 
There is also all too little respect for genuine scholarship. 
Fundamentally the infiuence of the professional group de¬ 
pends upon the development of this respect. Only thus 
can its influence be effective. The trend of affairs can be 
molded by those who have seen the light only in so far as 
they are welcomed into the counsels of the groups of the 
population. The influence of the professional man is 
sorely needed in these times. Managers of industry have 
been keen to grasp its peculiar advantages, and there is no 
lack of contact at this point; but unfortunately it often 
arises under conditions that render difl&cult the main¬ 
tenance of true professional status by the professional man. 
But government most needs the influence. At this point 
in this coimtry we proceed haltingly. The influence of the 
engineer upon the processes of government is especially 
necessary if there is to be sanity in public affairs. How 
then may it be enhanced? 

The professions of law and medicine exert strong and 
generally beneficial group influence through their national 
professional organizations. The profession of engineering 
does not. No great legal change occurs without scrutiny 
and pressure from the American Bar Association, No 
move for the regulation of medical practice proceeds with¬ 
out the prompt, effective participation of the American 
Medical Association. Great engineering works are con¬ 
structed in this country, and the group opinion of the body 
of engineers thereon is not even expressed, with results 
that are sometimes ludicrous. We have no reason to be 
proud of the influence of engineers on the course of govern¬ 
ment as it affects engineering. By and large our efforts 
have been pitiful. 

There is a striking difference in the relationships of 
these 3 great professional groups to government. Many 
members of the legal profession are essentially part of 
government itself, since they fill our legislatures, sit on the 
judicial bench, and practice as elements of the court. At 
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the opposite extreme is the medical profession, most of 
whose members shudder at the thought of governmental 
medicine and have their heels dug into the ground to resist 
the present tug in that direction. In between are the 
engineers, who are more and more becoming closely allied 
with government as the technical aspects of government 
activity intensify. We do not know whether, as a group, 
they resist this trend or not. Apparently they haven’t 
even begun to think about it. 

Organization of the Engineering 
Profession Is Highly Complex 

It is said that, where 3 Americans foregather, there soon 
will emerge a president, a treasurer, and a secretary. One 
might add to this that often when learned men associate 
themselves there will be found an intangible complex or¬ 
ganization beyond the mind of man to fathom. There 
seems to be direct correlation between the scholarly at¬ 
tainments of individuals, and the looseness and inejffective- 
ness for action of the associations they create. The 
greater the grasp by a group of the intricacies of a social 
problem, the less likely is it to present a united front on 
anything whatever. The rate of progress of a group to¬ 
ward a single objective varies inversely with the number 
of members thereof, and inversely as the square of their 
special knowledge. The scheme of organization of the 
professional groups in this country is a marvel to behold. 
Those of the lawyers and the physicians have effective 
elements which have been noted. That of the scientists 
and engineers is a tangled maze in which most of the par¬ 
ticipants become lost. I think I can fathom something of 
the way in which our complex political system operates. 

I have been a member of many professional organizations 
for many years, and I have yet to form a rational picture 
of their activities. Their journals get a quick glance as 
they zip across my desk toward the sagging shelves. They 
collect dues with growing persistency. Yet the govern¬ 
ment digs a hole in the sands of Florida to no proved good 
purpose, and I hear no voice raised to say that we, the 
engineers of this country, insist that we be told authorita¬ 
tively what the economic and engine^ing complexion of 
that particular hole really is. Much less do 1 gather that 
the hole will not be dug except when it has the blessing of 
the organized engineers of the country. The trouble is 
they are not really organized for this effective purpose. 

In 1933, the Technology Review* attempted to sort out 
the 900 scientific and technical societies listed in a hand¬ 
book of the National Research Council, and to present 
something of an organization chart and family tree of the 
engineering societies included. The tree developed into 
something of a forest. True, one might construct an im¬ 
posing list of medical or legal societies devoted to special 
interests. The difi&culty is that the engineering group of 
societies does not head up anywhere. We are especially 
interested in the way in which this situation influences 
the relationship between engineers and government, so it 
will be examined somewhat in detail. 

* Technology Review, July 1933, page 330, '‘Engineering Societies, their Multi¬ 
plicity, their Relatives, their Duplication.” 
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It is right and proper that there should be many or¬ 
ganizations devoted primarily to special technical interests, 
and the increase of these is inevitable as the interests 
of engineers fan out. Yet it is far better that this develop¬ 
ment should occur by subdivision of large national so¬ 
cieties, rather than by the creation of new groups with 
consequent increase in overhead costs, and lack of co¬ 
ordination of interests. The American Institute of 
Electrical Engineers, last of the 4 Founder Societies,! was 
founded in 1884. Since then have appeared the American 
Electrochemical Society, the Illuminating Engineering 
Society, the Institute of Radio Engineers, and others 
representing special interests within this general fi.eld. 
A similar disintegrating tendency appeared in the group of 
societies dealing with all aspects of physics, but in 1931 the 
creation of the American Institute of Physics regrouped 
these to secure closer interrelation, and economies in 
publication. No comparable integrating tendency among 
the Founder Societies has yet appeared. The most im¬ 
portant question however, is that of attempts to integrate 
engineering societies as a whole. 

The 4 Founder Societies are associated, through the 
United Engineering Trustees, Inc., for the purpose of 
managing a building used in common, for the maintenance 
of a library, and to. sustain the Engineering Foundation 
“for the furtherance of research in science and engineering, 
and for the advancement in any other manner of the pro¬ 
fession of engineering and the good of mankind.” Ex¬ 
cellent as is this joint effort, it is directed in practice 
primarily toward the attainment of technical objectives, 
and does not properly touch the relationships of engineers 
generally to government. 

The Founder Societies, together with the American 
Institute of Chemical Engineers, the Society for the Pro¬ 
motion of Engineering Education, and the National 
Council of State Boards of Engineering Examiners, joined 
in 1932 to create the Engineers’ Council for Professional 
Development. This “aims to co-ordinate and promote 
efforts and aspirations directed toward higher professional 
standards of education and practice, greater solidarity of 
the profession, and greater effectiveness in dealing with 
technical, social, and economic problems.” Its activities 
have been pointed primarily toward young engineers, 
through the certification of engineering schools in con¬ 
nection with state licensing programs, and the postaca- 
dmnic education of engineers. It is doing excellent work 
in these fields, but does not aim to ascertain and impress 
group opinion of engineers on governmental or social 
problems. 

Central Engineering 
Organizations Already Exist 

The nearest approach to a mouthpiece for engineers 
generally on important matters is the American Engi¬ 
neering Council founded in 1920 “to further the public 
welfare wherever technical and engineering knowledge 
and experience are involved, and to consider and act upon 

t The others are:, American Society of Civil Engineers; American Institute of 
Mining and Metallurgical Engineers; and The American Society of Mechanical 
Engineers. 
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matters of common concern to the engineering and allied 
professions.” This is exactly what we have in mind. 
Yet the en^neer, with all his supposed genius for organiza¬ 
tion, has not rendered this the effective instrument that is 
sorely needed. Every country doctor knows of the Ameri¬ 
can Medical Association. He may quarrel with its dicta; 
but he knows that with a host of others he influences its 
pronouncements, and he is proud that it represents him. 
I would be willing to wag^ that a survey would show that 
a large fraction of engineers in this country do not even 
know of the existence of the AEC. Certainly the average 
engineer has no feeling that his influence is brought to bear 
even indirectly upon their considerations of important 
public questions. It has not the intense interest and sup¬ 
port of the profession generally, and its expressed opinions 
are to this extent ineffective. A devoted group of engi¬ 
neers deals meticulously with the affairs of AlEC, and 
undoubtedly the situation is not their fault. It is none 
the less regrettable. There are some evident contrib¬ 
uting factors to the situation: The average engineer pays 
no dues to AEC, sees no direct publication of AEC, and 
takes ho direct part in the selection of this body of men 
who convene to decide upon the problems of the day. 
Pronouncements have not been strikingly timely. The 
engineering profession has held important group opinions, 
but has not seen them forcibly enumerated and spread 
on the front pages of the newspapers. 

If the engineers of this countiy do not recognize and 
support their spokesman in the AEC, still less do they 
recognize that they have a duality of spokesmen. The 
American Association of Engineers was founded in 1915 
“to accomplish for the unity, welfare, standards, , and pub¬ 
lic recognition of the engineering profession what such 
organizations as the American Bar Assodatibn and the 
American Medical Assodation have accomplished for 
their respective professions.” It has the slogan “proper 
recognition to the engineer and the engineering pro¬ 
fession,” awards a medal, provides group insurance for its 
members, and has been active in vocational guidance. 

There are 3 laudable ideas involved in this matter of a 
central engineering organization. First is the fiirtherance 
of the interests of the profession. Second is the bringing 
to bear of the influence of the profession upon public 
matters. There should be no confusion between these. 
While it is highly fitting and proper that engineers should 
be active to guard their own interests, such activity is 
apart from the higher mission of influendng public trends 
for the benefit of the entire public. These are combined 
in the ssune organization only at the risk of weakening the 
latter. The attention of the AAE is primarily devoted to 
the former. The third laudable idea is that of direct 
advice to government departments or agendes on their 
specific problems. 

National Academy of Sciences 
Was^^F 

On this third aspect the engineering ^cieties function 
primarily only through a more general organization of 
sd^tists. The National Academy of Sdenc;es was 
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founded in 1863, by act of Congress, approved by President 
Lincoln “to advance science and espedally to investigate, 
examine, experiment, and report on any subject of sdehce 
or art whenever called upon by any department of the 
Government of the United States.” It is a limited- 
membership self-perpetuating body, similar to the sden- 
tific academies of the old world. One of its many sections 
is composed of engineers. In 1916 its activities were im¬ 
plemented when it formed, at the request of President 
Wilson, the National Research Council for “the promotion 
of research in the physical and biological sdences, and the 
encouragement of the application and dissemination of 
sdentific knowledge for the benefit of the nation.” After 
the war the NRC was perpetuated by an ^ecutive order 
of May 11, 1918. Still later, and again in time of emer¬ 
gency, this organization was extended by the creation, 
under the Academy, of the Science Advisory Board, which 
reported on many important matters referred to it by 
government departments. The term of this board now has 
expired, and it has been superseded by a committee of the 
Academy. This whole organization is itself extremely 
complex. 

By the very nature of this organization, it does not 
fimction to bring to bear upon great public questions the 
opinions of scientists, except when called upon and then 
in connection with definite scientific problems. In such 
matters it has rendered important aid and advice. One 
important aspect of its affairs has been to set up advisoiy 
committees for scientific bureaus of the government. Its 
active arm in research, the NRC, administers research 
funds for government and large groups, and correlates and 
promotes scientific research generally. 

This is the official established mechanism by which 
government may call for the opinion of scientists generally, 
and engineers in particular, upon technical problems, for 
it was created by government for this specific purpose. 
Government does so call, and does thus receive advice and 
counsel. Questions involving important engineering mat¬ 
ters, such as recently the problems of ship stabilization, 
and of lighter-than-air craft, thus are given the benefit of 
review by distingui^ed men. Such a controversial m^-tter 
as the economic and engineering justification of building 
a tide-power plant on the coast of Maine, however, does 
not travel by this route. If government asked the ques¬ 
tion, it would obtain an answer; but it does not ask the 
question. The mechanism is available, but the pressure 
necessary to ensure that it will be used is absent. True, 
engineers are here joined with all types of scientists, but 
nevertheless the query would result in the gathering of a 
distinguished group of engineers and economists to deliver 
the answer. Later, I will discuss th.e function of the in¬ 
dependent consulting engineer in this connection, but at 
this point I merdy note that his services, undd: proper fee, 
are not at all inconsistent with the presence of distin¬ 
guished voluntaiy committees of review. 

One more organization remains to be mentioned. The 
American Assodation for the Advancement of Sdence, 
founded in 1848, is the gpreat democracy of sdence in this 
country. This loosely knit organization comprises about 
150 member sedeties, with half a million nienibers. One 
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section with many member societies, is devoted to engi¬ 
neering, but engineers generally take no part in its activi¬ 
ties.' It serves the very useful purpose of bringing to¬ 
gether diverse scientific groups for great annual meetings 
at a common point. Its council occasionally adopts 
resolutions on public questions, but legislators do not 
hang on its words. Its membership is too casually afl&li- 
ated to render it a powerful voice in national affairs. 

The engineer, who applies science in an economic man¬ 
ner for the benefit of mankind, certainly has as close 
common interests with the social scientist as with the 
physical scientist. Yet the organizations of the social 
scientists are not greatly participated in by engineers. 

Since the beginning the engineer has co-operated closely 
with the physical scientist; and in fact many engineers are 
themselves physical scientists of no mean accomplishment. 
We have reached the point where engineers are learning to 
work in similar co-operation with social scientists, but the 
relationship must proceed much further than this. It is 
necessary, in connection with many of the problems that 
come to him, that the engineer be himself a social scientist 
—not a dilettante but a deep student and scholar in his 
own right in various branches of the social sciences. Only 
thus may he be properly cognizant of the source from 
which his activity derives, and also properly cognizant of 
the social conditions under which it becomes applied. 
Long familiar with applied e:onomics, he now finds press¬ 
ing upon him other branches of the, broad science of 
human relationships. The colleges have a duty to per¬ 
form here, and so have the professional engineering so¬ 
cieties. Certainly their meetings and publications should 
generously reflect this growing need and interest. 

Integration, Not Another Society, Needed 

To stunmarize this matter of organization; Real atten¬ 
tion is being given to the professional advancement and 
the technical interests of the profession. We have an 
enormously complex system of organization of scientists 
and engineers in this country, and yet no effective single 
central organization representing aU engineers and express¬ 
ing their viewpoint on public questions. We have an 
elaborate mechanism for bringing advice to bear on scien¬ 
tific and engineering problems as they arise in government, 
and this mechanism is not utilized to the full. 

What is to be done about it? Certainly no solution lies 
in forming one more society to join the throng. Integra¬ 
tion is indicated; and since societies now exist for all the 
express purposes we have considered, a duplication of 
effort by a newcomer would simply complicate matters. 
Rather, the existing mechanism should be simplified and 
strengthened. 

Would it be of aid if the great national organizations, 
such as the AIEE, were to take official and definite posi¬ 
tions on public questions involving engineering? I do not 
think this is their proper function, for reasons I will dis¬ 
cuss. This is being done in some such organizations, and 
the effect so far has not been especially helpful. It is 
another thing entirely for the AIEE to provide a forum for 
the frank discussion of important questions by men of all 
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shades of opinion. In this I believe it has a duty to per¬ 
form. So far it has not been done, and the reason seems 
to be that those in control have not had the courage to 
take a step which they fear would split the society. Per¬ 
haps a frank and fearless discussion on the floor of an AIEE 
convention of such a problem as that of the proper sphere 
of activity of government in the generation and distribu¬ 
tion of electric power would split the society. I do not 
think it would. This is certainly a matter of present 
interest to electrical engineers. If those who are best able 
to approach it dispassionately and intelligently fear to 
open the question at all, how is public opinion to be in¬ 
fluenced? In the membership of the Institute are men 
who hold all sorts of opinions on this subject, many of 
them violently. Many will not express their honest 
opinions because of their affiliations with government or 
with public utilities. But there are many more who can 
and will bring light upon the subject, and, like all subjects 
of great controversy, it has at least 2 sides. When I speak 
of a free forum in this connection I do not mean one where 
the floor is open to the public. I have in mind one where 
the participants are carefully chosen for their ability to 
present their views clearly and calmly, and carefully 
chosen to bring out all shades of opinion. Such an airing 
of views on this and many other matters would do a great 
deal of good. A similar benefit will result when profes¬ 
sional publications carry powerful expositions and argu¬ 
ments on the live issues of the day, again with an oppor¬ 
tunity for accomplished representatives of all sides to be 
heard. But the Institute itself should express no opinion 
on this or any other controversial question where its mem¬ 
bership holds diverse views. It cannot at once be the 
guardian of a free forum and an advocate. Still it should 
certainly not be an ostrich. 

This taking of stands should be left to a body having 
that as its primary function. That body should be made 
up of men of great distinction in the profession, chosen for 
the purpose by the membership of the profession directly. 
It should use every legitimate means to be well known to 
the membership, by questionnaires, publications, and by 
reasonable publicity in regard to its deliberations and 
findings. It should be absolutely without fear and with¬ 
out prejudice. Its pronouncements should be front-page 
news in every comer of the land. It should enter into any 
public question involving engineering as a right and with¬ 
out invitation. It should not hesitate to swing public 
opinion by rousing the profession when such action is in¬ 
dicated. In order that it may speak with a single voice it 
should represent engineers only, with deference/of course, 
to the opinions of other professional groups. We do not 
have this situation today. The metamorphosis of existing 
organizations, under the guidance of public-spirited engi¬ 
neers, may bring it to pass. As it proceeds it should have 
the aggressive support of every engineer who has the good 
of his country at heart, whether or not he agrees wilh its 
finding's in every respect. 

The technique of applying the pressure of engineering 
opinion on great public questions is only one aspect of our 
problem. Another aspect involves the advice by engineers 
to government on specific technical problems. Tliis is a 
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large question and one that involves many of us in one way 
or another, as citizens and taxpayers as well as engineers. 

Government Needs 
Independent Consulting Engineers 

That there is an elaborate mechanism by which govern¬ 
ment departments may secure the advice of scientists and 
engineers, has been shown. For several reasons, this is not 
sufficient for the purpose. First, the way is indirect, 
through an organization that is preponderantly scientific. 
With the best intentions in the world such an organization 
cannot function precisely and promptly to bring to bear on 
a great national engineering problem the best engineering 
brains to be had anywhere; only a few of the great engi¬ 
neers of the country are directly affiliated with it; and the 
indirect path is cumbersome. The complexities and in- 
eriia of this situation were overcome in time of war and in 
time of great depression, but during normal times the 
mechanism works feebly. Second, to wait to be called 
upon in a busy world is not enough, and the present or¬ 
ganization has a nattual and proper hesitancy to press it¬ 
self into controversies, Third, the setting up of distin¬ 
guished boards of review on a voluntary basis is not enough. 

One cannot give sound advice on important engineering 
matters without spending considerable time and money. 
This is the function of the independent consulting engi¬ 
neer. We will not be on sound ground in this country 
until government, on a basis of adequate ^d dignified 
fees, calls for the opinions of independent consulting engi¬ 
neers whenever it has an important engineering problem. 
This it does not do at the preset time to any determining 
extent. If, when the subject has been deeply studied and 
reports have been presented, the government wishes re¬ 
view by distinguished boards, it always will find men ready 
to give their services as a matter of public duly. The 
main reliance, however, must be upon independent con¬ 
sulting engineers, and 1 wish to make a plea on their behalf. 

There are many engineers—many able engineers—in 
government itself, and these are utilized by government 
when it has an engineering project to carry out. Army 
engineers have carried forward on a high plane many out¬ 
standing engineering works. The Reclamation Service 
conducts a research laboratory that is second to none. 
But the government engineer is not an independent engi¬ 
neer and the latter is sorely needed. Given a definite 
project the government engineer can carry it forward; but 
he cannot at the same time say that it is a foolish thing to 
carry out at all, even if his engineering studies convince 
him that it is. Here is a point at which a democracy is at 
an advantage compared with an absolute government. 
The dictator has only government engineers—^units in a 
rigid machine. Independence of thought and speech 
there caimot be tolerated. Yet, having the advantage as 
a democracy of the presence of engineers of real independ¬ 
ence, we do not make use of them. This is partly because 
truly independent engineers are becoming rare; partly 
because unfortunately government is sometimes not 
anxipus that the full truth be known; partly the fault of 
the engineers themselves. This matter is worth discuss¬ 


ing briefly, for it is truly unfortunate if one *4 
assets of a democracy is being thrown away. 

The rise of great industries in this country. 
own engineering organizations, has restrictetl * 
operation of independent consultants. The f» ^ 
extend free engineering services as part of ih» * 
grams of large companies similarly has encnnu I ' 
tunately, industry by and large cannot mut* ^ 
neering departments capable of coping with tl»‘ 
and these peaks are surmounted by calling 
porary services of independent engineering 
Yet the way of the consultant has not been cu**' 
number of men who are truly independent. ** ' 
seasoned opinions based upon wide experieiu» * 

fields, is not large. This is distinctly the fault 
ment. There should be more utilization of tr* ^ ■ 
t 3 q)e of John F. Stevens called for service at tls ’ ® 
Canal. If it were our practice in this country t 
ment to employ independent engineers frcqu^ • 
number of such engineers would be greater. WN‘ ' 
ment calls on the engineer at all, it usually ? 

do so on a niggardly basis. It appears tn *'■ 

starve out a group upon which it distinctly lu-rd*' 

But part of the fault lies with engineers * 
While we deplore any reluctance on the par! ' ^ 
ment to let the full light of reason play on ii' i 
engineering works, we must admit at the saiin ^ 
the approach of engineers often has not been •‘I 
sufficiently broad consideration of these vciy «■ 
To show that a government engineering work i 
an adequate financial return on the original iin * «^ 
not necessarily sufficient to condemn it; yet 
prone to limit their considerations to a strict cm!»i m'i 
basis. The building of a battleship cannot Iji* ju »« 
this basis. The setting aside of a national foir « t 
not be thus approached with limi ted logic. 

Do not think that I advocate letting down ll#<r 
strict reasoning to which all engineering works 
subjected. I have no sympathy with any wa.slr « 
money. To build a great dam to supply electra 
a region already amply supplied with power, l« * 
land in a region of no inhabitants while farm 
idle dose by, to render navigable a stream that 
into a wilderness, are fool piec^ of work in any 
Yet I would have the engineer join with the 
the sociologist, the student of government, that j 
grasp problems in their entirety. 

Is it foolish to clear slums, and to cause liviu^ 
to be built by subsidy from pubUc monies, for 
previous slum dwellers on a rental basis that 
a portion of the direct investment? It may t*t 
be, and the answer can come only when ll» 
works with the sociologist. It may be a deciil* 
investment on the part of government from ^ 
finandal point of view, if the decrease in costi 
health hazards, hospitalization, and sodal : 

follow slum clearance, offsets the direct cost to| ^ 
But merely because the problem involves mor» ^ ^ 
matter of direct costs and direct revenues, does 
government for proceeding without independet^ i 
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it merely emphasizes the need for analysis by professional 
men of diverse types. 

Consulting Engineers in Educational Institutions 

Both government and industry should support the in- 
d.ependent consultant in this country, that he may be 
available in time of need. A duty also rests upon our 
educational system in this same connection. This duty 
may rest lightly, for the consultant with university affilia¬ 
tions can bring strength to the educational system itself. 
Much has been said on this subject, and some would 
block consultation by members of college faculties. This 
always would be a catastrophe, but especially so at present 
when the consulting engineering profession needs to be 
enlarged and supported. Moreover engineering education 
must be real, conducted in an atmosphere of success, and 
in close contact with industrial and governmental advance; 
and the consultant on the faculty can aid greatly in this 
regard. There are dangers in the relationship, of course, 
but they can be avoided and the benefits secured. The 
use of the name of university aflSliation, without the sub¬ 
stance of educational duties and responsibilities on the 
part of the consultant, is a perversion. Encouragement of 
consulting by university administrations should be ac¬ 
companied by insistence that such contacts be on a high 
plane and such as to advance the professional standing of 
both the individual and his institution. The fees charged 
should be on a dignified basis and such that there is no 
unfair competition with consultants who do not combine 
educational activities. There should be ho use of univer¬ 
sity laboratories in consulting connections except where 
the institution is fully reimbursed for all costs of having 
the facilities present, and then only when there is no in¬ 
terference with the use of these facilities for their primary 
purposes. Educational institutions that have unique 
research facilities not available elsewhere, should make 
them available as far as possible without impeding educa¬ 
tional use, either directly or through those commercial 
organizations which perform research services for industry. 
This certainly does not mean, however, that an educational 
institution should do routine testing for industry where 
there is a commercial organization capable of performing 
the work. Industrial research within an educational 
institution may be a fine thing, when it carries its full 
costs, when its results become published, and when its 
presence adds to the educational process of training men 
capable of coping with industrial research problems after 
graduation. But neither the educa;tional institution it¬ 
self, nor tlie consultant who is a member of its faculty, 
should carry on activities that tend to lower the plane of 
independent consultants or independent commercial re¬ 
search laboratories. When these matters are realized, the 
presence of a consultant on a faculty may be of benefit to 
the institution and render available one more independent 
engineer for advice to government and industry. 

There are many ways in which the individual en^neer 
makes contact with government, and several in which a 
more intimate contact would be of ben^t. One impor¬ 
tant way lies in the growth of the commission form of 
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activity. These commissions usually, as in the case of the 
Federal Communications Commission, the United States 
ShippinT; Board, and the Tariff Commission, are essentially 
groups of experts within the frame of government itself. 
So also are such units as port authorities, irrigation dis¬ 
trict authorities and the like, set up within our still flexible 
frame of government to unite the administration of regions 
having common technical character. These and similar 
units offer one promising mechanism by which to imple¬ 
ment the specific actions of government in technical af¬ 
fairs. The engineer is an important member of all such 
bodies. By and large they have been decidedly effective. 
An important element, however, appears to be generally 
lacking in the movement. Usually such boards depend 
upon the technical knowledge of their own membership, 
supplemented only by the examination of witnesses who 
come before them. They are not amply enabled, by the 
act which establishes them, to increase their grasp and 
power by temporarily joining to their membership out¬ 
standing consultants with special knowledge of the par¬ 
ticular problems before them. The independent engineer 
would find ill such association many opportunities to be of 
genuine service. 

Engineers and the Legal System 

Another important way in which the engineer makes 
contact with government is in connection with the legal 
system, both in law enforcement and in the administration 
of justice in the courts. This is too large a matter to be 
treated adequately in an address having a broader subject, 
yet the point comes up inevitably. There is a real need 
for close association of scientists and engineers with the 
legal system at many points, especially in the patent sys¬ 
tem. The reason is clear. The determination of any legal 
question depends jointly upon the law and the facts. In 
a modern technical world the facts are beyond the com¬ 
prehension of the layman. When dealing with a scien¬ 
tific or engineering subject, the most eminent jurist or 
attorney is usually decidedly a layman. The result is 
often sad. Decisions are rendered by judges to whom the 
facts of a case are in essence imcomprehensible. Present 
procedure is expensive, indeterminate, and sometimes 
ludicrous. Details of procedure aside for the moment, 
the real reason for this situation is the unwillingness of the 
legal profession to admit to a basis of partnership the 
scientist who understands the technical facts of modern 
civilization, with the attorney who understands the law. 
We have the spectacle of opposing experts, cross-exanuned 
by lawyers who have a week’s cramming as a background 
in the subject under consideration, for the benefit of a 
judge whose scientific training ended at “Physics 1.” 
The childlike faith of most attorneys in this process of 
elucidating technical facts is beyond comprehension. To 
the tec^ical man on the sidelines it is often evident that 
the discussion proceeds to about page 20 of an elementary 
text, when the true answer lies on page 500 of an advanced 
Ixeatise. The general atmo^here, charged with su^i- 
cion, progressing at a snail’s pace, is such that Ihe majority 
of scientific men engage in legal matters just as little as 
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possible. To expect men of great scientific attainment 
generally to be willing to take part in this procedure is 
expecting a great deal from the human race. Yet the 
members of the legal profession generally regard the pres¬ 
ence of a technical adviser to the court, not subject to 
cross-examination, as an anachronism, and they are per¬ 
fectly sincere and honest in the opinion. The dilemma is 
clear. The legal profession, which controls the system, 
cannot itself or through its artifices deal justly in the type 
of world in which we now live. It will not have the true 
co-operation of the best scientific and engineering minds 
in expeditiously arriving at justice until it welcomes them 
to something besides a subordinate status. In some of its 
phases, the legal system has been dangerously close to 
breakdown, and no small portion of this situation is the 
extent to which it is bogged down in a scientific morass. 
If breakdown comes,- it will be the fault of the profession 
that molds its affairs and determines its form. Scientists 
and engineers stand always ready to aid in a matter of 
public concern and on a basis of professional partnership. 
In this connection the independent consulting engineer can 
be of real service in many ways, but space does not permit 
a detailed examination of them. 

Throughout this address I have emphasized the value of 
independence. So long as this is maintained and there is 
the effective guidance of affairs by an independent pro¬ 
fessional class, I have no fear for the future. A true 
democracy, given this support, can compete with dictator¬ 
ship and prevail. 

Frontiers of Science Still Remain 

It was independence of thought, freedom of action, the 
opportunity of a vast untamed domain that built this 
country and gave it the highest standard of living in the 
world. The geograplucal frontiers have disappeared, but 
the frontiers of science and technology still remain. Those 
qualities which built a trail into the wilderness can stiU 
build trails in the technological advance. The same 
qualities of courage, resourcefulness, and independence 
which op^ed the nation, are as necessary today as ever. 

The growing complexity of life tends to make men cogs. 
The world is growing smaller, and it is becoming crowded. 
We “rub elbows” and find increasing dependence upon the 
activities of our fellow men. The race for economic domi¬ 
nation becomes a race, from which we only partially are 
separated, for military supremacy. The burden on 
government increases, and the problems arising are more 
and more beyond the true comprehension of the proletariat. 
Intense nationalism is in the saddle, and everything, in¬ 
cluding freedom itself, toward which the human race al¬ 
ways has aspired j is being sacrificed for a momentary 
advantage in the struggle. Nations are turning toward 
absolutism as a refuge. 

.Gladstone predicted the decay of democracy if the in¬ 
digent voter found the power of his vote sufl&cient to seize 
arbitrarily and unreasonably the fruits of production. 
Jefferson himself, the father of American democracy, 
postulated as a necessary feature of a democratic regime 
that the bulk of the voters must be tillers of their own 


land. Whatever we may wish to modify in these opinions, 
one thing should be added in view of modem conditions. 
As the social machine becomes more complex and inter¬ 
dependent, it becomes increasingly easy for an aggressive 
group to dismpt it. The need for discipline is greater, the 
necessity for restraint of the asocial individual or group is 
more pressing. Individual freedom, always circumscribed, 
from the dan up, by the necessity of consideration of the 
rights of others, becomes inherently narrowed. The 
right to do this or that ceases to be a right when its per¬ 
formance injures a neighbor; and the ways in which each 
individual’s acts reflect upon the security of his fellows are 
constantly multiplied. The democratic form of govern¬ 
ment is adapted to the maintenance of disdpline only to 
the extent that great groups of varied peoples are ready 
and willing to discipline themsdves. The failure to do so 
in other countries is the primary reason that the people 
have reverted to absolutism in the hope that it would 
prove benign.. The immediate result of course, has been 
to impose disdpline, often harshly and in the extreme, to 
curtail radically individual freedom, and thus to create a 
state in which effidency is secured at the sacrifice of much 
that makes life worth living. The plunge into absolutism 
is abrupt. The winning of individual liberty is a slow and 
painful process. Must all democrades go through this 
cyclic process ? Can the great populace, which is governed 
by its intuitions, its emotions, its mass psychology, grasp 
this trend and preserve its stability? Moved by the 
persuasion of those with ulterior interests, who play upon 
their emotions, can they yet understand the voice of rea¬ 
son? It depends upon whether those who would bring to 
the people the accumulated wisdom of the ages speak in 
words that are powerful, genuine, and capable of bdng 
truly understood; and then it depends only upon whether 
the people listen and are willing to be guided by reason. 

Professional Man Should Make Himself Heard 

The free operation of profession^ classes, motivated by 
public zeal and altruism, is an anchor upon which our 
democracy depends to hold it through the storm. There 
is a great obligation upon the professional man to speak 
clearly, to insist upon being heard, to maintain his in¬ 
dependence. This obligation rests heavily upon engineers. 

To be a professional engineer in the true sense, does not 
require that we have some special set of relationships to 
socieiy and to the organizations of which it is made up. 
It does require that the primary motivation be the ac¬ 
quisition of scholarship and its generous application to the 
needs of man. 

To be an engineer in these days is to bear a proud title. 
To be able and willing to speak true opinions on the com¬ 
plex technical affairs of the day, mthout prejudice and 
free from control, is a privilege that is becoming rare in the 
world. Insistent upon his prerogatives, kowtowing to no 
man, respected because he speaks a truth the country 
needs to know, the independent engineer stands as an im¬ 
portant member of the professional class—a strong bul¬ 
wark against disaster, which can guide our steps into the 
ways of pleasantness and into the paths of peace. 
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The Engineer in a Changing World 

By RALPH E. FLANDERS 


T he world in which What can and should engineers do about the which engineering work began 

we are living is changing social iMid economic problems that beset the to elaborate itself. Engineers 

in many ways, and those modern world? In answering this question, were no longer simple engi- 

changes are rapid. Thephysi- Doctor Flanders says: **We must exercise our neers. Some were in control 

cal frontier has disappeared responsibility more for the sake of society as a of their own businesses as con- 

from this continent and, ex- whole than for the sake of ourselves as individual snltants or manufacturers of 

cept for the antarctic regions, engineers or for the private interests of the busi- engineering apparatus; others 

it has practically disappeared nesses with which we may be connected.*' He were employees of various 

from the eardi as a whole. states further that: “It is an inescapable duty grades. Some were engaged 

With the occupation of the that we each make of ourselves centers of educa- in teaching; others in research, 

frontier has gone one of the tion and influence, to the end that our useful design, construction, sales, 

powerful automatic stimuli to offices may continue, and our civilization fulfill operation, and administration, 

private enterprise and material its destiny of an ever-growing service to the This multiplication of function 

progress. needs of mankind.** brought a host of new prob- 


Much of the progress we are 
making is so based upon 

elaborate research and requires such extensive and 
expensive provision of facilities that it is best carried out 
by large corporations or well-financed research groups, 
rather than by individual scientists, engineers, and 
inventors of the old type. This is another influence that 
tends to restrict the expansion of individual initiative 
and tends to throw the burden of further social progress 
onto aggregations of capital and of men. 

A further element in our increasing socialization is the 
recent rapid sensitizing of the social conscience and a 
resulting expansion of social activity into fidds of action 
which in past generations had been considered reserved 
for the individual or for small social groups. The severity 
of the depression wa,s so great and the social responsibility 
for it seemed to be so definite that both our relief measures 
and our recovery measures have tended to be social and 
political, rather than individual and philanthropic. 

Finally, though without exhausting the list of recent 
developments, we have becotne aware of the fact that in 
our banking, credit money, and general aggregate of 
financial institutions, we have a useful but delicately 
balanced, and at times imbalanced, mechanism difficult 
to control and tending on the whole greatly to increase 
the violence of business fluctuations and economic distress, 
rather than to provide a dampening effect on them. All 
these phenomena and others not mentioned pose a new 
set of problems to the engineer and to the engineering 


lems to the engineering socie¬ 
ties, on the one hand opening 
new opportunities to usefulness, and on the other tending 
so to elaborate engineering activities as to lose much of 
the harmonious directness and strength of the earlier days. 

As a result of the tendency for engineering advance to 
be focused in and to be carried out by large aggregations 
of men and of money, the problem of the engineering 
society has been complicated further by widespread senti¬ 
ment in favor of entering employer-employee relations, 
so that in the extremes of such policies the societies might 
be tending to take on some of the aspects of trade-union 
organizations. 

This continuous elaboration of function is here described 
and emphasized so that we may realize that the problems 
facing us are no longer simple, and that any endeavor 
forcibly to keep them within too simple lines may result 
in giving to the societies a cloistered and sterile outlook, 
devoid of vital function and social usefulness. We are 
in fact faced with the problem of maintaining otu social 
usefulness and finding out just what axe the spheres in 
■ which it most clearly may be demonstrated and exercised. 

World of 'Today a Product of the Engineer 

The world we know has been made by the engineer so 
far as its physical aspects are concerned, and his influence 
has had no small part in determining its spiritual environ¬ 
ment. 


societies in which they are organized. 

. In their beginnings and until recent times, engineering 
societies had the purely technical purposes of bririging to 
the attention of their members all the latest technical 
developments in their fields and offering a forum for 
criticizing them, advancing thenij and di^eminating 
knowledge about tham. 

Even whila this type of activity remained almost the 
sole object of society actioUj the problem nevertheless 
began to be complicated by the numerous divisions into 
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Perhaps some remember the epitaph of Sir Christopher 
Wren, the architect, engraved on the walls of his master¬ 
piece—St. Paul’s Cathedral in London. It reads: “Si 
monumentum requiris, circumspice,” or, in English, “If 
you seek his monument, look about you.’’ In like manner, 
if we wish to inquire as to the material influences of the 
engineer, we have but to look about us. We will see 
thousands of daily reminders of the fact that our material 
civihzation has at the bottom an engineering foundation. 

Its useful services are many. Our profession has filled 
the world with a profusion of comforts and luxuries which 
were denied to kings a short century ago, but are now 
enjoyed by the average citizen. Flowing water in the 
kitchen and bathroom, brightly lighted streets, and the 
radio, are all ordinary conveniences for the ordinary 
citizen. They were nonexistent when Queen Victoria 
began her reign. 

There is no need to multiply instances. The tale has 
been told an4 retold; but told and retold, as well, has 
been the story of the problems an engineering civilization 
has posed for the solution of its citizens. The perils of 
drought and pestilence have been exchanged for the mis¬ 
chances of technological unemployment. That unem¬ 
ployment may be transitory and a part of a process which 
history shows to be benevolent in its total results, but it 
is as yet a serious and sometimes insoluble personal 
problem. 

Worst of all, our engineering civilization proves to be 
less stable than the older forms based upon subsistence 
agriculture. It gives us more, but its gifts are more 
irregular. There are seasons of outpouring and seasons 
of withholding. Boom follows depression, and depression 
follows boom, and this relentless alternation leaves much 
human wreckage in its wake. What can and should we 
engineers do about the evil features of this world we have 
made? 

Engineers Should Not Intrude Into Alien Fields 

It is not my intention to go into the details of this 
problem. I believe that the engineer’s work has been 
healthy and constructive, I believe that the mal¬ 
adjustments have come from our narrow and selfish 
activities as industrialists, workers, farmers, and finan¬ 
ciers, and from the imbecilities of our politics In par¬ 
ticular, I do not believe, as so many have urged, that the 
remedy lies in the intrusion of engineers with engineering 
methods into the alien fields of politics, economics, and 
finance. This subject will be discussed briefly, because 
in popular opinion our profession alternately has been 
■ damned for causing all the ills of our era on the one hand, 
and on the other for not curing them by still more radical 
engineering activity. 

This question was raised some months ago in an address 
by Walter Lippmann, and I take the liberty of quoting 
here in part from his criticisms and in part from a reply 
to tiiem: 

There were several years, l’should say roughly horn the crash' 
of 1929 to the end of 1933, from the breakdown of prosperity to the 
beginning of recovery, when the ideal of an engine^ed and planned 
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economy had almost completely captured the imagination of the 
Western World. Every one who raised his voice—the Chamber of 
Commerce, the heads of big corporations as well as the New Dealers 
and the Progressives—talked about planning something. No doubt 
they had different ideas of how to plan and what to plan for, but 
the underlsdng image dominated most minds. The notion finally 
reached its grand climax, and its tcducHo ad dhsufdwm, in the vogue 
of technocracy. 

The point I wish to make is that the conception of government 
as a problem in engineering is a false and misleading conception, 
that the image of the engineer is not a true image of a statesman, 
and that society cannot be planned and engineered as if it were a 
building, a machme, or a ship. The reason why the engineering 
image is a bad image in politics, a bad working model for political 
thought, a bad pattern to have in mind when dealing with political 
issues, is a very simple one. The engineer deals with inanimate 
materials. The statesman deals with the behavior of persons. 

The notion that society can be engineered, planned, fabricated, 
as if men were inanimate materials, becomes in its extremist mani¬ 
festations a monstrous blasphemy against life itself. 

These statements are a challenge to the engineer’s 
training, his state of mind, and his usefulness to society. 
That challenge should be accepted and an answer given. 

Engineer Can Contribute to Government 

Engineers never have been convinced, in great numbers 
or for long, of the effectiveness of their technique as a 
main reliance of government. In fact, the clearest, most 
reasoned, most convincing demonstration of its inapplica¬ 
bility is the work of an engineer. Those interested will 
find it in an article by David Cushman Coyle' entitled 
“The TwiHght of National Planning,” published in 
Harper's Magazine for October 1935. In all this we are 
at one with, Mr. Lippmann. 

But it will not do to leave the matter in this negative 
state. The engineer has positive contributions to make 
to the processes of effective government. He cannot 
make them unless certain misconceptions expressed in 
Mr. Lippmann’s address are removed and the re^ nature 
of his contribution is revealed. There are 2 primary 
misconceptions: (1) The engineer cannot “dictate to 
nature. He is the humble disciple of nature, serving 
society by virtue of that discipleship. (2) His under¬ 
takings grow ever farther removed from the completely 
material realm, and must perforce deal ever more and 
more with the realization of human ends, whereby the 
completed structure or mechanism is a joint product of 
material science on the one hand, and human desires, 
needs, and possibilities on the other. In no branch of 
engineeting does this appear more clearly than in the 
modem forms of “scientific management,” of which the 
foundation is a fundamental and sincere comprehension 
of the human and personal element. Engineering is 
science applied to human needs. It is both a science and 
an art. If it is not both, it is not engineering. 

Another characteristic of engineering is derived from 
the fact that it is an applied science. It is science applied 
to definite purposes; and definition of the purpose be¬ 
comes the ruling factor in engineering design. In govem- 
mmt a similar d^nition of fundamental purpose is sadly 
needed. Our national policies are guided by such sec- 
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ondary and derivative purposes as raising the price level, 
restoring the freedom of international trade, raising 
wages, shortening hours, controlling production, restraiii- 
ing competition. Each of these confidently is put for¬ 
ward as a good in itself, with small pains taken to see 
that each is related to some larger, general set of purposes. 

Good engineering is based upon a careful statement of 
the problem to be solved; and it happens that our pro¬ 
fession has formulated such a statement of the economic 
problem and has publicly offered it for the consideration 
of government and governed. It is to be found in the 
first progress report of the committee on economic balance 
of American Engineering Coimcil. It reads as follows: 


Each has to face the Tiar gli judgement of ascertainable 
fact. For the doctor, the patient gets worse or better, 
lives or dies. For the engineer, the dam endures and 
serves its economic purposes, or it goes out under the 
pressure of the flood, scattering death and destruction. 
Xhe business man faces the grim entries oh the balance 
sheet. Each is in touch with reality. Society needs the 
touch of reality. . 

How should all this affect our lives and our actions? 
In many ways, but principally in 2 ways: We should 
derive from these considerations a deep and effective sense 
of the worth of our profession, and likewise of the re¬ 
sponsibilities we bear as engineers. 


The problem is "the selection and recommendation of such 
governmental, financial, and business policies as will maintain in 
the United States a standard of living that is high, broadly dis¬ 
tributed, and free from severe fluctuations.” 

At first sight such a statement appears trite and sterile; 
but when we take the trouble to examine the infinitude 


A Current Problem As the Engineer Sees It 

It may be worth while to consider one of our current 
problems in the light of the engineer’s knowledge and 
experience. We believe that the standard of living may 


of partial and conflicting policies 
that go to make up our total pro¬ 
gram at this moment, the need be¬ 
comes clear for some such statement 
of fundamental purposes, to which 
all policies must be referred. 

A third contribution of our pro¬ 
fession—and the last to be suggested 
in this connection—^is a certain 
knowledge, and a particular faith. 
The knowledge is that the physical 
requirements are now at hand for a 
material standard of living far 
higher than the human race ever 
before has enjoyed. There are no 
physical obstacles. The engineer 
has removed them. He has played 
his part. If fault there be, it lies 
at some other door than this. 



be greatly raised for the mass of the 
population which is able and willing 
to work. We believe also that the 
increasing efficiency of machinery, 
processes, and management will 
permit the world’s work to be done 
in shorter hours with more leisure 
for rational enjoyment. In a word 
we are S3rmpathetic with and com¬ 
mitted to the objectives of the pres¬ 
ent active labor movement in its 
endeavor to attain shorter hours 
and higher wages. 

But the higher wages must be real 
wages, that is to say, they must be 
able to purchase more goods and 
services for the wage earner and his 
family. A mere increase in dollar 
wages will not do if there are no 


With the knowledge goes a n ci 4 more goods and services to be 

faith. He has faith that the' Doctor Flanders bought and if prices advance as fast 


complicated social and political 
problems involved in reaching our 
objective can be solved—^not immediately nor com¬ 
pletely, but in such wise and with such speed as may 
lead to a continuance of our old progress toward a 
higher and more widely distributed material prosperity. 
This knowledge and this faith we would share with others. 

It is a privilege to belong to a profession that combines 
the practice of a science and an art. The combination is 


as or faster than wages do. When 
we see output restricted by shorter 
hours and the slowing up of the introduction of im¬ 
proved machinery, while wages are being raised, we are 
justified ^ engineers in applying elementary analysis to 
the problem. We must conclude on such analysis that it 
is hopeless to expect more goods for higher wages if less 
goods per worker are iriade. The hope for a better living 
under those circumstances is illusory and cruelly decep- 


essential for leadership and achievement. For some time, 
it has seemed that at least 3 branches of education and 
professional practice are well fitted to prepare men for 
life in our present troubled world. , They are the doctors, 
the engineers (to an extent and for reasons I have en¬ 
deavored to explain), and the graduates of the first-rank 
schools of business administration, together with the 
practitioners of business who have attained professional 
first rank without grace of formal education. 

Not only is eadi of these professions at once a science 
and an art, but they have another properly in common. 


tive. • 

However, there is hope for a better living, and that 
better living can come only from better production as a 
preliminary to better distribution. For that better pro¬ 
duction—and particularly for better production in shorter 
hours_the world is now, and in the future will be, de¬ 

pendent on the engmeer, as it has been in the past. If 
our hopes for better material conditions are to be realized, 
there will be work for the research engineer, for the process 
engineer, for the designing engineer, for the management 
engineer! And the sooner tlus is realized by the pro- 
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tagonists in otur present social strife the better it will be 
for all concerned. 

A Major Threat to Social Progress 

It is in our experience and our present method of meeting 
these current problems that we find the engineer’s re¬ 
sponsibilities of today. By the pressure of attractive but 
impossible doctrine, his usefulness to society is threatened; 
and with the limiting of his usefulness, there is arising a 
major threat to the social progress we have been making 
hitherto. We cannot ignore this situation. We must 
exercise our responsibility more for the sake of society as 
a whole than for the sake of ourselves as individual engi¬ 
neers or for the private interests of the business^ with 
which we may be connected. 

There is indeed danger in the fact that the material 
progress with which we are concerned is so closely asso¬ 
ciated with business interests that they may seem to be 
one and the same thing. They are not completely so. 
There is a large area of business as it has been pursued 
in years past that has not been socially constructive, but 
socially dangerous instead. Perhaps the largest single 
area of this harmful business activity has been found in 
the realm of security speculation and its allied enterprises. 
Unfortunately for one area of our responsibility, this 
speculative activity has been so closely associated with 
the operation of utilities that it is difficult for the general 
public to distinguish between the useful and socially 
necessary on the one hand, and the destructive and 
damnable on the other. A part of our problem lies in 
m^ing this distinction clear within our own minds and 
then in presenting the distinction so clearly that we can 
take the lead as individual engineers in directing public 
policy on this utilities question into channels more nearly 
serving the public interest than does the direction now 
being pursued. 

Another danger that we must carefully avoid is that of 
running wild on the social and economic aspects of our 
profession and neglecting the technical foundation on 
which is built everything else that we say and do. The 
other serious danger, that we may be rash enough to 
carry our whole engineering point of view over into social 
planning, has already been discussed. 

Whether or hot as individuals or as a profession we 
attain to high reputation or only to humble usefulness, 
we know that our civilization depends on us. In the 
words of Spengler, though with more hopeful emphasis: 

Th® center of this artificial and complicated re alm of the machine 
is the organizer and manager. The mind, not the hand, holds it 
together; But, for that very reason, to preserve the ever-endangered 
stmcture, one figure is even more important than all the energy of 
enterprising master-men that make cities to grow out of the ground 
and alter the picture of the landscape; it is a figure that is apt to 
be forgotten, in this conflict of politics—the engineer, the priest of 
the machine, the man who knows it. Not merely the importance, 
but the yery existence of the industry depeUds upon the existence 
cf fbc. hundred thousand talented, rigorously schooled brains that 


Those words are true! As individuals we may struggle, 
and succeed or fail; we may be rewarded beyond our 
deserts or miss a recognition that was richly our due. 
Whatever may happen, this at least we may hold to: 
, that we lived in a glorious age, full of human possibilities; 
and that our daily work lay at the heart and center of 
that age. 

As to our responsibilities, they are great. Perhaps the 
greatest of them lies in the understanding of the nature 
of the mechanisms and of the organizations on which 
depend the material interests of our generation. It is 
hard to say whether the greatest danger to them lies in 
their being perverted and frustrated by powerful selfish 
interests, or in being overthrown by the recklessness and 
ignorance of our fellow citizens—even by those moved by 
the best of intentions. Our material blessings do not come 
natmrally, as fruit grows on a tree. They come because 
thousands of individuals, having engineering and organiz¬ 
ing skill, devote themselves in large and small capacities to 
keeping the machinery of civilization in running order. 
It is an inescapable duty that we each make of ourselves 
centers of education and influence, to the end that our 
useful offices may continue, and our civilization fulfill its 
destiny of an ever-growing service to the needs of mankind. 

The Engineer's Responsibilities to the Public 

Doctor Vannevar Bush has analyzed the social responsi¬ 
bility of the organized engineering profession with par¬ 
ticular reference to its relations with government (see 
article elsewhere in this issue). I am going to suggest the 
nature of our responsibilities to the general public. We 
are now engaged in a strenuous race, a race between 
education and the breakdown of democratic government. 
As one of its major resulting catastrophies the breakdown 
of democratic government would destroy the engineer’s 
usefulness to society and put an end to all reasonable hope 
for a continuation of our old progress toward a higher 
standard of living for the mass of our fellow citizens. To 
forestall this disaster,' widespread education of the voting 
public is necessary. The first step in this process is our 
own self-education. Perhaps we never have stopped to 
think that we may be in need of that, that some of the 
ideas we have held since our youth may need revision. 

We should examine our beliefs with all the critical 
capacity at our command. We should study and ponder 
with open minds proposals to which we have an instinc¬ 
tive aversion. Thomas Nixon Carver once wrote that 
the trouble with radicals is that they read only radical 
literature, and the trouble with conservatives is that they 
read nothing at all. We must erase this stigma from our 
record and approach these new problems froin all direc¬ 
tions, furnishing oiursdves thereby with opinions perhaps 
somewhat changed but more solidly founded than before, 
for we do have new problems and they may require from 
us new attitudes. It is doubtless true that economic law 
does not change; neither does physical law. But we 
discover new physical laws and perhaps we may discover 
new economic ones. At any rate; we have behind us a 
marvelous record of new invention and enterprise operat- 


command the technique and develop it onward and onward. The 
it is who is the inachine’s master and destiny. BBs 
thcmi^ht is as possibility what the machine is as actuality. 
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ing under the ancient and immutable physical laws. Is 
it not possible that we may discover workable and useful 
social novelties operable under the ancient and immutable 
social laws? 

As engineers, it is incumbent upon us to distinguish 
between the device that flies in the face of nature and the 
device that makes a new application of natural law. 
With our own beliefs fresh and dear and in order, we 
face the task of making them broadly useful. I wish to 
stress our responsibility as an educational force counter¬ 
acting the forces of social dissolution. In our national 
meetings, in the meetings of our local sections, in our 
personal appearances before other bodies and groups, in 
our private conversations, in human contacts which we 
must learn to multiply and daborate, in every way in¬ 
genuity can provide, with all the patience and wisdom at 
our command, we must speak and work for the continu¬ 
ance of an ordered society that moves forward to higher 
material possessions, more fruitful leisure, and deeper 
spiritual achievement. 

Perhaps you will forgive me if I close wi^ words that 
originally were addressed to a graduating class at com¬ 


mencement, for, in a sense, we too are facing a commence¬ 
ment. 

In the Declaration of Independence oiur forefathers de¬ 
manded for the individual the right to “life, liberty, and 
the pursuit of happiness.” When those words were 
written it was a new idea in the world that happiness 
might be attained, The ancients and those of medieval 
times had other aspirations. They sought honor, liberty, 
and salvation, and were not sure that happiness was 
consistent with these or even possible on any terms. May 
I suggest that there is a deeper, richer word than “happi¬ 
ness,” and that is the word, “satisfaction.” 

It is not too much to hope that we may attain satis¬ 
faction in the practice of our profession. In part it will 
come from the very fortunate fact that many of us as 
engineers see the idea in the mind finally embodied in the 
material machine, process, or structure, and actively 
serving the needs of mankind. But an even more power¬ 
ful satisfaction will come to us if we see our profession in 
the aspects of history and of the evolving human drama. 
For those who see, and who act on the vision, the fullness 
of life is reserved. May that gift be ours! 


The Engineer of Tomorrow 

He should be guided, but not limited, by the record of the past 

By A. M. MacCUTCHEON 


PRESIDENT AIEE 1936-37 


D uring this past year I have talked with and 
consulted many engineers. I have learned of their 
ideas and their ideals. They are men of purpose 
and conviction. The engineering record of the last 50 
years is astounding; but these men are not satisfied. 
The typical engineer is more interested in the problems 
•of the future than in the accomplishments of the past. 
The engineering profession demands that the eng^ineer of 
tomorrow shall be broader and greater than the engineer 
•of today or yesterday. 

How can this be accomplished? None can deny that 
we are living in a changing world. History is the great 
teacher. We should be guided, but not limited, by the 
record of the past. The last hundred years has been a 
period of engineering invention and development, and 
invention will never cease. We should endeavor to decide 
whether the next 25 years is not to be more largely a 
period of adjustment—of consblidatingi co-ordinating, 
p^ecting, and best utilizing the inventions and develop¬ 
ments of the piast. . t 

Much has been said of the “engiiieering method or 
approach to, and solution, of, a problem. Just what is 
this ‘‘engineering method,” arid has ^ mgineering pro- 
fessipn. invariably Used it in the consid^atiori of; its own 


problems? In an article published in the February 1937 
issue of Electrical Engineering (pages 206-07), 
Morris Leeds, a Fellow of the AIEE, defines the essentials 
as follows: 

A clear conception and precise statement of the objective to be 
achieved; a consideration, as thorough as pr^ticable, of all the 
factors—be they physical, social, or psychological which will m- 
fluence or may be employed in getting the desired results; and. on 
the basis of this knowledge, the formulation of the most effective 
plan for achieving results that can be developed in the allowable 
time. 

To this I suggest that the following be added: 

1. An investigation to develop all facts pertinent to the problem. 

2. Recognition of additional information which is necessary, and 

which may be secured by research and experimentation. 

3. Correlation and evaluation of the information gam^d. in¬ 
flicting evidence often develops, and each item should be weighted 

in reaching the final decision. 

4. The dfedsipn shafl be uninfluenced by idtmor consid^ions. 

I have believed that engine^g is sai arii^ ^ost as 

The president’s m^age presented at the opening session of the AIEE summer 
convention, Milwaukee, Wis;, June 21,1937. . 
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much as it is a science. As an illustration, consider the 
design of a new electric motor. Assumptions are made 
as to the conditions to be met when the motor is applied, 
but exact information as to the operating conditions is 
seldom available. While the motor is designed for a 
specific horsepower, practically never is this the exact 
horsepower demanded of it in service. The proper 
weighting to be given to efficiency, cost, heating, and 
dimensions must be decided by the designer. A penalty 
in one direction is often an advantage in another. Mate¬ 
rials are selected with a view to taking advantage of 
technical progress. Often these materials are yet un¬ 
proved for the specific purpose. Innumerable decisions 
must be made, based upon past experience and probability. 
To be an engineering achievement, the finished motor 
must be as much a work of art as a painting by a master, 
and it cannot alone depend on the accurate solving of a 
number of formulas. The successful designer is guided 
by a trained instinct as much as by acquired knowledge. 
Of a hundred possible designs, he selects one in much the 
same way that the musician develops his creative theme. 
If this is a correct theory, its recognition is important. 
The future practice of engineering, the future training of 
engineers, the future relation of engineers to the rest of 
industry and society, should be influenced by this theoiy. 

Many problems are referred to the engineer. Though 
the trained engineer is best qualified to make the decision, 
his recommendation often is questioned. He is e3q)ected 
being an engineer, to demonstrate quickly and con¬ 
vincingly that no other solution was possible. Seldom is 
this true. While no engineer can always be right, this is 
the limit toward which he strives. The critics of engi¬ 
neers are asked to view the remarkable engineeimg prog¬ 
ress of the last 50 years, and to value engiheering opinion 
accordingly; but the engineers themselves should con- 
■ centrate on what they have failed to accomplish, and by 
the application of the “engineering method” improve their 
engineering. 

Applying self-analysis, what may be our faults of the 
past? Have we ourselves viewed engineering too much 
as a science and not enough as an art? Have we thought 
that engineering dealt only with inanimate things and 
natural forces, and failed to recognize that hmnan reac¬ 
tions and the interests of humanity are essential factors 
to be considered and properly weighted in any engineering 
recommendation? Have we been too dictatorial and 
assumed that others should accept our decisions simply 
because we are engineers? Have we been too intolerant 
of criticism and failed to profit thereby? Have we had 
too great a tendency to refuse to recognize things as they 
are, and insist on how we think they should be? Have 
we given full value to the viewpoints of others? Have 
we always realized that while an exchange of views is 
desirable, a prolonged argument is seldom convincing? 
Have we been good students of hiunan psychology and 
fully developed our ability to win confidence and influence 
others? Have we always recognized that the best speech 
is of no value unless it is heard; the best book of no value 
unless it is read; the best engineering plan of no value 
unless it is so convincingly presented that it is endorsed 


: and adopted by others? Has the engineering profession 
always charted its course over a period of years, or has it 
planned from day to day and month to month? 

In a recent talk, I presented this definition of an engi¬ 
neer: “one who through training, study, and practice 
adapts and controls the materials and forces of nature to 
the benefit of himself, his fellow engineers, and the rest of 
the hu m an family. This definition implies the adapting 
and controlling of men, for they certainly can be classed 
as among the materials and forces of nature. I believe 
that society s past conception of engineering has been 
limited to invention, research, design, and education. 

The following I list as the desirable qualities to be 
possessed by every engineer: integrity, dependabiUty, 
enthusiasm, vision, determination, resourcefulness, force¬ 
fulness, adaptability, co-operation, diplomacy, friendli¬ 
ness, broadmindedness, training, experience, and engineer¬ 
ing knowledge. Has every engineer of the past, and does 
every engineer of the present, meet this or a better defini¬ 
tion, and possess all of these qualifications to a high degree? 
If not, is this possible for the engineer of tomorrow? 
Should the engineer of tomorrow be controlled by 4 
fimdamental ideals—co-operation, consideration of others, 
service, and accomplishment? 

For more than 50 years, the American Institute of 
Electrical Engineers has represented professionally the 
electrical engineers of America, led by such distinguished 
engineers as Doctor Elihu Thomson, Doctor Edward 
Weston, and Doctor E. B. Meyer, all of whom have been 
lost to us during the past year. Their enthusiasm, their 
cheerful optimism, their breadth of vision, their indomi¬ 
table spirit, their engineering ability, form a pattern which 
the engineer of tomorrow well may emulate. As the 
engineer of tomorrow learns from, and endeavors to im¬ 
prove upon, the engineer of. yesterday, so should the 
Institute profit by the past and fully meet its opportunity 
^d responsibility in representing the electrical profession 
in the future. To me it seems that our organization 
should not be static. As the profession grows and 
changes, it should grow and change, ever keeping in mind 
its fundamental purpose. Fine as the record has been in 
presenting, discussing, and recording technical progress; 
in developing standardization; in fostering and sponso rin g 
engineering education in co-operation with all other 
agencies; in working with other engineering societies to 
develop professional ethics and a sense of professional 
responsibility; in encouraging acquaintance, and pro¬ 
viding opportunity for developing the social instinct, is 
not still greater achievement possible? 

Among the national societies and between the natm Tial 
and local societies, a still closer co-operation is needed. 
Many of their problems and interests are diverse. Many 
are closely alhed. Their most fundamental purpose— 
senrice to the profession and to humanity—is identical. 
Their work should be further co-ordinated; duplication 
and conflict should be eliminated, each supplementing the 
others. 

Is it not possible to make the Institute more representa¬ 
tive of the whole profession? Cannot the organization 
develop a stiU finer program, interesting many who are 
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not now interested? For example, should there not be 
more papers and articles recording esqperience, which would 
appeal particularly to the many electrical engineers who 
use electric power and electrical equipment but are not 
connected with the manufacture of either—^papers that 
would relate to electrical applications in the textile, the 
automobile, the oil, the chemical, the mining, and other 
industries? Might there not be an increased considera¬ 
tion of the problems of the profession, such as registration, 
and an endeavor even more actively to study and assist 
in their solution? Can there be a movement toward 
providing meetings and presenting information to those 
associated with the electrical industry but not eligible for 
membership in the Institute? Is all possible being done 


to encourage and develop the young men in the technical 
schools? 

I suggest one additional committee, a committee to 
investigate, review, and plan for “the future of the 
AIEE.” Their deliberations should consider the next 5, 
10, and even 25 years. Would we, today, be satisfied 
with the Institute as it was in 1912? Will the members 
in 1962 be content with the 1937 model? Is it not in 
accordance with the “engineering method” not to accept 
things as they are if improvement is possible, but to make 
no change unless improvement is probable? I further 
suggest that this proposed committee particularly plan 
for activity in those fields where there is the greatest need, 
even though not the greatest interest. 


The Engineer*s Responsibility to Society 

A student speaks his mind on a subject of importance to engineers 


By CHAS. W. BLAKER 

ENROLLED STUDENT AIEE 


O F ALL the definitions of engineering that have been 
propounded, the one that seems to express most 
clearly and accurately the true function of the engi¬ 
neer is found in the preamble to the constitution of Ameri¬ 
can Engineering Coundl. In that document engineering is 
defined as the “science of controlling the forces and utiliz¬ 
ing the materials of nature for the benefit of m^, ^d the 
art of organizing and directing human activities in con¬ 
nection therewith.” 

Engineering is, indeed, a science. Without the least 
fear of successful contradiction, engineering might be 
(adled the oldest of the sciences. Far back in the gray 
dawn of civilization were heard the first awakenings of the 
engineering consciousness. The savage who first learned 
to utilize the energy of a distorted elastic system in the 
contrivance of the bow and arrow was an engineer. The 
primordial man who recognized the power of fire as a 
protective agent against the prowHng terrors of the mght 
was an engineer as truly as any graduate of our for^ost 
technical institutions of today. In the field of science, 
then, is to be found the generally accepted work of the 
en^eer. Yet, in accord with the definition quoted, 
scientific application of the laws of nature covers only part 
of the field of engineering. Associated with the pro¬ 
fession there is also the art of organizing and directing hu¬ 
man activities. Any ordinary layman, if asked to give 
his interpretation of the term engineering, would no more 
of social organization than he would of music. 
Many engineers even have no awareness of the art in¬ 
volved in their profession. Yet that engineering does 
involve, inherently, the art of directing hi^an activities 
in connection with the scientific utilization of natural 


resources, is a fact that upon a little consideration must 
be accepted by even the most ardently technical man. 
That the duty of the engineer to society extends specifi¬ 
cally into this field of-organization must be apparent to 
all. The engineer can no more expect the products of 
his work to be used intelligently by uninitiated society 
than could a child be expected to use matches and debris 
for anything other than a harmful conflagration. Yet 
engineers, as a profession, have been consistently neglect¬ 
ing this most important side of their work, thus making 
possible the international conflagration of the years 1914 
to 1918. This is discussed more in detail later in this 
article. 

If the engineer is to concern himself with society, what 
is he to understand in the term? It has had many inter¬ 
pretations in the past, but the one that se^s to explain 
it most clearly is the simple term htunamty, or htunan 
activity, as mentioned in the AEG definition of en^eCT- 
ing quoted previously. The engineer's req)onsibility 
to society is a humanistic one, involving the understand¬ 
ing of humanity and its individual personal problems as 
well as an understanding of the scientific problem and its 
stereotyped solution. It is necessary for the profession^ 
man to remember that, before any contemplation of engi¬ 
neering as a profession occupied his mind, he was a,n 
individual in a society of individuals; and that, as a mato 
of course, his duty is first to humanity and next to his 

held at Pittsburgh, Pa., January 12, 1937. 

Chas. W. Blakbr is a student in electrical engineering at the University 
Pittsburgh, Pittsburgh, Pa. 
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profession. One might say of engineering, as Lincoln 
said of government, that in order to survive it must be a 
profession for, by, and of the people; otherwise it must 
pass in the manner of governments and institutions from 
the beginning of time that have violated that simple code. 

In a broad sense, the responsibility of the engineer to 
society may be divided into 3 major branches: (1) con¬ 
servation, (2) production, and (3) distribution. In the 
last few years, there has been much publicity concerning 
the conservation problem. The public has been dosed 
quite efficiently with conservation propaganda; to such an 
extent has this been carried out that public sentiment 
has turned conservation conscious, with the result that 
much work that is good has been accomplished. Yet 
much of this fervor is but a transient emotion, engendered 
by a mild hysteria. Hence, it can but pass, leaving a most 
incomplete work in its wake, for pure sentiment, though a 
most potent force in mob psychology, is not sufficiently 
stable to form a basis upon which may be built the super¬ 
structure of any enduring principle. If conservation is a 
necessity, and in our present condition of envisaged power 
shortage it certainly is, the ^gineer should carry out a 
program of public educatioii that will acquaint the public, 
in general, with the tremendous scope arid importance of 
the problem. 

In contrast to the problem of conservation, that formed 
by production is of a secondary type, being a problem not 
in the actual processes of production, but in the complica¬ 
tions created by our system of mass production and intense 
specialization. The production lines in our large automo¬ 
bile factories are typical of the type of production wherein 
the individual consciousness is submerged in that of the 
entire group. The conditions of our mines and factories 
are all. pregnant with social probleiris—with living-to¬ 
gether implications, as one writer has called them. It 
is to the engine^ that the people must look for the con- 
tin^tion of their individuality in the maze of industrial 
unification and the amalgamation of humanity. 

Of ^e 3 problems, conservation, production, and dis¬ 
tribution, the last is perhaps the most widely publicized, 
not only in the United States, but throughout the world. 

It has become an international problem, the solution of 
which wiU involve an eruption and disturbance of all exist- 
ing prmciples. This disturbance will involve not a change 
or revolution in that sense, but an upheaval and purging of 
existing principles—this rather than radical change be¬ 
cause there appears to be no other working economic sys¬ 
tem wherm the individual is permitted to retain his 
individuality and is as well rewarded, materially, for in- 
ffividual achievement as in the system under which we 
in the United States of America live. Every economic : 
^stem has its fatdts; but the faults inherent in capitalism, 1 

m comparison with those of other working systems are i 
small indeed from a humanistic viewpoint. By that I' 1 
^ve no inten^on of implying that capitahsm is nearly i 
famt-free; it is far from that. However, in relation to ] 
oto^ econonuc systems its defects are minor. In the 1 
paging mentioned, probably the evils that will be given i 
the niost eyeful att^tion are those accompanying idle, i 
and urimerited wealth. W^ith the disappearance of that I 


type of wealth-holder, and the removal of profit from war, 
the government will have made a definite advance to¬ 
ward the era of social readjustment and capitalism will 
be enabled to assume the position it merits. As a clear 
and analjrtic thinker is needed, who can be better qualified 
than the engineer to handle the remedial measures; who 
more naturally should handle them than the one whose 
works have created situations necessitating those reme¬ 
dies? 

All the foregoing discussion might be condensed into a 
series of 4 “shifts in the social consciousness” for which 
the engineer might be proved responsible: 

1. Shift from individualism to interdependence. 

2. Shift from competition to co-operation. 

3. Shift from scarcity to plenty with the accompanying living- 
together implications of industrialized society. 

4. Shift from stressing rights to stressing duties. 

A sincere consideration of these shifts will clarify the 
re^onsible position of the engineer in connection with the 
problems he has created. 

Last of all to be discussed is that scourge of mankind— 
War. Not long ago a well-known speaker in Pittsburgh 
placed toe responsibility for the Great War at the feet of 
the engineer. That is a most starthng and grave accusa¬ 
tion, the most appalling thing about it being its partial 
truth. None can deny that war would be impossible were 
all engineers to decree that it should be made so, for with 
the engineer lies the power to halt the advancing tide of 
destruction that threatens to tear apart the familiar struc¬ 
tures of ciyiUzation. The insupportable horrors of war¬ 
fare as it is made possible by engineering developments 
form one of the few immanent causes for toe failure of 
.engineering as mentioned earlier in this article. True, he 
who wages a battle against the protagonists of war fights 
no puny sldmush, for against his calculation and powers 
for anal37tic thinking Hes the weight of money, that magic 
talisman used to open toe doors to the material forces of 
toe worldi It will be a battle requiring men. 

In closing, a few commonplace remedial measures are 
outlined, in a study of which the engineer might well 
profit: 

1. Legislation for remedy of evisting iUg 

2 Thoughtful study of governmental alteration without disturbing 
the fundamentally sound principles of good government. 

3. Profit removal from wax. 

4.. Sensible and equitable distribution of national wealth. 


Let engineers interest themselves in something outside their 
narrow techmeal field for a time—something outside the 

botm(fe of science—and become human and humanitarian, 

for it is only in such an interest that they can possibly find 
toe solution to the myriad problems of adjustment and 
reparation awaiting them. In the words of Doctor W F 
Durand, president of the Third World Power Conference 
held m Washington, D. C., last year: “What we are urging 
IS a quickmed sense, on the part of the engineer, of his 
responsibilities, not alone iri a purely prof^sional sense 
but as a citizen of his community., .of toe world.” ^ 
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An Experiment in the Recognition of Engineers 


By ROGER i. WILKINSON 

ASSOCIATE AIEE 


Recognition of outstanding young Anierican 
electrical engineers by Eta Kappa Nu, honorary 
electrical engineering society, began with the 
presentation of awards for 1936. The society 
expects its plan of annual awards to incite a fuller 
and broader professional development of young 
electrical engineers. Statistics for the men 
nominated for the 1936 awards are presented 
and discussed in this article. 


I MPLICIT in American Recognition of outstan* 

democracy is the idea that electrical engineers by E 

those who accept and dis- electrical engineering sc 

charge the greatest responsi- presentation of awards I 

bilities, and those who con- expects its plan of annual 

tribute the most ex;ceptional and broader professional 

discoveries and inventions, electrical engineers. ! 

shall be accorded the highest nominated for the 193( 

positions in the r^ect of and discussed 

their fellow citiz^s. Prac¬ 
tically the only r^triction 

placed on a man’s activities is that his endeavors should 
be oriented in accord with mankind’s persistent struggles 
to attain certain inalienable rights. The greatest of 
these is that he should one way or another forward the 
general opportunity^ for the pursuit of happiness. HiS 
own reward is presumed to follow axiomatically. 

As with aU pure theories, , because of certain causes not 
being compr^aided exactly, and of fortuitous circum¬ 
stances, the practical application rarely works out pre¬ 
cisely as predicted. Thus it was that the honorary elec¬ 
trical engineering society. Eta Kappa Nu, proposed to 
lend whatever weight it might to a more perfect operation 
of the American “democratic theory,’’ at least as far as 
electrical engineers were concerned. In its establishment 
in 1936 of the Eta Kappa Nu Recognition of Outstanding 
Young Electrical Engineers, then, it is not surprising that 
the preamble to the conditions of award should state that, 
“As evidenced by their past records and future promise, 
this recognition shall be given annually to young electrical 
engineering graduates, for meritorious service in the in¬ 
terests of their fellow men.” In addition to more nearly 
assuring that due and appropriate recognitions accrue to 
outstanding young engineers, the award plan hoped to 
attain 2 othier ends, scarcely less important: (1) to give 
to the engineering profession concrete examples of what 
young men under 36 years of age and not more than 
10 years out of college can be expected tp achieve, and 
(2) to inspire by these young men’s careers, and to furnish 
guides for, undergraduates and new engineering graduates 
to take up their own professional development as soon as 
possible. 

Very naturally, a broad range of accomplishments from 
scientific researdh to civic and political activity and artistic 
creation is recognized, so as to encourage young engi¬ 
neers to obtain a truly liberal and humanistic perspective 
at ati early point in thdr careem: Figure 1 shows the 
contents of the qu^tionnaire which each outstanding 
yOung electrical engineer nominated was asked to return. 
It wiU give an idea of the breadth of interests which Eta 
Kappa Nu feels that ah engineer who takes full advantage 
of his aicademie and postacademiC training inight well 
^.acquire.^^ 


ii*g young Anierican Nominations for the 1936 

a Kappa Nu, honorary recognition to the number of 

dety, began with the 47 were received from all of 

>r 1936. The society the groups of persons eligible 

awards to incite a fuller to propose candidates. The 

development of young distribution of nominators is 
tatistics for the men shown in table I. It is in¬ 
awards are presented teresting to note that nomina- 

n this article. tions came from 21 differ¬ 

ent states of the union, be 
ihg as "widely distributed as 
Vermont and New Hampshire, Florida, Texas, Cali¬ 
fornia, and Oregon, about half l 3 dhg west of the Mississippi. 
Because of the preponderant number of nominations by 
heads of electrical engineering departments, there is a 
dose correlation between the schools attended by the 
nominees and the states from which the nominations 
came. The present locations of these 47 accomplished 
young engineers are, of course, less widely distributed due 
to the concentration of dectrical engineers in the areas of 
denser population. Quite naturally New Jersey, Penn¬ 
sylvania, and New York each have over twice as many 
as any of the other 13 states of business, claiming 6, 9, 
and-10, respectively. The general types of work and 
industries in which they are engaged are shown in table II. 

Table III gives the distribution of years by which the 
nominees received their baccalaureate degrees in electrical 
engineering, and their ages on April 1, 1936. Due to a 
possible misinterpretation of the wording of the 1936 

Table I, Distribution of Nominators 


Members or Groups of Members of Eta Kappa Nu o 

luidividuatmembers... 2 

Alumsi chapters....* • ... r..„ 

Undergraduate chapters... . ...U... ••••••?•• * • • • * 

Sections of the American Institute of Electrical Engineers....6 

Heads of Electrical Engineering Departmwts of American QoUeges.. 

. '49; 

Duplicates...... 2 


regulations, the one case of a candidate being 35 years 
old, that is over 35, was not thrown oiit. In the future, 
however, only those less than 35 years of age w0 be con- 
sid^ed to be efigible. The expected tendency for sub- 
gf pntigl achievement to be attained as an engined grows 
more experienced is wdl borne out by i^e heaw^ con¬ 
centration of nominees in the 1926 and 1927 i^aduatipn 
ydrs and in the 30 to 34 age dassifications.;; 

Written espedally for Elbcthicat, Enoinbbmno. 

Roobr i. Wilkinson is a member of the technical st^ of Bell Tel^hohe 
t^bwatorie?, Inc., New York. N. Y., ^4 is chairaan of the award orpmaarion 

committee of Eta Kappa Nu Assoeiarion. ^ ^ 
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Record of Achievement 


To the Secretary, Jury of Award 
Dear Sir: 

The answers to the questions below give, to the best of my knowl¬ 
edge, a factual record of my work and activities since graduation 
from college. 

1. General Information 


b. Date of birth.. Place of birth 

d. Home address. 


c. Have you led or assisted ia boy scout, Y.M.C.A., or other young peoples* 
organizations? 

d. What municipal, state, or other political or social volunteer boards have yoit 
served upon? 

e. How have you helped further adult education in the community? 

/. What have you done to make the depression less heavy for others? 

g. Have you actively supported any candidates in political campaigns? 

h. Have you ever run for political office yourself? 

♦. In what way do you think your work under II has added, or will add, to 
the comfort or happiness of mankind? 

IV. Cultural and Aesthetic Development 


d. TTotni. gHHrpyp . What general (nonengineering) articles or reviews have you written? 

e. Business address. ** graduation have you attended courses in history, sociology, economics, 

. „ „ , . psy^ology, to increase your understanding of the social order, and what can 

/. College granting your baccalaureate degree... done about it? Additional degrees received? 

g. Particular years attended and year graduated. Have you studied one of the hne arts, or attended courses in art apprecia- 

h. Average grade attained in undergraduate work. % ... received? 

i. Social fraternity and honor societies of which you are a member.^’^re^dlnc'ST*^' 


j. Mamed?.... .Date.Children and ages. e. Have you made outstanding architectural contributions, or achieved note- 

k. Do you rent or own your own home?. worthy results in industrial design or decoration? 


l. Attach in the space below a small photograph or snapshot of yourself. 

n. “On the Job” Record 

a. By what companies or institutions have you been employed and in what 
capaoties since graduation? Salaries at start and finish of each? 

published as a result of yo 4 r everyday work, or allied 
work? (Attach copies if possible.) 

e. What new and important facts have you discovered? 

What new ma c hi nes, methods, theories have you devised? Patents? 

tf. What application of engineering principles have you made to industrial and 
busmess planning or organization? 

/. What application of engineering principles have you made to civic problems? 

g. What have you done in the instructional field? 

h. Have you taken any advanced scientific or professional engineering degrees? 

i. What other accomplishments in your job? 

m. Record of Activities in Behalf of the Community, State and 

Kation ’ 

a. What philanthropic work have you actively engaged in? 

b. What have you done for the church? 


assisted and encouraged others in developing their cultural poten- 

uAliticsr 

g. What books have you read in the last 6 years? 

V. Other Accomplishments 

o. Have you a hobby? What have you done with it? 
b. Do you have any athletic distinctions? 

“P? Physics? Chemistry? 

Law? Philosophy? Astronomy? Religion? ^ 

d. What engineering societies do you belong to? Offices held? 

«. What other organizations do you belong to? Offices held? 

/. What else do you do in your spare time? 

g. Describe any other accomplishments or honors received. 

■"**** 

In addition I refer the jury of selection to the following persons 
(not less than 3 nor more than 6) who are intimately gog tia i n te d 
with my work and activities. (Please note affiliation, if any. with 
each person.) 


Signed. 


Figure 1. Questionnaire sent to 


nominees 


At the aw^d dinner given in New York during the 
winter convention of the AIEE in January 1937, remark 
was made that the names of the men receiving the award 
^d the 4 honorable mentions hardly sounded like the 
Smiths and the Joneses” commonly associated with 
Americ^ progress. The future only can teU whether the 
ratio will be maintained which resulted in 1936, when of 
4 foreign-bom nominees 2 were chosen for honors, while 
only 3 were similarly selected from 43 American-bom 
candidates! It should be stated here, perhaps, that of 
the remaining men (whose names have not been pub¬ 
lished) there was a quite sufficient number of “common” 
names to gratify even the most nationally minded critic. 

Further consid^ation of vital statistics reveals that 
70 per cent of the nominees were married, and of these 
2 men out of 3 already have one or more children. Rela¬ 
tively few, however, have attained that state of financial 
security where they own their own home. 

The salaries of these men have apparently been very 
m^kedly influenced by the depression. The median 
a^ual salary by number of years after graduation is 
shown in table IV. In figure 2 these salaries have been 


superposed on the curves determined in 4 salary surveys 
of electrical engineers made in the period from 1923 to 
1930. Two were studies by Eta Kappa Nu on its own 
alumni,^ the third by the Society for the Promotion of 
Engineering Education in 1924 on all electrical engineering 
graduates, 2 and the fourth from a survey in 1928 of 
^aduates of land-grant colleges made by the United 
States Office of Education.® 

Oth^ things being equal, one would feel justified in 
eiqiec^g that these exceptional young engineers would 
equ^if not exceed the median salaries of the corresponding 
Eta Kappa Nu alumni. The recen t financial unpleasant- 

used htfe ” ** ^®te that aver&geSi hoI medians, were 

n Sor iSdS^"Comparison of Engineers' sil^m 
Februa^ m j aSlar J* A- Umhoefer, The Bridge, 

ceedings of SPEE, volume 39, 193irpagjf723t“9. appears in the Pro- 

ot tS^faSation^LSS** en^neers was published as Bulletin No. 8 
in The Bridg^for 368-87. Also, 

HKN 1923 salary ^tUts^in°''l5e cowares the SPEE and the 

D. Grant Colleges and Universities." by 

the data collected by the 861-8, sets forth 

ftom 4 ““ °° 
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Table II. Distribution by Types Work and Industries 


Type of Industry 


Type of Work 

Administration Operating Engineering Development 


Research Instructing Total 


Public utilities. 

Electrical manufacturing. 


Other industries... 

Educational institutions. 
Government—municipal. 


• .C.•••••€. •• . 9 

.••€€C.■^••eooc}-.-^ooceccf. c .24 

(ccce ) ( 3 

• . • .2 

. . .••••€€.••••€€. 10 

c .€. • ...2 


Total. 


6 


19‘A 


15 


5»/* 


.47 


# Pull time 


C Part time (assumed half time) 


ness, however, has seemingly delayed progress of these 
engineers, taken as a group, from 2 to 3 years. Some¬ 
what more difficult to explain is the fact that the median 
of 32 of their starting salaries (nearly all prior to 1929) is 
only $1,287, lower indeed than those of any of the other 
studies on figure 2. A partial explanation may be found 
in the fact that such a preponderant number of the 
nominees went initially with large electrical manufacturing 
concerns (see table II). The 1930 Eta Kappa Nu salary 
study showed this group as receiving the lowest starting 
salaries, although 10 years later they had caught up with 
the general average, and thereafter exceeded it. 

The problem of evaluating the achievements of so many 
engineers with such varied interests and activities caused 
the award organization committee much thought and 
reflection. The solution seemed to lie somewhere between 
a consideration of what engineers had probably done and 
what more they might be doing. After about a year was 
spent in discussing this basis with numerous leading 
educators and engineering executives who expressed a 
considerable interest in the idea, it was finally decided to 
inaugurate the plan giving a certain weight to nearly 
every activity a man might have engaged in under the 
following headings: 

(а) His achievements of note in his chosen work, 

(б) What he has done for his community, state or nation. 

(c) How he has shown his cultural or aesthetic development. 

(</) His activities in technical societies, and miscellaneous accom¬ 
plishments, such as athletics, special honors, etc. 

The exact weights which were placed on these categories 
were not decided upon until after reviewing a considerable 

Tabic III. Age and Vear of Graduation 


Year of Graduation (Bachelor of Science Degree) 


Age 

1926 

1927 

1928 

1929 

1930 

1931 

1934 


Total 






...1.. 


...1... 


. 2 










. 1 

27.^. 

28....... 

29.. 

.. i*. 


..3.. 

...1. .. 

’,.'.2.'. 




. 2 
.6 

30...i... 

.. 2.. 

. . 4.. 

..i.. 

... 1... 





.8 
.6 
. 8 
. 8 

81.. 

32.-- 

.. 4.. 
.. 4.. 

.. 1.. 

.. 2.. 



!! ‘i!! 




33....... 

..4.. 

.. 3.. 


...1... 

...... 

. 



34....... 

..3.. 

.. 1.. 







. 4 

Y - 

36. 

Unknown... 


.. 1.. 


...i. V 





! 1 

Total .. 

.18... 

..12... 


.V.4;.. 

...4... 

...1... 


11 

..47 


• Class of 1926; did hot graduate. 


number of nominees’ records, because it was difficult to 
predict to what extent a group of yoimg engineers might 
have participated in these various directions. The final 
weighting suggested by the award organization committee* 
and accepted for use by the final jury of award was 
(fl)—5 (6)—2 (c)-l (d)--2 


A very careful summary of each man’s accomplishment 
was first made by 2 Eta Kappa Nu committees, and the 
engineers placed in 3 groups, called A, B, and C, in order 
to lighten the labor of the jury of award.** Each mem¬ 
ber of the jury reviewed carefully every one of the 25 
nominees who had been placed in the A division, while at 
least one member reported on each of the nominees in the 
B and C divisions. Then a comparison of scores rather 
quicMy brought the list down to a relatively small number 
of eligibles for the recognition honor. After considerable 
discussion and comparison, the jury selected Frank M. 
Starr (A’30, University of Colorado, ’28) of the General 
Electric Company at Schenectady, N. Y., to be the first 
recipient of the Eta Kappa Nu Recognition for Out¬ 
standing Young Electrical Engineers. Awards of honor¬ 
able mention ^o were given to P. L. Bellaschi (A’29, 
M’34), E. W. Boehne (A’29), A. C. Seletzky (A’29, M’35), 
and C. G. Veinott (A’28, M’34).t 
Since not all nominees were rated by all members of the 
jury, it is not practicable to summarize statistically their 
conclusions—even were it desirable to do so. However, 
prior to the final jury selections, a fairly detailed analysis 
of all candidates was made by a committee of Ete Kappa 
Nu en^eers actively interested in the recognition plan, 
the results of which later tallied very closely with the 
selections made by the jury of award. A portion of this 
study covering the 43 of the 47 who returned question¬ 
naires and on whom sufficient information was known for 
forming relatively rdiable ratings is shown in table V. 
These results, although perhaps not bearing too close 
analysis quantitatively, are nevertheless thought to be 
sufficiently revealing qualitatively to indicate quite clearly 


rhe president of Eta Kappa Niiin the WI of 1936 

of R I Willdnsoa (A 36), cAa*rwo«, O. W. EshoacU (A 17, 
’30), E. S. Lee (A’26, F’30, director), H. H. Henline (A’19, M’2^ nation^ 
cretery), and C. A. Fausit (A’35) to put the recognition plan into effect. 

' The iury of award is appoint^ annually by the preadent of Eto Kap^ Nu 

id con^s of 2 present or past national offic^ '12 *‘'S’i93?‘l‘‘w 
ore orominent Aniwican educators or indnstnahsts. For WW 1^. "v vv. 
brrow (A’18, F’26, director)i C. A. Butcher (M’22), the late General R. . 
..,4 lot* R B Mever (A’06. F’27, past-president) were appointed to 

fiUed the 2 appointments from 

ta Kappa Nu ranks. 

Of toese 6 men, only one attended a college wito a cluster of Eta Kappa Nu; 
ter one other became an associate member of the society. 
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Table IV. Annual Salaries 


Number of Years 
After Graduation 


Number 
of Cases 


Annual Salaries in 1936 


Median 


Lowest Highest 


0*. 

5 . 

6 . 

7 . 

8 . 
9 . 

10 . 


.32*.1,287*. 


938*.2,600* 


. 1 
. 2 
. 2 

. 7 
.10 
.15 


.2,400 

.2,704 

.2,880 

.3,300_ 1,900. 

.3,210..2,400. 

.3,450.2,250. 


.4,800 

.8,200 

.5,600 


* These are starting salaries at whatever year of graduation. 


certain characteristics of the most exceptional young 
American electrical engineers who could be discovered in 
1936. It is believed that this is the first of this type of 
comprehensive study of engineers attmpted in this 
country. 

In the first place, it is clear from table V that the 
nominators selected their candidates mainly by their 
technical accomplishments. Since this category is given 
the weight of “5,” such a basis of selection would seem to 
have considerable justification. In several ing tanoA^ 
however, those with records of the very highest quality of 
research work or other scientific contributions ranked near 
the bottom of one or more of the other classifications, 
thus drasticaUy bringing down their over-all ratings. 
The fact that only 11 taUies out of 129 under headings 
h, c, and d exceeded a “50” rating might mean that either 
the method of appraisal was too severe, or that the engi¬ 
neers had not ^tered to any extended degree on pursuits 
outside of their chosen lifetime occupations. Even in 
the foimer event, the wide dispersion of the rankings 
would mdicate that many of these technically proficient 
en^eers had not paid very particular attention to then- 
full professional development. 

Correlation studies on the association between the 
various groups of activities showed positive results in 
instana.* Only really signfficant, however, were 
me ac, be, hd, and cd coefficients of correlation, ranginff 
from r - 0 34 to 0.49. That is to say, although tL« 
enj^eers who partidpated most extensively in civic and 
Mcial ^airs were but little more distinguished technically 
tliM ttose who did not, their concurrent cultural and 
miscellaneous outside activities were very much greater. 

It B a httle surprising that degree of technical accom- 
phslment and cultural development (oc) should be found 
so steongty associated while no similar connection was 
no^ tetween, for instance, technical accomplishment 
and emc arid social work or miscellaneous activities. A 
most totahve hypothesis which mfeht be advanced to 
compr^d these observed relationships is that a con- 

technr^l 

^eveinenth^ concentrated on their personal advance- 

^^^^opmenttothene^^ 

do^* ^® “ ““ emiy years of his profes- 

aonal career an engmeer is, and ought to b e, too b^ oh 


his technical development to devote much of his ener^ 
» to other activities. The present study of exception 
young engineers disputes such a view, indicating instea 
a slight superiority of technical achievement by those wil 
- considerable extracurricular activity. Partial-correlatic 
studies also show for those engineers in the upper hglf < 
the rankings for social and civic activity, a marked assc 
ciation between technical achievement and cultural d< 
velopment. Thus, as far as these facts go, they woul 
seem to suggest that exceptional performance in scientifi 
pursuits need not at all preclude a paralleling develop 
ment along social and cultural lines. 

Just such beliefs that an engineer’s “service to mankin< 
is manifested not only by achievements in purely tech 
nical pursuits but in a variety of other ways,” and tha 
“an education based upon the acquisition of technica 
knowledge and the development of logical methods o; 
thinking should fit the engineer to achieve substantia 
success in many lines of endeavor,” prompted Eta Kapps 
Nu to establish the recognition plan. 

When it is considered, that, in the main, electrical 
engineers are working in large business organizations 
where mek technical opportunities are largely prescribed 
by their immeefiate or distant superiors, the remaining 
activities in which a man engages, most of them volun¬ 
tarily, likely to be a considerably more accurate clue 
than his technical proficiency to his value as a citizen 
Table V would seem to bolster the claim often heard these 
^ys that engine^s have not yet gone very far as a pro¬ 
fessional group in engaging in more than their narrow 
technical pursuits. 

For the purposes of the Eta Kappa Nu recognition, 
the rating plan was so devised that an engineer cannot be 
ratir^y one-sided and reach the top, nor hardly can he 
be a jack of all trades and master of none,” A study of 
the careers of the 5 men selected for honors in the first 
^ar of the award will quickly confirm the operation of 
this design. Biographies in some detail of these men 
appeared m the January 1937 issue of the Eta Kappa Nu 
fridge, and ^mewhat briefer summaries covering their 
technical achievements were reported in the January 1937 
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issue of Electrical Engineering. The addresses made 
by these men at the award dinner, and which in the main 
gave their views on young engineers, their success and 
proper attitudes on life, appear in subsequent issues of 
the Bridge. The merest outline of the activities of Frank 
Starr, the 1936 recognition winner, will indicate the extent 
to which a young engineer may be expected to enter upon 
both technical and “extracurricular” work in his first 10 
years after graduation: 



(а) He is the author of 8 technical papers, several presented before 
AIEE conventions, principally on the theory and practice of electric 
power distribution. In 1932 he was awarded the Alfred Noble 
prize of the ASCE for his paper on "Equivalent Circuits.” More 
recently he has been sent by the General Electric Company on a 
speaking tour of the country, touching practically every city of 
100,000 population, discussing design problems with operating and 
engineering forces of power companies. His papers are used as 
texts in a number of engineering schools. He holds 2 patents on 
• the control and protection of a-c network distribution systems, 
with others pending. He has been a lecturer in the advanced course 
of the General Electric Company for 6 years. 

(б) He is a member of the Unitarian Church and the Schenectady 
Y.M.C.A., and has been active in boy-scout work. 

(c) He has written a number of human interest articles and per¬ 
sonal essays; since graduation he has attended classes in economics, 
psychology, sales analysis, and public speaking; he is an accom¬ 
plished speaker; he has studied music and harmony, and is accumu¬ 
lating a sizable phonographic library of symphonic and operatic 
recordings. He is a member of the Sdienectady Civic Players 
Association and has portrayed rdles in several of their amateur pro¬ 
ductions. He collects rare editions of books, and has read scime 
230 substantial books in the last 6 years. His main interest is in 
philosophy, and he follows a systematic reading plan. 

(d) He is a member of the AIEE and Edison Golf Club, and is 
listed in "America’s Young Men.” 

The winner of the Eta Kappa Nu recognition receives 
no monetary prize; presumably he has been successful 


Table V. Rating of Various Activities of 43. Youns 
Engineers 


Rating* 


Type of Acttvity 


(») 

"On the Job" 


(b) (c) (d) 

Technical 

Societies, 

Civic and Cultural Athletic, 

Social Development Miscellaneous 


100 (98). 1 

95.4 

90.14 

86.8 

80.4 


1 

1 



Figure 3. The bowl for the recognition 

enough that he is hardly in any particular financial need. 
Rather it was believed that through the careful and 
scrupulous recognition of a closely limited number of 
candidates each year, the honor of being selected would 
be very great, and that as time proceeds its importance 
will be advanced by the illustrious records of past success¬ 
ful candidates. A large bronze bowl (figure 3) has been sub¬ 
scribed by some 30 Eta Kappa Nu alumni which will remain 
on permanent display in the AIEE headquarters in the 
Engineering Societies Building in New York, and each 
year will have added to its face the name of the recog¬ 
nition winner. The man, or men, so honored will also 
be presented with a smaller replica of the large bowl. 
Recipients of honorable mention are presented with a 
certificate appropriately naming their chief contributions 
to science and the humanities. 

The future success of the Eta Kappa Nu recognition 
depends in no small measure on the continuing interest of 
engmeering educators m nominating those young elec¬ 
trical engineers whom they believe to be outstanding. 
The possibility of doing some exceptionally talented young 
man a good turn, too, may conceivably persuade the 
faculties of some of our schools to follow more closely the 
progress of their graduates. It is apparent that in many 
instances this is being carefully done today; with the 
growing development of college personnel officers even 
closer contacts with the almrini may be expected to be 
maintained. 

No less generous has been the response of the hundreds 
of business and engmeering executives who were asked in 
the capacity of “references” to give their opinions of the 
qualifications of the nominees in the 4 major categories 
outlined hereinbefore. In numerous instances presidents 
and vice-presidents of the companies employing the 
nominete responded in considerable detail, often adding 
a pemonal word of recommendation. Whether or not he 
receives formal recognition from Eta Kappa Nu, any 
man nominated can hardly help but benefit from thus 
being advantageously called to the attention of those 
higher in his company or organization. 

For 1937 the plan has been altered but very slightly. 
An interesting observation will be whether the scheme 
has to a detectable degree impelled any of the 1936 
nominees who are still eligible for recognition (and are 
considered to be automatically renominated) to engage 
more widely in activities suggested by filling out the 1936 
questionnaire. Such will be the severest test of the 
recognition plan. 
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Industrial Unit Heaters Cool Transformers 


By F. L. MOSER 

MEMBER AIEE 


H. B. WOLF 

ASSOCIATE AIEE 


C hoice of type of trans- Unit heaters of the ir 

formers, either self- applied for external cc 

cooled or water-cooled, found to be especially 

in the design of a station is the original water cooli 

usually a matter of economics. ment to the regular e 

In general, where transformers substations of smaller 

are small or where cooling were made possible b 

water is not available, self- 
cooled transformers are used; 

where large transformers are required and water is avail¬ 
able, water-cooled transformers are selected. Sometimes, 
however, conditions change through the years and it be¬ 
comes desirable or necessary' to change a water-cooled 
transformer to a self- or aircooled type. 

Having in mind several stations on the Duke power 
system where cooling systems would soon require exten¬ 
sive replacement, company engineers made an effort in 
1930 to apply external coolers to a transformer. A 
1,000-kva 44-kv unit was selected and 2 automobile 
radiators were connected so that the oil would circulate 
through them from the top to the bottom of the trans¬ 
former. Large fans forced air through the radiator fins. 
The results of this test were not encouraging; and from 
subsequent tests it was evident that the radiators were 
too small and that natural convection would not give 
rapid enough circulation through the radiators and piping. 

In the latter part of 1933, the cooling coil in a l,206-kw 
transformer at Gaston Shoals plant failed inside the tank. 
Ordinarily the repair or replacement of such a coil would 
be a minor job, but not so in this instance. This plant 
was erected about 1906, and was acquired by the Duke 
company in recent years. There were 9 1,200-kw trans¬ 

formers installed in a small room having thick stone walls 
and concrete roof. During the early existence of this 
plant, apprehension was felt that the transformers might 
be flooded during periods of high water, and therefore 
they were jacked up 8 feet and a concrete pier erected 
under each bank. This brought the tops of the trans¬ 
formers dose to the 12-inch concrete roof. In these 
transformers the core and coil assembly and the cool¬ 
ing coils are suspended from the transformer covers. 
Therefore, to get at this particular cooling coil would 
require jacking 2 transformers off their piers and re¬ 
moving a portion of the station wall. It was dedded 
to make an attempt to cool this transformer externally, 
this time using 2 industrial unit heaters as radiators. 
The particular units chosen were made of cast aluminum 
and had a fan mounted directly behind the radiating 
fins. The oil passed straight through the tmit through 
rather large passages. A small pump circulated the oil 
from the top of the transformer through the coolers and 
into the bottom of the transformer tank, as shown in 
figure 1. Although these 2 units did not provide sufficient 


Unit heaters the industrial type have been 
applied for external cooling of transformers and 
found to be especially useful as a substitute for 
the original water cooling system or as a supple¬ 
ment to the regular cooling system. Portable 
substations of smaller size and reduced weight 
were made possible by the use of these units^ 


ustrial type have been cooling to keep the tempera- 

ling of transformers and ture of the top oil within de- 

iseful as a substitute for sired limits, the results were 

} system or as a supple- quite encoturaging, so 2 addi- 

sling system. Portable tional unit heaters were ob- 

Ee and reduced weight tained and installed, giving 

the use of these units^ the desired results. This in¬ 

stallation is shown in figure 2. 

It was observed that with 
these 4 units in operation the fins of the radiators were cold; 
in other words, heat was not being transferred as rapidly 
from the oil to the metal of the radiator as from radiator to 
air. A study was then made of various types of available 
unit heaters, and one was found which had small copper 
tubes having a reverse bend. The intimate contact be- 


Flgure 1. Circulation 
of oil through cooler 
and direction of air flow 
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Figure 2 (below). 
Cast-aluminum coolers 
at Gaston Shoals plant 


UNIT 

I ICCXDLER 

illo 



tween oil and the walls of the small tubes, together with the 
comparatively long path obtained by means of the reverse 
bend, was believed to make a more efficient cooling unit for 
this application. One such unit was purchased and installed 
alongside the 4 cast-aluminum heaters, and on test it 
dissipated heat at approximately the same rate as the 
4 cast-aluminum heaters combined. This test gave a 

A paper presented before the AIEE Nortb Ciarolina S«icti&n, February 18, 1937. 

F. Lf. Mosbr is superintendent of maintenance, and H, B. Wolf is maintenance 
foreman, for the Duke Power Company, Charlotte, N. C. 
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fairly accurate idea of the rate of heat dissipation for this 
unit. All 5 units have been in service since installation. 

The next application of these external coolers was at 
the Greenville substation. Here, as the result of the 
combination of loss of efficiency of the cooling coils and 
severe operating conditions, 2 3,500-kva 100-kv trans¬ 

formers operated at unduly high temperatures. To 
supplement the existing cooling system, 2 coolers were 
installed on each transformer, together with a small oil- 
circulating pump for each pair of coolers. This installa¬ 
tion ga,ve entirely satisfactory results. A drop of ap¬ 
proximately 15 degrees centigrade in the temperature of 
the top oil was obtained. On this installation a rate of 
oil circulation giving a drop of 5 degrees centigrade through 
the cooler with the top oil at 65 degrees and an ambient 
temperature of 30 degrees was determined upon. This 
gave good results and has been used on all subsequent 
installations. 

At the Lakewood station, 12 4,000-kva 100-kv trans¬ 
formers are in service. These transformers, manufac¬ 
tured at the end of the World War when there was a 
shortage of copper, were equipped with iron cooling coils. 
That the cooling coils as well as other portions of the 
cooling system would soon have to be replaced was 
realized several years ago, and one suggestion was that 
the transformers be made self-cooled by the application 
of standard transformer radiators. However, when the 
manufacturers submitted a price of approximately $50,000, 
plus an estimated cost of $10,000 for installation expense, 
this idea was abandoned. In 1935, a test installation of 
unit coolers was made on 2 transformers, and complete and 
accurate data were obtained on cooling them without 
water in the cooling coils. These tests indicated that, 
with normal load, as shown by figure 6, 4 coolers per 
transformer would properly cool them; and it was fur¬ 
ther observed that spraying sufficient water on the radia- 


Figure 3. Details 
of cast-aluminum 
coolers 



Fisure 5. Copper- 
tube cooler in¬ 
stalled at Gaston 
Shoals for com¬ 
parative test with 
cast - aluminum 
coolers 
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Figure 6. Chart showing 24-hour test on 4/000-hva trans¬ 
former, using 3 coolers and water spray 

KilpvoU-atnperes in terms, oF load on bank of 3 transformers 


tor fins to keep them wet increased the rate of heat 
dissipation to such an extent that only 3 coolers per 
transformer would be required. 

Early in 1936, the cooling reservoir at this station was 
lost when the dam was washed away. -The decision was 
then made that installing unit coolers on the transformers 
would cost less than rebuilding the dam. Three coolers 
per transformer were installed with provision for future 
installation of a fourth unit should it be found desirable. 
Two oil circulating pumps per transformer were used. 

After the coolers were installed in 1936, various methods 
of spraying the cooling fins were tried and finally a hollow 
hub was installed on the fan shaft, which would throw the 
water radially between the fan and the radiator, and this 
was found to wet the radiator uniformly with a minimum 



wastage of water. These hubs were installed on all of the 
units and properly piped to the city water supply. This 
spray system gives a reserve to the cooling system which 
can be used in extremely hot weather or during periods 
of abnormal load on the transformers. The total cost of 
labor and material on this installation was under $10,000. 

Recently, 3 transformers were moved from Il^akewood 
and installed at China Grove. A fourth cooler was 
added on each transformer because no water is available 
Figure 4. Details at this station for spraying the fins, 
of coolers having Since the Lakewood installation was made, installa- 
copper tubes with tions have been made on a 1,000-kva transformer to re- 
a reverse bend place old radiators, on 3 1 ,G00-kva transformers to replace 
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Figure 9. Coolers ihstalled on 3 1,000-l<va transformers Figure 10/ Portable traiisformer equipped with 2 coolers 
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an old water cooling system, and on 3 more 3,600-kva 
transformers at Greenville to supplement the water cooling 
system. 

A very interesting application is the recent furnishing of 
2 1,320-kva portable substations, each equipped with 2 
of these coolers by the transformer manufacturer. Not 
only are these transformer units more compact tha.n those 
previously furnished, but they also weigh 2,000 pounds 
less, which is of considerable importance. The importance 
of keeping the weight of these portable transformers to a 
minimum can be appreciated when it is realized that these 
units, 6 in number, are used for backing over 380 banks of 
transformers having primary voltages of 44, 33, 22, or 
13 kv, and secondary voltages of 13.2 kv, 6.6 kv, 2,400 
volts, or 600 volts. Many of these are installed in sub¬ 
stations located on very poor roads. It is interesting to 
note that a bank of 3 single-phase self-cooled 55-degree- 
centigrade tran^ormers to give a capacity of 1,320 kva 
would weigh approximately 25,500 pounds. By the use 
of external fans, this weight might be reduced to approxi¬ 
mately 21,100 pounds. A standard 3-phase transformer, 
complete with external fans, would weigh approximately 
16,000 pounds. A special portable transformer wi^* 
tubular radiators, built some time ago, weighs 15,000 


pounds plus 6,400 pounds for the trailer, giving a total 
weight of 21,400 pounds. 

The new portable transformer, shown in figure 10, 
equipped with unit coolers, weighs 13,000 pounds plus 
3,000 pounds for the semitrailer, making a total weight of 
16,000 pounds. This can be handled readily over almost 
any road. 

The use of external coolers on transformers is not new, 
but the application of comparatively inexpensive com¬ 
mercial heating units as coolers seems to be an innovation. 
The principal use would appear to be the substitution in 
certain instances of this t 3 q)e of cooling for existing water 
cooling. It also provides a simple and inexpensive method 
of supplementing existing cooling systems. However, it 
would probably be wise to consult the transformer manu¬ 
facturer before making a major change such as replacing 
an existing cooling system. On new transformers, the 
most obvious application is . on those having space and 
weight limitations, and on those installed at points where 
water is not available. 

The energy loss of this system is comparable to that 
of a water cooling ^stem. It is evident that in many 
instances the first cost and maintenance will be less than 
with a water cooling system, particularly where reservoirs, 
cooling towers, or extensive piping systems would be 
required. 

The authors have been informed that the manufacturer 
of this type of unit copier, in co-operation with a large 
electrical manufacturer, has redesigned the unit, using 
nonrusting parts and improved joints, for this particular 
application. 













Heat Transfer Efficiency of Range Units 

By W. JAMES WALSH 
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T he superiority of Surface units of electric ranges have various Prior to its use in the tests, 

electric cookery from the efficiencies of heat transfer according to the design the rotating standard was 

standpoint of cleanliness, of the unit. Results of a study made with bright- checked for accuracy against 

convenience, and safety has and black-bottomed utensils are reported in this a laboratory standard watt- 

been generally well established. prize-winning student paper. meter and stop watch. 

However, the economy of using The heat energy equivalent 

electricity for cooking depends of the electrical input to the 

usually upon 2 factors: (1) the cost of electrical energy, units, in calories, is, of course, simply the number of revo- 
and (2) the efficiency of the equipment employed in lutions completed by the disk of the rotating standard 
utilizing the electrical energy. The results of efficiency ' multiplied by a suitable constant. However, the standard 


tests performed on the surface units of several late-model 
electric ranges reported in this paper clearly show that 
there is need for material improvement in the heat transfer 
efficiency of these units. Since electrical energy can be 
converted to heat energy with an efficiency of 100 per 
cent, it is obvious that efficiencies ranging between 50 and 
68 per cent, the values found for modem units, are far 
too low. 

The methods employed in determining the heat transfer 
efficiency of the several units, the results obtained, and 
several, suggestions for possible improvement are presented 
in this paper. 

Selection of Units for Test 

Since it was desired to conduct the proposed tests on 
the selected surface units with the units mounted in the 
ranges for which they had been designed and as they would 
be used in actual practice, it was decided to obtain 3 
complete, late-model, electric ranges for which the popular 
demand had been greatest. When the selected ranges 
were delivered, it was found that but 4 of the 12 surface 
units furnished with the ranges were of the same wattage. 
Fortunately, however, 4 different types of surface units 
were exemplified by the 4 units haying the same rating of 
1,200 watts. It was therefore dedded to perform the 
proposed tests on these 4 units. The units selected for 
test are shown in figure 1. For purposes of identification, 
the units have been labeled, as indicated in figure 1, 
A, Bt C, and D, and wiU be referred to by these symbols. 

Measurement of Energy Input to Test Units 

In any efficiency test, it is necessary to determine the 
energy input to the energy-converting device, and the 
corresponding energy output. Iii this case, determination 
of the energy input to die stuf ace Units u^ 
cause of the ease and accuracy mth which electrical 
energy may be measured, presented little difficulty/ it 
being merely necessary to selebt a suitable typepf watt- 
hour meter. The meter selected for use in these tests was 
a standard instrument of the rotatirig type commonly 
Used in the calibration of ordinary watt-hour meters. 


watt-hour meter was so connected that it not only mfeas- 
ured the energy input to the unit under test, but also 
measured the energy consumed in its own potential circuit 
and that consumed in the voltmeter employed in measuring 
the constant alternating voltage applied to the terminals 



Figure 1. Four types of 1,200-watt units tested 


Upper left—Unit 4 Upper right—UnitB Lower left—Unit C 

Lower right-^Unit o 

of the unit. The energy consumed in the potential circuit 
of the watt-hour meter was found to be uegH;^ble> btit 
that consumed by the voltmeter was appreciable, so that , 
a correction for it was deemed necessaiy• It may also be 
noted that the voltage applied to die units imder test 

A paper presented at a joint meeting of the Portland Swtion and Oregon 
State College Branch, Corvallis'. Ore,, May 16,1036, and subsequentiy avrarded 
the Institute's 1036 Branch paper prize; recommended for publication by the 
AiBB committee on award of Institute prizes. . Manuscript submitted Febru¬ 
ary 16, 1037; released for publication June 10, 1037. 

The author is indebted to the General Blecbic Company, the Westinghouse 
Biectric & : Manufacturing Company, and Utb Mailable Iron Range Company , 
for the ^e of the electric ranges and elements studied in this inve$;ti^tion, 
Lee Bennett of the Mouutain States Pbwdr Company was actively interested in 
the project and assisted in sMuring tlie eqmjpment for test. The utensils used 
were fvuhished .by the . Alujhinuni 'Conipahy of America. Mt^cih valuable 
assistanqe in conducting the tests -was render^ by W. ArhoCish and Charles 
H. Butler. "The author would also like to express his appreciation to l^ofessbr 
P. O. McMillan of the electrical engineering department of Oregon State College 
who suggested the subject and offered many valuable and helpful suggestions 
throughout thi investigation. 
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was measured at the terminals of the units, so that no 
correction for losses occurring in the range wiring needed 
to be applied to the watt-hour meter reading. 

The energy input to the unit under test at time t seconds 
from the start of the test may then, taking into accoimt 
the energy consumed by the voltmeter, be expressed as 
follows: 

Wi = 860.4 (khR- ) (1) 

3,600rJ 

in which Wt is the energy input to the unit in calories, 
K}i is' the disk constant of the watt-hour meter in watt- 
hours per revolution, R is the number of revolutions com¬ 
pleted by the disk of the watt-hour meter in the t seconds 
which have elapsed since the start of the test, E is the 
effective value of the alternating voltage maintained 
constantly at the terminals of the unit, r is the resistance 
of the voltmeter in ohms, and t, as previously indicated, 
is the time in seconds which have elapsed since the t^t 
was started. 

Determination of Energy 
Transferred by Surface Units 

While the determination of the energy input to the 
surface units was found to be a very simple matter, the 
measurement of the corresponding useful energy trans¬ 
ferred by the unit was, in comparison at least, a much 
more difficult problem. Several methods of determining 
this essential quantity were considered. One of these 
entailed the use of a mass of some metal such as copper 
or iron with tl^e t^e of thermocouples as the temperature- 
measuring device."* It was decided, however, that the 
tests would be much more representative if a water-filled 
utensil of a type ordinarily used on the units in practice 
was employed. This further had the added value of 
presenting temperature differences between the unit and 
the substance being heated more commonly encountered 
in actual practice. 

The suitability of several liquids other than water as 
the liquid to be heated was also investigated. The few 



Figure 2. Alu¬ 
minum pans used 
In the tests 


liquids having suitable characteristics, however, either 
proved too costly, were not readily available, or informa¬ 
tion concerning the behavior of their specific heats over 
the temperature range to be covered was either very im- 
certain or apparently nonexistent. 

Having decided that an ordinary kitchen utensil filled 
with water would be used as the receiver of the useful 
energy, transferred by the units under test, there remained 
other items to be considered, such as the iype of utensil 


to be used, and the means to be employed in measuring- 
-the temperature of the water. Since aluminum utensils 
have been widely used in recent years, 2 2-quart vessels 
of that material were selected. The 2 utensils selected 
were identical in size and shape, but the bottom of one 
had the usual bright finish, while that of the other was 
blackened with a lacquer-like material. The 2 pans are 
shown in figure 2 with handles removed as they were used 
in the tests. Another view of the same utensils showing 
the character of their bottoms is shown in figure 3. 

Several factors other than their popularity were also 
instrumental in the selection of the aluminum utensils. 
In the first place, aluminum is a material of low specffic 
heat and high heat conductivity, which means, as will 
develop later, a minimum of error in the computation of 
the energy -transfer of the test units. In the second place, 
since the sides of the utensils are highly polished, radiation 
losses from the utenal will be a minimum, which also aids 
in reducing the error in the computation of the heat energy 
transferred by the units. Lastly, the aluminum utensils 
used were designed especially for electric range surface 
use. 

One of the most important items in the determination of 
the heat transferred by the units is the method of measur¬ 
ing the temperature of the water contained in thealuminum 
vessds. Previous investigators have employed ordinary 
mercury-in-glass thermometers or thermocouples. Both 
of the latter methods give temperature indications at one 
or more points in the liquid dependent upon the number of 


Figure 3. Bot¬ 
toms of pans, 
showing bright 
and black surfaces 


such instruments used. The temperature of the water in 
the vessel cannot be the same throughout its volunie, be¬ 
cause of the convection currents which are readily dis¬ 
cernible in it. Therefore, a de-vice capable of iudicating an. 
average of the temperatures existing throughout the vol¬ 
ume of the water gives much more representative tem¬ 
perature values. It was therefore decided to construct a 
resistance thermometer with the resistance element spread 
out over a considerable cross section of the water volume. 
The resistance thermometer constructed is shown in fig¬ 
ure 4. The light framework is of bakelite, and the resist¬ 
ance element is a number 40 American wire gauge nickel- 
alloy wire expressly made for the ptupose. The fineness of 
the wire and its high resistance per unit length (16 ohms per 
foot) make it very sensitive to changes in temperature. 
Another desirable feature of the resistance thermometer 
is its extremely ^ort time lag in comparison with the long 
time lag of a mercury-in-glass thermometer. 

The resistance thermometer was calibrated with a mer¬ 
cury-in-glass thermometer by immersing both m a con¬ 
stantly stirred transil-oil bath, the temperature of which 
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was changed very slowly. Several points on the calibra¬ 
tion curve obtained were checked by immersing the re¬ 
sistance thermometer in liquids, the boiling points of 
which were accurately known. It was found that the 
resistance of the thermometer was not a linear function of 
temperature, but followed a law of the form 

log r = o + jr 

where r is the resistance in ohms at the temperature T 
degrees centigrade, and a and b are constants. In this 
case, a had the value 2.162, and h the value 9.92 X 10*“*. 

By means of the resistance thermometer, it is pos¬ 
sible to determine the temperature of the water at any 
time t seconds from the start of the test, and, from the 
temperature measurements, the heat transferred from the 
unit to the utensil and water may be calculated by em¬ 
ploying the following equation: 

“ (w + CAta>Ai){Tt ~ To) (2) 

in which Wg is the heat energy in calories transferred by 
the unit, w is the weight of the water used in grams, is 
the mean specific heat of aluminum in calories per gram 
per degree centigrade = 0.217), is the weight in 
grams of the aluminum pan used, Tt is the temperature of 
the water in degrees centigrade at time t seconds from the 
start of the test, and Tg is the temperature of the water at 
the start of the test in degrees centigrade. 

The specific heat of water departs so slightly from unity 
over the range from 20 to 100 degrees centigrade, the tem¬ 
peratures encountered in the tests, that it is impractical, 
in view of other limits of measurement, to consider it 
other than unity. The same statement may be applied to 
the specific heat of aluminimi. It will further be noted 
from equation 2 that it is assumed that the aluminum pan 
experiences the same temperature change as the water. 
This, of course, is not strictly true, especially as regards the 
bottom of the pan. However, since the specific heat and 
weight of the aluminum pan are small compared to the 
corresponding values of the water used, and since the heat 
conductivity of aluminum is so very high, the error re¬ 
sulting from this assumption is negligibly small. 

It will be noted further that equation 2 does not account 
for any heat transfer between unit and utensil represented 
by possible evaporation of water. This is permissible be¬ 
cause special precautions were taken to greatly minimize 
evaporation. Normally, of course, the evaporation of water 
below the boiling point represents a heat transfer which is 
not negligible. The amount of heat transfer represented 
by evaporation at any piuticular temperature, however, is 
very difficult to detemme because of the variation in the 
rate of evaporation and the heat of evaporation with tem¬ 
perature. It is, therefore, imperative that evaporation be 
reduced to a negligible quantity. 

It was found possible to do tliis by forming a thin filtn of 
a low-vapor-pressure oil over the surface of the water just 
prior to starting the tests, and by halting the tests at 
temperatures dightly below the point at which violent 
ebullition of the water began to t^e place. The success 
of this method is attested by the fact that the upper por¬ 
tions of the tempeirature-time curves r^ained straight 


after its adoption, where previously they had tended to 
curve to the right due to the evaporation loss. The loss of 
water by evaporation was reduced from approximately 7 
per cent to 0.5 per cent, which made the evaporation heat 
loss negligible up to the boiling point. 

Calculation of Efficiencies of Heat Transfer 

The efficiency of any piece of apparatus is defined as the 
amount of energy delivered by the apparatus expressed as 
a percentage of the energy delivered to it. Since the 
necessary values of energy input to, and heat transfer 


Figure 4. Frame 
and wire for re¬ 
sistance thermom¬ 
eter 



from, the surface units tested have been determined, it is 
now possible to calculate an efficiency of heat transfer for 
the units. This value may quite obviously be obtained by 
dividing equation 1 into equation 2, and may be expressed 
as follows: 


in which r? is the efficiency of heat transfer of the unit in 
per cent. Wo is the heat energy transferred by the unit in 
calories up to, and including, the time t seconds which have 
elapsed since the start of the test, and Wt is the energy in¬ 
put to the unit in calories during the same time interval. 

While the efficiency defined in equation 3 is important, 
because it is a direct measure of the amount of useful 
energy transferred by a given unit, it is taken over time 
intervals measured successively from the origin, and hence 
gives no clue as to the efficiency with which the unit is 
transferring heat energy to the utensil and waW at any 
particular instant. The instantaneous efficiency of heat 
transfer may, however, be obtained by plotting energy 
output Wo values against energy input Wi values, and 
determining the slope at various points along the resulting 
curve. The values of elapsed time corresponding to the 
several slope values may be easily obtained by reference to 
a curve of elapsed time values plotted against correspond¬ 
ing energy input Wt values. Mathematically, of course, 
the instantaneous efficiency may be indicated simply as 
follows: 

,,-iop^; ■ 

in which % is the instantaneous efficiency of heat transfer 
in par cent. 


August 1937 


Walsh—Range Units 



Fundamentally, the instantaneous efficiency, % is the 
quotient of 2 time rates, that is, 

iWo 

,,.100^ (5) 

it 

and when e^ressed as such is, perhaps, more capable of 
complete understanding. When expressed as indicated in 
equation 5, the instantaneous efficiency simply expresses 


watt-hour meter readings would not include the losses 
occurring in the range wiring or the current circuit of the 
watt-hour meter. 

In each case, rated voltage, that is, the value of rated 
voltage required to give rated wattage, was maintained 
constant at the terminals of the test unit. In order that; 
the voltage at the terminals of the unit should be very 
dose to its rated value at the instant the test unit circuit 
was closed, the voltage of the supply, source was adjusted 
to a value slightly higher than the rated value previous tO’ 
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Figure 7. Instantaneous efficiency of 
several types of 1,200-watt electric- 
range surface units when used with 
bright-bottomed aluminum pan 

Units at room temperature at start of test. Weisht of water used, 1>250 srams (2.76 pounds); weight of pan, 418.8 grams (0.92 pound) 


Figure 5. Temperature rise of water in 
bright-bottomed aluminum pan placed 
upon several types of 1,200-watt 
electric-range surface units 


Figure 6. Over-all efficiency of sev¬ 
eral types of 1,200-watt electric-range 
surface units when used with a bright- 
bottomed aluminum pan 


i 



the fact that the instantaneous rate at which useful energy 
is being transferred by a given surface unit is a certain per¬ 
centage of the rate at which energy is being supplied to the 
unit. 

The meaning of the 2 efficiencies defined by equations 3 
and 4 may, perhaps, be made clearer by comparing them 
with the 2 efficiendes of, say, a power transformer. The 
effidency defined by equation 3 is comparable with the 
over-all or aU-day effidency of the transformer, while that 
defined by equation 4 is comparable with the efficiency of 
the transformer at any particular load or instant during 
the day. Because of the similarity of the effidency de¬ 
fined by equation 3 to the over-all or all-day effidency of 
the transformer, it has been termed the over-all efficiency 
of the surface units, and will be referred to as such to dis- 
i^guish it from the instantaneous efficiency. 

Experimental Procedure 

The surface unit to be tested was in each c^ase placed in 
the range, for which it had been designed, coimected as it 
would be in actual use, and the range then connected to a 
3-^wire a-c system, the voltatge of which could be readily 
Controlled. The instrument leads from the voltmeter and 
the pptenl^ the Watt-hour meter were connected 

diredly across the teiininals of the test unit, so that the 


starting the test. The requisite supply voltage value was 
determined by previous experiment. 

The following procedure was employed in determining 
the effidency values for the 4 1,200-watt surface units 
tested. The identical procedure was used for all units with 
both bright- and blach-bottomed aluminum pans. 

The resistance thermometer was placed in the particular 
pan to be employed, and the utensil then placed upon one 
pan of a beam balance, and the combined weight noted. 
The usual amount of water, 1,250 grams, was then ad¬ 
mitted to the utensil, care being taken to see that no drops 
of water were splashed on the exterior of the pan or the bal¬ 
ance. Then, with the pan still upon the balance, a thin oil 
film was formed over the water surface by dropping a slight 
amount of apiezon oil on it from a drppperi The wdght 
of the oil thus added was found to be insignificant. The 
utensil was then removed from the balance, and carefully 
centered over Ihe particular unit to be tested. Connec¬ 
tion of the resistance thermometer to a precision bridge 
was then made, after which the thermometer was carefully 
centered in the pah, and the bridge balanced. No lid was 
employed in any of the tests. 

Then, with the bridge balanced, the supply circuit was 
dosed on the test unit, not by means of the unit swit^ bn 
the range, which was: -in all cases left on ‘ ‘high” during "the 
tests, but by means of a knife switch in the supply lines. 
A stop watch was started at the instant the switch was 
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closed. Thereafter, at a signal from the observer operat¬ 
ing the bridge, indicating that the bridge was in balance, 
simultaneous readings of elapsed time, revolutions of the 
watt-hour meter, and resistance of the resistance ther¬ 
mometer were noted and recorded. 

Each test run was halted at a point slightly below the 
boiling point corresponding to barometric conditions pre¬ 
vailing at the time of the test. When the selected final 
temperature was reached, the test unit circuit was opened, 
the stop watch stopped, and the utensil removed from the 
unit. As soon as possible after removing the utensil from 
the unit, a well-fitting lid was placed on the utensil, and the 
utensil and contents weighed to determine what loss in 
weight, if any, had taken place. If an unusually large 
difference existed between the original and final weight 
values, the test was in all cases repeated until the difference 
was brought to within 0.5 per cent. 

Restilts 

The results obtained from the data secured in the tests 
are presented in curve form in figures 5, 6, 7, 8, 9, and 10. 
Figures 5, 6, and 7, as indicated, are from data obtained on 
the test units using the bright-bottomed aluminum pan, 
while figures 8, 9, and 10 give corresponding values for the 
same units using the black-bottomed aluminum pan. 

Discussion of Results 

An examination of figures 5 and 8 shows that the tem¬ 
perature rise of the water becomes a linear function of the 
elapsed time after a certain time interval. It follows, 
therefore, that the heat energy transferred by each unit 
also becomes a linear function of the elapsed time, and 
hence a linear function of the energy input to the heating 
unit, since the energy input is directly proportional to the 
elapsed time. Over the linear range, the heat energy. 


Wo, transferred by the unit may be expressed as follows : 
Wo = cW{- d (<5) 

in which c and d are constants. If now both sides of 
equation 6 are divided by the following result is ob¬ 
tained: 

W„/Wi -- c - d/Wt (7) 

The left-hand side of equation 7 will be immediately recog¬ 
nized as the over-all efficiency of the unit, rj. Hence, 
equation 7 may be written, 

1, = c - d/Wi . (8) 

Now, as time, and consequently Wi, increases, it is seen 
that the over-all efficiency approaches, as a limiting value, 
the constant c in equation 8. Examination of figures 6 
and 9 demonstrates that the over-all efficiency does tend to 
approach certain limiting values in both cases. 

Now differentiate equation 6, obtaining the result, 

dWo/dWi = c (9) 

The left-hand side of equation 9 is, of course, the instan¬ 
taneous efficiency of the unit, Hence, over the linp-a-r 
portion of the curve, 

nt = (lO) 

and the instantaneous efficiency curves should become 
straight lines parallel to the time axis. Examination of 
figures 7 and 10 shows that such is the case. 

The following deduction may now be drawn from a con¬ 
sideration of the preceding discussion and a critical ex¬ 
amination of equations 8 and 10. When any of the surface 
units tested is used as previously indicated in this paper, 
the over-all efficiency of the unit approaches a lifting 
value which is identical with the m aximum value attained 
by the instantaneous efficiency of the unit. The impor¬ 
tance of the above statement may be made clearer by con¬ 
sidering the fact that, under the condition stated, units 
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such as A and B can never transfer more than approxi¬ 
mately 65 per cent of the energy they consume, and units 
such as C and D can transfer only about 50 per cent of 
their energy input when, as is usually the case, bright- 
bottomed pans are used. 

It maybe seen from figure 10 that if a black-bottomed pan 
is used, approximately 76 per cent of the energy consumed 
by unit A may possibly be realized. It may further be 
noted that but a small increase in the percentage of energy 
realizable is obtained by using the black-bottomed pan 
with such a unit as B. For units such as C and D, it is 
seen, the percentage of consumed energy which may pos¬ 
sibly be realized if the black-bottomed pan is used is ap¬ 
proximately 58 per cent, which may be compared with the 
value of 50 per cent possible with the same units using the 
bright-bottomed pan. The magnitude of the increase in 
efficiency to be obtained by the use of a black-bottomed 
utensil is shown in table I. 

As is to be expected, the open-cod type unit D has the 
largest percentage increase in instantaneous efficiency. 
This is because this unit transfers heat chiefly by radiation, 
and the efficacy of the black-bottomed pan lies in the 
fact that a black surface is a more efficient absorber of 
radiant energy than other types of surfaces. 

Suggestions for Possible Improvement 

Unit A. The already relatively high efficiency of this 
unit is due to the small amount of mass in the regions of 
high temperature, the use of a surface beneath the unit for 
reflecting the radiant energy directed downward by the 
unit, and the opportunity provided for air convection 
currents to pass easily from the lower surfaces of the heat¬ 
ing elements to the bottom surface of the utensil. How¬ 
ever, since this unit is constructed by spiraling lengths of 
circular tubing containing the heat-developing resistance, 
there is at best a series of line contacts between the heating 
element and the utensil. Irregularities in the units in¬ 
troduced by warping reduces the line contacts between 
unit and utensd to a series of point contacts, which per¬ 
mits but a very small amount of heat transfer by conduc¬ 
tion to take place from the unit. The efficiency of this 
unit would undoubtedly be much improved if the upper 
surfaces of the heating element tubes were flattened, and 
if the tubes were so mounted that the flat surfaces would 
remain in the same plane. Some improvement in effi¬ 
ciency would also be expected if the reflector plate placed 
beneath the heating element was treated with a reflecting 
surface which would not be destroyed by the heat of the 
unit. 

Unit B. This unit ranks second in efficiency, and is 
quite well designed for transferring heat to a utensil by 
thermal conduction. The surfaces of the heating elements 
are flat, and are rigidly supported to prevent warping. 
The mass of this Unit could probably be reduced to some 
extent by a reduction in the size of the cast iron supporting 
structure, and the heat transfer efficiency of the unit im¬ 
proved by operating it at a higher temperature in order to 
obtain more heat transfer by radiation. The relatively 


Table I. Influence of Utensil Bottom Finish on Efficiency 


Unit 

Maximum Instantaneous Bffidency (Per Cent) 

Increase 
(Per Cent) 

Bright Bottom 

Black Bottom 

A . 

.68.1. 

.76.4.. 

.12.2 

B . 

.63.3. 

.65.1. 

.2.8 

C . 

.51.3. 

.57.8. 

.12.7 

D . 

.49.2. 

.58.5. 

.18.9 


radiation by this unit is shown by the fact that its in¬ 
stantaneous efficiency was increased but 2.8 per cent by 
using the black-bottomed utensil. 

Unit C. The efficiency of this unit would undoubtedly 
be greatly improved if the surface it provides for the uten¬ 
sil to rest upon was flattened to increase the amount of 
heat transferred by conduction. As the unit is constructed 
at present, heat transfer from it to the utensil takes 
place largely through radiation as is shown by the 12.7 
per cent increase in instantaneous efficiency secured by the 
use of the black-bottomed utensil. A reduction of the 
mass of material subjected to high temperatures would, no 
doubt, also improve the efficiency of the unit. 

Unit D. The transfer of heat from this open-coil type 
of unit takes place almost exclusively through the medium 
of radiation. The character of the utensil bottom, there¬ 
fore, has a marked influence on the efficiency of heat 
transfer of the imit. This is clearly shown by the 18.9 
per cent increase in instantaneous efficiency secured 
through the use of the black-bottomed utensil. Not a 
great deal can be done to increase the efficiency of this 
type of unit through changes in construction, except, 
perhaps, changes in the form of the ceramic used to sup¬ 
port the heating coils made possible by future research in 
the ceramics field. 

Conclusions 

1. There is very definite need for marked improvement in the heat- 
transfer efficiency of electric range surface units. 

2. When used under the conditions outlined in this paper, the 
efficiency of heat transfer of each unit approaches a limiting value 
which it cannot exceed. 

3. A very definite increase in the limiting value of the heat-transfer 
effidencgr of a given unit, used with a bright-bottomed pan, may be 
obtained by using a black-bottomed pan. 

4. The percentage increase in efficiency obtained by emplo 3 ring a 
black-bottomed utensil is greatest for those units depending prin¬ 
cipally upon radiation as the medium of heat transfer. 

6. The enclosed type of surface unit, in general, is superior to the 
open-coil type of unit. 
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Present-Day and Probable Future Electrical Applications 

in Aircraft 

By W. V. BOUGHTON 


T he electrical system plays a very important 
part in present-day airplanes. In addition to light¬ 
ing the plane and starting the engines, it is required 
to furnish power for radio, instruments, landing gear, 
flaps, and remote operations. The fact that electrical 
operation leads to more convenient and often lighter in¬ 
stallations makes it desirable to use it whenever ap¬ 
plicable. 

A description of the electrical installation in the Doug¬ 
las sleeper transports appears to present the best way of 
explaining present-day dectiical applications in aircraft. 

The airplane is wired in 2 main feeder circuits with the 
intermittent and continuous loads so divided that the 
total drain on each circuit is approximately equal for a 
given period. This is approximately as follows: 


CiRCtTiT Number 1 

Interior lights. 408 watts 

Navigation and passing light. 48 watts 

Deicers... 48 watts 

Argon lights. 36 watts 

Maximum continuous load. 640 watts 

One landing light. 444 watts 

Cigarette lighter... 60 watts 

Seat belt signs.26 watts 

Maximum intermittant load. 629 watts 

Circuit NxmoBR 2 

Cockpit and instrument lights. 32 watts 

Electrical instruments. 16 watts 

Airspeed head heater... .’ 76 watts 

Landing gear signal lights. 13 watts 

Radio receivers. 120 watts 

Maximum continuous load. 266 watts 

Landing gear warning horn. 60 watts 

Fuel and oil-pressure warning lights. . 13 watts 

One landing light. 444 watts 

Radio transmitter. 890 watts 

Maximum intermittent load.1,407 watts 


The initial load on starting is about 2,520 watts for each 
engine dropping almost immediately to about 1,935 watts. 
This is usually carried by the battery cart at the airport. 
Each circtiit is supplied from a 12-volt 85-ampere-hour 
storage battery and a 50-ampere 14.5-volt constant-poten¬ 
tial generator, driven by the airplane engines. In case of 
mechanical or electrical failiure of one source of supply, 
either or both circuits can be switched to either battery 
and generator. A remote-controlled master switch en¬ 
ables the pilot to open the battery circuits instantly in an 

A paper recommeaded for publication bjr the AI£E committee on traasporta-. 
tion. Manuscript submitted February 24, 1936: released for publication 
June 26, 1937. 
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emergency and also to connect the airplane circuits to a 
receptacle in the side of the fuselage for plugging in a 
battery cart while at the air terminal. This permits the 
use of the electrical equipment in the plane before taking 
off, without running down the batteries. The entire sys¬ 
tem is single wire with the metal airplane structure as the 
return. 

The batteries are located in the fuselage in tight com¬ 
partments, the bottoms of which are platforms mounted 
on telescoping tubes. When these platforms are lowered 
the batteries can be placed on them from the outside of the 
airplane, and, when raised into place the batteries axe 
automatically connected into the circuits by mpg-rif t of 
plug- and jack-type connectors. As it is possible to change 
them by this method in less than 3 minutes, no delay in 
the departure of the plane would be occasioned because of 
the necessity of installing a fully charged battery. 

The main electrical distribution box is located adjacent 
to the batteries and contains the master switch, circuit- 
selector switches, generator-control boxes, starter relays, 
landing-light relays, meter shunts and resistors, and indi¬ 
vidual circuit fuses. These are readily accessible in the 
air or on the ground. 

Located above the windshield in the pilot's cockpit are 
the various switches for lights, ignition, starting, air^eed 
head heater, seat belt warning signs, and the meters in the 
generator circuits. Below the windshield is the instru¬ 
ment panel with the navigation and engine instruments. 
On this panel are located the landing gear warning lights, 
the door-open warning light, the airspeed head heater 
warning Ught, the fuel- and oil-pressure warning lights, 
the co-pilot-to-stewardess call light and button, and a 
number of electrically operated instruments. 

In large airplanes, the use of mechanical tachometers, 
capillary tube thermometers, and mechanical fuel-quantity 
gages is impractical. These instruments are electrically 
operated in the Douglas sleeper transports. The tachome¬ 
ters consist of small magneto generators mounted on 
and driven by the airplane engines. The voltage output 
varies directly with the speed and the indicators in the 
cockpit are calibrated to read directly in revolutions per 
minute. The electric thermometers which are used to 
measure the temperature of the inco min g carburetor air 
and the incoming oil are of the resistance bridge type. 
The fuel-quantity gauges consist of potentiometers with 
the moving arms actuated by the tank floats and, volt¬ 
meters calibrated in gallons to measure the voltage drop 
through the resistances. 

The cockpit is lighted by small automptive-type in¬ 
strument lamps and 2 small spot lights with tmiversal 
mountings. In addition 2 argon lamps are located so as 
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receptacle, provide means for plugging in a telephone 
set to communicate from the field to the pilot’s cockpit 
before taking off. An interphone system between the 
cockpit and the cabin permits the stewardess to com¬ 
municate with the pilot and co-pilot. Radio wiring and 
equipment weights are about as follows: 

Transmitter and receiver for 2-way communication 

Beacon receiver. 

Auxiliary stand-by receiver. 

Transmitting dsmamotor 
Receiving dynamotor \ 

Emergency batteries.i..... 

Conduit.. 

Junction boxes, brackets, and supports—....... 

Wiring. 

Total.236 pounds 

For night flying, navigation lights are located on the 
wing tips and the rear of the fuselage. A landing light is 
located in the leading edge of each wing outboard of each 
engine nacelle and a red passing light is incorporated in the 
Figure 1 left-hand landing light. These landing lights are equipped 

with 12-volt 35-ampere bulbs which, because of their rather 
to provide ultraviolet fluorescent illumination of the in- high design factor of 25 lumens per watt, have a life of only 
strument dials for night flying when general illumination 100 hoiurs. 

in the cockpit would be undesirable. These argon lights In each engine nacelle, or on each engine, are mounted 
are supplied by a small rotary converter delivering 110 the carburetor air-temperature resistance bulb, oil tern- 
volts. The degree of illumination from all cockpit lamps perature-resistance bulb, engine-temperature thermo- 
is controlled by rheostats. couple, tachometer generator, 12-volt generator, starter, 

The front passage to the cabin, the cabin itself, the magnetos and booster coil, and exhaust-gas analyzer cell, 
dressing rooms, lavatories, and rear compartments are The engine section wiring is connected into plugs at the 
lighted by ceiling lights. In addition, there is a reading firewall to permit rapid disconnection for engine change 
light by each seat, a reading light for each upper berth and This helps to reduce maintenance delays in schedules, 
provision for plugging in a table light in each section. Other electrical applications encountered in aircraft 
Located near the aisle floor are small nhht lights for use are electromechanical or electrohydraulic operation of 
after the passengers retire. landing gear and flaps. Deicing of wings and tail sur- 

Each seat and each berth has a push button to call the faces is accomplished by inflating and deflating rubber 
stewardess. Each station has a small light and colored strips along the leading edge. The valve which controls 
jewel, visible from either end of the aisle to indicate the this is electrically clriven as is the pump which delivem 
origin of the call. When the button is pushed, a buzzer alcohol to the propellers and carburetors for ice removal, 
sounds at the stewardess’ station and the light at the The wire used in these airplanes is in accordance with 
calling station comes on and locks on electrically through the United States Army Air Corps specifications. It con- 
a relay. The light is reset with a switch at the stewardess’ sists of a multistrand flexible conductor, insulated with 2 
station. An electric sign for use during landing and taking layers of varnished cambric and a lacquered, woven cotton 
off is located at each section. It is controlled by the braid. This type of wire weighs less than rubber insu- 
pilot and bears the wording “No Smoking. Please Fasten lated wire and has a smaller outside diameter, permitting 
Seat Belts.’’ _ the use of smaller conduits 

The airplane is equipped with a radio receiver and tri^s- Because of the necessity for rdiable radio operation, it 
tnitter for 2-way communication with the ground, a radio is essential that all radio interferdice arising from the 
beacon receiver for use with the beam transmitted by the operation of the auq)lane be kept to the absolute minimum. 
Department of Commerce stations located along the air- The proximily of the antenna to the posable sources of 
ways and an auxiliary stand-by receiver. The transmitter interference makes it necessary to completely enclose every 
is rated at 50 watts output and both it and the 2-way portion of the electrical system m at tight electrostatic 
receiver are designed for continuous wave, interrupted shield, thoroughly bonded, at frequent intervals to the air- 
continuous wave, and phone. The filaments of all the plane structure. This is accomplished by using a metal 
radios are supplied directly from the 12-volt system and conduit and junction-box system and enclosing all equip- 
the plate circuit is supplied from dynamotors operating ment which is not inherently siudded by its cohstruction, 
from the 12-volt supply. Small batteries are carried for in shielding boxes. Aluminum and aluminum alloys arc 
the em^gency operation of tiie stand-by receiver. Two used for this purpose. The radio wiring is isolated from 
jacks, located in the side of the fuselage at the battery cart the main wiring by installing it in a separate conduit sys* 


. 71 pounds 

. 23 pounds 

. 18 pounds 

.47 pounds 

. 12 pounds 

. 16 pounds 

.36 pounds 

. 14 pounds 
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tern. The question of adequately shielding electrical 
equipment is one which the entire electrical industry may 
have to face in the near future, especially when television 
comes into general use. 

Bonding consists of connecting electrically all metal 
parts of an airplane. Its purpose is: To increase the 
capacitance between the airplane and the radio antenna; 
to prevent absorption of the radiated energy of the radio 
transmitter by electrically isolated metal parts; to elimi- 
na^ e the danger of sparks occurring between metal members 
between which there exists a difference in potential caused 
by the collection of static charges; to eliminate noises pro¬ 
duced in the radio receiver which are caused by the vary¬ 
ing resistances between rubbing or vibrating metal parts; 
to lower the resistance of the metal shielding. The all- 
metal structure of the transports is inherently bonded and 
such parts as conduit, fuel and oil lines, etc., are bonded by 
their attaching parts. These attaching parts (clamps, 
brackets, etc.) are usually located at intervals of 18 to 20 
inches. In places where this interval is greater, bonding 
strips of tinned copper braid are used to connect to the 
structure. This bonding interval of about 18 inches is 
necessary to prevent the secondary radiation of energy 
when standing waves are generated on long, ungrounded 
parts, and to provide sufficient low resistance paths to the 
structure to insure the effectiveness of the shielding. Fuel 
and oil tanks are bonded at diagonally opposite comers. 


All bonding connections should have a resistance of not 
more than 0.002 ohm. 

The problem of weight is one with which the airplane 
designer is constantly confronted and the electrical instal¬ 
lation in a plane the size of the Douglas sleeper transport 
requires serious consideration in this respect. It is esti¬ 
mated the completed installation will weigh about 772 
pounds divided as follows: 


Wire. 135 

Conduit. 85 

Junction and shielding boxes.136 

Equipment. 416’ 

The equipment weights are divided as follows: 

2 85-ampere-hour 12-volt batteries..156 pounds 

2 Generators and regulators.,. 62 pounds 

2 Battery compartments. 34 pounds 

2 Starters. 66 pounds 

Lights. 67 pounds 

Switches, relays, etc. 42 pounds 


Total.416 pounds 


When designing electrical equipment for aircraft, this 
question of weight must be kept in mind as it is possible 
to effect considerable saving by the use of proper mate¬ 
rials. As an example of what can be done, we have re¬ 
cently had designed and built a 3-position single-pole 
double-throw 200-ampere switch which weighed 2.2 



Figure 2. Electrical panel above windshield. Radio controls above and bejow ignition switch 
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pounds. However, weight should never be saved at the 
expense of reliability. 

Another factor which enters the design problem is the 
matter of operating temperatures. Eqtdpment for use on 
aircraft must be capable of operating through a range of 
from —30 degree Fahrenhdt to +130 degrees Fahren¬ 
heit without change in lubricant or any other adjustment 
that is not wholly automatic. These extremes may be 
encountered within a period of 30 minutes. 

Operating noise must be kept to the absolute minimum. 
Considerable weight, expense and time are spent in sound¬ 
proofing the interiors and any equipment which introduces 
more noise is undesirable. The sound level in the present 
transports is such that the operation of the small toggle 
switcies for the lights can be distinctly heard. 

It becomes evident on studying today’s large airplanes 
and tomorrow’s larger ones, that an increase in the supply 
voltage would help considerably to keep the weight down. 
This would seem to be rather easily accomplished by plac¬ 
ing the 2 12-volt batteries in series and using 24-volt 
generators. However, weight is not the only problem. 

The amount of electrical equipment used is such that 
the present power supply is hardly adequate and with the 
increasing amount of equipment on larger planes, it is im¬ 
perative that a larger source be made available. The 
larger airplanes require from 10,000 to 20,000 watts avail¬ 


able continuously and this supply should be independent 
of the airplane engihes. There are units being designed 
and built to meet thes| requirements. They consist oi 
small 4rcycle gas ensiles driving generators and possibly 
some of the otitter accessories now driven by the airplane 
engines such as vU^iiin: pumps, oil pumps, etc. To guard 
against failure, 2 such complete units will be carried. 

A great deal of thought has been given to supply 
characteristics and it has been agreed that altematinj 
current at 116 volts is the logical choice. This voltage 
makes available many corpmercial developments and the 
inherent flexibility of altilirnating current makes it very 
desirable. 

A study of 60-cycle equipment shows that a large systen 
such as has been outlined would involve considerabh 
weight. Quite a saving could be made by using some fre 
quency higher than 60 and a study has been made of fre 
quencies as high as 800 cycles. 

It is believed that the amount of power involved anc 
the length of the transmission lines sure such that no seriou! 
reactance trouble will be encountered. However, ther< 
is considerable doubt that satisfactoiy motor characteris 
tics are possible at 800 cycles. 

Development work on equipment for this frequency ha 
been under way for some time and this problem may bi 
solved shortly. 




Figure 3 
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It is known that satisfactory 360-cycle motors can be One of the problems of air transportation is that of 
obtained and that radio filament supply at this frequency serving satisfactory meals aloft. These large planes of 
is feasible. A. large percentage of the possible weight tomorrow will have an electrically equipped galley where 
saving at 800 cycles is possible at 360 cycles. This or some appetizing meals can be prepared. Light-weight hot 
other frequency lower than 800, may prove to be the best plates, thermally insulated to prevent heat loss by radia- 
compromise. There is also the possibility that the various tion, electric mixers, and special cooking utensils will be 
loads may become great enough to warrant the use of a needed. Making coffee at from 16,000 to 20,000 feet may 
double-frequency generator, supplying high frequency for require some experimenting, when the lower atmospheric 
radio plate supply, lighting and heating, and some lower pressure is considered. Electric refrigeration will be in¬ 
frequency for motors and radio filaments. eluded. 

Both single- and 3-phase supply have been considered Electric razors, now used by many airlines, curling irons 
and the advantages and disadvantages of each are about and other modem conveniences will be available on over¬ 
balanced. Of course, polyphase motors have an advan- night planes. Passenger comfort will be stressed a-nd any 
tage over single-phase where power is required. electrical appliances contributing thereto will receive coii- 

With airplanes steadily increasing in size and with a sideration. 
sufficiently large electrical supply, there is almost no limit Radio equipment of greater power for 2-way commtmi- 
to the possible applications in the future. All engine cation, radio direction finding and blind-landing equip- 

instruments, will be electrical, possibly of the selsyn type, ment will be standard on all planes. With alternating- 

Various remote indicators for flaps, landing gear, fuel and current available, the high-voltage plate supply will be. 

oil quantity are already being used. Heater units to pre- furnished by step-up transformers, rectifiers, and filters 

vent carburetors and windshields from icing up and to instead of by d 3 aiamotors. When transmitters with rat- 

provide hot water in the lavatories may be installed. ingfs of 1,000 to 2,000 watts output are considered, thie 

Lighting problems will be greatly simplified with a size and weight of the power supply becomes very serious, 

larger supply available. It will be possible to furnish It is here that great savings in copper and iron weight oa-n 

adequate light for reading and general illumination com- be made by using a supply frequency well above 60 cycles, 

parable to that found in a modern home. Landing lights Transmitters of this power are not unreasonable when 

of much greater intensity have been developed. De- transoceanic flying, with the attendant need for absolutely 

velopment work on lamps has progressed to the point reliable communication, is considered. Broadcast recep- 

where satisfactory 115-volt lamps for aircraft are available tion and television may be furnished for the passengers*' 

in 6-, 15-, 20-, 25-, and 50-watt sizes. These are obtain- amusement. 

able with the standard automotive bayonet base up to and In planes designed for high-altitude flying, various indi— 
including the 25-watt size. The 25- and 50-watt sizes are cators and controls, electrically operated will doubtless ber 

obtainable with the medium bayonet base. Landing- used. Air conditioning will be necessary 

light lamps have been made in the 500-, 750-, 1,000- and The aviation industry is dependent upon the electrical 
1,500-watt sizes with reasonably concentrated filaments, engineers for these and other developments and it is hoped 
Tests indicate that all of these lamps are sufficiently rug- that this article has been able to present a general picture- 
ged to have a reasonable life. of -tJie probable future needs. 
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Proposals for the Administration of Federal Power 

in the Pacific Northwest 


By H. V. CARPENTER 

FELLOW AIEE 


Synopsis 

This paper undertakes to state briefly the plans of 
organization of the Ontario Hydro-Electric Commission, 
the British Grid, the Tennessee Valley Authority, and then 
the proposals made by the planning bodies and in bills 
submitted to Congress for the public administration of 
power from Bonneville and Grand Coulee. 

(I have not received Senate Bill No. 2092, and H.R. 
6151, a bill prepared by the Senators of Oregon and Wash¬ 
ington, which is more similar, I suspect, to their bill de¬ 
scribed herein which died with the 74th Congress. I 
would have been glad to add a summary of this bill if time 
had permitted.) 


S INCE the depression has led the Federal Government 
into a number of great public-service construction 
projects, the method of administering the power to 
be produced has become of mcreased interest. Sale of 
power from Muscle Shoals has been a troublesome problem 
in the Congress at frequent intervals ever since the service 
became available. Now merged with the Tennessee Valley 
Authority the sale of the same power continues to find its 
way into the courts or to be the subject of legislation. 
This is not strange since the federal administration of such 
a utility is a new thing in the United States, and its prom¬ 
ise of permanency gives the subject major importance. 

Oldest of the government works for handling power on 
a large scale in North America is the Hydro-Electric 
Power Commission of Ontario. Under the wise and able 
administration of Sir Adam Beck, this organization has 
made a most valuable contribution to our fund of experi¬ 
ence in governmental administration of a vast public 
utility. The Commission consists of 3 persons appointed 
by the Lieutenant Governor in Council, one of whom must 
be a member of the Executive Council of the Province. 
One member is named chairman and is the only one that is 
drawing a salary. The Commission chooses its staff, the 
staff members choose their own assistants, and the ad¬ 
ministration within the organization has been much the 
same as. that of a private corporation, including a system of 
retir^ent funds and insurance for employees and the 
usual wide latitude granted to department heads in carry¬ 
ing out individual administrative duties. The Enabling 
Act rrfers to the Commission as a body corporate without 
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capital. Its precise legal status has been determined 
gradually through later acts which have amended the 
original status, and through the results of legal procedure. 

A unique feature of the legislation is that no action at 
law may be brought against the Commission or against its 
agents without the special consent of the Attorney General 
of Ontario. The Commission is given unusual power of 
eminent domain, permitting it to enter upon the property 
of anyone without any preliminary proceeding, or authori¬ 
zation whatever, adjustments to be made later by an 
evaluator appointed by the Lieutenant Gkivemor. The 
relations of the Commission with municipalities purchasing 
power for local distribution is somewhat involved since it 
gives considerable authority to the Commission over the 
activities of a local group. Hydro is the third largest 
public utilily in Canada, having a capital of about $285,- 
000,000, exceeded only by the Canadian Pacific and the 
Canadian National Railways. All accounts are audited 
by independent auditors appointed by the provincial 
government. All revenues to support the undertaking 
must come from the sale of power and rates are set on the 
principle that service is furnished at “cost” where cost 
includes a sinking fund to liquidate the capital, a renewal 
reserve to replace the system in 25 years, and all expenses 
of operation and maintenance. Similar careful financing 
in the local municipalities has led to a rather stable 
financial status. An elaborate bookkeeping system asses¬ 
ses against each municipality served the proportional 
amount of cost, including the cost of transmission. Funds 
for construction work are provided by sale of bonds or 
through funds borrowed through or from the Provincial 
Treasury. 

The Commission has been able to maintain a staff of 
technicians and an extensive laboratory, and a certain 
amount of research work is usually under way. Thorough 
analyses are made of all constructions, designs, and ma¬ 
terials so that their work has been wfell protected from 
technical mistakes. On the business side, the Commission 
has not been quite so fortunate. FoUovring the death of 
Sir Adam Beck in 1925, certain contracts were made for the 
purchase of power from private companies in larger quan¬ 
tities than could be used, pa 3 rments for which threatened 
the Commission with disaster and required cancellation of 
these contracts by the legislative assembly in order to 
avoid bankruptcy. This illustrates one weakness of public 
organizations of this type in which administrative author¬ 
ity is placed in persons whose own capital and interests 
may really be elsewhere. 

The possibility of satisfactory administration of trans¬ 
mission networks as a federal function has been encouraged 
also in this country by the success of the British ejqpmence 


Carpenter—Federal Power Administration 


Electrical Enginebring 





mssm. 


\ 


with what is commonly called the “British Grid” adminis- Bonneville and the rapid progress at Grand Coulee, bo'tli 
tered by the Central Electricity Board, known as the on the Columbia River, add to the interest in a suitable 
C.E.B. Beginning 20 years ago, our British friends spent plan for federal administration. Each new plant and each 
nearly 10 years considering the problem of reducing coal new region entered brings up new conditions and indicates 
consumption by substituting high-grade modem steam an added need for flexibility in any scheme under which 
plants for some 500 old and small industrial and public these utilities are to be operated. Every effort is being 
generating stations. These had grown up supplying made to ensure that the benefits accruing from them shall 
individual industries or very small districts with a multi- be widely distributed. 

tude of frequencies and voltages and the condition was Under authorization of the National Resources Com- 
rapidly becoming worse with continuing high coal con- mittee, a thorough study of the Pacific Northwest and its 
sumption and legal limitations against the combination of resources was made during 1935 by the Pacific Northwest 
small districts into larger ones. Regional Planning Commission made up of the heads of 

Finally, in 1920, the C.E.B. was established with con- the planning boards of the 4 Northwest states, under tlie 
siderable arbitrary power to build transmission s 3 rstems, chairmanship of Marshall N. Dana, of Portland, Oire. 
purchase the entire output of modem generating plants, This Commission, with the co-operation of a consulting 
and sell power to industries and communities at rates staff of some 25 members, presented among other things 
which have brought about the closing down of a few recommendations for the administration of federal power 

♦ hundred old-fashioned stations. The organization and in the Columbia Basin. These recommendations are 
administration of the British Grid is involved in such a based on the results of many hearings and consultations 
greatly different legal setup from ours as to make it im- held throughout the region and represents closely tlie 
possible in this summary to give a worth-while comparison consensus of the Pacific Northwest opinion. These rec- 
•with the conditions in the United States. The Grid has ommendations include: first, that federal construction 
jn@t with considerable success and has over 3,000 miles of work, including Bonneville and Grand Coulee, should ibe 
,J33-"kv lines covering most of the island. With sound continued under the present departments, Bonneville 
management, they can hardly fail to be a success due to being under construction by the engineers of the United 
the great difference in economy between the old-style States War Department and Grand Coulee by the United 
:Small steam plant and modern practice. There are prob- States Bureau of Reclamation. Much praise for the work: 
lems still existing but they are being worked out and the of these 2 departments has been expressed by those 
•C.E.B., which resembles in most ways an American cor- familiar with their work on these projects. So since the 

! poration, seems likely to be of vast usefulness to the Eng- operation of Bonneville will be associated with the opera- 

lish communities and industrialists. tion of the lock in the Columbia and since a substantial 

• The most ambitious undertaking by the United States portion of the power at Grand Coulee is to be used for ir- 

.of the type imder consideration is the Tennessee Valley rigation pumping at Grand Coulee Dam, it is also recom- 
Authority, familiarly known as the T.V.A. The T.V.A. mended that the operation of these 2 plants be left per- 
Act established a corporation with the purpose of main- manently with the departments constructing them, 
taining and operating United States property, to aid agri- Second, the disposal of commercial power from Bonne- 
. culture and industries, and to control floods and contrib- ville and Grand Coulee should be considered as a separa.'te 
ute to the national defense in the valley of the Tennessee undertaking and placed in the hands of a new and separa.'te 
River. The authority is vested in a board of 3 directors agency. This power agency should have the form of a 
.appointed by the president and subject to recall only by public corporation with the financing and other power 
joint action of House and Senate. This board hires all usually accorded to such bodies. Its board of directors 
.employees without civil service limitations, is to pay pre- should be made up of 3 or 5 members to be appoin'ted "by 
vailing wages, and has the usual corporate power to sue the president with the approval of the Senate. One of 
.and be sued, make contracts, etc., is given the power of these directors should be qualified for a dm i ni stration and. 
.eminent domain to be exercised in the name of the United management of the power system, another with sp^ia.1 
States, and is authorized to construct dams and reser- qualifications for planning, development, and promp'tion., 

r voirs needed to complete and maintain a 9 -fdot channel and the third to have special qualifications in public rela¬ 
te Knoxville with appertinent power plants and trans- tions and in the fields of social and economic development . 

: mission system. It may produce, distribute, and sell elec- If 5 are named, one might be at tJie suggestion of tlae 

trie power and go into the phosphate- and nitrogen-ferti- Secretaryof Interior and one by the Secretary of Warj these 

; lizer business. Power is to be furnished for navigation probably to serve as part-time advisory directors. Xke 

? locks free, and the surplus sold with preference for public following functions and powers should be entrusted to tliis 

I ; groups of users. They may limit the rate schedhies of any power agency : 

I privately owned distributors to whom power is supplied, 

f' „or cancel their privilege "to buy. Earnings go to "the !• Major transmission lines, planning, designing, construction, 

|; United States Treasury, except for maintaining a contihu- maintenance, and operation. 

I ing fund of one million dollars for operating capital. 'Any 2. Interconnection plans. 

I works on the river proposed by other parties are sub- 3. Interchange and dispatch of energy and its measurement. 

jeettoapprovalby theTwV.A. Board: " 4 / Design of power facilities (mduding the reyie^ 

I?; The approaching completion of the construction work at designs carried out by other federal constructing agenda). 
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6. Development of power markets. 

6. Specific planning for the further extension and development of 
its power system. 

7. Sale of power at wholesale from points on its transmission system 
with contractual requirements that will insure that rates to the 
consumer pass on the economies in generation and transmission. 
With due respect to the interests of other agencies, the power agency 
should be given power to specify the maximum resale rates of any 
distributor which buys ail or a major portion of its electric energy 
from the power agency. 

8. Co-ordination and control of power production at federal power 
plants. 

9. Regulation of release of water from federal storage reservoirs 
subject to state rights and irrigation needs. 

10. The power agency should be authorized to interchange power 
with other agencies. 

The power agency should be endowed with the acces¬ 
sory and usual powers, rights, and obligations of a corpora¬ 
tion necessary to the exercise of the functions named. 
Initial federal financing should be provided and the obli¬ 
gation to contribute to state tax funds in proportion to the 
levies which are made upon similar private enterprises 
should be recognized. Public and nonprofit agencies 
should be given priority in the purchase of power and the 
power agency should be given the right of eminent domain 
as to purchase and lease of property useful in its op^a- 
tions. It should have the right to make contracts, to sue 
and be sued, and to conduct itself otherwise as a corporate 
autonomy. The agency should also be authorized to 
cany on research and experimentation to widen powo: 
utilization and markets and should be responsible for all 
recommendations as to future federal multiple purpose 
projects within the Basin. 

The first official attempt to crystallize Northwest 
opinion into law was introduced May 12, 1936 as Senate 
BiU No. 4695, by the 4 Senators of Oregon and Washing¬ 
ton and was analyzed and reported on by the committee 
on commerce. Report No. 2280. As finally presented it 
places the Bonneville plant construction, maintenance, 
and operation, and later installation of remaining ma¬ 
chines, under the Secretary of War, through the chief of 
engineers. They also control the sale of power subject to 
approval by the Federal Power Commission. The War 
Department also is authorized to construct, operate, main¬ 
tain, and improve transmission lines and related faciHties. 
Navigation has first claim on the power; district and muni¬ 
cipal organizations organized to serve rather than for 
profit come next. Within limitations surplus power may 
be sold to commerci^ operating companies. Contracts 
may be made for not to exceed 10 years but may give pref- 
^ence for an additional 10 years. 

The War Department may purchase or condemn any 
or all real and personal property (including any existing 
el^trical facilities) necessary to cany out the act. All 
recdpts go to the United States Treasury. The Federal 
Power Commission may fix and revise rates without regard 
to gristin g statutes, rates to be based on costs. 

The president may designate a federal agency to handle 
ey^yt^g h®f® assigned to the United States Engineers. 
This bill was brought up for consideration but failed in 


passage before the adjournment of the 74th Congress. 

The first bill of the 75th Congress, dealing with power on 
the Columbia, was introduced by Representative Smith of 
Washington on January 5, H.R. 92. This bill placed the 
development of the plant at Bonneville and the building 
of transmission lines in the charge of the Secretary 
of War. The sale of power, also, was to be handled by 
the engineers of the War Department, but with almost 
every detail of power policy and, to some extent, contracts 
subject to the approval of the Federal Power Commission. 
The bill did not find satisfactory support and aroused con¬ 
siderable objection since it implied a control of rates at 
Boulder Dam. Largely, I believe, on this account this bill 
has been superseded by Mr. Smith’s bill of February 19, 
1937, when he offered House Bill No. 4948 incorporating 
what he stated were the desires of the President for control 
of power in the Northwest. The bill is to authorize main¬ 
tenance and operation of the Bonneville project for naviga¬ 
tion, flood control, and other purposes. The bill would 
leave completion of construction of Bonneville to the Sec¬ 
retary of War and also reserves to the Army Engineers, the 
operation of the lock which is to permit ocean boats to 
proceed upstream about 45 miles to The Dalles. Other¬ 
wise, the administration of operation, maintenance, sale of 
power, and promotion is to be by a Columbia River Ad¬ 
ministrator appointed by and responsible to the Secretary 
of the Interior. The Administrator is to act in consulta¬ 
tion with an advisory board composed of 3 representatives, 
one to be designated by the Secretary of War, one by the 
Secretary of Interior, and one by the Federal Power Com¬ 
mission. This form of administration for BonneviUe is 
stated to be intended as provisional until the establish¬ 
ment of permanent administration of Bonneville and other 
federal projects in the Coltunbia River Basin. The Ad¬ 
ministrator is authorized to operate, maintain, and im¬ 
prove Boimeville and related facilities, and is directed to 
carry on primarily for the purpose of promoting navigation 
and controlling floods, which, by the way, are 2 matters 
practically beyond his power. So far as consistent with 
these and to prevent waste, he shall add and improve 
machines and facilities for generation and transmission of 
such power as may be ^eable. He shall encourage use of 
energy, construct, operate, maintain, and improve trans¬ 
mission lines and appurtinences to bring Bonneville’s 
power to markets, existing and potential, and is authorized 
to interconnect with other federal projects and private or 
other public systems for exchange and emergency service. 
Public and co-operative agencies are to be given preference 
in piuchase of power and half of the firm power available 
is to be held for them until January 1, 1939. Rates are to 
be approved by the Federal Power Commission. Con¬ 
tracts are to be made on a wholes^e basis, except that sale 
may be made direct to large consumers. No contracts for 
more than 20 years may be made and these are to be sub¬ 
ject to rate readjustment at ntervals of not over 5 years. 
Sales to privately owned agencies may be cancelled on5 years 
notice if the power is needed for public agencies. Con¬ 
tracts with private companies for resale may contain stipu¬ 
lations concerning resale rates in order that the consumer 
may be protected. Rates are to be fixed with a view to 
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encouraging use but are to consider costs of generation, 
transmission, and amortization of capital investment over 
a reasonable number of years, the power to bear its fair 
share of the total cost of Bonneville. Except in emer¬ 
gencies, bids are to be called for on all items amounting to 
more than $500, but the Administrator may use usual 
business discretion in awarding contracts to responsible 
parties and in judging the materials offered. 

The Administrator is to report to Congress each year. 
He appoints his own lawyers, engineers, and other experts 
and fixes their salaries, and appoints others under civil 
service rules. 

All receipts are to go to the United States Treasury, ex¬ 
cept an operating fund of $500,000. Authorization of 
appropriations necessary to cany on is included. The 
Administrator, in the name of the United States, may 
bring suits and, by implication, may be sued. 

On April 14, 1937, Representative Walter M. Pierce of 
La Grande, Oregon, introduced still another bill for es¬ 
tablishing a suitable administration for Bonneville. He 
would place an administrator in full charge of both genera¬ 
tion and distribution and make him responsible solely to 
the Secretary of the Interior, except that rate schedules 
and revisions become effective after approval by the Fed- 
•eral Power Commission. This places the responsibility 
for operation of the Bonneville plant for power production 
in the hands of the Administrator subject to completion 
•of construction of the plant, including locks, fishways, 
power, and appurtinences and the continued operation of 
locks and fishways only by the United States Engineers 
under the Secretary of War. This admim'stration is to be 
provisional, pending the establishment of permanent ad¬ 
ministration for Bonneville and other projects in the 
Columbia River Basin. The authority carries with it the 
right to condemn property, franchises, etc., needed for 
carrying out the purpose of the act and the preferential 
rights of public nonprofit bodies domestic and rural con¬ 
sumers, is carefully guarded through reservation of 50 per 
cent or more of the energy until January 1,1941, for such 
-nonprofit bodies, provided, however, that such energy re¬ 


served but not actually purchased by nonprofit groups 
prior to January 1,1941, may be disposed of temporarily “to 
any purchaser. The Administrator is further authorized 
to contract for interchange of power with any other sys¬ 
tem as mutual emergency protection of service. The Ad¬ 
ministrator is also instructed to consult and co-operate witli 
nonprofit groups within economic transmission distance 
of Bonneville in order to assist them in securing their 
privileges. In other ways the bill closely resembles other 
earlier measures. 

This bill by Representative Pierce is based to some ex¬ 
tent upon the recommendation of President Rooseveli:, 
dated February 24, in which he approves the progress re¬ 
port of the President’s Committee on National Power 
Policy. The recommendations of this committee are 
quite closely followed by Representative Pierce, except 
that the Committee advises that the Administrator should 
act in consultation with an advisory board composed of 
representatives designated by the Secretary of War, Sec¬ 
retary of the Interior, and the Federal Power Commission. 
Included in the Committee’s statement is: 

“In computing the cost of electric energy developed from water 
power created as an incident to the construction of Bonneville 
project for other purposes, there may be allocated to the cost of 
electric facilities not simply the cost of such facilities, but also sncli 
a share of the cost of facilities having joint value for the production 
of electric energy and other purposes as the power development may 
fairly bear as compared with such other purposes. The rate sched.- 
ules may provide for uniform rates or rates uniform througbotit 
prescribed transmission areas with a view to distributing the benefits 
of an integrated transmission system and encouraging the eq.uitat>le 
distribution of the electric energy developed.” 

Since power will be available at Bonneville before the end 
of 1937 early action is important. This is true not only to 
conserve a national asset but to enable the public utilities 
of the Northwest to determine their program for ensurixig 
a sufficient power supply. They have operated all ava.il- 
able steam plants most of the time in recent months axid 
must build or buy power to prevent a serious shortage 
within the next few months. 
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F IFTY-TWO distribution circuits axe concentrated in 
this switchboard recently installed in a Philadelphia, 
Pa., industrial plant. Dead-front air-break circuit break¬ 
ers are used tluroughout. On the left is a 440-volt 3- 
phase 60-<ycle power-distribution switchboard supplied 
from 3 500-kva stepdown transformers, which has 30 
'400-ampere distribution-feeder breakers with 7 submeter- 
iug current transformers and watt-hour meters. The 
switchboard on the right is for lighting distribution, and 
has 22 300-ampere circuit breakers for the 3-phase -4- 
wire grounded-neutral system, which is supplied with 
120 and 208 volts from 3 333-kva transformers. Each 
circuit breaker controls a main feeder circuit to a definite 
plant section. 


Compact Distribution Center 
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D uring the last few years, the problem of increasing 
the continuity of service of electric transmission 
systems has been, given considerable study. Of all 
the proposals by which it is intended to bring about a re¬ 
duction in outages, the practice of ultrahigh-speed reclos- 
ing of oil circuit breakers gives promise of the most effec¬ 
tive and most economical solution. 

The advantages of automatic-reclosing circuit breakers 
have been known for a long time and records are available 
showing that approximately 90 per cent of all outages can 
be eliminated during the first opening followed by reclosure. 
This value was first determined for a redosing interval of 
15 seconds but later confirmed for immediate reclosure. ^ 



Figure 1. Travel-time chart of ultrahigh-speed reclosing 

breaker 

“Immediate reclosure” in the above sentence defines op- 
perations in which the interval from trip coil energized to 
circuit redosed amounts to from 30 to 80 cycles, the lower 
value applying to lower, the upper limit to higher voltages. 

It is obvious that additional advantages could be ob¬ 
tained by redudng the redosing interval still further. A 
reduction to from 16 to 30 cydes would in many instances 
prevent the loss of synchronous equipment load and would 
in general eliminate the remainmg disadvantages of out¬ 
ages of too long a, duration. 

Figure 1 shows a travd-time chart of the redosing cyde 
taking place mthin the above-mentioned periods. The 
tdm ultrahigh-speed redosing has been previously ap¬ 
plied to this type of Operation and will be used in the fol¬ 
lowing.* The de-energized period according to figure 1 
amounts to from 10 to 25 cydes. This is sufficient time 
to allow the dielectric strength of the fault path to recover 
to such a degree as to withstand reajpplication of line volt¬ 
age, provided that the short circuit is due to the most 
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common causes such as insulator flashover or line swinging. 

In designing an oil circuit breaker which will meet the 
specifications outlined in figure 1, the manufacturer is con¬ 
fronted with the following 2 major problems: 

1. Develop an operating mechanism which will meet the specifica¬ 
tions as to mechanical performance, when applied to present designs 
of breakers. 

2. Assure the behavior of the rupturing devices under immediate 
redosing conditions. Although a great deal of interrupting capacity 
test data on modem breakers is available, information on 2 succes¬ 
sive intenruptions within an interval of a few cydes is lacking. If 
possible, tests should be carried on with time intervals smaller than 
those employed in service. 

Problem 1—Operating Mechanisms 

For a considerable period of time, the solenoid control 
represented the standard design of operating mechanism. 
With the demands for shorter opening and closing times, 
spring-actuated motor-wound mechanisms were developed 
and during the past 10 years have found a great field of 
application. In addition to increased operating speeds, 
they had the advantage of requiring small operating cur¬ 
rents, in many instances eliminating the necessity for ex¬ 
pensive batteries. These controls provide stored energy 
for one closing and one opening operation of the breaker. 
Rewinding of the springs occurs immediately after the 
opening stroke and in general requires several seconds. 
It is obvious that in spite of the above-mentioned advan¬ 
tages this latter type of control is not suitable for immediate 
redosing. 

The conventional solenoid control was* therefore, re- 
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Figure 3. Fast'reclosing operating 
. mechanism for 69-kv breaker 


considered with a view to improving 
its performance to comply with the 
specifications contained in figure 1. 
No difficulty was encountered in meet¬ 
ing high speeds in opening, which is 
generally accomplished by springs. In 
closing, however, the upper limit of the 
specifications was not even approached. 
This is due mainly to the fact that an 
excess of time is lost in accelerating the 
heavy plunger. A combination of 2 
prewound motor controls would, of 
course, solve the problem in an aca¬ 
demic way, but it does not seem feas¬ 
ible economically and introduces com¬ 
plications due to the presence of double 
closing and trip coils. The problem 
was, therefore, attacked on a more 
fundamental basis along the following 
lines of thought. 

Some type of motor-wound spring- 
actuated mechanism, designed to pro¬ 
duce the required operating cycle with the least number 
of parts and in a thoroughly reliable manner seemed pref¬ 
erable. • The mechanical design should be such as to 
produce the greatest possible speed and shortest operating 
time. The simplest mechanism is one which incorpor¬ 
ates only one spring to perform the entire cycle of open¬ 
ing, closing, and opening. 

A control of the type shown in figure 2 seems to meet the 
above specifications in the most direct manner. It is 
shown applied to a conventional rotary-type oil circuit 
breaker, although it is equally suitable for the drop bar 
t)rpe and has been developed for breakers from 7.5 to 138 
kv. A reduction-geared motor winds up a torsional twist 
spring. Suitable closing and tripping latches retain and 
release the upper spring disk. A motor limit switch is pro- 



Table I 


Time to 
Voltage Clear. 

Across Tirip Coil 

Breaker Energized Be-ener- 

Amperes (Root-Mean- to Arc Reclosing gized 
Test (Root-Mean- Square Interruption Time Period 

Number Square) EiloTolts) (Cycles) (Cycles) (Cycles) 


1 . 400..12.3.5.3.11.3.6.0 

2 . 920.12.3.5.3.11.3.6.0 

3 .1,800.12.8.5.1.10.8.5.7 

4 .2,600.12.3.5.0.11.5.6.5 

5 .3.760.12.3.5.5_ 10.2.4.7 


vided which rewinds the spring automatically to a pre¬ 
determined torque whenever an operation of the breaker 
has released part of the spring energy. Although the 
length of the spring is chosen to give one immediate re- 
dosing cycle it is possible to meet possible future require¬ 
ments for more than one immediate reclosure by lengthen¬ 
ing of the spring. The motor is of such size that the spring 
is wound for additional time-delayed reclosure in an in¬ 
terval smaller than that available in the conventional 
automatic reclosing timers. Figure 3 shows a control of 
this type as applied to a 69-kv breaker. The simplicity of 
the design is apparent, the essential parts such as motor 
and spring constituting the major portion of the mechan¬ 
ism. In the particular case shown the unidirectional rotary 
motion of the upper spring disk is transformed into a re¬ 
ciprocal radial motion of the horizontal breaker operating 
shaft by means of a bevel Hnk. 

Problem 2—Interrupting-Capacity Tests 

In order to satisfy the questions brought up under the 
heading of the second problem, the need for an analysis of 
the arc-interruption phenomena within expulsion chambers 
during quickly repeated interruptions was indicated. 

The expulsion-chamber arc-rupturing device consists es¬ 
sentially of an explosion chamber which is vented in a di¬ 
rection opposite to the direction of opening the blade. The 
gases produced during interruption, therefore, escape into 
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Figure 4. Oscillogram of iriterrupling-capaciiy test on 1 S-kv expulsion Voaker and fast reclosing control 
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Fisure 5, Oscillogram of 69-l<v field interrupting-capacity test on expulsion breaker operated by means of ultrahigh-speed 

control 


a space remote from that in which the blade opens. Con¬ 
trary to many other modem arc-rupturing devices, no 
contamination of the major break path takes place, a fact 
which allows the accomplishment of a large number of suc¬ 
cessive rapid intermptions without any loss in effectiveness 
of the expulsion chamber. 

For the ptupose of intermpting capacity tests the con¬ 
trol shown in figure 2 was connected to a single phase of a 
16-kv expulsion circuit breaker. In this manner the small- 


Table II 


Cause of Interruption 

Fault Cleared After 
Immediate Redosure 

Fault Not Cleared After 
Immediate Redosure 


.27. 






. 1. 


Unknown.. 




est time interval between 2 successive interruptions was 
obtained. The results are shown in table I. 

Interruption occurred in all cases without disturbance, 
without oil throw and without noticeable tank pressure. 
The arcing times for the first and second opening were sub¬ 
stantially the satne. The suitability of the expulsion cham¬ 
ber for ultrahigh-speed redosing operation is, therefore, 
established for intervals in the order of 10 qjrdes. Figure 
4 diows an osdllo^am of the intermption corresponding to 
itest 6, table I. 

Field Tests 

A 69-kv emulsion oil circuit breaker equipped with the 
ultrahigh-^eed redosing control shown in figure 3 was 
given a fidd test to determine operation under immediate 
redosing duty. Generating capadty of 76,000 kw was 
available at the test location, and an additional 90,000 kw 
capacity was feeding from remote sources into the short 
circuit. As shown on oscillogram figure 6, the equivalent 
3-phase diort circuit amoiinted to 400,000 kva during the 
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first opening and to 420,000 kva during the second opening, 
the redosing and de-energized period bdng 28 V 2 cycles (in¬ 
cluding rday time) and I 9 V 2 cycles, respectively. 

Field Experience 

The 69-kv breaker reported on under field tests has been 
in continuous operation since Febmary 29, 1936; it pro¬ 
tects a single-circuit 60-kv line, 113 miles long which is 
subject to severe lightning conditions. Up to December 
31,1936 the breaker was called to clear 36 short circuits, in 
33 cases the fault was eliminated by means of the im¬ 
mediate redosure and only in 3 cases did the breaker trip 
out a second time. Table II shows the causes of the short 
drcuits. 

It is hoped that additional fidd experience will soon be 
available on a redosing breaker recently installed on a 
115-kv tie line. 

Conclusion 

An extremdy simple motor-operated spring-actuated 
operating mechanism, suitable for ultrahigh-speed re¬ 
dosing has been devdoped. In conjunction with expulsion 
oil circuit breakers it has been shown to provide an ideal 
means for immediate re-energizing of transmission systems. 
A 90-per-cent reduction in outages, previously reported by 
others is confirmed on an additional system. From limited 
experience the exact fidd of application cannot be com- 
pletdy defined, but indications are that ultrahigh-speed 
redosing circuit breakers of this type will become more 
and more common. The simplicity of design of the mechan¬ 
ism gives promise of its use as a standard operating means, 
and if at a later date ultrahigh-speed redosing is desired, 
but a slight change in wiring and instrumaits is required. 
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Radiotelephone Noise Reduction by Voice Control at Receiver 

By C. C. TAyLOR 

MEA/IBER AIEE 


Introduction 

I N TRANSMITTING speech over radiotelephone cir¬ 
cuits there are a number of conventional methods of 
increasing the signal with respect to the noise. Ex¬ 
amples of such methods are the use of hi gTifi t * power, direc¬ 
tive antennas, diversity reception, and filters to narrow 
the received frequency band. In addition, there are other 
methods of a special character which reduce the effect of 
the noise interference with the speech transmission. One 
example of such a device limits the noise interference by 
ehminating the high peaks of noise of very short duration 
and depending upon the persistence of sensation of speech 
in the ear to bridge the gaps. Another method dimin- 
i^es the noise in intervals of no speech. This is the 
method which will be discussed here. 

Speech and Noise Considerations 

Speech signals may be represented by a group or band 
of frequencies occup 3 dng a certain interval of time. In 
using die conventional method of narrowing the received 
frequency band, filters eliminate all noise outside the band 
actually required. In fact we sometimes go beyond this 
and remove some of the outer frequency components of 
speech which are weak and submerged in the noise and 
therefore contribute little or nothing to the intelligibility. 
Eiqieriments have shown the effect on voice transmission 
of removing portions of the frequency range. ^ Articula¬ 
tion tests were used to afford a quantitative measure of 
the recognizabiUty of received speech sounds. These 
show that the upper frequencies may be cut off down to 
about 3,000 cycles without serious reduction in articula¬ 
tion. After such treatment, as the noise level increases, 
the weaker and less articulate sounds become more and 
more submerged in the noise and additional reduction in 
the detrimental effect of the noise is required. 

In addition to the speech waves covering a frequency 
band they occupy intervals of time. The unoccupied 
intervals between the speech ,sounds contain noise. Re¬ 
duction of the noise reaching the ear in these intervals has 
been found to result, under certain conditions, in an im¬ 
provement in speech reception. This may possibly be ex¬ 
plained by considering the characteristics of the ear.^ It 
has been shown that noise present at the ear has the effect 
of shifting the threshold for hearing other sounds or has a 
deafening effect. That is, there is a reduction of the capa¬ 
city of the ear to sense sounds in the presence of noise. 
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For example, if a person has been listening to a noise for a 
certain period, his ear is made insensitive so that speech 
signals following are not so easily distinguished. The ear 
has a sensory build-up time, that is, a time needed for the 
noise to build up to a steady loudness. By reducing tTi** 
noise in the intervals of no speech the average threshold 
shift seems to be diminished. Aside from this the pres- 
^ce of the noise tends to distract the attention from 
the perception of the speech. Removal of noise during 
the intervals of no speech tends to reduce this effect. 

Requirements 

In considering the eUmination of the noise during these 
intervals it is necessary to bear in mind certain character¬ 



istics of speech.* Speech waves may be regarded as non¬ 
periodic in that they start at some time, take on some 
finite values and then approximate zero again. In con¬ 
nected speech it is usually possible to approximatdy dis¬ 
tinguish between sounds and to ascribe to each an initigl 
period of growth, an intermediate period which in some 
cases approximates a steady state and then a final period 
of decay. The duration intervals of various syllabic 
sounds vary from about 0.03 to as much as 0.3 or 0.35 
second. When noise is high the weaker initial and final 
sounds become obscured so that they contribute little to 
the intelligibility. 

In connected ^eech, silent intervals occupy about Vg 
to Yb of the total time. Also there are frequent intervals 
when the sounds are rather weak. However, if we at¬ 
tempt to suppress noise duririg all these intervals, experi- 
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■ence shows that the suppression becomes too obvious, and 
the speech is apt to sound mutilated. For this reason the 
function of any device to be used for reduction of noise in 
the intervals between speech is to operate rather quickly 
to remove suppression and pass the speech and approxi¬ 
mately to sustain this condition for sufficient periods to 
override weaker intervals so that obvious speech distor¬ 
tion does not occur. 

To reduce the noise in the intervals between speech it 
is necessary to depend for control upon either the speech 



Figure 2. Simplified schematic of noise reducer 



Figure s. Noise reducer panel 


itself or upon some auxiliary signal usually under the con¬ 
trol of the speech at some point in the circuit where the 
signal-to-noise ratio is better. This latter condition is 
illustrated on a circuit where the carrier is transmitted only 
during speech intervals. The carrier then acts as an 
auxiliary signal which operates a device at the receiver to 
remove loss.*'^ The device to be discussed below utilizes 
the speech itself at the receiver to perform this function. 

In using the speech in this way it is obvious that control 
can only be accomplished when the speech energy suffi¬ 
ciently exceeds the noise energy so that the presence of the 
speech is distinguishable: The device could operate 
abruptly as, for example, a relay which removes a fixed 
loss in, the operated position and restores it when non- 
operated. J^erience indicates that the use of such a 
device m^es the suppression tod obvious if it is to follow 
the speech sounds closely. It is desirable, then, to perform 


this reduction by mdre or leSs gradually removing loss aS 
the speech increases to accentuate the difference between 
levels of speech sounds and levels of noise which occur in 
the gaps between speech. 

Noise Reducer 

This kind of performance has been secured in a device 
known as a noise reducer. A comparison of the action of 
the noise reducer and a relay having similar maximum loss 
is shown in figure 1. This figure shows the input-output 
characteristics of these devices over the voice amplitude 
range to which they are subjected on a radio circuit. The 
noise reducer may be likened to a relay with a variable 
loss, the loss not var 3 ring instantaneously but over a short 
period of time. The loss, for any short period, may be any ( 

value within the loss range and the device has, therefore, j 

been likened to an elastic or shock absorbing relay. I 

The noise reducer has no loss for strong inputs, con- ! 

siderable loss for weak inputs and changes this loss gradu- I 

ally ovq: a short interval of time. It introduces loss in I 

the absence of speech but reduces this loss in proportion 
to the amplitude and duration of waves impressed upon 
it. The time required for the loss change is such that 
abruptness of noise change is absent and very short im- I 

pulses of static do not effectively control the loss. This i 

contrasts with a very fast limiter acting on high peak j 

crashes only. ( 

The noise may control the loss if its average amplitude 
is strong enough. Therefore, the control is made adjust¬ 
able so that the noise waves are not permitted to control j 

for any noise condition within the range of usefulness of 



this device. Thus the noise in the absence of speech is 
always reduced and the portions of the initial and decay 
periods of the speech sounds which are also reduced vary 
with this adjustment for noise intensity. Of course, if tiie 
speech-to-noise ratio becomes too smhU or if other trans¬ 
mission conditions interfere, an improvement becomes im¬ 
possible. * 

Circuit Arrangement 

Figure 2 shows the circuit of the noise reducer in sim¬ 
plified schematic form.® Incoming waves pass from left 


972 


Taylor—^Noise Reduction Electrical Engineering 












Figure 5. Input and output for (top to bottom): high noise with maximum reduction; high noise with the beginning and 
ending of the word ’’bark'*—maximum reduction; low noise, the word *'bark“—medium reduction; low noise, the word 

“bark' '—minimum reduction 


to right through the fixed pad, the vario-losser and the 
amplifier to the output. At the input, part of these waves 
pass through the reduction control branch circuit which 
includes a variable resistor, an amplifier, and a rectifier. 
The direct current produced by the rectifier is applied 
through the condenser and resistance filter to the copper- 
oxide losser circuit. For current below a threshold value, 
no appreciable change occurs in the losser and the loss in¬ 
troduced is about 20 decibels. As input increases, recti¬ 
fied current reaches a value where the loss begins to change 
rapidly. It becomes zero decibles at an input about 20 
decibels above the point at which the loss starts to change. 
The design is such that the loss remains substantially con¬ 
stant for higher inputs. 

The vario-losser makes use of the resistance variation 
with current of copper-oxide rectifier disks. This variable 
resistance shunts a fixed resistance in series with the wind¬ 
ings of a repeating coil as shown in figure 2. The maxi¬ 
mum loss is determined by the fixed resistance when small 
current is flowing through the disks while the varying loss 
is determined by the shimting copper-oxide resistance which 
decreases rapidly with increasing current above a threshold 
value until a low value is reached. The minimum loss is 
limited by the output of the control tube approaching a 
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maximum and the shunting resistance becoming so small 
that additional decrease affects the loss inappreciably. 

The variable resistor setting in the reduction control cir¬ 
cuit determines the input amplitude at which reduction 
begins and therefore the point above which the loss re¬ 
mains substantially constant. If there is a difference in 
amplitude between speech and noise, the reduction control 
may be so adjusted that the noise on the circuit, when no 
speech is present, is appreciably reduced. The action then 
is as follows: In the absence of speech noise is reduced, 
usually the maximum value of 20 decibles, during intervals 
of lower speech amplitudes the loss decreases in proportion 
to the increase in amplitude and during speech of high, 
amplitude both noise and speech are transmitted without 
loss. As the noise encroaches upon the range of speech 
amplitude, it becomes necessary to reduce greater ampli¬ 
tudes, thereby also further reducing the weaker parts of 
speech. 

The noise reducer is contained on a TVi-iuch panel for 
relay rack mounting. Figure 3 gives a front view. The 
panel contains the reduction control resistor and an “in-out ’ * 
key which, in the “out” position, gives the device a fixed 
loss. Both resistor and key may be duplicated external to 
the panel wdth the wiring arranged to give remote control. 
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Characteristics 

Figure 4 gives the 1,000-cycle input-loss characteristic 
for 3 settings of the reduction control. For any setting, 
there is an input volume above which the loss remains con¬ 
stant, while for volumes below this the loss increases with 
decreasing input imtil the maximum loss is reached. The 
volume-regulated speech range encountered on radio cir¬ 
cuits at some point in the circuit which is 5 decibels above 
reference volume as measured on a volume indicator is 
indicated as extending from -f-13 decibels to —17 decibels 
refOTed to one milliwatt for the puipose of showing ap¬ 
proximate corresponding speech amplitudes. 

Figure 5 shows oSdUograms giving the input and output 
characteristics of noise for maximum reduction and of 
speech for maximum, meditun, and minimuTn reduction. 
The upper trace is the input and the lower trace the out¬ 
put. The middle trace is not used. It will be noted by 
inspecting the “in” and “out” traces at the beginning and 
ending of the word “bark” that there is some distortion in 
speech for the maximum reduction condition, but very 
little distortion for minimum reduction. Maximiitn re¬ 
duction would be used only in case of high noise where thi« 
distortion is less objectionable than the noise. 

Performance 

/ 

i 

Laboratory tests have been made in an attempt to evalu¬ 
ate the advantages to be gained by the use of the noise 
reducer. It was shown that, for the rather limited and 
controlled conditions which were tested, definite advantage 
can be observed in judgment tests of the effectiveness of 
speech transmission through noise with and without the 
noise reducer. This advantage is of the order of magni¬ 
tude of 3 to 5 decibels at the border line between commer¬ 
cial and uncommercial conditions on the noisy circuit. 

This figfure is in approximate agreement with results 
obtained from records of performance on commercial con¬ 
nections. A curve is available which shows the approxi¬ 
mate relation between percentage lost circuit time and 
transmission improvement for a long-range short-wave 
radiotelephone circuit.® From the records of lost circuit 


time as affected by the noise reducer use an improvement 
of 4 decibels is obtained from this curve. 

Observations were made and records kept for 12 months 
of the use of the device at the land terminal of the high 
seas ship-to-shore circuit and for shorter periods on New 
York-London circuits. These observations indicate that 
the noise reducer most satisfactorily reduces objectionable 
effects where the interference consists of noise of a fairly 
steady character. As might be expected it is somewhat 
less effective on crashy static. If the noise is very low 
there is no improvement; as the noise increases the benefit 
increases up to a certain point; when the noise amplitudes 
begin to approach too closely the peak amplitudes of the 
voice waves it becomes impossible to distinguish between 
them without producing objectionable speech distortion 
and there is again no advantage. Where volume fading 
is present there is a tendency to accentuate the volume 
changes and it becomes necessary to adjust the reduction 
control to limit this. Otherwise this effect may offset the 
possible noise improvement. The operating practice is to 
adjust the reducer control circuit for each noise or trans¬ 
mission condition so that optimum reception as judged by 
the technical operator is obtained. The general rule is to 
use the minimum reduction possible. 

Use of Noise Reducer 
With Voice-Switched Circuits 

On radiotelephone circuits for connection to the land 
telephone system, control terminal equipment is used at 
the junction of the land lines and the 2 one-way radio 
channels (one transmitting, the other receiving) necessary 
for 2-way co mmun ication. In making this connection a 
widely used method is one in which the 2-wire land circuit 
is normally connected to the receiving radio channel and 
is switched to the transmitting chapel whra the land 
subscriber talks. This switching is done by voice oper¬ 
ated relays.^'® The noise reducer in addition to improv¬ 
ing the intelligibility of the speech protects these voice- 
operated relays against false operation by the received noise. 
Figure 6 shows the application of the noise reducer to 
{Condtided on page 1011) 













Analysis of 

Series Capacitor Application Problems 


By J. W. BUTLER 

ASSOQATE AIEE 

Introduction 

I N THE past several years series capacitors for the com¬ 
pensation of line drop in power circuits have found 
increasing use,^“® because improved and automatic 
.voltage regulation can, in many cases, be obtained more 
economically by this method than by any other means. 

Most of the applications have been entirely successful 
in improving the S 3 rstem performance. However in a few 
instances unforseen difficulties of an unusual character 
have been encountered. These difficulties were the oc¬ 
casion of a ^stematic and detailed analytical study of 
series capacitor performance. This study has been paral¬ 
leled, as far as possible with laboratory tests and correlated 
with field experience. It is believed that a satisfactory 
explanation and understanding of the abnormal system 
behavior have now been obtained and that adequate 
methods for predeteimining the system performance have 
been developed, although it is recognized that the investi¬ 
gation cannot be regarded as absolutely final and complete. 

The objects of this paper are to present a survey of some 
of the troubles which may be encountered in the applica¬ 
tion of series capacitors to power circuits, to present cri¬ 
teria for determining the range and probability of abnormal 
operation, and to describe methods for minimizing the 
difficulties. 

Three types of abnormality have been investigated: 

1. Distorted and excessively large transformer exciting currents, 
due to saturation. 

2. Hunting of synchronous machines. 

8. Sdf-excitation of induction motors. 

In case 1, the application of voltage to an unloaded or 
very lightly loaded transformer through a series capacitor 
may result in abnormally large and distorted exciting cur¬ 
rents. These large currents are not simply transients but 
persist as a steady-state condition. Tffis type of circuit, 
that is, a saturable inductance in series wilh a capacitor, 
has been found to have at least 2, and probably more, 
different steady states, depending on how the voltage is 
applied. 

Solutions of the equations for this type of circuit have 
been found by the differential analyzer^ at the Moore 
School of Electrical Engineering and are discussed in sec¬ 
tion I. 

In case 2, interconnected S 3 mchronous machines will 
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oscillate or “hunt,” under certain circuit conditions. The. 
tendency to hunt becomes more pronounced as the effec¬ 
tive ratio of line resistance to line reactance increases, and 
putting in a series capacitor to decrease the reactance ob¬ 
viously increases this ratio. Consequently, if the machines 
are susceptible to hunting, the condition is further ag¬ 
gravated by the addition of capacitors. The case of hunt¬ 
ing of a single synchronous machine operating from an 
infinite bus was investigated several years ago.^^'^* In 
section II of the present paper, further analytical methods 
are developed involving 2 or more machines which enable 
the size and location of a capacitor to be so chosen as to 
product the least tendency to hunt consistent with proper 
voltage regulation. 

In case 3, under certain circuit conditions an induction 
motor operating with series capacitors will be self-excited 
and wiU generate other voltages of lower than normal fre¬ 
quency and thus produce objectionable voltage fluctu¬ 
ations. Anal 3 rtical methods are presented in section III, 
which make it possible to determine the effectiveness of 
methods for eliminating this trouble. 

It has been found in this investigation that the addition 
of a resistor in shimt with the series capacitor will eliminate 
the difficulties of cases 1 and 3, while the synchronous ma¬ 
chine hunting of case 2 is minimized or not obtained by 
proper choice and location of the capacitor. The shunt 
resistor is of such a high value as not to interfere with the 
capacitor’s effective operation as a line drop compensator 
and the value of the power loss in the resistor necessary to 
ensure complete freedom from the^ circuit troubles will 
in general be less than 10 per cent of the resistance loss 
in the line to be compensated. The proper value of re¬ 
sistance to be used in any given case may be determined 
from the anal 3 rsis presented here. It is concluded, therefore, 
that the material offered in this paper, will enable prac¬ 
tical and economically sound series capacitor applications 
to be made with confidence that the operating results will 
be in accordance with predictions. 

Section I—Distorted and Excessively Larse 
Transformer Exciting Currents 

A. General 

In the usual case of application of voltage to an unloaded 
transformer it is known that if the voltage is applied at or 
near the zero point of the voltage wave a high inrush cur¬ 
rent may result. This is because the transformer flux 
tends to rise, in the first half cycle, to double its normal 
value, with consequent excessive magnetizing current due 
to the very high degree of saturation. Stated in another 
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way, at high values of flux the effective inductance of the 
transformer becomes very low. The high inrush current 
lasts for several cycles and then the transformer draws 
only its usual low value of exciting current. On the other 
hand, if the transformer is supplied through a series capaci¬ 
tor an abnormal current may persist in the steady state. 
That is, the energizing of an unloaded or very lightly 
loaded transformer through a series capacitor may result 
in a continuous abnormal flow of exciting current. This 
current may be equal to or even greater than full load cur¬ 
rent and is of an apparently very low frequency, resulting 
in a badly distorted current wave. Under this condition 
of excitation the secondary voltage is also badly distorted, 
and it likewise is largely composed of a lower frequency 
component. Oscillographic records of the magnetizing 
current, the secondary voltage and the voltage across the 
capacitor when a circuit is in this state of excitation are 
shown in figure 1. 

These abnormal steady-state currents flow when the 
voltage is applied at or near the zero point of the wave 
just as the high transient occurs for this condition in the 
ordinary case without the series capacitor. 

This phenomenon has been reported before^*"^® in the 


capacitor. However, as soon as saturation is reached, the 
current drawn becomes very large and a voltage soon ap¬ 
pears across the capacitor. The voltage absorbed by the 
capacitor prevents the flux from building up to as high a 
value as it would have without the capacitor, so the first 
half cycle inrush current is somewhat less. Moreover, 
as the flux tends to remain offset it does not reach a high 
value in the negative direction in the second half cycle. To 
the contrary, it may hardly dip below zero. Thus the 
exciting current remains very small (or, the transformer in¬ 
ductance remains very large) for the interval following. 
The charge is therefore left on the capacitor, which simply 
acts as an additional voltage source. This additional 
voltage tends continually to depress the transformer flux, 
just as in the first half cycle it prevented the flux from 
reaching double its normal value. Thus in the second 
cycle the flux may not go high enough to saturate the core 
so no additional charge is put on the capacitor. On th? 
other hand, as practically no charge has leaked off, the 
capacitor voltage is still decreasing the flux. The general 
effect is as shown in figures 4& and 4c and is that of first 


technical press and is sometimes called “ferro-resonance.” 
The peculiar circuit behavior depends essentially on the 
nonlinear transformer characteristics and not on any 
secondary features such as hysteresis, eddy currents, etc. 
The nonlinear characteristic of the transformer makes 


the mathematical analysis very difficult and to the authors’ 
knowledge there has been no satisfactory analytical solu¬ 
tion made as yet. 

The differential analyzer at the Moore School of Elec¬ 
trical Engineering was used, with the able assistance of 
Irven Travis and C. N. Weygandt, to obtain solutions to 
the nonlinear differential equations of this circiut. Ap¬ 
pendix A gives the equations of the circuit and the form 
into which they were put to adapt them to the analyzer. 

The single-phase circuit, as shown by figure 2, was set 
up and investigated thoroughly before the 3-phase case 
was studied, as it was believed that the essential features 
of the phenomenon could be obtained more directly in this 
manner. A schematic diagram giving the analyser set-up 
for equations 2a and 3a is shown in figure 3. 

The 3-phase circuit was set up as a final check and the 
results obtained indicated that the single-phase results were 
qualitatively applicable. 

Typical curves drawn by the analyzer as solutions to 
equations 2a and 3a are shown in figures 4, 5, and 6. 


A short simplified explanation of the physics of the 
phenomenon will be made here, for the sake of complete¬ 


ness. 


B. Qualitatiye Explanation of Phenomenon 

Fisure 1. Oscil> 

Th^ abnormal currents may be eaplained as follows : losrams of abnor- 
Consider that the voltage is applied to the transformer mal currents and 
at the zero point of During the first part of the voltages obtained 

cycl® fhe flux in tbe core builds up just as though the when transformer 
capacitpr were not piresent, since the currmi drawn is so is excited through 
; ^ ^ no appreciable voltage drop across the series capacitor 
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Figure 2. Circuit dia¬ 
gram of transformer en¬ 
ergized through a series 
capacitor, series impe¬ 
dance/and shunting re¬ 
sistance Rc 
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tending to reduce the offset and then actually to build up 
an offset in the negative direction. This process continues, 
at a rate proportional to the magnitude of the voltage 
trapped on the capacitor, until saturation is reached in the 
negative direction. When this occurs a large negative 
current is drawn, discharging the capacitor. This large 
negative current may discharge the Capacitor partially, 
completely, or may put on a charge in the reverse direction. 
It is easily seen that, except for a fortuitous combination 
of circumstances, the discharge will be either partial or 
an overshoot. If it is partial the flux will reach a larger 
negative value at the next cycle, and then the capacitor 
will receive an opposite charge. This negative charge will, 
of course, have the effect of reducmg the negative offset 
and then building up a positive offset, so that the cycle of 
abnormal operation is complete. 

Since the rate of decrease of offset is proportional to the 
voltage on the capacitor, the apparent frequency of oc¬ 
currence of these large currents (due to saturation being 
reached) is necessarily dependent on the voltage applied 
and on the angle at which it is applied. For instance, the 
larger the initial charge on the capacitor, the sooner it 
will build the linkages down to the saturable place on the 
negative side, and give a higher frequency appearance to 
the exciting current. 

In order to demonstrate tiiis property of the circuit, 
solutions, as given by the analyzer with different values 
of voltage applied at the zero point of the wave, are shown 
in figure 4. The periodicity increasing with the applied 
voltage is clearly seen. If the voltage is increased suf¬ 
ficiently, the circuit can be made to saturate every half 
cycle and results such as those obtained by Suits^’' are then 
obtained. 

C. Summary of Results Obtained 
From the Differential Analyzer 

It is felt that the major contribution this investigation 
made was that of explaining and clarifying to a certain de¬ 
gree the physics of the phenomenon. In order to a,ppreci- 
ate the ‘‘goings on’’ in the circuit, fundamental circuit con¬ 
cepts must be kept in mind, as vector diagrams, resonance, 
sustained harmonic solutions, and other linear circuit 
concepts fail when nonlinear parameters are employed. 

The effect of a damping resistor shunting the capacitor 
was investigated and the results are sununarized in figure 7. 

In these fig^es, tiie region above each ctuve represents 
an unstable or abnormally excited citcUit condition; that 
is, if a given circuit has a value of capacitance and shunting 
resistance that fail in the area above the corresponding 
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Figure 3. Schematic diagram of differential analyzer connec¬ 
tions for solution of circuit equations 

curve and the voltage is applied at or near the zero point 
on the wave, the circuit will draw a sustained large dis¬ 
torted magnetizing current. All points below each curve 
represent a so-called stable area where the circuit will have 
its normal low value of magnetizing current. The various 
curves show the effect of changing the line reactance, the 
line r^istance, and the transformer iron characteristic. 
The 2 iron characteristics are shown in figure 8. Curve 1 
represents the magnetization curve of a modem trans¬ 
former. Curve 2 was taken arbitrarily to have the current 
scale of curve 1 multiplied by 3 merdy to show the effect 
of a different magnetizing characteristic or of a larger 
transformer. 

In figure 7 the value of capacitance, to which the left 
side of each curve is as 3 mtotic, represents the value of 
capacitive reactance that must be used to prevent the 
circuit from going into a state of overexcitation without a 
damping resistor. Unfortunately these values are so low, 
that they can seldom be useful in correcting a bad voltage 
condition. 

These curves were all determined for normal voltage 
applied at the zero point of the wave. In certain cases, 
it may be found that a resistance sufficient to insure 
normal Operation under these conditions will not be low 
enough if the system is operated at a different voltage. 
For example, figure 5 illustrates a case in which reducing 
the voltage caused an abnormal state of excitation. 
Curve 1 shows normal operation at normal voltage, while 
cuive 2 shows tlie overexcited condition occurring when 
0.75 voltage is applied. Both voltages were applied at the 
zero point of the wave. This indicates also that in some 
cases the application of voltage at the zero point of the 
wave may not be the worst condition since in a sense a 
sh^ of angle is partially equivaldat to a reduction of 
voltage, at least as far as the initial charge given to the 
condenser is concerned. 

A circuit having a resistoce shunting the saturable 
inductance, simulating a load being taken off the circuit 
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Figure 4. Effect of applied voltage on the apparent perio¬ 
dicity of exciting current 


fi - 0.049 1/C » 0.214 (a) £ « 1.0 

“ « Magnetization curve 1 Cfc) E “ 0.75 

L « 0.197 « * 0 (c) £ - 0.6 

between the transfonner and the capacitor, was also in¬ 
vestigated on the differential analyzer. The critical points 
obtained with this circuit agreed very well with the points 
for the same resistance when it was shunting the capacitor, 
indicating that it made little difference where the resistor 
was located. 

From figure 2 it may be seen that the 2 locations of the 
resistor are equivalent to 2 locations of the applied voltage, 
the circuit remaining unchanged. Further, in the canon¬ 


ical equations for a general linear circuit, consisting of any 
number of meshes, the characteristic determinant is in¬ 
dependent of the magnitude or location of the applied 
voltages. It is therefore evident that the form of the tran¬ 
sient response, or the building up or d 3 dng away of a tran¬ 
sient current, is also independent of where the voltage is 
applied. 

This reasoning, showing that in a linear circuit, the loca¬ 
tion of the resistor does not affect the periodicity of the 
circuit, combined with the differential analyzer results for 
the nonlinear circuit, indicate that this may well be a 
general conclusion. It has been known in practice that 
intervening or secondary loads prev^t this overexcitation 
condition, but the effect had not been previously investi¬ 
gated quantitatively. 

D. Conclusions 

An unloaded transformer, operating at normal densities, 
if excited through a series capacitor of reasonable reactance, 
is susceptible to conditions of large distorted magnetizing 
currents. These abnormal conditions can be restored to 
normal by the addition of a suitable shunting resistor to 
the capacitor, as indicated by figure 7, or by the locating 
of a certain amount of load on the load side of the capaci¬ 
tor. 

The resistor shunting the capacitor, introduces addi¬ 
tional losses. However, in general, this loss is less than 
10 per cent of the normal line loss and this can usually be 
justified by the improvement in voltage regulation. More¬ 
over, since the presence of the abnormal condition dqpends 
on the initial transient, it may be eliminated by shorting 
out the capacitor only while the starting switdi is being 
closed, or by having the resistor connected only dtuing the 
energizing period. The shorting switch or temporary re¬ 
sistor may readily be arranged so as to function automati¬ 
cally whenever Ihe abnormal condition tends to develop. 

Section II—Hunting oF Synchronous Machines 
A. General 

An electric power system consists in general of a group 
of interconnected S3mchronous machines together with 
impedance and induction motor loads. Any such ^tem 
is subject at practically every instant of its existence to 
disturbances caused by changes in load, svdtching, pul¬ 
sating loads, pulsating driving torques, changes in excita- 


Figure 5. Effect of voltage on 
excitation 

Curve 1 £ = 1.0, Normal excitation, 
capacitor voltage decreases 
Curve 2 £ = 0.75. Abnormal excita¬ 
tion, capacitor voltage builds up 
1/C= 0.35 t = 0.394 

Rc * 6.3 ri = 0.197 

a b- Magnetization curve 2 



97fi ^ ^ Buder, ConcordiaSeries Capaciiors Electrical Engineering 


tion, etc. These disturbances tend to set up rotor oscilla¬ 
tions of the S3mchronous machines, with consequent volt¬ 
age and frequency pulsations. Therefore, for satisfactoiy 
operation, the system constants must be such as to cause 
any such oscillations to disappear rapidly if due to a 
momentary disturbance, or to remain of small amplitude 
if due to a continuous pulsating force. A momentary dis¬ 
turbance will, in general, produce oscillations of the syn¬ 
chronous ma chin es at all of the principal nattural frequen¬ 
cies of the system, while a sustained pulsating force of any 
frequency will of course produce machine oscillations of 
the same frequency. 

B. EiGfect of Line Resistance 
and Series Capacitance 

The inherent damping of the system is usually sufficient 
to prevent severe hunting. However, in certain cases the 
damping may be either too small to be effective or may 
actually be negative. That is, the rotor oscillations may be 
amplified rather than damped out. There are present in 
all systems 2 conflicting effects. Resistances in the rotor 
circuits, some types of load, and mechanical friction will 
produce true damping of rotor oscillations, while resistance 
in the lines or armature circuits tend to produce amplify¬ 
ing rotor oscillations (or negative damping). 

In the case of a single synchronous generator connected 
to an infinite bus, it has previously been shown^^^^ tiigt 
the ratio of line resistance to line reactance determines 
whether or not there is negative damping, and that if all 
rotor circuits except the field winding are neglected, there 
is a critical operating angle determined by this ratio above 
which the machine is unstable. The critical angle is 
always decreased by the presence of rotor windings, so 
the method provides a conservative criterion. 

If a series capacitor is used in the line the ratio of line 
resistance to line reactance is increased, since the reactance 
has been reduced. Consequently the tendency toward 
negative damping is increased. 



Figure 6. Linkage and capacitor voltage curves with critical 
values of 

Curve 1— Rc = 6.7. Abnormal, capacitor voltage builds up 
Curve 2 Rc = 4.2. Normal, capacitor voltage decreases 
“ “ 0 ri = 0.197 Magnetization curve 1 

L » 0.394 1/C = 0.21 

ticular case which may arise. The critical operating angle 
of either generator in this general case is shown to be de¬ 
pendent not only on the ratio of combinations of the line 
constants, but also on the operating angle of the second 
machine and on its relative amphtude and phase of oscil¬ 
lation. The line constants enter the equation as ratios of 
the resistance to the reactance components of the several 
transfer and driving point impedances and so are correlated 
to the criterion developed by Nickle and Pierce.'^ 

The equations of appendix B may be used to study any 
particular proposed series capacitor application to deter¬ 
mine whether or not it is in the danger zone and, if it is, 
to determine the opti mum location and maYimnm per¬ 
missible reactance of the series capacitor consistent with 
proper line drop compensation. These equations also 
enable the effectiveness of putting additional series react¬ 
ance in certain machine circuits to be evaluated. 

D. Discussion of Results 


C. System of Several Machines 

In case of a system consisting of several machines, it is 
shown in appendix B that there is a corresponding relation 
among the line resistances and reactances which deter¬ 
mines the negative damping and that therefore such damp¬ 
ing will be affected by the insertion of series line capacitors. 
However, it cannot be expected now to be a simple re- 
sistance-to-reactance ratio; instead the criterion for stable 
operation is a ratio of certain combinations of line con¬ 
stants. For example, if the case treated m reference 11 is 
extended to include shunt loads taken off the line, the 
criterion becomes the ratio of the resistance to the react¬ 
ance components of the transfer impedance between the 
synchronous machine and the infinite bus (see appendix 
15, equation 8&). 

In appendix jB a system consisting of 2 S 3 mchronous 
generators, an infinite bus, and a shunt load (see figure 9) 
has been analyzed. This is believed to be suffidenliy 
gmieral to form a basis fpr the study of almost any par- 
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As an example of the method of analysis, a problem in 
which the circuit may be represented as in figure 9 has 
been worked put. In this case the synchronous generators 
at 1 and 4 ordinarily supply the load, line 3 merely acting 
as a tie to the large system at 3. However, occasionally 
power must be supplied to 4 from 3. Under this condition 
the voltage regulation at 4 is rather poor and it is desired 
to correct it by the insertion of a series capacitor between 
points 3 and 4. As considerable line drop occurs in 1in<» 3 
the logical place to put the capacitor might seem to be in 
that line so as to give loads at 2 some benefit. Unfor¬ 
tunately, when this is done the hunting of machine 1 is 
found to be excessive, while if the capacitor is placed in 
line 4 hunting is no worse than without the capacitor. The 
desired result of correcting the bad voltage condition at 
4 is accomplished by putting the capacitor in line 4. How¬ 
ever in this location the additional advantage of correcting 
the voltage at the junction is not obtained. 

Table I shows the results of calculations of the minimum 
permissible load angle of machine 1 for stability^ under the 
3 conditions of no capacitor. Capacitor in line 4, and capad- 
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tor in line 3, and also for different reactances in branch 4 
and with and without shunt load. It is evident from this 
table that the capacitor in 4 causes a much smaller differ¬ 
ence from the original condition than it does when in 
branch 3. 

Although a picture can thus be obtained of the relative 
tendencies toward hunting of several proposed arrange¬ 
ments, it has not been absolutely determined by calcula¬ 
tion that one arrangement will operate satisfactorily 
and another will not. This is still a matter of judgment 
fortified by a correlation of field experience with the calcu¬ 
lations. 

The critical angles recorded in table I are the load angles 
5r-5i' where Si is found as described in appendix C and S/ is 
the no-load angle of machine 1 referred to the infinite bus 
3, The oscillation of machine 4 was neglected (i.e., k = 
0), since it was assumed that the machine t eing investigated 
would have the largest amplitude of oscillation. Also it 
was found that the necessary load angles were only slightly 
affected by the operating angle §4 of machine 4. It is 
therefore possible to use the simplified formula (86.1) for 
nearly every case by simply substituting the value of 
2s (23 = ^3 + jxs) paralleled with za for the Zz of equation 
( 86 . 2 ). 

A more exact study of a system may be made by taking 
the amortisseur windings of the machines into account 
and computing the damping coefficients by the methods 
of reference 25 for every probable mode of vibration. The 


Table I 


Critical Load 
Angle (ii — Si'} 
of Machine 1 
(Degrees) 
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Note: xq and xt include both line and machine reactances. 


modes of vibration corresponding to the 2 principal natural 
frequencies of the system of figure 9, or to any impressed 
forces, can be very simply calculated if the inertia constants, 
of the machine are known. This will not usually be neces¬ 
sary, however, since sufficient information can be obtained 
from a study of the system neglecting amortisseur windings; 
and a knowledge of the general effects of such windings. 
(See, for example, reference 19.) 
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Figure 7. Limits 
of normal excita* 
tion as a function 
of R„ and 1/C 
Area below each 
curve is normal. 
Area above each 
curve is abnormal 


Figure 8 (below). 
Magnetization 
curves. Curve 2 is 
curve 1 with cur¬ 
rent scale multi¬ 
plied by 3 
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Section III—^Self-Excitation of Induction Motors 
A. General 

It is well known that an induction machine will operate 
as a generator and that such operation depends on the 
supplying of excitation from either a synchronous machine 
or a capacitor even though in case of the capacitor the 
operation has not previously been very well understood. 

Now consider an induction motor supplied through a 
line containing a series capacitor. Then in addition to the 
currents flowing due to normal operation of the motor, un¬ 
der certain conditions the motor may act as an induction 
generator of current of lower than normal frequency. This 
low-frequency current is limited only by the impedance of 
the supply circuit at the low frequency, and may reach 
relatively large values. These large low-frequency cur¬ 
rents manifest themselves not only as current surges and 
voltage swings but also as strong osciUations of the motor 
rotor caused by the large pulsating torques produced. 

This phenomenon of self-excitation not always take 
place and may alwa 3 ?s be entirely eliminated by sufficient 
fine or shunt resistance, or by judiciously locating the 
capacitor. It may, moreover, be calculated ■with reason¬ 
able certainty and accuracy by equations given in ap¬ 
pendix C, if the circuit constants and operating conditions 
areknown.. 

Figures 10 to 13 show the regions in which self-excita¬ 
tion is likely to occur for the case of a purely induction 
motor load. Figure IQ and 11 show the effect of series 
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Figure 9. Circuit 

INFINITE diagram of 2 syn- 
BUS L 

E 3 chronous ma¬ 

chines connected 
to infinite bus and 
impedance load 


line resistance in preventing self-excitation, while figures 
12 and 13 show how a resistance in shunt with the capaci¬ 
tor can eliminate the phenomenon. For any practical 
case the reactance of the series capacitor will of course be 
much less than x', probably about half of x', since x' is 
the short-circuit reactance of the motor including line 
reactance and since the capacitor reactance will usually 
be no grater than line reactance. Therefore figure 14 
is given, showing the shunt resistance necessary to pre¬ 
vent self-excitation in the useful range of capacitance, for 
2 sets of system constants. 

The values of shunt resistance given in the curves will 
usually be conservative because the effect of series line 
resistances and machine losses, which themselves tend to 
damp out self-excitation, has been neglected. Equations 
are given in appendix C which tahe both shunt and series 
resistance into account and which should be used to ana¬ 
lyze any specific problem. These are based on the an¬ 
alysis presented in reference 20. Figure 15 shows an ex¬ 
ample of how the value of a necessaiy for stability de¬ 
creases with increasing line resistance. 

B. Discussion of Results 

Figure 10 shows that as long as the capacitive reactance 
is less than half of the system short-circuit reactance, 
self-excitation will not occur for a normally loaded group of 
induction motors. This is because the line resistance is 
usually great enough to damp out any tendency to self- 
excite. However, as soon as a certain critical value of 
short-circuit reactance is exceeded the amount of series 
resistance required begins to increase rapidly. This crit¬ 
ical value of reactance is, of course, a function of the motor 
characteristics and the impedance of the connected circuit. 
If the line is relatively short (i.e., if its reactance is less 
than the motor reactance) it may be compensated more 
than if it is long, unless a shunt resistor is added to pre¬ 
vent self-excitation. 

Figure 11 shows that as the motor speed decrease the 
region of seH-excitation moves down along the x^ ordinate. 
That is, the tendency to sdf-exdte occurs at a lower value 
of capacitive reactance at lower motor speeds. Such low 
speeds occur dining starting and during periods of over¬ 
load, We should thus expect some oscillations as the motor 
comes up to ^eed. This is e^edaliy tine if a starting 
resistance is used in the rotor, as figures 10 and 1^2 indicate 
that an increase of rotor r^istance increases the; tendency 
to sdf-excite. In general it will not be necessary to eUmi- 
nate these transient oscillations. Actually, in service 
when tiie system behaves correctly under normal operating 
conditions no trouble during startinghais been experienced. 
If, however, the syst^ dqes not have very much margin 


at normal load, a sustained overload may produce self¬ 
excitation. 

C. Calculations and Test Results 

In order to check the theory offered for this so-called 
“self-exdtation phenomenon,” tests were conducted on a 
miniature set-up, in order to get good control of the vari¬ 
ables. A 3-phase V 4 "lioi'sepower wound-rotor induction 
motor was connected to a power source through a series 
capacitor and 0.39 per unit external reactance. The 
values of series capadtance were varied over the complete 
range of self-exdtation, and the corresponding value of 
shunting resistance to insiure normal operation was de¬ 
termined. These tests results, and corresponding calcu¬ 
lated points on the curve are shown plotted in figure 16. 
The agreement between test and calculated values was 
very gratifying. It is fdt that the equations offered can 
be used with confidence in predetermining these regions 
of abnormal operation. 

The motor was tested running light, hence the speed was 
taken as unity to simplify the calculations. The armature 
resistance of the motor and external circuit was 0.10 per 
unit. This high circuit resistance is the reason for the 
curve in figure 16 intersecting the a = 0 point at such a 
high value of Xg. The rotor resistance was likewise very 
high, hence the motor had a correspondingly small rotor 
time constant. The small rotor time constant gives the 
motor a greater tendency to self-exdte as shown in figures 
10 and 12. 

In view of the t 3 q)e of motor tested, that is, one having 
high resistances, these test results should not be generalized 
as significant of normal motor performance. 

The line of demarkation between normal operation and 
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2^,I SERIES LINE CAPACmVE REACTANCE = Xc 12^ 

Figure 10. Self-excitation of induction motors with series 
capacitors 

Showins series resistance required For stable operation as a function of 
the line capacitance and showing effect of varyins rotor resistance 


x' “ 0.4 


3,24 


171.4 and 17.14 
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self-excitation was very sharp up to — 0.6. Calcula¬ 
tions and tests both showed this. Beyond = 0.6 the 
calculated curve became more difficult to determine be¬ 
cause it seemed to be very broad in the upper regions, 
that is, it was difficult by ordinary slide rule methods to 
get a smooth curve, indicating the critical region was not 
very sharply defined. Tests bore this point out in the up¬ 
per regions. The test points plotted are the largest values 



SERIES LINE CAPACITIVE REACTANCE—Xc 


Figure 11. Self-exdtation of induction motors with series 
capacitors 

Showing effect of varying motor speed 
—w = 0.25 B—w — 0.5 C— to — 0.707 D — to = 1.0 

x' = 0.4 X = 3.24 To = 171.4 



SERIES LINE CAPACITIVE REACTANCE—Xc 


Figure 12. Self-excitation of induction motors with series 
capacitors 

Showing resistance On shunt with the capacitor! required for stable 
operatloni as a function of the line capacitance and showing effect of 
varying rotor resistance 

x'= 0.4 X = 3.24 « = 0.975 r » 0 


of Of foimd for each value of Xg. The current wave was 
watched through an oscilloscope and seH-excitation could 
be readily recognized by a change in the wave. In the 
lower regions below x^ = 0.6, the phenomenon was more 
violent and critical. A change of a few per cent in the 
value of shunting resistance R in this region, would be 
sufficient to change the circuit from normal to a definite 
state of self-excitation. The region of self-excitation in 
the practical and useful range of x^ can be readily recog¬ 
nized by calculation since this range is below Xg — 0.6. 

Figure 17 is an oscillogram of the current flowing in one 
phase during the motor starting period, and of the subse¬ 
quent flow of current when the circuit is in the state of 
self-excitation. It will be noted that in this case the motor 
came up to speed in the normal manner, with normal 
inrush and sustained current. However in several cycles 
the current built up to several times normal with obvious 
superposed frequencies, which are identified as the natural 
currents of the system having positive decrement factors. 
These currents are ultimately limited in magnitude by 
saturation and the current builds up until the circuit con¬ 
stants change to a value that will not permit further self- 
exdtation. 

D. Self-Excitation of S 3 mchronous Machines 

It has been stated above that in circuits containing 
series capadtors and induction motors, there may be a 
tendency to self-exdte and that in circuits containing series 
capacitors and synchronous machines there may be a 
tendency toward hunting. It is evident, however, that 
the tendency to self-exdte (that is, to generate amplifying 
current oscillations even though the rotor inertia prevents 
hunting) exists also in synchronous machines. It has been 
possible to obtain a satisfactory explanation of operating 
es 5 )erience with synchronous machines on the basis of 
htmting alone but it is concdvable that under certain 
conditions purdy dectrical self-exdtation may be en¬ 
countered. 

While this matter has not been thoroughly studied, the 
phenomenon is familiar in rdation to the determination of 
the line charging capadty of synchronous generators. 
S. B. Crary,*^ M. Tahahashi,®^ and Y. H. Ku®* have made 
a study of this subject and have shown the tendency of 
line resistance to reduce the self-exdtation. By means of 
the theory given in reference 20, it may further be shown 
that a resistance in shunt with 4he capadtor may also be 
used to eliminate the self-exdtation (see appendix D). 
Figure 18 shows, for the same generator as in figure 1 of 
reference 21, the effect of shunt resistance. 

Since the effect of rotor circuits in addition to the ma.iti 
field has not yet been determined, no definite condusions 
can be drawn from this curve, but it is bdfieved worthwhile 
to point out the existence of such self-exdtation and to 
indicate that it may be corrected exactly as in the case of 
induction motors. The phenomena of self-exdtation and 
hunting may of course exist simultaneously and are 
mutually dependent to a limited extent. Their mutual 
effects have not yet been studied exactly. 

The ideal procedure, from a mathematical point of view. 
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SERIES LINE CAPACITIVE REACTANCE-Xc 

Figure 13. Self-excitation of induction motors with series 
capacitors 


Showing effect of varying motor speed 
A — ta 0.S5 B — to = 0.5 C—Cl) = 0.707 D —ci) ®= I.O 

x' — OA X = 3.24 To “ 171.4 r = 0 

would be to set up the equations of motion of the circuit 
including both electrical and mechanical motions, and 
then to find out whether the system as a whole was stable 
or unstable. This method brings out very clearly the basic 
identity of the phenomena of hunting and self-excitation 
but is, from an engineering point of view, at present im¬ 
practicable because of the excessive labor involved in the 
calculations. It is believed that the results obtained by 
the approximate studies are practically the same as would 
be found by the unified method. 

Nomenclature 


Figure 14. Self¬ 
excitation of in¬ 
duction motors 
with series capaci- 
tors 

Showing resistance 
(in shunt with the 
capacitor) required 
for stable operation 
as a function of the 
line capacitance for 
various systems 
X *= 3 r => 0 
« = 0.975 



x'“0.4,To“l7i 

x'»O.I6,to“l7l 

x'*0.4,To“I7.I 

x'=0.4,To“l7l 

x'»0ATo*l7.l 

x'-O.I6,To*l7l 


0 0.2 04 0.6 0.8 1.0 

RATIO X^x' 


= resistance in shunt with the capacitor 
65a 

=: subscripts given to currents, voltages, impedances, and 
angles in relating them to certain machines and circuits 
as used in section II 


Appendix A—Derivation of Equations 
Set Up on the Differential Analyzer 


Section I 

E applied voltage, maximum value 

t » time in radians 

a « phase ang^e of applied voltage 
f X a line resistance 

= line current 

** = current through R, 

Re = resistance shunting the capacitor 

L = line inductance 

C » capacitance 

^ » flux linkage 

Ve “ voltage across capacitor 

Sections II and ni 

E — internal voltage 

Sd, e, =* direct and quadrature axis terminal voltages 
'I'd, 4'a — direct and quadrature axis flux linkages 
id, in — direct and quadrature axis currents 

Xj = direct and quadrature axis synchronous reactances 
(section II) 

f = stator line resistance per phase 

5 = angle of voltage E from some reference point 

5 = angular displacement of rotor 

« a= ^5 as rotor speed 

Xe = line series capacitive reactance 

To = rotor time constant with open-circuited stator 
X = direct or quadrature axis synchronous reactance of induc¬ 
tion motor including line reactance 
x' = direct or quadrature axis transient reactance of induction 
motor including line reactance 
o = XclR 


The single-phase circuit analyzed is represented in figure 2. The 
magnetization curves shown in figure 8 are the 2 iron characteristics 
that wore investigated and discussed in the body of the paper. 

The differential equations applying to this circuit are: 


£ sin (f -f* a) = fiti "F ^ ’~C ^ 

i%Rc — ~Q ^ (ti ~ it)dt ( 2 r) 


Rearranging and integrating (la) into a form applicable to the 
differential analyzer, there is: 

= J" |^.E sin (i -f a) — fi«i —^ “ * 2 )dijd« (3a) 


The schematic hook-up of the analyzer, giving the solution to 
equations 2a and 3a is shown in figure 3. The input voltage was 
actually not cranked in by an operator. Instead an auxiliary set-up 
was made that gave the solution to the differential equation 



(4a) 


which is a sinusoid, and it was impressed automatically into the 
hook-up. An operator was needed to crank the current into the 
system by keeping a pointer representing the linkage, on the 
linkage-current characteristic. Values of applied voltage, linkage, 
capacitor voltage, and total current were plotted by the output 
tables. 

The procedure used to determine the points on the resistance- 
capacitive reactance curves of figure 7 was as follows. The differen¬ 
tial analyzer was started at a point corresponding to application of 
the voltage at the zero point of the wave and the several dependent 
variables of the circuit plotted automatically on an output table. 
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Figure 1 5. Relation 
between line resistance 
and <x required to pre¬ 
vent self-excitation 
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Figure 16 (below). 
Self-excitation of in¬ 
duction motors with 
series capacitors 

Comparison of calculated 
and test results 
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X —^Test points 


OOl 0.02 0,03 0.04 

SERIES RESISTANCE-r 


X = 2.32 

f = 0.10 



2 different values of shunt resistance, one just sufficient to produce 
normal operation, the other slightly higher. 


Appendix B—Criteria for Negative Damping of 

Synchronous Generators Neglecting Amortisseur 

Winding 

Consider the circuit of figure 9 with 2 generators connected to an 
infinite bus with a shunt load at the branch point and with resistances 
and reactances as indicated. 

The effects of salient poles will be considered only in machine 
number 1 , the stability of which is being investigated, while machine 
number 4 is considered to be round rotor. Moreover, the reactance 
*4 will usually be taken as the transient reactance or sonic modified 
value depending on the frequency of the oscillation being studied. 

The steady-state equations for this circuit are: 


~ % + igi + 

x^ai +»2»(i2 +>'2% 

+^2*52 

—idi 4* *<J2 + id» — in 

—nidi —r^di +.Vffi +*2*ff2 

nidi rgttfs — Xiigi-\-X!ii(ii 

Xiidi +*4t(j4 +r2»ff2 

+r4icu —Xiigi 


1.0 1.2 1.4 

PER UNIT Xc 


2.2 2.4 


As indicated by the equation above there are several variables which 
can be used in the interpretation of the analyzer results. The 
quantities which would ordinarily be measured in test of an actual 
ciremt are the transformer voltage and current. However, it was 
found by experience that the most significant quantities, as far as 
the efficient determination of a criterion for proper circuit operation 
was concerned, were the capacitor voltage and transformer flux. 
Smee, as shown in the osefflograms, the current only appears as an 
appreaable magnitude at widely separated intervals of tim e (e.g. 
figures la and 4c) and, when it does appear, it is likely to bear no 
obvious reUtion to its previous value, thus it is very difficult to use 
^rat as a continuous indication of the behavior of the dreoit. 
On the oth^ hand, the transfonner flux, which bears a direct func¬ 
tional relation to the current as given by the saturation curve, is 
always of a re^onably large magnitude and of a nearly sinusoidal 
^ve shape. It appears, as shown in figures 4 to 6 , as a sinusoidal 
wave havmg a slowly varying displacement, and the rate of change 
^d magnitude of this displacement were found to be useful factore 
m determmmg as quickly as possible from a given analyzer run 
wlmAer or not the circuit would approach its proper steady state • ’ 

useful in this 

respect, tlmt m, if one had to judge from the behavior of only one 
quantity whether the circuit was to approach a normal or abnLnal 

det^SdT capacitor voltage. This voltage 

determmed by its magmtude the rate of change of flux wave dL 

plac^ent, by its rate of discharge the effectiveness of the shunt 

M th 'fl continuance of the shifting of displace- 

ment of the flux wave. In general, it was discovered thatff ever 
the (^p^itor voltage mcreased in magnitude from cycle to cycle 

“ meant the appaS^t 
f low frequency current pulsations and not that of the 

tSt ffidtf e^ple, if it ever went higher the second time 
It did the first, the system behavior was abnormal. On the 
decreased in magnitude from cyde to 
tyde^ae ^qiit operation was sure to be normal. This is fflus- 
trated by figure 6 wMch shows curves of capadtbr voltage taken at 


- %4 = 0 

“ El 

= Ea cos 5i 
» 0 
« 0 

= Ea sin St 

+riifi = £4Cos(5it-«4) 
—X4tg4 = 224 sill (5i ~5.() 
(lb) 

If the effect of the amortisseur windings is neglected it has been 
shown“ that the load angle below which negative damping of 
generator number 1 may occur is accurately given by the condition 
(when the frequency of the mechanical oscillation is small compared 
to normal-voltage frequency) ^ 

d. 


(2b) 


Solving equations 16 for iau we find 

0 
El 

Ea cos 5i 

'o 
0 

Ea sin hi 
E 4 cos (81 — 84 ) 

E 4 sin( 8 i - 84 ) 


Aitf j = 


0 

0 

0 

-1 

1 

1 

-1 

Xi 

0 

0 

ri 

ra 

0 

0 

Xt 

-Xa 

0 

0 

ra 

-ra 

0 

1 

1 

-1 

0 

0 

0 

0 

-ra 

0 

0 

Xg 

Xa 

0 

0 

n 

-ra 

0 

0 

—Xa 

Xa 

0 

Xa 

0 

X 4 

d 

ra 

0 

r4 

ra 

0 

ra 

0 

-Xa 

0 

—X 4 


f3b) 


Differentiating with respect to 81 , there is 

0 
0 


d . 


—Ea sin 81 
0 
0 

£iCos8i 


0 

0 

0 

-1 

1 

1 

-1 

Xa 

0 

0 

ri. 

r% 

0 

0 

Xa 

-Xa 

0 

0 

ra 

—ra 

0 

1 

1 

-1 

0 

0 

0 

0 

-ra 

0 

0 

Xg 

Xa 

0 

0 

ra 

-ra 

0 

0 

-Xa 

x$ 

0 

Xa 

0, 

*4 

0 


0 

fi 

ra 

0 


0 

—Xa- 

0 

-Xi 


(4b) 


d84 


where * j^j^, i.e., *is theratio ofthe motion of machine number 

sinusoidal osciUations k mav 
ampUtude of the inachine osciUationT ^ 
Equation 46, together with equation 26, may be written 

^ d 8 i **** ” ~"-®*(-^»i sin 81 -|-Jlifji cos 81 ) — ’ 

E 4 ( 2 lf 7 i sin (81 ^ 84 ) + JIfsi cos (81 
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or 


tan 5i *= — 


Ei 

Mt \ + (1 — “ {Mil cos 34 — Mti sin 84 ) 

_^_ 

E 

Mti + (1 — jfe ) — ( M 7 i cos 34 + Mu sin 34 ) 

its 


(5b.2) 


The relation — iai = 0 thus leads to a transcendental equation 
ddi 

which may be solved numerically for 3i as a function of 34 . 

In equations 5b, there is 




Mu 


M7t 



Xa 

0 

ri 

—ra 

0 


—ra 

0 

Xq 

—Xa 

0 


fa “h fa 

—ra 

Xa 

Xj -|- X* 

Xa 


Xa 

X4 

0 

-ra 

ra 


ra 

r4 

0 

Xa 

—Xa 


Xa 

0 

fi 

ra 
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Xa Xs 

—Xa 

-ra 

ra + ra 

—ra 


—ra 

0 

X, 

Xa 

0 


Xa 

Xi 

0 

ra 
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ra 

r* 

0 

-Xa 

—Xa 


Xa 

0 

fi 

—ra 
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Xa 

Xa 

0 

—ra 

—ra 

= . 

—ra 

0 

X, 

—Xa 

0 


ra 

ra 

0 

Xa 

Xa 


ra -f rv 

—ra 

Xa 

Xa + Xa 

-Xa 


Xa 

0 

ri 

. ra 

Q. 


Xa 

—Xa 

0 

ra 

—ra 

* 

-ra 

0 

Xq 

Xa 

0 


ra 

-ra 

0 

—Xa 

Xa 


*2 + *4 

Xa 

-ra 

ra + ra 

ra 


(6bJ) 


(6b.3) 


•(6b.4) 


In the special case for which the motions of the 2 machines are 
the same (k = 1), equations 5b reduce to 


tan 8i = — 


Mu 


Ifk 


(7b) 

0, there is no sim- 


but this is not likely to be a useful case, 
plification. 

If machine number 4 is eliminated by. letting Xt and/or r 4 be 
infinite, Mn, Mu become negligible compared to Mn, Mu, and 
equations 5h reduce to: 


tan 3i = 


Xa 

-ri 

ra 

Xa 4* Xa 

ra 

ra-\- r a 

—ra 

-Xq 

Xa 

Xa 

ri 

—ra 

—ra 


-Xa 

/a + ra 

Xa 

Xa 4” Xa 


(8b.l) 



Figure 17. Starting end self-excited current of induction 
motor with series capacitance in primary circuit 
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Figure 18. Regions of self-excitation of synchronous 
machine with armature capacitance as affected by shunt 
resistance R 


(6b.2) Xrf = 1.0 Xq = 0.6 


xa 


0.30 


1,000 


tan 3 i 


+ fa) ~l~ — ags^a) + TijXiXa “H rarp 

Z2KXq + *») + + raft) + rj(xart — Xift) 


(8b.2) 



—ra 

Xq 4" 

Xa 

Xa 

—Mai = 

Xa 

— fl 


ra 


ra 

X, 


-Xa 


Xa 

ri + 

ra 

ra 

— ilfn »» 

—Xa 

ri 


—f* 


ra 

Xq 


-Xa 


—Xa 

ri 


ra 

-Mn = 

ra 

Xq 


Xa 


—ra 

Xq 4- 
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—Xa 


Xa 

fi 




—ra 
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fl 4" 

ra 
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where 

+ X,* 

The right-hsmd side of equation 8b.2 is recognized as the ratio of 
the real to the imaginary part of the transfer impedance from ma¬ 
chine number 1 to the infinite bus if Xg is used for the machine re¬ 
actance. Further, if the shunt load is removed (Zs »= 00 ) it checks 
the criterion of reference 11. 

If the shunt load is removed but machine number 4 is kept, the 
form of equation 5b is unchanged but equations 5b are reduced to: 


(9b.l) 

(95.2) 

(95.5) 

(9b,4) 

(10b) 


If in equations 5b Ea 
Mu 


0 , or if X 4 and/or f 4 =* », there is. 


3i ■* —tan' 


Mu 


which is equation 7b if JS4 » 0, and is equation if X 4 or f 4 <= <». 
If E 4 = 0 but X 4 and r 4 are finite, equation 1 Q& may of course be put 
in the form 8b by parallding Zs and Z 4 , i.e., in equation 8b replace 
rs and. x* by the corresponding real and imaginary parts of the 
parallel values of Zs and Z 4 . This reasoning, shows that since tan 3 
in ( 8 &. 2 ) equals the ratio of the real and imasdinaiy components of 
the transfer impedance from machine number 1 to the infinite bus 
(number 3) therefore '-Mn/Mn, where Jfii and Mat are given by 
(65.1) and (65.2), must also be .the ratio of the real and imaginary 
parts of the transfer impedance of machine number 1 to the infinite 
bus with Z 4 finite. In fact, directly from equation 35 it may be 
seen that since: 

bdji =* — Ma \ Ef \‘ cc>s 3 i — jlfiiijEs sin 3 i rf * 

AftiiS 4 cos(3i 34 ) — jifsiiSi* sin;(3i — 84 ) (lib) 
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Then: 


-'Mi\/ A is the imaginary part of the .driving point admittance 

at machine number 1 

Mu/ A is the imaginary part of the transfer admittance from ,1 to 3 
Mu/ A is the corresponding real part 

Mri/ A is the imaginary part of the transfer admittance from 1 to 4 
Mn/ A is the corresponding real part 

It follows that since 

/ real \ / real \ 

\ imaginary/ admittance \imagiuary /impedance ^ 

we have 

Mn _ f real \. 

Mn Vimaginary/impedance l-s 
and 

Mai _ ( real \ 

Mn Vimaginary/impedance 1-4 


tions (see reference 20): 

iP + a)[ea — PPa + ria + u^q] + XcU = (a[eq — p\j/^ + riq — taipa ] 

+ «)[«« — ppq -1- nq — "iAd] + Xciq - - ppg, + ria-\-<ay/^ql[ 

(ic) 

where, for an induction motor with completely symmetric rotor and 
stator, 

Pd “ -x{p)ia 

Pq = -x{p)iq (2 c) 


x{p) = 


x'TqP + X 
ToP + 1 


'impedance 1-3 


mn Ximagrnary/impedance 1-4 ^ ' 

M of these transfer impedances and admittances are computed for 
a direct-axis current in machine number 1. Also, since it is only the 
relative magnitude of the components of impedance which «>ti tor into 
the fi na l criteria, the impedances calculated entirely by means of 
Xq can be used. That is, even though Xa occurs in A and affects 
the true values of the impedances, A does not appear in the results. 

The method of extension to more than 2 machines is evident from 
equations 2b, 3b, and 46. 

Composite Loads 

If the shunt load of figure 9 is a composite load^* of any Ifind all 
the criteria given here may be used unchanged if n, xa are defined 
by the relation: 

55 “ (i5b) 

at the load voltage Ca. 


Appendix C—Self-Excitation of Induction Motors 

The object of this appendix is to present criteria to determine the 
limits of stable, operation of induction motors with series line capaci¬ 
tors. Under certain conditions of load it is found in practice that 
there will exist undamped current pulsations of apparently low 
frequency and large magnitude. These pulsations are here con¬ 
sidered to be caiwed by undamped or negatively damped (ampli¬ 
fying) free electrical oscillations. Thus, to determine whether a 
given (electrical) system is stable or unstable the natural currents 
are examined. The time variation of these natural currents is 
specified by the roots of the characteristic determinant of the system. 
If the real part of ^y one or more of these roots is positive the 
system is unstable since then the corresponding component of the 
transient current is amplifying rather than decaying and will 
to mcrease indefinitely untfi Umited by changes in the circuit caused 
by satma.tion, slowmg down or osciUating of the motor rotor, etc. 
Thus, It IS not necessary actually to solve for the roots but only 
to ^d the s^s of then real parts. To find the actual frequency 

“ necessary to solve the equation, 
w; ch IS of the sixth degree (or of the third degree if expressed with 
implex coefficiente) and has in general 3 conjugate pair of complex 
roots or 3 natural frequencies. 

Analysis 

Fj an mduction or synchronous machine with capacitance and 
resistance m shunt connected to the tenuinals, there are the equa- 


Substituting (2c) in (Ic) and rearranging; there is: 

) [iP + <x)[pxip) + r] -f .Vc - (a*x{p)}ia -«{(/> -f a)x(p) -j- PxCp) -|- 

r}iq = —(p -f a)ea + coCq 

(4c) 

w{(/> -F a)x(p) -i- px(p) + r} 4 + {(p + oi)[px(p) + r) -I- .Vc — 

^ uhc{p)}iq <= —(aCi - (^ -I- a)eq 

and for constant rotor speed the characteristic determinant (the 
denominator of the expression for current as a function of voltage), 

A= {(^ + a)[^«(/>)-f-r]-|-»c-a)»v(/>)}»-|-w»{(/, + a);c(^) ^ 

I P<P)-\-r]^ 

Substituting (3c) in (6c) and rearranging in de.sceuding powers of 
P, there is,: 

{Tqp -f 1)*A = A' =.p\x'^To^) 

+ p'K3x'Tq){x -f otx'Tq -h rTo)\ 

+ P^[i.x + ax'To + rr„)» H- (2ji;T„) X 

(flOff -1- -I- r + arTo + x^Tq) ] 

+ ^*[2*'T(,(jfc + w**) -j- 2(» ■+• ous' To 4- rT'o') X 
{ax 4- uhe*T„ 4- r 4- oerTo 4- XeTo) ] 
4-/>»[(o«-a>Vro4-r4-«rr«4*«cr'o)»4- 
2{x-\- ax'To’\- rToXxe - w»*) 4- 
{oex'To 4- 2» 4- rr„)*w* 4- 4coVr„(a» + r) J 
4- />[2(a.r - u*x'T„ 4- r 4- ctrT„ + XcTq) X 
{xe — u^x) 4- 2u\ctx'T'o 4“ 2^: rT^,) X 

(oof -H r) ] 4- {xr. - wVi:)* -f {ax 4- r)»w* 

«Sc) 

'o™ ('i' - <•■ + 6*) andmay be factored 
as in - (o •^jb){a - jb)] thus at once reducing the order of the 
equations to be solved by half. However, this is accomplished at 
the price of mtroducing complex coefficients. The real parts of the 
roots of the 2 factors are identical in pairs; the imaginary parts 
equal and opposite. Thus only one factor need be considered, but 
It IS found that all methods for determining the character of the 

^•’out the same amount of 

work as doubling the order and in effect obtaining equation fic. 

In complex form the equation may be written as: 

c 4-/6 = x'ToP* 4- [(a: 4- ax'To 4- rTq) 4-/w2a:T„]/>* -f- 

! A u t T « + 

^To)]p -f- l{xe — u^x) -{-ju{ax 4- r)\ (7c) 

with a similar conjugate expression for {a — jb). 

It will be observed that equations 6c and Ic are almost symmetrical 
sometimes the coefficient x' and ^ine- 
symmetry. It is therefore expected 
conclusions and curves obtained wUl be very similar if 
^e^^ect of shunt ^d senes resistances are investigated .separately, 

^ shunt resistance. Here « 

ay be thought of as the reciprocal of the time constant of the TtC 

SnTiLrS:" coeffic^nt Of 

time m the exponential solution of the i?C circuit equations. 

Approximate Criterion FOR Instability 

ThS ^ d^cient of f, ta oq„aUoii & bo negative. 

That IS, If dm ooemaent i, negative the system Is surely nastaWe, 
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but if it is positive the system is not necessarily stable. Putting 
the coefficient equal to zero there is: 


1 F/ I /\ « + 

= - (x + x')(o> -or -—— 

(x — X'pOJ* CO* , if 

=*= - - -+ 3x')ar + + 

- a>>(xx'a» + r*) - ^ (3x + x') 


(ax + f) 2 

rr~ 


The 2 values of Xe obtained from (Sc) for a given system determine 
the limits of a region which is theoretically surely unstable. 

If a set of circuit constants is selected, leaving r and Xe free, then 
r is varied and Xc computed, a region is outlined as in figure 10 
(dashed curve). This figure shows r as a function of Xc if there is 
no shunt resistor (« = 0). If the effect of shunt resistance alone is 
determined, letting r » 0, the dashed curve of figure 12 is obtained. 

Equation 8c outlines the unstable region very close to the true 
boundary over most of the range of instability. However it indi' 
cates that instability lies wholly in the range, 

< Xe< co*JC (9c) 

so that if a;e < cd*x' the system is stable when in fact there is required 
a certain finite series or shunt resistance to assure stability. Equa* 
tion 8c is therefore not a good criterion when x^ is small as in the 
case of series capacitors for line reactance compensation except 
when the motor is running at low speeds. 

Exact Criterion 

To find the true boundary in the region Xc < u*x' the criterion of 
Routh** is used. This is carried out numerically by assigning values 
to all of the system constants and testing equations-'6c- oT 7c for 
stability with various values of line or shunt resistance. The boun¬ 
daries found in this maimer are shown in figures 10 and 12 (solid 
lines). These figures are calculated for a motor of 0.16 per unit 
transient reactance and an external reactance of 0.24. In fibres 
10 and 12 there are also plotted boundaries corresponding to opera¬ 
tion at the same speed but with some external rotor resistance, the 
total rotor resistance being 10 times the rotor winding resistance.* 
The effects of series and shunt resistors have been determined sepa¬ 
rately in order to show as simply as possible the orders of magnitude 
of the -various quantities involved. However, since there is always 
some line resistance present, the value of a required need not be as 
large as that given by the curves of figure 12. Figure 16 shows an 
example of how the <x necessary for stability can be decreased with 
increasing line resistance, and has been computed from equation 6c 
by Routh’s®* method. 

Effect of Rotor Speed 

Equations 6c or 7c may be used to determine exactly the regions 
of unstable operation at any rotor speed. However, the effect of 
speed may be more clearly and easily seen from th^ .approximate 
expression (8c). Since the rotor open-circuit time constant is 
usually rather large, equation 8c may be further simplified by neg¬ 
lecting terms containing To, whence 




Equation 10c shows that as the speed <>> is varied the scales of the 
r versus Xc or a versus Xg diagram are simply changed so that 

is proportional to w* . . 

r and a are proportional to w ^ ' 

If rotor resistance is zero (To » <») there is no instability. Also if To 0 
or w — 0 there is obviously no instability. 


Since at low speeds the capacitive reactance at which the maxi¬ 
mum series resistance or shunt conductance is required is shifted 
toward the actual capacitive reactance likely to be used in the 
circuit, equation 10c or 8c then becomes a useful criterion. Ha-ving 
the boundary curve of instability at any one speed, those at any 
other speed may then be quickly estimated by the relations 11c. 
Figures 11 and 13 show the effect of varying the rotor speed as 
determined by equation 10c. Figure 11 shows the effect on the 
value of series resistance required if there is no shunt resistance, 
while figure 13 shows a similar curve of a versus Xe'd r = 0. 

Equation 10c also pro-vides a means of determining quickly an 
approximate expression for the value of a required to eliminate 
instability completely at a!ny speed. This expression is found by 
equating the radical in equation 10c to zero, which locates a point 
very close to the maximum of the a versus Xe or r versus Xg boundary 
curve. Then 

+ 3x')r' 1 

max 4xx' — r'* 4xx' — r'* 

V(x-\- 3x')‘r'» -t- (4xx' - r '*)[(» - x')* - 4r'*] (12c) 


where r' =» r/a>. 

If r = 0, there is 

M ^ (x - xQ 
2\/xx' 

which occurs at 

Xg _ X -{• X* 
w* “ 2 

Similarly if a = 0, there is 
- X') 

\w/niax 2 


(13C.1) 


(13C.2) 


(13C.3) 


which occurs at the same Xg as in equation 13c.2. These last rela¬ 
tions determine equations. 


. (x - xO^Xg , 

*’* “ TTy —;- TT for a = 0 

2(x -f *0 


, . ix - x'yxg , 
f “ IT,—;—TT for r = 0 
2(x -f x') 


(14C.1) 


(14C.2) 


which are the equations of the loci of the maxima of the r versus Xg 
and a versus Xg curves as the speed a is varied. Then, if the capaci¬ 
tive reactance Xc hi a given circuit is known equations 14c determine 
-the value of r or a needed to eliminate self-excitation at all speeds. 
However, as mentioned in the body of the paper, it will not in general 
be necessary to do this. 

Frequency and Time Constant 

OF THE Amplifying Oscillation 

The frequencies and time constant of all these components of the 
transient currents may of comrse be found directly by solving equa¬ 
tions 6c or 7c. However, it has been found that within the normal 
range of circuit constants only one of these currents is amplifying 
and so likely to be observed as a large current pulsation. Moreover, 
this current is that corresponding usually to a small root of 7c, 
over most of the range of Xg. It should therefore be possible to 
find the root approximately by neglecting higher powers of ^ in 
equation 7c whence the solution is 

. _ _ (Xg —<a*x)-\-jui(ax + r) . 

[(Xg - co»x' + ccr)To + ax + r] +> I(«x' -h r)To + 2x] ^ 

A further obvious simplification is obtained by neglecting the 
terms in the denominator which do not contain To. If pi Pr + J*2 
then Pr is the decrement factor and (w -f- j) the frequency of the 
possibly amplifying oscillation. The frequency is « -h fi rathw than 
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s since the solution is for i^, i,. The phase currents are obtained by 
Park’s®* equations 

*a. = irf.cos d sin 6, etc. 

and it may be shown that the component of phase current of fre¬ 
quency « — g vanishes identically. 

If the real part Pr of Pi is equated to zero (corresponding to 
point at which the oscillation is just neutral) equation 8c is arrived 
at by a different route. 

The approximate equation 15c holds only for Xe > <a^' and so in 
the useful range of capacitance at normal motor speeds, equation 7c 
must be solved directly; It is still possible to avoid the solution of 
a cubic equation if it is desired to find the frequency only at points 
on the boundaries between the stable and unstable, regions,^ since 
at such points the root is obviously pure imaginary if p jq^ 
equation 7c may be split up as 

a + jb ^ - 1(* + ax'T, + rT^)q» + u(2x -|- ax'T, rT^)q - 

(Xc - «*») ] + a2x'T„q* - (xcT^ - + 

«x-f-r + otrrjg—• -f r)] (16c) 

and the real and imaginary components of (16c) equated separately 
to zero. Sets of system constants on the boundary may t he n be 
first found by Routh’s** method and g than obtained by solving the 
quadratic equation a «= 0 in equation 16c. Of the 2 real roots thus 
found only one will in general satisfy the cubic equation 6 = 0 of 
(16c) and this will of coiurse be the proper frequency. For example, 
taking circuit constants conrespondihg to the points = 0.2, 
r = 0.035 in figure 10, the frequency is found to be very nearly 
0.7 times normal (rotor speed). At values of Xe > the frequency 
is always very close to, and slightly less than that corresponding to 
the rotor speed, 

M. Takahashi®® has an approximate solution of equation 7c for 
the case of no shunt resistance and has determined regions of self¬ 
excitation for this case. His results are in general agreement with 
those given here. 


Appendix D—^Seif-Excitation 
of Synchronous Machines 

From equations 15 of reference 20, the equations of a synchronous 
machine operating at synchronous speed, with only one rotor wind¬ 
ing, with series capacitance and resistance in the armature circuit, 

and with additional resistors shunting the capacitors, are: 

iP + «)(«<* - pPd + rid + Pt) + xcid = Cff - pPt + rit - Pa -x 

kP + a)(«ff — PPa+riq 7- pa) -f- Xeiq « —ea -f ppd — ri^ ~pq^ 


-Xd{p)id * - 


^d'TpP -H Xg . 

T.P +1 


Pt “ = —x^ig 

If (Id) are solved for the currents ig in terms of the applied 
voltages Cd, Cg, it is found that the operational co mmo n denominator 
of the 2 formulas for current is;. 

4- ^Xo[xg-\-Xi>\)To.^r{xd +Xg + rTo) ^ 

o^2XdXq “h otX^^^'To^ ^ottToiXg Xd^} 

•^ P^[^^q-^Xpixa-\-x^ ^T(To\2Xc + Xg + xa'] -t-r) + 

+ axd^,^ + ar{2xd + 

2% + 2ror •+-r^a {JCy-1-»/})j 

H" PlTc^Xc^ -- Xj)(acc — Xd!) + r{xa -1- Xg + 2xc -|- rTg) 4. 

+ apJ + 2»<jXj-I- 
} rfarro)] 

~ *<?)(%. — Xc) -f- r* -1- a?XdXq -j- 2<xrxc + (ar)*] (4d) 

If the s^e generator as in reference 21 is taken, with r = 0, and 
Astern; as affected by « is studio by means of 
Routh $ criterion, the results of figure 18 are obtained; Also in a 


manner similar to that of reference 21 there is found an approximate 
formula for the lower region: 

+ --Iw- (M) 

or 

Xg + xa . ^ kxg — xa')‘ 

Y 4 -Wot® (6d) 

Similarly, an exact formula for the upper region is obtained by 
replacing Xd' by Xd in equation 5d, whence 

, , (% ~ Xe)(xa - Xe) 


Xg H- Xd 

Xc - 
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Transformer Current and Power Inrushes Under Load 

By E. B. KURTZ 

FELLOW AIEE 


Introduction 

T he phenomenon of starting currents in trans¬ 
formers has been quite fully studied by several in¬ 
vestigators/’* especially when the transformer is 
without load. Little information, however, can be found 
in the technical literature on this subject when the trans¬ 
former is loaded, let alone the effect of various load power 
factors. 

This paper presents results of studies on starting cur¬ 
rents and powers when loaded transformers are connected 
to their supply lines. Both primary and secondary switch¬ 
ing are investigated, and unity, lagging, and leading load 
power factors are considered. 

In this study the moving average is introduced as a 
means of analyzing oscillographic records. By its use 
the trends of the effective current and average power may 
be more readily observed. This in turn makes possible 
the determination of the primary transformer power factor 
variation during the transient period. 

Galvanometer Connections 

A schematic diagram of the galvanometer connections 
employed is shown in figure 1. The transformer used was 
a distribution-type transformer having similar primary 
and secondary windings designed for 220-110-volt opera¬ 
tion. A one-to-one transformation ratio was used through¬ 
out the investigation. In the figure, 

e represents the primary voltage galvanometer 
ip represents the primary current galvanometer 
it represents the secondary current galvanometer 
w represents the primary watt galvanometer 

A Special relay® developed for these studies was used for 
closing the primary or secondary circuit at the desired 
point on the primary voltage wave. In all cases of pri¬ 
mary switching the core was completely demagnetized 
before the transformer was energized. 

Figure 2 is a photograph of the laboratory setup show¬ 
ing all equipment in place. 

No-Load Transients 

Since the no-load starting current transient was needed 
for the predetermination of starting current tra-nsiehts 

A puper recommended for publication by the AIEE committee on electrical 
machinery. Manuscript submitted April 19, 1937; released for publication 
June 25, 1937. 

E. B, Kurtz is head of the electrical engineering department of'The State 
University of Iowa, Iowa City. The author wishes to acknowledge the helpful 
suggestions of G. F. Corcoran, associate professor of electrical en^eering, and 
the assistance of R. U. Witzke, research assistant, both of The State University 
of Iowa. 
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with load, it is included herewith as oscillogram 1. In 
this oscillogram the circuit was closed on the zero of the 
voltage wave, this being the condition for mflYiTniim 
current inrush with zero residual flux. As previously 
mentioned, the transformer core was demagnetized before 
the switch was closed. Still larger values of starting cur¬ 
rent wiU result if positive residual flux is present at start¬ 
ing, and smaller values if negative residual magnetism is 
present. These extreme inrushes, however, are not con¬ 
sidered in this paper because of the difficulty in controll¬ 
ing the magnitude of such residuals. 

Predetermination of 
Starting Current Under Load 

An approximate value of the maximum primary transi¬ 
ent current under load (for zero residual flux) may be 
found by adding the primary no-load transient current of 
oscillogram 1 to a load component equal and opposite to 
the assumed secondary current. Greater accuracy, how¬ 
ever, can be obtained by taking account of the ^ect of 
the increased iR drop in the primary winding due to the 
presence of the load component upon the magnetizing 
flux. 

To include this effect the fundamental primary voltage 
equation, 

dA* 

Rim + N — => Eif ^ iat + X) (1) 

must be modified thus, 
dd> 

ii,) + N ^ sin {at -f- X) (2) 

or 

(ld> 

“ Em sin {at -|- X) — R{im + »i) (3) 

Equation 3 shows that the induced voltage under load 
conditions differs from the induced voltage under no-load 
conditions by the factor Ri^,. This factor decreases the 
peaks of the magnetizing current. The extent of the 
decrease naturally depends upon the magnitude of 4 
as well as upon its phase position. 

Figure 3 shows 3 assumptions of load component cur¬ 
rents. They represent, respectivdy, a unity power factor 
or resistance-load current, a 46-degree lagging or iSL load 
current (with natural secondary transient d-c component), 
and a 60-degree leading or JJCioad current. 

The adjusted no-load current component inrush may be 
determined by writing equation 3 as follows, arid Using the 
“finite difference method” 

NA^ s= [Em sin {at -j- X) — Rim\ At — Rii, At 

* ^ represent both the primary leakage flux Rud the mutual flux of the trans* 
former. ' ■ 
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Figure 1. Transformer circuit showing the 
location of oscillograph elements 




for each of the 3 load currents assumed and the corrected 
flux variations. The latter graphs show that the flux is 
only slightly reduced for the RC load, somewhat more for 
the R load, and still more for the RL load. The RL cur¬ 
rent is most effective in decreasing the positive flux values 
and increasing the negative values due to the d-c compo¬ 
nent in the secondary current and the resulting increase in 

RiijAt 

Naturally, this effect decreases as the d-c component dies 
out. In figure 5 are shown the corresponding magnetizing- 
current graphs. These values were obtained from the 
magnetization curve and correspond to the values of flux 
in figure 4. 
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Oscillogram 1. The hp-load current 
and power transient 

£—^Applied electromotive force (60 cycle) 

/—Current p—Power 

£ (effective)—^117 volts 
Peak /—^174 amperes Peakp—^10.5 kw 

Steady-state condition: P = 30 watts; 
/ = 0.825 amperes 

Transformer rating: 115 volts, 3 kva, 60 cycles 
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e —^Applied electromotive force (60 cycle) r , i j j 

ip — Primary current factor load, and 

p — Primary power energized at the 

it —^Secondary current time the voltage 

£ (effective)—115 volts wave passes 

Peak /p—162 amperes <.L l 

Peak p-6, 554 watts through zero 

Steady-state condition: primary power = 2,216 watts; primary 
current = 25.6 amperes; secondary current = 25.8 amperes; load 
power factor = 0.685 leading 


Oscillogram 2. Current and power 
delivered to a transformer connected 
to a unity-power-factor load, and 
energized at the time the voltage passes 
through zero 

e —^Applied electromotive force (60 cycle) 
ip Primary current p—Primary power 

/«—^Secondary current 
£ (effective)—113.5 volts 
Peak ip —^160 amperes. Peak p—9,700 watts 
Steady-state condition: primary power = 
2,976 watts; primary current = 26.2 amperes; 
secondary current = 25.7 amperes; unity 
load power tactor 

Oscillogram 4. 

Current and power 
delivered to a 
transformer con- 
nected to a 0.685 

leadtns-power- “d load compone 

factor load, and ™ 

enersked at the “a* figures 3 
time the voltage ““ a""* 

wave passes t-ou dra M load 


Oscillogram 3. Current and power 
delivered to a transformer connected to 
a 0.700 lagging-power-factor load, and 
energised at the instant the supply 
voltage is sero 

e —^Applied electromotive force (60 cycle) 

ip —Primary current 

p—Primary power 

It —^Secondary current 

£ (effective)—113 volts 

Peak ip —^149 amperes 

Peak p—^10.4 kw 

Steady-state condition: primary power =» 
2,160 watts; primary current 26.6 amperes; 
secondary current = 25.8 amperes; load 
power factor = 0.700 lagging; ratio of 
transformation = 1 


It now merely remains to combine the magnetizing 
and load component currents to obtain the total primary- 
current. This was done in figure 6. Corresponding val¬ 
ues from figures 3 and 5 were combined to give the result¬ 
ant currents shown. Because of the effect of phase posi¬ 
tion the RL load peak now exceeds the no-load peak, 
whereas the R load is somewhat Iowa: and the J?(7 load is 
much lower, being only a little more than half of the RL 
peak value. 


This equation is the same as for the no-load condition with 
the exception of the term. Therefore if the flux 
variation for the hb-lbad transient is decreased by the 
summation of Rij^At, from t = Oto t = t, the flux variation 
under load may be found. The current corresponding to 
this corrected flux will be the magnetizing current for the 
lo^ condition. Figure 4 shows the summations'of Ri^ At 


Oscillographic Verification 

Oscillograms 2, 3, and 4 substantially confirm the antici¬ 
pated load starting currents of figure 6. In each case 
the transformer core was demagnetized prior to the energiz¬ 
ing of the transformer. Furthermore, in each of these 
oscillograms the primary circuit was dosed on the zero 
value of the supply voltage, or when X = 0. This created 
the maximum possible disturbance for zero residual flux. 
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Primary 

Switching With X = 90 

When a transformer is in 
normal operation its flux is Figure 2. Transformer, 
approximately zero when the 
impressed voltage is at its 

maximum value. Therefore, a demagnetized transformer 
connected to the line at the instant of mfl YiTn iim voltage 
will be under steady-state conditions from the start. 
Oscillograms 5, 6, and 7 illustrate this fact for unity, lag¬ 
ging, and leading power factors, respectively. Except for 
the difference in X the conditions are the same as for oscillo¬ 
grams 2,3, and 4. In the case of RL loading the secondary 
voltage was not exactly at its peak value and therefore a 
small d-c component is noticeable in the load ciurent which 
in turn is reflected in the primary current. In the case of 
leading power factor the load consisted of R and C in 
parallel. This permitted the condenser to draw an ab¬ 
normal current during the first quarter of a cycle. 


Figure 2. Transformer, oscillograph, wave point switch, meters, and load used in tests 


Secondary Switching 

In taking oscillograms numbers 8 to 13 inclusive, the 
primary circuit was first closed and the flux allowed to 
become normal before the secondary load circuit was 
closed. Any transient appearing in the primary will 
then be due to disturbances caused in the secondary cir¬ 
cuit. Oscillogjrams numbers 8, 9, and 10 are for unity, 
lagging, and leading power factors when the secondary- 
switch is closed at X = 0, while 11, 12, and 13 are corre¬ 
sponding oscillograms for X = 90. 

In oscillograms 8 and 11 with resistance loading no 
transients are expected, and this is confirmed by the rec- 


Figure 4 (right). Actual no-load and 
predicted load-flux variations 
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Figure 5 (below). Magnetizing com¬ 
ponent of primary current for 3 loads 
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Figure 3 (left). Assumed primary load components. Effective value approximately 26 amperes. Power factors: unity 

45-degree lagging, and 50-degree leading 
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Oscillogram 5. Resistance loading. Oscillogram 6. Inductive loading. Oscillogram 7. Primary switching at 

Primary switching at X = 90 degrees; Primary switehing at X = 90 de- X = 90 degrees; other conditions 

other conditions same as in oscillo- grees; other conditions same as in same as in oscillogram 4 

gram 2 oscillogram 3 



Oscillogram 8. Resistance loading. Oscillogram 9. Inductive loading. Oscillogram 10. Capacitive loading 
Secondary switching at X = 0 de- Secondary switching at X = 0 de- Secondary switching at X = 0 de¬ 
grees; other conditions same as in grees; other conditions same as in grees; other conditions same as in 

oscillogram 2 oscillogram 3 oscillogram 4 


ords. In oscillogram 9, however, with RL loading and 
X = 0 a large d-c component is present in the load current 
which is of course reflected in the primary current. In 
oscillogram number 13 the condenser draws a large itit ffa l 
current in an attempt to bring its g/C voltage up to the 
impressed electromotive force. A series RC connection 
would have partially avoided this diflaculty. 


quite difficult to draw satisfactory conclusions. For this 
reason it was thought desirable to analyze them and make 
the current, power, and power factor trends more apparent. 
To this end the “moving average," long used by statis¬ 
ticians, was introduced as a means of ironing out the wide 
and irregular variations. It was applied in particular to 
oscillograms 2, 3, and 4. 


Oscillogram Analysis Moving Average Applied to Power 

In oscillograms like those shown above, where the cur- method of analysis to a power oscillo- 

rent and power variations are large and irregular, it is readings of instantaneous values of power were 

read and tabulated for 16-degree intervals from an en- 
larged oscillogram as shown in table I, columns 1 and 2. 
The first value under the heading Xp in column 3 is the 
sum of the instantaneous power ordinates for the first 
360 degrees, and the first value in column 4 is the average 


ffiSSiiil 


■■■ifSEsamisiBn 


rnmmwiismm mwimmum 

■HiBlinnr/ianB 

iB aWM MBSBaiHW 

■HmiviaBaxiaiaim 

FJiinwnnvinma 


iiiiiiKiKaaaaana 


aaaaaBaaaaaaeMi 


100 200 300 400 500 600 700 

wt IN DEGREES 


o CALCULATED 
■ VALUES - 

• ACTUAL VALUES 
• FROM OSCILLO¬ 
GRAM 3 , 


_ Figure 7. Com- S _X 

Figure 6. Pre- parison of actual § / V 

determined total and calculated ----- 

primary currents values of primary --- 

for 3 assumed current with RL ———*11 I 

loads ° 300 -^0 500 

loads load ^ IM degrees 


Kurtz—Power Inrushes 


Electrical Engineering 











3500 



point of the span. Figure 8 shows these values for a little 
over 3 cycles for oscillograms 2, 3, and 4. These graphs 
show the average power to remain fairly constant through¬ 
out the transient period. The RJL and RC are less in value 
due to reduced values of power factor. 

It is interesting to note that the average power during 
the transient period never goes to values higher than for 
steady-state values, in spite of the high peaks shown on the 
oscillogram. These high peak values represent power used 
in building up a magnetic field which is nearly all returned 
to the source. 
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Figure 9. Trends of the effective values of primary current 
corresponding to oscillograms 2, 3^ and 4 


of these ordinates, and therefore the “average power." 
It is plotted in figfure 8 as the average value of the power 
at 180 degrees. In like manner succeeding values of 
average power are obtained by averaging ordinates over 
a 360-degree span and plotting this value at the mid- 


■ Table I. Calculations of Average Power and Power Factor 


6)t 

P 

2P 

Average Power 

Power Factor 

0 ... 





16... 

. . 




30... 





46... 

.2,100 




60... 





76... 

.5,860 




90... 





105... 





120 ... 

.9,850 




186... 

.10,400 




150... 





165... 


-xio 



180... 

0 . 

-6,768.. 


....0.330 

196... 


....5,768.. 

.2,410. 

....0.330 

210 ... 


....5,420.. 

.2,250. 

....0.307 

225... 


....5i637.. 


....0.321 

240... 


-6,609.. 

.2,300__ 

....0.316 

265... 

...(+) 470. 

...^5,332.. 


....0.304 

270... 


5,150.. 


....0.297 

286... 


....6,973.. 

.......2,080_ 

_0.290 

300... 

...... 3,160. 

....6,789.. 

.2,000- 

....0.281 

315... 

.2,810. 

_6,624.. 


....0.268 

330... 

.2,140. 

....4,194.. 

.......1,760_ 

....0.257 

346... 

.1,110.... . 

_3,884.. 

.... -. .1,620.. ... 

... 0 9.i5A 

360..., 

...(-) ■ 0..... 

....3;788.. 


....0.280 

876... 


....3,901.. 


....0.326 

390... 

. 190..... 

....4,168.. 

...-1,780..... 

....0.380 

405.... 

...(+) 880..... 

....4,410.. 

.......1,840..... 

....0.413 

420... 


-4,619.. 


.0.436 

435... 


....4,766.. 


....0.460 

450... 

.. 5,810..... 

.,..4,887;. 


....0.460 

’466... 



..2,020..... 

....0.464, 


Moving Average Applied to Current 

The procedure in finding the current trend is slightly 
different since the root-mean-square value is required and 


Table II. Calculations of Effective Current 


Cl)t 

i 

i* 

212 

Average 

I 

0... 

... 0 ... 

... 0 




16... 

... 4.4 ... 

19 




80... 

... 12.9 ... 

... 167 




46... 

... 22.2 ... 

... 493 




60... 

... 31.8 ... 

... 1,010 




75... 

... 39.9 ... 

... 1,590 




90... 

... 47.1 ... 

... 2,220 




106... 

... 56.0 ... 

... 8,140 




120... 

... 69.5 ... 

... 4,840 




135... 

... 96.2 ... 

... 9,070 




160..,. 

...127 ... 

...16,200 




166... 

...149 ... 

.. .22,200 




180... 

...138 ... 

...19,000... 

...08,689.. 

....4,120..,. 

..64.2 

196... 

...108 ... 

...11,700... 

...08,889.. 


..64.2 

210... 

... 58.9 ... 

... 8,460... 

...08,026.. 

....4,120.... 

..64.2 

225... 

... 30.2 ... 

... 910... 

.. .98,768.. 

....4,120.... 

. .64.2 

240... 

... 7.2 ... 

... 52 ... 

...98,349.. 

....4,100,... 

..64.0 


(-) 





265... 

... 4.8 ... 

• • • 23 • » • 

...97,760.. 


. .63.0 

270.. . 

... 12.4 ... 

... 154... 

...06,968.. 


. .63.6 

286... 

... 19.6 ... 

• • • 33c * •• 

...96,988.. 

....4,000.... 

. .63.2 

300... 

... 23.1 ... 

• • e 332 >»• 

...04,568.. 


..62.7 

316... 

... 24.4 ... 

. >. 595 ... 

...01,968.. 


. .62.0 

330... 

...23 ... 


.. .86,248. . 

. 3 Bon _ 

•. 60 0 

346... 

... 20.1 ... 

... 404... 

... 741888. . 


..56!o 

360. .. 

... 14.5 ... 

... 210... 

...68,018.. 

....2,460.... 

. .49.6 

375... 

... 6.7 ... 

46... 

...46,298.. 


..44 

890.. . 

... 0 ... 

... 0. .. 

.. .38,398.. 

,.. .1,600_ 

- ,40 


{+) 





406... 

... 9.16... 

84... 

.. . 36,768.. 

_1,635_ 

.. 39.2 

420... 

... 20.3 ... 

... 411... 

...36,233.. 


..38.8 

436... 

... 28.4 .... 

• • • 808••• 

...36,181.. 

_1,610.... 

..38.8 

460... 

... 36.2 .... 

... 1,240... 

...31,261., 

....1,615.,.. 

..38.9 

466...•. 

... 41.6 .... 

... 1,720... 

...36,403.. 

....1,520..., 

..39.0 


not the average. Instantaneous values for 15-degree 
intervals are read from the oscillogram and tabulated as 
shown in columns 1 and 2 table II. In column 3 the 
squared values are given. Column 4 is the sum of these 
squared values for 360 degrees, column 5 giv^ the aver¬ 
age squared value, and column 6 the square root of this 
value, or the effective value. This value is plotted at the 
midpoint of the 360-degree span, namely at the 180-degree 
point. Succeeding values are obtained in the same man¬ 
ner, Values so obtained for oscillograms 2, 3, and 4 are 
plotted in figure 9 for about 4 cyclc^. This figure shows the 
currents to decrease in steps at the rate of one step per 
cycle. The total reduction is from a. value of 65 amperes 
to the steady-state value of 26 amperes. The eur^ 
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acillogr.ni 11 Restrtance leading. OKlllogr«n 12. Inductive loading. Oscillogram 13. Capacitive loading. 

Secondary switching at X - 90 dfr Secondary twitching at X = 90 de- Secondary twitching at X = 90 de- 

grees; other conditions same as in grees; other conditions same as in grees; other conditions same as in 

oscillogram 2 oscillogram 3 oscillogram 4 


rent decreases somewhat more rapidly due to the coin¬ 
cident decrease of the secondary current. 

Transient Power Factor 

After the effective current and average power are 
known the power factor can be calculated since the effec¬ 
tive voltage is also known. The values of power factor 
corresponding to the current and power trends are tabu¬ 
lated in table I and plotted in figure 10. These graphs show 


iillMMillMM MHniMB_, 



—--BagaMM MnnnM 
■■■■iianMnM8i8S88888SigS8 


V iw JOU 540 720 900 1080 1260 

cjt IN 0E6REES 

Figure *10. Trends of primary power factor corresponding 
to oscillograms 2, 3, and 4 


that the power factors start with low values and increase 
in steps simultaneously with the decrease of the currents. 

Conclusions 

Some of the more important conclusions which may be 
drawn from this study can be briefly stated as follows: 

1. The finite differences method will give satisfactory results when 
used to calculate transformer transients. 

2. The load power factor has a decided effect upon the initial 
current and power variations in the case of loaded transformers. 

3. The inductive load causes the maximum and the capacitive 
load the min i mum disturbance in the primary current. 

4. The effective value of the transient current, as calculated by the 
method of moving averages over a 360-degree span, decreases in 
steps. 

6. The average power during the transient period, as calculated 
by the method of moving averages over a 360-degree span, does not 

vary much from its normal Steady-State value. 

6. - The power f^or is very low at the beginning of the transient 
and mcreases to its normal value in steps, 

7. The magnetizing compbnent of the primary current experiences 

little transient effect when a load is connected to the secondary. 
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Some Effects of 
\/elcling on Ship Construction 

PRACTICK has been affected more 
^ in the last decade by the introduction and general 
adoption of welding than by any other one innovation, 
according to James B. Hunter in a paper presented during 
the spring meeting of The Society of Naval Architects 
and Marine Engineers at Chester, Pa., June 22, 1937. 
Design has been modified, particularly because a ship’s 
hull must be assembled without annealing and so-called 
built-in stresses should be avoided as far as possible. 
The maxi m u m amount of prefabrication on the gro un d or 
in the shop is desirable. Intricate forgings often opn be 
replaced by simple welded parts, and welding is used ex¬ 
tensively in parts for major machinery. 

Erection and assembly procedure has been greatly modi¬ 
fied by the use of welding, primarily because of the omis¬ 
sion of holes and flanges for fastening individual mem¬ 
bers together and also because of the various methods 
adopted to take care of shrinkage and buckling, particu¬ 
larly on the lighter structures. In assembly, welding in 
most instances requires greater time because of sequence in 
order to avoid distortion and the introduction of so-called 
locked-up stresses. Such sequence usually entails com¬ 
pletion of one section before starting work on the adjacent 
section. The greater amount of erection time directly 
affects shipyard capacity. Sheet-metal and pipe shops 
have also been affected greatly by the use of welding. 

Different types of vessels require different methods and 
shop equipment. Welding has advanced recently to a 
great degree in the building of naval vessels, but in the de- 
agn of this tpe the urge to save weight, because of treaty 
linutations, justifies increased cost, since nulitary charac- 
tmstics can be provided which would otherwise be impos¬ 
sible Such reasoning, however, cannot be applied to mer¬ 
chant vessels except in very special cases. 
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Magnetic Generation of a Group of Harmonics 

By E. PETERSON J. M. MANLEY L. R. WRATHALL 

MEMBER AIEE NONMEMBER AtEE NONMEMBER AIEE 


Synopsis 

A hannonic generator circuit is described which pro¬ 
duces a number of harmonics simultaneously at substan¬ 
tially uniform amplitudes by means of a nonlinear coil. 
Generators of this type have been used for the supply of 
carrier currents to multichannel telephone systems, for the 
synchronization of carrier frequencies in radio transmit¬ 
ters, and for frequency comparison and standardization. 

A simple physical picture of the action of the circuit has 
been derived from an approximate mathematical analysis. 
The principal rdles of the nonlinear coil may be regarded 
as fixing the amount of charge, and tuning the charge and 
discharge of a condenser in series with the resistance load. 
By suitably proportioning the capacity, load resistance, 
and saturation inductance of the nonlinear coil, the ampli¬ 
tudes of the harmonics may be made to approximate uni- 
foimily over a wide frequency range. The sharply peaked 
current pulse developed by condenser discharge passes 
through the , nonlinear coil in its saturated stnte and so 
contributes nothing to the eddy-current loss in the core. 
In this way the ejOSciency of frequency transformation is 
maintained at a comparatively high value for the har¬ 
monics in a wide frequency band, even with small core 
structures. The theory has also been adequate in estab¬ 
lishing a basis for design, and in evaluating the effects of 
extraneous input components. 

I. Outline of Development 

T he use of nonlinear ferromagnetic core coils to 
generate harmonics started with a simple type of cir¬ 
cuit due to Epstein^ which appeared in 1902. Appli¬ 
cation of the idea was not made to any great extent until 
it was elaborated by Joly^ and by Vallauri® in 1911. The 
frequency multipliers thus developed were limited to 
doublers and to tiiplers, polarization being required for 
the doubler. In these, as well as in subsequent develop¬ 
ments, single and polyphase circuits were used, and vari¬ 
ous arrangements were adopted for the structure of the 
magnetic core and for the circuit, by which unwanted com¬ 
ponents were balanced out of the harmonic-output path. 
Later developments had to do with improvements in de¬ 
tail, and with the generation of higher harmonics in a 
single stage and in a series of stages. The applications of 
perhaps greatest importance were to high power, long-wave 
radiotelegraph transmitters, where the fundamental input 
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was obtained from an alternator. Other applications of 
the idea of harmonic production by magnetic means have 
been made in the power and communication fields. * 

It appears that these circuits were all developed pii- 
marily to generate a single harmonic. Comparatively 
good efficiencies were obtained, values from 60 to 90 per 
cent being reported for the lower harmonics. The theory 
of frequency multiplication was investigated by a number 
of workers, among whom may be mentioned Zenneck® and 
Guillemin.® The latter, after analysis wluch determined 
the optimum conditions for the generation of any single 
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Figure 1. Circuit diagram of ^- 

channel harmonic generator _ haiImo^ic s 


harmonic, found experimentally that the efficiency of har¬ 
monic production decreased as the order of the harmonic 
increased. He obtained efficiencies of 10 per cent for the 
ninth harmonic, and 3 per cent for the thirteenth harmonic 
of 60 cycles. 

Where the circuits are properly tuned and the losses 
low, free oscillations may be developed. The frequencies 
of these free oscillations may be harmonic, or subharmonic 
as in the circuit described by Fallou;^ they may be rational 
fractional multiples of the fundamental, or incommensur¬ 
able with the fundamental, as in Heegner’s circuit.® The 
amplitudes of these free oscillations are usually critical 
functions of the circuit parameters and input amplitudes, 
and where the developed frequencies are not harmonic, 
they are characterized by the fact that the generated po¬ 
tentials are zero on open circuit. The theory of the effect 
has been worked out by Hartley,® It is presumably this 
effect which is involved in the generation of even harmon¬ 
ics by means of an initially unpolarized ferromagnetic 
core, an observation which has been attributed to Osnos.^® 

n. Circmt Description 

The harmonic producer circuit which forms tiie subject 
of tbe present paper differs from those mentioned in that 
it is designed to generate simultaneously a number of har¬ 
monics at approximately the same amplitude. 

Harmonics developed in circuits of tins iype have been 
used for the supply of carrier currents to various multi¬ 
channel carrier telephone systems, for synchronizing car¬ 
ries used in radio transmitters, and for frequency coni- 
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equal amplitudes is shown schematically in figure 1 . 
Starting with the fundamental frequency input, a sharply 
selective circuit F is used to remove interfering compo¬ 
nents, and an amplifier A provides the input to the har¬ 
monic gena-ator. The shunt resonant circuit ZqCo tuned 
to the fundamental serves primarily to remove the second 
harmonic generated in the amplifier. The elements CiLi 
are inserted to maintain a sinusoidal current into the 
harmonic producer proper, as well as to tune out the cir¬ 
cuit reactance. 

X 2 is a small permalloy core coil which is operated at 
high inagnetizing forces well into the saturated region. 
The circuit including L 2 , Ct, and the load impedance, 
which is practically resistive to the desired harmonics, is 
so proportioned that highly peaked current pulses rich in 
harmonics flow through it. Two such pulses, oppositely 
directed, are produced during each cycle of the fundamen- 
tel wave, the duration of each being a small fraction of the 
fondamental period. The typical output wave shown in 
figure 2 was obtained by means of a cathode-ray Oscillo- 
gra,ph, the ordinate representing the current in the load 
resistance, and the abscissa representing the fundamental 

«iMt^ the coil. The desired odd harmonics are se- 
l^ted by filters connected across the input terminals of 
copper-oxide bridge. The even harmonics are ob- 
taed by fuh-wave rectification in the copp^-oxide 
are taken off from the conjugate points of the 

in 2 groups. 

with the even harmonics separated from the odds to a 


together with a thermocouple and meter terminating in a 
cord and plugTor test and maintenance purposes. The 
last 2 panels include the 12 harmonic filters, with test 
jacks and potentiometers for close adjustment of the output 
of each harmonic. 

A few of the more interesting performance features are 
given in figure 4. The harmonic power outputs shown in 
figure 4a represent measurements at the input terminals of 
the filters. The variation observed is produced by the 
nonuniform impedance of the filters. When t hes e are 
corrected, the variations due to the harmonic generator 

decibels from the sixteenth to 
the 27to ^rmonic. Outside this region the ampHtudes 
gradually decrease to the extent of 4 decibels at the third 
and 35th harmonics, and 11 decibels at the fundamental 

and the ei^st liarmonic. The variation of harmonic out- 

piri with change of amplifier plate potential is given for the 
2 harmonics indicated in figure 45. Figure 4c shows the 
lG4-kilocycle output as a functionof the 4 -kilocycle input, 
^ows are used to indicate nonnal operating points. The 
input amplifier is operated in an overloaded state so that. 




parison and standardization. Only odd harmonics are 
generated by the harmonic producer when the core of the 
nonh’near coil is unpolarized, as is the case here. To gen¬ 
erate the required even harmonics, rectification is em¬ 
ployed. This is accomplished by means of a well-bal¬ 
anced copper-oxide bridge, which provides the even har- 
mom’cs in a path conjugate to the path followed by the odd 
harmonics. 

A typical circuit used for the simultaneous generation of 
a number of odd and even harmonics at approximately 

Figure 2. Cath¬ 
ode-ray oscillo¬ 
gram of output- 
current wave form 
with fundamental 
input current as 
abscissa 


degree depending largely upon the balance of the copper- 
oxide bridge, as well as upon the amount of second har¬ 
monic passed on from the amplifier. In this way the re¬ 
quired discrimination properties of any filter against ad¬ 
jacent harmonics are reduced to the extent of the balance, 
A particular application of the circuit described above 
to the generation of carriers for multichannel carrier tele¬ 
phone systems uses a fundamental frequency of 4 kilo¬ 
cycles, from which a number of harmonics are developed. 
Of these the sixteenth to the 27th are used as carriers. A 
photograph of an experimental model of this carrier supply 
system (developed by Mr. J. M. West) is shown in figure 
3. The top panel includes an electromagnetically driven 
tuning fork serving as the highly selective circuit F, the 
amplifier A, the output stage of which consists of a pair 
of pentodes in push-pull, and the tuned circuit LoCq, The 
next panel includes the elements LiCi, £ 2 , C 2 , B, and T, 


Figure 3. Carrier 
supply unit, fur¬ 
nishing 12 har¬ 
monics of 4 kilo¬ 
cycles (experi¬ 
mental model) 








beyond a critical input, the fundamental output of the am¬ 
plifier and the harmonic output corresponding are but 
little affected by change of input amplitude. With a 
linear amplifier the harmonic output current would vary 
roughly as the 0.4 power of the input current. 

Another application involving higher frequencies has 
been made to the generation of the so-called “group” 
carriers used in conjunction with a coaxial conductor. 
There only odd harmonics of 24 kilocycles from the ninth 
to the 45th are required. These are generated at sub¬ 
stantially uniform amplitudes. The circuit differs from 
figure 1 in that the copper-oxide bridge is omitted, and the 
nonlinear coil is provided with 2 windings to facilitate im¬ 
pedance matching. The performance of an experimental 
model is similar to that of the generator described above. 

In both applications the required harmonics are gener¬ 
ated at amplitudes high enough to avoid the necessity for 
amplification. A notion of the physical size and construc- 
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Figure 4. Performance curves of channel harmonic generator 


A —Harmonic outputs 

—^Variation of sixteenth and 26 th harmonics with amplifier plate 
potential 

C—^Variation of 26 th harmonic with fundamental input 

tion of the nonlinear coils used may be had from the 
photographs of figure 5 . 

in. Theory of Operation 

The analysis of operation of the harmonic-generating 
circuit described above meets with difficulties, since a high 
degree of nonlinearity is involved in working the coil well 
into its saturated region. 

To avoid these difficulties, an expedient is adopted by 
which the hysteresis loop is replaced by a single-valued 
characteristic made up of connected linear segments® as 
shown in figure 66 . It is then possible to formulate a set 
of linear differential equations with constant coefficients, 
one for each linear segment. The solutions are readily 
arrived at and may be pieced together by imposing ap¬ 
propriate conditions at the junctions, so that a solution 
for the whole characteristic is thereby obtained; From 
this solution the wave form of current or voltage associated 


with any circuit element may be calculated. Resolution 
of the wave form into components may thpn be accom¬ 
plished by an independent Fourier analysis. 

The assumed 3-H characteristic of figure 6b is made up 
of but 3 segments. While it is manifestly a naive repre¬ 
sentation of a hysteresis loop, it will be shown by compari¬ 
son with experiment that the main performance features 
of. harmonic generators may be reproduced by this crude 
model. 

It will be noted on figure 66 that the differential perme¬ 
ability of the assumed nonlinear core, a quantity propor¬ 
tional to dB/dUf takes on one of 2 values, determined by 
the absolute value of the magnetizing force. These are 
designated by in the permeable region and in the satu¬ 
rated region. The corresponding inductances are Z .20 
and Tjo being many times greater than . The 
values of current through the coil at which the differential 
inductance changes are designated =^/oi corresponding to 
the magnetizing forces =*=jEfo. With this simple represen¬ 
tation of the nonlinear inductance, the operation of the 
circuit shown in figure 6 a will be described over a complete 
cycle of the fundamental input wave. 

The current flowing in the input mesh is rnaHp practi¬ 
cally sinusoidal by tuning £i, Ci. If now we start at the 
negative peak of the sinusoidal input current of amplitude 
Ix and frequency pj2r, the nonlinear coil is worked in the 
saturated state where its inductance is low. Since the 
resistance of the winding is small, the potential drop across 
the coil is correspondingly small. The current 4 which 
charges the condenser Cg, assuming the latter to have zero 



Figure 5. Construction of experimental nonlinear coils used 
for harmonic gejieration, showing core forms, magnetic tape, 
wound coils, and assembled units 


charge at the start, is ther^ote negligible as indicated in 
figure 6 c. This state of affairs is mairttained until the 
current through X 2 reaches the value —Zo, at time 4 . At 
this point the inductance of . the coil increases suddenly to 
X 20 and the voltage across the coil tends tp increase. 
Hence the current increases and C 2 is charged much more 
rapidly than in the preceding interval. Charging con¬ 
tinues until the current through the coil increases through 
io at time 4 . At that time, the coil inductance returns to 
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A —Harmonic gen¬ 
erator circuit 

B —Differential in¬ 

ductance and flux 
density of assumed 
nonlinear coil as 
functions of mag¬ 
netizing force 

C — Variation with 
time of currents In, 
primary and second¬ 
ary mesheS/ and in 
nonlinear coil 

D, E, F—Equivalent 
circuits of the har¬ 
monic generator for 
the 3 time intervals 
indicated 


Fisure 6. Diagrams illustrating operation of the har¬ 
monic generator 


interval the secondary circuit is practically isolated from 
the primary. The switching process is sustained by the 
alternations of the sinusoidal primary current and is peri¬ 
odic, as we have seen, since similar conditions exist at the 
start of each, pulse. The times at which switching occurs 
are those at which the current through the coil passes 
through the critical values (^lo) where the inductance 
changes. 

Since the narrow discharge ptdse provides the principal 
contribution to the higher harmonics in which we are in¬ 
terested, and since this charge takes place in the secondary 
independently of the primary, the elements of the second¬ 
ary mesh during discharge determine the form of the 
output spectrum. From this viewpoint we may regard 
the condenser as the source of energy for these harmonics 
and hence as a possible location for equivalent harmonic 
generator electromotive forces. In this light, the dis¬ 
charge circuit becomes a half-section of low-pass filter 
terminated in resistance with as the series element 
and C 2 as the shunt element. 


the low saturation value L^, and the potential across the 
coil decreases. The condenser potential is no longer op¬ 
posed by the potential drop across the coil and the con¬ 
denser discharges through and L^; ^ reverses its di¬ 
rection, maintaining the coil in the saturated regiotL The 
form and duration of the sharply peaked discharge pulse 
characteristic of this type of harmonic generator are de¬ 
termined by the values of the elements just mentioned. 
The resistance, capacity, and saturation inductance ef¬ 
fectively in circuit are adjusted to permit the current to 
to a high maximum, to damp the pulse, and to shorten 
the pulse duration to the point at which the highest har¬ 
monic required reaches the desired amplitude. Under 
the working conditions which will be assumed in the follow¬ 
ing, this insures that the pulse dies away before the end of 
the half-cycle as shown in figure 6 c. At that time the cur¬ 
rents and potentials are the same, except for reversals of 
sign, as those at the start, so that the current wave consists 
of an alternating succession of these pulses. Equivalent 
circuits for the 3 respective time intervals of a half-cycle 
are shown in figures 6 d, 6 c, 6 /. The similaiity of the load- 
current wave form derived above, and that experimentally 
observed and shown in figure 2 , is to be noted. 

The course of events described above parallels closely 
conclusions drawn from the mathematical analysis. This 
picture attributes to the coil U a sort of switching prop¬ 
erty which permits the condenser Ca in the load circuit to 
be charged and discharged alternately. The charge 
starts when the large inductance Lsa is switched across the 
primary and secondary me^es, thus permitting energy to 
flow from the primary circuit into the condenser Ca. 
This corresponds to that part of the wave described above 
during winch the load current dowly rises as the charge 
accumulates on Ca> Discharge starts when the large in¬ 
ductance Laa is switched put and the much fimalTpr induc- 
■^ce Z 2 J is switched in. This sharply reduces the voltage 
a^^oss ^, and the wnde^ is discharged through the load 
resistance and 'the saturation inductance. During this 

& ■ 


IV. Quantitatke Results of Analysis 

To connect the 3 solutions which hold for the 3 linear 
regions of the B-H characteristic, conditions at the junc¬ 
tions are introduced, which lead to transcendental equa¬ 
tions. These may be solved graphically when definite 
values are assigned to the circuit parameters. From these 
may be obtained the maximum value of charge on Ca 
wh ic h is reached at the end of the charging stage. 

By plotting a representative group of these final charges 
over a range of parameters ordinarily encoimtered, an 
empirical equation has been deduced for as follows: 


V2 


pKr^j 




o.« 


( 1 ) 


For the usual operating conditions the narrow peaked 
discharge part of the current pulse is most important in 
the determination of the higher harmonics (say beyond 
the ninth) with which we are concerned here. The charg¬ 
ing interval then may be neglected in calculating the higher 
harmonics. The form of the discharge pulses is deter¬ 
mined by the parameters pCaRa and k, where 

h = Lat/R^Ci 

The familiar criterion for oscillation in a series circuit con¬ 
taining inductance, capacity, and resistance may be ex- 
pressedintennsofA. H A >%, the discharge is aa expo¬ 
nentially decaying oscillation; if A S V 4 , the discharge is 


Figure 7. Har¬ 
monic power spec¬ 
trum plotted from 
equation 2 as 
function of npC 2 R 2 
with k as parame¬ 
ter 
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an exponentially decaying pulse. This last condition is 
the one assumed in the description of operation given 
above. 

If the discharge is oscillatory, and if further the second 
peak is large enough, the current through the coil may be¬ 
come less than Jo during the discharge interval. Thus Li 
will return to its larger value, and recharging of the con¬ 
denser will result. This process may lead to large and un¬ 
desired variations in the harmonic amplitudes. To main¬ 
tain the frequency distribution as uniform as possible over 
the frequency range of interest, the circuit parameters are 
usually adjusted so that recharging does not occur. 

Harmonic analysis riiows that the «th harmonic ampli¬ 
tude tmder the above assumptions is given by 


J(«) = 


(2/ir) pQf, 


Vl + (1 - 2ife) {npCiRiY -h (npCiRi)* 


( 2 ) 


where n is odd. This expression neglects the contribu¬ 
tions due to the charging stage, which are usually small 
for harmonics higher than the ninth. 

The corresponding harmonic power output is 


2 1 + (1 - 2k) (npCiRi)^ -H k* {npCtRiY 


(3) 


where Wa is a convenient parameter which does not vary 
with n and hence serves as an indication of the power of the 
output spectrum. It is related to W, the total power 
delivered to the load resistance, by the equation 


= - pCiR^W 

T 


For purposes of calculation Wo may be found from (1) 
and (2) to be 


rr, 10"’^ r, . . rr f^ fpLioY^ 

Wo = — - pBfnAdHi ( ^ ) 


watts (4) 


where 


Lio — 


4J^AnlO-^ 


Hi = OA Nh/d 
Ho = 0.4 NIo/d 

and N is the number of turns wound on the toroidal core 
of diameter d centimeters and cross-sectional area A 
square centimeters. 

In figure 7 the power spectrum is shown by plotting 
Wn in decibels above or below Wo as a function of npCiRi 
for several values of k. These curves illustrate the degree 
of uniformity obtainable in harmonic amplitudes under 
different conditions. It may be shown from (3) that W„ 
has a maximum with respect to n when k is greater than 
1/2, if 


npCiRi 




and that its value at this point is 
(W«W - - VO 

A number of relations may be derived from these equa¬ 
tions which are useful for design purposes. Thus the form 


of harmonic distribution is fixed by k and pCiRi. The 
power for a given magnetic material worked at a given 
fundamental magnetizing force then depends solely upon 
the volume of core material. Finally, the impedance is 
fixed by the number of turns per unit length of core. If 
the impedances desired for primary and secondary cir¬ 
cuits differ, separate windings may be used for each circuit. 

V. Calculated and Observed Performance • 

In order to make practical use of the results given above, 
we need some basis for deriving the assumed parameters 
of the nonlinear coil from the physical properties of the 
magnetic materials used in harmonic producers. 

Tlie fact that the actual magnetization curve is a loop 
instead of a single-valued curve as assumed requires in¬ 
creased power input to the circuit to provide for the hys¬ 
teresis and eddy losses in the core. Other than this, ^e 
principal remaining effect of the existence of a loop is a 
lag in the time at which the pulses occur, an effect which is 
of no great moment in determining the form or magnitude 
of the resulting pulses. 

The next point requiring consideration is the effect in¬ 
troduced by the assumed abrupt change of slope con¬ 
trasted to the smooth approach to saturation actually ob¬ 
served. While no rigorous comparisons can be drawn, the 
effect of the more gradual approach to saturation was ap¬ 
proximated anal 3 rtically by introducing an additional 
linear segment between the permeable region and each 
saturated region of the B-H characteristic, at a slope in¬ 
termediate between the two, so as to form a B-H charac¬ 
teristic of 6 segments in place of the original 3. The solu¬ 
tions for these 2 characteristics were found to yield negli¬ 
gibly small differences in the amplitudes of the higher har¬ 
monics. It was inferred from this result that no substan¬ 
tial change would be introduced by a smooth approach to 
saturation. 

Finally, the actual B-H characteristic has a slight curva¬ 
ture in the saturated region, while the analysis considered 
a small linear variation. A rough approximation for the 
effect of this curvature, which leads to fair agreement with 
experiment, consists in taking for L 2 , the avarage of the ac¬ 
tual slope, from its minimum value reached during the dis¬ 
charge peak down to the point at which the slope is Vio 
maximum. To this is added the linear inductance con¬ 
tributed by the dielectric included within the winding. 


Figure 8. Com¬ 
parisons of calcu¬ 
lated and meas- , 
ured harmonic 
distributions, 
plotted as func¬ 
tions of npCaRs, 
with Cs as param¬ 
eter; fundamental 
(4-l( i I o c y c I e ) 
magnetizing force 
8.1 oersteds 
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To summarize then, the harmonic outputs obtained 
from the analysis with the assumed 5-jy characteristic may 
be brought into line .‘with experimental observations by 
the introduction of quantities obtained from actual B-H 
loops at appropriate frequencies and magnetizing forces. 
In these the maximum slope found on the loop is taken for 
Zm, the average slope over the satmrated region is taken 
for L^, and the energy corresponding to the area of the 
real B-H loop must be added to that originally supplied 
the harmonic generator input. 

A comparison between measured and calculated har¬ 
monic distributions obtained with a 4-ldlocycle funda¬ 
mental input is shown in figure 8. In this case the har¬ 
monic distributions were measured for 4 different values 
of the secondary condenser C 2 as shown by the plotted 
points. The power output of each harmonic is plotted 
in terms of the quantity npCJRi. Calculated values are 
indicated by dashed lines. It is observed that while the 
agreement between calculation and experiment is perhaps 
as good as could be expected for the 2 highest curves, a 
substantial divergence is noticed in the 2 lowest sets; the 
forms of the 2 sets are significantly different, and it 
that the divergence might become even greater at larger 
values of npCiRz than those shown. Upon examination 
of the equations, however, it turns out that the conditions 
existing for the lowest pair of curves are just those for 
which recharging occurs, so that the condition? for which 
the equations were framed hold no longer. The calcu¬ 
lated distributions might be expected to be too low for the 
higher harmonics, since we have taken an average value 
for the saturation inductance. This means that the peak 
of the discharge pulse will be sharper than that calculated, 
with a corresponding effect upon the higher harmonics. 

Another comparison between calculated and observed 
values is shown in figure 9 for a fundamental input of 120 
kilocycles with 2 values of resistance load. Fair agree¬ 
ment is observed over the greater part of the frequency 
range, which extended to 5 megacycles. The distribution 
curve for the smaller resistance load undulates as the load 
resistance is reduced, since multiple oscillations and re¬ 
charging are then promoted, in consequence of which the 
output power tends to become concentrated in definite 
bands of bionics. In general, agreement within a 
few decibels is foimd over a wide range of circuit parame¬ 
ters when working into a resistance load, provided that 
recharging does not occurs 

When the resistance termination is replaced by a bank 
of filters as it is in practice, the resistance termination 
is approximated over the frequency band covered by the 
filters. Where the band is wide the results obtained do not 
differ greatly from those with the pure resistance load, but 
when only a fe^ harmonics are taken off by filters and the 
impedances to the other harmonics of large amplitude 
vary widely over the frequency range, then the wave form 
of the current pulse is substantially altered, with corre¬ 
sponding effect upon the frequeiicy distribution, and the 
calculations for a pure resistance termination do not 

A difl&ctffty sometimes arises in getting a 
of fundamental current into the coil. 


circuit conditions the current amplitude is found to change 
rapidly as the input voltage is smoothly varied. Tliis 
phenomenon has been described by various terms such, as 
Kippeffekt, ferroresonance, and current-hysteresis. If 
the operating point is located close to one of these dis¬ 
continuities, the fundamental input and harmonic out¬ 
put may vary widely with small changes in supply po¬ 
tentials and circuit parameters. This troublesome source 
of variation may be avoided in a number of different ways, 
of which the simplest is to increase the resistance of the 
resonant mesh. In the present case this is effectively 
accomplished without sacrificing efficiency by using pen¬ 
todes, which have high internal resistances, in the ampli¬ 
fier stage connected to the resonant mesh. 

The efficiency of power conversion from fundammital 
to harmonics may be found from the fundamental power 
input to the circuit, as derived from measurements on a 
cathode-ray oscillograph, and from the total harmonic 
output measured by means of a thermocouple. The maxi¬ 
mum efficiency obtainable with the low power circuits 
described in the second section is in the neighborhood of 
75 per cent, and decreases with increasing fundamental 
frequency because of the increased dissipation due to eddy 
currents. It should be noted that this figure does not 
include losses in the primary inductance Li. Wlxen only 
a few harmonics are used, the efficiency of obtaining thfQ 
useful power naturally drops to a much lower value, which 


Figure 9. Com¬ 
parisons of calcu¬ 
lated and meas¬ 
ured harmonic 
distributions, 
plotted as func¬ 
tions of npC 2 R 2 
with R 2 as parameter; 
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for the particular cases mentioned in the second section, 
is between 15 and 25 per cent. 

VI. Effect of Extraneous Components 
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In any practical case the fundamental input to the 
harmonic producer is accompanied by extraneous com- 
pon^ts introduced by crosstalk, by modulation, or by an 
impure source. Thus if the fundamental is derived as a 
harmonic of a base frequency, small amounts of adjacent 
harmonics will be present. Or if the amplifiers are a-c 
operated, side frequencies are produced differing from the 
fundamental by 60 cycles and its multiples. Extraneous 
componrats of this sort in the input modulate the funda¬ 
mental and produce side frequencies about the ha.rmonics 
in the output. When the harmonics are used as carriers, 
the accompanying products must be reduced to a definite 
level bdow the fundamental if the quality of the trans¬ 
mitted signal is to be unimpaired. The requirements im¬ 
posed by this condition can be calculated by simple analy- 
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Under c^tain 







sis, the results of which agree rather well with experi¬ 
mental values. 

The method of analysis used is to consider the extraneous 
component at any instant as introducing a bias^* to the 
Tinnlinpar coil. The primary effect of a small bias h is 
to shift the phase of the discharge pulse by =»= h/Hx radians, 
Hx being the amplitude of the fundamental magnetizing 
force. The sign of the shift alternates so that intervals 
between pulses are alternately narrowed and widened. 

The effect of this shift on the harmonics produced may 
be found by straightforward means in which the ampli¬ 
tude of any harmonic is expressed in terms of the bias- 
Hence when the extraneous component or components vary 
with time, the sidebands produced may be evaluated when 
the bias is expressed by the appropriate time function. 

If the bias is held constant, the wave is found to in¬ 
clude both odd and even harmonics, the amplitudes of 
which are given by 

In = /(n) 1 cos nh/H\ (»odd) ) (5) 

= J(») 1 sin nh/Hi (n even) [ 

I(n) being the harmonic distribution in the absence of 
bias as given by equation 2. 

If the extraneous input component is sinusoidal, we 
have 

b — Q sim (gt -\r <l>) 

Substituting this expression for b in the equation for the 
harmonic components 3 delds odd harmonics of the funda¬ 
mental, and modulation products with the angular fre¬ 
quencies mp Iq, which may be grouped as side fre¬ 
quencies about the odd harmonics. The amplitude of the 
»th (odd) harmonic is 

/« = J(n)|/o(^)| 

and the amplitude of the modulation product mp ^ Iq is 





{m + I odd) 


( 8 ) 


where Ji{x) is the Bessel function of order /, 

Considering the side frequencies about the wth har¬ 
monic, the largest and nearest of these are (» -h l)p - q 
and {n-\)p -\-q,n being odd. The ratio of the ampli¬ 
tudes of either side frequency to the ^th harmonic is 


fering component q more than once have much smaller 
ampUtudes in normal circumstances than the product 
considered above. Because of the tuning in the input 
mesh, interfering components far removed in frequency 
from the fundamental are greatly reduced and the most 
troublesome interfer^ce is likely to be close in frequency 
to the fundamental. 

It may be noted that where the interference is produced 
by amplitude modulation of the fundamental, so that 2 
interfering components enter the input, the distortion 



Figure 10. The 73rcl and 74th harmonic amplitudes as 
(unctions o( direct current flowing through nonlinear coil. 
Ordinate is ratio of harmonic amplitude, with bias indicated, 
to that of 73rd harmonic with zero bias; abscissa is harmonic 
number multiplied by the ratio of bias to fundamental; 
dashed lines calculated from equation 5, full lines measured; 
fundamental 4 kilocycles 


produced may be approximated by doubling the ampli¬ 
tudes of the side frequencies produced by one of the inter¬ 
fering components. If the disturbance is the second har¬ 
monic of the fundamental, the effect is nearly the same as 
that for constant bias, and the relations (6) may be used 
if & is taken as the amplitude of the second harmonic 
magnetizing force. 

To illustrate the effects of d-c bias, figure 10 shows 
the amplitudes of the 73rd and 74th harmonics of 4 kilo¬ 
cycles as functions of the parameter nQIHx. The agree¬ 
ment between measured and calculated values indicates 
that the most important effects of bias have been included 
in the simple analysis. 
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on the assumption that the harmonic distribution in the 
neighborhood of n is uniform so that I{n * 1) = 

If the arguments of the Bessel functions are less than 0.4, 
a good approximation to the right member of equation 9 
is (n ± l)Q/2IIx. Hence with sufficiently small values of 
interference, the sidebands produced are proportional to 
the amplitude of the interference, and increase linearly 
with the order of the harmonic. These relations apply 
to harmonic generators which produce sharply peaked 
waves in general, and are not peculiar to the magnetic 
types. 
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Transmission Lines at Very High Radio Frequencies 

By LESTER E. REUKEMA 

. MEMBER AIEE 


Summary 

Radiation resistance, although ordinarily neglected, is 
actually of dominant importance in determining the selec¬ 
tivity factor Q and the input impedance Z, for both paral¬ 
lel-wire and concentric lines at high radio frequencies, and 
therefore materially changes the optimum design of the 
line, whether used as a low-loss inductive or capacitive 
reactance or to give high selectivity or high impedance as 
a resonant line. Accurate design equations for tTiflyimiim 
selectivity and for maximiTTn impedance are developed 
in this paper for both parallel-wire and concentric 
and curves are included showing radiation resistance, 
selectivity, input impedance, optimum values of spacing, 
conductor, radius, etc. It is shown that for tnfl.Yitnitm Q 
the optimum ratio of spacing to wire radius for parallel- 
wire lines is D/r = 6.186, and the ratio of outer conductor 
radius to inner conductor radius for concentric lines is 
d/a = 4.22, as compared with values of about 3.6 for both 
ratios when radiation resistance is neglected. For maxi¬ 
mum impedance corresponding values are D/f = 20.96 
and b/a = 14.3, as compared with values of 8 and 9.2, 
respectively, predicted neglecting radiation resistance. 
Moreover, Q and Z* are not proportional to Z> and b, 
as indicated in previous analyses; instead definite values 
of D and b give ma xim u m Q and slightly larger values 
give maximum Z„ and even a small departure from the 
best value produces a large decrease in Q or in Z,, Q and 
Zj for opti mum design are both inversely proportional to 
^e cube root of the frequency for parallel-wire lines and 
inversely proportional to the 0.4 power of the frequency 
for concentric lines, whereas previous analyses showed 
both increasing as the square root of the frequency. 


at ultrahigh frequencies only in conjunction with several 
stages of frequency multiplication, since the Q of the 
crystal (the ratio of its inertia reactance to its frictional 
resistance, and therefore a measure of its frequency stabil¬ 
izing ability) is inversely proportional to frequency and 
assumes such a low value at the ultrahigh frequencies as 
to be practically worthless for frequency stabilization. 
For instance at 30,000,000 cycles the Q of an X-ait quartz 
crystal is approximately 170, and at 300,000,000 cycles 
it is only about 17. To obtain values even as high as 
these requires careful mounting to keep the external work 
done by the oscillating crystal as small as possible. On 
the other hand, properly desigfned resonant transmission 
lines at these frequencies are extremely selective. For 
instance at 300,000,000 cycles as short-circuited quarter- 
wave parallel-wire line (approximately 10 inches long) of 
number 10 copper wire spaced 0.32 inch between wire axes 
has a 0 of 771. A concentric line of the same length and 
of optimum design has a Q of 4,560. (The Q of any elec¬ 
trical circuit is defined as 
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Introduction 

R -A-DIO communication in recent years ex¬ 
perienced a greatly increased utilization of the ultra- 
high frequencies (those above 30,000,000 cydes), and 
the near advent of television will undoubtedly tnaVA these 
frequencaes among the most valuable and most used in 
the entire spectrum. At these very high frequencies 
resonant transmission lines offer advantages in many ways 
which ^e not even dosely approached by their nearest 
competitors. For instance the osdllating crystal, almost 
invariably used at lower frequences to give radio trans- 
mitters a high degree of fre quency stability, can be used 

‘’y the AIEE committee on communica- 
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where R, L, and C are respectively resistance, inductance, 
and capadty per unit length of 2-wire line, 

3 X 10“ centimeters per second is the vdodty of propa¬ 
gation of an dectromagnetic wave in space and, at the 
ultrahigh frequences, also the vdocty along a wire, X 
is the w ave length in centimeters and equals c//, and Zo = 
^L/C is the characteristic impedance of the line.) Evi¬ 
dently at the ultrahigh frequences a comparatively tiny 
resonant line can give frequency stabilization far superior 
to that obtained by means of a crystal and at a small 
f^tion of the expense. The high Q of such lines also 
gives them a umque place as voltage step-up devices, the 
step-up ratio for an open-circuited quarter-waveline equal- 
hig 4:Q/Tr, Thus at 300,000,000 cydes, at which frequency 
the ordinary tuned radio-frequency transformer is of little 
value, a quarter-wave open-dreuited concentric line gives 
a voltage step-up of 5,810. 

Moreover, the high impedance obtainable by the use 
of resonant lines makes them ideally adapted as coupling 
dements between stages of vacuum-tube amplifiers at 
these high frequences. Approximatdy a milli on ohms 
resistance may readily be obtained by means of a shorted 
quarter-wave concentric line. The quarter-wave line 
is also used extensively as an impedance matching device, ^ 
as a means of holding current at the receiving end of the 
line constant regardless of large changes in the magnitude 
and angle of the load impedance,* and as an impedance 
inverting device.* 

A short-circuited transmission line of less than a quarter 
wave length acts as a high-quality low-loss inductive re- 


Rcukenta—^High-Freguency Lines 


Electrical Engineering 



Figure 1. Qxopt for parallel-wire 
lines at X = 100 centimeters 

To obtain O* for any other wave length 
multiply by the cube root of the wave 
length expressed in meters 
Ojcopt for short circuit may be increased 
to the open-circuit value for x/X > 0.25 
by bringing wires together gradually at 
shorted end 
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■ OPEN CIRCUIT^ 


actance with a. Q at the ultrahigh frequencies far superior 
to that of any coil. An open-circuited line of less than a 
quarter wave length acts as a high Q capacitive reactance. 
If a capactive reactance which will pass direct current is 
desired, a short-circuited line of about Vs wave length may 
be used, preferably a concentric line. Transmission lines, 
especially those of the concentric type, are therefore ideally 
adapted for use as circuit elements for electric filters and 
as tuning devices in general at ultrahigh frequencies. 

The use of transmission lines as circuit elements at 
ultrahigh frequ^cies has been considered in several pre¬ 
vious papers, of which Terman’s “Resonant Lines in 
Radio Circuits,” published in Electrical Engineering, 
July 1934, is the most comprehensive. However, in all 
of these papers the effect of radiation resistance in alter¬ 
ing the effective resistance of both parallel-wire and con¬ 
centric lines has been neglected. In addition, the effect 
of proximity of the 2 wires in a parallel-wire line, in alter¬ 
ing the constants L, C, and R, and therefore the input 
impedance and the Q of the line although mentioned in 
some of the papers, has not been taken into account with 
rigid mathematical accuracy. The proximity effect is 
omall for the optimum ratio of spacing to wire radius, 
decreasing L and by about 1.5 per cent each, increasing 
C by about 1.5 per cent, and increasing R by about 5.5 per 
cent. Of course there is no proximity effect in a concentric 
line. Consideration of these factors, and especially of the 
radiation resistance, very materially changes the optimum 
design of the line, whether used as a low-loss inductive or 
capacitive reactance or to give high selectivity or high 
impedance as a resonant line. 

Specifically the following changes are introduced: 

1. When radiation and the proximity effect are neglected, the 
analysis seems to show that both the resonant input impedance 2, 
and the resonant Q are directly proportional to the square root Of 
the frequency for both paralld-wire and concentric lines. That is, 
lie analysis appears to show that Q increases as frequency increases. 
However, when radiation resistance and the proximity effect are 
taiTAw into consideration it is found that for parallel-wire lines Q 
is inversely proportional to the cube root of the frequency, and for 
concentric lines is inversely proportional to the 0.4 power of the 
frequency. In other words, Q actually decreases.; as frequency 
incre<».«ips for both parallel-wire and concentric lines. 

2. When radiation resistance and the proximity effect are neg¬ 


lected, the analysis seems to show that the resonant Q and Z, are 
proportional to the spacing for parallel-wire lines, and proportional 
to the outer diameter for concentric lines, and designers have there¬ 
fore been urged to use large values of spacing and diameter, respec¬ 
tively. Taking radiation resistance and the proximity effect into 
account, however, shows that for any frequency and length of line 
a definite spacing for parallel-wire lines and a definite outer 
for concentric lines, give maximum Q, and slightly larger values of 
spacing and outer diameter, respectively, give maximum values for 
Z*. Moreover these values, in general, especially for the very high, 
frequencies, are considerably smaller than the values which have 
been recommended on the basis of the older analysis, and even a 
small departure from the best value produces a relatively large 
decrease in Q or in Zg. 

3. Disregarding radiation resistance and the proximity effect gives 
a false optimum value of D/r “ 2.72 for a parallel-;wire line, and. 
b/a = 3.6 for a concentric line to give maximum Q. 

D is spacing between wire axes for parallel wires, 
r is wire radius for a paralld-wire line, 
b is inner radius of outer tube of a concentric line, and 
a is outer radius of inner conductor. 

Taking radiation resistance and the proximity effect into accounl: 
changes these values to 

Optimum values for maxi- 
D/r = 6.186 for parallel-wire lines mum Q for a line of any 
b/a — 4.22 for concentric lines length, whether resonant or 

not 

4. Disregarding radiation resistance and the proximity effect, the 
analysis seems to show that Q is independent of the number of 
quarter wave lengths of line used and of the line termination. 
Actually Q is a function of line length and in general is quite different 
for open-circuit than for short-circuit termination. 

6. Disregarding the radiation reastance and the proximity effect 
gives a false optimum value olD/r =» 8 for a parallel-wire line, and 
b/a = 9.2 for a concentric line if maximum input impedance is 
desired. Taking radiation resistance and the proximity effect into 
account changes these values to 

D/r = 20.96 for paralld-wire lines ) Optimum ratios for maximum 
b/a = 14.3 for concentric lines J Z, at resonance 

The higher the frequency the more important radiation 
resistance becomes. For instance, at 300,000,000 cycles 
the analysis, disregarding radiation resistance and prox¬ 
imity effect, would seem to ^ow that a parallel-wire line, 
a quarter wave length long and short-circuited, wotild have 
a Q of 2,655 if constructed of wires 0.5 inch in diametei* 
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considering radiation resistance, had been used, the h and 
a could have been decreased to 16.95 centimeters and 4.02 
centimeters respectively, which would have raised Q for 
the quarter-wave shorted line to 8,680. Moreover, if a 
half-wave concentric line, shorted at both ends and fed 
at any intermediate point on the line, had been used the 
Q could have been raised to 12,000. 

Fundamental Transmission Line Equations 

Whether a transmission line is to be used to carry hun¬ 
dreds of thousands of kilowatts at commercial power fre¬ 
quencies, or fractions of a watt at the audio frequencies as 
in a telephone line, or power in varying amounts at radio 
frequencies, the same equations, derived in many text¬ 
books (see Woodruff’s “Electric Power Transmission and 
Distribution”) hold accurately, namely 


Multiply by («-D/X)* to obtain radiation resistance for parallel-wire lines 



Figure 4 


Multiply by — a*)* to obtain radiation resistance for concen¬ 

tric line 


Eg = Eg cosh px -)- If sinh px 
B 

I = If cosh px sinh px 
Zo 

Z, = Eg/Ig 

where 


( 1 ) 


Ef and If are voltage and current respectively at the receiving or 
load end of the line, 

Eg and 7, are voltage and current at the sending end of the line, 

X is length of line (in our work the unit of length is the centimeter), 
/>*=(«+ i/S) is the propagation constant per unit length of line, 
a is the attenuation constant per unit length of line, 

^ is the wave length constant per unit length of line, 

Zo = "s/~zJy is the characteristic impedance of the line, 

Z is the series impedance per unit length of line, 

Y is the admittance between conductors per unit length of line. 

At high radio frequencies 
2 2Zo 


and spaced 0.68 inch between wire axes. Actually, how¬ 
ever, the neglected radiation resistance in this case is al¬ 
most 8 times as large as all other resistance. The correct 
value of Q is only 423, If, however, the diameter of the 
wire is decreased, to 0,262 centimeter (0.103 inch) and the 
spacing to 0.812 centimeter (0.319 inch), the optimum 
values for this frequency, a Q oi 771 is obtained. If, 
instead of using a shorting bar to short the line, the 2 
wires are brought together gradually, this Q can be in¬ 
creased to over 1,000. Both diameter and spacing must, 
however, be increased about 50 per cent over the values 
giveoL above. 

Similarly for a quarter-wave short-circuited concentric 
line to be operated at 60,000,000 cycles Hansell and Carter 
(April 1936, IRE Proceedings, page 699) recommend 
values of 5 — 30 centimeters (11.8 inches) and a = 8,25 
centimeters (3.25 inches). Neglecting radiation resist¬ 
ance they compute that the Q of the line would equal 20,- 
000. Actually here also tiie effect of the radiation resist¬ 
ance, which was neglected, is approximately 5.6 times as 
large as that of all other resistance. So, instead of a Q = 
20,000, it actually is only 3,420. If the optimum design. 


2x 

'-T . 

where \(lambda) is the wave length. 

If the wave length is expressed in centimeters, 
X = 3 X 10“//, where / is frequency. 

The Line as a Low-Loss 
Inductive or Capacitive Reactance 

For open circuit, = 0, so 

Ef cosh px „ cosh ax cos ^x -|- j sinh a* sin 0x 
^ sinh ax cos 0x -|- j cosh ax sin fix 


— sinh px 
Zo 


Eliminating the / term from the denominator by multiply- 
ingby 

sinh gag cos ffx — / cosh ax sin fix 
sinh ax cos jSag — / cosh gag sin /Jag 

and collecting terms gives 

(gag — j cos jSag sin jSag) 


Zg Zo 


(oiag)* cos* ffx -}- sin* fix 


( 2 ) 
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Figure 5. S versus /3s 

5 = (sin 2/3r)/2/3r 



Figure 6. Opti¬ 
mum Qr end b 
versus X for half¬ 
wave concentric 
line shorted at 
both ends and fed 
at any interme¬ 
diate point 


Example: For a parallel-wire line, for X = 100 centi¬ 
meters, and ic = 5 centimeters, if line is designed for mini¬ 
mum loss, then 

Zo s: 215.2 olims 

Z, = 69.9 (0.000867 -|- j 1.0) 

Qg = 1,154 (from curve in figure 1) 

Example: For a concentric line, and same X and x as 
above, 

Zo = 86.4 ohms 

Z* = 28 (0.0000865 + j 1.0) 

Qx “ 11,550 (from curve in figure 2) 

Compare this Qx with a Q of about 17 for a quartz crystal 
at this frequency. 

Equations for Resonant Lines 

When an open-circuited line is very nearly any multiple 
of a half wave length long, equation 2 is evidently a poor 
esqpression for Zg, since neither (oa)® cos^^x nor sin^jSa!: 
is negligible compared with the other. In this case it is 
better to express the input impedance as 


since for x only a few wave lengths long, ax at the ultra- 
high frequencies is so small that cosh cdc = 1.0 and sinh 
ax = ax (both ordinarily within one part in 10®). Ex¬ 
cept for X very close to »X/2, where n is any integer, 
(a!r)2 is negligible compared with sin2/3r, and 

Zg == Zo( - j ctn jSa: ) = Zo ctn /3 jc ( -- \ - j 1.0 ) 

* \sm^Px } \Zosin2j8« / 

(3) 

Evidently such a line acts as a condenser with a Q^ — 
(Zo sin 2^x)JRx. 

Note: We differentiate throughout the paper between the 
Q of a. line acting as an inductive or capacitive reactance, 
which we designate Qx, and the Q of the resonant line, 
which we designate Cr- Iii general, the 2Q’s have very 
different values. 

Example: For a parallel-wire line, for X = 100 centimeters 
(/ = 300,000,000 cycles), and x — X/20 = 5 centimeters, 
with optimum radius of wire and spacing for minimum 
loss, 

Zo 215.2 ohms 

Zg = 661 (0.000266 - j 1.0) 

Qx SB 3,750 (from curve in figure 1) ’ 

Similarly for short circuit 

* ** cos* fix -b (a*)* sin* fix 

Except for x very close to {2n -j- l)X/4, {axy is negligible 
compared with cos® jSrc, so 


Zg — Zo 


cosh* otx cos* fix sinh* ctx sin* fix 


cosh ax sinh oac -f j sin fix cos fix 
^ _ 1 _ 

ax ^ , , sin jS* cos fix 

1+7 - 

ax 


since cosh ax — 1 and sinh ax = ax (within one part in 
10®) and for ^x very close to nr, cos® px — I (very nearly), 
and sinh® ax sin® px is considerably less than 10~®, so is 
negligible compared with 1.0. Moreover for px very close 
to PrX == 



where is the frequency which would make the line 
exactly a multiple of a half wave length long, and / is the 
frequency under consideration, differing only slightly from 
/„ as would be the case if the line were used for frequency 
control. An open-circuited line very nearly any multiple of 
a half wave length long evidently acts as a parallel resonant 
circuit, with a Z, at resonance = 2Zo®/i?r and a Qr == 
27rZo/i?X. 


Similarly when the open-circuited line is very nearly 
any ocW multiple of a quarter wave length long, equation 
2 may be readily transformed to 



„ zA.. ~~ + j tan /3a: I = Zo tan /3a: [ -—7-^—- -h 7 1.0 j Thus an open-circuited line very nearly any odd multiple 

\cos*/3a: / \Zosin ^a: / Qf q, quarter wave length long acts exactly as a series 

resonant circuit, with a Q,. of exaqtly tlie same value as for 
Thus a short-circuited line, less than a quarter wave equation 6. 

length long, acts as an inductive reactance with a Equation 6 holds not Only for an open-drcuited line 
Qx = iZosm2px)/Rx. . very nearly any mtdtiple of a half Wave length long, but 
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also for a short-circuited line very nearly any odd multiple 
of a quarter wave length long. Similarly equation 7 
holds not only for ah open-circuited line very nearly any 
odd multiple of a quarter wave length long, but also for a 
short-circuited line very nearly any multiple of a half 
wave length long. 

Transmission Line Constants 

At commercial power frequencies with wide spacing 
between wires, for a parallel-wire line 

10 “* henrys per centimeter length of 2-wire line 


(•“?) 


farads per centimeter line to line 


9 X 10“ 


2 pl0-« 

TTf* 


^ ^ 2 pl0~» ohms per centimeter length of 2-wire 

“* line, where r is wire radius and p (rho) 

is resistivity (1,724 for copper of 100 
per cent conductivity and slightly 
larger for commercial copper) 

To take account of the proximity effect if the wires are 
•close together and of skin effect at high radio frequencies, 
these equations are changed to 


l-(n) 


[_2r 


IT- ‘ 


henrys per centimeter length of 2-wire line, assuming that 
wire is not of magnetic material 


{““[1+V(s)- 

Vi^io-® 

J?' = -p=z===. ohms per centimetei 

r excliiding effec 

Por a copper line, 

7 ?/ 84 V 710 _ 0-01465 


-farads per centi- 

9 X lO^*^ meter, line to line 


ohms per centimeter length of 2-wire line, 
excliiding effect of radiation resistance 


0.01456 


J? = 2?' -H 


3C(1 * S) 


where R^a is radiation resistance of the line, a function 
of frequenter, line length, and line termination. S is 
discussed in detail later. It equals zero for a line any 
multiple of a quarter or half wave length long. 

The first term in the equation for L is negligible for very 
high frequencies, so the equation for inductance may be 
written 






(Accurate within 1 
part in 1,200 at 
300,000,000 cycles) 


\/zJy ^ 120hi l] 


For a concentric line at high radio frequencies 

L = (2 In 6/a) 10 henrys per centimeter length of line (both 
conductors) 

C = >9 ~ , "7/ im ' i P®*" centimeter length of line 

{ n /a) X (between conductors, for air dielectric) 

/- . / 1 . 1 \ 0.007276 / 6 . A 

ohms per centimeter of line (11) 


R' + 


Zo = 60 In 6/a 


ohms for a parallel-wire line 


Radiation Resistance of Parallel-Wire Lines 

The radiation resistance of a line is defined as equal to 
the power radiated in watts divided by the square of the 
current in amperes at a point on the line where the current 
has a maximum value. For an open-circuited line a 
quarter wave length long, such a maximum current point 
or current loop is at the sending end; for a short-circuited 
quarter-wave line it is found at the receiving end. In 
general current loops are found at all odd quarter-wave 
points, measured from the open end, on open-circuited 
lines; they are found at all half-wave points, measured 
from the shorted end, on short-circuited lines. A line 
terminated in its characteristic impedance of course has 
no standing waves, so the current has the same effective 
value at all points (neglecting the very small loss along the 
line). Therefore ^rad for a line terminated in its charac¬ 
teristic impedance is simply the power radiated divided by 
the square of the current. 

The following equations, derived by the author, have 
been used in computing the data from which the curves 
for F, G, and H in figure 3 were plotted. 

^ (^) [? " ^ + 

(? + ^ (14) 

for a short-circuited line. This does not include the radia¬ 
tion resistance of the shorting bar, which alone equals 
80 (tP/\) 2. Total radiation resistance of a shorted line 
if a shorting bar is used, is (7ri?/X)2(80 + F). 

We have for convenience written Y for px in all of the 
radiation resistance formulas. For an open-circuited line 
the equation becomes 

- 120 [^1 ^ (I + i) yj - G (15) 

For a line terminated in its characteristic impedance the 
equation becomes 

— »• 

Note that F^ad for the line terminated in its characteristic 
impedance equals the sum of Frad for open circuit and 
2?rad for short circuit. (The derivation of these equations 
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and also those for the radiation resistance of concentric 
lines is contained in a paper by the author, entitled “Radia¬ 
tion Resistance of Parallel-Wire and Concentric Lines,” 
accepted for presentation at the IRE convention to be 
held at Spokane, Wash., this fall. It is hoped that it 
will appear in an early issue of the Proceedings of the 
Institute of Radio Engineers.) 

Radiation Resistance for Concentric Lines 

For short circuit 

2?rad « 120 ~ ~ a* 15 3^ ■*" (l6 ■*" 1^) ^ “ 

(17) 

Note that this is the total radiation resistance for this case, 
since the shorting disk for a concentric line does not 
radiate. 

For open circuit 

( 18 ) 

As in the case of the parallel-wire line, so also for con¬ 
centric lines the radiation resistance for the line tenninated 
in its characteristic impedance is the sum of the radiation 
resistance of the open-circuited and short-circuited lines. 
It may be expressed 

J?rad (for Zo termination) “ — (6* -- (19) 

Curves for J, K, and M versus x are plotted in figure 4. 
A slight correction factor, depending on the values of h/\ 
and a/\ and very slightly on line length, has been neg¬ 
lected in these formulas. For optimum values of 6 and 
a, the correction factor is less than 1 per cent. It has, 
however, been taken into account in computing and plot¬ 
ting the values of J, K, and M. 

Total Resistance of Line at 
High Radio Frequencies 

The power lost in a line evidently equals the sum of the 
PR loss and the power radiated (for leakage loss negligible, 
as is practically always justified in a radio-frequency line). 
For a line with standing waves, J = Jo cos $s if the line is 
shorted, and I = Jo sin jSs if the line is open-circuited, j 
being distance in centimeters measured from the receiv¬ 
ing end and Jo being the root-mean-square current at a 
current loop. Then for a shorted line 


Figure?. Parallel 
line, short circuit 

Qr versus r 
X =5100 centimeters 
D “ Oopt 

Curve numbers refer 
to number of quarter 
wave lengths 


KaaiBiBa-M 




■Mpina 


aa 0.4 0.6 

r—CENTIMETERS 


where 5 = (sin 20x)/2l3x. See figure 6 for a curve of S 
versus jSac. Therefore the equivalent resistance per centi¬ 
meter length for a short-circuited line is 


R’ -{■ 


2igra(3 (shorted) 

*(1 + S ) 


For an open-circuited line the equivalent resistance per 
centimeter length comes out 

ie « J?/ 

^ «(1 - 5) 

For X any multiple of a quarter or half wave length, sine 
20X = 0, so 5 == 0. So for both open and shorted lines 
at all multiples of a quarter or half wave length from the 
receiving end, R — R' 2Rj^/x, the appropriate R^ 
bdng used in each case. For a line terminated in its 
characteristic impedance, J? = R' -f Rnd/x. 

Design of Resonant Parallel-Wire Lines 
for Maximum Selectivity (Maximum Q) 

Equations 6 and 7 show that the Q for lines at or very 
near their resonant frequencies is Qr = 27rZo/i?X. Putting 
into this equation the values of Zo and R for parallel-wire 
lines from equations 8, 9, 10,14, and 15 gives 




0.01455-\/x 


2X firDWSO + F G \ 

» V X / \ i + 5 - s) 


Use (80 + 70/(1 + *S) for shorted line, and G/(l — .^ for 
an open line. 

This e 3 q)ression has its maximum value when 


0.01455Vv 

■v^ 


» V X j V 1 + 5 1 ^ 5 j 


power »»Jo*jRrad (shorted) + J 7^0* COS* fis ds - 

«(i- 1 -5) r_, ■ 


2 7^rad(8horted) 

*(1 + 5) 


IT-. 


Hfi' 


-<IT 


August 1937 


Reukema-'lIigh-Freguehcy Lines 





From 21 value of DJr to give mayimHm Q is 

(Wopt = 6.186 

Placing this value into 20 and solving for D gives 


( 22 ) 


Use Jfl + S for short circuit, use iC/1 — S for open cir¬ 
cuit, obtaining values of J and K from curves of figure 4. 
Putting these values into the expression for Qr gives 

120 T In 4.22 1,607 X«i-* 


Hopt “ 


0.134 X*/* 

1.25 XO. 

/ J K \ 

lj\(S0 + F G \ 

(25) 

Vl -h 5 1 - sJ 

yx\i+s 1 - sj 

11,420 , 


This expression for optimum Z> holds for both optimum 
and For any value of x/\ the appropriate value 
of F or U may be taken from curves of figures 3 and the 
value of S from figure 5. For instance, for a quarter- 
wave short-circuited line, 80 + F = 111.37, 5 = 0, so 
F>opt = 0.0172 

Putting the opt im u m value of D into the expression 
for Qj. gives 

1270 X‘/* 


VT 


6opt 


(30) 


^’’opt — 3 


j/x/^ 80 + F G~\ 
1 + 5 1 - 5; 


9480 

VT 


-'opt 


For a shorted quarter-wave parallel-wire line, 

Qropt = 166 xV. 

For an open-circuited half-wave parallel-wire line, 


Q,,p, = l 62 xV* 


(24) 


(25) 


(26) 


Since for the shorted quarter-wave line, 71.8 per cent of 
the radiation resistance is due to the shorting bar, the 
may be substantially increased (by almost 50 per cent) if 
the wires are brought together graduaUy, thus eliminating 
the necessity for a shorting bar. Note, however, that 
this also changes slightly the value of Zq to be used in the 
equation for and increases by 60 per cent the optimum 
i) to be used. 

Note that the expression for which we have given 
holds accurately only for lines close to resonant lengths 
(any multiple of a quarter or half wave length), the only 
lengths for which Q,. is of any importance. However, 
from this expression for Q„ the value of (2, for a Une of any 

length may be accurately determined. 0 = O 

(sm 2fix)/fix for both parallel-wire and concentric lines. 
Also Qg for any frequency may be easily computed from 

the curves of figures 1 and 2 . 

Design of Resonant Concentric Lines for 
Maxinium Selectivity 

Qr = In b/a 


For a shorted quarter-wave concentric line, J — 13.37 
and 5 = 0, so 

^opt = 0.0634 X®"' (31) 

Oropt = 726 X® * (32) 

For a half-wave concentric line shorted at both ends and 
fed at any intermediate point, K = 6.43 and S = 0, so 

bopt — 0.0873 X®-® (33) 

Oropt =d97\o.* (34) 

Oropt plotted as functions of wave length in 

figure 6. The Q^opt could be increased by using a longer 
line shorted at both ends. For instance = 1,310 

X° * for = 3 X. For a high always use a concentric 
line, some multiple of a half wave length long, shorted at 
bo^ ends and fed at the particular intermediate point 
which gives the desired input impedance. 

Curves in figures 9 and 10 show how Qf decreases when 
a is varied, in one case holding b constant, in the other case 
holding the ratio b/a constant. Figures 7 and 8 show the 
corresponding curves for parallel-wire lines. 

Design of Parallel-Wire Lines 
for Maximum Input Impedance 

Equation 6 shows that any open-circuited line some 
multiple of a half wave lengjth long, and also any short- 
circuited line some odd multiple of a quarter wave length 
long, has an input impedance 

7 2Zo» 

Rx both parallel-wire and concentric lines) 

Using the values of Zo and R from equations 8, 9, 10, 14, 
and 15 gives 


28,800 In* 


FX 






0.007275 vT /b 
b 


X 1 =b 5 

120x hi b/a 




P ^ V(£)' -1 


0.01465 a? 


((80-fF)orG:) 


(35) 


Solying for optimum b/a and optimum 6 gives 
iAopt -4.22 V (28) 


Differentiating 35 with respect to D, and also with re¬ 
spect to f, and solving the resulting equations simultaiie- 
ously, shows that 35 takes a maximum value when 
D/r » 20.96 


®P* “ *5 


0.14061 X®’* 


«(m- rh) 


(29) 


and 


D * 


'4 


0.198 X‘^» 


1008 


((80 F) or G) 
Lines 


(36) 


(37) 
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When these values are used, 
r _ 114,600 

^»opt “ 3 I- (38) 

- V-((80 + F) or (?) 

X ifac 

This value is evidently a maximum for the smallest parallel 
resonant value of x/\, which is V 4 for the shorted line and 
V 2 for the open-circuited line. 

For the quarter-wave shorted parallel-wire line F = 
31.37, so 

Dopt * 0.0259 x‘/* and = 60,160 (39) 

For the half-wave open-circuited line, G = 120, so 


= 0.0318 X‘/* and Z, 


36,900 X‘/* 


Evidently to obtain the highest possible impedance the 
quarter-wave line should be drawn together gradually 
at the shorted end, so as to eliminate the necessity for a 
shorting bar. In the case Zo will be decreased somewhat, 
which tends to decrease the numerator of 39. However, 
the denominator is decreased so much more that the value 
of is increased approximately 33 per cent, giving 

^»opt = 

For this case 

Dopt = 0.0389 X'/' (42) 

and (P/r)opt remains 20.96. 

Evidently high impedances may be obtained in this 
way, for instance 371,000 ohms at X = 100 centimeters 
(f = 300,000,000 cycles), and 800,000 ohms at X = 1,000 
centimeters. 

Design of Concentric Lines 
for Maximum Impedance 

From equations 11,12,13,17, and 18 

2Zo* __ 7,200 la* b/a __ 

- 0.007275 ifi+A+2 (J. - a-nior K) 

Vx & 

_ 7,200 ln« b/a 


H- 5 (6* - fl*)> 


This is a maximum when 




4 B (6* - a*)* 


In b/a — 


2.5[(6/a)2 - 1] 


(W- (6/ffl) + l 
Solving 45 gives 
(b/a)opt “ 14.3 

Putting this value into 4^ gives 
0.1705 X«-9 


(JorK) 


^ 62,600 X»-* 

For a shorted quaxter-wave line, J = 13.37, so 

6opt = 0.077 X»-» ( 49 ) 

■^%pt “ (SO) 

For a half-wave line shorted at both ends and fed at an 
intermediate point on the line, K = 5.43, so 

6opt = 0.106 X»-* (SI) 

Z. = 77,750 X0-* (52) 

•^opt 

Evidently the quarter-wave shorted concentric line should 
be used^if an enormous impedance (a pure resistance) is 
desired. Such a line represents an impedance of 713,000 
ohms at a wave length of 100 centimeters, an impedance 
of 1,793,000 ohms at a wave length of 1,000 centimeters, 
and correspondingly higher impedances for longer wave 
lengths (lower frequencies). 

Design for Low Loss When Line 

Is Terminated in Its Characteristic Impedance 

For both the transmission and reception of high-radio¬ 
frequency waves, either parallel-wire or concentric lines 
may be used to connect the antenna to the transmitter or 
receiver. In airplmes and in police cars, equipped for 
2-way ultrashort-wave radio communication, such trans¬ 
mission lines may be only a fraction of a wave length long. 
At commercial radio transmitting or receiving stations the 
transmission lines may be many wave lengths long. In 
any case it is important to terminate the line at both ends 
in an impedance equal in magnitude and phase to the 
characteristic impedance of the line, so as to prevent the 
formation of standing waves on the line. When a line is 
so terminated, the transmission line equations reduce to 

= Br e*** = Br 

I, => 

Zg “ Zg ■Bo 

p (P, and Pg stand for power at receiving and 

sending ends of the line, respectively) 

and the power loss expressed in decibels is 

tx RK 8.6S67rJi; 

N,, - 8.686 («x) - 8.686 ^ = 8.686 ^ 

the value of Qg being equal to 27 rZo/J?X, just as for open 
or short-circuited lines. Evidently the loss is a minimum 
when Qg is a maximum. 

For parallel-wire lines, from equation 23, noting that 

JT /2 is to be substituted for (80 + F/1-1- 5) or (G/1 — S), 


0.134 x‘/« 


Dopt — 


This was a good fotm in which to leave the equation in tte 

case of open or shorttoircuited lines, in which * was al- 
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most invariably either X/4 or X/2; however, it is better 
in the case of lines terminated in their characteristic im¬ 
pedance, where x is ordinarily not an exact multiple of a 
quarter or half wave length, to espress Dopt as 


Dopt = 0.169 X®-* 



(54) 


(i?/r)opt = 6.186, as was found also for Qropt^ 

Loss when optimum design is used is (iVdb stands for 
number of decibels loss) 


JVdb “ 0.01706 - 
X 



(55) 


Example: ForX = 100 centimeters and * = 4X 

i>opt 2.29 centimeters 
^opt = 0.37 centimeter 
iVdb = 0.0602 decibel 

Of this loss, exactly one third represents power radiated 
from the line. To see how much the loss is increased if 
optimum design is not used, refer to curves in figures 7 
and 8. Although this line is 4 wave lengths long, whereas 
the longest line for which curves are drawn is 11 quarter 
wave lengths long, note that practically the same rations 
hold for all the curves. Therefore the error involved in 
using curve 11 in either figure 7 or figure 8 is negligible. 
Since the loss is inversely proportional to Q^, evidently 



Figured. Pareilel 
line, short circuit 

X = 100 centimeters 
Or versus r 
D/f = D/roptimum 
Curve numbers refer 
to number of quarter 
wave lensths 



Figure 10. Concentric line, 
short circuit 

X =» 100 centimeters 
Or versus a 
b/a « (b/a)opt 



the curves showing can be used to compute the varia¬ 
tion in loss as the desigpo. is changed from the optimum one. 

Example: How much would the loss be increased if r 
were made V4 of its optimum value, holding D = Z)opt = 
2.29 as just computed? Using curve 11 in figure 7, we 
see that ^ropt = 1,530 at r = 0.255 centimeter. At r = 
0.255/4 = 0.06375, Qr = 955. But 1,530/955 := 1.605. 
So the loss has been increased by 60.5 per cent. 

Example: How much would the loss be increased if 
D/r remained (J5/r)opt» l>tit both D and r were made 4 
times their optimum values? In this case use curve 11 
of figure 8. Qf = 1,530 at r = 0.255 centimeter. At 
r = 4 X 0.255 = 1.02 centimeters, Qr = 280. Since 
1,530/280 = 5.46, evidently the loss has been increased 
from 0.0502 decibel (the loss for optimum design) to 5.46 
X 0.0502 = 0.274 decibd. In this case it is interesting to 
note that 97 per cent of the total loss is due to radiation 
from the line, whereas for the optimum design only one 
third the loss was due to radiation. 

For a concentric line, from equation 29, substituting 
Jlf/2 for (//I -H ^ or {K/l - S), 


_ 0.14051 XP-» _ 0.1615 XP-T 

■ ^ '~W 


(56) 


®/opt 


= 4.22 (same as for maximum Qr), and JVdb 


0.0148 - 
X 


X IM 


(57) 


For concentric lines, the loss due to radiation is one fifth 
of the total loss, if the line is designed for 
(or mi n i m u m loss). From the curves in figure 9 and figure 
10 one may readily determine how much the loss is in¬ 
creased if the optimiun design is not followed. Since for 
concentric lines the total loss is so small,.it will often be 
advantageous to build the line with considerably less f-bgti 
the optimum dimensions, in the interest of over-all 
economy. 

It is of intoest to note that a concentric line, terminated 
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Figure 11. Opti- the end. This follows immediately from the fact that the 
mum Zsr and b shorting disk used to short a shorted concentric line does 
versus X for quar> not radiate. Since such a disk does not radiate power 
ter-wave shorted itself, it cannot prevent the radiation of power through 
concentric line it from the current in the line. Moreover, a line supposed 
to be open-circuited should never have the end partially 
closed with metal, since the presence of such metal greatly 
increases the capacity at the end, and in effect terminates 
the line with a low value of capacity reactance, instead of 
the desired open circuit. 


in its characteristic impedance, has a maximum value of 
radiation resistance, and therefore radiates maximum 
power, when it is 0.6 of a wave length long. Note that 
M — 59.5 for this value of decreasing gradually as the 
line length increases until for all lengths above about 4 
wave lengths its value is about 47.5. For parallel-wire 
lines also, as shown by the curve for H in figure 3, if the 
line is at least 3 or 4 wave lengths long, further increase 
in length has no effect on the radiation resistance. So a 
line radiates the same amount of power whether it is 3 
or 4 wave lengths long or 3,000 or 4,000 wave lengths long, 
if it is terminated in its characteristic impedance. 

Note also that the radiation from an open-circuited 
concentric line cannot be decreased by partially closing 
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Radiotelephone Noise Reduction 

(^Continued from page 974) 

such a control terminal. Speech entering the terminal 
from the left goes through the upper branch of the circuit, 
with volume regulating means and privacy apparatus, to 
the radio transmitter. Speech received from the distant 
terminal enters at the lower right from the radio receiver 
and proceeds through the privacy apparatus, the noise 
reducer, receiving regulating network and amplifier to the 
2-wire line. Outgoing speech operates the transmitting 
path and disables the receiving path. Incoming speech 
operates the receiving amplifier detector, which disables 
the transmitting amplifier detector, thus preventing sing¬ 
ing and reradiation of received waves. 

Without the noise reducer the receiving relay may be 
operated by noise in the receiving path and such operation 
to an excessive extent will interfere with outgoing speech. 
To avoid this effect, it is customary to reduce its sensitivity 
-so that noise may not operate it. This results in the 
weaker speech parts also failing to operate the receiving 
relay. This weak speedi and noise returned to the trans¬ 
mitting path through the land-line connection may be 
strong enough to operate the transmitting relays and thus 
cut off incoming ^eech. This is avoided by reduciug the 
Volume to the land line. Therefore, any device which re¬ 
duces noise in the receiving path in the absence of speech 
effects an improvement not only in the switching opera¬ 
tion but also in the received voliune. By placing the 
noise reducer in the receiving path false operation is 
diminished and volume increases of 5 to 15 decibels are 
realized. The noise reducer is applied to the receiving side 


of the terminal beyond the privacy apparatus so that it 
does not introduce any distortion in the privacy portion of 
the circuit. It is placed ahead of the receiving amplifier 
detector, tliereby reducing noise between words which 
might affect the operation of this relay apparatus. 

SummaxY 

The noise reducer, which is a voice-controlled vario- 
losser with limited and controllable action, has been pro¬ 
vided for use on short-wave radiotelephone circuits and 
has proved to be a valuable and relatively inexpensive 
means of securing noise reduction. Improved reception 
is obtained for many of the transmission conditions ex¬ 
perienced on such circuits. This results in better intel¬ 
ligibility to the subscriber, greater margin in the operation 
of 2-way radiotelephone circuits, and a reduction of diffi - 
culties in the wire plant caused by connection to noisy 
radio circuits. 
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The Vodas 


By S. B. WRIGHT 


MEA4BER AIEE 


Introduction 

T he interconnection of ordinary telephone 
systems by means of long radiotelephone links pre¬ 
sents some unique and interesting technical problems. 
Since radio noise is often severe as compared with that in 
wire lines, radio transmitter power capacity is relatively 
large and e^ensive, and it is in general economical to 
control the speech volumes so that the radio transmitter 
will be fully loaded and thus the effect of noise minimized 
for a given transmitter power rating. This volume con¬ 
trol, to be fully effective, calls for voice-operated switch¬ 
ing devices to suppress echoes and singing. 

This paper describes the measures which have been de¬ 
veloped for use at radio-wire junctions in the United 
States. They are based upon an arrangement called a 
“vodas.” This word, devised to fill a need for verbal 
economy, is formed from the initial letters of the words 
“zHDice-operated device anti-ringing”; and thus implies not 
only a suppressor of feedback or singing, but also automa¬ 
tic operation by voice waves. ‘ 

The general principles and applications of the vodas 
have been discussed from time to time in various papers 
listed at the end of this text. The present paper goes 
somewhat more into detail regarding the transmission 
performance of the vodas, including a description of an 
improved form of circuit which discriminates between 
line noise and the syllabic characteristics of speech. 

Historical 

The 2-way problem in telephony began with the inven¬ 
tion of the tdephone itself, and was the subject of con¬ 
siderable pioneering activity during the latter part of the 
nineteenth century. The invention of the amplifier 
brought about new problems when applied in a* repeater 
for 2-way operation. Even before a practical repeater • 
had been devised, inventors visualized controlling the 
direction of transmission through amplifiers in a Kne by 
relays controlled from switches associated with the sub¬ 
scribers’ instruments, an idea which is in use today on mr- 
planes and small boats and in special circuits where this 
type of 2-way operation is practicable. It is also used by 
amateur radiotelephone operators. But for public tele¬ 
phone service more rapid and automatic control of 2-way 
conv^sation is preferable. 

To control the direction of transmission in a manner 
that would meet public convehience invention progressed 

A papw. recpminan4cd for publica,tioii by the AISB committee on communica- 
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through the early part of the twentieth century toward, 
devices for switching the speech paths automatically by 
voice waves. During this period, long-distance radio- 
telephony was first demonstrated to be practical on a one¬ 
way basis. 

From that time until the first trans-Atlantic radiotele¬ 
phone circuit was placed in service on January 7, 1927, 
antisinging voice-operated devices underwent a process of 
development aimed at meeting the requirements of 2-way 
radiotelephone service. The vodas was one result. 
Since 1927, improvements have been made in cheapening 
and simplifying the equipment and in making a vodas 
that will operate better on speech and not so frequently on 
noise. It has also been possible to arrange a vodas so as 
to permit using the same privacy apparatus for both di¬ 
rections of transmission, thereby saving the cost of dupli¬ 
cate apparatus. 

The Radiotelephone Problem 

The cpnditions encountered when joining 2-wire 2-way 
circuits by radio links are illustrated in figure 1 in which a 
shows a connection between 2 subscribers W and E while 
& shows the paths of direct transmission and echo when JS 
talks. In addition to the talker and listener echoes 
which arise in such a connection, singing can occur around 
the (dosed circuit CAFGDBC if the amplification is great 
enough. Also, when the same frequency band is used to 
transmit in both directions, 2 cross-transmission paths 
AB and DF are set up, and echoes and singing can take 
place around the end paths ABC and PFG. Any echoes 
or singing are of course primarily due to reflections of 
energy at points of impedance irregularities in the 2-wire 
plant, including the subscribers’ telephones themselves. 

In wire cdrcuits, simple hybrid coils and echo suppres¬ 
sors* are usually adequate to prevent such effects because 
the gains are not increased to provide for loading the cir- 
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cuit with energy when speech 
is weak, and also because the 
cross-transmission paths are 
absent. In long radio cir¬ 
cuits, however, singing may 
result from the adjustments of 
amplification made to load 
the radio transmitter in case of 
weak speech and thus over¬ 
ride noise, even though sepa¬ 
rate frequency bands are used 
in the 2 directions. More¬ 
over, it is desired that the 
users of the service have as 
good transmission over the 
entire connection including 
these radio links as that to 
which they are accustomed in 
their own wire telephone sys¬ 
tems and even better trans¬ 
mission may be desired owing to differences in the lan¬ 
guage habits of the subscribers. Consequently, the over¬ 
all transmission efficiencies of intercontinental radio cir¬ 
cuits are sometimes better than those of the best land lines 
in the areas to be interconnected. 



making the voice-operated, devices as sensitive as may be 
necessary to obtain full operation on weak as well as on 
strong voice waves. If there is any noise on the system 
which tends to operate the device it is necessary to make it 
less sensitive to avoid false operation. A point may be 
cAtieifitriftr ifi .On Inw that the weakest 


Fundamentals of Vodas Operation 

A voice-operated device to suppress singing effects can 
be designed to have 3 possible arrangements: 

1. The terminal can normally be blocked in one direction and 
connected through in the other. 

2. Both directions of transmission can normally be blocked and 
activated in either but not both directions by the voice waves. 

3. The circuit can remain activated in the last direction of speech 
and blocked in the other direction. 

Where there is no noise on the transmission system un¬ 
der consideration any of these 3 arrangements will give 
satisfactory operation as there is then nothing to prevent 


parts of speech will not cause operation, and the weak 
consonants will be lost. The reduction in articulation 
has been found to be proportional to the time occupied by 
these lost or “clipped” sounds.® 

if the device is located at a point in the circuit where 
the signal-to-noise ratio coming from one direction is 
poorer than that coming from the opposite direction it is 
obvious that a considerable advantage will be gained by 
using arrangement 1, since the device may be pointed in 
the direction in which the normally blocked path is exposed 
to the better signal-to-noise ratio and the normally acti¬ 
vated path is exposed to the poorer signal-to-noise ratio. 
The vodas is, of course, arranged so that the normally 
blocked (transmitting) side is exposed to the land lines 

which are usually quieter 
than the radio links. In 
the receiving side, the device 
can be less sensitive because 
there is no need for having 
it completely operated under 
control of the voice waves. 
All that is necessary is to 
have this side sensitive 
enough to operate in re¬ 
sponse to comparatively large 
voice or noise waves which 
niight otherwise, after re¬ 
flection and passage into 
the outbound path^ result 
in false operation of Ike more 
sensitive side associated with 
this path. 

In the vbds^ the principle 
of balance is used to keep the 
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reflected currents small a.nd th.us allow the sensitivity of 
the normally activated device to be further reduced if 
necessary. Where a high degree of balance is not ob¬ 
tained and when noise from the radio limits the sensitivity 
of the receiving device it is sometimes necessary, particu¬ 
larly for weak outgoing volumes, to reduce the incoming 
volume so as to prevent echoes from operating the nor- 
rnally blocked transmitting side. 

This echo limitation is primarily due to noise in the 
radio link, reflections from the 2-wire plant and weak 
volumes from the subscribers. It is difficult to produce 
any large improvement in talker volumes and balance; 
so it would appear that the solution of the difficulty would 
probably come from the direction of improving radio 
transmssion. Some beneflt has also been obtained by 
reducing the effect of radio noise on the vodas with special 
devices of which the “compandor”and the “codan”“-«> 
are examples. More recently, use has been made of a 
new voice-controlled device called a “noise reducer, 
which reduces the received noise between speech sounds. 

Vodas Design—Type-A Control Terminal 

Figure 2 shows a schematic diagram of a vodas ^- 
ranged to use the same privacy device for both transmitting 
and receiving. The vodas apparatus together with the 
volume-control devices and technical operator’s circuits 
go to m^e up what is called a type-A control terminal. 
This IS the type used on trans-Atlantic and other long 
routes. Since the operation of this arrangement has been 
descnbed before, it wiU not be repeated here. 

The diagram of the relay circuit in figure 3 shows how 
various time actions are obtained. Relays 1, 2, 4, and 5 

T ground contact of 

relay rjlf IS opened. Thus the travel time of any relay 

a^ture is not a factor in securing fast initial operation, i 
men the mature of relay TM reaches its left-hand con- 

operates and delays release of the relay train j 
even If TM is at once restored to normal. Jff, is delayed 1 

Y required to charge condenser Ck. 1 

The final release of relays 1 

and 4 is then controlled by the 

tme constant of an auxiliary feoNTROL apparatus r' 

circuit mvolving relay r-s.rfK>T—In 

and condenser Ca, while that to H 

of relays 2 and 5. which monitorins 

made later so as to suppress ^ (Sim i 

delayed echoes, is controlled | 

by the circuit charging Q. r j - 

On the receiving side, con- J^ LLLL, 

denser Q is adjustable so as SS i ffif "1 

to permit the technical opera- 

tor to^select the shortest re- l I..— 

lease time for suppressing the scriber 

delayed echoes in a given land- 1“ 

line extension. { 

The vodas control terminal 

of the 4 types used at New _ \l ^ | 

York insists of a line of j 

tedmical operating positions Roar. 



Figure 4. Type-A control terminal at San Francisco 

with cross connections to other lines of equipment con¬ 
taining the delay units, repeaters, vodas amplifier-detec¬ 
tors, and privacy apparatus. Figure 4 shows an arrange¬ 
ment of a single terminal at San Francisco. The control 
bay is placed between 2 line-testing bays on the left and 
2 transmission-testing bays on the right of the operatin^r 
lineup. The distributing frame is in the center of the 
picture; and repeaters, ringers, and privacy apparatus 
are shown at its left. At the extreme left is the vodas bay. 

Syllabic Vodas—T3T)e-B Control Terminal 

The desire for a cheaper control terminal than the type 
A led to the development of a second type, known as type 
B, m which the vodas employs the same fundamental 
principles. In this vodas added protection against false 
opera,tion from line noise is secured by the use of a new 

prmciple in voice-operated devices, called "syllabic” 
operation. 

It IS observed that in many types of noise a large com¬ 
ponent of the long-time average power is steady. Speech, 
however, comes as a series of wave combinations of rela¬ 
tively short duration. These facts suggested a device 
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which distinguishes between the rates of variation of the 
envelopes of the impressed waves. This is accomplished 
by a filter in the detector circuit which passes the inter- 
modulated components of speech in the syllabic range, but 
suppresses those of line noise which are above or below 
this range. 

Figure 5 shows a schematic diagram of the application 
of this device to a type-5 control terminal. The privacy 
switching circuits are omitted from this drawing, as are 
also the circuits for delaying the release of the relays. In 
comparing t.hip drawing with figfure 2, it will be seen that 
relays 1, 2, and 3 perform the same functions, but the 
transmitting b^ ati nh of the vodas consists of 2 portions, 
one a sensitive detector with a syllabic frequency filter, 
which on operation increases the sensitivity of the second 


sending current out of the filter in the opposite direction. 
Operation of either I or F effectively inserts gain ahead 
of the upper detector, thereby increasing the sensitivity of 
relay K, when speech is present. Even if the noise is 
strong enough to operate relay K over the upper branch 
when the gain is inserted, the release of relay F at the end 
of a speech sound will remove the gain and permit K to 
fall back. Thus, it is possible to work relay K more sen¬ 
sitively on weak speech than would be possible without the 
^Uabic device. 

Figure 6 shows a photograph of a 5-type terminal in 
ship-to-shore service at Forked River, N. J. The vodas 
and volume control apparatus are in the left-hand cabinet. 
The right-hand cabinet contains privacy apparatus, a 
fsi gnaling oscillator, and a vodas relay test panel. 


portion. 

Considering the action of figure 5 on transmitted speech, 
the output of the sensitive detector of the syllabic device 
is a complex function of the applied wave having inter- 
modulated components in the range passed by the tuned 
input circuit, together with a d-c component and various 
low-frequency components set up by the syllabic nature 
of the speech. There are also various components of any 
noise waves which may be present including a d-c compo¬ 
nent. The first step in getting rid of the noise is to pass 
the detector output through a repeating coil which blocks 
the d-c component of both the speech and noise, but passes 
frequencies above about Va second. The re¬ 

sulting waves enter the low-pass filter, the output of whidi 
contains frequencies between and 25 cycles per second 
which “syllabic range” is between the d-c component of 
zero frequency and the fundamental frequency of the line 
noise. These qrUabic-frequency currents cause momen¬ 
tary operations of relays / and F. Relay / operates when 
a speech wave is commencing and relay 5, . which is poled 
oppositely, operates while the impulse is dying out, thus 


. f.» 
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Perfonnance 

In any system employing voice-operated devices it is 
necessary for the time actions to provide for to-and-fro 
conversation with a minimum of difficulty when the subr 
scribers desire to reverse the direction. The electro¬ 
magnetic relays used in the vodas have advantages over 
other types of switching arrangements which have been 
proposed in that they (1) operate and release at definite 
current values; (2) have fast operating and constant re¬ 
leasing times; (3) have their windings and their contacts 
dectrically separated, thus simplifying the circuits; 
and (4) operate in circuits having low impedances. 

The operating times of the 2 types of vodas are shown in 
figure 7 as a function of the strength of suddenly applied 
single-frequency sine waves in the voice range. These 
measurements were made with a capacity bridge.® The 
sensitivities of the 2 types were adjusted so that observers 
noted an equivalent amount of clipping. The type-.4 
vodas was provided with a 20-millisecond delay circuit, 

the type 5 had no delay. 
For the type-^l vodas, the op¬ 
erating time is quite small 
and constant just above the 
threshold of operation. 

For weak inputs the oper¬ 
ating time of the syllabic de¬ 
vice is determined by relay 
I and the filter, as shown in 
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Operation on a 
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Figure 6 (left). Technical operator at Forked 
River, N. J./ using a type-B control terminal 
to establish a circuit between a steamship 
and a shore telephone operator 
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OPERATE POINT 
TYPE B 


WITH 20 MILLI¬ 
SECONDS DELAY 


WITH 
NO DELAY 



WITH 20 MILUl- 
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WITH 
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OPERATE POINT 
TYPE A 

Figure 9. Oscillogram of the word “siXy*' illustrating clipping 
and its reduction by a delay circuit in the transmission path 

figure 7. As the suddenly-applied input is increased, a 
point is reached where the tess sensitive detector operates 
relay iT, reducing the operating time from around 20 
milliseconds to values comparable with those of the 
type A. 

The operation was also tested on waves formed by ap¬ 
plying simultaneously 2 sine waves of equal amplitude 
but slightly different frequencies. These waves were re¬ 
corded on an oscillograph together with a d-c indication of 
the operation of each of the vodas relays, with the sensi¬ 
tivities adjusted the same as for figure 7. The time from 
the beginning of a beat wave (null point) to the time of 
operation was measured from these oscillograms and 
plotted against various values of total applied voltages. 
Figure 8 shows the results for a 5-cycle-per-second differ- 
^ce between the 2 frequencies. Negatiye values of time 
indicate that the path was cleared before the beginning of 
the wave, and these occur only with the type-A vodas due 
to the delay circuit. The curves for frequency differences 
of less than 5 cycles per second show more clipping and 
greater differences between the devices, while those for 
greater frequency differences show less time clipped and 
less difference between the 2 types of vodas. In the case 
of weak waves it is evident that the syllabic will give less 
clipping because the energy of the wave does not rise to 
the value required to operate the type-A device until after 
the syllabic device has operated; and for very weak waves, 
the type A does not operate at all. In the case of strong 
waves, the type-A vodas is better due to its delay circuit. 
However, since the clipped time is greater on weak sounds 
than on steong ones, the 2 types give performances on 
speech which are judged to be equivalent. 

A comparison of operation of the 2 types of vodas on a 


speech wave is shown in figure 9. Reading from left to 
right the middle trace of this oscillogram shows the wave 
recorded by saying the word “six” over a telephone cir¬ 
cuit transmitting a band of frequencies from about 800 to 
2,000 cycles per second, which is the range normally effec¬ 
tive in operating the vodas. The upper trace shows the 
point at which the syllabic type-F device operated and the 
lower trace shows the point at which the type-A device 
operated. Since the speech wave shown was used to 
operate both devices, the reduction of clipping by the de¬ 
lay circuit in the type-.4 vodas was not recorded. How¬ 
ever, the effect of a transmission delay of 20 milliseconds is 
shown by subtracting 20 milliseconds from the point at 
which operation occurred. This is indicated on the oscillo¬ 
gram for both devices. It is concluded that on this wave 
the syllabic device without a delay circuit would give 
about the same clipping as the type-A vodas with its 
delay circuit. Figure 8 indicates that the type A would 
be better for stronger speech and the type B would t>e 
betto for weaker speech. The advantage of a delay cir¬ 
cuit is either case is evident. 

It is evident from this analysis that the reason for usin g” 
delay circmts is not primarily because the relays are slow 
in operating. When the sensitivity is by noise, 

clipping of initial consonants can occur with infinitpgim 1 
operating times. One way of reducing the clipping is to 
use long releasing times so that the relays remain operated 
between syllables. This has the disadvantage of making 
it harder for the opposite talker to break in. To avoid 
this difficulty, the relays in the vodas are given releasing 
times that permit the distant speech to break in about 
Vo second after a United States talker ceases to speak. 

^e advantage of delay circuits is to reduce the clipping 
of initial consonants and thus permit using short releasing 
times, thereby making it possible to reverse the circuit 
more readily. In addition, delay circuits permit using sl 

lower relay sensitivity which has 2 advantages: First, more 

noise can be tolerated without causing false operation j 
second, more received volume can be delivered without 
the echoes causing false operation of the normally blocked 
transmitting side. 

The advantage of artificial delay of various amounts 
has been determined using different types of normally 
blocked arrangements to find the relation between the de¬ 
lay and the sensitivity required to produce given amounts 
of clipping of initial sounds. The results are shown for a 

















type-i4 vodas in figure 10. The curves for the syllabic de¬ 
vice are similar. The setup was arranged so that various 
delays could be inserted in eith^ the transmission circuit 
(delay X) or the relay circuit (delay Y). The left ends 
of the curves indicate that when delay Y is used, that is, 
when the net operating time of the relay is great, a point 
will be reached where no reasonable increase in sensitivity 
is sufl&cient to prevent intolerable clipping. The value of 
20 milliseconds of delay X as compared to zero is equiva¬ 
lent to an increase of about 5 decibels in sensitivity for a 
given amount of noticeable clipping. 

A reasonable release time is of value in preventing 
clipping, as it causes the relays to remain operated not 
only for trailing weak endings of sounds, but also when the 
energy is temporarily reduced by intermediate consonants 
which may be comparable with noise. Delayed release is 
also important when it is required to maintain the blocked 
condition while delayed echoes are being dissipated. 
For these echoes, the hangover or release times should be 
constant for various applied voltages. In the vodas, the 
change in release time over a wide range of inputs is less 
than one per cent, Adjustments are made by varying the 
condensers and resistances of the auxiliary circuits shown 
in figure 3. Tjrpical values obtained by this method are 
indicated m filgure 11. 

The vodas amplifier-detectors have broadly tuned in¬ 
put circuits to exclude by frequency discrimination many 
of the frequencies induced by power sources and those 
which are unnecessary for speech operation. The sensi¬ 
tivity-frequency characteristic is shown on figure 12. 
This figure also shows the relatively narrow frequency 
range passed by the repeating coil and syllabic frequency 
filter of the type-JB vodas. 

Operating Attendance 


magnetic relays used in the vodas are very suitable in that 
they have small operating and constant releasing times. 

Improved performance of the voice-operated relays in 
the presence of line noise can be secured by the use of a 
syllabic tjppe of vodas which discriminates between the 
characteristic voltage-time envelopes of the noise and 
speech waves. Laboratory and field tests indicate that 
this device even without delay circuits, gives slightly bet¬ 
ter performance on most conditions tliati the original vodas 
with delay. When provided with a transmitting delay 
circuit, the syllabic device is decidedly better than the 
older vodas. 
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tor* is in attendance. He is provided mih circuits which 
enable him to talk and monitor on the circuit as indicated 
in figures 2 and 5. His duties include adjusting the sen¬ 
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receiving speech volumes by the aid of potentiometers 
and volume indicators. He selects tiie proper hangover 
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whole with the distant end. At times, he may be re¬ 
quired to increase the sensitivity of the transmitting side 
of the vodas in the case of talkers with poor ability to op¬ 
erate relays or to decrease the sensitivity when we^ 
volumes are supplied from land lines with more than the 
usual amount of noise. 

Summary 
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paths rapidly to and to, and thus prevent 
&g that would otherwise occur at unp^ctable _tiin^. 
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sion. The performance clto*<^**to^^es °f the 
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Capacitance Control of Voltage Distribution in 

Multibrealc Breakers 


By R. C. VAN SICKLE 

MEMBER AIEE 


Summary 


This paper discusses the need for good distribution of 
the voltage among the interrupters of a high-voltage 
multibreak circuit breaker and the results which have 
been obtained using capacitances. 


Introduction 

T he development of high-speed circuit break¬ 
ers capable of interrupting short circuits on 287-kv 
S 3 ratems in not over 3 cycles, 0.05 second, has called 
attention to the importance of the distribution of voltage 
among a number of interrupters in series. To obtain 
su^ high speed of operation all parts must work promptly, 
quickly, and effectively. Obtaming adequate contact 
separation to inteirupt the circuit and to withstand the 
restored voltages is accomplished by using a number of 
interrupters connected in series and operated simulta¬ 
neously. This construction depends on a division of duty 
between the individual breaks, each inteixupter being 
loaded with its share so that the interrupting capacity of 
the pole unit is approximately equal to the sum of the 
capacities of the units. Uniform distribution of duty 
is most desirable but it can only be approximated be¬ 
cause short circuits of various kinds may occur on either 
side ^d the distorting forces cannot be neutralized for all 
conditions. This paper discusses the problem and ca¬ 
pacitance shields which satisfactorily distribute the duty 
among the interrupters in multibreak circuit breakers. 


appeared across the breaker, the voltage distribution is 
determined by the capacitance relationships of the various 
parts. If all capacitances except those across the gaps 
could be eliminated, there would be only a simple series 
circuit composed of equal capacitances. If a voltage were 
applied across them it would divide equally between the 
various gaps and this division would be unaffected by the 
relative potential of the ground. Unfortunately the con- 


Flgure t. A dia¬ 
gram representing 
a multibrealc cir¬ 
cuit breaker at 
the instant one arc 
is extinguished 
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Factors Determining Voltage Distribution 

The astnbution of voltages should be suitable during 
the armg period, during tie extinction of the are, and 
rite the cn-crat is interrupted. During the first of these 
ah OTcmt breakers have good voltage distribution, 
sunite conditions existing fa the series gaps of a inulti- 
should result in them having apprr^tely equal 
arc voltages smce arcs of equal length carrying eqtml cur- 

After the arcs are extinguished an d nonnal voltage has 

and Westinghouse Electric 

^“««nmnb^edretoences,seeHstatendor^ 
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^tions are not this simple and capacitances to ground and 
to other parts not at the same potential form a network oi 
circmte so that the voltage distribution is distorted and 
may depart widely from uniformity. Moreover, different 
^es of short circuits will produce different degrees oJ 
^stortion For convenience this distribution wiU be re- 

^ution ^ static voltage dis- 

Between the 2 periods already discussed is an important 
toaent penod during which the arc space is changing 
rapidly from a^good conductor to a good insulator and 
dunng which the voltage distribution is determined first 
by the arc resistance and later by the electrostatic capaci- 

tanc^ of the parts and the relative potentials of the ter¬ 
minals. 

is 

cam^ by a coutmuons metalHc path loimed by the ter- 
t^als, contacts, and connecting members. The separa- 
on 0 the contacts introduces arcs which conduct the 
ciOT^t and which are acted upon by deionizing agents. 
M the cu^ent approves zero, at the end of a half-wcle 
the deionization proceeds more rapidly than ionization 


EtECTRicxt 


and conductivity decreases. The conductivity becomes 
zero at about the time the current reaches zero and the 
arc does not restrike if the dielectric strength of the arc 
space is greater than the applied voltage. 

The change of the arc space from a conductor to an m- 
sulator is not an instantaneous process but consumes an 
appreciable time interval, up to a few hundred nucro- 
seconds. This time interval is a variable in an oil circmt 
breaker because of the conditions which exist between the 
arc terminals. The space is filled with a nonhomogeneous 
mixture of gases, oil vapor, and probably drops of oil, all 
of which are in rapid turbulent motion. A number of in¬ 
dependent interrupters carrying currents of the same 
magnitude will not interrupt in exactly the same manner 
at exactly the same time. However, if the same cu^ent 
is passed through a series of interrupters operated simul- 
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the interruption is finaUy completed. Since the rate of 
change of conductivity is relatively low, the <Merences 
between series mterrupters is so small that this type of 
performance tends to divide the potential between inter¬ 
rupters equally even though the capacitances would pro¬ 
duce a very uneven distribution.^ 

More effective interrupters have a higher rate of deioniza¬ 
tion and the change from a conducting arc to an insulat¬ 
ing space is more rapid. Additional phenoniena associated 

with the capacitances of the circuit assist in keeping the 
voltage divided between interrupters. These inte^pters 
may deionize the space so rapidly that the dielectric 
strength required for interruption is obtained at current 
zero or even before the normal current zero. Oscillograms 
of circuit-breaker operations in which unstable arc condi¬ 
tions resulted in the arc being extinguished before ^e 
normal current zero have been discussed before the In¬ 
stitute.®’® This is the other extreme in breaker operation 
and in this case also the interrupters distribute the voltage 
among themselves. However, the resistances of the ^c 
spaces will not do it since the resistances become infinite, 
but the capacitance currents and impedances become im¬ 
portant and take over the function. The capacitances 
not only control the voltage distribution after the ar(s 
are extinguished but also assist in sychronizing the deiom- 
zation. Exact knowledge of this phenomena is lacldng 
and the following is offered as a possible explanation. 

The extreme in this type of operation is characterized 
by a very rapid increase in effective reastance of the arc 
as the current approaches zero. It is so great that tte 
arc may become unstable and be suddenly extmgmshe 
from a current of about 10 amperes or less.* The cona¬ 
tions easting at such an instant may be rq)resented by 

thediagraminfigurel. The small capacitances are chosen 

to reprSent a circuit having a high rate of voltage re- 

in the last few microseconds of a half-cycle of 
, current one interrupter is able suddenly to produce m- 
‘ finite reastance between its contacts, the current flowmg 
through the interrupter is diverted into the various ca- 
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Figure 2. Capacitances associated w«h the “"••'j** •"J* 
terminals of 4-breah circuit breakers and typical of all molU- 
break breakers 
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padtances, c, in parallel with it. This current raises the 
voltage across the pole unit, starting at a maximum rate, 
de/dt, which depends on the magnitude, i, of the current 
flowing at the instant of arc rupture 

de i 
dt c 

Because the capacitance of the interrupter is sinflll com¬ 
pared to the other capacitances, the current flowing into 
it is almost negligible. In the case shown in figure 1 it 
would be only 

^ 20 micromicroiarads _ 

1,500 -(- 500 + lOO + 20 micromicrofarads 

or about 0.01 i. Therefore the current through the other 
series interrupters would decrease rapidly from i to 0.01 i 
as ^eir capacitances were discharged through the residual 
ionization in the arc spaces. However, all of these inter¬ 
rupters are similar and have about the same characteris¬ 
tics. Os^ograms show that at least one has been able 
to force its current to zero with more than itp share of 
wltage across it. Therefore, it seems reasonable that 
the reduced energy input into the other interrupters would 
result in rapid increases in their effective resistances and 
that the voltages across them would not completely col¬ 
lapse. Since the change from finite to infinite resistance 
could hardly be instantaneous in the arc path of even the 
first interrupter, it appears probable that when one starts 



Figure 5. Shielding reduces the maximum voltage which 
can appear across any one break 

Curve /d—M/nimum possible (assuming uniform distribution of voltage) 
Curve fi—Measured without shielding 
Curve C—Measured with shields 


subsequent changes in the voltage across each interrupter. 

Since the static voltage distribution is of importance 
m itself and is also a determining factor in the voltage 
distribution during interruption and since it is much more 
readily detemnned, it is taken as a criterion of the elec- 
Mcal stresses applied on the various breaks in a multi¬ 
break circuit breaker. 
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Figure 4. Voltage distribution in mMitibreak oil circuit 
breakers having metal tanks and shielding devices. The data 

enlra^Ld' \ breaks with one terminal 

energized and the other grounded and when compared with 

Hgure 3 show the improvement obtained by shielding 


others assist and the voltages 
across them are approximately equal. 

*1*® '^pacitances across the interrupters or 
such ns nh' M coupled to large capacitances 

f I’® tl*® ™ltage collapsing ef- 

more umform mil be the voltage distribution at the 
1 units become nonconducting. After the arc 
spaces ecome deionized, the capacitances determine the 
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Voltage Distribution in Breakers 

The static voltage distribution depends upon the capaci¬ 
tances of the various parts of the breaker with respect to 
each oth^ and with respect to ground and upon the volt¬ 
ages applied to the terminals of the breaker. A network 
mprwenting a 4-break circuit breaker is shown in figure 2. 
Obviously still more capacitances are present and could 
be shown but generally they are relatively unimportant. 
This network shows that fundamentally the problem is 
same in either a metal-tank breaker or in a porcelain 
breaker. The relative capacitances to ground are greater 
m a pounded metal-tank breaker but satisfactory dis¬ 
tribution may be obtained in either case by adequate 
shielding means. 

The relative potentials applied to the terminals of the 
breaker affect the distribution since some of the capaci¬ 
tances are to ground and their effect will depend on the 
potentials of the terminals. The distribution of the 
voltage between breaks is independent of the magnitude 
of the voltage between terminals, because none of the cir¬ 
cuit constants change with voltage. Moreover, it is in¬ 
dependent of frequency since all of the components of the 
circuit are capacitances and react in the same manner to 
Ranges in frequmey. This is particularly important 
in connection with the voltage recovery transient. 
Grounding of the neutral of the system directly or through 
impedances and the location of the prindp^ hhpedances 
determine the voltage applied across a pole unit but need 


not be discussed here since the voltage distribution in th« 
breaker depends only on the. relative potentials of the S 
terminals with respect to grouiid. 
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Figure 6. Shields used in a 287-kv oil circuit breaker 


The best distribution is obtained usually with the con¬ 
nection corresponding to the opening of line-to-line volt¬ 
age across a single pole because the recoveiy voltage after 
current zero impresses equal and opposite potentials on 
the terminals. The ground potent!^ being midway be¬ 
tween the terminal potentials results in a symmetrical 
distribution of voltage between interrupters and usually a 
minimum of distortion. A corresponding connection has 
been used in high-power laboratories for applying 264 kv 
across a pole unit. The testing transformers were insu¬ 
lated for only 132 kv to ground but by connecting the pri¬ 
maries of 2 of them to the same phase and the secondaries 
in series with the midpoint grotmded 264 kv was obtained 
between terminals of the breaker. 

A more usual condition is a line grounded on one side of 
the breaker. This is simulated by grounding one terminal 
of the breaker and energizing the other. 

A 3-phase ungrounded short circuit would apply, to the 
first pole to interrupt, potentials of phase voltage on one 
terminal and minus half of phase voltage on the other. 
This is a condition which is between the 2 others with re¬ 
spect to the voltage distribution but it is important because 
of the magnitude of the voltage between terminals, 87 per 
cent of Ime-to-line voltage. 

The magnitudes of the voltages impressed on the pole 
unit will be determined by the system and by the nature 
of the short circuit. The maximum voltage on any in¬ 
terrupter is determine for the various conditions by 
the impressed voltages on the pole umt and the corre¬ 
sponding voltage distributions. 

The 3 important conditions for voltage distribution are 
given in table I in terms of the relative test potentials 
applied to the terminals of the pole umt. It should be 
noted that £ is the total test voltage between terminals 


and has no relation to the magnitude of the voltages im¬ 
pressed by the corresponding short circuits. 

The poorest distribution is obtained with a grotmded 
short circuit near the breaker terminal so this will be used 
as the basis of comparision to show the need for shielding 
and its effectiveness. 

The voltage distribution in metal-tank breakers having 
various numbers of breaks and no special provisions to 
insure proper voltage distribution are given in figure 3. The 
data are taken from tests on 2-, 4-, 6-, and 8-break circuit 
breakers of experimental designs. The variations in the 
arrangements of contacts cause the curves to be of slightly 
different nature and account for the irregularities in the 
spacing of the curves at any particular break. The 
significant point is the inherent unequal distribution of 
voltage between interrupters in a multibreak circuit breaker 
having no special shielding provisions. The iaterrupter 
next to the bushing having potential is required to 
withstand more than twice the average voltage for the 
4-, 6-, and 8-break circuit breakers. These data show 
that increasing the number of breaks without taking steps 
to insure proper voltage distribution does not result in 
reducing the voltage per gap approximately in proportion 
to the number of gaps. In fact, the most of the gaps take 
very little voltage and are actually a liability since they 
will produce just as much arc energy during the arcing 
period as the gap which has to withstand the most voltage 
at the interruption. 

The voltage distribution can be modified and made to 
approach the ideal by the use of capacitances which reduce 
or eliminate the effect of those causing distortion. Im¬ 
proved distribution obtained with capacitance shields is 
shown in figure 4. The 2- and 3-break circuit break¬ 
ers y/ert single pole experimental types and were intended 
for operation with one side grounded. Consequently, the 
shielding was designed for this condition only and uniform 
distribution was obtained. The 6 - and 8-break breakers 
are the same ones that were tested unshielded and the 
data are directly comparable. They were designed for 



Figure 7« Voltage distribution in a shielded. 10-break circuit 
breaker under 3 conditions of applied voltage 
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Table I 


Potential of the Terminals 


Condition 

El 

Et 

1. A grounded short circuit near the breaker ter- 

. E .. 

.... Ground 

2. First phase to clear on an ungrounded 3-phase 

short circuit on a grounded system. 

3. An ungrounded, line-to-line, single-phase short 

circuit through a single pole. (A test condition). 

• H-ViE... 

...-•/«£ 


...-ViE 


Note: £ is the voltage across the pole unit and will not have the same value 


for each of the conditions given above. 

grounding on either side so the shielding was symmetrical 
and the results approached but did not reach uniform dis¬ 
tribution. The 6-break assembly is slightly under-shielded. 
In the 8-break assembly the fourth and fifth inter¬ 
rupters were slightly different from the others and not 
quite as effective. Consequently, the shielding was de¬ 
signed so that these 2 interrupters would get less voltage 
than the others. How well this was controlled is shown 
by the curves. 

The advantages gained by shielding are clearly shown 
in figure 5. The ordinates are the maximum voltage on 
any one interrupter in percentage of the voltage applied 
across the pole unit. 

Curve A indicates the percentage for uniform distribu¬ 
tion in breakers, having from one to 10 mterrupters. 
Curve B indicates the percentage as measured in some un¬ 
shielded circuit breakers. Curve C indicates the percent¬ 
age as measured in shielded breakers and shows a big im¬ 
provement due to shielding. This figure shows that for a 
given service, about the same interrupting ability is re¬ 
quired of the interrupters for the unshielded 8-break cir¬ 
cuit breaker, as for the suitably shielded 4-break circuit 
breaker. The shielded breaker having half the number 
of interrupters, has half the total arc length and half the 
arc energy. The use of shielding in the 8-break circuit 
breaker permits the use of interrupters of about half 
the voltage interrupting ability and therefore, approxi¬ 
mately half the arc length, half the arc duration, and 
an even smaller fraction of the arc energy. 

Devices Used for 

Controlling Voltage Distribution 


same potential as the contact. Two shields are used in a 
pole unit, each shield containing half of the interrupters. 
The large capacitances of the shields minimize the distort¬ 
ing effect of the capacitance to ground of the moving con¬ 
tact and connected metal parts. This divides the voltage 
between the 2 halves of the pole unit and the 2 shields 
divide these portions among the individual grids. 

The results obtained with this shield are shown in figure 
7 which gives the results of measurements under the 3 
conditions of table I and shows the relations between them. 

A similar shield was used during experimental work on 
4 interrupters. The maximum voltage which could be 
interrupted was about 88 kv although individually the 
units could interrupt 30 kv. The electrical field inside 


Table II. Voltage Limitations of Interrupter Assemblies 
Having Good Voltage Distribution 


Number of TTnite Voltage Liinitatio& Voltage on One Interrupter 
in Series (Kilovolts) Per Cent KUov^ 


1 . 36 to 40.100 . as to 40 

2 . 65 to 76. .<50 .32.5 to 37.5 

3 .100 to 115. 3.3.3.33.3 to 38.3 

* .132 or more. . 27 .36.6 or more 


the shield was tlien measured, figure 8, and found to give a 
voltage distribution of 24, 26, 33, and 17 per cent which 
indicated that one of the 4 units was being stressed to 
about 33 per cent of 88 kv or 29 kv. Subsequently an 
assembly of 4 36-kv interrupters having a voltage dis¬ 
tribution of 24, 26, 27, and 23 per cent was tested and 
found to interrupt 132 kv successfully. The voltage on 
one unit should have been about 27 per cent of 132 kv or 
35.6 kv. 

The 35-kv interrupters were tested also in 2 and 3 unit 
assemblies with uniform distribution and the results sub¬ 
stantiated the voltage distribution measurements as 
shown by the data in table II. 

These series of tests demonstrated clearly the value of 
the static voltage distribution as a criterion of the voltage 
conditions existing during interruption. 


The shielding devices which have produced the results 
already discussed are of new design. One recently de¬ 
veloped for 287-kv breakers and described in a paper be¬ 
fore the Institute^ is shown in figure 6. It consists of a 
corneal tube wound from treated paper and foil. Its 
cons^ction is similar to that of a condenser bushing 
but differs m the location and length of the foil layers 
smee^ the potential is applied between the ends of the 
between the inside and the outside, 
ine smeld has an approximately uniform potential gra- 
dient from one end to the other on both the inside and out¬ 
side ^ The interrupters located, at uniform in- 

^as mside 4t share ^e voltage equally among them. 
Ea<i contact is shielded from ground and h^ a large ca- 
paci ance to a Ityer of foil which has approximately the 


Methods of Measuring Voltage Distribution 

The measurement of the voltage distribution in oil cir¬ 
cuit breakers presents some interesting problems because 
of the presence of oil, the variation in the breakdown of 
gaps in oil, the difficulty or impossibility of locating 
shielded leads in equipotential surfaces, and the difficulty 
of making observations of phenomena below the oil sur¬ 
face or within the shields. A modification of the sphere 
gap method was selected. Gas discharge tubes r^laced 
the sphere gaps and special viewing or detecting means 
were used in the determination of the breakdown. One 
assembly of 4 interrupters prepared for test but not yet 
covered by the shield, is shown in figure 9. Two small 
neon discharge tubes A having a breakdown voltage of 
about 60 volts are mounted adjacent to the metal assem- 
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blies between gaps. One lead from each tube is connected 
to the adjacent metal parts and the other, a flexible in¬ 
sulated lead is connected to a piece of metal fastened to a 
heavy cord. The cord passes vertically through metal 
guides along the assembly, the upper end goes directly to 
the manhole at the top of the breaker, and the lower end 
passes around the lower end of the shield and thence up¬ 
ward to the manhole. After the breaker is filled with 
oil, the lead can be pulled into contact with a guide, 
thereby connecting the tube across either the gap above the 
tube or the gap below the tube (as shown in the illustra¬ 
tion). By stopping the cord midway between the end 
positions the flexible lead is held adjacent to the metal 
parts where it will exert practically no disturbing effect 
while measurements are being made with the other tube. 
This facilitates testing as it reduces the amount of oil 
handling. 

The light from the small tube would be invisible through 
the oil, so a glass tube, which is sealed at the bottom and 



Figure 8 (above). The electrical held 
inside a shield used in an experimental 
4-brealc circuit breaker 


Figure 9 (right). An assembly of inter¬ 
rupters with equipment for voltage dis¬ 
tribution measurerhents mounted on it 



mounted directly above the discharge tube, is used to 
transmit the light upward to a point above the surface of 
the oil, where it is deflected by a pri^ to the manhole. 

The test apparatus has little influence on the voltage 
distribution. The glass, Micarta, string, and air dispkce 
a small amount of oil and change slightly the didectric, 
but the effect is negligible. The discharge tubes them- 
sdves have little capacitance and the leads are as short 
as possible and are located where they cause a minimum 
of error. Consequently the capacitance added to thecapaci- 
tance of an interrupter by cormectihg the tube across it 
is relatively dnall and approximately constant, and a 
coriection for it is easily made. 


Voltage is applied by means of 2 variable-voltage po¬ 
tential test sets having a range of zero to 30 kv and con¬ 
nected to a common source of voltage, so that the second¬ 
ary voltages are 180 degrees out of phase. 

For tests with one terminal grounded, the procedure 
is as follows. By manipulation of the cords, a tube is 
connected across the gap under test. Potential is then 
applied to a terminal and increased until the voltage ap¬ 
pearing across the gap under test is sufficient to cause the 
tube to break down and glow. The applied potential is 
recorded and 2 or 3 additional readings made as a check to 
be sure that the observer noticed the first breakdown. 
The percentage of the voltage appearing across the gap 
can then be obtained by dividing the breakdown voltage 
of the tube by the applied voltage and multiplying by 
100 per cent. The leads to the terminals of the breaker 
are then reversed which in effect prepares for the test on 
the corresponding gap on the other side of the breaker. 
In this way only one assembly of interrupters needs to be 
fitted with tubes for test. After all the gaps have been 
tested, the percentages are added but, due to the increase 
in the capacitance across each gap when the tubes are 
connected for measurements, the sum is not 100 per cent. 
Since the effect of the apparatus has been about the same 
on each gap a constant multiplying factor is used in raising 
each percentage so the sum equals 100 per cent. 

For tests with both terminals energized the procedure 
is similar but care must be taken that the potentials ap¬ 
plied to the terminals are always in the correct ratio. 

The consistency of the results and their agreement with 


Table III. Voltage Distribution on 10-Break Oil Circuit 
Breaker Equipped With Shields Around Contacts 


Data From Witness Test 


Voltage Applied (Volte) Tube Voltage on Gap (Per Cent) 

-i-Breakdown^-- 

Grid Term. I Term, n Average Volta Reading Corrected Calculated 


r 446) 

J 446}- ...I 

(445) 

f4621 

isu- 

i 616 ) 


Ground...445.3....61.75... 11.6 - 13.2- 12.9 

Ground.. .462.0.... 51.75... 11.44- 13.1.... 13.2 

Ground...616.6....68.3 ...11.28.... 12.9- 13.0 


D.... 

f631) 

.. •( 680 V . 
(528) 

. .Ground .. .629.6.. 

..68.3 . 

,.11.05... 

. 12.6... 

. 12.3 


(636) 

.. i 635}- . 
(534) 

.. Ground ... 535 .. 

(786) 

..56.0 . 

,.10.6 ... 

. 12.0... 

. 11.0 

E iP).. 

.. Ground . 

■T 

784}. ...786.3.. 
[784) 

..66;o . 

.. 7.17... 

. 8.2... 

. 7.6 

DiO.. 

.. Ground . 

1 

1 

(830) 

830 k..830 .. 
(830 ) 

..68.3 . 

.. 6.99.. 

8.0... 

. 7.6 

c m. 

.. Ground . 

1 

1 

[924 ) 

922 V ...922.6.. 

(922 ) 

..68.3 . 

.. 6.2 ... 

. 7.1... 

. 7.6 

B (/) .. 

.. Ground . 

(888) 

.. .{888}- ...888 .. 
(888) 

(920) 

..J 920 ^ ..920 . 

(920) 

,..61.75. 

.. 5.72... 

. 6.5... 

. 7.4 

A (J).. 

.. Ground . 

...61.76. 

Total.. 

.. 5.63... 

...87.58.. 

. 6.4.,. 

. .100 .. 

00 
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calculations made before the shields were built are shown 
by the typical data presented in table III. 

The results of tests made with tubes having breakdown 
voltages of 60 volts were checked by similar tests with 
tubes having a breakdown of about 30 kv. The tubes 
were larger and were inserted in the spaces between inter¬ 
rupters. This made viewing from above still more difficult 
so a choke coil was inserted in the lead to one terminal and 
one of the 60-volt discharge tubes was connected across 
it. This lead was grounded and the other connected to 
a high potential testing transformer. The voltage was 
raised until the 30-kv tube broke down. The disdiarge 
caused the 60-volt tube to glow. Data taken in this 
manner with one terminal energized and the other grounded 
gave the same voltage distribution as the data taken with 
the lower-voltage tubes. The other conditions were not 
tested with the high-voltage tube because of the greater 
difficulty in the manipulation of the higher potentials and 
the close agreement with the data more easily obtained at 
lower voltages. 

Conclusions 


paper, containing 11 illustrations and 8 tables, Mr. Dan- 
natt stressed the essential that an accurate meter for recti¬ 
fier inputs must be so constructed that its calibration is 
independent of frequency. The rigorousness of this re¬ 
quirement decreases, however, if the number of rectifier 
phases is increased, or if the wave form of the voltage ap¬ 
plied to the rectifier transformer is improved. Table IV, 
which is reproduced from the paper, shows the variation in 
metering errors as the number of phases is changed. 


Table IV 



S-Phase 

Rectifier* 

fi-Phase 

Rectifier** 


True 

Values 

Meter 

Values 

True 

Vttlues 

Meter 

Values 

Power factor... 

Reactive kilovolt-amperes. 

Total kilovolt-amperes. 

Distortion power (Pjr>). 

.100 ... 

. 00.6 ... 

0.89... 
..37,2 
..70.6 ... 

.. 0.89.. 
.. 46.(1 .. 

.. 100 
. .31..'! 

.. 0.04 

..33.1 

..94.8 

reactance to transformer reactance of 0,85, 

Wtth a ratio of line reactance to transformer reactance of 0,01. 


The efficiency of multibreak circuit breakers depends on A mathematical series describing the energy associated 
the distribution of the voltage between the interrupters, with current and voltage of distorted wave forms consists 
The presence of grounded parts near the interrupters of a steady term and a series of pulsating terms, so that a 
Md the capacitances between interrupters tend to distort meter used to measure energy must maintain its accuracy 
the voltage distribution and to decrease the efficiency of at frequ^cies as high as the component frequencies of the 

tne breaker. . composite wave form. The proportion of pulsating en- 

Volt^e distribution in multibreak circuit brewers can ergy to total energy decreases rapidly with an increie in 
be controUed by capacitance shielding, so that each in- the number of phases; consequently, serious difficultv in 

? f short-circuit conditions, metering rectifier input is most likely to occur in rectiLrs 

^ terrupting tests justify the use of static voltage dis- of low numbers of phases. 

Excep^ for known bad performance with respect to 
Ranges in frequency, the ordinary induction type of meter 
has so many advantages that its inherent errors were in¬ 
vestigated very carefuUy to determine whether they were 
^sufficient importance to nullify the advantages of this 
t^e of meter for measuring rectifier input. The conclu- 
aon from the tests was that the error of a modem well- 
designed induction meter comiected to rectifier supplies 
exceed one per cent for a 3-phase connec- 
toa M 0.5 per cent for a O-phase connection, provided 

soidal c^Tard*:^^ 

■nie satidactory performance of the induction meter en- 

‘yp® of metere that may 
be used on either alternating current or direct current and 

^t rons^uently are less dependent on frequency than 

the mducbon meter in calibration Tiaes 'ru ^ 
tvne of “ .^^oration. The Thomson motor 

^ of meter is m this category, and was found to be 
s^mmtly mdependent of frequency to make it an accur 

ate msti^enUor rectifier power-input mea^um^ 
no shunt IS used across the field coils. ’ 

This type of meter is said to be’satisfactory also for 
the j^“^W«d^le ^ccur^ of 

mth very Htfle smoothing of the d“ Ltyut 
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tribution as a criterion of the voltage distribution during 
an interruption. 

The distribution can be calculated and measured. 
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On this and the following 16 pages appear discussions submitted for 
publication, and approved by the tech^cal committees, on papers presented 
at the sessions on tensor analysis, synchronous machinery, and protective 
devices at liie 1937 AIEE winter convention. New York, N. Y., January 
25-29, and on one paper not presented at an AIEE meeting. Authors’ 
closures, where they have been submitted, will be found at the end of the 
discussion of their respective papers. 

Members anywhere are encouraged to submit written discussion of any 
paper published in Elbctrical Engineering, which discussion will be re¬ 
viewed by the proper technical committee and considered for possible publica¬ 
tion in a subsequent issue. Discussions of papers scheduled for presentation 
at any AIEE meeting or convention will be closed 2 weeks after presentation. 
Discussions should be (1) concise; (2) restricted to the subject of the paper or 
papers under consideration; and (3) typewritten and submitted in triplicate 
to C. S. Rich, secretary, tedmical program committee, AIEE headquarters, 
33 West 39th Street, New York, N. Y. 


A Single-Element Polyphase 
Directional Relay 

Discussion and author's closure of a paper by 
A. J. McConnell published in the January 
1937 issue, pages 77-80, and presented for 
oral discussion at the protective devices ses¬ 
sion of the winter convention. New York, 
N. y., January 27, 1937. 


G. W. Gerell (Union Electric Light and 
Power Company, St. Louis, Mo.): Mr. 
McCoxmell’s paper brings to mind certain 
difficulties which our company has been ex¬ 
periencing with single-phase power direc¬ 
tional relays. On rather too frequent occa¬ 
sions reverse power relays have opera¬ 
ted during faults behind*the relay. In most 
cases these incorrect operations occurred 
during single-phase ground faults. In¬ 
variably the relay operating falsely wm 
not connected to the faulted phase. It 
should be noted that these operations have 
always taken place on systems grounded 
solidly at 2 or more points. A typical 
dbrcuit arrangement would consist of 2 
33-kv circuits supplying power to a sub¬ 
station. The circuits would be energized 
from the 13,800-volt power plant bus 
through 13.8/33 kv ddta-wye grounded 
transformer. At the substation end the cir¬ 
cuits would be bussed at 33 kv. The reverse 
power relays are located on. the line oil 
switches at the substation end. No in¬ 
correct operations have been recorded on a 
numbtf of other drcuits, arranged in a 
■cimilar manner, but bussed at the substa¬ 
tion end tlurough 33/4.6 kv transformer 
banks on the low-tension tide. 

Extremdy low power factors, canting a 
reversal of torque In the rday may Jiccount 
for these operations, but I am more inclined 
to believe that they are caused by the rda- 
tivdy high currents flowing in the un¬ 
grounded conductors during a one-phase-to- 
ground fault. The power flow at the 
point whde the false operations Occur, is of 
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course, in such a direction to prevent in¬ 
correct operation, but in the ungrounded 
phases it is not necessarily so. 

A polyphase rday, measuring net power 
in a 3-phase circuit, as Mr. McConn^ has 
described, should effectivdy prevent opera¬ 
tions so frequently experienced with the 
single-phase type of directional rdays. 

The phenomena reported here, occurs 
more generally on systems solidly grounded 
at several points, and such bdng the case, 
the question naturally arising is—^why are 
the single-phase rdays invariably applied 
to such systems. Polyphase directional 
rdays were available^ I believe, even be¬ 
fore the advent of the single-phase type. 
Moderatdy high-speed pol 3 q>hase relays 
have been available, at least during the l^t 
6 or 7 years. For some reason or the 
other, they have been applied less fre¬ 
quency as time goes on. 

Concerning a method of preventing in¬ 
correct operations on existing installations 
of the single-phase rdays it is suggested 
that setting the over-current dement of the 
directional rday for a pick-up in excess of 
the calculated value of currrat flowing in 
the ungrounded phases may constitute a 
solution, provided the setting is practiced. 


J. H. Neher (Philaddphia Electric Com¬ 
pany, Philaddphia, Pa.): The increased 
use of pilot protective systems, of dther the 
carrier current or metallic pilot-wire types, 
has brought about the need for a polyphase 
directional rday capable of high-^eed and 
positive-contact operations. Mr. McCon¬ 
nell is to be congratulated on the deydop- 
ment of such a rday whidi at the same time 
fuffills the demand for a rugged general 
purpose pol 3 rphase directional rday com¬ 
parable in cost to, but occupying consider¬ 
ably less space than the present forms of 
such rdays. . 

When voltage restraint is added to a 
directional dement the resultant com¬ 
bination may be described as a directional 
distance fault detector, the range of which 
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is a function of the angle of departure from 
the angle of maximum torque in the direc¬ 
tional circuit and which is a maximum when 
this angle of departure is zero. In certain 
relay arrangements it is desirable to make 
use of this property such as for instance in 
the case of the starting unit of a reactance 
type distance rday. 

Under such conditions it is desirable that 
the range of the relay be substantially the 
same for both 3-phase and phase-to-phase 
faults. The maximum range of a single¬ 
phase directional dement with voltage re¬ 
straint for a phase-to-phase fault is about 
86 per cent of the range for a 8-phase 
fault, while in the case of a polyphase 
dement with the quadrature connections, 
the range for a phase-to-phase fault is only 
50 per cent of that for a 3-pha^ fault. 

It appears tiiat the connections shown in 
figure 2 will also have a maximum range of 
50 per cent in the case of a phase-to-phase 
fault. As Mr. McConnell has pointed out, 
however, the construction of this new de¬ 
ment is such that a number of other connec¬ 
tions may be utilized, and possibly one can 
be found which will result in ranges for the 
2 types of faults which are more nearly 
equal. 


Bi W. Kfanbark (Mas^chusetts Institute 
of Tedhnology, Cambridge): The correct 
working of practically every protective 
rday scheme, from simpl6 overcurrent pro¬ 
tection to carrier-current relaying, depends 
on directional rdays, dther of the single¬ 
phase t 3 Tpe or of the polyphase type. 
Therefore it is important to know with 
accuracy what conditions limit the correct 
operation of such relays; and it would be 
desirable to have a complete mathematical 
analytis of their performance, like the 
analysis of distance rdays which has been 
so ably achieved by Messrs. Lewis and 
Tippett. The paper by Mr. McConnell 
makes a good start at such an analysis for 
the polyphase type of directional relay, 
particularly by expressing the relay torque 
for each of 2 different connections in terms 
of the flow of positive- and negative-sequence 
power in the protected line, thereby en¬ 
abling us to see that each of these 2 
components of power contributes a suitable 
component of torque. 

The directions of flow of vector power 
due to a tiiort dreuit on a 8-phase network 
are as follows in terms of symmetrical com¬ 
ponents: positive-sequence power flows 
toward the fault; while negative-sequence 
and zero-sequence power (if one or both are 
produced by the type of fault in question) 
flow away from the fault. The rdative 
magnitudes of the positive-, negative-, and 
zero-sequence powers at a rday location 
depend on the type of fault, on the division 
of power of each sequence between the 
2 ends of the faulted Une, and on the dis¬ 
tance between the fatilt and the rday. 
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derived in appendixes I B 
^ paper for a dead phase-to- 

pnase fault are exact only if the relay is close 
fault and only if the line is open at 
the far end, or if the positive- and negative- 
sequence powers divide between the two 
ends of the line in the same ratio.) Al¬ 
though the power at a relay location may 
consist of 1, 2, or 3 sequence components, 
mixed in various proportions, nevertheless 
the flow of each component is in the direc¬ 
tion stated above; and any component 
which is present, or a combination of 2 or 
3 of them, may be used to indicate the direc¬ 
tion of the fault location. If all 3 compo-. 
nents are used, the relay torque may be 
expressed by 

real part of + 

^ Oa ] 

== ^i£i/iCOS (flki -f tfi) -f- 

kiEilspos (<f>3 -|- B 2 ) + ^ofio-^oCOS (00 -|- tfo) (1) 

(See end of discussion for notation used.) 

It is desirable that Bi and Bo should differ 
by approximately 180 degrees from Bi so 
that the sign of each of the 3 terms of the 
expression will be the same when negative- 
sequence and zero-sequence power are 
flowing in the direction opposite to that of 
the positive-sequence power (that is, when 
0 a and 00 are approximately 180 degrees 
from 0 i). This is on the assumption that 
the power factor is approximately the same 
for each sequence; it may differ somewhat 
for different sequences, and the positive- 
sequence power factor may vary with the 
type of fault. Since the positive- and nega¬ 
tive-sequence torque terms are ordinarily 
obtained, not from a positive-sequence ele¬ 
ment and a negative-sequence element, 
but from several elements working on phase 
currents and voltages, ii and kj are neces¬ 
sarily equal, while Bi and Bi depend on B 
(defined below) and on the relay connec¬ 
tions. 

^ The torque of each single-phase direc¬ 
tional element is given by the 

real part of k El LB^ kEI cos (0 -|- B) 

( 2 ) 

and the combined torque of several single- 
phase elements of identical construction, 
or of an equivalent polyphase element, is 
given by 

real part of k LbJ^EI ( 3 ) 

The factor 


+ Ecfa = 

3V3(£’i/iZ210 -f EifiLm) ( 11 ) 
^A^e + Eafa + EcTb — 

3VS (Ejt Z330 + Ejiim (12) 
EaJa + EbTr + Eclc — 

9 {EiJi -j- Eji) (13) 
Ea^b + EbTc + Eel A — 

9 (£ 1/1 /T 1_20 -I- Eji Z240) (14) 
EaJc + EalA + Ecla = 

9 (£,/i /:240 -f Eji Z120) (IS) 

The following 2-element combination is 
also of interest: 

EaIc - Eel A = (£,/jZ270 + 

EiliLdO) (16) 

Equations 7, 10 , and 16 are for the 90- 
degree connection (equation 10 representing 
its usual form); equations 5 and 14 are for 
the 60-degi-ee connection, which is equiva¬ 
lent to the one recommended in the paper 
for the new polyphase relay; and equations 
9 and 12 are for the 30-degree connection 
(equation 12 the usual form.) A compari¬ 
son of the ejqjressions just mentioned, sub¬ 
stituted in (3), with equation 1, yields the 
following values of Bt and Bo: 


Connection 

Bi 

Ot 

00 -degree. 

60-degree. 

30-degree. 

......0 - 30..., 

....e + 90 
....0 + 90 

....e + 30 


By way of comparison, assume that for 
coimection the positive-sequence torque 
is made a maximxun at 30 degrees lag 
“ ”30). This assumption determines 
a different value of B for each connection, 
and the value of B determines the values of 
Bi and of Bt — 180; 


Connection 

Oi 

0 

O9 

fe-180 

90-degree. 

..-30.. 

.,60. 

... 150 .. 

..— 30 

00 -degree. 

.,-30.. 

.,30. 

... 90 .. 

.. — 60 

30-degree. 

..-30.. 

., 0. 

... 30 .. 

..-160 


for various connections of 3 single-phase 
elements, using either Y (line-to-neutral) 
or A (line-to-line) voltageis and either Y or 
A currents, may be expressed as follows; 

Ea^a + £fr/i rf £j/^ * 

' 3(^/0 4- £ 1/1 -f Eili) (4) 

Ea^b + Eole -|- EJa « 

SiEofo + £ 1 / 1 Z120 -I- EiJti Z240) (S) 
Ea^^c + E}J„ Ejtb 

3(£/o + £i/jZ 240 -H ^/sZ120) (6) 

+ £(/(3 

3y^(£i/,,^;270 4-£i/jZ90) (7) 
EaJta 4“ EjJe "t" E,Ja 

3v^ {EJi Z30 -f Eji Z330) ( 8 ) 
EJe-VEofA + EJa^ ^ 

3-v/5(£i/j,^160 4-£/,Z210) (0) 
EaIu + Ealb -h Eclc =* . 

3v^ (£i/i /90 4-£j/j^270) (10) 
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The values of {Bi - 180) are the phase 
angles of the negative-sequence current 
with respect to the negative-sequence volt¬ 
age for maximum torque, considering that 
the negative-sequence vector power is sub¬ 
stantially opposite in direction to the posi¬ 
tive-sequence; thus, the 90-degree connec¬ 
tion gives maximum torque at 30-degree 
lag (equal to the lag at which the positive- 
sequence power gives maximum torque); 
the 60-degree connection at the greater lag 
of 90 degrees; and the 30-degree connection 
at the stiU greater lag of 150 degrees, 
^ce so great a lag would never be obtained, 
the negative-sequence torque would be rela¬ 
tively low in the 30-degree connection, and 
possibly even reversed in direction. For 
this re^n the 90-degree and 60-degree 
connections appear preferable to the 
30-degree connection, even though the latter 
would probably operate correctly. 

The connections just discussed give no 
z^o-sequence torque, with the exception of 
the form of 60-degree connection repre- 
^ted by equation 6 . For this case ko « 
ffi,.and Bo ^ B -f- 180, Assuming as be¬ 
fore that ” —30, there results9o -- ISO** 
30; maximum zero-sequence torque is pb- 

I^msstom 


tained with current leading by 30 degree.s. 
This is not the best relation that could be 
imagined, because the zero-sequence cur¬ 
rent wiU frequently lag by a considerable 
angle, giving a low or even reversed torque, 
though^ probably seldom strong enough to 
overweigh the positive- and negative- 
sequence torques. If desired, the zero- 
sequence torque can be eliminated by con¬ 
noting the relay voltage windings in Y 
neutral coimection, A more re¬ 
liable and flexible way of introducing a 
zero-sequence torque is to use an electrically 
separate mechanically coupled zero-sequence 
element as described in the paper; by this 
means ^0 and 60 can be given any desired 
values. It would be interesting to know the 
value of ko/kj for the relay described as hav¬ 
ing a “strong ground-fault element.” 

,“®?ative-sequence phase angle 
(1804-0a) depends on the impedance from the 
relay to the generators, including lines, trans¬ 
formers, and generators, and wiU probably 
range from 60 to 90 degrees. The zero- 
sequence phase angle (180 4 -0o) depends on 
the impedance from the relay to grounding 
pomts, including lines,’ transformers, and 
grounding impedance, and may range al¬ 
most from 0 to 90 degrees. The positive- 
sequence phase angle depends on the nega¬ 
tive- and zero-sequence phase angles at the 
mult, on the fault resistance, and on the 
hne impedance from relay to fault. In the 
case of a 3-phase fault only the last 2 items 
come into play. A 3-phase fault near the 
relajo is, of course, a critical condition 
for the relay on account of the low voltage 
on all phases; hence the relay should be de¬ 
signed for maximum torque at a phase 
angle near the line impedance angle or 
somewhat more leading so that the arc 
resistance will have more effect. 

Another critical condition for a polyphase 
directional relay is a single line-to-ground 
fault in which the fault current is limited 
by fault resistance or by system grounding 
impedance to a value comparable with 
normal load current; because the positive- 
sequence power flow during fault conditions 
IS determined not only by the fault current 
but ^so by the normal load current; and 
for this reason it is possible for a directional 
relay actuated by positive-sequence power 
at the receiving end of a faulted line to give 
the wrong directional indication. This 
fact suggests the discarding of positive- 
sequence power^ for directional discrimina- 
tmn; however, it must be retained in order 

that the relay act during a 3-phase fault. 

Having never seen a quantitative state¬ 
ment of the conditions imder which load 

current may cause incorrect operation of a 

polyphase directional relay, I offer a 
criterion which is admittedly crude. It is 



assumed that the power system beyond each 
^d of the protected line may be represented 
by^ an equivalmit electromotive force in 
series with an equivalent impedance. In 
figure 1 , F represents the point of fault, R 
the relay location, A and .O the equiv^ent 

electromotive forces, and Zn the eqiriya- 

lent impedances, and the line impedance. 
Figure 2 is an approximate vector diagram 
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of positive-sequence voltages. AG and 
DG are the equivalent electromotive forces 
at .the sending and receiving ends, respec¬ 
tively, and are assumed to be unaltered by 
the presence of a fault. FiG is tlie voltage 
at the point of fault before occurrence of 
the fault and RiG is the voltage at the rday 
under the same conditions. FiG and RiG 
represent the voltages at the same points 
during a mild fault, and FtG and RaG the 
same during a more severe fault. AFiRiD 
is a straight line on the assumption that 



Figure 2 

impedances Za, Zl, and Zo have the 
same angle. FFiFjG is a straight line on 
the assumption that the positive-, negative-, 
and zero-sequence impedances of the sys¬ 
tem have the same angle. FiRt, FiRi, and 
FiRa are the respective positive-sequence 
line drops from the fault to the relay, and 
the positive-sequence line currents are 
proportional to them and lag behind them 
by angle X. The positive-sequence torque 
on relay R is proportional to E\h cos (^i -f 
(?i) - RiGXRiFX cos {ZGRF 
0i). If we assume for simplicity that the re¬ 
lay has maximum torque at an angle 
equal to the line impedance angle (i.e., 
8 —X), the torque is proportional to 
RiGXRiFX cos ZGRF. Angle GRF has 
value GRiFi with no fault present, GRiFi 
or GRiFz for faults of increasing severity, 
and finally GRaG or zero angle for a dead 3- 
phase fault. The relay torque changes 
sign when angle passes through 90 

degrees. This occurs when the reduction 
FiFi in positive-sequence Voltage at the 
point of fault is about equal to the, arith¬ 
metical voltage drop from F to I? under 
normal load conditions. If the latter does 
not exceed20 per cent, any fault except a line- 
to-ground fault would give sufficient re¬ 
duction in voltage to give a rday torque m 
the correct direction; dnd a‘ line-to-ground 
fault would probably do likewise unless 
the fault current were limited by fault 
resistance or system grounding impedance. 
Although several assumptions have been 
made that are not strictly correct, it ap¬ 
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pears reasonably certain that a line-to-line 
fault will always give correct operation. 
This conclusion has been reached on the 
basis of the positive-sequence torque 
alone. The negative-sequence power pro¬ 
vides an additional torque acting in the 
right direction. 

Notation 

The notation used in this discussion is like 
that in the paper with the following addi¬ 
tions: 

I A =» h - h 

Fb ^ 

Fc ^ Fif — /a 

Fa, Fb, Fc will be called "delta currents," 
and may be obtained by a delta connection 
of the secondary windings of the current 
transformers. 

<f> «=■ angle by which the current of a single 
relay element lags behind the voltage of 
same element. 

^ =» angle by which lo lags Eo. 

—6 = value of <l> at which relay has maxi¬ 
mum torque. 

— 6 o, — 6 i, — 0 i = values of re¬ 

spectively, at which relay has maximum 
torque, 

X = angle of line impedance. 

k, ko, ki, ki = constants in torque equations. 


W, R. Brownlee (Tennessee Electric Power 
Company, Chattanooga): The author has 
chosen a very clear method of indicating the 
performance of the new polyphase relay in 
• terms of ftmdamental system impedances. 
The low energy requirements and small in¬ 
ertia of moving parts are a most welcome 
contribution toward acemate high-speed 
relaying. 

The difference of 30 degrees in phase 
angle between a 3-phase fault and a dead 
single phase-to-phase fault is indeed an 
advantage. In addition to the fact that a 
single-phase line-to-line short circuit causes 
a phase angle difference depending on the 
impedance back to and including the genera¬ 
tor, this same system and generator im¬ 
pedance is available to produce voltage at 
the relay terminals considerably in excess 
of the voltage on the faulted phase at the 
rday . This method of securing positive di¬ 
rectional action for single-phase diort cir¬ 
cuits has been used in the connections of 
various impedance relays, usually 3 single¬ 
phase units. 

One of the chief uses for riie new relay ele¬ 
ment should be the 3-phase directional ele¬ 
ment combined with a voltage restraint 
element to provide a directional fault de¬ 
tector. The need for such a device with 
greatly improved accuracy and speed has 
been felt for many years, particularly in 
connection with lines aud systems where 
the short-circuit current, tinder certain 
generating conditions may be actually less 
than load current under other conditions. 
In order to meet this requirement a fault 
detector should have a nonlinear character¬ 
istic so that the current required to operate 
the unit varies with the voltage at some 
power high^ than the first. Such a fault 
detector was incorporated as early as 1930 
in. the Brown Boveri reactance type relay. 
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Shortly thereafter the General Electric 
Company placed in service a single phase 
directional fault detector incorporated in 
their type GAX reactance relay using volt¬ 
age amplification by means of a circuit 
which was made resonant at low voltages 
only, by the application of a "thyrite” 
resistor. This equipment produced a char¬ 
acteristic curve of operating current versus 
voltage which was most highly useful in 
solving applications of high load current and 
low short circuit current. 

It appears from the final equations that 
the new relay if provided with a voltage 
restraining element would have a straight 
line characteristic of operating current 
against voltage (for a balanced 3-phase 
condition) and even if the sensitivity has 
been increased it is disappointing that 
the nonlinear characteristic curve was not 
applied to the new relay. Perhaps further 
developments will make it possible to se¬ 
cure such a characteristic with the new 
relay without adding too much complica¬ 
tion or expense. 

This criticism is by no means intended to 
minimize the unquestionable achievement of 
the G. E. Company in developing the new 
cup type relay but to point out that the 
operating man is in urgent need of a much 
better directional fault detector relay than 
has been available in the past for taking care 
of 3-phase short circuits ontransmisision lines. 

A. J. McConnell: Mr. Neher is correct in 
stating that with directional connections 
as in figure 2 and with a voltage restraining 
element connected to measure a value pro¬ 
portional to the area of the voltage triangle, 
the maximum range of the relay for a phase- 
to-phase fault is 60 per cent of that for a 3- 
phase fault, If the relay is designed to have 
. the desired range for a phase-to-phase fault, 
it is sure to operate on a 3-phase fault at the 
same location. The limiting factor is that 
the greater reach on the 3-phase condition 
must not cause operation during normal 
load conditions. 

The starting unit of the GAX reactance 
relay mentioned by Mr. Brownlee had a 
nonlinear characteristic principally in or¬ 
der to increase the torque and speed at low 
voltage without overheating at normal volt¬ 
age. The author believes that such ex¬ 
pedients are seldom necessary with the in¬ 
duction cylinder relay because of the high 
torque level and low inertia. 

The first system described by Mr. Gerell is 
definitely one in which single-phase direc¬ 
tional relays are likely to operate incorrectly. 
Zero-phase-sequence currents may be pres¬ 
ent with no positive and negative, in which 
case the line currents will be equal and in 
phase, and consequently, the indicated di¬ 
rection of at least one of single-phase relays 
must be incorrect. 

As Mr. Gerell pointed out, the polyphase 
relay would solve the problem. When sup¬ 
plied with delta voltages or currents, the 
polyphase rday is not influenced by zero- 
phase-sequence quantities. This suggests 
another solution, namely, eliminating the 
zero-phase-sequence currents from the 
single-ph£^ relays by ddta connection of 
current transformers. Since a ground di¬ 
rectional relay would then be necessary, 
the delta currents would have to be obtained 
by means of auxiliary wye-ddta current 
transformers, The polyphase relay would 
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also require a ground directional relay, but 
no auxiliary current transformers wo^d be 
reqtiired. 

The use of wye-delta current transformer 
is equivalent to the second system men¬ 
tioned by Mr. Gerell. The probable reason 
why no incorrect operations have been re¬ 
corded on this system is because the zero- 
phase-sequence currents are eliminated from 
the relays by the wye-delta power trans¬ 
formers. 

Mr. Kimbark’s extension of the analysis 
of polyphase directional relay torques to 
include other connections is a valuable 
addition to the paper. 

Another interesting extension is to con¬ 
sider the relay torques when the currents, 
voltages, or both are obtained from the 
delta side of a wye-delta transformer bank, 
the fault being on the wye side. 

Equation 16 is one of many interesting 
combinations which can be denv^ from 
equations 4 to 15 inclusive by substitution 
of one or more of the following equations: 

+ -Ta + /c “ 0 

~h — 0 

Ex + Ep -|- jEo 0 
Eo + Ej 4- E^ + Ej =• 0 

where E^ and Ig are residual voltage and 
current, respectively. 

Referring to the term “strong ground 
element*' a value of 4 has been used for 
ko/ii. It should be noted here that when 
this ratio has not been sufficient for the 
ground element to overcome the polyphase 
element because of load, the latter has been 
de-energized by means of a simple instan¬ 
taneous overcurrent relay operated by 
ground current. 

Mr. Kimbark’s analysis of fault conditions 
when load is present is interesting. It has 
been usual to consider the ground element 
torque tmder fault conditions in comparison 
with polyphase element torque before the 
fault. This is conservative because the 
load torque dining the fault is always 
reduced. Actually, this may be too con¬ 
servative because '^e pol 3 q>hase element also 
has a component of torque in the correct 
direction. However, if the assumed load 
torque is comparable with the fault torque, 
it is advisable to give the ground element 
complete control either as described in the 
previous paragraph or by employing a sepa¬ 
rate ground relay. 


Operational Solution 
of A-C Machines 

Discussion of a paper by A. R. Miller and 
W. S. Weil, Jr., published in the November 
1936 issue, pages 1191-1200, and presented 
for oral discussion at the winter convention. 
New York, N. V., January 27,1937. 


S. B. Craiy (General Electric Company, 
Sdienectady, N. Y.): The authors have 
shown q^uite conclusively that the opera,- 
tional methods of Park for analyzing the 
performance of synchronous machines, can 
be reasonably expected to check actual test 
re^ts. Besides showing the nature of 
the phenomena such checks are yaltuible 
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in creating confidence in this method. 

The authors, in their equations, have used 
the per unit system presented in Park’s pa¬ 
per “Synchronous Machines—^An Extension 
of Blondel’sTwo Reaction Theory—I.” When 
additional circuits besides the main field 
circuit are to be included, we have found 
that it is more convenient to express the 
equations with coefficients which are in 
terms of the armature circuit rather than 
their individual circuits. This makes pos¬ 
sible the use of methods presented by T. M. 
Linville, “Starting Performance of Salient 
PoleSynchronous Motors,’’volume 49, AIEE 
JotJRNAL, February 1930, pages 146-47. 
Furthermore, it reduces in half the number 
of mutual reactance coefficients required and 
m^es it possible to draw simple equivalent 
circuits for the machine. This allows for a 
fair check of the calculations of the coef¬ 
ficients and, therefore, tends to reduce errors 
at this preliminary stage of the analysis. 


A Suggested Rotor Flux 
Locus Concept of 
Single-Phase Induction 
Motor Operation 

Discussion and author's closure of a paper by 
C. T. Button published in the March 1937 
issue, pages 331-2. 


Edward Bretch (The Advance Electric 
Company, St. Louis, Mo.): The method 
used by Mr. Button in his paper on the sin¬ 
gle-phase motor, that of considering the 
rotor flux as substantially constant along a 
fixed diameter of the rotor, enables one to 
clearly visualize the actions taking place 
in the single-phase squirrel-cage motor. 

In the single-phase squirrel-cage rotor at 
and near S3mclnonism, the following con¬ 
ditions prevail: 

1. It carries the main flux produced by the pri¬ 
mary. 

2. The alternating primary magnetizing impulses 
are rectified with respect to the rotor through its 
synchronous motion. 

3. The rotor flux is completely enclosed by low re¬ 
sistance rotor short drcuits tending to hold it 
constant. 

After the rotor flux is once established,' 
the induced currents in the short-circuited 
rotor exert a strong tendency to hold this 
rotor flux constant and in a fixed relation to 
the rotor conductors. Consequently the 
rotor then reacts on the primary the same 
as if it was magnetized by a fixed magnetiz¬ 
ing force across a diameter and by its syn¬ 
chronous motion carries this sustained flux 
around with it, establishing mechanically 
a true rotary field and tending to keep in 
synchronism. 

A squirrel cage in a stationary or d-c field 
is commonly used to illustrate the principle 
of the polyphase squirrel-cage motor, the 
torque being dei^oped by induced cur¬ 
rents in the ^ort-drcuited rotor conductors 
as they cut across the magnetic field, utiliz¬ 
ing what is commonly called the “speed” 
action. This same method can be used to 
illustrate the principle of the single-phase 
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motor if we substitute a rectified single¬ 
phase a-c excitation for the d-c so that the 
primary excitation consists of a series of 
unidirectional impulses instead of a uniform 
unidirectional force as when excited by 
direct current. 

This pulsating magnetizing force is the 
condition that prevails in the single-phase 
squirrel-cage rotor at synchronous speed, as 
the magnetic impulses produced by the 
single-phase exciting current are rectified 
with respect to the rotor, through the S 3 m- 
chronous motion of the rotor, so that the 
rotor magnetism is produced through a series 
of unidirectional impulses. Consequently 
if we hold the rotor stationary and rectify 
the single-phase primary exciting current 
we will reproduce in a stationary rotor the 
conditions existing in the single-phase 
squirrel-cage rotor at synchronism. 

In order to visualize what takes place in 
a squirrel-cage rotor, when running at 
synchronism in a single-phase field, let us 
assume a bipolar field with a single-phase 
winding capable of setting up a flux along 
the line y — y. Also let us assume the rotor 
has 2 individual short-circuited coils A at 
right angles to this flux and B in line with it. 

Noting the positions of the coils with 
reference to the primary we see that A 
encloses the total flux, and is therefore in a 
transformer relation to the primary. Coil B, 
however, is in line with the flux and does not 
enclose it and consequently is not in the 
transformer relation to the primary. How¬ 
ever, the conductors of coil B lie in the area 
of maximum flux density and in such a posi¬ 
tion that any motion of the rotor will cause 
them to cut across the field, thereby in¬ 
ducing local currents by the speed action, 
opposing motion and producing torque. 

When the primary is excited by direct 
ciurent no current will be induced in either 
coil as long as the rotor is at rest. Any 
motion of the rotor will induce currents in 



coil B by the ^eed action, opposing the mo¬ 
tion and thereby producing torque. Coil 
A is in the neutral position with its conduc¬ 
tors in the area of minimum or zero flux 
so that no current will be induced until the 
conductors move put of the neutral position 
and start cutting across the magnetic field. 
This is the pol 3 rphase condition. 

If we now excite the primary with a recti¬ 
fied alternating current, to reproduce the 
single-phase rotor condition at synchronism, 
the magnetizing force will consist of a series 
of unidirectional impulses varying from 
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zero to a maximum. If it were not for coil 
A the flux would coincide with, the primary 
current and vary unidirectionally from zero 
to maximum. However, due to the trans¬ 
former relation of coil A any flux variation 
induces currents in the coU, opposing the 
flux change, so that when the primary mag¬ 
netizing force decreases to zero, the flux does 
not, but is sustained between imptdses by 
the induced currents in coil A . As the mag¬ 
netizing impulses are unidirectional, the 
flux is unidirectional but varying in some de¬ 
gree with each impulse. The flux-sustain¬ 
ing currents induced in coil A complete a 
cycle with each impulse, and there being 2 
impulses for each cycle of the primary recti- 
fled exciting current, the frequency of 
these flux-sustaining currents is double that 
of the primary current. The amount of 
flux variation through coil A between im¬ 
pulses depends upon its resistance. Theo¬ 
retically with zero resistance the flux would 
be constant, and at the other limit, would 
coincide with the exciting current if the re¬ 
sistance was infinity. Both rotor resistance 
and magnetic leakage tend to decrease this 
sustained flux which is commonly called the 
cross flux. 

With a substantially constant unidirec¬ 
tional fliix established by the primary mag¬ 
netizing impulses, stabilized by the double¬ 
frequency flux-sustaining currents in coil A, 
the opposition to the movement of coil 3 
across the field, due to speed action, pro¬ 
duces the torque the same as with d-c 
excitation. 

To illustrate the location and nature of 
the single-phase rotor reactions, a rotor 
with 2 individtial short-circuited coils at 
right angles was assumed. However, in the 
ordinary squirrel-cage rotor, imder slip con¬ 
ditions, the conductors are constantly shift¬ 
ing from the position where the speed action 
produces torque to the position at right 
angles where the transformer action pro¬ 
duces the double-frequency flux-sustaining 
currents and vice versa. As the rotor slips 
the frequency of the flux-sustaining currents 
will decrease in the same manner that the 
frequency of the slip or torque cmrents 
increase. Thus in the single-phase squirrel- 
cage rotor there are superimposed 2 sets of 
induced currents at right angles. The one 
is the torque or slip currents, in the area of 
the maximum flux, produced by the speed 
action, with a frequency proportional to the 
slip, becoming zero at sjmchronism. ^ The 
other is the flux-sustaining currents in the 
area of minimum flux density, produced by 
the transformer action, with a frequency of 
double the primary frequency less the slip 
and proportional to the primary exciting 
current. 

This method of treatment indicates that 
the double-frequency flux-sustaining cur¬ 
rents, proportional to the exciting current, 
flowing in the rotor at synchronism, al¬ 
though they incur an J*jR loss, are produced 
through a transformer action at right angles 
to the torque currents, and thus do not ^t 
as a brake load and do not increase sHp. 
It also indicates that the flux will not be as 
well maintained as slip incre^es due to the 
imperfect rectification of the ^ priinary 
magnetizing impulses as slip mcreases. 
The effectiveness of’ the rectification de¬ 
creases with slip and when slip reaches 
100 per cent, or with the rotor at standstill 
there is no rectification at sdl and conse- 
qu^tiy no torque producing condition. 
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In the polyphase motor, rotor resistance 
does not reduce the magnitude of the maxi¬ 
mum, or breakdown torque, but merely 
lowers the speed at which it is developed. 

In the single-phase motor we see that 
rotor resistance not only lowers the speed 
at which the maximum torque is developed, 
but through restriction of the double-fre¬ 
quency flux-sustaining currents and imper¬ 
fect rectification of the magnetic impulses, 
the m avimum torque is greatly reduced, as 
the speed at which it is developed is lowered. 
This explains the characteristic of single¬ 
phase motors that they must operate at 
less slip than polyphase motors for efficient 
operation. 

It also indicates that high reluctance 
means high double-frequency rotor cur¬ 
rents involving high rotor PR losses, irre¬ 
spective of load, and thus the desirability 
of both low magnetic reluctance and low 
rotor resistance for efficient operation under 
running conditions. 

While the single-phase squirrel-cage motor 
is a rotary field motor, it is in reality not 
a special case of a polyphase motor since 
the rotary field is not produced in the 
primary by the combined action of poly¬ 
phase currents, but is produced in the 
secondary from an intermittent or single¬ 
phase primary excitation, through the 
sustained rotor flux, mechanically rotated 
by the motion of the rotor, ^is ffirect 
method of analysis by assumiing single¬ 
phase conditions as they really are, rather 
fhari the indirect method of assuming 
special polyphase conditions which are more 
or less a mathematical fiction, seems to af¬ 
ford a much clearer insight into the inter¬ 
relations of the various factors involved in 
the single-phase squirrel-cage motor. 


C. T. Button: The comments by Mr. 
Bretch on the “Rotor Flux Concept of 
Single-Phase Induction-Motor Operation” 
(March 1937 issue) are very interes^g. I 
do not interpret these comments as indicat¬ 
ing that Mr. Bretch cannot agree with any 
part of the original paper; but he is appar¬ 
ently merely advancing some thoughts 
prompted by reading the paper. 

It is felt that one should be as precise as 
possible; and particularly premises should 
be accurately stated lest they lead to^ in¬ 
creasing divergence from actual conditions 
as conclusions are developed. 

At the outset of the discussion, then, we 
would not say that the theory “considers 
the rotor flux as substantially constant 
along a fixed diameter.” The statement 
just quoted evidently refers to the condition 
at synchronous speed only and diould so 
indicate. Also, the statement neglects the 
pulsating component in the quadrature 
rotor axis (plane of coil A in Mr. Bretch’s 
figure). This is important—lack of com¬ 
pleteness and precision leads to failure to 
obtain an explanation of such things as the 
pulsating torque component, negative torque 
PTristing at synchronous speed, etc. 

The statement that “the primary mag¬ 
netizing impulses are rectified with respect to 
the rotor through its S3mchronous motion” 
is an interesting way of expressing the situa¬ 
tion, but is also tecMng in the same way in 
conveying an accurate mental picture. 
Figure 2 of the paper is a picture that it is 
difficult to convey in a few words. 

The paragraph by Mr. Bretch beginning 


with “after the rotor flux is once estab¬ 
lished” seems to be rather foggy and not 
to contribute anything omitted from ^e 
original paper. The concluding expression 
"and tending to keep in synchronism” is 
misleading. At synchronism the torque is 
negative and hence the tendency is to drop 
below synchronous speed. 

Again, "if we hold the rotor stationary 
and rectify the single-phase primary excit¬ 
ing current,” we will not “reproduce in a 
stationary rotor the conditions existing — at 
synchronism.” There is a pulsating torque 
at synchronous speed, with a net or average 
negative value. The primary object of the 
paper was to lead to a concept of conditions 
as they are, rather than as they might be 
represented by something else, which in the 
of the suggestion mentioned, would be 
inaccurate. 

As soon as one attempts to investigate 
currents in rotor “coil A” and “coil B” he 
finds himself involved to such an extent 
that the only way out is to set up the mathe¬ 
matical expressions for voltages or curr^ts, 
and proceed by the cross-field analysis as 
developed by H. R. West. The trouble is 
that “coil A" is only in a purely “trans¬ 
former” relation to the primary for a pass¬ 
ing instant, and “coil B” is only out of Ae 
transformer (or in a pure “speed”) relation 
for a transient instant. Discussion as to 
which coil produces the cross field, Md what 
the phase relations are, is not within the 
intended scope of the paper. 

Take the statement by Mr. Bretch, 
“Coil B by speed action induces local cur¬ 
rents opposing motion and producing 
torque.” True, negative torque is produced 
opposing motion. But this is not motor 
action. Well, then, coil B is to set up the 
cross field. But if so, how can it produce a 
field in the »—x axis in time quadrature 
with the main field, since coil B itself would 
lie in the *—x axis when the main flux is 
zero and the cross field is maximum? 

The so-called “transformer” voltage 
and “speed” voltage are in reality funda¬ 
mentally identical phenomena. A voltage 
may be said to be generated in coil A be¬ 
cause of change in magnitude of flux through 
it; and a voltage is correspondingly gen¬ 
erated in coil B because of change in di¬ 
rection of the primary flux with respect to 
it. If the primary flux is at one instant in 
the plane of coil B and the next instant at 
an angle a with respect to coil B, then the 
next flux at the second instant has a sine cc 
component which has developed in the 
plane of coil A. Thus change in direction 
of flux in the neighborhood of the plane of 
coil B means a change in the component of 
this flux in the plane of coil A, or in other 
words a change in flux through coil B. 
This is also transformer action of course. 

Thus both coil A and coil B as well as 
every conductor around the rotor, periphery 
have voltages induced in them due to 
change of flux linking them, wMch is in 
turn due to change in both magnitude and 
direction of the total flux with respect to 

them. To select2 sets of conductors one of 
which at a certain instant h^ zero voltage 
due to diange in flux magnitude while the 
other set has zero voltage due to change in 
flux direction caimbt in the opinion of ^e 
writer be used in a simple manner to arrive 
at a complete concept of the basic phe¬ 
nomena of the operation of the motor in ques¬ 
tion. The point is emphasized that, for the 
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purposes for which the paper was written, 
it seemed desirable to deal with total en¬ 
tities rather than any of their various pos¬ 
sible components. 

It is not necessary to proceed further 
through the comments submitted by Mr. 
Bretch with replies. The object of the 
paper was to present a simplified concept, 
and the comments do not seem to increase 
the clarity, accuracy, nor completeness of 
the theory; but rather seem to do the re¬ 
verse. 

Some of the remarks of Mr. Bretch, how¬ 
ever, may inspire the derivation of further 
conclusions on the basis of the theory out¬ 
lined in the paper—such as variation 
of torque writh slip or with change in motor 
constants, and behavior of the cross field at 
various values of slip both below and above 
synchronous speed. 


Dyadic Algebra Applied 
to 3-Phase Circuits 

August 1936 issue, pages 876-82 

Complex Vectors 
in 3-Phase Circuits 

December 1936 issue, pages 1356-64 


Author's closure of S papers by A. Pen-Tung 
Sah published in the August 1936 and 
December 1936 issues, and presented for 
oral discussion at the tensor analysis session 
of the winter convention. New York, N. Y., 
January 26,1937. 


A. P.-T. Sah: Before answering some of the 
specific points that have been raised re¬ 
garding the author’s 2 papers on dyadic 
algebra and complex vectors as applied to 
3-phase circuits, a reiteration of the view¬ 
point of these papers is perhaps helpful. 
One of the chief objects of the papers is to 
apply the method of Gibbs to 3-phase 
circuit theory. Whether Gibbs's dyadics 
should be considered to be obsolescent or not 
is a matter of individual opinion. In fact, 
the appearance of such work as Lagally’s 
“Vektor Rechnung” in 1928 and A. P. 
Wills’s "Vector and Tensor Analysis" in 
1931 and other more recent articles of a 
purely nmthematical nature on the exten¬ 
sion of (^bbs’s ideas are probably sufficient 
to show that Gibbs’s work is not going in 
the direction of the scrap pile. 

All engineers will probably agree that 
new concepts and relations will be more 
e^Uy undemtood and grasped by the prac¬ 
tice men if they are given in concrete 
rather than abstract form. It is due to 
t^ fact that in the exposition of the set 
^ dyadic paper (page 

876) the author has arbitrarily introduced 
the orthogonal unit vectors i, j, k in order 
to show %t the triad numbem, ««, cj, eg, 
and »a, ig niay be considered as the 
Orthogonal projections of 2 vectors and 
that the 9 z’s a d 3 radic operator used to 
change one vector to another. It is true 
that if we choose, we can resort to matrix 
^terpretatiOn of this set of equations. In¬ 
deed, as pointed out by Gibbs-Wilson in 



their book, a dyadic may be considered as 
a square matrix wdth 9 coefficients and a 
row or column matrix as a vector. To 
give a g^metrical interpretation to the 
set of equation 1 may appear to be "irrele¬ 
vant” to a pure algebraist but certainly 
should not be without assistance to an ap¬ 
plied mathematician. An analogy in this 
case wdll perhaps make the situation clearer 
to the electrical engineer. 

In the days when complex numbers were 
first studied, they have been defined as a 
dual number wdth 2 components a and b 
and written as (a, b). The addition of 2 
sudi numbers is then defined as (a, b) + 
(c, d) = (a -f c, 5 H- d) while their multi¬ 
plication as (a, b) (c, d) «= (ac — bd, be + 
ad). If this is compared with the present 
universal notation a -f jb for (c, b) and the 
definition of the product through the rela¬ 
tion jfj = — 1, so that (o (c +id) = 

(ac — bd) -f- j (be + ad), it is evident that 
the introduction of the imaginary unit j 
has not only clarified the algebraic work 
but also made a geometrical interpretation 
of complex numbers possible. If J. Slepian 
should think that j is not irrelevant to the 
interpretation of complex numbers, prob¬ 
ably he can also be persuaded to give proper 
value to the introduction of the unit vectors 
i, j, k in the present papers. - 
As an unbalanced 3-phase circuit is of 
necessity more complicated than a single-r 
phase circuit, so are the computations and 
the representations. In view of the present 
difficulties encountered in the formulation 
of a satisfactory definition of power factor 
in an unbalanced 3-phase system, the fact 
that there is a definite though varying angle 
between the voltage and the current vec¬ 
tors even for an imbalanced system should 
be further studied to see if there is a way 
out of the present complications. Those 
who think that the elliptical representation 
of unbalanced 8-phase systems to be not so 
good may want to withhold their final 
pronouncement until such a study has been 
completed. 

Slepian has also suggested that the defi¬ 
nition of the scalar product between two 
complex vectors might be more attrac¬ 
tively given as: 

X-Y « Ar,*F, + Xi*Yt + 

so that the 3 vectors u, f, h would become 
mutually perpendicular. The suggestion 
is interesting but has 2 defects. According 
to the suggestion the steady-state com¬ 
plex power in a 3-phase circuit would be 
E-I (or I-E) instead of E-I* (or E**I) as 
given in the present paper. Since in single¬ 
phase circuits, complex power is either 
E*I or I*E and not El, the imsuitability 
cf such a suggestion when applied to elec¬ 
tric circuit theory is at once apparent. 
The second drawback of such a definition 
lies in the fact that it invalidates the com¬ 
mutative law for scalar products. In other 
words E*I would not equal I'B unless both 
E and I be real. The attendant incohyen- 
ience to the failure of the commutative 
law for the scalar product lessens a large 
amount whatever attraction the sugges¬ 
tion may have in other respects. 

Referring to the discussiori by G. G^a- 
brese on the fonnula of the force between 
2 elements of current-carrying conductors, 
it should be emphasized that the currents 
therein given are curroats in conductors 
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oriented in a physically real space and 
should not be confused with the current 
vectors used by the,author. 

The author agrees with Irven Travis in 
that any simplification in actual calculation 
of networks will be due to symmetry of 
impedances. Hence, there will be a good 
deal of lost labor in the solution of com¬ 
pletely unssrmmetrical systems by the 
method of symmetrical components. The 
merit of the present scheme of solution 
lies in its systematized organization of the 
otherwise numerous equations. It is grati¬ 
fying to note that Travis and his students 
have used matrices to represent Stokvis- 
Fortescue transformation. In this con¬ 
nection the author would like to call at¬ 
tention to the advantages of using the 
author’s expressions 66, on page 1362, 
having a different scalar multiplier from 
Travis’s expressions 3 and 4. These ad¬ 
vantages have been pointed out in refer¬ 
ence 5 of the paper on complex vectors. 

C. E. Rose has correctly pointed out a 
typographical error in equation 28d, page 
881. As given by Rose, the equation is 
still not right. This error together with 
3 others, one of which had been mentioned 
by C. A. Havill in his letter to the editor 
(Electrical Engineering, page 1287, 
November 1936), were all noted in the 
printed paper but escaped [the author’s] 
notice on the galley proof. They were 
communicated on August 17, 1936, to the 
editor who promised to correct them later. 
[Editor’s Note: Complete corrections as 
supplied by the author were printed on the 
"errata" fly leaf of the 1936 Transactions 
in accordance with established practice.) 
In view of the fact that the correction ha.s 
not yet appeared, they are here reported 
in order to save the readers some trouble. 
The corrections are as follows: 

1. Page 877, equation 3: All the 9 dyads 
should be united by plus signs and the 
dyad Zobik should read Zo^ij. 

2. Page 881, second column, line 10: 
The words "up” and "down" should read 
"down" and "up," respectively. 

3. Page ^881, equation 28d: All the 
double vertical lines shoidd be single ver¬ 
tical lines to denote determinants and the 
7 ’s in front of each determinant should be 
7*- 

4. Page 882, equation 31: A dot should 
appear between each one of the impedance 
dyadics and the current vectors. 

Rose’s opinion regarding the covariancy 
and the contravariancy of the impedance 
and the admittance, though correct, does 
not apply to the first paper, because the 
unit vectors used therein are all orthogonal 
and there is no distinction between covari¬ 
ant and contravariant measure-numbers. 
Hence the indices used therein have been 
lower ones even in case of the admittance. 
Further, as shown in the author’s second 
paper Md concurred to by J. Slepian in his 
discussion there are covariant and contra- 
variant measure-numbers of the same vector 
and measure-numbers of various degree of 
covariahey and contravariancy for the same 
dyadic. It would be better to say that 
both the impedance and the admittance 
dyadic can be expressed in one of the four 
forins as riiown by equation 52, page 1362. 

The author wants to thank K. L. Wildes 
for giving the new method such a fair trial 
in tead^g it to his stud^ts. At present 
the authbr must admit that the technique 
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of solving actual problems by such a method 
has not yet reached its best possible stage. 
Undoubtedly if more professors can be in¬ 
duced to teach the method to their students, 
the required technique would be improved 
rapidly. 

As regards the merits of the present 
method when compared with that of sym¬ 
metrical components in solving actual prob¬ 
lems, a good deal depends on the back- 
groimd of the user and the unbalancing con¬ 
dition of the system. The author has 
made a side-by-side calculation of several 
problems using both the present method and 
that of symmetrical components. The 
results speak very eloquently for the pres¬ 
ent method because it requires shorter and 
fewer equations besides less numerical and 
algebraic work. This does not mean that 
symmetrical components should be super¬ 
seded by the present method. It simply 
shows that the present method is a general 
one, including the symmetrical compo¬ 
nents as a special transformation. In fact 
when machinery problems are studied from 
the present viewpoint, the Blondel 2-reac- 
tion theory will also come under the pres¬ 
ent scheme as a simple orthogonal trans¬ 
formation of co-ordinate system. 

A New Thermal Fuse 
for Network Protectors 

Discussion and author’s closure of a paper 
by L. A. Nettleton published in the October 
1936 issue, pages 1096-9, and presented for 
oral discussion at the protective devices ses¬ 
sion of the winter convention, New York, 
N.y., January 27,1937. 


C. P. Xenis (Consolidated Edi^n Company 
of New York, Inc., New York, N. Y.): 
The thermal fuse described by Mr. Nettle- 
ton incorporates an interesting principle in 
fuse design. The heat is generated at one 
point of the fuse assembly, and the circuit 
is interrupted at another. By properly 
selecting and proportioning the metals 
and alloys at these two points he has been 
able to obtain a very desirable current¬ 
time characteristic with minimuin heat 
dissipation. 

The author of the paper gives some data 
on 2 types of "all copper" network switch 
fuses, in comparison with corresponding 
data for the thermal fuse. In this connec¬ 
tion it may be well to point out, that ex¬ 
tensive investigations and tests on "all 
copper" fuses for use in network switches 
have resulted in designs which possess 
curr^t-time .characteristics far superior to 
those of "all copper” fuses used heretofore 
in connection with network switches. The 
small volume of copper fused when the cir¬ 
cuit is interrupted makes it possible to 
successfully enclose such fuses in small in¬ 
dividual fireproof enclosures which confine 
the arc and thus protect persons who may 
happen to be standing dose to the fuse at 
the instant of blowing. This advantage, 
coupled with the relative simplicity and low 
cost of “all copper” fuses are points well 
worth considering in comparing with other 
t 3 T;)es of cdnstniction. ^ . .. 

Experience in the operation of distribu¬ 
tion systems points definitdy to the de- 
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suability of increased fuse protection 
wharever large amounts of equipment and 
cable insulation are liable to be in contact 
with the overheated conductors and arcs 
resulting from electrical failures. The 
thermal fuse, and other types of fi«e de¬ 
signs which will adequately protect insula¬ 
tion from high copper temperatures and 
properly interrupt heavy short circuits con¬ 
stitute developments whidi will find several 
useful applications in energy distribution. 


F. E. Johnson, Jr. (New Orleans Public 
Service, Inc., New Orleans, La.)! I am 
glad to note that network protector fuses 
are now available which "follow through" 
the thermal-time curve of the transformer 
they are designed to protect. Attention 
was called to the need of such a fuse in con¬ 
nection with the dfacussion of a previous 
paper ("Developments in Network Sys¬ 
tems," Brosnan and Kelly, AIEE Transac¬ 
tions, July 1929, page 975) wherem the re¬ 
quirements of an ideal fuse were given. It 
was brought out at that time that the ideal 
fuse curve would lie just below, but parallel 
to, the safe thermal-time curve of the trans¬ 
former. Figure 3 of the present paper indi¬ 
cates that the shape of the new fuse curve is 
practically ideal. 

There are one or 2 points, however, which 
I believe warrant further discussion. The 
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fiirst of these concerns the permissible load¬ 
ing curve for a 600-kva network transformer, 

■ as shown in figure 3. Very little is definitdy 
known about the life of transformers under 
short time overloads, and as a consequence 
the manufacturers have been somewhat 
h^tant about supplying curves which give 
allowable safe operating timM for d^nite 
overloads. At the present time, however, 
the AT TfR transformer subcommittee on 
dectrical machinery issued a proposed 
curve on short-time permissible overloads of 
network transformers 500 kva and smaller 
("Proposed Tranrformer Standards,” J. E. 
Glem, Electrical Enginbering, January 
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1937, page 32). This curve is to serve as a 
guide for intentional daily overloading 
(longer portion of curve) or emergeimy 
accidental short circuits (less than 5 min¬ 
utes duration). For purposes of compari¬ 
son, I have repeated curves A and B of 
figure 3 of the author’s paper and have 
drawn in the proposed AIEE curve. 

I have included the AIEE curve in order 
to draw attention to the need for standard¬ 
ization in applying the fuses to network 
transformer overload curves. In the present 
case, for instance, at 12,000 amperes the 
allowable overload time according to AIEE 
Standards is 20 seconds, while curve A 
gives a time of about 65 seconds, or over 3 
times as long. Either the AIEE curve is 
very conservative or the operating company 
is willing to overload their transformers for 
higher final temperatures than was contem¬ 
plated by the AIEE committee. Of course, 
in the present instance, the fuse would ac¬ 
tually blow before the temperature set up by 
the AIEE curve was exceeded. In other 
applications, however, this might not be 
true. I would be interested in knowing 
what maximum copper temperatures were 
expected by Mr. Nettleton when curve A 
was drawn. If we apply the fuses on the 
basis of the AIEE curve in every instance, 
I believe that the transformer manufac¬ 
turers would consider the action sufficiently 
conserative not to materially reduce the 
life of the transformer. 

I would also like to ask Mr. Nettleton if 
fuses of this type have been developed for 
other sizes of network transformers. 


J. S. Parsons (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): 1. The engineers of the Brooklyn 
Edison Company have, I feel, made a very 
important contribution to the art of fusing 
network protectors by developing the new 
low melting alloy fuse described by Mr. 
Nettleton. The Westinghouse company 
has been manufacturing fuses of this type 
for more than 2 years, first for the Brook¬ 
lyn Edison Company and later for a con¬ 
siderable number of other companies oper¬ 
ating low-votage a-c network systems. 

2, The earlier fuses were built just as de¬ 
scribed by Mr. Nettleton and shown in 
figures 1 and 2 of his paper. Due primarily 
to manufacturing difficulties, however, 
some changes have since been made and 
others are now about to be made in this 
fuse. 

3, As Mr. Nettleton has pointed out, the 
mounting ends of the fuse are bent at a 
slight angle from the mounting plane so as 
to prevent the possibility of the copper 
straps coming too close together or touching 
after the alloy has melted even though the 
mounting surfaces are poorly aligned. This 
construction puts the alloy slab under ten¬ 
sion. To reduce this stress the copper 
strap portions of the fuse are now made of 
2 or more copper laminations, depending 
upon the size of the fuse, instead of being 
made of a single heavy copper strap. The 
use of 4 laminations instead of a single 
copper strap reduces the stress on the alloy 
slab approximately 50 per cent. This re¬ 
duces the possibility of the fuse opening 
mechanically due to the breaking of the 
bond between the copper and the alloy 
while in service. To guard against the pos¬ 
sible mechanical opening of a fuse in service 
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because of the stress mentioned and those 
which may result from expansion and con¬ 
traction of the protector, each fuse is given 
a tension test of 260 pounds. The failure 
rate under this test in production runs as 
high as 25 or 30 per cent failures due to the 
difficulty of getting a good bond between 
the copper and the cadmium-lead-tin 
eutectic alloy. Because of this we propose 
to change to the second alloy mentioned by 
Mr. Nettleton which is a eutectic mixture 
of lead and tin. It is very much easier to 
get a good bond between this alloy and the 
copper. A considerable number of these 
ftises have been built and tested at 1,000 
pounds tension without a single case of 
failure. As a matter of interest, I might 
mention that one of these fuses, using the 
lead-tin eutectic alloy and having a mini¬ 
mum blowing current of about 2,800 am¬ 
peres, was put under a continuous tensile 
stress of 500 pounds and tested for a w^ 
carrying 2,000 amperes for 8 hours and no 
current for 16 hours each day without being 
ctemaged. We are also considering the use 
of a Vi6-inch diameter "nichrome” rivet 
through the alloy and copper to give an 
added factor of safety against mechanical 
failure. 

4. The difficulties we have had with this 
low melting alloy fuse have all been me¬ 
chanical and the changes mentioned should 
entirely eliminate them. The same current¬ 
time curve can be secured using the tin- 
lead eutectic alloy and the nichrome rivet 
as we have been getting with the cadmium- 
tin-lead eutectic alloy. The change in alloy 
will also have a negligible effect on the watts 
loss in the fuse. In this type of fuse only a 
small part of the total loss is iU the alloy. 
For example, in the case of the fuse nor¬ 
mally supplied on a l,6d0-dmpere protector 
only about 18 per cent of the loss is in the 
alloy. Mr. Nettleton has pointed out that 
the loss in this fuse is only about 25 per cent 
of that in the copper fuses the Brooklyn 
Edison Company previously used. The 
loss in the alloy fuse is also roughly only 
50 per cent of the loss in the zinc fuse which 
we have supplied in the majority of our 
network protectors in the past. This fuse 
is also considerably shorter than the zinc 
fuse. Because of this, its improved current¬ 
time characteristics, and its decidedly lower 
loss we have used this low mdting alloy 
fuse in our new type CM-22 heavy duty net¬ 
work protector. This fuse can also be used 
to replace the zinc or copper fuses supplied 
in most designs of our type CM-2 pro¬ 
tector. 

6. Since we adopted this fuse as standard 
on the type Cilf-22 protector I have been 
asked many times whether the gap which is 
left after the alloy melts is adequate to 
definitely open the circuit. We have 
tmturally made a large number of interrup¬ 
ting tests on this type of fuse, and have 
_^ccessfully opmied currents ranging in 
magnitude from the minimurn blowing cur¬ 
rent of the fuse to 69,000 amperes root- 
mean-square with a recovery voltage across 
blown fuse of approximately 208 volts. 

The normal gap between the outer end of 
the wpper straps is Va inch, however, when 
the fii^ blows on high values of curtent the 
magnetic forces bend the straps away from 
other. After opening 69,000 amperes 
the gap between the outer end of the copper 
straps was about */< inch. 

6. Mr. Nettleton mentions a critical cur- 
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rent above which the fuse will blow in the 
bend of the copper strap. We found this 
critical point to be at 20,000 amperes root- 
mean-square on the fuse normally used on 
an 800-ampere protector, however, this 
critical point was not reached at 59,000 
amperes root-mean-square on the fuse for a 
1,600-ampere protector. 


J. A. Broolm (Consolidated Edison Company 
of New York, Inc., New York, N. Y.): 
The last decade has seen a great increase 
in the extent of low-tension a-c networks. 
A great deal of time and effort has been ex¬ 
pended in studying network requirements 
and in developing and improving network 
equipment. The automatic network pro¬ 
tector has received a large share of this at¬ 
tention and has reached a high degree of per¬ 
fection. In view of all this it is indeed 
surprising that so little has been accom- 
pli^ed toward improving the fuses used 
with network protectors. 

As Mr. Nettleton stated in his paper, 
fuses were originally installed in series with 
network protectors to insure interrupting 
heavy back-feed currents from the network 
toward the primary feeder in cases where 
the network protector fails to trip. At that 
time the fuses were not regarded as essential 
for protecting the transformer against 
overloads and probably would not have 
been used at all if the network protector 
could have been trusted to operate correctly 
in every case of back-feed current. 

The fuse originally used was the copper 
link fuse which was the only kind readily 
a:vailable. One disadvantage of this fuse 
is the high melting point which requires 
high losses in order to blow. At ordinary 
loads the losses are sufficiently high to 
reduce the rating of enclosed ts^pe net¬ 
work protectors. Another disadvantage 
is that the fuse operates too rapidly and 
often blows prematurely on short circuits 
in the network grid. On the other hand, 
it is possible to overheat and damage the 
transformer on currents that are not quite 
large enough to blow the fuse. 

In recent years we are awakening to a 
realization of the dangerous overloading 
of equipment tliat may result from a partial 
shutdovm of a network or that may occiu- 
when attempting to reenergize a dead net¬ 
work. Most improvements in network 
engineering are associated with actual 
operating experience. In the case of ex¬ 
tremely rare but severe contingencies such 
as a partial or complete shutdown of a net¬ 
work area we cannot wait for experience to 
teach us the best procedure. Although we 
all hope to escape such a castastrophe as a 
network shutdown, it nevertheless is neces¬ 
sary to give careful consideration to plans 
for minimizing as far as possible the area 
affected, and for starting up the dead sec¬ 
tions as promptly as possible. In view of 
the loss of capacity due to damage that may 
accompany a shutdown it is vitally impor¬ 
tant to be able to take advantage of avail¬ 
able capacity up to the maximum permis¬ 
sible limit of loading. •' • 

The copper link fuse is a handicap to 
operation since its prcmattire blowing on 
high cip-ents may contribute toward 
shutting down networks and will hamper 
efforts to start up. At the same time the 
high mimmum blowing current may permit 
the burning out of transformers and as- 
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sociated equipment. It would appear that 
"back up” protection is no longer the sole 
function of the fuse. The fuse is essential 
to provide overload protection and its 
characteristics should be such that it will 
only function as a last resort to prevent 
costly and embarrassing damage to equip¬ 
ment. When a satisfactory fuse is available 
to meet this requirement, a great advance 
will have been made. Such a fuse must be 
reasonably simple in construction, must have 
low losses, must be able to interrupt maxi¬ 
mum currents, must be consistent in per¬ 
formance, must be stable under repeated 
heating and cooling, must be harmless to 
nearby workmen and must be available at a 
reasonable cost. 

The use of a low melting point alloy in the 
fuse has inherent advantages in that the 
fuse operation becomes to a large extent 
dependent upon transformer and network- 
protector temperature. Starting cold at 
full load, for example, the fuse immediately 
takes a certain temperature rise above the 
network protector buses. The network- 
protector temperature rises more slowly, 
leveling off after 2 or 3 hours and after that 
increases at a very slow rate as the trans¬ 
former and manhole warm up. A moderate 
overload that would blow the fuse in a few 
hours when the transformer and protector 
are already hot might require from one to 
2 days when starting cold. On larger over¬ 
loads the fuse blows without waiting for 
the other equipment to wami up but the 
time of operation will vary considerably 
according to the initial temperature of the 
equipment. In other words this type of 
fuse t^es all possible advantage of any ad¬ 
ditional overload capacity that may be 
available. 

The fuse described in Mr. Nettleton’s 
paper meets most of the desirable require¬ 
ments for a network protector fuse. Fur¬ 
ther development along this line may pro¬ 
duce a fuse whidi comes even closer to 
meeting all the requirements. 


L. A. Nettleton: The AIEE time-current 
curve for transformers, referred to by F. E. 
Johnson, Jr., shows the maximum duration 
of overloads that can be permitted without 
reducing the normal expected life. Curve A 
is based upon winding temperatures rang¬ 
ing from 125 degrees centigrade for 10 
minutes up to 180 degrees centigrade for 
25 seconds which will cause some deteriora¬ 
tion and will probably shorten the life of 
the transformer to some extent. 

The fuse must protect not only the trans¬ 
former but also the network protector and 
connected cableleads. The network pro¬ 
tector and leads have less thermal capacity 
than the transformer and may overheat 
first on overloads. The new fuse operates 
in sufficiently short time to be sure of pro¬ 
tecting the network protector and leads in 
addition to the transformer. 

Low losses are important for fuses used 
with enclosed network protectors, but 
where the protectors are not enclosed the 
losses are unimportant. Copper fuses re¬ 
quire high losses to attain the* necessary 
high fusing temp^ature. A design of copp^ 
fuse haidng a suitable time temperature 
characteristic, as mentioned by C. P. Xenis, 
should be satisfactory for use with non- 
enclosed protectors. * 

There is a wide variation in the permis- 
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sible overload that the traiKfonner and 
associated equipment can withstand, de¬ 
pending upon the initial temperature. 
The fusible alloy used in the new fuse melts 
at such a low temperature (about 146 d^ 
grees centigrade) that the fuse operation is 
strongly influenced by the temperature of 
the network protector buses to which it is 
bolted. The fuse will, therefore, allow much 
greater overloading when the network pro¬ 
tector is cold as compared to conditions 
where the protector is hot. Substitution of 
a metal or alloy having a higher melting 
temperature will reduce the ability of the 
fuse to distinguish between high and low 
itiififtl temperatures of the equipment. 

This fuse was developed for use with 
600-kva network units which are used al¬ 
most exclusively in Brooklyn. It can, how¬ 
ever, be readily adapted to other ratings by 
changing the thickness of the copper straps. 

This fuse meets most of the desired fea¬ 
tures enumerated by J. A, Brooks, the 
principal difficulty being the mechanical 
weakness discussed by J. S. Parsons, which 
results in an occasional fuse breaking open 
sometime after installation. However, it 
should be possible to correct this difficulty 
after further development. 


A New 

Service Restorer 

Discussion of a paper by E. F. Sixtus and W. R. 
Nodder published in the January 1937 issue# 
pages 180-2/ and presented for oral discus¬ 
sion at the protective devices session of the 
winter convention# New York# N. Y.# Janu¬ 
ary 27# 1937. 


D. C, Prince (General Electric Company, 
Philadelphia, Pa.): The service restorer 
described by Messrs. Sixtus and Nodder 
should prove effective in improving serv¬ 
ice on lightly loaded lines to a considerable 

extent. It would appear that it gives some¬ 
what the same performance as a repeater 
fuse but, of course, has the advantage of 
being totally enclosed and consequently 
better protected from the weather. It has in 
common with the fuse a property of operat¬ 
ing a tot&l of only 3 or 4 times before it must 
be serviced, although at such service intei> 
vals the only expense may be ^at entailed 
in s <> r»<^irig a line man to its location. 

Both the “service restorer” ^d^ the re¬ 
peater fuse are open to the objection that 
they represent an unknown hazard to serv¬ 
ice, When they are first installed, or 
immediately after, having been serviced, 
they can ordinarily be depended upon to 
open and reclose in the event of a tempora^ 
fault. However, after smy storm there 
inimediatdy be a question as to -the c^di- 
tion of all such devices; how many will have 
operated, how many will have operated 
more than once, which installations re¬ 
quire immediate attention, and which re¬ 
quire no attention at all. For these reasons, 
it c ppins as though the specifications ptri- 
lined in the 7 points .of the paper should be 
am plified somewhat, as: 

8 . The device after having redosed any number of 

times short of the complete cyde to 

reset itself in a relativdy short time to its original 

condition. 
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9. In the event of a persisting fault, the device 
should lock out after the complete cycle of trips and 
reclosures and then require manual reclosure after 
the fault has been removed. 

10. The device should reqiurc no servicing until 
after lock out caused by a pei^ting fault and then 
it should require only manual reclosing after the 

of the fault has been removed; or in case of 
no lock out if should require servidng only at in¬ 
frequent intervals, such as 6 months to a year. 

On oil circuit breakers immediate re¬ 
closure serves a very useful purpose be¬ 
cause from 75 per cent to 90 per cent of 
faults are of the nonperristing tjqie and are 
cleared after a single trip and reclosure. 
On the small service restorer, or oil circuit 
recloser, this feature is not so important, 
providing the recloring time is relatively 
short, in fact a small time delay may often 
be beneficial. 

Specification number 6 is not universaUy 
applicable. A very large fraction of aU <fis- 
tribution lines serves single phase lighti^ 
and motor circuits. For such service, sin¬ 
gle-pole devices in the single-phase branches 
afford adequate protection. A triple-pole 
device in the 3-phase line would, in case of a 
persisting fault, unnecessarily interrupt ser¬ 
vice on some of the single-phase branches 
not in trouble. 

In d<>sigtiing the FP-19 recloser, the pos¬ 
sibilities of spring and weight operation as 
well as local battery were considered. As 
pointed out, the use of short circuit current 
is obviously the most attractive, but was 
discarded by the authors because they saw 
no way of securing a low enough trip current. 
The redoser, however, does operate at a 
sufficiently low tripping current without 
either the complication or cost of the al¬ 
ternative arrangements. There are doubt¬ 
less applications for which a 3-pole device 
is essential and in whidi the hmitation of ^3 
or 4 operations only between servicing \rill 
not be a prohibitive objection, for which 
applications the “service restorer” should 
prove of value. 


Ultrahigh-Speed Reclosing 
of High-Voltage 
Transmission Lines 

Discussion and authors’ closure of a paper by 
Philip Sporn and D. C. Prince published In 
the January 1937 Issue# pages 81-90# and 
presented for oral discussion at the protective 
devices, session of the winter convention# New 
York# N. Y.# January 27# 1937. 

I. W. Gross: See discussion, page 1038. 


T G. LeClair (Commonwealth Edison 
Company, Chicago, Ill.): The paper by 
Messrs. Spom and Prince is very timely, be¬ 
cause it describes a new and important step 
in art of furnishing greater reliability of 
service for transmission systems. The 
practical development of 6-cyde circmt 
breakers and one-cyde rdays has made 
possible this forward step, the prevention of 
service interruptions on a single-circuit, 
high-voltage transmission line. The labo¬ 
ratory and field tests indicate that the re- 
closing mechanism is satisfactory and that 
the new device can be expected to have a 
number of applications. 

Di^ussions 


It is not possible, and the authors have 
not attempted to make a general statement 
that redosing circuit breakers could be used 
to prevent service interruptions on all sin¬ 
gle-circuit transmission lines. It is indi¬ 
cated that, with reasonable devdopment, 
circuit breakers can be made 
which will reclose within the minimum time 
allowable to prevent undue risk of restriking 
an arc on the transmission line. The ques¬ 
tion of whether or not this time will be 
short enough to prevent service intermp- 
tion is a function of the system conditions 
rather than a function of the characteristics 
of the rdays and circuit breakers. To know 
whether this prindple can be applied, the 
important question is whether or not during 
the momentary interruption of the circuit 
the rate of accderation of equipment at the 
sending end of the line and the rate of de¬ 
celeration at the receiving end of the line 
will be too rapid to avoid instability. 

On a system such as the one where the 
tests were made, the interconnection is be¬ 
tween 2 large generating systems, each 
with a capadty of over 1,000,000 kva. 

In this case the inertia in each of the 2 sys¬ 
tems is such that the frequency of ndther 
system will drift rapidly at the moment the 
interconnection is broken. Therefore, the 
chances of successftd redosure are^ appre-' 
ciabl 3 greater than they would be if the 2 
ss^tems were only Vio 0^ larg® with the same 
power flow through the drcuit under test . 

An interesting example of the possibility 
of redosing circuit breakers is the 132-kv 
interconnection from Powerton station to 
Waukegan station in Illinois. One drcuit 
of this interconnection is supplied by a 
single, 50,000-kw generator and carries a 
load of 60,000 kw distributed over more th^ 
200 miles of circuit. A set of redosing dr¬ 
cuit breakers between the Powerton genera¬ 
tor the next adjacent load would be 
usdess to prevent service interruptions, 
because the Powerton genertor would ac¬ 
celerate too rapidly when its full load was 
suddenly interrupted. However, a redos¬ 
ing circuit breaker near the Waukegan end 
of the long transmission system could be 
used very effectively to prevent serdce inter¬ 
ruption, because the load on the circuit be¬ 
tween Powerton and Waukegon is great 
enough to prevent the Pow^ton and 
Waukegan systems from drifting apart 
rapidly. 

This redosing scheme could also be 
used very effectively to improve service 
to rdativdy small important loads earned 
from a high-voltage interconnected system. 
By the use of redosing circuit breakers on a 
branch line with a single circuit, it should 
be possible to maintain a standard of service 
very nearly equal to that to be obtained on 
the orthodox double-circuit tower ^e. 


A. C. Schwager (Pacific Electric Mfg. 
Corporation, San Frandsco, Calif.): The 
authors are to be commended for contribut¬ 
ing valuable information on a subject whidi 
promises to become of major importance 
in the imp rovement of continuity to service 
on transmission lines. The field as w^ as 
laboratory tests reported show that a larp 
percentage of arc-overs on lines can be 
deared by means of an extremdy diort sdr- 
vice interruption. . ' 

It is interesting to note that the special 
redosing mechanism is of the spring actu- 
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fw authors apparently realizing 

tnat the conventional solenoid control is 
not feasible for application to such high 
speeds. 

Tl^ restriction of the opening stroke to 
S inches appears to be a serious limitation to 
the general application of this mechanism. 

Although the arc length during all the 
teste was of 7 inches or less cases will have 
to be anticipated where longer arc lengths 
must be expected. Reference is made to 
^ AIEE paper by Messrs. Spurck and 
^eet, ‘Circuit Breaker Field Tests on 
Wand^d and Oil-Blast Explosion-Chamber 
<J1 Circuit Breakers/’ figure 9 of which 
shows that on a different 132-kv system 
lengths of 14.5 inches were recorded. 
It would be interesting to know if reclosing 
m this case could be accompHshed without a 
ra.dical change in mechanism design and 
without increase in the reclosing time. 

The company with which the writer is as¬ 
sociated has also designed and built a motor- 
operated spring-actuated mechanism suit¬ 
able for ultrahigh-speed redosing. This 
mechanism gives full initial opening stroke 
to the blades with a de-energized interval 
. cycles. A 69-kv breaker equipped 
with this mechamsm is in service since 
February 1936, a 115-kv installation having 
been recently completed. A paper is being 
prepared by the writer giving detail informa¬ 
tion on construction and field experience. 


cuit breakers. Condderable development 
has been required to bring these schemes to 
commercial use, and the high-speed fault 
clearing scheme being simpler came into use 
first. As a part of the general investiga¬ 
tion of high-speed reclosure, work was car¬ 
ried out by Messrs. Griscom and Torok, as 
mentioned by the authors, in order to de¬ 
termine the de-energizing time necessary to 
prevent re-establishing the arc. 

3. The paper does not discuss the sta¬ 
bility features of the problem, that is, the 


artificial loading may be obtained by the 
"stabilizing” resistors, the use of neutral 
resistors, and other measures. Such a 
combination maj' avoid the necessity for 
unduly high speed in reclosing breakers 
and make possible the use of simpler trip¬ 
ping mechanism than would be feasible 
otherwise, thus reducing first cost and 
maintenance expense which are obviously 
desirable. 


GEN. T.L. RtC. 


F=FAULTAPPUED 
C “FAULT CLEARED 
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^ D. Evans (Westinghouse Electric & 
Man^acturing Company, East Pittsburgh, 
Pu*)! 1. The authors are to be commended 
for their work in obtaining operating experi¬ 
ence on high-speed reclosing breakers. Of 
particular value is the data on the time 
necessary to avoid fault re-establishment up¬ 
on circuit re-energization. 

2. The problem of maintaining service 
continuity on systems with synchronous ma¬ 
chines (or the stability problem) has been 


Figure 2. Power-angle diagram for reelosure/ 
2-cireuit ease 

I— Curve for 2 lines (normel) 

II— Curve for one line (normel) 

III— Curve for fault (SL-G) 

For stability, area 1 < (areas 2 plus 3) 
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F=FAULT APPLIED 
C=FAULT CLEARED 
R=RECL0SURE 


Figure 1. Power-ingle diagram for reclosure, 
single-circuit case 

Curve for normal circuit 
II—Curve for fault condition (2L-G) 

For stability, areas (1 plus 2) < area 3 


one of particular interest to me. A num- 
ber of years ago some of my associates 
^d I proposed the high-speed clearing of 
faidts as a means of improving system sta- 
bihty. This proposal was followed al¬ 
most mimediately by one to use high-speed 
reclosure to improve stability. tJ S Pat 
ent 1,899 613, filed in 1929, employed’idS. 
speed redosure at high voltage and a super- 
po^d frequency relay scheme to obtain 
high-speed snnultaneously opening of dr- 


relation between the fault clearing and re- 
f closure time to the amount of load that can 
. be carried with stability. For this reason 2 
ill^trations have been prepared to discuss 
this phase of the problem in general terms. 
Figure 1 assumes a simple system in which 
p6w« is transmitted from a generator over 
a s^le-drcuit transmission line. The 
line is assiMed to be subjected to a fault 
requirmg isolation to suppress the arc. 
This is followed by redosure to improve 
power-angle diagrams for 
the different conditions from the applica¬ 
tion of the fault to the subsequent redosure 
are shoTra in the figure. Stability will be 
secured if the sum of areas numbex 1 and 

number 2 is less than area number 3. It is 

of some interest to point out that for 2 
breakers with equal redosing time without 
arc re-establishment, the one with the 
slower fault dearing time will be more fa¬ 
vorable from the stability standpoint. 

4. ^ High-speed redosure is also applicable 
to improve the stability of two-circuit trans- 
mmion systems illustrated in figure 2. 
The power-angle diagrams for this case 
are somewhat different than for the single- 
cirjmit case of figure 1. In this case sta- 
tlity will be secured if area number 1 is 

number 2 and 
number 3. The size of area number 3 is a 
measure of the advantage secured by high¬ 
speed redosure. 

With the appHcation of 
or either single-circuit 

systems, considerable 
IlTcJT stebiHty will be secured if 
machines are not greatly 
condition 
loading the 

tion with redosmg circuit breakers. Such 

Discussions 


V. M. Marquis (American Gas and Electric 
Company, New York, N. Y.): Ultrafrigh- 
^ speed redosing of high-voltage transmission 
lines places the transmission system, and 
especially important tie lines between sys¬ 
tems or sections of systems, in an entirely 
new light. It is only necessary to consider 
that ifftrahigh-speed redosing allows a line 
to trip out and reclose without losing 
syn^onism between systems in order to 
realize the field which is opened up by the 
development of this equipment. 

Many important developments Jiave been 
made for combating lightning on transmis- 
.sion lines but all cases of trouble do not 
result from lightning, so that even if the 
lightning problem were solved, there would 
^ still be cases where transmission litipi faults 
would cause interruptions. Ultrahigh-speed 
redosing, however, offers a definite possi¬ 
bility for insuring substantially continuous 
service of lines on which it is applied. 

After the successful results with the ultra- 
high-speed redosing on the Fort Wayne- 
Marion line, described in the paper, studies 
were made with reference to the appUcation 
of ultrahigh-speed redosing to the Twin 
Branch-Fort Wa 5 >-ne line.- Figure 3 shows 
this line which is part of the Ohio-Indiana 
high-voltage transmission system of the 
Anierican Gas and Electric Company . 
This line between Howard and Twin Branch 
forms a very important tie and it is essential 
that its continuity of service be maintained. 
The lar^ interconnected system, of which 
the section shown is a part, normally >i as 
some 7,000,000 kilowatts of capadty in 
service; of this, approximately 2,000,000 
kw of capacity is west of Fort Wayne and 
5,000,000 east of Fort Wayne. 

At the time this study was started, this 
double-drcuit line had only one circuit 
installed, and calculations were made to 
determine the speed of redosing required 
for various amounts of load transmitted 
ovCT this tie line. With the present single 
circuit, it is possible to carry about 100,000 
kilowatts over this line and maintain proper 
voltage. The calculations indicated that 
it would be possible to deliver this amount 
of power if the total time of separation was 
kept to about 30 cycleis. The calr-nli^tpd 
curve showed that this amount of power 
could be increased to approximately 140,- 
000 kw for a 12-cycle total time of separa¬ 
tion and to approximately 160,000 kw for a 
6-cycle total time of separation. 

In general it can be stated thatfor single- 
drcuit operation, the amount, of power 
that can be carried through a disturbmice 
with rapid redosure of the faulted circuit 
increases appreciably as the time of separa¬ 
tion between the systems is decreai^d. 
This, of course, indicates the desirability of 
keeping the fault and redosing time to a 
minimum even though the ss^tems are 
large. 

Since these first studies wde made, it has 
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been decided to double-circuit this line and 
further checks were made to determine the 
advisability of ultrahigh-speed reclosing for 
both circuits. This showed that, with 
double-circuit operation, rapid reclosing for 
faults on one of the circuits would make it 
possible to transmit appreciably more 
power by reclosing the faulted circuit than 
if this circuit were not reclosed. In general, 
it can be said that the gain to be realized by 
successful reclosing of the faulted circuit in¬ 
creases with the increase in the distances 
between high-tension bussing stations and 
also with the increase in size of the 2 sys¬ 
tems to be interconnected. In this case, 
however, it is obvious that the speed of re¬ 
closing of the second circuit is not critical. 
For double-circuit faults, rapid reclosing on 
both circuits is particularly advantageous 
and in general to obtain full benefits in con- 


hoped that others will help in thoroughly 
investigating their unknowns to make this 
new tool in the art of transmission a thor¬ 
oughly reliable one. 


J. B. MacNeill (Westinghouse Electric 8c 
Manufacturing Company, East Pittsburgh, 
Pa.): High-speed reclo^g is a natural 
corollary to high-speed circuit interruption. 
The reduced arc energy and depreciation of 
contacts and oil associated with modern 
interrupters makes it feasible to restore serv¬ 
ice without waiting for the circuit breaker 
to vent gases and establish dielectric 
strength. 

To illustrate the gjrowth of reclosing serv¬ 
ice, reference is made to data presented to 
the electrical equipment committee of the 
Edison Electric Institute for the year 1935 
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At the other extreme, reclosure after 2*/* cycles will 
be successful sometimes. If a flashover is caused 
by multiple lightning strokes, some reclosurw 
longer than 20 cycles over-all may well be^ follows 
by restriking. For that reason the final liimts will 
not have been determined until after a considerable 
period of experience under actual service condi¬ 
tions,” 

Since this appears to be the case, then we 
should investigate carefully to see if the 
necessary reclosing functions cannot be ob¬ 
tained at moderate expense and with rela¬ 
tively simple mechanisms. Admittedly the 
mechanism used by the authors is very ex^!- 
pensive and complicated and will possibly 
be difficult to maintain in satisfactory 
operating condition. 

As an illiistration of what can be ac¬ 
complished by relatively simple means, 
fig ure 4 shows the operating mechanism on 
a 3-pole 115-kv circuit breaker of large 
capacity normally operated from a battery, 
but on a recent job furnished with a “rec- 
tox” built into the mechanism for op<^ation 
from an a-c source. This mechanism is 
practically a standard solenoid of simple 
and sturdy construction arranged with 
some features to adapt it to high-speed re¬ 
closure, such as improved relationships be¬ 
tween the power requirements of the 
breaker and the physical efforts of the 
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nection with a double-circuit line, both cir¬ 
cuits should have ultrahigh-speed redosing. 

There still remains one unknown in con¬ 
nection with reclosing a faulted transmission 
circuit and that is the question whether the 
arc would be sufficiently deionized that it 
will not restrikc when the circuit is redosed. 
This has to be considered in connection with 
redosing the faulted circuit of a double¬ 
circuit line, for if the faulted circuit is re¬ 
closed and the arc restrikes when redosed, 
then the system would be disturbed more 
than if this circuit had not been red^d. 

In the case cited, the systems on either 
side of the tie line in question are ven^ large 
and have correspondingly high inertias. 
Cases involving a single hydro plant con¬ 
nected to a large steam system or even a 
small steam plant or system connected to a 
larger system will require much faster re¬ 
dosing. However, even in this case there is 
a possibility that upon redosing, the smaller 
plant or system will pull into step. Each 
ca.se should, of course, be carefully analyzed 
to definitely determine the gain to be real¬ 
ized in using ultrahigh-speed reclosmg. 
This analysis should not only determine if 
the systems will lose synchronism but dso 
determine, if synchronism is lost, whether 
synchronism can be quickly regained with¬ 
out undue disturbance to the systems if 
redosed—that is, there may be some cases 
where there is a definite advantage in re¬ 
dosing even though synchronism is momen¬ 
tarily lost. \ ^ ^ - 

Ultrahigh-speed reclosmg seeins fo 
such large gains that its application Sho^d 
be seriously Considered on all high-tenaon 
lin es; where theif continuity of service is a 
major factor in the operation of the system. 
“Iliere are pbvioudy still some unknown 
quantities in connection with the applica¬ 
tion of ultrahigh-speed redosing, It is 
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covering 3,680 redosing operations on all 
voltage dasses from 2.3 kv to 110 fcv. 
First redosure was successful in 78 per cent 
of these cases, subsequent redosure was 
successful in 10 per cent, and there remained 
12 per cent of lockouts. 

The paper by Griscom and Torok in the 
Electric Journal for May 1933 gave at this 
relativdy early date a good approximation 
of the limitations imposed by deionization 
of the arc stream upon the possible speed of 
redosure. Other contributions have since 
beenmade, and thereappeared inELECTRiCAL 
Engineering for October1936 an interesting 
paper by Pearce, Powers, Stewart, and 
Heberlein covering the application of car¬ 
rier rdaying and rapid redosing of a 110-kv 
line which acted both as a trunk intercon¬ 
nection and a load feeder. The paper now 
under discussion by Messrs. Spom and 
Prince adds considerably to our knowledge 
of the subject. 

The method and apparatus used for se¬ 
curing high-speed redosure by the authors 
is novd. By means of a very powerful 
duplex operating mechanism they were able 
to get redosure in 16 cydes from the time 
the tripping impulse was given; but to 
secure this time the breaker was permitted 
to open only 8 inches. This is only a frac¬ 
tion of the nonhal travel of a drcuit breaker 
for 138-kv service, and it would seem en¬ 
croaches definitely on factors of safety for 
circuit intdruption. There is no assurance 
that all types of short circuit can be rup¬ 
tured at this voltage and under all operating 
conditioiis with an S-inch stroke. 

The writers summarize by stating: 

“If reclostng is to be at a long raough interval to 
give little probability of a restrike, voltage must not 
be applied to the fine for about 12 cycles after the 
ate has been interrupted. With an 8-cycle brewer 
this gives 20 cycles for the over-all reclosure time. 

Discussions 



Figure 4 


solenoid at different points of its stroke. 

Figure 5 shows an oscillogram of the 
operation of this breakd consisting of trip¬ 
ping followed by redosure, in which the 
breaker is permitted to reach a travel of 
21 inches, or 76 per cent of its total stroke 
before reversing ^ the downward movement 
of the contacts. This length of stroke ob¬ 
viously gives a large factor of safety for 
circuit interruption, and had this distsmee 
been encroached on to speed pp the re¬ 
dosing action, the time for opening and re- 
doting could have been materi^y reduced. 

Of course, the high-voltage appairatus 
presents a more difficult problem than low 











voltage, and the elapsed time for such volt¬ 
ages as 230 kv will be greater than on 
smaller devices. Considering, however, 
the nature of the elements involved and the 
necessity for having asstirance of original 
fault deionization before reclosure is made, 
it seems wise to conclude that practically 
all reclosing requirements—at least at 
moderate voltages—can be taken care of 
with relatively simple and inexpensive 
mechanisms. 

. In discussing this subject it is well to re¬ 
member that a reclosing time consists of 
two parts: first, the time to open the short 
circuit; and, second, the time to reclose the 
breaker. For a given total time ^nsumed 
by the reclosing cycle, it is very-Sesirable 
that a minimum amount be taken up by 
circuit rupture, leaving as large a share as 
possible available for reclosure. This di¬ 
vision of the time will insure better circuit 
breaker action, less depreciation of line ma¬ 
terial and circuit breaker parts, and in- 
,creased assurance that the original short 
will have been deionized at the time re¬ 
closure is complete. 


E. E. George (Tennessee Electric Power 
Company, Chattanooga): From the stand¬ 
point of transmission companies, Spom and 
Prince and their associates have apparently 
made one of the most important develop¬ 
ments presented to the Institute in several 
years. Rapid redosing of tie lines does not 
necessarily mean that one line will do all of 
the work of 2 lines heretofore, but it should 
mean that one line will do most of the work 
most of the time. The authors have ac¬ 
tually accomplished and put in practice 
what some of us have only talked about. 
Differences of opinion about details should 
not detract from the luster of an outstanding 
accomplishment, so it may perhaps be par¬ 
donable to discuss the term “ultrahigh- 
^eed” as applied to redosing. The follow¬ 
ing definitions have been taken from the 


dictionary. “Ultra” means beyond fam¬ 
iliar limits and indicates ordinarily some¬ 
thing of microscopic or astronomical di¬ 
mensions. 

“Immediate” means consecutive, “in¬ 
stantaneous” means as fast as possible— 
with no intentional dday. This is why 
some of us have always preferred the name 
“instantaneous redosing.” Regardless of 
what name is used the prindple will still be 
readily accepted by operating men. 

In conclusion, it would seem that the 
autliors have perhaps been too modest and 
too conservative in describing the utility 
and general application of this new develop¬ 
ment. 


Philip Spom and D. C. Prince; The authors 
are highly gratified by the reception this 
paper has received. All the discussion has 
been of such constructive character as to 
add materially to the value of the paper. 

Mr. LeClair points out that longer re¬ 
closing time is available between large 
systems because of their high inertia, while 
smaller systems would generally lose syn¬ 
chronism. 

Mr. Marquis develops this point further, 
showing actual case studies and indicating 
possible advantages of ultrahigh-speed re- 
dosure even with double circuits and even in 
some cases though synchronism is lost 
momentarily. Mr. Evans has contributed 
stability diagrams indicating an advantage 
in stability from slower fault dearing while 
Mr. MacNeill indicates the desirability of 
minimum time in circuit interruption. 
This difference of opinion is only superficial, 
since the minimum time between circuit 
interruption and redosure is fixed by natmre 
rather than the over-all time of Mr. Evans’s 
hypothesis. 

Both Messrs. MacNeill and Schwager 
comment on the breaker contact travel and 
the size and complexity of the redosing 
mechanism. The contact travel required is 


a function of the arc-extinction device. In 
this case 8 inches proved quite adequate for 
138 kv. Had the breaker failed to dear in 
8 inches the second mechanism would have 
opened it full stroke. Since mechanical 
stresses go up as the square of vdodty, the 
minimtun stroke was preferred for mechani¬ 
cal reasons. 

The complexity of the mechanism was 
due to its many features of adjustability. 
Now that the ultimate requirements are 
known, much smaller departures from 
standard mechanisms are required. 

Mr. Gross points out the possibilities of 
simplification of line construction by the use 
of ultrahigh-speed redosure. The extent to 
which such simplifications will prove prac¬ 
tical must be determined by fidd experience 
which everyone will watch with great in¬ 
terest. 

Mr. George very modestly refrained from 
mentioning the important part which he and 
Mr. Logan have played in the devdopment 
of “instantaneous” redosure. They have 
shown what it is possible to do with stand¬ 
ard mechanisms. It was the purpose of the 
authors in undertaking the devdopment 
covered by the present paper to study and 
find out how much more is possible if mech¬ 
anism and drcuit limitations are removed, 
leaving only physical phenomena limita¬ 
tions to indicate what may or may not be 
done. The results, I believe, have indicated 
that speeds of redosing much faster than 
any heretofore contemplated are possible. 
From this point the economics of redosing 
must be devdoped by further system study 
and particularly by fidd experience, the 
final proving ground of all devdopments. 

The Control Gap (or 
Lightning Protection 

Discussion and authors' closure of a paper by 
Ralph Higgins and H. L. Rorden published 
in the September 1936 issue, pages 1029-34, 
and presented for oral discussion at the pro¬ 
tective devices session of the winter conven¬ 
tion, New York, N. January 27,1937. 


K. B. McEadiron (General Electric Com¬ 
pany, Pittsfidd, Mass.): As pointed out by 
the authors, the sphere g^p (if used within 
proper limitations of spacing) gives a sub¬ 
stantially uniform field and therefore has 
a relatively flat volt-time spark-over curve, 
while the rod gap, because of its nonuniform 
field has a volt-time curve which rises 
rapidly as the time to spark-over is de¬ 
creased. As a protective device the sphere 
gap has excdlent impulse characteristics 
and might have been widely used if it did 
not have 3 inherent disadvantages which are 
rather serious: 

1. The wet 60-cycle spark-over is from V* to >/» 
of the dry value which means that if a level pf 3.5 
(Lewis and Foiist have shown that 13 per cent of 
switching surges exceed 3.5 times normal voltages: 
see “Lightning Investigation on Transmission, 
lanes—II,” W. W* Lewis and C, M. Foust. AIES 
TsAMSAcnoNS, volume 50, December 1931, page 
1139) times normal is established as the lowest 
perniissible spark-over value for switching surges 
the sphere gap could not be expected to hold the 
impulse voltages to less thfm from 7 to 10.5 times 
normal, which would not be suitable since the pres¬ 
ent impulse test gap for tiransformers rated above 
25 kv is between 6 and 7 times normal. 
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Fisure 1. Volt-Kme curves for OB control 
gaps (data from figure 5); also rod gaps ^ 
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plotted) 

ga 

2. The sphere gap on account of its uniform is flfi 
sensitive to any nearby conducting objesets, and tins 
limitation combined with the sixe of the sphere, 
especially for high-voltage aysteiM, introduces a 
serious problem in the space required for the gap. ci 

3. The sphere gap is not self quendung, Le., mil ai 

not stop power follow, resulting in the poMtbihty of c< 

damage to the spheres and the probability of an 
outage. n 

'riu- roii gup, on the other hand h^ much ^ 
nooret impulse characteristics, but is much 
less alTcckHl by rain. The wet power- t 
frequency spark potential of rod gaps is m 
general only 10 to 15 per cent lower c 

the dry value. Thus, for a spark-over tune 
of 2 microseconds the rod gap will ^ 
wet ttti-cyclc-to-impulse ratio of a little ^ 
less than 2. For a 31-inch gap the ratio is 

which means that if the rod . 

so us to have a wet spark-over of 3.6 times 
normal line-to-ground potential, the voltage 
at 2 microseconds spark-oyer time mMd 
l)e O.fi limes normal which is still much too 
high for safe operation—leaving no margm 
<»r^ factor of safety between the demon¬ 
strated strength of the 
potential allowed by the gap. 
higher rates of rise the situation woidd be 
still worse, since the potential allowed by 

the gap would be correspondingly mcreMed. 

Following the work of Austin, the authors 

have attempted to 
trol gaps the impulse characteristics o 
"lap and the lack of 

the rod gap to ram conditions. It seems 
ouite obvious that any sdieme which se¬ 
cures the impulse advantages of the sphere 
^n throuS control of flux, which is the 

sap ^ 

mihieet to the same wet and dry spa^K oyw 
if the same impulse characteristics 

have reproduced the OTT^ 

Iwt rSroseeonds the 

ftDOtltl ^ TT/tr +imGS betWeSO. 1 /l 

better Pro‘^^ /Siosecrads the date 

njeroseconds md * rf 9 per 

^ Te'S^f tl-o ^ 
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not indicate whether the curves might 
cross again or not. 

Lightning arresters whose spark po¬ 
tentials are not affected by the weather, can {J 
be designed for much closer protection than ^ 
gaps because their spark potential need not j 
be above switching transient levels. They ; 
cflti in general be expected to hold potentials 
to values ranging from 2.5 to 6 times nor¬ 
mal depending upon rating and whether for 
grounded or ungrounded neutral operation. 

When reading the paper I was somewhat 
puzzled by the statement appearing in , the ] 

se co nd paragraph in the right hand column 
of page 1030 relative to the term “flat volt¬ 
time characteristic being a misnomer.” It 
seeins to me the authors’ statement would 
be true if volt-time curves were only taken 
through the use of overvoltage. However, 
volt-time curves may be taken on sphere 
gaps on the front of the wave in which case 
flat volt-time characteristic does have a 
definite meaning. 

On page 1031 when concluding the dis- 
cus^on of the “principle of control gaps the 
authors state that capacities lar^ enough to 
control voltage distribution in all kinds of 
weather must be used. This is usually a 
rather difficult matter when all kinds of 
weather are included, and I am curious to 
know how the authors have accompli^ed 
their objective. I know of cases whme 
melting ice has caused unbalance under 
conditions which appear to be somewhat 
similar to that used by the authors. 

A question arises concerning figure 9 
A, B, and C where full-wave spark-ov^ 

1 times are given ranging from 20 to 28 mi- 
- croseconds. This time is about twice as 
^ long as we have experienced under av^ge 

! laboratory conditions, to 

i comment on this pomt would be helpful to 
1 those working in this field, I am sure. 

. On page 1034, at the end of the second 
paragraph under figme 10, stat^^t 
that where “insulation levels ^e higher 
U than that shown, and where Ughtn^ w- 
« resters are used in combmation with the 

y control gap, higte gap 

a. used,” seems to require some further clan 

rs fication. 


INSULATION 
/SPHERE GAP 


V. M. Montsiuger (General Electnc Com¬ 
pany, Pittsfield. Mass.): I wish to <^cu^ 
diis paper partly from the standpomt of 
-protecting transformers in service agamst 
UgS^with a gap having a flat volt-time 
cive characteristic, and parUy 
•Spoint of testing transformers mth 
both long and ^ort waves whose voltage 
v^ues are controUed by flashing over a ^P 
a volt-time characteristic similar 

spb^e ^P 

had L toe lag but we now know th« tor 
^ toe to flashown in the of “e 
njnoKoond or less, sphere gaps have to 

is of eonrse, posable to eonst tot a 

in Ms dis- 

tt w« W toTtoess the gap 
Discussions 
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Figure 2. Volt-time curves of sphere gaps 
and transformer insulation 

value required too great a spacing to prop¬ 
erly protect against impulse voltages, al¬ 
though it gave considerably better protec¬ 
tion for steep wave fronts than the control 
gap gives. This illustrates the point that 
when flux control is made use of, the low 
60-cycle wet flashover makes it necessary 
to raise its impulse protective level up clo^ 
to that of a plain rod gap. The difficulty in 
tbig particular case was overcome by en- 
dosing the gap in the top porcelain of a 
115-kv bushing to make it weatherproof : 
but, unfortunately, the gap was not self 
quenching which means that it probably 
would not protect the transformer if there 
were several strokes in rapid succession, 
since the gap would, no doubt, be destroyed 
on the first stroke if power current followed 
through. 

If front-of-wave testing of transformers 
is ever standardized, it might be possible 
to construct a gap that has the s^e shape 
of volt-time curve as transformer insulation. 
Either such a gap must be developed or a 
general agreement must be reached on the 
correct kilovolt values to be applied for 
short times to flashover of whatever kind 
of gap is used to chop the wave off. 

In fact a gap that is almost (but not 
quite) good enough for the purpose is al¬ 
ready available, I mean the sphere g^. 

Tests made on varioim 
; barriers and with 25-, 50-, and lOO^^^ 

- meter sphere gaps connected m 

control the kilovolts of long and steep 
front waves show in all 3 cases that 
with the sphere gap to give the same kilo¬ 
volts as the breakdown of the barrier on a 
s Si wave, then as the voltage is 
,f the sphere-gap sparing h^ to be 

lengthened to keep it wth ^ 

bSown of the insulation barrier ^ 

Z S^T-etosUgbtlytotltoto 
Macing that corresponded to the fuU 
atreneth of the insulation. . 

^ PliSted on a volt-time curve b^is the 

or curves are as shown in ngme 

ne shapes of the 2 curves me wb ^ 

o TTip«e curves mean, oi cour&i., 
ne 2. Thesec^^ ^constant spac- 

sphere saP ^-ave test kflovoUs to 

‘ togtof«*^^ttolS«-andsl.or.- 

aie control the voltage o transformers. 

^ tapglK fTe iato.ee be- 

.rfuei i^d slighdy increase as to 

•.rtoJTInd then it woold agam be- 
As got quite short ana t ^ 

^ come to a into in 

Z to'Sfto 



Table 1 


safety factor during the test. It appears, 
therefore, that for front-of-wave testing at 
the present time sphere gaps could be used 
as a suitable test gap for transformers. 


J. R. North (The Commonwealth & South¬ 
ern Corporation, Jackson, Mich.): The con¬ 
trol gap described in the paper by Messrs. 
Higgdns nnd Rorden offers possibilities as a 
back-up protective device for use in the 
higher voltage classifications. However, 
some of its characteristics approximate a 
sphere gap and it does not have the ability 
to clear itself once arc-over occms. These 
must be given consideration in its applica¬ 
tion. 

The principal factors in the selection and 
application of a protective device such as a 
gap are: 

mttxiinum dyttamic volldge which may occur 
duntig fault conditiosa between the sound phases 
and ground. 

2. The ability of the protective device to maintain an 
adequate protected level on a volt-time basis for 
both short time and long time intervals. 

Considering the dynamic voltage limita¬ 
tions (item 1 ), studies of actual overvoltages 
Mcuning on transmission systems by the 
joint subcommittee on development and 
research—^BBI and Bell system, as pub¬ 
lished in Engineering Report No. 30, have 
shown that the overvoltages arising from 
system operation are normally of the order 
of 2 to 5 times the normal voltage to neutral 
En. Therefore, it is generally conceded that 
a protective device should have a 60-cycle 
flashover or breakdown voltage under any 
weather conditions of at least 3 Vs times 
normal and preferably higher. 

An analysis of the performance of the 
control gap, based upon the characteristics 
as given in the paper, indicates that with 
gap settings as would probably be used, the 
60-cycle dry flashover voltages are above 
the normal maximum dynamic voltages 
which may be expected. However, the 60- 
cycle wet flashover voltages are rather low. 

For example, consider the control gap on 
the basis of giving protection comparable 
to that of a modern full-voltage arrester and 
assixme 2 systems, one using 46-kv equip- 


Short Time 



Long Time 



Lightning 

Apparent A^ester Control Gap 


Lightning 

Arrester 

Control Gap 


Voltage down Setting Dry 
(Er) (Crest Er) (Inches) PO 

Wet 

PO 

Wet 

PO 

(Cresc Setting 
Et) (Inches) 

Dry 

PO 

Wet 

PO 

Wet 

FO 

46.170.*4.145. 

161.570. *S .440. 

85... 

355... 

..2.3En.. 

..2.7£„.. 

_200. 

_705.12 

,..175... 

..570... 

..110... 
. .470... 

.. .2.0/2,, 
..3.6/2- 


* Lowest possible setting with this gap 

ment and the other using 161-kv equipment. 
Figures 3 and 4, of this discussion show the 
volt-time characteristics of the lightning 
arrester and the control gap for these condi¬ 
tions. The table I summarizes some of the 
values shown on these sketches. 

It will be noted that in the 46-kv classifi¬ 
cation, the control gap would be given a 
setting of 6 V 2 inches to be equivalent to the 
voltage across the arrester during discharge 
and that with this setting the wet flashover 
voltage of the gap would be approximately 
2.9 times the normal voltage to neutral 
Eji. With the control gap set at 4 inches to 
give performance equivalent to the break¬ 
down of the arrester gap, the wet flashover 
voltage would be only 2.3 times Similar 
values are obtained for the 161-kv classifica¬ 
tion. There is a possibility that these low 
values of wet flashover voltage might result 
in undesirable outages due to flashover of 
the gap caused by dynamic overvoltages. 
It may, therefore, be concluded that the 
control gap must be set above the protected 
level afforded by a modern full-voltage- 
rated arrester in order to eliminate any 
possibility of flashover due to dynamic 
ot^rvoltages. The control gap thus acts 
chiefly as a back-up protective device. 

We would like to inquire of the authors as 
to the effect on the control gap structure of 
high values of power follow current. 
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Figure 3. Comparison of OB control gap and 

hghtning arrester, 46 -I(v class 
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A. C. Monteith (Westinghoiise Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): Considerable work has been done to 
get the results of the different manufac¬ 
tures’ laboratories into agreement on the 
minimum impulse test on line insulators 
and rod gaps. Apparently there is still 
considerable disagreement for the shorter 
time lags as rod-gap data for a 138-kv in¬ 
stallation at 860-kv give, from the author’s 
data a time lag of 3.3 microseconds atiH for 
Westinghouse data 1.8 microseconds. 
This difference is significant because it is 
largely in this zone that the authors 
claim superiority of the control gap over the 
rod gap. It is true that the authors have 
done considerable work on a direct com- 
p^son of rod gaps with the control gap at 
the minimum impulse flashover and some at 
IV s microseconds but it is going to be neces¬ 
sary to have the data from the several lab¬ 
oratories on a common basis to be able to 
co-ordinate the complete substation ap¬ 
paratus. . 

To those who consider the lightning ar¬ 
rester as the best form of protection (the 

protection to from 
60,000 to 100,000 amperes without 
an outage) the control gap still offers the 
same hmitations as thq rod gap for the pro- 
tection of transformers- 
^ On solidly grounded systems in the 
higher-voltage classes the De-ion Protector 
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offers a device that gives protection with 
the same limitations as the rod gap or con¬ 
trol gap but will prevent an outage when it 
is called upon to operate. Although only 
test results with positive waves are shown 
it has very favorable characteristics with 
negative waves. A band is shown to give 
some indication of the variation in protec¬ 
tion due to variation in particular designs. 

These several points are illustrated in the 
attached figure. The maximum impulse 
test level on modern transformers is taken 
from actual tests made by Vogel and Bel- 
laschi. 


I. W. Gross (American Gas and Electric 
Company, New York, N. Y.): These 2 
papers center around the problem of pro¬ 
tection. The gap paper considers protec¬ 
tion to apparatus; the ultrahigh-speed 
breaker the more comprehensive problem— 
protection of service. This latter objective 
requires, first, that interruption of power 
flow in a circuit should not exceed Vi to V* 
second, as pointed out by Messrs. Sporn 
and Prince, and second, that the supply 
equipment such as generators, transformers, 
etc., be protected against failure. A most 
economical solution to this entire problem 
in many cases may be a protective gap of 
some form in combination with the ultra¬ 
high-speed breaker described by Messrs. 
Spom and Prince. 

The protective gap, that is, the so-called 
standard rod gap, has in the past had 2 
weaknesses. First, at spacings generally 
proposed on the basis of impulse tests 
recommended for transfonners, it was 
recognized the gap would not limit the volt- 
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Figure 5 

age to a value below the safe impulse 
strength of standard insulation, on steep 
wave fronts. On the other hand, if the 
spacing of the protective gap was reduced 
to supply protection for steep front waves, 
an increase in line outages might occur as a 
result of normal switching surges. In any 
event, if the protective gap flashed over, 
whatever its setting, a circuit outage was 
sure to follow. With the ultrahigh-speed 
reclosing breaker, however, it should be 
possible to greatly reduce, if not entirely 
eliminate line outages due to gap operation. 

The control gap described by Messrs. 
Higgins and Rordcn, appears from the data 
to have considerably better protective 
characteristics against steep wave front 
surges than the standard rod gaps, although 
it still has the undesirable rising characteris¬ 
tics at short time lags. 

Based on the data given in the paper a 
trial design for 132-kv application with 
standard 132-kv transformer insulation 
showed that the control gap allows some 
20 per cent higher magnitude of switching 
surge voltage without flashover as compared 
with a standard rod gap set for the same 
protective voltage level at ‘/* microsecond. 
This is a margin that may well be considered 
when attempting to supply better protec¬ 
tion against steep wave fronts, and at the 
same time reduce line outages due to 
switching surges to a minimum. 

With this set-up of an inexpensive pro¬ 
tective gap and ultrahigh-speed redosing 
breaker, a reasonable frequency of line 
flashovers due to switching surges could be 
tolerated in many cases, as the circuit 
would be re-energized immediately without 
objectionable energy interruption. The 
frequency of breaker operation allowable 
would depend largely on breaker main¬ 
tenance, and the degree of risk taken as 
regards the gap protecting the apparatus 
on steep wave fronts. 

such a protective scheme as out¬ 
lined above prove effective, it would en¬ 
tirely change the present requirements for 
lightning protection of transmission lines, 
the continuous ground wire, low^ tower¬ 
footing resistances, and counterpoises not 
being necessary. While the degree of 
lightning protection to apparatus with any 
present known gap appears to be inferior to 
the protection afforded by modem lightning 
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arresters properly installed, it is well known 
that our knowledge of the performance of 
both gaps and lightning arresters under 
conditions of steep rates of rise of impulses 
is all too meager. Then too, we have little 
actual data on the frequency and severity of 
these steep-front lightning impulses in ac¬ 
tual practice. If it is found, by continued 
fleld research, that the maximum severity of 
lightning is less than we are now generally 
considering, even the present available 
gaps may prove effective protection to the 
apparatus, and the high-speed breaker will 
preserve the continuity of service. 

There is one question I wish to ask 
Messrs. Higgins and Rorden, and that is 
what is the relative 60-cycle wet and dry 
flashover of the control gap with and with¬ 
out the porcelain control insulators? The 
point I have in mind is, if the gap functions, 
and the power arc disrupts one or more of 
the control insulators the projecting supports 
formerly supporting the insulators may be 
so closely spaced that the gap may have 
difficulty withstanding normal line voltage, 
to say nothing of switching surges in the 
order of 3 to 5 times normal. 


Ralph Higgins and H. L. Rorden: The con¬ 
trol gap is intended to provide protection 
for the severe lightning surges—those 
that do the real damage. Existing forms 
of protection are capable of relieving the less 
severe transients, such as induced strokes 
and traveling waves. But failures stiU 
seem to occur, and this is evidence that 
existing protection does not relieve the 
most severe surges. It is questionable 
whether failures would occm: from the 
majority of surges which cause present pro¬ 
tective devices to function. Indications 
are that most failures occur at some one 
severe smge. The control gap is not ex¬ 
pected to function for the majority of low- 
voltage and low-energy surges, since opera¬ 
tion of the gap is accompanied by an outage. 
Its purpose is to maintain a voltage limit at 
a reasonable margin below the level of 
station eqxiipment, so that it will operate 
only when potentials approach dangerous 
proportions. When direct strokes occur, 
an outage is almost inevitable, but whether 
such outage occurs over a directed pro¬ 
tective path or breaks through expensive 
eqtupment, is a vital question. 

The AIEE Standards of Lightning Ar¬ 
resters No. 28 (Mwch 1936) state “Present 
types of lightning arresters are not in gen¬ 
eral designed to protect agmnst direct 

strokes to electric circuits. ." The 

control gap is intended for direct-stroke 
protection. On this basis, their fields of ap¬ 
plication do not cojrflict. We do not con¬ 
tend that control-gap characteristics equjd 
that of arresters for low-energy surg^. 
The control gap has a volt-time characteris¬ 
tic independent of energy (current). .^- 
rester characteristics involve volts, current, 
and time, since the arrester contains re¬ 
sistance material. 

Mr. North illustrates an outstanding 
point in the comparison of the control gap 
and lightning arresters. In his table ^ of 
short-time breakdowns, he lists the kilo¬ 
volts at which the series gap breaks down 
for 2 rated circuit voltages. In the table 
of long times, secondary rise Or the recovery 
voltages across the arrester resistance ma¬ 
terial is given for the same kilovolt ratings. 
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These crest voltages are the potentials to 
to which the equipment is subjected if the 
surge is limited to 5,000 amperes. The 
voltages are about 3‘A times line-to-neutral 
(crest). This is of interest because it is 
mainly above this range (3‘A times line-to- 
neutrri) that the control gap is intended to 
function. It might be said therefore, that 
arresters can maintain a safe potential for 
currents below 6,000 amperes, but that the 
secondary potential rise above that current 
limit is indefinite. Recent publications have 
shown that a fair percentage of the more 
severe surges approach 40,000 amperes. 

It would be interesting to know the volt¬ 
age rise under the 50,000 to 100,000 am¬ 
peres mentioned by Mr. Monteith, for a 
high-voltage system. Since arresters in 
general apparently are not intended for 
protection against direct strokes (AIEE 
Standards No. 28) it would be interesting 
to know if the arresters Mr. Monteith sug¬ 
gests are for other than the lower voltage or 
distribution systems. 

We do not agree with Mr. Monteith’s 
rod-gap figure of 860 kv at 1.8 microseconds 
for 38y4-tnch spacing, nor can we find any 
Westinghouse data to substantiate his 
value. In the figure of Mr. McEachron’s 
discussion, a 31-inch rod gap reaches 860 
kv at 2.4 microseconds and is in close agree¬ 
ment with our data. Although our rod-gap 
curve referred to is from a specific test and 
is not intended to represent an average, it is 
in fair agreement with Westinghouse pub¬ 
lished data also. In Electrical Engineer¬ 
ing, December 1934, Bellaschi and Teague 
have given very complete curves on rod- 
gap flashovers, in their paper "Impulse and 
60-Cycle Strength of Air.” These authors 
mention that they have measured time on 
their oscillograms from the point on the 
wave front corresponding to the 60-cycle 
flashover voltage. To bring their curves to 
the basis of measuring time from the origin 
of the wave, as we have done, would re- 
qtiire adding about one microsecond or 
more to their figures. We are inclined to 
the opinion that Mr. Monteith has over¬ 
looked this correction in offering his sug¬ 
gestion of laboratory disagreement. We 
appreciate his statement that it is going to 
be necessary to have the data from the 



Figure 6. Curves of Mr. Monteith’s lllustra" 
tion shifted to time scale measured from origin 
of wave 
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several laboratories on a common basis for 
co-ordination purposes. In the past, it has 
been the practice of most laboratories to 
measure voltage from the origin of the wave. 
We also appreciate his statement that it is 
largely in this (overvoltage) zone that we 
can daim superiority of the control gap 
over the rod gap. On the basis of the sug¬ 
gested correction to his figures, Mr. Mon- 
teith should undoubtedly understand thesu- 
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periority of the control gap. In figure 6 we 
have replotted his curves corrected approxi¬ 
mately to om* time scale. The tnargin be¬ 
tween the control gap and the several other 
curves for the short-time lags is apparent. 
We observe that the control-gap curve 
dosely parallels the insulation throughout 
its range, excepting at the short time where 
nn unusual and abrupt change in the in¬ 
sulation cu^e occurs. An explanation of 
this flat interval, indicating no increase 
in voltage on front of wave tests would be 
mteresting. Mr. Montsinger (EkariceU 
World, February 13, 1937, page 537) ap¬ 
parently does not agree that this interval 
should be flat. 

We are interested in Mr. Monteith’s 
comparison of De-ion tubes with gaps for 
station protection. Published data suggest 
these tubes for transmission line service an d 
do not indicate that they are proposed for 
station protection. It is regrettable rimt 
the complete characteristics of the De-ion 
tube have not been induded, since the 
^aded area tells only part of the story 
This area indicates that in the short time 
intervals, the De-ion tube is equivalent to 
the control gap, although the complete 
characteristic is plotted as a band. The 
upper limit of the tube flashover is shown 
approxmiately equivalent to that of the 
various gaps at minimum flashover, while 
in the overvoltage range, the control gap 
currc is approximatdy an average of the 
1 m 1 ^hinimum flashover, a spread of 
100 tv is apparent. What would this 
undtt power-frequency wet conditions? 

^ discussed a combination 
which seems to be ideal, particularly for the 
•severe surges. As previously mentioned 
IS ^ost inevitable with direct 
voltage and energy must 
^nn a path to ground in any event, and the 
^bmtion of the control gap with high- 
pee breakers affords the advantage of 


protection irrespective of energy and re¬ 
stores the system to service without the 
usual interruption. Under these conditions, 
the danger of destro}ring control insulators is 
greatly reduced. The switching time, per¬ 
haps more than the magnitude of the follow 
current, would seem to be the major item 
relative to the ability of the gap to with¬ 
stand follow current. If a control insulator 
should be damaged, the result would be loss 


138-kVTflANSFOfiMER 
«TEST(42.I-|NCH ROD 
GAPPOS.) 

■ 4IXL-N,5PERCENT 

■ (WET) SWITCHING 

OUTAGES 

, 2.6XL-N,36PERCENT 
(wet) SWITCHING 
OUTAGES 

UNE-TO-NEUTRAL 
CREST KV 


Figure 7. Control 
gap versus rod gap 
for 138-kv trans¬ 
former protection 

Nesatlve impulse end 
switchins surses both 
under rain spray 


of advantage of the surge characteristic. 
The power frequency flashover would be re¬ 
duced less than 20 per cent. This should 
not interfere with normal operation until 
repairs could be effected at later conveni¬ 
ence. 

In commenting on Mr. McEachron’s dis¬ 
cussion, we wish to emphasize some char¬ 
acteristics of controlling flux in a dielectric 
field in air. For the same minimiiTn im . 
pulse flashover the spacing of a rod gap is 
3 Vj or more times that of a sphere gap 
(spaced within its operating range). A 
^here gap has a "flat” volt-time character¬ 
istic, while the rod gap has a sloping char¬ 
acteristic (flgure 9 A and E of the control- 
gap paper). If smaller spheres are used for 
the same voltage, the spacing is greater and 
the curve is more sloping. At high over¬ 
voltages the rod-gap spacing must be re¬ 
duced to nearly that of the sphere gap for a 
balance. The sphere gap and the rod gap are 
opposite extremes, and partial control of the 
fidd restflts in a spacing and yolt-time 
characteristic proportionately between the 
two. Thus the general form of a volt-time 
charwteristic may be predicted by the 
spacmg of electrodes at the minimum fladi- 
over. For dissimilar electrodes, the same 
g^eral law holds true for a given polarity. 

Mr. McEachron states it is obvious that 
any scheme that secures the impulse ad- 
v^tages of the sphere gap through control 
of flux be subject to the same wet and 
dry spmk-over. We concur in this opinion 
md this point illustrates the advantage of 
the control gap. From figure 9 A, D, and E 
? + j control-gap curve is ad- 

justed to be between that of the sphere gap 
and ^e rod gap. It follows that its electrode 
^acmg and its power-frequency wet per¬ 
formance are also between the 2 extremes. 

I explanation and from 

Mr. McEachron's statements, the bontrol 
gap has a considerable advantage over the 
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e- rod gap for impulse characteristics, and is 
le considerably better than the sphere gap for 
s, wet flashovers. The control gap is designed 
is to have the best impulse characteristic ob- 
r- tainable with tolerable wet flashover volt- 

W ages. When so adjusted, the volt-time 

n characteristic of the control gap closely 
1 - parallels that which has been published 
)r (Montsinger, Electrical World, November 
IS 21,1936; Bellaschi and Teague, Electrical 
Engineering, January 1937) to represent 
transformer insulation. It is therefore only 
}| necessary to provide a reasonable margin 
p between the breakdown strength of insula- 
^ tion and control gap flashover to have the 
D protection properly co-ordinated. 

. Mr. McEachron’s figure 1 illustrates the 
^ positive impulse comparison between a rod 
y gap and a control gap when adjusted to the 
same 60-cycle wet flashover. It has been 
commonly accepted 'that 60-cycle wet 
flashovers are equivalent to switching 
surges. This must be inferred since 60- 
cycle wet tests are frequently cited and ob¬ 
viously operating voltages, particularly on 
grounded-neutral systems, do not rise to 
several times their normal value. Rinw 
publication of the paper, we have endeav¬ 
ored to learn if this assumption is justified. 
On tests with the control gap, we find that 
it is not. The wave used in our switching- 
smge tests was obtained by saturating a 
high-voltage testing transformer with a 
d-c current and then breaking the circuit 
abruptly by switching under oil. The 
wave obtained prior to flashover was very 
similar to that reported by Bellaschi and 
Teague in the January 1937 Electrical 
Engineering ("Dielectric Strength of 
Transformer Insulation”) though somewhat 
more irregular. Using these switching 
surges as the criterion of operating toler¬ 
ance, we have attempted to show the com¬ 
plete performance which Mr. McEachron’s 
figure 1 is intended to illustrate, in figure 7. 
The tests were made with negative polarity 
since dii^t strokes are predominantly 
negative (Lewis and Foust show 95 per cent, 

G. E. November 1936). We have 

selected a 31-inch rod gap so these results 
wiU compare with Mr. McEacliron’s illus¬ 
tration for a 132-kv system. These test 
results are obtained by direct comparison of 
^e 2 gaps Md with oscillographic records. 
The mial^is is. based on the assumption 
that the limits of a gap as a protective de¬ 
vice are its ability to relieve high over¬ 
voltages, and its performance for switching 
sm^ in rain. With switching surges ap- 
phed, the 31-inch rod gap was found to 
balance with a control gap spaced with each 
t/* flashover measured 

according to Lewis and 
houst, should result in 5 per cent switching 

"Tr; ^^^^T^^thecontrol-gaHmag^ 

sap not change 
^eatly. Wtli high overvoltage negative 

reduced 

to 20 m^es to balance with the control gap 
havmg the same spacing as in the switching- 
surge tests If a rod gap of 20-^8^ 
installed on a 132-kv system? it! 

flashover would be 2.6 
tunes hne-to-neutral and would sq 
cent switching outages-ovt 7 tim2 
the same 

nnpulse protection. 

® McEach¬ 

ron means by a rod gap offering greater 
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protection for times greater than 4 micro¬ 
seconds. By his comparison, the rod g^p 
will flash over at a lower voltage for times 
greater than 4 microseconds. This, of 
course, means more unnecessary outages and 
it is not quite clear why the protection 
'Should be any better as long as the gap will 
flash over in any event before the voltage 
rises to a dangerous level. We consider an 
ideal protective curve one that parallels 
that which it is to protect. Relative to the 
statement that more data are needed at 
times less than one microsecond, we wish to 
point out that the curves published are in¬ 
tended for operating data, so that the gap 
may be adjusted to define a minimum flash- 
over level. The high overvoltages are not 
plotted in these curves because we do not 
rely on indirect comparison where small 
deviations due to personal analysis result 
in uncertainty regarding the actual per¬ 
formance. We have cases on record, and 
have observed in other data, where identi¬ 
cally the same time for flashover of a gap 
was recorded by a cathode ray oscillograph 
at voltages differing by 100 per cent in liie 
short-time range. A graph of such data is 
a matter of personal judgment and it is 
difS.cult to plot a line to represent such 
phenomena as accurate performance. Too 
frequently conclusions are drawn by making 
indirect comparisons and stressing exact¬ 
ness where precision is not justified. We 
believe the ultimate criterion of protection 
is to be found by a comparison where it is 
possible to determine relative performance 
directly. Therefore, we do not attempt to 
show that we differ by some questionable 
margin from other data through the me¬ 
dium of comparing curves which should 
preferably be shown as a band. 

That the parallel test method adequately 
illustrates the advantage of the control gap 
is illustrated in figtxre 8. This figure, with 
the control-gap equivalent added, is re¬ 
produced from the August 1934, G. E. Re¬ 
view, “Lightning Protection of Power 
Transformers Coimected to Overhead Cir¬ 
cuits,” by K. B. McEachron. This curve, 
particularly at minimum flashover and at 
the high overvoltages, is substantiated by 
Mr. F. J. Vogel (“Adequate Impulse 
Tests,” Electric Journal, January 1935). 
From this curve, according to Mr. McEach¬ 
ron, a transformer is adequately protected 
at the high overvoltages by a rod gap spaced 
65 per cent of the spacing which would pro¬ 
tect the transformer at minimum flashover 
(100 per cent). The dashed curve super¬ 
imposed on this figure illustrates that the 
control gap is approximately 10 per cent 
better throughout its entire range than 
Messrs. McEachron and Vogel diow is 
necessary to protect power transform^. 
Although Mr. McEachron’s curve applies 
only to positive polarity, Mr. Vogel illus¬ 
trates that on negative polarity the same 
general percentages obtain, particularly at 
the rniyiimum flashover and at the high 
overvoltages. 

The question relative to spheres having a 
“flat” volt-time characteristic is answered 
by inspection of our figure 9 E. This 
applies to any type of test and pa^ 
ticularly to front of wave testing, wch 
characteristics are Aown to have a rising 
voltage curve in the ^ort time range. 
Frequently, the curve is plotted as a 
Straight horizontal line from minimum 
flashover at about 2 microseconds to in- 

August 1937 


finity. It is not possible to obtain long 
time lags in sphere gap flashovers. Some 
curves lead us to believe that at the mini¬ 
mum flashover, any time is obtainable. 
Actually there is no test point obtainable 
in the “flat” region. The curve ceases to 
exist once it becomes flat. Long time lags 
are associated with corona formation and 
for sphere-gap curves to be plotted illus¬ 
trating that long times to flashover are ob¬ 
tainable under any condition (with spacing 
within their normal operating range) is a 
misnomer. 

We concur that it is not easy to maintain 
electrical stability in multigaps under all 
weather conditions. In the control gap, this 
has been accomplished by using insulators 
having a capacitance approaching the range 
of coupling condensers, which are known to 
give satisfactory performance. By his 
question of unbalance due to melting ice, 
Mr. McEachron is undoubtedly concerned 
only with operating characteristics since we 
are not normally concerned with lightning 
storms in freezing weather. 

We appreciate Mr. McEachron suggest¬ 
ing an explanation of variations in time to 
flashover at minimum voltage. This fur¬ 
ther justifies our contention that such char¬ 
acteristics should be plotted as a band 
rather than a line. The oscillograms illus¬ 
trated were chosen at random during the 
tests and are not at all unusual. Inspection 
of our figure 9 A and B illustrates that 
while the oscillograms show times of the 
order mentioned, the adjacent volt-time 


The previous discussion has undoubtedly 
answered Mr. McEachron’s question re¬ 
garding the use of the control gap as back-up 
protection, since the. control gap charac¬ 
teristic closely parallels that of insulation. 
A higher insulation level could be accom¬ 
panied by a corresponding control-gap 
spacing. Where the control gap is used in 
conjunction with arresters, it is expected 
that the arrester will perform first and re¬ 
lieve part of the surge. The control gap 
should flash over only when potentials 
beyond the scope of the arresters are reached 
and therefore a somewhat closer margin 
might be adopted. 

Mr. Montsinger points out that sphere 
gaps have a time lag when flashover is of the 
order of one microsecond or less. Mr. 
Montsinger has shown {Electrical World, 
November 21, 1936) that his approximate 
equivalent of transformer insulation has a 
time lag when flashover is of the order of 3 
microseconds or less. He therefore shows 
that a sphere-gap characteristic is con¬ 
siderably faster than that of major insula¬ 
tion. The control gap has a characteristic 
very !MTni1fl.r to that which Mr. Montsinger 
has tiiown to represent such insulation. 
His illustration of a sphere-gap curve 
merging with insulation at high overvolt¬ 
ages is of interest, since this characteristic 
is contrary to the general trend of flash¬ 
overs. We are also interested in Mr. Mont- 
singer’s statement concerning a no-time-lag 
gap. 

Such a characteristic is undoubtedly pos- 



Figure 8. Rod-gap spacings to give a constant factor of safefy In pow« transformers 
(based on approximate major insulation strength) from "Lightning protection ofPo\^r Tran^ 
fomm Connected to Overhead Circuits/’ by K. B. McEachron, "General Electric Review, 

August 1934 


curves show that minimum flariiover is 
reached in about 16 microseconds. At 
mitiiminn , the range in time to flariiover for 
gaps which are dependent upon corona 
formation is more than 100 per cent. Suc¬ 
cessive flashovers showing 10 to 25 micro¬ 
seconds for gaps of the order shown are 
nommnti , -without & measurable difference 
in voltage. This band becomes narrow 
rapidly with increasing overvoltages, but 
is still measurable on front-of-wave tests. 
The inadequacy of drawing conclusions by 
representing such a characteristic as a line 
is apparent. 

Discussions 


sible in a multigap so unbalanced that suc¬ 
cessive rather tha n simultaneous flatiiovers 
determine the minimum breakdown. We 
tbink his suggestion that a sphere gap be 
used for transformer testing is excellent, 
although its characteristic, as he shows, is 
faster than transformer insulation. The 
sphere gap lends itself readily to laboratory 
tests, is easily adjustible, and complete 
calibrations are available, but it is not 
suitable for protection in service. The con¬ 
trol gap on the other hand is not as desirable 
for laboratory testing but lends itself readily 
to station protection. 
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Milwaukee, Wis., Is Host 

to 53cl Annual Summer Convention 


In 1906 the Institute held its 23d annual 
summer convention in Milwaukee, Wis. 
Just 31 years and 3 weeks later, Milwaukee 
again played host to the Institute, this time 
for its 63d annual summer convention 
(none was held in 1917). Several unusual 
features marked the program of the 1937 
convention held June 21-25, with head¬ 
quarters at the Schroeder Hotel. 

All these features are covered in this issue 
of Electrical Engineering, which brings 
to all members of the Institute not only a 
comprehensive news digest covering the 
high lights of the convention activities out¬ 
lined in programs previously published, but 
also the full text of the 2 principal special 
addresses delivered by men prominent in 
the engineering profession, and several other 
special presentations of interest and value to 
the membership at large. 

Annual Business Meeting 

With some 260 or more persons in attend¬ 
ance, and with K. L. Hansen, general 
chairman of the 1937 summer invention 
committee, presiding, the opening session 
convened Monday morning, June 21, in the 
Crystal Ball Room of the ^hroeder Hotel, 
Chairman Hansen outlined briefly the sev¬ 
eral unusual features on the program and 
then introduced as honorary chairman 
an outstanding Milwaukee personality . . 
for many years associated with electrical 
developments on a large scale,” General 
Otto H, Falk. General Falk in his brief 
but ^erous mes^ge of warm welcome 
mentioned the fact that the last AIEE 
summer convention held in Milwaukee was 
in 1906. 

Oh behalf of the summer convention com¬ 
mittee Chairman. Hansen paid special 

tribute to General Falk and to “Milwaukee 

mdustries that have coutributed so gener¬ 
ously to make this convention a success ... i 
conMbuted by permitting their men to use i 
then time for convention purposes, financial ; j 

contributions, hospitality, inspection trips, 
and m other Ways.” At this point the i 
^veL was turned over to President Mac- J 
pit^eon; who presided for the annual > 
business meeting. . 


The customary digest of the annual report 
of the board of directors for the fiscal year 
ending April 30, 1937, was presented by 
National Secretary H. H. Henline. Mr. 
Henline pointed out that- the report, pub¬ 
lished in full in the July issue of Electrical 
Engineering, is made up of a large number 
of brief reports covering all major phases of 
Institute activities, and many activities in 
which the Institute co-operates jointly with 
other organizations. In this report is a 
wealth of information of interest and value 
to every Institute member. One of the 
features of the year’s activity has been the 
prodigious amount of time, effort, and 
energy spent by President A. M. Mac- 
Cut^eon in visiting some 46 Institute 
Sections and 20 educational institutions and 



President A. M. MacCutcheon (left) ex¬ 
changing greetings with General Otto H. 
Falk, honorary chairman of the general sum¬ 
mer convention committee 


Rbports of the Board of Directors 

AND the Committee OF Tellers 

the Institute, President 
MacCutcheon responded to General Falk’s 
Tie pTMidenf. «d- 
Me of Tomorrow," Is 

reproduced m this issue (paj^ 941 - 3 ). 


Student Branches in 29 states, the District 
of Columbia, and Canada; in attending the 
2 national conventions and 2 District meet¬ 
ings, and several District student confer¬ 
ences hdd during the year; arid in effec¬ 
tively stimulating the activities of many In¬ 
stitute committees. 

Concerning general activities Mr. Henline 
reported that the 2 national conventions and 
2 District meetings held during the year 
were well attended. He stated also that 
during the year new records had been set in 
Action activities, with a total of 621 meet¬ 
ings reported including numerous group 
meetings for special discussions, and in Stu¬ 
dent Branch activities, with 1,363 Branch 
meetings reported. With the organization 
of Student Branches at Columbia University, 
New Yprk, and at Tulane University, New 
Orleans, La., there are now 119 Branches 
functioning. 


runner witn reierence to Section activi¬ 
ties, Secretary Henline reported that the 
organization of the East Tennessee Section 
brought the total number of Sections now 
functioning up to 62, with the formation of 
several others in prospect. During the 
past year a total of 23 Sections sponsored 
special activities, 20 holding meetings of 
special t 3 T)es in addition to their regular 
meetings, and 3 others conducting educa¬ 
tional courses. The survey and reallocation 
of Section territory was reported as having 
been completed by the special committee 
that has been working oh it since 1935, and 
approved by the board of directors to be¬ 
come effective as of August 1, 1937. In 
general principle, the plan so modifies and 
enlarges the territory assigned to Sections 
as to place within Section territory all mem¬ 
bers residing in continental United States 
mth the exception of approximately 300 re¬ 
siding in scattered and sparsely settled areas 
neither contiguous nor tributary to Section 
territory. For convenience and accuracy, 
county boundaries now are used in specify- 
iiig Section territory. All District officers 
and the officers of all Sections involved in 
territorial changes have been given full in¬ 
formation concerning the changes, and mem- 
bersliip lists for each Section as of August 1, 
1937, will be prepared on the new basis. 

In commenting upon the report of the 
membership committee, National Secretary 
Henline called attention to the following 
figures: 


It*™ May 1, 1936 May 1, I»37 

Total membership.14,000.16,308 

Applications from Enroiled 

Students. 031. 710 

Other applications. 940. 1,040 

Enrolled Students. 4,049 4,60.3 


Further details concerning Section and 
Branch activities for the year 1936-37 are 
given in the comprehensive annual report 
published in the June 1937 issue of Elec¬ 
trical Engineering, beginning on page 
762. Other items have been published 
during the year. 

The report of the committee of tellers was 
published in the July issue of Electrical 
Enoi^bring, page 913, along with a report 
covering the election of honorary members. 

Treasurer’s Report 

An indejpendent and personal verification 
of Institute accounts as covered in the 
auditor’s statement published as a part of 
the report of the board of directors, was 
reported by National Trea^rer W. I. 
^chter, professor of electrical enginee ring, 
Columbia University, New York, N. Y. 
He reported that further returns h ad been 
made to the reserve capital fund in com¬ 
pensation for withdrawals required for 
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Institute activities during 1932-33-34, at 
the same time accommodating increased 
appropriation to the publication committee 
and to certain other committees for the 
further extension and development of In¬ 
stitute services to its members. He ur¬ 
gently recommended continuance of a con¬ 
servative financial policy in order that 
future possible economic disturbances of a 
general nature should not injure nor unduly 
curtail Institute activities. 


Table I. Analysis of Attendance at 1937 Summer Convention, Milwaukee, Wis. 

Dist. Dist. Pist. Dist Dist. Dist. Dist. Dist. Dist. Dlst. For- 
Classification 1 2 34 S 678 9 10 eign Totals 


Members. 

..74.. 

.. 83.. 

..55.. 

..15.. 

..369.. 
.. 62... 

. 7.. 

..20.. 

. 13.. 

.11.. 

. .3. 

.... 640 
.... 62 

Men guests. 

... 2.. 

.. 7.. 

.. 3.. 

.. 1.. 

..131.. 


.. 3.. 

. 1.. 

. 2.. 


. 150 

Women guests.. 

...19.. 

.. 16.. 

..10.. 

.. 4.. 

..141.. 

. 3.. 

..11.. 

. 6 .. 

. 6.. 

. .1. 

.... 215 

Totals. 

...95.. 

..105.. 

..68.. 

..20.. 

..693.. 

.10. 

..34.. 

.19.. 

.19.. 

. .4. 

....1,067 


Prize Awards 

. Chairman H. S. Osborne of the AIEE 
committee on award of Institute prizes 
presented formally the committee’s report, 
and President MacCutcheon made the 
presentations to the recipients preset, Mr. 
P. S. Millar and Professor H. E. Edgerton. 
Complete text of the report may be found 
on page 766 of Electrical Engineering 
for June 1937. 

Lamme Medal for 1936 

Presented to Doctor Frank Conrad 

"For his pioneering and basic develop¬ 
ments in the fields of electric metering and 
protective systems” Doctor Frank Conrad 
(A ’02) assistant chief engineer. Westing- 
house Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pa., received during 
the annual summer convention business 
session at Milwaukee, Wis., the ninth in the 
series of AIEE Lamme Gold Medals. This 
was the second major award made by the 
Institute to Doctor Conrad, the earlier 
award having been that of the Edison Medal 
for 1930. 

One of 3 bequests provided in the will of 
Benjamin Garver Lamme (deceased July 8, 
1924), the AIEE Lamme Medal was es¬ 
tablished for the encouragement and rec¬ 
ognition of "meritorious achievement in 
the development of electrical apparatus 
•or machinery.” The other bequests were 
made to The Ohio State University, Colt^- 
bus, and to the Society for the Promotion 
•of Engfincering Education (this year’s 
Awards are announced dsewhere in this 
issue). 

Lamme Career Ootlined by 

President-Elect Harrison 

As a background for the presentation of 
the Medal to Doctor Conrad, President- 
Elect W. H. Harrison presented the follow¬ 
ing outline of the life of Lamme as indica¬ 


tive of the circumstances that led to the 
founding of the Medal: 

"Fortunately, Mr. Lamme recorded his 
life history, a fascinating story, from his 
boyhood on the farm, country schooling, 
natural bent for mechanical things, de¬ 
votion to dementary mathematics, engi¬ 
neering course at The Ohio State University, 
and affiliation with the Westinghouse 
Electric and Manufacturing Company that 
began in 1889 in a testing departnient and 
ended with his death in 1924 as its chief 
engineer. 

"His achievement as the guiding genius 
and inspirational force pf the engineering 
work of that great organization, and in 
particular his contributions to the advance¬ 
ment of the science of electrical-machine 
design, hardly need to be reviewed at any 
Institute gathering. Monuments to the 
brilliance of his mind, to his industry, to 
his coinage, to his imagination, are to be 
found literally wherever elwtric energy 
is generated and applied. 

"Beginning early in his career he gave 
generously of his time and knowledge to 
affairs of the Institute, participating in ite 
deliberations and particularly in its techni¬ 
cal discussions. He served in many ca¬ 
pacities, perhaps the most noted being his 
service on behalf of the Institute on the 
Naval Consulting Board of the United 
States from 1916 to 1919. He was honored 
by the AIEE in 1919 by the award of the 
Edison Medal, the most distinguished award 
the Institute can bestow. From his Alma 
Mater, Ohio State University, he was the 
first to receive the Joseph Sulliyant Medal 
in recogfhition of the value of his work to 
the world. Pioneering in a fidd when so 
little Was known of the sdence of elect¬ 
ricity, even as to its fundamentals, and full 
well realizing the necessity for training 
and education, he gave fredy to these ac¬ 
tivities. It was like the man to establish 
in his will a medal for the advancement of 
a profession he dierished and to which he 


contributed so much. This significant 
and highly prized medal wiU continue to 
serve as an inspiration to the engineers of 
the future.” 

Medalist Introduced by A. M. Dudley 

With enthusiasm for the human qualities 
of the medaHst as well as for his versatile 
technical genius, A. M. Dudley (A’08, 

F ’13) marine dectrical engineer, Westing- 
house Electric and Manufacturing Com¬ 
pany, East Pittsburgh, Pa., outlined the 
more outstanding features of Doctor Con¬ 
rad’s career: 

"To do justice in a casual quarter of an 
hour to the lifetime accomplishment of a 
busy man is unthinkable, and to mention a 
few of the high spots of what he has done 
is to create the thought that perhaps one 
has omitted many of the best.... 

"In 1890 at the very tender age of 16 
years, without benefit of even a complete 
grade-school education, Frank Conrad went 
to work in the Garrison Alley Shops of the 
Westinghouse Electric and Manufacturing 
Company as a b^ch hand. His biography 
gives us an intriguing picture of a dever 
mischievous boy filled with an insatiable 
curiosity about scientific measuring instru¬ 
ments and about dectricity. As the result 
of some suggestions that he made about the 
work which he was doing with his hands, 
he was sdected to go to the testing floor as 
a laboratory assistant. While there he 
worked on meters and laid the ground¬ 
work of that work for which he is being 
cited today. He also worked on arc lamps. 

"In 1904, when I first knew him, he had 
been designated general engineer, m a free 
I t^Tipp under the direction of the vice-presi¬ 
dent of engineering to work on any or all 
engineering problems to which he might be 
assigned. He followed that period with 
work on circuit interruption on the New 
Haven Railroad dectrification. A little 
later he worked on starting, lighting, and 









Future AIEE Meetings 

Pscific Coast Convention 
Spokane. Wash., Aug. 30-Sept 3 

1937 

Middle Eastern District Meeting 
Akron, Ohio, Oct. 13-16, 1937 

"Winter Convention 

New York, N. Y., January 24-28, 

1938 

North Eastern District Meeting 
Pittsfield, Mass., Spring 1938 

Summer Convention 
Washington, D. C., June 20-24,1938 


his ^entific curiosity and his creative hnag- 
^tion . . . for the flowering of this great 
democracy m which we live.” 

Doctor Conrad Responds 

In re^onding to Mr. Dudley's address. 
Doctor Conrad stated that his pleasure in 
receiving the Lamme Medal is "enhanced 
by the fact that the Lamme Medal was 
provided by the generosity of a man who 
to an extent was responsible for the part I 
was enabled to take in the development 

Table II. 


Summer Convention Attendance 
During Recent Years 


ipution for automobiles. During the War 
he rendered signal service to our govern¬ 
ment m the matter of radio. communica¬ 
tion. At present he is a Lieutenant Com¬ 
mander m the Naval Reserve... He is a 
sage coun^or of youth; young men come 

T working with him_ 

In 1921, he was appointed assistant ohLf 
engineer, a title which still serves to desia- 
nate the man to whom you can carry any 
kind of questions you may have 
“He foUow^ that with some work on 
reefers, radio broadcasting, short wave 
ramo, and... on voting 
"Four times have medals come to him 
< \il Morris Leibmann prize 

Radio Engineers; in 1933 
&e John Scott Medal of the Qty of Phfia- 

m 1936 the AIEE Lamme Medal , , in 
1928 ^ Urdversity of Pittsburgh conf^d 
^on imir the degree of doctor of science. 
He IS a Fellow in the Institute of Radio 
«^ Fellow of the AIEE. 

be done, briefly, to deserve all 

acclaim? First, unquestionably comes 
ra±o broadcasting, and perhaps more im¬ 
portant, we would have to mention short¬ 
wave r^io development .... Following 
^ese there is a long list of distinguished 
deagn accomplishments along manrSies 
mdudmg the arc lamps, meters, automo- 
tive^equ^ment, and radio that has been 
mmtKmed; in all he has something like 
260 patents to his credit, and most of these 
have been manufactured, or are stm beuwr 

m^ufactured in some form, ^ 

“Known-to only a few is Doctor Conrad’s 
mt^est m biology and physiology in 
^^ction udth one of the docSs S 
Colt^bia Hospital m Wilkinsburg Pa 
^ dcYd,^ a vKthod for drain4 Ld 
fim an mfected lung in pneumonia cases 
wlucli nmUiod lias been Ugbly ^.,^1 
«d pj^biy a® b. mnS^ 

“ connection with 
Aat work he had developed by one of the 
big rubber companies a special form of 

tte^^ to conduct ingoing liauid aS 
w^tions around the outside to conduct 

outgomg fluid for use in cases of irrigation 
or removal of fluid. ' “ngauon 

and his work stand to 
me for the spirit of service , ., for the aris¬ 
tocracy of mteUect as shown in the p^wJd 


JXiUWaU£ee| WlS 
1986 Pasadena, Calif. 
1986 Itiiaca, N. Y.... 
1984 Hot Springs. Va. 

1938 Chicago, Ill. 

1932 Cleveland, Ohio. 
1931 Asheville, N. C.. 

toon ^_s V* 


WWiLQipSCOCC, MaSS» , . 

1928 Denver, Colo... 

1927 Detroit, Mich.... . .. 

Sulphur Spgs.’, 
1926 Saratoga Spgs., N. Y. 

1924 Chicago, Ill.. .." 

1923 Sarampscott, Mass.*".! 
1922 Niagara Falls, N. Y. . 
1921 Salt Lake City, Utah. 


* District numbers in parentheses. 


.*(5) 

1,067 

• (8) 

716 

• (1) 

004 

• (4) 

851 

. (6) 

968 

. (2) 

1,022 

(4) 

625 

(10) 

1,110 

(1) 

1,000 

(6) 

600 

(6) 

1,200 

(2) 

360 

(1) 

000 

(6) 

760 

(1) 

1.616 

(1) 

950 

(9) 

426 

(2) 

314 


As often is true, fashions in instrument 
design now have swung back to those earlv 
days, and at present the induction type 
of lustnment, excepting the watt-hour 
^ter, has been almost supplanted bv 
types cowesponding to the first moving-irou- 
core and moving-coil instruments* Great 
advanc^ made in the improvement of 
ma^etic materials and complete under- 
stam^g of the principles involved, now 
permit the production of instruments of 
m^y sizes and types, completely satis- 
lactory as to accuracy and dependability.” 

Other Convention Features 

Technical Sessions 

Two special sessions featured this year’s 
formal program. One was an all-morning 


of electrical measuring instruments.” In 
rwountmg some of the problems incident 
® ^^^opment of the a-c system. 
Doctor Conrad said: “It became impera- 
tiye that me^s be provided for observing 
^1 aspects of this new industrial service! 
and thr(mgh fortune it happened that I 
‘0 a part in thr^bt 
sequent development of a-c instruments 
• • . . ^9ide from the Siemens’ dynamom- 
eter and the Kelvin balance, which were 
adapted to ^e laboratory but not to the 
sta,tion switchboard, there were some types 
“ existencrat 
5 c^^ecf ^approximation 
of correct read^s on alternating current 

us?°“a « designed for d-c 

use. Attempts were made to adapt these 
^ments to a-c operation by cahbrating 
them espe^y for the particular a-c 
cir^t in which they were to be used. 

Our crude cut-and-try methods of 
development soon taught us that it was 
nwes^ to subdivide or laminate any iron 
used m the magnetic field. Also the 

these 

wools ^d to be slotted in some maitS 

Stgv"”** ^ mag- 

netic core. In a few years a line of instru- 

“ade available in which the 
oltaet^ Md the wattmeters had moving 
wils and the ammeters had moving iron 
^tures; these were comparable S 
a^uiacy to those of the present although 
^ey were unwieldy and expensive ^ 

current mduced in the moving 
dement, employed by ShaUenberger in his 
Pioue^ <^ent meter, was incoiporated in 
aw designs of , compact switchboard in- 
Starts. This type of taetnieimt oS- 
yituted an mtermediate step in instrument 
its possible the use of a scale 



S. B. Cr,ry J, (Irft) of SdiBiectady, N. Y 
Mmiioo t.„„i. tophi, 
coiisrrtlilrtto by W. J. Moplil of FoS 
Wayne, Ind., runner-up 
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N^s 


^ address 
® Changing World” by 
Ralph E. Flanders, past president of the 
American Soaety of Mechanical Engineers 
^ discussion^^e 
^ Institute programs 

value to the mSS^ 
ship? which was mtroduced by 7 discus- 
prominent InSte 
members. The second special session was 
M evenmg general meeting a dd ressed bv 

J^t The E^eer and His Relation to 
2 special addre^ 

• d^d^cussions mentioned are pub- 
^ elsewhere m this issue as 
part of tile convention report 

®®®sions accom- 
modat^ the presentation and discussion of 
- M formal technical papers and 4 
twhni^ pr^tatioM of a special charac- 
addition, and for the benefit of the 
specialists particularly interested, 2 con- 
f ttence meetings were included in the sched- 

ditrirT fi^d problems, and one on 
for 3-phase arc fur- 
^ technical conferences ^- 

^^edtheppporturntyforinformaldi^us- 
sion of several topics of specialized inJSt 


ElBCTIUICAL EnGINBBIUNG' 
















A group of summer convention golfers (left to right): Presi¬ 
dent A. M. MacCutcheon of Cleveland, Ohio, Chairman Lee 
Cook of the Dallas Section, Chairman E. D. Freeman of the 
Oklahoma City Section, and W. O. Helwig, chairman of the 
convention registration and housing committee 


Attendance 

With its total registered attendance of 
1,067, Milwaukee sets an attendance record 
for summer conventions that has not been 
exceeded since the summer convention held 
in Detroit in 1927. In one of the accom¬ 
panying tabulations is given an analysis of 
the attendance at the current summer con¬ 
vention; in another table are given com¬ 
parative registrations over a period of years. 

Entertainment 

A generous and well organized program 
of entertainment, and special inspection 
trips involving attractive entertainment 
features, was provided by the Milwaukee 
committee for both men and women. The 
entertainment. program opened Monday 
evening, with some 400 men in attendance 
at a stag buffet supper and smoker held at 
the Milwaukee Athletic Club, and with the 
women entertained at a buffet supper in the 
banquet room of the Schroeder Hotel. On 
Wednesday evening, some 470 men, women, 
and children, enjoyed a 2-hour boat trip on 
Lake Michigan. In spite of record hot 
weather, more than 400 were reported 
present at the president’s reception and 
dinner-dance held Thursday evening at the 
Schroeder Hotel. The entertainment pro¬ 
gram was terminated by a “farewell gather¬ 
ing” for dinner Friday evening at the Blue- 
mound Country Club. 

Provisions for the reception and enter¬ 
tainment of the women were thoughtfully 
arranged and effectively carried out. Fea¬ 
tures arranged especially for the women 
included special inspection trips Monday 
and Tuesday, a tea Tuesday afternoon, a 
luncheon and card party at the Wisconsin 
Club Wednesday, “Country Club Day” 
Thursday at the Tripoli Country Club, ^d 
Friday open for activities of individual choice. 

GOLP 

Major golf events, of course, were the 
competitions for the Mershbn and the Lee 


trophies and the District 
team contest. 

The Mershon trophy is 
open for national compe¬ 
tition among Institute 
members on the basis of 
match play under handi¬ 
cap. The 16 who quali¬ 
fied during the first day’s 
play (low net score) were 
A. H. Sweetnam, Boston, 

Mass.; T. O. Rudd, New 
York, N. Y.; R. M. 

Darrin, Buffalo, N. Y.; 

R. A. Wheeler, Milwau¬ 
kee, Wis.; H.T.McPhail, 

Denver, Colo.; G. V. 

Smith, Mansfidd, Ohio; 

H. P. Kuehni, ^henec- 
tady, N. Y.; G. A. 

Kositzky, Cleveland, Ohio; 

Lee Cook, Dallas, Texas; 

W. O. Helwig, Milwaukee, 

Wis.; R. H. Fair, Omaha, 

Neb.; J. H. Irwin, Chi¬ 
cago, Ill.; R. G. Lorrmne, 

Schenectady, N. Y.; H. O. 

Anderson, New Haven, 

Conn.; C. H. Teskey, 

Cleveland, Ohio; G. R. 

Canning, Cleveland, Ohio. Out of this field 
emerged: 

Winner—C. H. Teskey (A'32) 

Runner-up—G; A. Kositzky (M’22, F’29) 

. Mr. Teskey will be the second to have his 
name engraved on the present trophy, which 
is the third cup donated by Past President 
Ralph Mershon, the first having been won 
in 1931 by L. F. Deming of Philadelphia, 
Pa., after having withstood competitions 
since 1912; the second having been won in 
1936 during the summer convention at 
Ithaca, N. Y., by L. R. Keiffer of Cleveland, 
Ohio, after having been in competition for 
only 4 years. The regulations governing the 
present trophy are that it shall remain on 
permanent exhibit at AIEE headqumters 
in New York bearing engraved upon it the 
name of the winner of each successive year’s 
competition. 


The Lee trophy, presented in 1932 by the 
late Past-President W. S. Lee is awarded 
each year to the player having the lowest 
net score for 36 holes, and must be won 
twice by the same player for permanent 
possession. The results of the 36-hole 
medal play at Milwaukee were: 

Winner—G. A. Kositzky (M’22, F*29) of Cleveland, 
Ohio 

Runner-up—G. R. Canning (A*32) of Cleveland, 
Ohio 

Mr. C anning narrowly missed winning 
permanent possession of the trophy. With 
the newest addition, the names now appear¬ 
ing on the Lee trophy are: 

1932—C. H. Teskey, Cleveland, Ohio 
1983—G. R. Canning, Cleveland, Ohio 

1934— F. M. Craft, Atlanta, Ga. 

1935— A. Hi Sweetnam, Boston, Mass. 

1936 — H. S. Warren, Los Angeles, Calif. 

1937— G. A. Kositzky, Cleveland, Ohio 

District team competition, on the basis 
of 36-hole medal play was won by a te^ 
representing the Great Lakes District with 
a total of 667 gross for the 36 holes: G. F. 
Crowell (A’20, M’36), Milwaukee; J. H. 
Irwin (A’20), Chicago; E. L. McClure 
(A’37), Milwaukee; R. A. Wheeler (A’21), 
Milwaukee. 

Each of the several day’s play was fea¬ 
tured by various special prizes. The 
wiimers of these special awards were too 
numerous to record here. 

The golfing events for men were played 
at the Tripoli Country Club Monday and 
Tuesday afternoons, June 21 and 22, at the 
Ozaukee Country Club Wednesday and 
Thursday afternoons, June 23 and 24, and 
at the Bluemound Golf and Country Club 
Friday, June 25. The dinner dance hdd 
Friday evening at the Bluemound Country 
Club was intended to be the grand finale for 
the convention, at which prizes for g:olf and 
tennis competitions would be awarded. 
Early departures from the convention, 
however, restricted the attendance at this 
final affair. 


Membership” 

Mr. Institute Member: 

Please concentrate for just one minute on this thousht: What man 
among your associates would receive most benefit from membership in 

the Institute? . 

Think over the list of men who are headed toward higher responsi¬ 
bilities, who would be broadened by the contacts with more experi¬ 
enced men in their profession, and who would profit by the discus¬ 
sions at the Section meetings. 

Which one stands out? That man needs the Institute and the 
Institute needs and will welcome his membership. Why not speak 
to him right now? 



Vice-Chairman, District No. 10 
National Membership Committee 
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Tennis 


in 1936 by Past-President Ralph Mershon 
to replace an earlier trophy that was per- 
The annual tennis tournament was held manently won in 1934 by E, F. Lopez 

on the clay courts of the Milwaukee Uni- CA’16, MTS) of Mexico City. The names 

versity School beginning Monday afternoon, now appearing on the current Mershon 
June 21, and comprised both singles and trophy are: 
doubles for men. The principal formal 

competition, of course, was for the Mershon 1935—Alien O. White, Washington, D. C. 

trophy. Out of a field of 8 entrants in the 1836—E. F. Lope*, Mexico City, D. F., Mex. 

singles tournament, W. J, Morrill (A’25, 1937—S. B. Crary, Jr., Schenectady, N. Y. 

M’35) of Fort Wayne, Ind., and S. B. Crary, 

Jr, (A’31) of ^henectady, N. Y., emerged Stipulations governing the present trophy 
into the semifinals. Mr. Crary won the are that it shall remain on permanent 

final match, and the privilege of being the exhibit at Institute headquarters with the 

third to have his name engraved on the names of successive winners engraved 
present Mershon trophy which was donated upon it. 


Annual Conference of Officers^ Delegates, 
and Members Held at Milwaul<ee, \/is. 


sent a questionnaire to each Section, March 
23, 1937, suggesting that the questionnaire 
be used as a form around which to build a 
self-analysis of local activities. Four mairi 
considerations to which attention was 
called in the questionnaire were as follows: 

1. Aim or objective of Section, 

2. ^ Activities carried on by the Section to accom¬ 
plish the objective. 

3. Results obtained by the activities during the 
last 5 years. 

4. Changes or additions suggested in the activities 
by your Section. 

Chairman Timbie reported that although 
the time allowed was short, some 25 returns 
out of the possible 62 had been received in 
time to report to the convention, and that 
others were expected later. Reporting 
for the Sections committee at the request 
of Chairman Timbie, Clifford M. Foust, 
chairman of the Schenectady Section, sum¬ 
marized the information given in the 18 
responses that had been received by May 
28* 


Sponsored jointly by the Sections com¬ 
mittee and the committee on Student 
Branches, the annual conference of offi¬ 
cers, delegates, and members of the In¬ 
stitute assembled for 2 busy sessions Mon¬ 
day and Tuesday afternoons, June 21 and 
22, 1937, at the Hotel Schroeder in Mil¬ 
waukee, Wis., as one of the regular activi¬ 
ties of the summer convention. In at¬ 
tendance at the sessions were delegates 
from 67 of the Institute’s 62 sections, 6 
of the 10 District secretaries, counselor 
delegates from all 9 of the Districts in 
which committees on student activities 
have been organized, and many other 
local and national officers of the Insti- 


(c) Mechanics and economics of past, present, and 
proposed schemes—G. Ross Hennlngcr, editor. 

(d) General discussion. 

7. Miscellaneous subjects. 

Section and Branch activities were 
covered in some detail in a report pub¬ 
lished in the June 1937 issue of Electrical 
Engineering, beginning on page 762. 
Inasmuch as this information thus already 
had been circulated to the entire member¬ 
ship, no pamphlet copies of the report were 
prepared for use at the conference, and 
nothing remains to be reported here. 

President MacCutcheon Opens Session 


I. Aim or Objective of Section. Some 
60 total aims or objectives were recognized 
in 18 analyses returned, although cases of 
similarity reduced the number of definite 
and differing aims to about 26. The aim 
or. objective set forth in the AIEE Con¬ 
stitution, article I, section 2, was specifically 
recognized by a considerable number of 
Sections: 

Its objects shall be the advancement of the theory 
and practice of electrical engineering and of the 
allied arts and sciences and the maintenance of a 
high professional standing among its members. 

In addition the generally accepted 
objectives of practically aU Sections may be 
briefly stated as follows: 


tute and members actively interested 
in the conduct of Institute affairs. A 
complete list of the authorized represen¬ 
tatives present is given in the accompanying 
tabulations. W. H. Timbie, chairman of 
the Sections committee, presided. 

Topics discussed were essentially as out¬ 
lined in a program mailed to delegates 
and others in advance of the meeting: 

Monday Afternoon, Jtme 21 

1. Opening remarks^President A. M. Mac- 
Cutcheon. 

2. PresMtation of summary of past actions of 
delegates meetings (1931 to date). 

summary of Section “self 
analysis qiiestionnaires. 

4. Situation regarding registration of engineers. 

Bast—representative from New York 

^Uon ** ^'*'^®®*~f*P*‘esentative from Chicago 

Los Angeles 

(d) General comments on Sections activities and 
^^t attitude of AIEE board of dS« re- 
8«dmg regurtration-President MacCutS. 

6. General discussion on above subjects. 

Tuesday Afternoon, June 22 


6. Publication policy. 


In brief opening remarks made at th 
request of Chairman Timbie, Presiden 
MacCutcheon described the Institute a 
being "really only an organization of Sec 
tions,” and sought to emphasize the re 
sponsibility of each Section delegate to thesi 
summer conferences. In speaking of tin 
necessity for constantly planning for th( 
future. President MacCutcheon spoke 
strongly of the value to the board of di¬ 
rectors of well considered recommenda¬ 
tions emanating from these annual confer¬ 
ences. He pointed out that all past rec¬ 
ommendations of the conferences had re¬ 
ceived the attention of the-board of direc¬ 
tors and that many of them had been 
adopted as recommended. 

In a manner supplementing the remarks 
of President MacCutcheon, Doctor H. H, 
Race, Schenectady, N. Y,, of the Sections 
committee made available to members 
and delegates present a mimeographed 
record of all actions taken by the annual 
confer^ces since 1931, together with 
brief information as to subsequent action 
taken and disposition made of each recom¬ 
mendation. This report had been com¬ 
piled by the Sections committee for the 
meeting parUy as a matter of record and 
pardy to avoid spending unnecessary time 
during the conference session in the dis¬ 
cussion of matters already disposed of. 

Action Selp-Analvsis 

D^ous of assisting in local Section 
activities, the AIEE Sections committee 


To provide opportunities for workers in the field 
to become acquainted, to exchange ideas, lo keep 
up to date technically, and to advance the pro¬ 
fession to higher standards. 

Further items mentioned include the 
following: 

1. To stimulate interest in national activities‘of 
the AIEE. 

2. To stimulate contributions to Ei.kctrical 
Enuinbrutno. 

3. To inform the public of progress in electrical 
engineering. 

4. To provide a place and an opportunity to 
present and discuss papers. 

6. To assist the student and to retain his member¬ 
ship in AIEE. 

0. To retain among the membership those of 
high professional reputation. 

7. To promote individual, organizational, and 
civic interest. 

8. To discuss topics of economic interest, 

0. To co-operate with other engineering societies 
in promoting education and other purposes. 

10. To supply^ where required an organization 
for the promotion of civic interests such as a 
popular lecture course. 

11. To create opportunities of advancement for 
young engineers. 

It is recognized that many of these stated 
objectives are means, not ends, and may be 
regarded as but secondary aims. However, 
these secondary aims are frequently the 
guides to the daily conduct of affairs, and 
must therefore be in accord with the pri¬ 
mary aims or objectives as given in the 
Constitution and previously quoted. 

II. Activities Carried on by the Sections 
To Accomplish the Objective. The principle 


New^ 


Electrical Engineering 
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gree of overlapping of aims, activities, and 
results permitted a fairly representative 
.summary to be prepared. Under this sec¬ 
tion, however, no such overlapping pre¬ 
vails; each Section has its attention fixed 
for the moment on one or more changes 
that seem valuable to it. The following 
eniunerates most of these prospective 
changes and attempts some classihcation: 

Those pertaining to organization 

I. More lierinilc pImiK for active participation of 

you III; meinliurH. 

‘2. More ilemocratic eteetioii.s. 

S, Admit ‘‘local” inetnliers. 

4. Make activities for members only. 

■>. Closer co-nperatiuii with Student Branches, 
li. Kstalilisli II local advisory board. 


Tablt I. RteW Att«ndliioc« of Section DeUgetei end Student Branch Counselors at Milwaukee Conference 
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I C. Oaf lord (A* II. M'SWt Mro annittaer, Southern 
C»Uf<irtil« |!otti|t«ny l44*; tfbultmfttt 

Stawlef Worth <A‘8ll,M‘3ni divWoo tranawiedon ««iine«r, 
noullMWit Sell Telefdwrtw and TeUgraph Company; 
S«rtlM cluUrfaan ihSA 37 , 

. . R M Haljtgraff (A’MH amiatant tnglneer. rteneral Rlw- 
irkC^miainy; SaciloBcbairmaB 1937-38 : , , , , 

. 8 0 Ayr*. CAm M'Sll aWala prohtmt of aleetfkal 
mrtMomka. UtdvMruity of Wlacoaeitt; Sactlon chalrmaa 

. R. a Cartwright (A*aOj relay liwter, Memphle Power and 
tight Ccmipnoy; Sectkai chairoian l»3ft ^7 _ 

A. »*tami tA'Ml aal^ wtlioeef, W«*tingh«n»a Sl«t^ * 
Jktaaafactwing Company. Stcltoa chairman 198 7-38 


Section 


Oelftgate Name and Affiliation 


MoiUnnit.W. A. Boyer (A”-lb cl«;triciil ctiKiticcr, Atuicondn Copper 

MiiiiiiK Coinpiiny; Section chuirnuin 1513(1-17 
Ni’ttrit*»kii ..... .<1. IC. I'kliHon (A'17, M‘3(l) iissociiitc jirofessor of eicctricul 
ctiKiiiecring, flnivcrsity of Nebriiskaj member, conimittce 
on Sliidcat lirtiiichc.s l5KHt 37 

New tirlriiUN... . .. .P. (*. Krost (M’la) Kcncrul superintendent, eicctricul 
depurtment, New flrlriins Public Service, Inc.; Section 
elititriiiuii 15137 38 

NVivS’ork...A. M, Oelilcr (A'lH, I*”2ll) editor, ,Sitninon.s-Uuiirdinnii 

PiildishiuK Company; Section eliuiriniiii 1033 -37 
Niiiaitra Ptonlier .. .U. M. Uurrln tA‘2H, M’34) in charge of sales to central 
station eiistomers, Biigulo District, (tcncral Ktcctric Com- 
piitty; Section ctiiiirninii 1037-38 

North Caroliiiii.P. I.< Moser (A'2r>, M’31) .superintendent of inuintcuiincc, 

Duke Power Company; Section chairman 1032-33 

tlkliilioma City.K. !>• Krecmiin (A’32, M'3r>) superintendent, electricol 

itepurtment, Oklahoma Ous and Klcctric Company; Sec¬ 
tion ebiiirmun 1513(1-37 

Pliilndelphia.<>. C. Traver (A'lO, M*2«) assistant designing engineer, 

tUmcrai ICIectrIc Company; Section chairman 1030-37 
tnushiirKh.J. M. MauOregor (A‘‘23, M'20) chief engineer, Bell Tele¬ 

phone Company of Pennsylvania; Section ehnirmun 1030- 

Piltsiield .A. Hovailaii (A'lH, P'20) tccbnlcul engineer. General 

Micetric Company: Section chairman 1037-38 

Portland .C. C. IhKizIer (A*‘23) .salc.s engineer, Wostinghausc Klcctric 

A Muimfaetiiring Company; Seclion secretary 15)30-37 
Umhrstcr.K. II Hranstm (A’lR, M’30) director of engineering, re¬ 

search lahorutory, General Kailway Signal Company; 
Section ehainnnn 15)30 -37 

.I. t ). Campbell (A'20, M'25)) ussistiint to engineer. General 

Klcctric Company; Section secretary 1 (184-38 

San Antonio.N. B. Gnssett (M’37) Sun Antonio Public Service Com- 

puny 

Sum liram-lseo.K, (», Brosenier (A'31) ciiglnccrlnK department. General 

Klpctric Company; Section chiiirman 1037-88 

Si'heiicctady.C. M. Poust (A‘*22, M’31) General Klcctric Company; 

Section chairman 1030-37 

Scuttle.C, H. Hoge fA'lO, M’!2t)) assistant engineer, Puget Sound 

Power and Light Company 

Sharon .T- » Prankenberry (A'27, M‘20) dewgn t ransformer engi¬ 

neer. WestInglioHse Klectrie A Manufacturing Company 

<,H,kBnc .kf. P. Hatch (A*38) luHiistaiU engineer, Wn.shington Water 

Power Company: Section chalnnan 1937-38 

Soringdetil .C, G. Veinott (A'2«. M’84) design engineer, Westinghouse 

' Kiectric A Manufacturing Company; Section chairman 

1038-87 . . , , , . 

Syracuse ..C. W. Henderson (A*20) professor of electrical engineering, 

Syracuse TTnivcrslty: Student Branch coumelor 

Tolwlo...f>- J- Clark (A'3l) salesman, industrial division. General 

Electric Company „ ..... 

Toronto ..... M. J. McHenry (A'll, M'20) manager, Toronto district, 

Canadian General Klcctric Company; Section chairman 
1986-80 ...... 

Iirbana . ...... • • • «■ J> (*32) associate professor of electrical engineer¬ 

ing, University of IlUnois; Section chairman 1986-37 

..c. A, Wolfrom (A'lO) division manager, Utah Power and 

i.lKht Company; Section chui»'«»k» 1937^8 

Vancouver... .P. L. Code {A*27) instructor, Vancouver Technical h^ool 

Virginia.-.J. »• (A'26) district manager, Appnlachlan Elec¬ 

tric Power Company; .Section chairman 198^^ ^ 

Washington..J. P. Meyer (A'08. M'J3) principal physicist, National 

Bureau of Standards; Section chairman 1987-88 
Worcester......V. Siegfried (A‘32) Instructor in elertrlcol engineering. 

Worcester Polytechnic institute; Section chairman 1037- 

'88; 

H. Timbie CA‘lO, P*24) profcssoroteiectrmttl en^necr- 
ina. Massachusetts Institute of Tec hnology, Cambridge 
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0) President-Elect W. H. Harrison (left) of New York, N. Y., interests Vice Chairman E. E. 
George of the East Tennessee Section, and Mrs. George. (2) Chairman H. S. Osborne (left) 
of the technical program committee. New York, N. Y., and Past-President J. B. Whitehead 
of Baltimore, Md., discussing a point of mutual InteresL (3) Past - Presdent H. P. Char les- 

w'u '**'*“^ P“* Vice-President 

w. H. Timbie (right) of Cambridge, Mass., having an interesting discussion with a third party 


7. Better meeting place required. 

8 . Eliminate “local” members. 

9. Representation on national committees. 

10. Better co-operation with local engineering 
counciL 

11. ^ Study and co-operate with ECPD on pro¬ 
fessional standing. 

12. Refer applicants for admission to AIEE 
membership to local committee. 

13. Appoint more young members to definite 
activities. 

14. Increase number of contacts with engineers. 

16. Elect chairmen of committees instead of ap¬ 
pointing. 

16. Give prizes for best membership work. 

Those pertaining to meetings 

1. Organize t^hnical classes. 

2. ^Stndy groups in public speaking, economics, 
business sulministration. 

8 . Hold meetings at other points in the Sections. 
4. More inspection trips. 

6 . Discuss social and economic problems. 

6 . Take part in a monthly program with other 
societies. 

7. Decrease number of meeting. 

Those relating to papers 

1. Exchange of papers in the District. 

2. More national papers. 

3. Begin a prim-paper contest. 

4. Organize a committee to stimulate national 
papers. 

in general these proposed changes are 
under consideration as means toward a 
more successful realization of avowed ainiQ 
and objectives. Most of them have been 
tried in other Sections and frei^uently found 
valuable, while others have not been tried 
or have been unsuccessful experiments. 
However, local conditions, as has frequently 
been pointed out, call for local and par¬ 
ticular treatment, and it is therefore de¬ 
sirable that each Section work out activi¬ 
ties best fitted to its circumstances. 

Gentral Residts of Self-Aiialysis, The 
18 Section reports covered in the preceding 
digest are sufficient in number and of such 
quality as to justify the following definite 
conclusions concerning the analysis: 

1. ^ch Section making an analysis has benefited 
by a better underaunding of its own problems. 


2 . T^i^h the availability of this summary, 
e^ S^on can compare its own program with 
those of other Sections. 

3. ^ a resiUt of analyzing these returns, the 
^ons co^ttee ts in a better position to advise 
individual Sections concerning local problems. 

Section officers are urged to commu- 
mcate directly with the chairman of the 
Sections committee' conce rning any par- 
ticulw detail of this survey, or concoming 
toy Section operating problem in which 
there may be a special interest. 


Registration op Engineers 
Discussed at Length 

g The current situation regarding the regis¬ 
tration of engineers was the subject of 
*• practically a full afternoon’s discussion, 
j As indicated in the conference program, the 
general discussion was preceded by 4 in- 
g formal reports: The eastern viewpoint was 
reflected by Chairman A. G. Oehler of the 
New York Section; the middlewest view¬ 
point was reflected by N. C. Pearcy of the 
Chicago Section; west-coast opinion was 
represented by Chairman J. C. Gaylord 
of the Los Angeles Action; President A. M. 
MacCutcheott traced briefly the evolution 
of the subject as it has been considered by 
the board of directors from time to time, 
and spoke at some length concerning the 
views that he had gathered incident to his 
recent contacts with a majority of the 
Institute’s Sections. 

Out of the ensuing discussion and variety 
of opinion concerning the various questions 
raised, the following general conclusions 
seemed to emerge as representing the con¬ 
sensus of opinion: (a) that ina umuch as 
laws providing for the registration of en¬ 
gineers have been adopted in some form or 
other by a majority of the States, efforts 
should be put forth to secure more nearly 
uniform legislation; (b) that ambiguities 
in existing laws should be clarified, and 
provisions made for the proper recognition 
of the different professional classes of 
engineers. 

After extensive discussion of these and 
other phases of the problem, and after a 
generous ^change of experiences and rec¬ 
ommendations from various Section repre¬ 
sentative and other interested members, 
the entire question including a verbatim 
transcript of the meeting was turned over 
to a special national committee appointed 
by President MacCutcheon for the purpose 
of studying further into the question and 
for ma^g such recommendations concern¬ 
ing national policy as might seem desirable. 

Publication Poricy 
Considered at Length 

In opemng the Taesday-aftemoon con¬ 
ference session Chairman Timbie stated 
that Ihe subject of publications was one 
of the 2 subjects for which a place on the 
conference program had been requested by 
a large number of Section representatives. 

He emphasized again that the principal 
objective of the diamssions as scheduled 
was to provide an opportunity for the 
governing committees to learn “just ex¬ 


actly wnat tne individual member wants “■ 
in this case “in the way of a publication 
policy.” 

I. M. Stein Reviews Publication Policy 

Chairman I. M. Stein of the publication 
committee read the following report: 

“Di^g the past year your publication 
committee has been studying our publica¬ 
tion policy with the idea of recommending 
revisions which would provide an improved 
publication service to our membership. 

“It will be recalled that a change was 
made in our publication policy in 1933 ia 
order to ^ect economies which were nec- 
cessary in view of our drastically reduced 
income. The arrangement adopted at 
that time has accomplished its primary pur¬ 
pose very well, namely, a substantial re¬ 
duction in expenditures, and this without 
maldng any great reduction in the publi¬ 
cation service rendered. 

“Naturally it is desirable to retain all of 
those economies which do not materially 
interfere with the maintenance of a good 
publication service. On the other hand, 
there are some defects which should be 

Table II. Record of Attendance of Distrief 
Student Branch Counselor-Delegates 

District Delegate Name and 

t.E. M. Strong (’26) assistant professor of 

electrical engineering, Cornell University, 
Ithaca, N. Y. 

2.E. O. Lange (A’19) associate professorlof 

electrical engineering. Drexel Institute. 
Philadelphia, Pa. 

®.N. Walker (A’27, M’34) assistant pro¬ 

fessor of electrical engineering, New York 
University, New York City 

* .S. W._ Anderson (A’16, P’31) professor of 

electrical engineering, Virginia Military 
Institute, -Lexington 

5.S. S. Attwood (A’21, M’28) 

professor of electrical 'engine^ng, Uni¬ 
versity of Michigan, Ann Arbor 

®.G. H. Sechrist (A’20) chairman, electrical 

engineering department, University of 
Wyoming, Laramie 

7 .Chester Russell (A’29, M'34) acting head, 

. department of electrical engineering, 
University of New Mexico, Albuquerque 

8 .E. P, Peterson (A’30) professor of electri¬ 

cal engineering. University of Santa 
Clara, Santa Clara, Calif. 

®. J- A._ Thaler (A’03, F’18) professor of 

electrical engineering, Montana State 
College, Bozeman 

Cburman, committee on Student Branches—F. 
Bibs Johnson (A’13, P’31) dean of college of engi- 
neering, University of hdssouri, Columbia 


remedied as soon as we can afford to do so. 
The arrangement adopted in 1933 reduced 
publication expenditures to what appears 
to be the practical minimum and, hence, 
ahy important modification is almost cer¬ 
tain to result in some increase in cost, that 
is, unless, in providing some new desirable 
feature, some other feature which has been 
considered de^able in the past is with¬ 
drawn. 

“However, in view of the improvement 
in general conditions, it is likely that we can 
afford a modest increase in publication ex¬ 
penditures in order to render better serviM. 

“Among the improvements which many 
of our members seem to desire are the 
following: 

1. An iucueased number of high-grade general 
interest articles in Elbctricai, ENOiNBBXiNoi 
{Continued on page 1050) 
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Newly Elected AIEE National Officers 



M. J. McHENRY 
Vice>Presiden< 

District Mdnaser/ Canadian General Electric 
Company, Toronto, Ont 



L. N. McClellan 

Vice>Preiident 

Chief Electrical Engineer, United States Bureau 
of Reclamation, Denver, Colo. 



C R. BEARDSLEY 

Director 

General Superintendent of Distribution. Con¬ 
struction, Brooklyn Edison Company, Brooklyn, 

N.y. 


August 1937 



E. D. WOOD 
Vice-President 

General Superintendent, Louisville Gas and 
Electric Company, Louisville, Ky. 



W. H. HARRISON 

President 


Assistant Vice-President, Department of Engi¬ 
neering and Operation, American Telephone 
and Telegraph Company, New York, N. Y. 



vannevar bush 

Director 


Vice-President, and Dean of School of Engl- 
■ neerins, Massachusetts Institute of Technology, 
Cambridge 


News 



I. M. STEIN 
Vice-President 

Director of Research, Leeds and Northrup 
Company, Philadelphia, Pa. 



J. P. JOLLYMAN 
Vice-President 

Chief of Division of Hydroelectric and Trans¬ 
mission Engineering, PaciRc Gas and Electric 
Company, San Francisco, Calif. 



F. H. LANE 
Director 


Manager, Engineering Division, Public UtiTity 
Engineering and Service Corporation, Chicago, 
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(■>) (2) (3) (4) (5) 

I* Melville Stein of the publication committee, Philadelphia, Pa., and President 
A.fM. MacCutcheon enjoyins « good joke. (2) Past Chairman P. S. Biegler (left) of the Los 
Aligns Section. (3) Past Chairman F. R. lnnes(right)of the Chicago Section. (4) Chairman 
Angeles Section interests E. L. Bet^nnier of Pasadena, Calif., 
and E. R. Hedrick of Los Angeles. (5) N, R. Stansel (left) of Schenectady, N. V., past 
chairman of the committee on electrochemistry and electrometallurgy, conversing with M. R, 

Winkler of Chicago, III. 


at liberty to take any action that it pleav. 
According to our by-laws, it is the functs s 
of the publication committee to fornuil.*<^ 
a publication policy and submit it lo 
board of directors for approval. In fonuH 
lating a publication policy, your putjiir 
cation committee desires to have the bent 
fit of your advice and criticism and ihar s ; 
the purpose of presentuig the niui?<.: 
here. It is hoped that you will discjs t 
the matter freely and fully, .stating just ii- 
infomially as you like any tlis.satisfai-ii»^r' 
which you may have with the prcsi-si- 
publication policy and such changes »»• 
you may wish to have incorporated in 
publication policy." 


2. _*t'he restoratiou of some procedure for making 
available preprints of technical-program papers. 

Although the point has not been raised 
by many individual members, there is one 
important defect in the present publica¬ 
tion policy which is quite evident to the 
pubUcation committee and has been stressed 
by some outstanding Institute members 
who have clearly in mind the broad general 
interests of the Institute. This point has 
to do with the character of our anmiai 
bound volume caUed the Transactions. 
With the adoption of the 1933 publication 
policy, the term Transactions lost all 
real signifi^ce, as that volume then be¬ 
came nothing more than the annual bound 
volume of Electrical Engineering. It 
seems dear that the broad general interests 
of the Institute would be served best if the 
earlier character of Transactions were 
restored by publishing in Transactions 
only those technical papers which mark a 
^1 advice in the electrical-engineering 
art. Probably this requirement could be 
met practically by publishing in Transac¬ 
tions only those papers which have been 
approved by the technical program com- 
^ttee and which are otherwise acceptable 
to the publication committee. 

“In keeping with these thoughts, the 
publication committee, at its meeting in 
January 1937, considered certain modifi¬ 
cations m our publication policy. Several 
of these were approved by the committee 
md were presented to the board of direc¬ 
tors, where they were also approved. Among 
. these was one which is of general interest 
to ow membership and had to do with 
providing a larger number of high-grade 

“ ElectScal 
^gineering. The board of directors 
budSr^ an tocrease in our pubKcation 
“ order to accomplish this, and 
members who read Electrical En- " 

probably noticed 1 

d^aW^^SS material, some > 

de^g with economic and social subjects. j 

of rSLw ? providing preprints and 
we^f Transactions « 

the “ recommendations to ® 

toe b^d of duectors, as it was fdt that 8 

m trehnical program committee and a 

M tins conference. The technical 
com^tee referred these matto ST 

rToftn^’TT’'^- l-i maS ^ o 

r^ study of toe matter and has arrivM ^ 
^tmtative condusious, some of which ni 

speaker. ? 

The study made by this subcommittee d 


's has brought into the picture one feature 
not induded in the publication coramit- 
j tee’s previous study, namdy, the desira- 
g bility of reducing the time between the 
submission of a paper to the technical 
g program committee and its presentation 

j at a meeting. Tliis point will be discussed 

g more fully by the next speaker and is men- 

j tioned here only because it ties in very 

j dosdy with the matter of providing pre- 

[ prints. Specifically, the subcommittee’s 

tentative recommendation is that the re¬ 
quirement of prepublication in Electrical 
Engineering should be withdrawn and 
that the author's manuscript should be 
reproduced by the offset printing process 
so as^ to provide quite promptly at least a 
suffici^t number of preliminary preprint 
to facilitate discussion at meetings. The 
pbcommitee’s tentative condusions arc 
m agreement with the publication com¬ 
mittee’s condusions that the former char- 
TRANSAcnONS should be restored 
and that the contents of Electrical En¬ 
gineering should reflect the wishes of our 
membership in the matter of providing, a 
<?T general-interest articles. 

It IS apparent that there would be 
considerable opposition to making radical 
changes m our publication pohcy and pro¬ 
cedure, and fortunatdy it would seem 
po^ble to provide the additional desirable 
fe^ure without making radical changes 
and with only a modet increase in publi- 

This might be accom¬ 
plished about as follows: 

of reQuirement for the prepubUcatlon 

of S auttot. Pf«l'n«oary preprint copies 

pnate page numbw to ^^***'®’ .i 

for blnrfiti g to making an overrun 1 

at all, would rS to a sZato“ C 

can-^ug tlto title Er.Hcnacav t 

“Oh-issue Of 1 


iBCHNicAL Program Committee 

Reporting for a special subcoinuiittr: 
appointed by the technical program cofs; 
mittee, Director W, B. Kouwenhoveti *4 
Baltimore, Md., presented the fallowing 
abstracts of^ recommendations cndor.'i*. 1 
tke technical progi-am committee: 

"The technical program committee, m 
its January 25 meeting, authorized fhv 
appointment of a .special siibconimiirr.- 
to review our policy in regard to the ban 
dling of Institute technical papers and 
report back to them any changes that we»r 
thought advisable.” (Subcommittee: chair 
man, R. N. Conwell, piLst-ehairniait. 
technical program comm it tee; J. W. Barker, 
past-chairman committee on product ir»$ 
and application of light; and W. B. Knu 
wenhoven, director and past vicc-presideuf \ 
The problem of Institute progruRi;-.! 
and their proper handling involve.s iimj 
only the technical papers but also I?n;c 
TRicAL Engineering, our publicatimi. 
and Transactions, As we see it, there 
are 4 or pos.sibly 6 requirement.s that oiiKht 
to be met. They are: 

1. A miAiinuni of einp.sed tim« Ktioutil punk betwcrii 
me preparation and prcsentiiUon of a paper. 

papere“ P'’«l»-'iils of tcchniwi 

KwtCTRICAI, liNOrNRBRINU 

into a general-interest intiKimnc or. as Mr. vStrin 
put It, provision for making lii.ncTHieAi. Emui. 
nrbmno o -balanced publication- ciXim^nTi, 

InSt',.""S.; 




"T^is subcommittee has held several 
meetings, and at the April 2 meeting of the 
technical program committee it presented 
a prelhninary report making a few .sug¬ 
gestions and asking for discussion. There 
was a gratifying response to oiu- request, 
a^d, as a result of this discussion fur- 
th^ work, we submitted on June 8, to the 
technical program committee, a progress 
report s^gesting 7 changes in our methods 
of homing technical papers and publica- 
In making these suggestions we 
had in mind 3 things: 

1. To provide preprints for use at meetings. 

2. Talcing from Kluctrical XSMoiMBsntwo thu 

publishing all technical papers sS- 

to Principal place 

in which technical papers would be found. 

Those suggestions are as follows: 

1. The author prepares his manuscript in the 

Electrical ENGrNTBERmQ 





T«bit HI. Hccord of Attendance of District 
Secretaries 


District Name and Affiliation 

1.U. I.iirrmiur !A'2'.I, centrul sta- 

liHii *lc|»t , (.cnfral Hlt'vtric Co. 

*» .11. A. Humhlv (A'2'l, M'llU) iwNt.iiiiKr., 

invirf>tiKUtu>H uml test <Hv„ 
I'liilutli'lidiia Mlei*. Cci. 

r. ... A »'« Itewur?. l,A‘17, M'a7i system jilaii- 
. Nfiftlurrii States l*wr. C«. 

7 1. C Sturliird |A*:l2. transmission 

«nil irtiiteeiioM eu^r , Stmthwesteru Hell 
'IVI. i‘n 

H l-rrti Ct.irriMin iA'22, M’i'lU vuimtierciul 
enK».. t'.eneial Hlee C»t. 

n H. I*:. t'aUiwell 1A‘21U eiiKr . Hafilie Hwr. 
.<fc l.t Co 


firtin in ahich t»e wi'.lirs t*« nirsi'itt it aini sniuls it 

In lirailqituilrfs 

2, t*« l*e {irintnl direetly ftnin the 

taiKtnat iiiime«Mately ii|ion arrival, uhimt 20 or 20 
vn|»ir« riitt m(! an«t tlx* )»lati'a reitiitieil, 

:t thr etlitor nf Hi.nvraivAi. xaiNr, re- 

rrivrs his ‘litr si'vretary ♦»! the ttH'hnieuI 

ItitiKiaiti «»»iui»iltee tlistiiliuteH thr liulaiier ««f the 
to the ni»*|ier trehnival eninmittee for review. 

4 Urview. Kffide. uiut ree-omnttanl for «»i nttainst 
ItirsrHfHlhm 'I hey »ltt iiu edtliiiK for the tiiesent, 
hut irtrtiii Ihrit er»i'tes aiut nntfs. 

■ft. If fnnmninidrd Inr uresettttftinn, snttieient 
t«etinwt*«»r nm«tf Utt liiiktrilmtinn at the nieetiuK. 
The rilitni m! l•l,|.•♦•tau'Ar I'iNuiMi» hi\>j may ul 
this laaiit ele» 1 l4i rnn all *ir t<art «( the ttatier as a 
SenerMl tnletrol attivle, li it Miils hi" Ituftinsc. 
d. 1‘attei »*» txesrnted ami ♦listaissrd. 

7. l*rt|*ei ami iIim usiimn then edited by the itrtnicr 
Irthnieal tnwiittiter. ami muminemted for in* 
t ItMinn »w the TaASSAitfiuKa tir dlsearded. 

“ I hiair vibuiKt’H. if r iirtiftl tiiti. 'vill tfiul 

Itl lintkf I':i.lviTI«U!A!. l•;NtilNI«l5K^Nt♦ U gt'll- 

f l«l illfeti'M ltut){h/<b* • Iw fH*-’ 
iiii'wl j4tt|H'tJ» wiU in ilw Tkansaiv 

iKiNH tmly. llu y will, htrWovtT, In* itvuil - 
ulift' in i»ri'i»titil fniiti. 

”Wr «iv lw»|»u«« »ti«t tlii^ iiU'fttUK of 
lilt’ SaH'lirtn rlbUfKdlt'^^ thtwf iilltcrs 

jtri'w Ilf, ilwTo will Ih- fiiitnitk'rttliU' tlis- 
niHsitifi *4 lluht* f‘iTlitt{is it 

limy !«' fliMl rrtir mfitilMTuhifi in stiiisfU'tl 
leiiU titt' firmTtt utruUKviiu-iit; iwilmiis 
yiiit ilyairc t hwiiKtvi. Not only do wt* wwit 
fill* tdiMiiKvA tt*Ml sttiKgr idinHH flittl ytni liuvt; 
hrrrr, Init nilifri* llwi ‘Ktnir to you luter. 
Wf wrnild nfiDmiali* U very muth if you 
wottirl wriltr Mt. II. Osiioriu? (chuirnian 
»4 ll«r liHlinirtil luoKtain wiuniiltttO tind 
mild ittiit any HHKg*'i*tioiw that you may 
havr-*' 

tTiiiim I'liAhKS OK Fkoiii.k« HistctmHUO 

In iliMTieaitnt varioiis questionsi raised 
wiili r«*|i«yt to pulilieatujii iiroccdures 
anrt related miittmiies, Kditw C», 
Hettittitger tioiiiterf out that the jto>caUcd 
Hnifiitl puMIcatiaii Dlun <l*at has been 
folhisml ft» the past li years iavolyisl a 
tttiitiinitnt of e»»»l for the amount of ma« 
trrtal publiidied, and that any nwjdlfication 
m broadening of any of the several phaws 
of the liislituic's puldkation serviec would 
require a eonnnensuraic inereasc m publi» 
caiiiffii appriqiriatioii. Various phases of 
the pubtteatUm problem were discussed at 
ifflgtl} by many interested dclegalcs pres- 
tmt.' ^ ^ ^ 

To provide a m^s for expreiffiini the 
opinloo df inenibcri and dcb^ales present 
to ^ a way as to guide the publication 
committee In formulating It* policy tnbdifi- 

Awoturr 1^37 


cation, a hand vole was taken on the follow¬ 
ing questions, with the results as noted: 

1. "Is oitr present publication policy Reneralijr 
satisfactory?" Yes. 10; No, 38. 

2. "Shall the present general imlicy be continued, 
but provisioiiH nuulc for the printing of more ma¬ 
terial by ttstug the present 'easy reading* type for 
only the summary of each paper, and smaller type 
for descriptive uiul technical portions?” Yes, 
*24; No, 30. 

3. “Should Ki-kctkicai. Kncinkhkino be |popu- 
larizcd,' that is, luive more general Interest articles?" 
Yes, luiuniinous. 

4. "Should preprints «»f techuicnl papers be sup- 
plie«l at conventions, followed by publication in 
Thansactions?" Ye.s. 48; No, 

"Should the nuilerlui of TnANSAcrioNS be 
eorapletcly divorced from that of Ki-bctbical 
Knoinbkkino resulting in effect in 2 separate 
perimliculs, one of a genernl nature, and one 
technical?" Vt*s, 'ift; No, 40. 

0. “ShouUl 'I'BASSACTioNS hc split into seeltous 
acconling to subject matter so that euch member 
cun suhscrihe for individmd sections?" Yes, 1; 
No, practically tinuntmons. 

Nt) ftiruuil u(.Tiou wa.s taken by the group, 
it lieing the expressiHl opinion of Chairman 
SU'in of ihe iMibUealion conimillcc that 
the simken eharaeter of the di.seii.ssion had 
given to llu* sttveral tnenil)ers of his coni- 
niittee present sunicient insight into the 
priiitieiu to enutde ilie committee to pro- 



Vlc«t‘Pwlcl«nt C F. Hardlns of 
L^f«y«ttt, Ind., «nd Mw. K. L 
H«n»«n of Milw«ok«« 


ceed in due course with it.s dtspo.sition. 

For an hour or .so prior to the closing of 
the conference, there was an active dis¬ 
cussion of, and exchange of information 
and operating experiencM concerning vari- 
tius operating problems confronting the 
Sections, such as the type of rooms pro¬ 
vided for Section mceting.H and the cost 
thereof, and policie.s and procedures pre¬ 
vailing with respect toi local members. 

Cp«ii*«llor-DeI«S«t« Sesiion 

Under the leadership of Chairman F. 
Ellis Johnstm of the committee on Student 

NffWS 


Branches, a large group particularly in¬ 
terested in that phase of Institute work 
spent all of Monday afternoon plus a 
dinner session Wednesday evening, in 
discussing various matters pertaining to 
Branch activity, and in exchanging ex¬ 
periences. These discussions concerned 
membership activities of the Branches, 
style and organization of programs, pro¬ 
cedure in the election of officers, degree of 
stimulation of student participation in the 
preparation of technical papers, ways of 
developing leadership, the promotion of 
professional contact for student engineers, 
the relationship between the faculty and 
the {Student Branches, and various sug¬ 
gestions concerning ways in which the 
Tn.slitute might aid in the development of 
Branch activity. No formal actions were 
taken nor resolutions adopted. 


Training (or Marketing 
Industrial Products 

A course of training in marketing tech¬ 
nical products is being pursued by a group 
of young technical graduates employed by 
the We.slinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa., 
under the leadership of Bernard Lester 
(A’OO, M’1.3) assistant industrial sales 
manager of the company and lecturer at 
the University of Pittsburgh. The group, 
which coasists of 25 men selected by their 
department heads, is taking the course as 
part of the University of Pittsburgh-West- 
iiighouse graduate study program; this 
was dc.scribed in the paper "The Pitt- 
Westinghouse Graduate Program" by H. E. 
Dyche and R. E. Hcllmimd in ELBCfRiCAL 
Knoinbkrino, volume 53, January 1934, 
pages UXi08. 

The days of the breezy, smart, .slap-stick 
salesman have gone, according to Mr. 
Lester. Engineering selling today is a 
serious matter and although personality 
in the individual can add much to his suc¬ 
cess, the man who will attain a sound and 
continued .success is the one who knows 
the technique of the product to be sold, 
the character of the market to be met, and 
above all, who is able to interest himself 
in his customer’s problems and their solu¬ 
tion. By study and application of prin¬ 
ciples the course aims to develop .such men. 


Primer of Electric Service Costs. A 94- 
page book comprising a discussion of utility 
problems from the standpoint primarily of 
utility costs has been written by Roy Page 
(A’ll, M’21) vice-president and general 
manager of the Nebraska Power Company, 
Omaha, and published by Harper and 
Brothers. New York. N. Y. The book is 
intended primarily for educational mse by 
public-utility employees, but according to 
the publisher also supplies material for all 
who are interested in public utility eco¬ 
nomics from any point of view. The author 
bais been associated with the Nebraska 
Power Company for nearly 20 yeat«, and 
formerly was employed by the Southern. 
Pacific Company and the Pacific Telephone 
and Telegraph Company. 
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Technical Conferences Held 

During Summer Convention at Milwaukee 


TYPE of meeting introduced at the 
1935 summer convention at Ithaca, N. Y., 
and one that has proved most popular and 
effective, is the info rmal "technical con-^ 
ference.” These conferences have been 
devdoped primarily to serve the younger 
members of the Institute and the tf»oliTiiogl 
specialists. Definitely on the program 
schedule at Milwaukee were 2 such tech¬ 
nical conferences, one on field problems, and 
one on electrical apparatus for 3-phase arc 
furnaces. In addition, several technical 
subcommittee .and other discussion-group 
sessions developed spontaneously during the 
course of convention week; these innlndad 
meetings of: 


1. Transformer subcommittee. 

2. Jmnt subcommittee on insulation strength of 
electrical equipment. 

Sectional committee on transformers. 

4. Subcommittee on sphere-gap calibration and 
impulse-voltage measurements. 

Available reports are given in the follow¬ 
ing paragraphs. 

Field Problems 

By Ernst Weber, Chairman 

The program of this meeting, which was 
attended by more than 50 people, was 
arranged as follows: 

1. ]^oDocnoN: The Field Concept in Physics 
and Engineering. 

2. Topics; 

0 . Graph^l Field Plotting—Special Applications 
to Magnetic Fields. 

6. Analytical Solutions of Fields—Special Aonli- 
cations to Heat Problems. 

e. Confomal Representation—Special Applica¬ 
tions to Electric Fields. 

d. Methods of Field Exploration— 

bpeaal Applications to Hydrodynamics. 

The introduction (by Chairman Weber) 
Jowed the evolution of the field concept 
from Newton to Maxwell in a. historical 
sj^ey. From the electromagnetic field 
the concept of continuous action then 
pmetoted all other branches of applied 
physics; tables were shown to illustrate 
the common basis of mathematicid treat¬ 
ment in aU instances where the field con¬ 
cepts CM be applied, such as electricity 
gravitation, dectron statics, magnetics’ 

heat, dectroconduction, and hydrodv- 
namics. jvuuuy 

To pustrate the most advanced experi- 
mMtal mea^ for fidd exploration, films 
were shoTO by courtesy of the Institute of 

(RCA Building, New 
Yoric N. Y.) depicting eigierimental re- 
m the laboratories of England and 
G^any. Various methods of making 
^ble the flow of air past objects such a! ^ 

SnSiin® attach- 

mmts lUus^ted vividly the lines of flow. 1 

Tvyr^' ^1 (Marquette University 

Mdwa^ee) described the adaptation^ , 

electrolytic trough to obta£ certaS 3 ! ! 


: dimensional fidd distributions important in 

, designs of magnets. Sterling Beckwith 

1 (Allis-Chahners, Milwaukee) delivered a 

' discussion prepared by O. K. Marti (also 

L Allis-Chalmers) describing the field distri¬ 

bution in rectifiers during the initifttinn of 
[ the arc. 

Graphical methods to obtain fidd distri¬ 
bution were outlined by Doctor H. Poritsky 
(General Electric). Application of rota¬ 
tional symmetric^ fidd plotting to the 
design of magnet poles, and for ob taining 
the stressed distribution -in shafts under 
torsional forces was explained and illus¬ 
trated. Professor H. B. P almar (Univer¬ 
sity of Colorado, Boulder) exhibited a 
motion-picture prepared under his direction, 
which gave the dectric and magnetic fidfi 
distribution about a 3-phase transmission 
line airanged in an equilateral triangle. 
This pictorial demonstration was recdved 
with great enthusiasm. 

The treatment of 2-dimensional by 
conformal mapping was outlined by Chair¬ 
man Weber. After a brief review of the 
theory of complex functions, the application 
of conformal representation to dectron-tube 
problems was shown. The power of the 
method of transforming the boundary by 
means of complex functions was illustrated 
by M edge-correction problem, by profiling 
of airplane wings, and by problems in dec¬ 
tron "guns.” An appUcation of the 
Schwa^-Christoffd theorem for the trans¬ 
formation of polygonal boundaries was 
^ven by Professor Palmer, who described 
the fidd about a capacitor. 

Professor M. G. Malti (Cornell Univer¬ 
sity, Ithaca, N. Y.) emphasized the diffi¬ 
culty of depicting the fidd in more complex 
arrMgements, but Doctor Poritsky ex¬ 
plained that at least approximate solutions 
always can be given by a proper combina- 
fion of graphical and analytical methods 
Professor Edward Bennett (University of 
Wisojnsin, Masson) stressed the value of 
fidd methods in connection with research 
on ant^a fidds conducted under his 
supervision. Professor C. L. Dawes (Massa- 
^usette Institute of Technology, Cam- 
bndge) emphasized the value of conformal 
representation in te^hing dectrostatics 
where time and labor can be saved to a 
considerable extent. 

Infonnal group discussions continued 
d^d*^^ conference session was formally 


ana 01 provoking a hvely discussion on the 
subject under consideration. More thnu 
100 persons attended. 

As arranged by the chairman of the con¬ 
ference, N. R. Stansd (General Electric, 
Schenectady, N. Y.) the program provided 
1 for several brief and informal talks by engi¬ 
neers familiar with various aspects of arc- 
fumace equipment in which the user was 
particularly interested. Preceding these 
discussions, an illustrated talk was given by 
Samud Arnold III (American Bridge 
Company, Pittsburgh, Pa.) concerning 
modem electrical equipment for arc fur¬ 
naces. 

The kilovolt-amperes required for arc 
furnaces in accordance with their dimen¬ 
sions and tonnage ratings was discussed by 
Prank Brooke (Swindell-Dressler Corpora¬ 
tion, Pittsburgh, Pa.) and provoked some 
general comment. 

Growth of the multivoltage arraiigemeiit 
for secondary voltages was outlined briefly 
by C. C. Levy (Westinghouse, East Pitts¬ 
burgh, Pa.). 

A livdy discussion was aroused by F. V. 
Andreae (Ohio Ferro Alloys Corporation, 
Philo) by his comments on reactance, par¬ 
ticularly with regard to the methods of 
specifying reactance in furnace circuits, and 
the effects of reactance. 

In discussing regulations, F. E. Ackley 
(General Electric, Schenectady, N. Y.) 
emphasized some fundamental points in 
regulation with respect to maximum power 
inputs to a furnace, that are not always 
understood by furnace operators. He also 
described a newly developed electrode regu¬ 
lator. 

Remarks concerning electrical protection 
for furnace circuits made by E. L. McClure 
^ilwaufcee Electric Railway and Light 
Company) stressed the desirability of using 
semce breakers for short-circuit protection 
independent of the furnace breaker itself, 
so as to avoid the problem of having an 
ttp^ve circuit breaker especially designed 
for frequent operations. 

A r6sum6 of interesting analytical work 
done by the Detroit Edison Company to 
detemme the size of sub-stations required 
to feed a given furnace load under pre- 
senbed conditions of maximum voltage 
v^ation, and what could be done when 
these presOTbed conditions could not be 

T ^ illustrated discussion 

by L, W. Clark of that company. 


Electrical Apparatus for 

3-Phase Arc Furnaces 

By N. R. Stansel, Chairman 

The first technical conference on dectrical 
app^tus for 3-phase arc furnaces, JT 
AIEE committee on dectro- 
Sl^ed^^Tr electrometallurgy, was con- 
sidered by all present to be highly success¬ 
ful, and by its result proved condusively 
value of ^ch an infonnal conference 
dissemmating information of 
use and mterest to the engineers concerned. 


ASTMAwMdsDudley Medal TheAmeri- 
Materials has 
awagedthe Dudley Medal for 1937 to 
W. H. ganger, chief of the section of me- 
chani^ metallurgy and assistant chief of 
^e^divisiM of metaUurgy, and G. F. 
WoU^uth, assodate metallurgist, of 
the^ National Bureau of Standards. The 
m^, whi^ commemorates the name of 
the tot ASTM president (1902-09). is 
awarded for the paper presented at the 
preceding annual meeting that is of out- 
stani^ merit and constitutes an original 
contnbutipn on research in engineS 
mater^. The winning paper, “Failure of 

M? SS*p 9f®®J,Wire in Cables of the 
Mt. Hope, R. I., Suspension Bridge ” de- 
^iMs extensive work undertaken at 

Standards to deter- 
mme the causes of the failure. 
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Last Call for the 

Pacific Coast Convention 

The Spokane Section extends a cordial 
invitation to members of the AIEE and 
their guests to attend the Pacific Coast 
convention in that city, August 31-Sep- 
tember 3, 1937. As announced in the 
July issue, convention headquarters will 
be in the Davenport Hotel. A technical 
program has been arranged with papers on 
a wide variety of subjects, which will be 
presented by well-known Institute members. 
Social and recreational activities include a 
reception and dance, banquet, and golf; 
and a special program has been arranged 
for women guests. Inspection trips will 
be provided to points of interest. 

The excellent possibilities for recreation 
and relaxation afforded by Spokane and 
nearby territory should induce many mem¬ 
bers and their families and guests to spend 
a few extra days in the city or at nearby 
lakes and resorts. There will be ample 
opportunity to use fishing tackle and golf 
clubs. 

Program 

The tentative program published in 
Elbctrical Engineering for July, page 
911, is now the fibtial program, with, the 
following changes: The subject "Lighting 
the San Francisco-Oaldand Bay Bridge” 
will be given as an address by C. R. Davis, 
and wrill not be published in advance. The 
sports committee has found it impossible 
to hold the golf competition on Wednesday 
afternoon, as originally planned. There¬ 
fore, the golf and banquet will be held on 
Thursday afternoon and evening, respec¬ 
tively, and the session on electrical ma¬ 
chinery and the conference on electric 
house heating have been transferred to 
Wednesday afternoon and evening, res¬ 
pectively. 

Recreation 

The golf tournament will be held on one 
of the several beautiful courses in Spokane. 
Arrangements may be made for members 
and guests to play at other times when de- 
sired. 

Competition for the John B. Fisken Cup 
will be medal play on handicap in four¬ 
somes and will be open to members of the 
Districts 8 and 9 only. Tliis perpetual 
trophy cup was donated by the electric 
utilities of the District 9 some 25 years 
ago, and competition for it has been very 
keen each year. Competition for a num- 
bw of other golf prizes will be open to mem¬ 
bers and guests. 

Excellent facilities for tennis plajnng 
are available within the dty. Swimming, 
boating, and fishing may be enjoyed at any 
one of the many lakes and streams within 
a short ^stance of Spokane. 

ENTERtAINkBNT 

On the first evening of the convention a 
reception and informal dance ’v^l be held 
in the headquarters hotel. This will pro¬ 
vide opportunity for all to meet other 
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delegates and officers, renew old friend¬ 
ships, and make other contacts. 

The convention banquet and presenta¬ 
tion of golf prizes will be on the third 
evening of the program. A number of in¬ 
teresting activities have been arranged 
for the women. 

Women’s Program 

The women’s program committee, Mrs. 
L. R. Gamble, chairman, has arranged a 
number of parties in addition to the recep¬ 
tion and dance and the banquet. These 
parties include a scenic trip through the 
home and civic gardens of Spokane, fol¬ 
lowed by an afternoon tea, putting and 
approaching contests for a number of prizes, 
a musical tea, and a luncheon and bridge 
tournament. 

The many fine home gardens in Spokane 
will be an added attraction. The inspec¬ 
tion trips also will hold the interest of many 
of the women guests. 

Inspection Trips 

Probably of interest to the greatest 
number of members will be the inspection 
trip to the Grand Coulee Dam area. Con¬ 
struction work on the dam is going ahead 
rapidly and it is probable that at the time 
of the convention the entire foundation 
will be in place. At the present time the 
Columbia River has been diverted from 
the original chaimel and is flowing over 
some of the foundation blocks. The trip 
will include the model engineers’ town, 
the contractor’s electrically heated con¬ 
struction camp at Mason City and a ride 
through the several boom towns adjacent 
to the workings. 

The inspection trip to the Coeur-d’Alene 
Mining District is of great scenic value, 
the road following the shore of Lake Coeur 
d’Alene to Wolf Lodge Bay and along the 
route of the Captain John Mullan military 
road through Fourth of July Canyon. In 
this area are found such great silver and 
lead producers as the Bunker Hill and Sulli¬ 
van, the Hecla, the Morning, and the Sun¬ 
shine mines. In Government Gulch is 
located one of the world’s largest electro¬ 
lytic zinc plants for the treatment of zinc 
ores. This plant is now being enlarged. 

Special arrangements may be made for 
additional trips to nearby points of interest 
the following: Long Lake and 
Little Falls hydroelectric plants of the 
Washington Water Power Company; Up- 
River hydroelectric plant of the City of 
Spokane equipped with Kaplan automatic 
adjustable-blade turbines; Clearwater elec¬ 
trified lumber mill at Lewiston; Inland 
Empire paper mill in Spokane; KHQ radio 
tower, taUest unguyed tower (828 feet) 
in the United States; and Comstock Park 
and Swimming Pool, Spokane. 

Joint Session With Radio Engineers 

The Pacific Coast meeting of the In¬ 
stitute of Radio Engineers will be held in 
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Spokane, September 1 and 2, concurrently 
with the AIEE convention and in the same 
hotel. Although the meetings of the IRE 
and the AIEE will be conducted separately, 
members of either organization will be 
welcome at the technical sessions of the 
other group. As previously announced, a 
joint session is planned for presentation of 
papers of interest to members of both in¬ 
stitutes. 

In addition, the inspection of Spokane’s 
4 broadcasting stations arranged by the 
IRE will be interesting to AIEE members 
who have not previously witnessed a broad¬ 
cast. 

Hotels and Registration 

All members who have received the ad¬ 
vance registration card and who plan to 
attend the convention are urged to co-op¬ 
erate by immediately filling in and mailing 
the card, if they have not already done so. 
There is no registration fee for members 
or their immediate families or Enrolled 
Students. Nonmembers will be charged 
a registration fee of $2. 

This card contains space for requesting 
hotel reservations. It is extremely im¬ 
portant that this part of the card be filled 
out, because all available accommodations 
are expected to be taken during the con¬ 
vention. First and second choice should 
be given. Members who have not received 
an advance registration card and who plan 
to attend the convention should write 
promptly to D. H. Olney, chairman of the 
registration committee, care of Washington 
Water Power Company, Spokane, Wash., 
ifidieftting the number of reservations de¬ 
sired, first and second choice, and the rate. 

Rates in some of the leading Spokane 
hotds are: 


Hotel Room for 1 Room for 2 

Davenport.$2.50-»4.00... .J4.00-S15.00 

(Headquarters) 

Spokane.12.00—#4.00... .$3.00— $6.00 

Desert.$2.60-$4.00... .$3.00- $6.00 

Coeur d'Alene.$2.00-$4.00... .$3.00— $6.00 


Members should register upon arrival 
at the Davenport Hotel, official headquar¬ 
ters; registration will begin at 9:00 a.m., 
August 31. 

Student Activittbs 

Besides the regular student conferences, 
the program includes 2 student technical 
sessions. Students will be welcome at^ all 
convention activities, including technical 
sessions, entertainment, and mspection 
trips. It is the hope of the Spokane Section 
that there will be full participation on the 
part of student delegates. 

Special arrangements are being made for 
student housing facilities whereby students 
may have accommodations for $1.00 per 
night. Splendid auto camps are available 
for those who wish to use them. In sending 
in advance registration cards students 
should note the type and approximate 
price of accommodations required so that 
arrangements can be made in ad,vance. 
They should also indicate whether trans¬ 
portation is desired for either or both of 
the major inspection trips. 
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Divergent Views Expressed 


at Sessions on Institute 

Discussions embracing widely di¬ 
vergent views featured the 2 general sessions 
on "Institute activities” held during the 
AIEE 1937 summer convention under aus¬ 
pices of the special committee on Institute 
activities appointed early in the year by 
President MacCutcheon. The first session 
was held on Wednesday morning, June 23, 
immediately following the presentation of 
the address "The Engineer in a Changing 
World” by Doctor Ralph E. Flanders (pub¬ 
lished elsewhere in this issue). The second 
session was held Thursday afternoon, June 
24. These sessions were organized under the 
general chairmanship of H. S. Osborne, 
chairman of the committee; Director 
L. W. W. Morrow, and Past-President D. C. 
Jackson, respectively, presided at the 2 
sessions. 

At the first session, prepared discussions 
were presented by the following: Past- 
President A. W. Berresford (read by Past 
Vice-President G. G. Post); L. A. Doggett, 
past chairman of the committees on educa¬ 
tion and Student Branches; J. L. Hamilton, 
chairman of the committee on electrical 
machinery; F. R. Innes, past chairman of 
the Chicago Section; Vice-President Mark 
Eldredge; and Past-President J. B. White- 
head. During the second session, various 
interested members presented informal dis¬ 
cussions from the floor. For the benefit of 
Institute members who did not attend the 
convention, full texts of the prepared dis¬ 
cussions are published here. 


Institute Programs 

By A. W. Berresford 

My imderstanding of the purpose of this 
session is to obtain opinion as to the direc¬ 
tion and degree in which Institute programs 
(and in "programs” I include activities) 
may profitably be extended. 

In any such consideration one’s thought 
reverts almost instinctively to social and 
economic problems. The years since 1929 
have stressed them in degree unprecedented 
in the history of the Institute and many of 
them involve elements with which the engi¬ 
neer is famihar. Under these conditions 
nothing is more natural than that question 
should arise as to whether advantage would 
accrue to the Institute as a national body, 
and to its members as individuals, if con¬ 
sideration of and action on these public 
questions were accepted as an appropriate 
function. 

Briefly stated, the objects of the Institute 
are lie advancemept of the theory and 
practice of electrical engineering and the 
maintenance of a high professional standing 
among its members. That it has achieved 
a notable accomplishment in its more than 
50 years of life, and liaxgely through ad- 
constitutional provisions, 
ym, I believe, be generally conceded. To 
depart from than calls therefore for serious 
c^deration. On the other hand, if actual 
ad'v^tage to the membership resides hi 
^ch depai^e, or if the opportunity for 
the rendermg of a real pubHc service is 
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Activities 

presented, there should be no hesitancy. 
It may possibly be that some of the pro¬ 
posals of which I have heard could, by in¬ 
terpretation, be included within the present 
language of the Constitution, but this seems 
immaterial. The decision to undertake new 
activities is the important factor, not the 
question of whether or not the Constitution 
must be changed to permit. 

It seems to me that there can be no doubt 
of the desirability of planned and intelli¬ 
gently directed discussion of these matters 
of public concern by the Institute member¬ 
ship. ' If no more were accomplished than 
the inevitably resultant self-education in 
the pertinent conditions, and the applica¬ 
tion of engineer thinking thereto, there 
would be ample warrant for the time and 
effort expended. If in addition the solu¬ 
tions evolved were of such nature and im¬ 
portance as to influence the thinking of 
other parties in interest, a definite public 
service would be rendered. 

In my belief, however, if there is to be 
such practical accomplishment, the activity 
must begin and, at least for some years, be 
prosecuted locally. Orfy in localities can 
there be first-hand individual contact with 
the problems involved and really intelligent 
evaluation of all the elements which affect 
the ultimate decision. Moreover, an in¬ 
centive to continuing interest and effective 
action will be needed, and this is better 
generated and maintained when individual 
welfare is directly affected than when the 
problems partake more of the abstract. 

Such organization has had definite in¬ 
fluence in public affairs in many places in 
matters involving engineering, and there is 
no reason for assuming other than equal 
influence in social and economic problems; 
granting only an equal intelligence, under¬ 
standing, and application. 

A notable instance is present, curiously 
enough, in the city in which we are con¬ 
vening. The Engineers’ Society of Mil¬ 
waukee, in which all of the local sections of 
the Founder Societies are affiliated, has for 
many years considered each public pro¬ 
posal which carried engineering content and 
has formulated and expressed its opinion 
thereon. The value of that opinion has 
come to such recognition that in many 
instances—^if not in every one—^the city 
authorities have requested it and have acted 
only after its receipt. In many cases it has 
been determinative. 

Here then is one way in which both the 
members and the public can be advantaged 
by engineer consideration of these questions. 

If such an effort were instituted in as many 
as possible of the political divisions and sub¬ 
divisions of the country, can there be doubt 
of a rapidly widening public appreciation of 
the engineer and of growing national pres¬ 
tige and recognition? 

On the other hand, frankly, I doubt the 
possibility of directly exercising a national 
influence save through the foregoing pro¬ 
cedure. The obstacles lie, not in the suc¬ 
cessful evolution of solutions, but in the 
securing of their adoption by the other 
parties in interest. Usually these are com¬ 
posed of people who are comparatively un- 
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skilled in the specific subject, and to whom 
it is of relative rather than primary impor¬ 
tance. This would not be the case if the 
engineer were politically significant. But 
he is not. He casts perhaps 200 thousand 
votes out of a total of 40 to 46 million. 

Unless the proposal or solution he offers 
is so novel and forthright as to acquire im¬ 
mediately “head-line” prominence (and the 
improbability of this is evident) the engineer 
alone can do little toward forwarding enact¬ 
ment. 

It is a political axiom that the public 
seldom weighs the facts—^that it responds 
only to an appeal to the emotions or the 
podketbook. It is my own belief that action 
is finally based not on the quality of think¬ 
ing, but on the quantity. Only through 
allying himself with others can the engineer 
obtain the necessary quantity, and he will 
succeed in so doing only in the degree that 
self interest is evidently absent. He will be 
welcomed as a consultant and adviser, but 
will attain prominent participation only if 
his individual personal qualifications indi¬ 
cate it. 

These qualifications will, necessarily and 
rightly, be exterior to his purely engineering 
attainment. They will involve political 
vision, administrative experience and di¬ 
plomacy in operation much more than they 
will the technical aspects. The economist 
may be necessary to the solution and the 
engineer valuable in making it effective and 
practical, but its acceptance will demand 
the methods and experience of the politician. 

Even more will these conditions apply in 
any effort to locate an engineer in prominent 
relation for the reason that he is an engineer, 
and that the functions to be performed are 
basically engineering. Again the demand 
will be for general qualification rather than 
specifically technical ones. 

If I am right in the foregoing, does 
there lie any advantage to either the Insti¬ 
tute or its membership in including in its 
national program activities which promise 
so little of success through its own efforts? 
How much of real effect in a national, social, 
or economic .situation would be a statement 
of Institute opinion unless pressed by politi¬ 
cal activity and through political alliances? 
And if these are employed may not the 
resultant disadvantages quite outweigh the 
gains? In such a relation the Institute 
must anticipate being classed with those 
organizations which exist for material ends 
and may well be obliged to sacrifice some 
portion at least of its present nonprofit 
status with its accompanying advantages. 
Decision should be reached neither hastily 
nor lightly. 


Institute Activities 

By J. L Hamilton 

I think it will be generally agreed that 
during the last 50 years the Institute has 
.%rved its purpose and has done a splendid 
job. This period has been one of technolog¬ 
ical development, and the Institute has 
fostered that line of work to a remarkable 
degree. A discussion yesterday showed that 
we have not reached 100-per cent perfection; 
we never will, but by and large a very good 
job has been done. 

We seem now to be living in a new world, 
a world that is moving more rapidly than 
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any of us has seen or observed before, and 
we naturally are wondering what we are to 
do about it and what part we should take 
as eng^ineers. We seem to have reached the 
inquiry stage as to what is going on and how 
we are going to fit into this developing pic¬ 
ture. First, in any problem there is the will 
to do and the need of doing, and second, is 
the ability to carry out that will. It would 
seem that we have reached the stage where 
there is a will to do something about it, and 
that is most encouraging. 

President MacCutcheon, you will recall, 
on Monday morning outlined his work of the 
year, and particularly his visits to all the 
sections of the country, and he brought to us 
a summary of the messages which he re¬ 
ceived from the crossroads, if you please. 

I consider that message of special signifi¬ 
cance to us in connection with the subject 
we are discussing here now. 

In the East a few weeks ago I heard a 
very profotmd discussion by profound think¬ 
ers, or at least as profound as we have in the 
country. It was on the success that the 
New Deal has had; and, whether we are 
New Dealers or not is beside the point, the 
New Dealers do know what is going on at 
the crossroads, not only at some of the cross¬ 
roads but at aU of the crossroads, and they 
have the ability to interpret and put into 
words what is being discussed at the cross¬ 
roads. 

To my mind the important thing before 
thi.s Institute is the matter of procedure. 
Do we want a planned economy in the In¬ 
stitute? Do we want our present commit¬ 
tees, as efficient as they may be, and our 
board of directors to shoulder all the prob¬ 
lems? Is it fair? Do we not want to get the 
crossroads working and get this information 
correlated? 

I recently heard a very splendid e.xecutive 
on business reorganization and rejuvenation 
make this rather interesting statement. He 
.said: "If you want to know how to sell 
more goods, the chances are you cannot pull 
it out of your own gray matter entirdy. 
Call in your salesmen from the field. Get 
them around the table. Have them tell you 
how to sell more goods. They can tell you 
more in a half-day discussion than you and 
your staff can develop in months and 
inontlis of effort." 

Can we not take a cue, therefore, from 
what efficient business men have found true 
in this respect? Can we not organize so M 
to get the crossroads working and get their 
views reflected and incorporated in what we 
want to do, to a greater extent than at pres¬ 
ent? Some of the matters that have been 
discussed by Doctor Bush and Doctor 
Inlanders and others a,re certainly right 
along this line. They have indicated that we 
should have the will to carry out some of 
these things. Here we are suggesting one 
possible way of fulfilling that will by getting 
all of our member.ship to work. 

In the Army—as you know there is per¬ 
haps the oldest type of organization we have 
—^we have what is called the staff and the 
line organization-^—one to plan and one to 
carry out. As we sense it, do we not have a 
splendid line organization? Imperfect 
though it is, it h^a done a splendid job. 
Perhaps our problem how is to devdop more 
of a staff organization, an organization to 
pick up what is being thought a,t the cross¬ 
roads and translate it into poUcies for our 
line organization to execute; and will not 
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such a program as this be very beneficial 
in helping us to our goal, that is, to know 
more about commercial engineering, if you 
please, to know more about management 
engineering, more about executive engi¬ 
neering, more about government, and more 
about our 2 newest alienees of which we are 
still profoundly ignorant, namely, economics 
and psychology? 

Institute Publications 

By L A. Dossed 

Dean Potter entitled his 1933 presidential 
address before the American Society of 
Mechanical Engineers, "Whither Engineer¬ 
ing?” Inthepresentartideabrief survey of 
the publications of the American Institute 
of Electrical Engineers has been made in 
order to describe their course to date and 
their present status. Such a study is 
essentially a study of both the meetings and 
the publications of the society because the 
published matter closely reflects the whole 
activity of the Institute. In short, "whither 
publications?” or "whither Institute activi¬ 
ties?” means approximately the same thing. 

Historical Survey 

The publications of the AIEE from 1884 
to 1902 reveal that the membership in that 
period was almost wholly interested in 
technical matters. Between 1902 and 1911 
the same situation existed except for 5 
papers on the conservation of national 
resources and a paper by Henry Floy on 
"The Engineer’s Activity in Public Affairs, 
Public Utility Commission, Franchise, 
Valuations.” In this period a code of ethics 
was initiated and later adopted. 

From 1911 to 1917 considerable activity 
occurred in the discussion of matters of 
public interest and of economic content. 
For example: 

June 1910: Conservation of Water Powers, L. B. 
Stillwell 

June 1911: Depredation, Henry Floy 

August 1911 : Electrical Engineers and the Public, 

D. C. Jackson 

September 1911; Appraisals, H. M. Byllesby 
December 1911: Report on Water Power Develop¬ 
ment 

Public Policy Committee 

June 1914: Evolution of the Institute, C. O. Mail- 
loux 

January 1915; Rate System, O. B. Goldman 
January 1916: Control of Public Utilities, F. G. 
Baum 

July 1915: Class Rates, F. G. Baum 

September 1916: Inventories and Appraisals, 

C. L. Cory and others 

October 1916: Rates, P. M. Lincoln 

October 1918: Public Utility Management, P. J. 

Kealy 

February 1916: Munidpal Operation, A, G. 
Christie 

April 1916: Water Power Development, G. Dunn 
November 1916: Inventory and Appraisal, 
P. Betts 

November 1916: Continuous Inventories, H. E. 
Carver ^ 

November 1916: Growth and Depreciation, 

J. Loebenstein 

From , 1918 to 1937 papars of economic 
content and papars dealing with public 
questions ha,ve been almost negligible in 
number. From time to time, however, an 
occasional president of the Institute h^ 
dealt with public questions in his presi¬ 
dential address. In the last few years among 
the "Letters to the Editor” the membership 
has shown a very decided tendency to think 
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more and write more on social and economic 
questions. 

The historical picture is one of continuous 
and almost complete devotion to technical 
subjects except in the 1911-17 period. 
Thus for over 60 years the Institute has 
preserved its policy of "scholarly isolation.” 
Within the bounds of this single objective 
the publications of the AIEE present a 
record of technical accomplishment of which 
the members can well be proud. 

Present Condition 

In the last 6 or 10 years the answer to 
"whither publications?” is fairly specifically 
answered by the code of the AIEE technical 
program committee. This committee is a 
development of the old meetings and papers 
committee. Although the code of this com¬ 
mittee has never been adopted in the sense 
that the code of ethics was adopted, it does 
represent the outgrowth of a long period of 
experience both in the old and in the new 
committee. This code includes a 16-item 
list of "acceptable subject matter” and a 
4-paragraph list of “subjects nojt suitable 
for Institute presentation.” Without taking 
the time to quote these in detail, the intent 
was primarily to fix the metes and bounds 
of the Institute publications, restricting 
them very definitdy to electrotechnical 
subjects. Some latitude was allowed, how¬ 
ever, in the inclusion of related technical 
fields. Item {k) put the stamp of approval 
on applications of electricity to social pur¬ 
poses and item (o) on ethical and social 
aspects of the profession. 

Suggestions for the Future 

Before hazarding any suggestions, some 
review of the past as presented is in order. 
It seems, that there is a distinct similarity 
of performance in all the engineering socie¬ 
ties. A study of the record will disclose 
that engineers have shown little inclination 
to interrelate their activities with the whole 
of life and to deal with the reactions of 
their activities upon the community. In 
some quarters they have been described 
as mere technicians. Almost the whole 
record is characterized by engineering re¬ 
moteness. Engineers have built around 
themselves a high wall outside of which some 
of our fraternity are well qualified to venture 
or over which some of us might well cast 
an occasional glance. 

The effect of the recent depression upon 
the public at large has brought to the fore 
a definite criticism of the scholarly isolation 
policy of the scientist and the applied 
scientist. It is said: “They have applied 
themselves too narrowly.” The opinion 
of the layman is that the scientists are re¬ 
sponsible for the social and economic con¬ 
sequences of their advancement of the 
theory and practice of their particular 
branch of science. In President Roosevelt’s 
October 7, 1936 letter to those in charge of 
t prlinirftl education, he mentions "the social 
responsibility of engineering” and says that 
PTi gitiPPring must "consider social processes 
and problems and must co-operate, in de¬ 
signing accommodating mechamsms to 
absorb the shocks of the impact of science.” 

Dedication to public service is one of the 
pViiftf requirements of a profession. This 
dedication is not unrdated to professional 
recognition. It is therefore suggested that 
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the Institute rededicate itself to the public 
welfare in its broadest implications. The 
appointment of an AIBB national power 
policy committee is suggested. It is further 
suggested that engineers should not labor 
exclusively within their own hereditary field; 
that they should not ignore the criticisms 
of laymen in other fields; and that they 
should not continue their scientific detach¬ 
ment and remain unconcerned with the 
human relationships of their activities. The 
Institute might well appoint a public rela¬ 
tions committee to find ways and means to 
interpret the engineer to the public. 

Lastly and specifically it is suggested that 
the publication policy strive to increase 
the percentage of papers on social and eco¬ 
nomic subjects. This is nothing new to our 
Institute as evidenced by the 1911-17 group 
of papers and this is in no way inconsistent 
with the code of the technical program com¬ 
mittee as stated in items (/), (jfe), and (o). 


Social Responsibility of the Engineer 

By Frank R. Innes 

By a vote of practically 10 to 1 a group of 
some 180 engineers in attendance at a joint 
meeting of the AIBB Chicago Section, and 
of the electrical section, Western Society of 
Engineers in Chicago, March 22, this year, 
went on record in favor of "vigorous, effec¬ 
tive action" by the professional engineering 
society in national affairs of engineering 
.nature within its particular field. This vote 
was taken after the presentation and dis¬ 
cussion of 2 papers, the first on the general 
aspect of the responsibility of the engineer 
in social and economic matters by Mr. P. B. 
Juhnke, and the second by your present 
orator on the specific responsibility of the 
electrical engineer in electrical-engineering 
matters that now occupy the forefront of 
national attention. 

This meeting was planned to elicit indi¬ 
cations of interest or the lack of it from the 
rank and file of engineers on, first, whether 
or not social and economic questions should 
be discussed at engineering meetings and, 
second, whether or not the professional 
engineering society should actively concern 
itself in national affairs within its technical 
scope. A ballot was taken on the 2 ques¬ 
tions. The vote on the first was: "Yes," 
186; "Yes, with reservations," 3; and 
"No,” 2. On the second question, that of 
active participation of the engineering 
society in national engineering affairs, the 
vote was: "Yes,” 168; "Yes, with reserva¬ 
tions,” 10; and "No,” 17. This vote 
indicates positively that the engineer is 
interested in social and economic matters 
and wants to discuss them. It also indicates, 
almost as positively, that the engineer 
wants his professional society to represent 
him and act for him in national affairs. 

Many of us self-appointed spokesmen for 
our profession have been talking about the 
social responsibility of the engineer. We 
have spoken in general and nebulous terms 
that are in themselves a denial of the engi¬ 
neering method we recommend. We caimot 
hope to be taken seriously in our assertions 
of the superiority of the engineering ap- 
proa^ for solution of the social and eco¬ 
nomic problems of today unless and until we 
actually use that approach in our considera¬ 
tion of these problems and really begin to 
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work on them in engineering fashion. 

The engineering approach to any job is 
to resolve the job into its component parts 
so that the problems of each part may be 
handled and solved by minds qualified by 
training and experience for that particular 
work. Each kind of engineer works in a 
definite field. It is m this familiar way that 
the engineer must go to work on the big 
job of solving the social and economic prob¬ 
lems that confront him. 

We are electrical engineers. What is our 
share in this big problem of the social 
responsibility of the engineer? Obviously 
it is that part which involves electrical 
engineering. And to what aspect of that 
part should we give our first attention? 
Obviously again, we should give our first 
attention to that affair of electrical engineer¬ 
ing in which government is now most active 
and in which the nation is now most in¬ 
terested. We are being asked, by voices 
from outside our technical ranks to tflVr» 
action in this particular matter. 

Doctor Raymond Moley in a recent issue 
of the magazine Today puts up to us this 
question: "All of us who are not engineers 
have been taught to believe that water 
power is the cheapo and most efficient and 
most permanent source of electrical power. 
Are we right or have we put our faith in a 
delusion?" 

In various forms this question is appearing 
more and more in the public prints, as, for 
instance, in a Chicago Tribune editorial 
"Forty Years Behind,” in which the govern¬ 
ment is charged with not being up-to-date 
in its power program. I have seen the same 
subject treated in other new^apers. I 
recently received a letter from Mr. Wesley 
Winans Stout, editor of the Saturday Evening 
Post, in which he stated he had editorialized 
on this subject 10 years ago. 

Well, since the engineer as a professional 
class is being asked by the world outside to 
do something about this water-power mat¬ 
ter, and since it is indicated by the vote in 
the Chicago meeting that the rank-and-file 
engineer wants something done, just what 
can the American Institute of Electrical 
Engineers do? This also is obvious. The 
Institute can examine the water-power 
program of the government and report on 
it to the nation commending what is 
found worthy in it and cond emning what is 
unworthy. 

Specifically, the Institute should investi¬ 
gate and report on criticisms of the progrram 
that are commonly current among migineers. 
Some of these criticisms are: 

1. The only markets for the outputs of some of the 
government plants are those which can be taken 
away from existing utilities, the government 
endangering the investments of its citizens. Most 
of the other government plants are so remote from 
possible markets that it can be said for them »l^nt 
markets do not exist. 

2. Today electricity can be supplied just as, or 
more, cheaply from fuel power plants dose to the 
load than it can from remote water powers with long 
transmissions. It costs less to haul coal than to 
transmit electricity. 

3. Water power, from an efSdency standpoint, is 
practically a completed art. At the same time its 
competitor, steam power, though less efQcient on a 
thermal basis, has already surpassed it ennaiH«« ri,ig 
®ver-all plant economy. And the opportunity for 
further economy in the steam plant is very great. 

4. Building water-power plants may aggravate the 
unemployment problem. It largely reduces plant 
operating labor and eliminates entirely labor for 
production and transportation of fuel. 

6 . Financing periods of half a century, which seem 
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necessary to justify projects in the government 
program, appear indefensible in this day of rapid 
technical development. 

These are the opinions of many engineers, 
not mine only. Probably there are some 
engineers who may see merit in the govern¬ 
ment program of water-power development, 
but I think all will agree that some of the 
criticisms mentioned may be justified in 
sufficient degree to warrant investigation 
and report to the people. 

To be definite, I suggest that the Institute 
establish committees or boards of com¬ 
petent engineers to study and report on 
government projects of an engineering na¬ 
ture or to initiate and assure such studies 
by American Engineering Council or other 
co-oper ve agencies. Due to political em¬ 
phasis on hydroelectric projects at this time 
it seems logical that this subject should 
receive first consideration. The findings 
of these investigations should be given the 
widest possible publicity. 

It is a good thing for us to talk about the 
social and economic responsibility of the 
engineer, but it is a better thing for us to 
do something about it. The nontechnical 
world is asking us to act and the members 
of our professional organizations are telling 
us to act. Apparently then, we should act. 


Institute Programs 

By Mark Eldredge 

Programs for many organizations are ar¬ 
ranged with the purpose of being interesting, 
but the subject for discussion puts the em¬ 
phasis on "value to the membership,” and 
that is the thought in these remarks. 

We have 19 technical committees, all 
producing papers of keen interest to those 
members whose work lies along the lines 
of the specific subjects treated. These pa¬ 
pers presented on Institute programs are 
not only interesting but are valuable to 
many of us because of the things we learn 
that have application in our individual 
fields of endeavor. Their value is measured 
in terms of our jobs which are so absorbing 
that frequently they are the be ginning find 
end of our existence. Sometimes I thinV 
we engineers are like a colony of ants going 
here, going there, doing this, and doing that. 
We seldom take time to stand off and view 
in perspective the whole big job of living 
and note the part we play. Are we Tiplping 
to build an ant hill or a path to a higher 
point? Do we comprehend where this or 
that new engmcenng development is taking 
us? Most of us are so absorbed in the daily 
routine that we give little thought to the 
part our own contribution to life adds to the 
world’s real progress, or, if conscious of 
progress, we seldom consider the trend and 
whether the direction is right. 

It seems to me there is one certain type of 
papers that would be most valuable to us 
all. Such would be studies or research on the 
effects certain details of technical progress 
have on general progress and improvemmt 
of human well-being. Since the first of the 
year, we have had some excellent general 
papers, such as, M. E. Leeds’ "Engineering 
and Economics," John C. Parker’s "Power 
and People,” Harold G. Moulton’s "Engi¬ 
neering Progress and Economic Progress," 
and R, C. Muir’s "Some Engineering Con¬ 
tributions to Society.” Between these 
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and the strictly technical papers lies the 
field I have in mind—^papers that show the 
wide-reaching effect specific engineering 
achievements have had on social or national 
progress. In some cases, a chain or sequence 
of applications of some modem discovery 
might be shown to have had a very marked 
influence on the world. To be more definite, 
consider what a very romantic story might 
be told of the development of electron tubes; 
but, more important, what an amazing 
story might be unfolded of what they have 
already done to change and, we hope, to 
improve civilization. We can surmize some 
of the effects, but the results of research 
along this line might make a program of 
greatest value to the membership. It 
might awaken in us a greater realization of 
our ability to benefit the world. 

Take another possible subject for a paper 
or a program: The discovery of a light-sensi¬ 
tive element made possible the light meter, 
which is doing so much to make people 
light conscious. What economic reaction 
is observable? Would not our lives be more 
purposeful if, while doing our routine tasks, 
we turned our thoughts more often to a con¬ 
sideration of the influence our particular 
bit of engineering progress is having on the 
world about us? 

AIEE Tradition and Policy 

By J. B. Whitehead 

For a number of years there has been in¬ 
creasing comment that engineers should take 
greater part in the discussion of questions 
of public interest and in the direction of 
certain types of public affairs. Such com¬ 
ment has often been heard within the AIEE, 
and more recently discussion and resolutions 
have been introduced into meetings of the 
board of directors proposing the formation 
of active committees not only for stimulat¬ 
ing such discussion, but even proposing 
that the Institute should expend money and 
effort for examinations and investigations, 
and take public position on certain ques¬ 
tions, in many instances necessarily, from 
their nature, of controversial character. 

The Institute has so far, throughout its 
long and successful life been a conservative 
professional body devoted to the advance¬ 
ment of the electric art. It is the conviction 
of many of its members that its very life 
blood from the beginning has been its con¬ 
stant production of high-grade technical 
and sdentiflc papers. It is certain that 
most of the young men who come into the 
Institute, and who ultimately become use¬ 
ful members, are those who are attracted 
by our strictly professional activity. Con¬ 
structive and creative members of the Insti¬ 
tute are almost invariably from this dass. 
Few people will question that the high and 
strong position of the Institute throughout 
its more than 50 years of life, and its present 
healthy condition are due to its traditional 
policy of adhering to its fundamental pur¬ 
pose, "the advancement of the theory and 
practice of dectrical engineering." 

It becomes of great importance then to 
examine carefully any proposals for de¬ 
partures from our tra<flti6nal policy. A 
review of some of the subjects tlmt have 
been proposed for examination and discus¬ 
sion by the Institute, as a means of broaden¬ 
ing its activities, rev^s a startling cohcep- 
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tion on the part of some of our members of 
its proper range of discussion and action. 
One formal proposal that the Institute take 
a more active part in the examination of 
questions of the day lists among others the 
following: the effect of increase or decrease 
of values upon the workings of the national 
productive plant; comparison of American 
and Old World state of prosperity, and 
causes for the difference; the effect of un¬ 
earned increment upon the state of Ameri¬ 
can prosperity; the pros and cons of taxa¬ 
tion; governmental efforts to regulate 
farms; better control of industrials; the 
overexpansion of productive facilities in 
utilities and railroads and the possibility of 
their regulation; the effect of regulation 
which destroys values, etc. Incidentally, 
it is proposed that the discussion of these 
questions should be free of political aspects 1 
Another contributor suggests that a quarter 
of the activities of the Institute be devoted 
to the discussion of sales and commercial 
activities. Another wishes to see symposia 
for the discussion of all types of federal 
relief programs. Still another wishes to 
discuss, and presumably that the Institute 
should make public utterance on, the regis¬ 
tration of engineers, the principles underly¬ 
ing public-works projects, the development of 
of engineers' unions and ^e depressing effect 
of federal power policies. Engineering ex¬ 
aminations and public reports by the Insti¬ 
tute on the Passamaquoddy and Fort Peck 
projects, and indeed on hydroelectric power 
in general, are seriously proposed. 

In fact, if the complete list of all the 
proposals that have been made were given, 
it would be seen that there are few questions 
of the day, on whatever subject or of what¬ 
ever character, whidh are not seriously pro¬ 
posed as proper matter for the expenditure 
of time, effort, and money by the member¬ 
ship of traditionally conservative AIEE. 
Here then are proposals from our own 
members for very rascal expatasions of our 
programs and wide departures from our 
avowed purpose of the advancement of the 
electric art and profession. We may well 
pause for a brief word of examination and 
comment. 

No one will question the importance of 
every one of these problems and the interest 
in them of every good citizen. Every one of 
us would certainly wish to be identifled with 
any movement which seemed likdy to arrive 
at proper solutions of, or even to throw im¬ 
portant light on, OTy of these contemporary 
problems. Especially so in these New Ded 
days when we so often experience irritation 
and impatience that so many of our public 
questions are settled, and public enterprises 
begun, without the careful study and 
examination which the engineer likes to see 
for all new undertakings. 

The question, however, is where to begin 
and how to proceed? In most such problems 
great uncertainty exists as to essential 
fundamental facts, and premises based on 
recognized principles are not evident. Ow¬ 
ing to their contemporary character, the 
causes giving rise to these questions are 
obscure, differences of opinion pronounced, 
and the elements of personal and group 
material and political advantages enter. 
How can an engineer deal effectively, even 
to his own satisfaction alone, with questions 
so involved in obscurity? The answer is that 
he cannot. Given the time and money, he 
might, it is true, examine a concrete govem- 
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ment undertaking' such as the Passama¬ 
quoddy power project, and even its economic 
feasibility; but would that answer the still 
deeper question of the validity of the govern¬ 
ment’s purposes in undertaking it? Where 
would AIEE get with an examination of the 
Tennessee Valley Authority and its activi¬ 
ties, when there are differences within its 
own board of engineers as to its proper de¬ 
velopment, and when there are questions 
between TVA and local power companies 
which have advanced through all legal 
stages up to the Supreme Court of the 
United States? 

To my mind there are 2 very simple 
answers to the often repeated questions 
as to why an engineer does not take a more 
prominent part in public affairs. The first 
is that public questions are never sufficiently 
concrete, nor clearly defined, to permit 
quantitative determmation, or even an 
enumeration of fundamental factors or ele¬ 
ments. Second, even where such questions 
approach the tangible and concrete, it is 
by no means certain that legislation or 
public action will not be based on political 
expediency or group interest, rather than 
in accordance with correct economical engi¬ 
neering plan. Engineers are primarily ra¬ 
tional and honest, and these virtues are not 
always at a premium in our present methods 
of solving contemporary public questions. 

As contrasted with these extreme pro¬ 
posals, it is worth while to recall a report on 
Institute policy made to the board of direc¬ 
tors in 1931 by National Secretary F. L. 
Hutchinson. The subject of the report was 
the desirability that the Institute’s activi¬ 
ties be extended in certain directions. The 
headings in the report indicating these 
suggestions, were as follows: Legislation 
Affecting the Engineering Profession; State 
Coimcils of Engineers; The Economic State 
of Engineers; Emplo 3 nnent Service; Educa¬ 
tion of the Public Regarding the Engineering 
Profession; Engineering Education; Ex¬ 
tension of Institute Work Throughout the 
Membership. 

Not much suggestion here of the diverse 
economic, social, and political questions re¬ 
ferred to hereinbefore. Moreover, it is a 
fact that every one of the subjects mentioned 
in Secretary Hutchinson’s report is now be¬ 
ing handled by well-organized committees, 
either of joint character with other societies 
as in American Engineering Council and 
Engineering Societies Employment Sendee, 
or within normally constituted committees 
of the Institute. 

Happily, the extreme broadening pro¬ 
grams mentioned have not been received 
with very wide acclaim, and those advocat¬ 
ing them have taken a more moderate 
position recently. On the other hand,. 
greater opportunity within the Institute for 
the discussion of questions of public interest, 
particularly where they touch the engineer¬ 
ing profession, has been very extensively 
advocated. We have alr^dy taken some 
steps in that direction. And we are here 
today to discuss advisability of even further 
moves. Let us examine briefly the origin 
and character of this movement. 

The Institute is open to anyone interested, 
no matter how remotdy, in the develop¬ 
ment of the dectrical art. As a consequence, 
we have among our members a very wide 
range of professional ability, attainment, 
and duty. It is a fine tHng that this should 
be so. The Institute should nurture particu- 
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larly its lower grades of membership. It 
needs their support and it needs recruits 
from their ranks for the working forces of 
its manifold activities. With the rapid 
expansion of our industrialization, this group 
within the Institute has become increasingly 
large. As it becomes large, it is natural that 
it should become more vocal. We should 
not blind ourselves, however, to the fact 
that its members are not yet completely 
nor broadly developed professionally, and 
that their opinions and proposals are often 
without sound basis in tradition, knowledge, 
and experience. For example, from this 
group come those who occasionally raise the 
question of what they get in return for their 
dues, mentioning only Electrical EIngi- 
NEERING and the fact that they cannot un¬ 
derstand much that it contains. It is a 
question whether members who persist in 
this attitude and do not develop in some 
phase of the Institute’s work ever attain 
full realization of the Institute’s high pur¬ 
poses. 

It is a day of aggressive democratization 
and socialization. The great levelling pro¬ 
cesses that are being urged everywhere, and 
we are now discussing an example, invariably 
suppress independent thinking, the applica¬ 
tion of new knowledge, and the advance of 
civilization. Witness the widespread sup¬ 
pression of research and initiative in Europe. 
It begins to look as though the English- 
speaking races are the only ones in which 
intellectual liberty can be expected to con¬ 
tinue to blossom in the results of scientific 
effort and experimental research. We must, 
therefore, look out especially for these 
dangers not only in our country, but also 
within the Institute. 

Unfortunately such dangers do not always 
seem to be appreciated even among our 
older members. Not long ago I heard one 
of them voice the belief that, being a mem¬ 
bership organization, it was the duty of the 
Institute, and so that of its board of direc¬ 
tors, to ascertain the wishes of the greatest 
numb^ of its members, and to legislate 
accordingly. This, to my mind, is doubtful 
doctrine. When it comes to duty, the onus 
should be on the opposite side, namely, it 
should be the duty of every member of the 
Institute to consider that which will best 
contribute to the maintenance and eleva¬ 
tion of its high standing, not only of pro- 
fes^onal conduct, but of professional achieve¬ 
ment. The Institute from its be ginning bas 
bwn primarily a technical, professiohal, and 
scientific society. Its usefulness, dignity, 
and authority will be steadily impaired by 
just so much as We depart from the pursuit 
of these high purposes. 

We should therefore go slowly with our 
programs of expansion into general fie M s. 
Material for publication, from outside our 
own ranks, is correspondingly difficult to 
soutinize. Our columns have on occasion 
even been opened, though fortunately not 
often, to nonmembers with pet theories to 
advertise or other axes to grind. Commit¬ 
tees with a specific broadening purpose to 
my mind are of doubtful value. Commit¬ 
tees do riot write or create papers. 'Urey 
look for papers rather than at the quality of 
^terial in ffiem. Good papers are pro- 
duced by individualSi each with a message 
which must find utterance. Moreovw, we 
mrcady give substantial support to general 
dis^on in that through the pubUcation 
and education committeees we are devoting 
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to it an increasingly large amount of space 
in Electrical Engineering. Much of the 
material so presented is good, and it seems 
to me that in these and other available 
channels, we already have ample facilities 
for the publication and discussion of general 
questions of all types. 

Let it be remembered also that those 
public questions which would appear to be 
better solved by engineers, usually involve 
engineers of all types, not merely those in 
the electrical field. Also that a number of 
agencies such as the American Engineering 
Council, the Engineers’ Council for Pro¬ 
fessional Development, the United Engi¬ 
neering Trustees, Engineering Foundation, 
and others, have been set up especially to 
deliberate and serve us as channels of com¬ 
munication with all forms of public activities 
involving the interests of the engineering 
profession and the possibilities of its utiliza¬ 
tion. Certainly so far as formal expression 
of approval from the engineering profession 
on any great public question is concerned, 
examination and study by one or more of 
these bodies, and finm utterance through 
them, would have far greater value and 
authority than if undertaken within a single 
constituent member society. 

What then must be said in reply to the 
questionconstituting thesubjectof thismeet- 
ing? My answer is somewhat as follows: 

Many social, economic, political, and 
other public questions frequently touch the 
interests, either material or other, of elec¬ 
trical engineers. Intelligent discussion of 
such questions by electrical engineers, there¬ 
fore, becomes both proper and desirable. 
The Institute already offers high favorable 
opportunities for such discussion through 
the columns of Electrical ENGii<rBBRiNG, 
and in the meetings of Sections’ representa- 
tives at conventions and in meetings in the 
Sections themselves. I know of no reason 
why a thoughtful, well-considered paper on 
any such subject should not be accepted for 
publication in Electrical Enginberino. 
It is my belief also that there should be no 
restriction upon the range of topics discussed 
at the meetings of Sections’ delegates, or in 
the Sections themselves. 

The essential principles to be adhered to 
in connection with these activities are: 
first, that the Institute, its Sections, and any 
gathering of Institute members, must avoid 
formal endorsement and opinion in the name 
of the Institute, on public questions of con¬ 
troversial character. Papers and reports 
should be distinctly under the names of then- 
authors, and submitted for publication 
through the regular Institute channels. The 
second principle is that formal papers for 
publication should be only of the highest 
grade, always carrying the weight of au¬ 
thority, The grounds upon which these 
principles are advocated are that questions 
controversial in character cannot be settled 
in terms of known facts and knowledge, and 
lead frequently to differences of opinion, 
which in their turn, often lead to antagonism 
as between groups. Such a condition obvi¬ 
ously leads to a disturbance of unanimity 
and that pursuit of, common interest which 
has characterized all work of the Institute 
in the past. 

In my opinion the progmms of our meet- . 
ings are already extremely good. I have 
little suggestion for their improvement. By 
all means let us have increasing opportunity 
for discussion of general subjects in sessions 
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such as the present one. But as regards 
publication, let there be constant careful 
scrutiny of papers of both technical and 
especially those of nontechnical character, 
so that the quality of both types may be 
steadily improved, even if the quantity of 
published matter be thereby reduced. 

AIEE Directors Meet 
During Summer Convention 

The regular meeting of the board of di¬ 
rectors of the American Institute of Elec¬ 
trical Engineers was held at the Hotel 
Schroeder, Milwaukee, Wis., on June 24, 
1937, during the annual summer conven¬ 
tion of the Institute. 

Present: President —^A. M. MacCutcheon, 
Cleveland, Ohio. Past-Presidents —H. P. 
Charlesworth, New York, N. Y.; J. B. 
Whitehead, Baltimore, Md. Vice-Presi¬ 
dents —O. B. Blackwell, New York, N. Y.; 
L. T. Blaisdell, Dallas, Tex.; Mark 
Eldredge, Memphis, Tenn.; R. H. Fair, 
Omaha, Neb.; C. Francis Harding, Lafay¬ 
ette, Ind.; W. H. Harrison, New York, 
N. Y.; C. E. Rogers, Seattle, Wash.; A. C. 
Stevens, Schenectady, N. Y. Directors — 
F. M. Farmer, New York, N. Y.; F. Ellis 
Johnson, Columbia, Mo.; C. R. Jones, 
New York, N. Y.; P. B. Juhnke, Chicago, 
Ill.; W. B. Kouwenhoven, Baltimore, 
Md.; Everett S. Lee, Schenectady, N. Y.j 

K. B. McEachron, Pittsfield, Mass.; 

L. W. W. Morrow, Coming, N. Y.; C. A. 
Powel, East Pittsburgh, Pa.; R. W. Soren¬ 
sen, Pasadena, Calif. National Treasurer — 
W. I. Slichter, New York, N. Y. National 
Secretary —H. H. Henline, New York, 
N. Y*. Present by invitation: Past-Presi¬ 
dents —D. C. Jackson, Cambridge, Ma.ss.; 
P. M. Lincoln, Ithaca, N. Y.; Charles F. 
Scott, New Haven, Corm. Officers-Elect — 
C. R. Beardsley, Brooklsm, N. Y.; 
V. Bush, Cambridge, Mass.; F. H. Lane, 
Qiicago, HI.; M. J. McHenry, Toronto, 
Ont.; I. Melville Stein, Philadelphia, Pa.; 
Edwin D. Wood, Louisville, Ky. 

Minutes of the meeting of the board of 
directors held May 24,1937, were approved. 

A report was presented and approved of 
recommendations adopted by the board of 
examiners at its meeting on June 16, 1937. 
Upon recommendation of the board of 
examiners, the following actions were taken: 

4 applicants were transferred to the grade 
of Fellow; 13 applicants were transferred 
and 26 were elected to the grade of Member; 
116 applicants were elected to the grade of 
Associate; 88 Students were enrolled. 

Disbiursements in June amounting to 
$22,774.41 were reported by the finance 
committee and approved. 

Authorization was given for the organi¬ 
zation of a Tulsa (Olda.) Section of the 
Institute and of a Wichita (Kans.) Section. 

Upon request of the committee on safety 
Codes and recommendation of the Institute 
policy committee, the board authorized a 
change, in name of the former committee 
to “committee on safety,’’ a change in its 
activities to the consideration and investi¬ 
gation of matters relating to the protection 
of persons and property against hazard due 
to oi^ resultant upon the presence of elec¬ 
tricity or the use of electrical apparatus. 
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material, and appliances, and the incltision 
of its chairman among the ex-officio mem¬ 
bers of the technical prograni committee. 
The matter of changing sections 81 and 68 
of the by-laws accordingly was referred to 
the committee on constitution and by-laws. 

A special committee on Institute activities 
had been appointed to arrange for a session 
at the summer convention for the discussion 
of the subject of desirable topics for pre¬ 
sentation at Institute meetings and for 
publication in Electrigal Engineering, 
and to report to the board of directors its 
reaction to such discussion. The session 
was held on June 23, and the committee’s 
report thereon was presented. Action was 
deferred, copies of the report to be sent to 
the members of the board for study before 
final consideration. 

Upon request, Past-President Charles 
F. Scott, an Institute representative upon 
the Engineers’ Council for Professional De¬ 
velopment, also chairman of that organiza¬ 
tion, presented a report concerning certain 
recommendations of the committee on pro¬ 
fessional recognition of ECPD, which had 
been submitted to the board of directors for 
consideration and action. As a result, the 
board authorized the appointment of a 
committee of 3 members of the board to 
study the recommendations and report to 
the board of directors. The following 
members of the board of directors for the 
administrative year beginning August 1, 
1937, were appointed members of this special 
committee: W. I. Slichter (chairman), 
C. R. Beardsley, and O. B. Blackwell. 

The board voted to extend an invitation 
to the members of the International Con¬ 
ference on High Voltage Systems (CIGRE) 
who may be visiting the United States at 
the time to attend the AIEE summer con¬ 
vention to be held in Washington, D. C., 
in June 1938. 

In connection with the 1937 summer 
convention held at the Hotel Schroeder, 
Milwaukee, Wis., June 21-25, 1937, the 
board adopted resolutions of appreciation 
of the effective services of the general con¬ 
vention committee and the various sub¬ 
committees, and of the ladies committee, 
and also expressed its appreciation of the 
courtesies and assistance extended by the 
Hotel Schroeder, convention bureau of the 
Milwaukee Association of Commerce, Allis- 
Chalmers Manufacturing Company, Har- 
nischfeger Corporation, The Milwaukee 
Electric Railway & Light Company, Cutler- 
Hammer, Inc., and Wisconsin Telephone 
Company. 

Authorization was given for the usual 
allowance for traveling expenses of regular 
delegates from Pacific District (No. 8) and 
the University of British Columbia Branch 
to a joint conference on student activities 
to be held in Spokane, Wash., during the 
1937 Pacific Coast convention, including 
also the member of the national committee 
oh Student Branches in Pacific District 
(No. 8). . In view of the fact that special 
action on such joint conference is taken 
each year, it was voted that a special com¬ 
mittee be appointed to study the matter 
and recommend a permanen t policy for 
inclusion in the by-laws, the committee to 
consist of the vice-presidfnts of the 3 dis¬ 
tricts concerned, the chairman of the com-; 
mittee bn Student Brandies, smd the chap¬ 
man of the Sections committee as chair- 
^ man. 
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There was an expression of the appreda- 
tion of the members of the board of di¬ 
rectors of the very faithful devotion of Presi¬ 
dent MacCutcheon to the duties of his 
office and the large amount of time con¬ 
tributed by him in furthering the best 
interests of the Institute. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 


New Name and Scope for 
Safety Codes Committee 

The name of the AIEE committee on 
safety codes has been changed to "com¬ 
mittee on safety,” and its activities changed 
to: the consideration and investigation of 
matters relating to the protection of persons 
and property against hazard due to or re¬ 
sultant upon the presence of dectricity or 
the use of dectrical apparatus, material, 
and appliances. Its chairman now is to 
be induded among the ex-officio members 
of the technical program committee. 
These changes were authorized by the 
AIEE board of directors at its meeting of 
June 24, 1937, upon request of the com¬ 
mittee on safety codes and recommendation 
of the committee on Institute policy. 

One of the general committees of the 
Institute, the committee on safety codes 
was established in 1902, and has func¬ 
tioned continuously since that time. Pre¬ 
viously, the scope of the committee, as 
defined in section 81 of the Institute’s by¬ 
laws, was to consider and investigate all 
matters rdating to the formulation of rules 
for the protection of persons and property 
against fire, accidents, and other hazards 
in coimection with dectrical installations 
and equipments, and to confer with similar 
committees of other bodies regarding the 
same. 


Canadian Engineers 

Celebrate Semicentennial 

The Engineering Institute of Canada, 
founded in 1887 as the Canadian Society 
of Civil Engineers, celebrated its semi¬ 
centennial during a series of meetings held 
in Montreal and Ottawa, June 14-19,1937. 
Although the society originally was char¬ 
tered as a civil-engmeering society, by 1918 
a much broader scope seemed to be desir¬ 
able and the name of the organization was 
changed to Engineering Institute of Canada. 
Today the organization claims members 
within almost every class of engineering, 
and these various interests were refiected 
in the sessions of the anniversary meetings. 

The opening session of the celebration 
was devoted to greetings from other socie¬ 
ties and to the conferring of honorary de¬ 
grees and awards. President A. M. Mac¬ 
Cutcheon was the official AIEE represen¬ 
tative at this session. The technical pro¬ 
gram induded 6 sessions at which 22 papers 
Were presented. By way of diversion in¬ 
spection trips were made to engineering 
works in the Montr^land Ottawa districts. 
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Lamme Medals Awarded 
by SPEE and Ohio State 

In addition to the Lamme medal awarded 
annually by the AIEE, other Lamme medals 
are awarded by the Sodety for the Pro¬ 
motion of Engineering Education and by 
The Ohio State University, Columbus. 
These medals are made possible by 3 
bequests provided in the will of Benjamin 
Garver Lamme (deceased July 8, 1924). 
As reported elsewhere in this issue, the 
AIEE Lamme medal for 1936 was presented 
to Doctor Frank Conrad (A*02) during 
the Institute’s recent summer convention 
at Milwaukee, Wis. 

The SPEE awarded its tenth Lamme 
medal July 1, during its convention at 
Massachusetts Institute of Technology, 
Cambridge, to Dean Frederick E. Tumeaure 
of the college of engineering of the Uni¬ 
versity of Wisconsin, Madison, "for his 
influence upon the polities and people of 
the college of engineering of the University 
of Wisconsin; for his conception of a 
university as a co-operative enterprise of 
stiiolars and disciples in which freedom 
and power to initiate is diffused, not cen¬ 
tralized; for the spirit of steadiness and 
confidence he has engendered; for the 
harmonious and co-operative relations within 
faculty and between faculty and students 
that have matured under his leadership; 
and in recognition of the high place he has 
filled in engineering education and in public 
estimation not only in his commonwealth 
but in the nation as well.” Dean Tumeaure 
was bom on a farm near Freeport, Ill., 
July 30, 1866; graduated in civil engineer¬ 
ing from Cornell University, Ithaca, N. Y., 
in 1889, and immediately engaged in rail¬ 
way engineering work; became an instmctor 
in civil engineering at Washington Uni¬ 
versity, St. Louis, Mo., in 1890; has been 
affiliated with the University of Wisconsin 
since 1892, since 1904 as dean of engineer¬ 
ing. He is a past-president of the Society 
for the Promotion of Engineering Education 
(1908-09) and was a member of the board 
of investigation and co-ordination which 
directed the comprehensive study of engi¬ 
neering education carried out by that 
society from 1923 to 1929. 

Two Lamme medals were awarded this 
year by The Ohio State University. One 
medal went to E. C. Bain, metallurgist and 
assistant to the vice-president of the United 
States Steel Corimration, New York, N. Y.; 
the other to Ellis Lovejoy, consulting engi¬ 
neer in ceramics, Columbus, Ohio. These 
medals were presented at the 1937 com¬ 
mencement exercises of the university, 
and, in accordance with the stipulations 
governing the awards, both are Ohio State 
graduates. Doctor Bain received the de¬ 
gree of bachelor of science in chemical engi¬ 
neering in 1912, master of science in 1916, 
and chemical engineer in 1923 from Ohio 
State. He received the honorary degree 
of doctor of engineering from Lehigh Uni¬ 
versity, Bethlehem, Pa., in 1936. He has 
been engaged in metallurgical research for 
15 years and is said to be the youngest 
engineer to receive the Ohio State Lamme 
medal. He was awarded the Robert W. 
Hunt medal of the American Institute of 
Mining and Metallurgical Engineers in 
1929, and "was Howe Memorial Lecturer 
of that society in 1932. Doctor Bain has 
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made important contributions to literature 
dealing with application of X rays in 
metallurgical research, the heat treatment 
of metals, and particularly the develop¬ 
ment of stainless and heat-resisting steels. 
He is president of the American Society 
for Metals, Mr. Lovejoy was graduated 
in mining engineering from Ohio State in 
1885, 10 years before the department of 
ceramic engineering was established. He 
has spent more than 50 years in engineering 
re^arch, invention, and management with 
the ceramic industry, and has been a con¬ 
sulting engineer in ceramics since 1904. 
He is the inventor of several original ceramic 
products, and the author of a number of 
papers, discussions, brochiures, and books 
on various phases of the ceramic industry. 
He is a past-president of the American 
Ceramic ^iety. 

Middle Eastern District to 
Meet in Akron, Oct. 13—15 

A 3-day meeting of the AIEE Middle 
Eastern District will be held in Akron, Ohio, 
October 13-15, 1937. Tentative arrange- 
mrats indicate that an interesting program 
will be developed. Akron is a large indus¬ 
trial center and cognizance of such subjects 
as electrical applications in the rubber in¬ 
dustry, lighting, and radio tower insulators, 
as well as the possibility of electrical appli¬ 
cations for the production of iron and steel, 
will not be overlooked. 

In addition to the technical sessions, 
arrangements will be made for entertain¬ 
ment events and inspection trips to places 
of interest in the vicinity. Other details 
will be announced when available. 

Members of the Middle Eastern Dis¬ 
trict meeting committee who are mfllring 
the arrangements are as follows: Harold 
L. Brouse, chairman, I. Melville Stein, 
H. A. Dambly, A. G. Ennis, Paul Fred¬ 
erick, W. H. Harrison, W. C. Xalb, 

E. E. Kimberly, E. 0. Lange, and O. C, 
Schlemmer; the following are chairmen 
of the committees indicated: A. 0. Austin, 
meetings and papers; R. A, Hudson, enter¬ 
tainment and reception; H. H. Schroeder, 
attendance and publicity; H. C. Paiste, 
transportation and inspection; V. W. 
Shear, hotels and registration; J, T, Wal- 
ther, student activities; Ralph Higgins, 
finance. 


Lamme Medal Nominations 
Due November 1 

Attention is called again to the oppoi 
tunity open to any member of the Institut 
to submit nominations for the 1937 Lamm 
^ “ommations must be receive* 
not latM than November 1. (For furthe 
Electrical Engineerin< 
for June 1937, page 766.) The 1936 Lamm( 
Medal was presented to Doctor Frank Con 
iM, assistant chief engineer of the Westing 
? Manufacturing Company 
East Pittsburgh, Pa., at the opening s(» 

S • AIEE summer conven 

tion m Milwaukee, Wis. 


ECPD Publishes 
Engineering Bibliography 

The committee on professional training of 
the Engineers' Coun^ for Professional De¬ 
velopment has just published 5 pamphlets 
whidh, taken together, should prove helpful 
to those in search of competent guidance in 
engineering literature. Primarily intended 
to aid the beginning engineer in choosing his 
reading, the lists should also be of service to 
librarians as guides in book purchasing. 

The bibliography appears in 6 sections: 

(1) mathematics, mechanics, and physics; 

(2) aeronautical and civil engineering; (3) 
chemical and industrial engineering; (4) 
electrical and mechanical engineering; (6) 
metallurgical and mining engineering. 
These lists represent the considered opinion 
of many teachers and professional engi¬ 
neers. The dioice of works has been con¬ 
fined to current American publications and, 
in general, to those of college grade. Anno¬ 
tations are provided. 

The separate pamphlets can be had for 
10 cents each, or for 5 cents each in lots of 
50 copies, assorted if desired. Requests 
should be sent to Engineer’s Council for 
Professional Development, 29 West 39th 
Street, New York, N. Y. 

McGraw-Hill 
Presidency Changes 


department, Robert W. Hunt Company, 
Chicago, Ill.; members of executive commit¬ 
tee —^P. H. Bates, chief, clay and silicate 
products division. National Bureau of 
Standards, Washington, D. C., H. F. Clem- 
mer, engineer of material. District of Colum¬ 
bia, Washington, G. E. F. Lundell, assistant 
chief, chemistry division. National Bureau 
of Standards, Washington, D. C., H. G. 
Mougey, chief chemist and assistant tech¬ 
nical director, research laboratories divi¬ 
sion, General Motors Corporation, Detroit, 
Mich., and R. L. Templin, chief engineer of 
tests. Aluminum Company of America, 
New Kensington. Pa. 


Secretary of Institution 
of Civil Engineers Dead 

Doctor Henry Homan Jeffcott, since 
1922 secretary of The Institution of Civil 
Engineers, died June 29, 1937. He re¬ 
ceived his education at Trinity College 
and Dublin University and held the degrees 
of bachelor of arts, bachelor of engineering, 
and doctor of science. At Trinity College 
he was “first mathematical scholar, senior 
moderator and gold medalist, and M’Cul- 
lagh prkeman.” Doctor Jeffcott’s early 
engineering endeavors included brief as¬ 
sociations with Siemens Brothers and Com¬ 
pany, Ltd., Woolwich, England, as as¬ 
sistant engineer, and with Whitworth and 
Company, Ltd., Manchester. From 1906 


The presidency of the McGraw-Hill 
Publishing Company, Inc., of New York 
was transferred as of June 21, 1937 to 
James H. McGraw, Jr., as the result of the 
resignation of Mailcolm Muir from that 
post. 

A Princeton graduate (1916) Mr. McGraw 
has s^ed his company actively in various 
capacities; he became treasurer in 1923, 
executive vice-president in 1932, and in 
1936 was elected chairman of the board to 
succeed James H. McGraw (A ’01) founder 
of the company. In addition to his duties 
as president, he will continue as chairman 
of the board, according to the company’s 
announcement 

Malcolm Muir resigned the presidency 
of the McGraw-Hill company to assume 
the presidency of the company publishing 
Nms Week. He had served the McGraw- 
Hill company continuously since 1906 in 
various capacities including the general 
management of Chemical and MetaUurgical 
Engineering, and later of that publication 
together with Coal Age and Engineering 
and ^ Mining Journal. He became vice- 
president of the company in 1916, and 
president in 1928. 


ASTM Elects Officers. At the first session 
on June 28, 1937, of the annual meeting 
of the American Society for Testing Ma- 
tenals, election of the following officers 
for 1937-38 was announced: president— 
A. E; mite, professor of metaUurgical 
engmeerihg, and director, department of 
^gmeering research. University of Michi- 
Ann Arbor; vice-president —^H. H 
Morgan, manager, rail and track fastenings 


until 1910 he was head of the metrology 
department of the British National Physi¬ 
cal Laboratory. 

In 1910 Doctor Jeffcott was appointed 
to the faculty of the Royal College of 
Science for Ireland, with the rank of pro¬ 
fessor of engineering, and remained at that 
institution for 12 years before being ap¬ 
pointed to the secretaryship of The In¬ 
stitution of Civil Engineers. During the 
last 8 years of his stay at the Royal Col¬ 
lege he was dean of the college faculty. 
From 1918 to 1921 he was secretary of the 
subcommittee on water-power resources of 
Ireland, and since 1922 had been a member 
of the board of studies in civil and me¬ 
chanical engineering of the University of 
London. Formerly, he was an examiner in 
mechanical engineering in the University 
of Belfast, and in the National University 
of Irelmd. He held several patents on 
mechanical devices, and was the author 
of numerous technical papers. 


plac^ for 1937 fall meetings of the America 
Ins^tute of Minmg and Metallurgia 
Engmeers have been announced as followi 
September 13-18, regional meeting (joh: 
mre^g with the Canadian Institute < 
Mi^g and MetaUurgy), Vancouvei 
B. C.; September 30-October 1 (tentative 
petrNeUm division, Los Angeles, Calif 
October 7-8, petroleum division, Oklahoin 
City, Okla,; October 14hl6, industrial an 
mmerals division, Washing;ton, D. C an 
CoUege Park, Md.; October 18-22, In 
statute of Metals and iron and steel divi 
AUmA City, N, jr.; and Ootobe 
coal division. Pittsburgh, Pa. 
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H. L. Cooper, Hydroelectric 
Consultant, Dies 

Hugh Lincoln Cooper, president of Hugh 
L, Cooper and Company, Inc., New York, 
N. Y., and a world-renowned builder of 
hydrodectric power plants, died June 24, 
1937, at his home in Stamford, Conn., after 
a brief illness. Colonel Cooper was bom 
April 28, 1865, at Shddon, Minn. Al¬ 
though he never received a formal engineer¬ 
ing education, he received the honorary 
degree of doctor of laws from the University 
of Missouri and Parsons College, an honor¬ 
ary degree of doctor of engineering from 
Syracuse University, and an appointment 
as honorary professor of civil engineering 
at the State School of Engineering of the 
Republic of Brazil. He began his engi¬ 
neering career in 1881, as an apprentice 
engineer for the Chicago, Milwaukee, and 
St. Paul Railway Company, but after 3 
]rears joined the engineering stajff of the 
Chicago Bridge and Iron Company, and 
in that company he first established a repu¬ 
tation for himsdf as a stmctural designer. 

In 1891 he went to Spokane, Wash., as 
northwestern manager of the San Francisco 
Bridge Company, where for 3 years he de¬ 
signed and built bridges, induding a 600- 
foot sted arch for the Spokane Falls and 
Northern Railroad Company; however, he 
believed that hydrodectric devdopment ex¬ 
tended a great opportunity for engineering 
achievement, and in 1894 he began bidding 
independently on small water-power con¬ 
struction projects in the state of Washing¬ 


ton. In 1897 he sought and gained a posi¬ 
tion as assistant chief engineer for the 
Stillwell-Bierce and Smith-Vaile Company, 
manufacturers of waterwheels, of Dayton, 
Ohio, so that he might learn the funda- 
meni^s of turbine design. 

Colonel Cooper’s first big hydrodectric 
project was a 20,000-horsepower plant in 
the mountains of Brazil, for the Sao Paulo 
Tramway, Light and Power Company. 
From there he went to the Mexican Power 
and Light Company as chief engineer, and 
then to the Electrical Devdopment Com¬ 
pany of Ontario as chief hydraulic engineer. 
In 1901 he established his own consulting 
engineering practice, and for the next 12 
years supervised the constmction of many 
hydrodectric plants, induding the 166,000- 
horsepower Keokuk devdopment on the 
Mississip pi River. During the World War 
he served as a Colonel in the Corps of 
Engineers of the United States Army, but 
was recalled from France to supervise the 
construction of the Musde Shoals dam and 
power house on the Tennessee River. His 
most recent engineering achievement was 
the supervision of the construction of a 
760,000-horsepower plant for the Union of 
Socialistic Soviet Republics, the Dniepros- 
troy Dam. He was a member of the Ameri¬ 
can Sodety of Civil Engineers, American 
Institute of Mining and Metallurgical 
Engineers, The American Society of Me¬ 
chanical Engineers, Society of American 
Military Engineers, American Institute of 
Consulting Engineers, Institution of Civil 
Engineers (Great Britain), and the Institu¬ 
tion of Water Engineers (Great Britain). 
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Proposed Increase in . 

Ensineerins-Experiment Stations 

Coxmcil is being called upon by members 
of Congress, engineers, and educators in the 
land-grant-college groups to support legis¬ 
lation proposing to increase the number of 
engineering-experiment stations and for ad¬ 
vice regarding the attitude that should be 
t^lrPTi toward such legislation. It has also 
come to Council’s attention that there is 
competition between the "A and M” col¬ 
leges state universities for the allocation 
of funds for the construction and operation 
of en gine ering-experiment stations. 

So much confusion has arisen regarding 
this legislation that President Roosevdt has 
appointed 3 committees to study it. The 
National Research Council was first called 
upon to appoint a committee headed by 
Doctor Charles W. White. After that com¬ 
mittee had gotten into action, some question 
arose as to whether it should make a final 
report, and the Bresident appointed a com¬ 
mittee on industrial training headed by 
Doctor Floyd Reeves of Chicago, Ill., who 
was formerly director of personnel with the 
Tennessee Valley Authority. A third com- 

AUGXJST 1937 


mittee has just been started by the National 
Resources Committee to investigate human 
resources, which is understood to include 
questions regarding engineering educational 
facilities in land-grant colleges. 

In addition to this legislation, it is in¬ 
teresting to note that money is now being 
appropriated from relief funds to colleges 
for research and other purposes through 3 
difierent organizations: imder relief pro¬ 
jects set up under the Works Progress Ad¬ 
ministration; under the National Youth 
Administration, which operates under a com¬ 
mittee of which Mr. Joseph Roach is chair¬ 
man and Mr. Audrey William is director, 
with substations in each state dealing with 
appropriating funds to the colleges and 
universites in each state; and a program of 
expenditure under Doctor Frank Persons of 
the Department of Labor for special pur¬ 
poses. 

Such appropriations add to the confusion 
of purpose in current legislation and indicate 
that engineers should make a careful study 
of the entire situation before approving any 
of the proposed legidation or procedure. It 
is probable that some more acceptable form 
of federal support for engineering-experi¬ 
ment stations may result from the studies 
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now being made by the president’s com¬ 
mittees and it may be advisable to wait for 
their recommendations. 

Council’s natural position in this matter 
is to represent the engineering viewpoint 
and the engineering profession of the country 
in the public welfare, and the staff is re¬ 
luctant to go into controversy beyond that 
point in support of any legislation. There¬ 
fore, Council is endeavoring to confine its 
work in this connection to the accumulation 
and dissemination of information concerning 
the several pieces of legislation, including the 
opinions of member engineering organiza¬ 
tions and Council’s own committees. 

Copies of the proposed bills have been 
mailed by Council to various interested 
parties. The AEC staff is contacting the 
chairmen of the President’s committees and 
will advise its member organizations of 
additional information on this important 
issue as such information becomes available. 


Statistical Yearbook of 
World Power Conference 

One of the objectives of the World Power 
Conference is the preparation of inventories 
of the resources of the world in fuel and 
power. Tlie first inventory entitled “Sta¬ 
tistical Yearbook of the World Power Con¬ 
ference,’’ now t;eady for distribution, repre¬ 
sents an excellent attempt to compile and 
publish international statistics of power 
resources, development, and utilization upon 
a comprehensive and comparable basis. 
Some of the information has not been pub¬ 
lished before in any country. As a collection 
of statistics on this particular subject, the 
work is probably tmique and for this reason 
may prove most valuable to those interested 
in the devdopment of world power fe- 
sotirces. 

Engineers, economists, statisticians, and 
others who require such information as 
comparable figures of coal consumed in the 
USA and the USSR, or of dectrioity gener¬ 
ated in metallurgical works in Poland and 
Japan, or estimates of the world production 
of petrolemn or wood, or the proportion of 
dectridty generated by water power will 
find much of the information which was 
available in 1933 and 1934 in this compact 
volume which is being sold at S6 per copy 
by the American National Committee, 
World Power Conference, Interior Building, 
Washington, D. C. 


March of 

Rural Electrificaiiori 

Rural dectrification has increased from 
virtual stagnation during the depression to 
the highest peak in history. Without taking 
into consideration the new distribution lines 
constructed with federal financing, more 
new customers were connected to farm 
power lines in 1936 than in any other year 
since “dectridty started to the country.’’ 
Plans for 1937 indicate that privatdy 
financed lines will exceed those of 1936 and 
that the use of dectric energy in rural areas 
is “on its way.’’ 

A large part of the increase in the rural 
use of dectridty is said to be due to the 
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abandonment by utility companies of the 
practice of requiring farmers and ru^ k! 
dustry to contnbute to the cost of 
»hich serve then,. 1„ ,r«„y „ * 

tlon In^ are bemg constructed to the con¬ 
sumers property line without cash or de- 
ferred payment for such lines. Another 
conlnbntmgr factor to the expansion is 
reports to be found in reductions in the 
cost of rural lines. 

®“‘rification Administmtion 
reports that REA Imes now equal privately 
financed hnes. Plans and specifleadom 
prepared by cnemeers in private practice 


and approved by the engineering staff of 
REA are required on all projects, and 
Council is frequently called upon to suggest 
candidates for engineering positions in 
Washington and in the states. The com¬ 
pensation either by fee or salary is not al¬ 
ways in keeping with that paid by private 
industry, but the engineering profession is 
being permitted to make its contribution to 
public as well as private rural electrification, 
and the approbation of the value of engi¬ 
neering knowledge and experience is in¬ 
creasing and spreading to the less popu¬ 
lated areas. 


Letters to (be Editor 



CON IRIBUTIONS to these columns are invited 
from ln.stttute members and subscribers They 
should be concise and may deal with. 
papers, articles published in previous issues or other 
subjects of some general interest and professional 
importance. fiLBcrnrcAi, ISnocnburimo vdll en- 
denvor to publish ns many letters as possible, but of 
n^ssity reserves the right to publish them in 
whole or in part, or reject them entirety. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
niiistrutions submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. 
should be furnished for all illustrations. 
STATEMENTS in the.se letters are expressly tmder- 
atood to be made by the writers; publication here 
ill no wise constitutes endorsement or recognition 
by the American Institute of Hlectrical Engineers. 


Mechanic Impedance 
In MKS Units 

To the Editor: 

The Giorgi, raeter-kilogram-second (mks) 
system of units was adopted by the Inter¬ 
national Electrotechnical Commission (lEC) 
•at Brussels in 1936. The advantages of 
the mks system are notable and have been 
fully discussed in various papers. 

The purpose of this paper is to present 
the ^ebraic aualogdcs of electric and me¬ 
chanic impedance in a system of units that 
emphasizes the homogeneity of the 2 con¬ 
cepts. Such a system is the practical mks 
system of Giorgi. 

Ohm’s law governing continuous electric 
current flow in an electric circuit was pub¬ 
lished 110 years ago. In its well-known form 
it is: 


fluence of the air is neglected.) The gravita¬ 
tional force exerted on a mass M kilograms 
is gM newtons where g is the earth’s gravita¬ 
tional acceleration at the position occupied 
by the mass. In mks units g is approximately 
9.8 meters per {second).'^ The mechanic 
resistance, R, may be written as M/t, M be¬ 
ing the mass in kilograms and t the time of 
free fall, in seconds. Substituting these 
values in equation 2, we have the well- 
known equation: 

V = gt meters per second (3) 

The mechanic resistance of the mass is thus 
expressed in kUograms per second and in¬ 
creases inversely as the time of free fall. 

Mechanic Impedance to 

Alternating Impressed Forces 

When the mechanic force, F, impressed 
upon the mass, M, is not a uniform force of 
the gravitational tjqie, but a simple sinu¬ 
soidal alternating or vibrational force: 


F ■= Fn» sin at newtons 


(4) 


This vibromotive force tends to set up an 
alternating or vibrational velocity in the 
mass, according to the expression: 

F}}} sin at 

y — '—— - meters per second (5) 


E/R amperes 


( 1 ) 


where^ E is the impressed electromotive 
force, in volts, and R is the electric resistance 
in ohms. This equation is in the mks system. 

Mechanics or Freely Falling Bodies 

We may write, in analogy with Ohm’s 
law, the velocity, v, of a freely falling mass: 

Y E/R. iMters per second (2) 

where F fe the gravitational force exerted 
on the falling mass in joules per ineter or 
newtons* and R is the mechanic resistance 
to motion of the mass. (The retarding in- 

i062 


Here Z is the mechanic impedance of the 
mass to vibrational motion. If the frequency 
of Ae impressed vibrational force is steadily 
maintained at n cydes per second, the 
angular velocity of alternation is, according 
to a-c electric theory: 

w = 2ir» = 27r/T: radians per second (6) 

T being the period of vibration in seconds. 
Equation 5 is similar to the well-known a-c 
equation. 


where i is the instantaneous alternating cur¬ 
rent in a circuit having a steadily impressed 
alternating voltage Em sine at and Z is the 
electric impedance of the circuit in ohms. 
It is known that there is a complete algebraic 
analogy between the mechanic impedance, 
Z, and the electric impedance, Z. 

— R = R jrjiLa — S/a) ohms (8) 

If the electric circuit contains a resistance, 
R, oAms, a simple inductance, L, henrys, and 
a capacitance, C, farads, the electric im¬ 
pedance is a plane vector or complex quan¬ 
tity, Z, ohms with a real component, R, and 
an imaginary component, j(La — S/a) 
ohms where 5 = 1/C, an elastance m 
farads, and j =» 1. That is, the reac¬ 

tance X is the difference between the induc¬ 
tive reactance, jJLw, and the elastive reac¬ 
tance, jZ/w. 

If in equation 7 we replace the expression 
Em sine at by E, effective, or root-mean- 
square volts, it takes the well-known form: 


I = E/Z effective amperesi.** 


( 9 ) 


the familiar form of Ohm’s law in simple a-c 
circuits.* 

Returning to equation 6, the mechanic 
impedance, Z, takes the form: 

2 ““ R + j(Mft» — S/a) kilograms per 

second Z (10) 

Here R is the mechanic resistance offered by 
the medium surrounding the mass to vibra¬ 
tional motion, M is the mass of the body in 
kilograms and S is the elastic force of dis¬ 
placement in newtons per meter. It is here 
assumed that the mass is subjected to elas¬ 
tic restraint directly proportional to the 
displacement of the mass from its equi¬ 
librium position. 

In equation 6 if we substitute the effective 
or root-mean-square value, F, of the im¬ 
pressed vibromotive force for F^ sine at, the 
effective value of the vibratory velocity 
steadily produced in the mass will be: 


Em sin ut 


amperes 


(7) 


The mks unit of force is known to be the joule 
meter or that force which, exerted ste^ily oyer a 
dirtance of one meter, does work equal to one joule. 
This name is, however, relatively long and cumber- 
so^e. It has been suggested by several writers that 
this unit of force be proyirionally called the newton 
until .such time as acUon by the lEO may assign 
aii .international name. 1 neWtqn—10* dynes;: 
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V =» F/Z meters per second Z (H) 

w-hich becomes mechanic Ohm^s law for 
vibrational velocity in the steady state. 
Mechanic equation 11 is the counterpart of 
electric equation 9 when the mechanic im¬ 
pedance, Z, is expressed in kilograms per 
second or mechanic ohms. 

The y operator appearing in equations 8 
and 10 may be attributed to the geometric 
dimensional property of any small circular 
angle, dfi =* ds/r where ds is the small k- 
crement of arc perpendicular to the k- 
stantaneous radius vector r; so that, k 
the plane of reference, ds=jr dp. TTi>nce, 
any angulm velocity contains, kherently^ 
the di m e n sions of a perpendicularity. 

It may h^e be noted that the impedances 
dealt with k the field of acoustics are es¬ 
sentially mechanic impedances and may be 
expressed in the mks system m kilograms 
per second or mechanic ohms. 

Rbperencbs 

1. lEG Acopts mks Systbm op UmTS, A. E. 
Kennelly. ; Elbctricai, BnPinbbriko (AIEE 

♦★The angle sign Z indicates, as is well known, tlmt 
. the uiut is hot a simple Jjut a complex quantity, or 
a plane vector. It may be read ^'complex am- • 
Peres” or rveetor amperes.” 
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1373-84. 
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of the committee on electric and magnetic magni¬ 
tudes and units (EMMU), Scheveningen-Brussels, 
June 1035. 

3. Proposals Concbrnino Elbctrical and 
Physical Units, G. Giorgi. International Electric 
Congress, St. Louis, Proceedings, volume 1, 1904, 
pages 136-41. 

4. On thb Systbms op Elbctric Units, M. 
Ascoli. International Electric Congress, St. Louis, 
Proceedings, volume 1,1904, pages 132-3. 

5. A Systbm of “Dbfinitivb Units’’ Proposbd 
FOR Universal Usb, G. A. Campbell. Interna¬ 
tional Mathematical Congress, Toronto, Proceed¬ 
ings, 1924; also Science, volume 61, April 3, 1025, 
pages 363—7. 

6. Impbdancb, a. E. Kennelly. AIEE Trans¬ 
actions, volume 10, April 1893, pages 175-216. 

Very truly yours, 

A. E. Kennelly 
(A’ 88, F’13, HM’33, Life Member, Past-President) 

Jackson H. Cook (Enrolled Student) 

Harvard University, 
Cambridge Mass. 

Analogy of Magnetic Circuit 
and Long Transmission Line 

To the Editor: 

The solution of magnetic problems has 
been greatly simplified by the use of the 
circuit analogy. In such problems, it 
is generally assumed that the iron constitut¬ 
ing the magnetic path carries all the mag¬ 
netic flux and that the flux “flows” as a re¬ 
sult of an applied magnetomotive force. 
With the exception of the mr gap to which 
the flux is directed, it is generally assumed 
that the medium surrounding the magnetic 
circuit is a perfect nwignetic insulator. If 
such an assumption is not made, the usual 
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-pliMik- 

Flgure 1. Magnetic "long line" 


method is to apply arbitrary corrections to 
take into account the leakage flux and fring¬ 
ing effects. 

It is. at this point that the circuit analogy 
becomes faulty, since electric circuits are 
generally insulated by media which may be 
considered pwfect. The only type of elec¬ 
tric circiut which takes leakage currents 
strictly into accoimt is tiie long transmission 
iiTip, the characteristics of which have bera 
worked out in detail and are readily avail¬ 
able. The inagnetic analogy of the long 
transmission line is one in which appreciable 
transverse leakage exists. It must be as¬ 
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sumed that all the leakage flux is of a trans¬ 
verse nature and that the longitudinal 
leakage is negligible. A sketch of such a 
circuit is shown in figure 1. 

If the constants of the material making 
up the circuit are known, then the following 
units are defined; 

Magnetic 
—Flux 

if—^Magnetomotive force 
dll—^Reluctance per loop centimeter 
(Pi—Leakage permeance per loop centimeter 
oc —^Magnetic hyperbolic angle per loop 
centimeter 

(Ho— Characteristic reluctance 

Electric 
I —Current 

E —^Electromotive force 

J?,—^Resistance per loop mile 

Gi —^Leakage conductance per loop mile 

ot —^Electric hyperbolic angle per loop mile 

jRo—Characteristic impedance 

where a — "v/ (RiCPi, 6 ^ cd, and (Ro •= 
V^iM. 

If the analogous units are used, the rela¬ 
tions developed for the electric long line 


formulas adapted to this particular mag¬ 
netic problem. Tests made on the trans¬ 
former showed a close agreement between 
the calculated and measured results. 

This is, in general, an effective method 
of attacking the problem of the leaky mag¬ 
netic circuit, providing, of course, that it 
satisfies the long-line conditions imposed on 
it. 

Very truly yours, 

J. R. Ragazzini (A’33) 

Tutor, The College of the City of 
New York, New York, N. Y. 


Copper and Aluminum Cable 
Fusing Time-Current Formulas 

To the Editor: 

In the “Letters to the Editor” of the Oc¬ 
tober 1936 issue of Electrical Engineer¬ 
ing, pages 1127-8, there is a letter by H. J. 
Reeves (A *30) regarding copper and alumi¬ 
num cable fusing time-current formulas. 
There seemed to be a discrepancy in equa¬ 
tion 2 as given; consequently, I communi¬ 
cated with Mr. Reeves and found that the 
equation had been misprinted. The equa¬ 
tion should read as follows: 
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EQUIVALENT LONG LINE 
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Figure S. Constant-current-transformer mag¬ 
netic circuit 
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(seconds) (2) 


Very truly yours, 

F. J. Horacek 
J unior Engineer, Consolidated Bdiron 
Company of New York, Inc.. 

New York, N. Y. 


ran be Used directly for the long magnetic 
circuit. Some useful formula follow (re¬ 
fer to figure 1): 

d>B “ ^ A X 


1 


((RB-|-(Rjcosh0 -H ^(Ro -H^^jsinhtf 


( cosh ^ ~ sinh B ] 

(Ro / 


^A = ^cosh $ -|- 
Leakage flux = 


( 1 ) 

( 2 ) 

(3) 


The particular problem to which this 
method of analysis may be. applied is the 
constant-current transformer, which de¬ 
pends. for its characteristics on the leakage 
flux produced by a magnetic circuit which is 
of the type described. The magnetic cir¬ 
cuit of this transformer, along with its 
electrical analogy, is shown in figure 2. 

The characteristics of- a 6-kva 220-volt 
constant-current transformer, including the 
leakage inductance, necessary size of coun¬ 
terweights, shape of the sectored disk 
necessary to maintain optimum regulation, 
and other pertinent data were computed 
with ease from the phjrsical constants of 
the ina^etic circuit by the use of long-line 


Tensor 

Analysis 

To the Editor: 

In Electrical Engineering for March 
1937, page 386, is published a very con¬ 
cise report about the sessions on tensor 
analysis at the 1937 AIEE winter conven¬ 
tion. 

Electrical engineers of the whole world, 
occupied in theoretical work, pay greatest 
attention and interest to the penetration 
of tensors into theoretical electrotechnics. 
This powerful mathematical method, meets 
very contradictary appraisal. For that 
reason it would be natural to expect that 
the leader in this problem—^United States 
of America—will publish all the discussion 
on tensors completely. 

Therefore I think I shall express the 
opinion of all electrical engineers of the 
whole world, if I shall ask you earnestly 
to publish completely the report of the 
discussion on tensors at the winter con¬ 
vention. 

V^ truly yours, . 

V. N. Lebedev 
E lectrical Bn(^neer, 
Dnepropetrovsk, U.S.S.R. 
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H. B. Dates (A’98, F'32, member for 
life) professor and head of the department 
of electrical engineering, Case School of 
Applied Science, Cleveland, Ohio, has been 
elected president of the Illuminating Engi¬ 
neering Society. Professor Dates was bom 
July 15, 1869, at New Britain, Conn., and 
received the degrees of bachelor of science 
ill electrical engineering and electrical engi¬ 
neer (honorary, 1908) at Massachusetts In¬ 
stitute of Technology and Case School of 
Applied Science, respectively. From 1894 
until early in 1896 he worked as a laboratory 
tester and inspector for the Westinghouse 
Electric & Manufacturing Company at 
Newark, N. J., and East Pittsburgh, Pa. 
In 1896 he received an appointment as 
professor of physics and electrical engineer¬ 
ing at Clarkson School of Technology, where 
he organized the departments of physics and 
electrical engineering, planned the curricula, 
and. equipped the laboratories. Professor 
Dales remained at Clarkson until 1903, 
when he became professor of electrical 
engineering and dean of the college of engi¬ 
neering at the University of Colorado. He 
has been head of the school of electrical 
engineering at the Case School of Applied 
Science since 1905, where, in addition to his 
regular teaching and administrative duties, 
he has served as a consulting engineer for the 
Cleveland Board of Education and forsev- 
eral commercial organizations. Professor 
Dales is a member of the Institute’s com¬ 
mittee on production and application of 
light, and was the first chairman (1907-08) 
of the Cleveland Section. He is a past- 
vice-president of the Illuminating Engi¬ 
neering Society, a member of the United 
States National Committee of the Inter¬ 
national Commission on Illumination, and 
a member or former member of several com¬ 
mittees of that society. Professor Dates is 
the author of many books and papers on 
illumination. He is a member of the Society 
for the Promotion of Engineering Educa¬ 
tion, Sigma Xi, and Eta Kappa Nu. 


ant to the president. Mr. Magalhaes was 
bom January 14, 1880, at Sao Paulo, 
Brazil, and received the degree of electrical 
engineer at the Polytechnic Institute of 
Brooklyn (N. Y.) in 1906. Following his 
graduation he was associated briefly with 
the Brookl 3 m Rapid Transit Company and 
the General Railway Signal Company be¬ 
fore entering the meter department of The 
New York Edison Company in 1907. 
After 2 years he was made superintendent 
of the meter department, and in 1917 be¬ 
came superintendent of the test department 
also. From 1926 to 1928 he was superin¬ 
tendent of distribution and installation, 
but left the company in 1928 to become 
vice-president of the Hall Electric Heating 
Company. That company was liquidated in 
1932, at which time Mr. Magalhaes became 
commercial representative for the General 
Electric Company at Lynn, Mass. He was 
appointed assistant to the executive vice- 
presidmt of The New York Edison Com¬ 
pany in 1935, and when the. properties of 
that company and several others were 
merged recently under the Consolidated 
Edison Company name, he was retained in 
a similar capacity in the new organization. 
^4r. h4ag[alhaes has been a member of the 
Institute’s board of examiners 1931 , 
having served previously 1923-28, has been 
Institute representative on the electrical 
committee of the National Fire Protection 
Association since 1928, and since 1930 has 
been representative on the National Fire 
Waste Council, previously serving for the 
j^r 1928--29. He is at present a member of 
the committee on standards, has served on 
several other Institute committees, and for 
some years was secretary and vice-president 
of the United States National Committee of 
the International Electrotechnical Com¬ 
mission. 


F. V. Magalhaes (A'07, F'19) assistant 

to vice-president. Consolidated Edison 

Company of New York, Inc., New York, 
N. Y., has b^ appointed executive assist¬ 


E. A. Hartv (A’22, M’36) designing 
mgmeer. General El«:tric Company, Lynn, 
^ss., has bera awarded the AIEE North 
J^tem District prize for initial paper for 
his paper “Aging in Copper Oxide Recti¬ 
fybom November 13, 
1^7, at Constantinople, Turkey, and re¬ 
ceived the degrees of bachelor of science and 


electrical engineer from Robert College 
(Turkey) in 1920. Following his graduation 
he entered the United States Department 
of State as a clerk in the American Con¬ 
sular Service, but in the following year be¬ 
came a mechanic in the construction de¬ 
partment of the Shippley Construction and 
Supply Company, Brookl 3 m, N. Y. After 
serving briefly as an electrician for the New 
York, New Haven, and Hartford Railroad 
Company, he entered the student tr ainin g 
course of the General Electric Company, 
Lynn, in 1923. In 1924 Mr. Hatty was ap¬ 
pointed a research assistant in the Thomson 
research laboratories of the General Elec¬ 
tric Company, and for the ensuing 5 years 
his work embraced all phases of the design 
and production of copper-oxide rectifiers. 
Since 1929 he has been designing engineer 
on copper-oxide rectifiers, in which capacity 
he has also been responsible for the main¬ 
tenance and improvement of the quality of 
such products. Mr. Harty is the author of 
several technical articles and papers, in¬ 
cluding 2 papers presented before the AIEE 
Lynn Section. 


C. W. Leihy (A’30) engineering editor 
of Elecirical West and Pacific Coast editor 
of Electrical World has resigned from these 
positions to take over the editorship of 
Electric Light and Power with headquarters 
in Chicago, Ill. A native of Portland, Ore. 
(1905) Mr. Leihy received his education in 
that state and graduated in electrical engi¬ 
neering from Oregon State College, Cor¬ 
vallis, in 1926. Immediately following 
graduation, Mr. Leihy became affiliated 
with the General Electric Company and 
spent 2 years at Schenectady, N. Y., in the 
derign and commercial departments, after 
which he was transferred to that company’s 
Seattle, Wash., office as sales engfineer. In 
the fall of 1930 he joined the McGraw-Hill 
Publishing Company’s Pacific Coast or¬ 
ganization in San Francisco, Calif. Mr. 
Leihy has maintained direct contact with 
electrical-engineering activities throughout 
the 11 far-western states, and has taken an 
active pwt there in AIEE affairs. He is a 
^ptam in the United States Field Artillery 
Reserve. 


J. S. C^oLL (A’24, M’37) associate 
professOTof dec^(al engineemg, Stanford 
UmyMsity, Calif., hsis received honorable 
mention m the 1936 AIEE national prize 
awards for best paper in theory and research 
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for his paper "Laboratory Studies of Con¬ 
ductor Vibration." Doctor Carroll was 
bom November 26, 1891, at Orderville, 
Utah, and was graduated from the Univer¬ 
sity of Utah with the degree of bachelor of 
sci^ce in electrical engineering in 1920. 
Following his graduation, he received an 
appointment to the faculty of the University 
of Utah as an instructor in electrical engi¬ 
neering, and remained there for 3 years be¬ 
fore accepting a similar position at Stanford 
University in 1924. At that time he enrolled 
in the graduate engineering school at 
Stanford, and in the same year received the 
degree of electrical engineer from that in¬ 
stitution; subsequently he undertook fur¬ 
ther graduate study and received the degree 
of doctor of philosophy in 1929. He was 
appointed assistant professor of electrical 
engineering in 1926, and has been associate 
professor since 1930. Doctor Carroll has 
been particularly active in high-voltage 
research work, having served as director of 
the Ryan high-voltage laboratory at Stan¬ 
ford, and is the author or co-author of many 
AIEE papers on that branch of engineering 
research. 


A. C. Herweh (A’37) instructor in elec¬ 
trical engineering. University of Cincinnati 
(Ohio) has received the 1936 AIEE Middle 
Eastern District prize for initial paper for 
his paper "An Open Arc Type of Strobo¬ 
scope.” Mr. Herweh was bora January 29, 
1907, at Cincinnati, and received the de¬ 
grees of electrical engineer (1932) and master 
of science in engineering (1936) at the 
University of Cincinnati. From 1929 until 
1932 he was a design engineer for the Umon 
Gas and Electric Company. After serving 
for one year (1933-34) as assistant foreman 
in charge of loudspeaker production of the 
Crosley Radio Company, Mr. Herweh was 
designated a teaching fellow in the electrical¬ 
engineering department of the University of 
Cincixmati, and since 1936 has been a full¬ 
time instructor in electrical exigineering. 
He is a member of Tau Beta Pi and Eta 
Kappa Nu. 


M. F. Gill (A’14, M'33) formerly co¬ 
ordinator for the Pennsylvania Power & 
Light Company, Allentown, recently was 
appointed assistant to the president of the 
Kansas Gas and Electric Company, Wich¬ 
ita. Mr. Gill was bora October 4,1888, at 
Paris, Texas, and was graduated in dectrical 
engineering at the University of Texas in 
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1910. Upon graduation he entered the 
employ of the General Electric Company, 
Schenectady, N. Y., as a student engineer 
but returned to Texas in 1913 as resident 
engineer on construction for the Texas 
Power and Light Company, Dallas; later 
he became office engineer and assistant 
chief engineer, in which position he was in 
charge of the engineering office of that com¬ 
pany. After brief periods of service with 
the Stone and Webster Engineering Cor¬ 
poration, the United States Army, and the 
Phoenix Utility Company, he became as¬ 
sistant manager, and later manager, of the 
Texas Electric ^rvice Company, Bracken- 
ridge. In the position of manager Mr. Gill 
wi^ in responsible charge of all phases of 
operation, engineering, and construction of 
the company. In 1928 he was appointed 
general superintendent of the Phoenix Util¬ 
ity Company at Allentown, Pa., and re¬ 
mained in that capacity until 1935, when he 
became co-ordinator for the Pennsylvania 
Power & Light Company. 


F. G. Boyce (A’12, M’15) manager of 
electrical production, transmission, and 
construction. Consumers Power Co., Jack- 
son, Mich., recently was elected vice- 
president of the company. Mr. Boyce was 
bora February 8, 1884, at Phhadelphia, 
N. Y., and was graduated from the Bliss 
Electrical School in 1907, following which 
he served for 2 years as a lineman before 
entering the employ of the Allis-Chalmers 
Manufacturing Company, Milwaukee, Wis., 
in 1909. He remained with that company 
until 1913, serving successively as an elec¬ 
trical tester, assistant forema;n of the 
electrical testing department, and erecting 
engineer. Mr. Boyce then became con¬ 
struction foreman for the Stone and Webster 
Engineering Corporation and was placed 
in charge of the construction of several sub¬ 
stations along the Mississippi River for the 
distribution of power from the Keokuk 
hydroelectric station. On completion of 
that work he took charge of construfction. 
Operation, and maintenance of power plants 
and substations for the Milwaukee Electric 
Railway and Light Company. He became 
affiliated with the Consumers Power Co. in 
1917, after a brief association with the 
Goodyear Tire and Rubber Company at 
Akron, Ohio. He was made assistant man¬ 
ager of electrical production and trans- 
missipn at that time, and in 1936 became 
manager of electrical production, trans¬ 
mission, and construction. 

News 


E. M. HuNraR (A’28, M'37) central 
station engineering department, General 
Electric Company, Schenectady, N. Y., has 
received the 1936 AIEE North Eastern 
District prize for best paper for his paper 
"Tests on Lightning Protection for A-C 
Rotating Machines.” Mr. Hunter was 
bom October 20, 1902, at Portsmouth, 
N. H., and received the degrees of bachelor 
of science in electrical engineering (11)26) 
and electrical engineer (1930) at Worcester 
Polytechnic Institute; in 1931 he received 
the degree of master of .science at Union 
College. After completing the General 
Electric test coxuse in 1925, he was trans¬ 
ferred to the a-c turbine-generator engi¬ 
neering department, where he was assigned 
to special design problems and the .super¬ 
vision of factory and field tests. Since 1928 
he has been in the central station engineering 
department, and much of his work ha.s been 
concerned with system stability studies, 
especially in relation to dc.sigu problems. 
Recently much of his effort has been de¬ 
voted to a study of the protection of ma¬ 
chinery and systems against lightning. He is 
author or co-author of several AIEE papers 
on these 2 related fields. 


W. E. MixaiELL (A*06, F'22) vice- 
president and general manager of the 
Georgia Power Company, Atlanta, has been 
elected a vice-president of the Edison Elec¬ 
tric Institute for the term 1937-38. Re¬ 
cently he was also elected president of the 
Southeastern Electric Exchange. Mr. 
Mitchell was bora June 23,1882, at Milton, 
Mass., and received the degree of bachelor of 
science in electrical engineering at Massa¬ 
chusetts Institute of Technology. Fol¬ 
lowing his graduation he entered the test 
course of the General Electric Company, 
Schenectady, N. Y., in 1903, but upon com¬ 
pletion of the course in 1906 he went to 
South America as an assistant electrical engi¬ 
neer for the Sao Paulo (Brazil) Tramway, 
Light, and Power Company. In 1907 Mr. 
Mitchell became electrical engineer and 
operating superintendent of the Bahia 
Tramway, Light, and Power Company, 
where he remained until 1911, when he re¬ 
turned to the United States. After a brief 
period of service with the General Electric 
Company in San Francisco, Calif., he en¬ 
tered the employ of the Alabama Power 
Company as an electrical engineer in 1912, 
and subsequently became operating man¬ 
ager. During the World War Mr. Mitchell 
was managing director of the Anniston 
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Steel Company, but returned to the Ala¬ 
bama Power Company in 1918 as assistant 
general manager and held that position 
until he was elected president of the Georgia 
Power Company in 1927. 


R. H, Card (A’22, M’35) engineer for the 
American Telephone and Telegraph Com¬ 
pany, New York, N. Y., has received hon¬ 
orable mention in the 1936 AIEE national 
prize awards for initial paper for his paper 
“Earth Resistivity and Geological Struc¬ 
ture.” Mr. Card was bom at Pikeville, 
Tenn., July 28, 1897, and was graduated 
from the University of Tennessee with the 
degree of bachelor of science in electrical 
engineering in 1919, following which he 
entered the preliminary training cotuse of the 
long-lines department of the American 
Telephone and Telegraph Company. In 
1922 he was transferred to the division 
plant superintendent’s office at Philadel¬ 
phia, Pa., where his duties embraced super¬ 
visory work on inductive co-ordination. 
After 5 years Mr. Card was appointed 
division engineer in the Philadelphia offices, 
and was placed in charge of various aspects 
of transmission engineering, including in¬ 
ductive and structural co-ordination of 
power and telephone lines within the Phila¬ 
delphia area. Since 1927 he has been sta¬ 
tioned in the office' of the long-lines engineer 
at New York, pursuing investigations of 
cro^talk and inductive co-ordination for the 
entire long-lines plant of the company. 


Wyo., and received the degree of bachelor 
of science at the University of Wyoming in 
1922. During his senior year he served as an 
instructor in applied electricity, and follow¬ 
ing his graduation entered the testing de¬ 
partment of the General Electric Company. 
After completing the test course, Mr. Lauder 
was transferred to the a-c engiu pering Je- 
partment, but later was transferred to the 
motor and generator engineering depart¬ 
ment, where he has remained continuously. 
His work in that department consists 
principally of the design of S3nnclnonous. 
machines. 


D. R. Shoults (A’36) industrial depart¬ 
ment, General Electric Company, Schenec¬ 
tady, N. Y., co-author of the paper “Pull- 
In Characteristics of Ssmchronous Motors,” 
with S. B. Crary, Jr. (A’31) and A. H, 
Lauder (A'24) has received honorable 
mention in the 1936 AIEE national prize 
awards for best paper in theory and research. 
Mr. Shoults was bora June 23, 1903 at 
Storms, Ohio, and received the degree of 
bachelor of science in el^trical engineering 
at the University of Idaho in 1926, following 
which he entered the test course of the 
General Electric Company. In 1926 he 
was placed in charge of some of the tests on 
large motors and generators, and after 3 
years was transferred to the industrial 
department, where his work has been con¬ 
cerned with electrical applications in the 
paper, lumber, and rubber-mill industries. 
He IS the author of several technical articles. 


Jack Delmonte (A’36) who has been a 
laboratory technician in the engineer re¬ 
search laboratories of the Firestone Tire and 
Rubber Company, Akron, Ohio, now is as¬ 
sistant to the chief engineer of development 
and research, Chicago (Ill.) Flexible Shaft 
Company. Mr. Delmonte is a native (1913) 
of New York, N. Y., and an electrical en¬ 
gineering graduate of New York University. 
He pursued graduate studies in electrical 
engineering at Massachusetts Institute of 
Technology and the University of Penn¬ 
sylvania. Before becoming associated with 
the Firestone Tire and Rubber Company, 
he was employed in the Naval Aircraft 
Factory, United States Navy Yard, Phila¬ 
delphia, Pa. 


E. M. Williams (Enrolled Student) 
graduate student in electrical engineering 
Yale University, New Haven, Conn., with 
R. F. Huminski, co-author of the paper 
"Frequency Multipliers,” has received hon¬ 
orable mention in the 1936 AIEE national 
prize awards for Branch paper. Mr. Wil¬ 
liams was born February 2, 1915, at New 
Haven, and received the degree of bachelor 
of engineering at Yale University in 1930. 
His present course of study leads to the de¬ 
gree of doctor of engineering. He presented 
a paper “A High-Voltage Parallel-Plate 
Electrostatic Voltmeter,” at the North 
Eastern District student convention, Buf¬ 
falo, N. Y., May 7, 1937. 


E. L. Bailey (A’19, M’25) electrical 
enpneer for the Chrysler Corporation, De¬ 
troit, Mich., has received honorable mention 
in the 1936 AIEE national prize awards for 
initial paper for his paper “InductionHeating 
at Low Temperatures.” Mr. Bailey was bom 
January 3, 1885, at Lawrence, Kans., and 
was graduated from the University of Kan- 
^ with a degree in electrical engineerina 

m l 907 . Immediately foUowinghrS 

ation he entered the test course of the 
Gen^ Electric Company, Schenectady, 
•N. y., and upon his completion of the 
course m 1909 was transferred to the engi- 
^nng department of the Chicago, lU., 
offices of _ that company. Later he was 
ri^erred to the Detroit, Mich., offices of 
the General Electric Company as district 

engmeer. During the World War h^ bl 
supeimtendent of the Gas and Elec- 
tac Company, Port Huron, Mich., and 
later a sales engmeer for several electrical 
”®?"^®cturers in Detroit. lu 

^eial Motm Corpbra«oa,"^to'l^0 
affiltottd witk the 
Poratfon in his present positi® 


S. B. Crary, Jr. (A’31) central station 
engineering department. General Electric 
Company, Schenectady, N. Y,, co-author of 
the paper “Pull-In Characteristics of Syn- 
^ronous Machines,” with A. H. Lauder 
(A’24) and D. R. Shoults (A’36) has re¬ 
ceived honorable mention in the 1936 AIEE 
national prize awards for best paper in 
riieory and research. Mr. Crary was bora 
May 17, 1905, at Marquette, Mich., and 
was graduated from Michigan State Col¬ 
lege with the degree of bachelor of science 
in elecirical engineering in 1927. Upon 
^aduation he entered the test course of the 
General Electric Company, and has re- 
mamed in the employ of that company 
contmuously; in 1928 he was transferred to 
the transformm design department, but 
s^d there only briefly before being as¬ 
signed to the central station engineering 
department in 1929. 


ohronops 

(A'31) sad D. £ SJ- 
ceivedhonorabl«»ni»«f • ^"36) has re- 

theory and research Mr t ^ ® 
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R. D. Mailey (F’30) vice-president in 
charge of engineering and manufacture. 
General Electric Vapor Lamp Company, 
Hoboken, N. J., recently was awarded an 
honorary degree of doctor of science by 
Stevens Imtituteof Technology as "axi elec¬ 
trical engineer and physicist in whose labora¬ 
tory were developed to their present effici- 
ency as illuminants the mercury-arc lamp, 
the high-pressure mercury lamp, the sodium 
tamp, and other notable vapor-lamp equip- 
ftt^t..,.. internationally recognized expert 
m his field of physical research and industrial 
devdopment» Mr, Mailey is a member of 
the mtitute s committee on production and 
application of light. 

News 


Diehl Manufacturing Company, Elizabeth- 
port, N. J., has received honorable mention 
in the 1936 AIEE national prize award for 
Brandi paper for his paper “A Direct 
Reading Linear Accelerometer.” Mr. Fuge 
was bom December 31, 1916, at Brooklyn, 
N. Y., and received the degree of bachelor of 
engineering at the Polytechnic Institute of 
BrooMpi (N. Y.) in 1936. Immediately 
after his graduation he entered the employ of 
the Diehl Manufacturing Company as an 
assistant in the engineering laboratory. In 
January 1937 he was promoted to assistant 
engineer, and has been assigned to frac¬ 
tional-horsepower motor design work. 

D. R.I Barney (Enrolled Student) gradu¬ 
ate student in dectrical engineering, Mas.sa- 
^usetts Institute of Technology, Cam- 
bndge, has received honorable mention in 
me 1936 AIEE national prize awards for 
Branch paper for his paper “Tidal Power ” 
Barney is a native (1916) ST E^st 
Grange, N. J., and an electrical engineering 
graduate of the Newark College of Engi¬ 
neering. He expects to receive his master’s 
de^ee in dectrical engineering in Pebruary 

li 7 UO». 

A. D. Fleshler (A’34) junior dectrical 
engmeer, Transit Commission, New; York, 
N. Y., has been promoted to assistant elec- 
teical engineer. Mr. Fleshier is a native 
(1895) of Bessarabia, Rus.sia, and a graduate 
of Cooper Union Institute and New York 
University. Before becoming afliliated with 
the New York Transit Commission he was 
employed by die Westinghouse Electric & 
Manufacturing Company. and the Aiax 
Electric Company. ’ 

; EngINBBRINO 



J. H. Treadwell (Enrolled Student) 
Menard, Texas, has received the 1936 AIEE 
South West District prize for Branch paper 
for his paper “A Rotating Ball Slip Meter." 
Mr. Treadwell was born February 22, 1915, 
at Menard, and is at present enrolled as a 
student in electrical engineering at The 
Rice Institute, where he expects to receive 
the degree of bachelor of science in electrical 
engineering in 1938. 

F. W. Smith (A’06, M’12) retired presi¬ 
dent of the Consolidated Edison Company 
of New York, Inc., New York, N. Y., re¬ 
cently received the honorary degree of doc¬ 
tor of engineering from Stevens Institute of 
Technology. A brief biographical sketch of 
Doctor Smith appeared in the June 1937 
issue of Electrical Engineering, page 
770, at the time of his retirement. 

F. X. Lamb (A’36) chief of the commer¬ 
cial division, engineering department of the 
Weston Electrical Instrument Corporation, 
Newark, N. J., recently went to Japan to 
represent the Weston company as con¬ 
sulting engineer and adviser to the Nippon 
Electric Company, Tokyo. Mr. Lamb has 
been associated with the Weston company 
for more than 15 years. 

Asger Vilstrup (A’20, M’27) chief elec¬ 
trical engineer, British Columbia Electric 
Railway Company, Ltd., Vancouver, has 
been elected chairman of the Northwest 
Electric Light and Power Association for 
the term 1937-38. A biographical sketch 
of Mr. Vilstrup appeared in the February 
1937 issue of Electrical Engineering, 
page 289. 

T. S. Taylor (M’21) professor of physics, 
Washington and Jefferson College, Wash¬ 
ington, Pa., recently resigned to become 
manager of the engineering laboratory and 
experimental department of the Diehl Manu¬ 
facturing Company, Elizabethport, N. J. 
Doctor Taylor formerly was a research physi¬ 
cist for the Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa. 

R. C. Giese (A’19, M’32) division plant 
engineer, American Telephone and Tele¬ 
graph Company, Chicago, Ill., has been 
made district plant superintendent, with 
offices at Sprin^eld, Ill. Mr. Giese is a na¬ 
tive (1893) of Des Moines, Iowa, and atten¬ 
ded the State University of Iowa. He has 
been associated with the American Tele¬ 
phone and Telegraph Company since 1919. 

Matthew Luckiesh (All, M’15) direc¬ 
tor of the lighting research laboratory, Gen¬ 
eral Electric Company, Nela Park, Cleve¬ 
land, Ohio, recently was elected an honorary 
member of the American Academy of Cy¬ 
tometry, in recognition of his contribution 
to optometric science. 

B. H. Rule (A'36) formerly a meter and 
test engineer, Department of Light and 
Power of the City of Vernon, Calif., re¬ 
cently was appointed electrical engineer m 
the astrophysical observatory of California 
Institute of Technology, Pasadena. 

M. V. Maxwell (M'36) who has been an 
assistant engineer in the Bureau of Rec- 
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lamation, Denver, Colo., recently became 
district engineer in the Detroit, Mich., offices 
of the Westinghouse Electric & Manufac¬ 
turing Company. 

H. P. Barlow (A’36) who has been a 
switchman in the centr^ office of the As¬ 
sociated Telephone Company, Ltd., Ontario, 
Calif., has been transferred to the Long 
Beach offices of that company in the capacity 
of assistant traffic eng^eer. 

M. D. Engle (A’21, M’26) superintend¬ 
ent of the station engineering department, 
Edison Electric Illuminating Company of 
Boston, Mass., recently was elected a member 
of the executive committee of the National 
District Heating Association. 

J. T. Mooney (A’25) has resigned his 
position with the Lago Oil and Transport 
Co., Ltd., Aruba, Netherlands West Indies, 
to become superintendent of the generating 
plants of the Loup River Power District, 
Columbus, Nebr. 

W. M. Shober (A’22) formerly a distribu¬ 
tion engineer, Department of Water, Light, 
and Power, City of Springfield, HI., now is 
an electrical installation engineer for the 
Aluminum Company of America, Alcoa, 
Term. 

E. W. Hover (A’25, M’32) formerly an 
electrical distribution engineer for the 
Central Hudson Gas and Electric Corpora¬ 
tion Poughkeepsie, N. Y., recently was ap¬ 
pointed electrical engineer in the Rural 
Electrification Administration, Washington, 
D.C. 

Robert Triplett (A’32) who has been a 
junior engineer for the Mackay Radio and 
Telegraph Company, San Francisco, Calif., 
now is employed as a receiving engineer at 
the Point Reyes station of RCA Communi¬ 
cations, Inc. Inverness, Calif. 

E. C. KIelton (M’26) lieutenant colonel. 
Engineers Corps, United States Army, who 
has bera stationed at the Army Industrial 
College, Washington, D. C., as an instruc¬ 
tor, has been transferred to Fort McKinley, 
Philippine Islands. 

Lionel Hoechstetter (A’35) has re¬ 
signed his position as junior engineer with 
the Westchester Lighting .Company, Moimt 
Vernon, N. Y., to become an. electrical 
engineer for the El«:tricoil Company, New 
York,N.Y. 

J. C. Winslow (A’26) electrical engineer 
for the Westinghouse Electric & Manufac¬ 
turing Company, Springfield, Mass., has 
been transferred to the Lima, Ohio, offices of 
that company. 

W. R. Wood (A'33) has left the employ of 
the United Fruit Company, New York, 
N, Y., to become a d-c motor design engi¬ 
neer for the General Electric Company, 
Lynn, Mass. 

Godfrey Morgan, Jr. (M’36) assistant 
engineer with the Public Service Electric 
and Gas Company, Camden, N. J., has 
been transferred to the Princeton, N. J. 
offices pf that company. 

E. L. Angell (A’34) who has been a derk 
in the right of way department of the 
Narragansett Electric Company> Provi- 

News 


dence, R. I., has entered the test course of the 
General Electric Company, Pittsfield, Mass. 

H. F. Park (A’35) formerly chief drafts¬ 
man for the Fiddity Electric Company, Lan¬ 
caster, Pa., recentiy was employed by the 
Rural Electrification Administration, Wash¬ 
ington, D. C. 

L. B. LeVesconte (A’36) switchgear 
representative, Westinghouse Electric & 
Manufacturing Company, Newark, N. J., 
has been transferred to the Chicago, Ill., 
offices of that company. 

F. C. PoAGE (A’25) formerly assistant 
to the superintendent of power, Idaho Power 
Company, Boise, has joined the staff of 
Ebasco Services, Inc., with headquarters at 
New York, N. Y. 

P. W. Seal (A’33) formerly an engineer¬ 
ing assistant, Consolidated Edison Company 
of New York, Inc., New York, N. Y., now is 
dectrical foreman with the Allegheny Sted 
Company, Tarentum, Pa. 

C. F. Wayer, Jr. (A’32) who has been 
employed by the General Electric Company, 
Bloomfidd, N. J., now is an assistant ex¬ 
aminer in the United States Patent Office, 
Washington, D. C. 

B. B. Brownell (A’36) formerly em¬ 
ployed by the Delco Products Corporation, 
Dayton, Ohio, now is a junior dectrical 
engineer with the Electro-Motive Corpora¬ 
tion, LaGrange, Ill. 

K. C. White (A’35) who has been em¬ 
ployed by the General Electric Company, 
Schenectady, N. Y., has been appointed an 
instructor in dectrical engineering at Cor¬ 
nell University, Ithaca, N. Y. 

E. H. ScHOBNFELD (A’36) formerly em¬ 
ployed by Heintz and Kaufman, Ltd., 
South San Francisco, Cahf., now is an engi¬ 
neer for the United Geophysical Company, 
Pasadena, Calif. 

F. J. Elser (A’32) recently was employed 
as a radio transmitter tester for the Westing¬ 
house Electric & Manufacturing Company, 
Chicopee Falls, Mass. 

F. B. CoNLON (A’31) formerly a sales 
engineer with the Sheffier Gross Company, 
Philaddphia, Pa., now is employed by Air- 
temp, Inc., Dayton, Ohio. 


OLUuary 


GuGLiELMO Marconi (HM ’17, John 
Fritz Medalist ’23) Italian inventor famous 
for establishing wirdess telegraphy on a 
commerdal basis, died quietly of heart 
paralysis July 20,1937 at the ancient pal¬ 
ace in Rome where he lived and worked. 
He was bom in Italy on April 25, 1874, and 
was educated privately. Destined by his 
father to be a musician, Marconi neverthe¬ 
less turned to science, and by 1896 the idea 
had become firmly rooted in his mind that 
a system of telegraphy through space could 
be provided by means of electromagnetic 
waves, the eidstdace of which already had 
been determined by earlier experimenters. 
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Marconi was the first to devise practical 
means by which these waves could provide 
a new method of communication. In 1896 
he went to England, taking out during that 
year the first patent ever granted on wire¬ 
less telegraphy. An extended series of 
experiments followed, and his first com¬ 
mercial company was organized in 1897, 
During the next few years Marconi took out 
many patents on new devices for wireless 
telegraphy, and had much to do with the 
remarkable growth of this new industry in 
many countries of the world. In December 
1901 a prearranged wireless signal was 
flashed from a station on the coast of Corn¬ 
wall, England, to another on the rocks of 
Newfoundland some 2,000 miles away. 
After several unsuccessful attempts, com¬ 
munication finally was established between 
these 2 stations. These and other related 
efforts of Marconi attracted to him the 
attention of the world dtuing 1901 and 
1902. On January 13, 1902, at the atinugx 
dinner of the Institute held at the Waldorf- 
Astoria Hotel, Marconi was the guest of 
honor in recognition of his contributions 
to wireless telegraphy. He also was one 
of the pioneers in the use of short waves for 
radio communication. During the World 
War, Marconi served in both the Italian 
army and navy, and also visited America 
as a member of the Italian War Commis¬ 
sion to the United States Govemment. 
He was appointed a delegate to the Peace 
Conference in Paris in 1919. Among the 
many honors received by Marconi during 
his lifetime are the Nobel Prize for Physics 
in 1909, the Albert Medal of the Royal 
Society of Arts of Great Britain, and the 
1932 Kelvin Medal of the Institution of 
Civil Engineers of Great Britain. He has 
been decorated with the Italian order of 
St. Maurice and St. Lazarus, and with the 
Grand Cross of the Crown of Italy, In 
1916 he was nominated senator of the 
Kingdom of Italy, In the United States, 
Marconi has received the Franklin and 
John Fritz medals and the Medal of Honor 
of the Institute of Radio Engineers, and 
other citations. Much of Marconi’s time 
in late years has been spent aboard his 
yacht "Elettra” on which he had a com¬ 
pletely equipped experimental laboratory. 


Peter William Sothman (A’07, M'09, 
F’17) consulting engineer, Mount Tabor, 
N, J., died June 26, 1937. Mr. Sothman 
was bom May 20, 1870, at Haderslev, 
Denmark, and was graduated from the 
Technological Institute of Charlottenburg 
(Germany) in 1891, with a diploma as elec¬ 
trical and mechanical engineer. Following 
his graduation, he became construction 
^gineerfor Siemens and Halske Company, 
Berlm, Germany, in which capacity he 
supervised the construction of several cen¬ 
tral stations and substations in Germany. 

Switzerland. In 
1897 he became chief engineer and director 
of a power plant of AUgemeine Electricitaets 
(^^schaft at Strassburg, Germany, and 
at the same time acted as expert on high- 
voltage tr^ission for several German 
atiM. In 1899 Mr. Sothman was appointed 
technical commissioner for the German 
government and expert for aU the courts in 
^ to rrme ari B.dm; amcnrrently 
he served as commissioner of law for the 
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Verein Deutscher Electrotechniker and as 
commissioner and director of the Technolo¬ 
gical School of Strassburg. He was honored 
as “ehren doctor Von Academic de Parisi- 
enne,” in 1906, and in the same year came 
to the United States and established his 
own consulting engineering oiSices at New 
York, N. Y. In the following year Mr, 
Sothman was appointed chief eng ineer of 
the Hydro-ESectric Power Commission of 
Ontario, in which position he was respon¬ 
sible for the design and construction of sev¬ 
eral of the Commission’s generating plants 
and transmission lines. He returned to 
New York in 1912 to establish the con¬ 
sulting engineering firm of the Sothman 
Corporation, and for the ensuing 26 years 
continued in that work in the city of New 
York and its vicinity. 


Charles L. Cadlb (A’08) president of 
the New York State Electric and Gas 
Corporation, Binghamton, N. Y., died 
July 3, 1937. Mr. Cadle was bom March 
10, 1879, at Mentor, Ohio, and was gradu¬ 
ated from the Case School of Applied 
Science in the class of 1904, following which 
he became battery manager for the Cleve¬ 
land (Ohio) Electric Railway Company. 
In the following year he became associated 
with the Electric Railway Improvement 
Company, Cleveland, and in 1907 was pro¬ 
moted to the position of assistant general 
manager; however, after only one year in 
that position he went to Rochester, N. Y., 
to become electrical engineer for the 
Rochester Railway Company. Mr. 
remained with that company until 1912, 
when he was appointed to a similar position 
in the New York State Railways CJompany, 
with oflSces at Rochester. In 1919 he be¬ 
came chief engineer of that company. 
After serving briefly as superintendent of 
p^nblic works at Albany and pursuing for a 
time his own consulting engineering busi¬ 
ness, he became general manager of the 
Rochester Gas and Electric Company in 
1926. In 1932 he was appointed vice- 
president of the Utilities Management 
Corporation, New York, N. Y., and in 1936 
president of the New York State Electric 
and Gas Corporation. 


Roger S. Taylor (A’17) plant superin¬ 
tendent, Susque hann a Electric Company, 
Conowingo, Md., died April 27, 1937. Mr. 
Taylor was bora October 7,1881, at Duken- 
field, Cheshire, England, and received his 
formal education at the Technical School 
at Ashton-under-Lyne. In 1898 he came 
to the United States and obtained employ¬ 
ment in the motive-power department of 
the Philadelphia (Pa.) Rapid Transit 
Company. He remain^ with that com¬ 
pany until he transferred his affiliation to 
the Philadelphia Suburban Gas and Elec¬ 
tric Company in 1912 and was placed in 
charge of that company’s plants at Potts- 
to^ and Phoenixville. In 1916 Mr. Taylor 
joined the operating staff of the Philadel¬ 
phia Electric Company, later becoming 
assistant power-plant superintendent and 
power-plant superintendent, and remained 
with that company for almost 10 years be¬ 
fore becoming a^ciated with the Susque- 
hannah Electric Company as plant super¬ 
intendent. 


News 


Norman McLeod Baxter (A’26) trans¬ 
mission engineer, Ohio Public &rvice Com¬ 
pany, Elyria, died June 24, 1937. Mr. 
Baxter was born at Halifax, Nova Scotia, 
June 27, 1883, and attended University 
Delhousie (Nova Scotia) and the University 
of Nebraska. In 1906 he became affiliated 
with the Lincoln (Nebr.) Gas and Elec¬ 
tric Light Company as a draftsman, but 
later was placed in charge of construction 
and eventually became superintendent of 
gas and electric distribution before trans¬ 
ferring to The' Lorain County Electric 
Company, which later became a part of the 
Ohio Public Service Company, as general 
superintendent in 1916. From 1919 to 
1922 Mr. Baxter was associated briefly with 
a public utility company in Connecticut 
and with the engineering department of 
The Toledo (Ohio) Edison Company. In 
1922 he returned to the employ of the Ohio 
Edison CJompany as transmission engineer, 
and served continuously in that capacity 
for almost 15 years. 


Ralph T. Rossi (A’18, M’34) assistant 
plant engineer, RCA Communications, 
Inc., New York, N, Y., died May 28, 1937. 
Mr. Rossi was bora in New York, N. Y., 
April 27, 1878, and received his fo rmal 
technical education through private in¬ 
struction in Europe. From 1904 until 1916 
he was associated briefly with several con¬ 
sulting engineering firms and construction 
companies in New York. In 1916 he be¬ 
came superintendent of distribution for 
the Public Service Electric and CJas Com¬ 
pany, Trenton, N. J., where he remained 
for 3 years before becoming affiliated with 
RCA Communications as assistant engineer 
in charge of construction in 1919. Mr. 
Rossi was responsible for the construction 
of many of the transmitting and receiving 
stations of RCA Commumcations on every 
continent except Australia. He was a mem¬ 
ber of the Institute of Radio Engineers. 


Walter Cary (A’07, M’14) vice-presi¬ 
dent, Westinghouse Electric & Manufac¬ 
turing Company, New York, N. Y., died 
July 3, 1937. Mr. Cary was bom April 
26, 1871, at Milwaukee, Wis., and was 
j^aduated from Harvard University in 
1893 with the degree of bachelor of arts. 
In 1894 he entered the employ of the CMbbs 
Electric Company, Milwaukee, as secre¬ 
tary of the company, but 4 years later be¬ 
came vice-president of the Milwaukee 
Electric Company. In 1910 he became 
president of the Milwaukee Electric Com¬ 
pany, and in 1904 vice-president and gen¬ 
eral manager of the Westinghouse I^p 
Company, New York, N. Y. He had been 
vice-president of the Westinghouse Electric 
& Manufacturing Company since 1918. 

William M. O’Brien (A’36) service 
department, Northwestern Electric Com¬ 
pany, Rainier, Ore., was drowned May 2, 
1937. Mr. O’Brien was bora August 6, 
1909, at Portland; Ore., and was graduated 
from Oregon State College with the degree 
of bachelor of science in electrical engineerf- 
ing in 1936. He had been associated with 
the Northwestern Electric Company since 
his graduation. He was a member of the 
^dety of American Military Engineers. 
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Recommended 
(or Transfer 

The board of examiners, at its meeting on July 
21, 1037, recommended the following members for 
transfer to the grade of membership indicated. 
Any objection to these transfers should be filed at 
once with the national secretary. 

To Grade of Fellow 

Bonney, R. B., educational director and employ¬ 
ment supervisor. The Mountain States Tele¬ 
phone and Telegraph Company, Denver, Colo. 
Pearson, B. F., chim engineer, Northwestern 
Electric Co., Portland, Ore. 

Stevenson, A. R., engineer. General Electric Com¬ 
pany, Schenectady, N. Y. 

Terry, 1. A., assistant engineer, motor and gmerator 
engineering department. General Electric Com¬ 
pany, Schenectady, N. Y. 

4 to Grade of Fellow 

To Grade of Member 

Arnold, N., assistant professor of engineering draw¬ 
ing, Purdue University, Lafayette, Ind. ^ 
Atkinson, F. W., electrical engineer, Owens-Illinms 
Glass Company, Newark, Ohio. 

Brosemeiv R. O., assistant enjpneer. General Elec¬ 
tric Company, San Francisco, Calif. 

Ohaptiiftn, p. W., superintendent. Commissioners 
of Public Works, Greenwood, S. C. 

DeWeese, F. C. engineer, Carolina Power and 
Light Company, Raleigh, N. C. 

Bggertson, E. G., assistant electrical engineer, 
American Gas and Electric Company, New 
York, N. Y. ... 

Evans, G. T., assistant chief engineer. The Bristol 
Company, Waterbury, Conn. ^ 

Ferri, L. F., protection engineer. The Ohio Pubhc 
Service Company, Eljma. 

Gaston, J. R., manager, industrial transformer 
division, American Transformer Company, 

Newark, N. J. . „ 

Geer, G. D., superintendent of distribution, Texas 
Electric Service Company, Sweetwater. 

Gehr, G. A., communication engineer, Los Angeles 
County Department of Forester and Fire 
Warden, Los Angeles, Calif. 

Houston, H. H., elecmcal engineer, Federal Power 
Commission, San Francisco, Calif. 

Rnerr, L; R., assistant engines, California Railroad 
Commi^on, San Francisco. , 

Lyman, W. J., electrical planning enmneer, Du- 
quesne Light Company, Pittsburgh, 

Miner, R. R.i electrical en|;ineer, Kansas Gas and 
Electric Company, Wichita. 

Plummer, C. E., chief electrical enmneer, Modesto 


Ritter, A. S., planning engineer. Commonwealth 
Edison Company, Chicago, Ill. 

Rogers, T. A., instructor, department ^of electrical 
engineering. University of California, Berkeley. 

Rogers, T. I., engineer, American Telephone and 
Tdegraph Company, New York, N. Y. 

Snyder, W. R., electrical engineer, Mamla Electnc 
Companv, Manila, P. I. . _ 

Wagner, H. H., head design engineer, Pennsylvania 
Transformer Company, Pittsburgh, Pa. 

21 to Grade of Member 


Applications 
(or Election 

Applications have been received at headquarters 
from the following candidates for election to mem¬ 
bership in the Institute. If the appUcant has ap¬ 
plied for direct admission to a grade higher thw 
Associate, the grade follows immediately afttt the 
tinitiA. Any member objecting to the elecbon of 
any of these candidates should so inform we na¬ 
tional secretary before August 81, 1937, or Ortobw 
31, 1937, if the applicant resides outside of the 
United States or Ciuaada. 

Adkins, P. LeR., Mountain States Power Com- 
P.^”&i[tSdphia Navy Yard, Philadel- 

BeisbM^M. F., Line Material Co., Mempto, Tenn. 
Blo^om, E., Aero Welder Manufacturing Com¬ 
pany, Ste^eman Machinery Company, Mil¬ 
waukee, Wis. , _ J T • 

Cramer, J. F., Central Nebraska Power and Irri¬ 
gation District, Hastings. ^ . a 

Darr^, J. W., Berkeley Steel Construction Com- 
pa^, Berkeley, Cakf. ^ l,- o 

Duffys, E. (Member), New Orleans Public Service, 
Inc., New Orleans, La. _ 

Eistrat, T., California State Board of Bqualizatioa, 
Sacramento. 


Ferrill R. M. (Member), Tennessee Electric Power 
Company, Chattanooga. 

Foreman, W. R., Department of Water & Power, 
Boulder City, Nevada. 

Fmkes, J. H., Westinghouse Electric & Manufac¬ 
turing Company, East Pittsburgh, Pa. 

Goodridge, H. L., 157 Pleasant S&eet, Malden, 

Grant, V. H., Bureau of Aeronautics, Navy Depart¬ 
ment, Washington, D. C. 

Hero, A. A., General Electric Company, New 
Orleans, La. 

Hildenbrand, C. F., Electric Light and Power Com¬ 
pany of Baltimore, Baltimore, Md. 

KelW, J. R., Department of Water and Power, 
Los Angde^ Calif. 

Kirk, D. H., Baton Rouge Electric Company, 
Baton Rouge, La. 

Kobke, W. J., Brooklyn Edison Company, Inc., 
Brooklyn, N. Y. 

Mahannah, W. D., Florida Power and Light Com¬ 
pany, Ft. Pierce. 

McDougald, A. D., Navy Department, Mare 
Island, Cafif. 

McHenry, J. C., Lorain-Medlna Rural Electric, Inc. 
Wellington, Ohio. 

McKinley. W. H., 1930 B Street, San Diego, Calif. 

McReynolds, A. C., Columbia Electric Company, 
Kennewick, Wash. 

Miller, A. N., International Business Machines 
Corporation, Endicott, N. Y. 

Palmer, J. E., Pacific Gas and Electric Company, 
Fall River Mills, Calif. 

Pappas, P. S., Great Lakes Dredge and Dock 
Company, New York, N. Y. 

Parrish, J. L., Tennessee Valley Authority, Noms, 
Tenn. 

Peatfield, R. R., New York and Queens Electric 
Light and Power Company., Flushing, N.Y. 

Phillips, E. J., Jr. (Member), Simmons-Boardman 
Publishing Corporation, Chicago, Ill. 

Preston, J. D. (Member), Florida Power and Light 
Company, Miami. 

Purcell, w, W. R., Alabama Power Company, 
Birmingham. 

Ryai^ J. J., Signal Engineering and Manufacturing 
Company, New York, N. Y. 

Santos, E. J., 88 Charlotte St., Detroit, Mich. 

Schenck. S. B. (Member), Bessemer and Lake Erie 
Railroad Company, Greenville, Pa. 


^n^neeringr 


New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Ubrsuy, New York, recen^ 
are the following which have been selected be¬ 
cause of their possible Interest^ to the elecMcal 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responmbility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 

GREAT BRITAIN, DEPARTMENT of 
SCIENTIFIC and INDUSTRIAL RESEARCH. 
REPORT for 1936-38. London, Bis Majes^’s 
Stationei7 Office, 1937. 195 pagm,, tables, 10x6 
inches, paper (obtainable from British Library of 
Information, 270 Madison Ave,, New York, N. Y., 
80.95). Affmxls a summary of the work earned 
on during the year in the various establishments of 
the Department. 

HOUSE WIRING, by T. W. Poppe and H. P. 
Strand, New York, Norman W. Henley Publish¬ 
ing Company, 1937. 256 pages, illustrated, 7x4 
inches, paper, 81.(M}. A manual for Ibe wireman, 
giving directions for planning and installing the 
wiring in dwellings. 

A COURSE in ELECTRICAL ENGINEER¬ 
ING. volume 1. DIRECT CURRENTS. By 
C, L. Dawes. 3 edition. New York and London, 
McGraw-Hill Book Company, 1937. 761 pages, 
illustrated, 8x6 inches, cloth, $4.00. An, enlarged 
edition of a standard textbook on electneal ragi- 
neering, the first volume of which covers direct 
currents. Includes fundamental electrical Charac¬ 
teristics,' magnetism, electrostatics, and d-c ma¬ 
chinery. 


Shaffer, E. City Hall, San Diego, Calif. 

Stanley, H. C., American Gas and Electric Com¬ 
pany, New York, N. Y. 

Woodward, B. W., International Sound Photos 
System, San Francisco, Calif. 

37 Domestic 

Foreign 

Bapat, M. N., Tata Hydro Companies, Bombay 
India. 

Epple, R. J., Mene Grande Oil Company, Mara¬ 
caibo, Venezuela. 

Hydari, M., Messrs. Crompton Engineering Com¬ 
pany, Ltd., Madras, India. 

Kusumoto, S., in care of Efitachi Eimneering 
Works, Sukegawa-cbo, Ibaraki-ken, J^pan. 

Natarajan, K., First Line Beach, Madras, India. 

5 Foreign 


Addresses 

Wanted 

A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 

Charlton, H. C., 4827 Wilson Avenue, Montreal 
Que., Canada. 

Evans, Maidwyn F., Canadian Comstock Com¬ 
pany, Ltd., Toronto^ Ont., Canada. 

Gregory, G. A., 1217 Jefferson Street, Olympia, 
Wash. 

Har^, John E., 1741 Pennsylvania Avenue, 
Denver, Colo. 

Jonea K. B., Trumbull Electric Manufacturing 
Company, Inc., Ludlow, Ky. 

Phillips, Eugene H., 3006vt South Hoover, Los 
Augeles, Calif. 

Phillips, Robert J., 94-26—84th Road, Jadcson 
Heights, N. Y. 

Roberts, Fred A., 2010 West Michigan Street, 
Indianapolis, Ind. 

Schaefer, Philip E., 6154 St. Paul Avenue, Chicago, 
Ill. 

Sikofsky, George L., 1206 East New York Avenue, 
Brooklyn, N. Y. 

Stivender, P. M., Allis-Chalmers Manufactunng 
J^mpany, 135 South La Salle Street, Chicago, 

11 Addresses Wanted 


Litereatnre 


SOUND WAVES, Their Shape and Speed. By 
D. C. Miller. New York, Macmillan Company^ 
1937. 164 pages, illustrated, 9x6 inches, clotii, 
$2.76. Contains a chapter upon elec^c-apark 
photography of sound waves and its application to 
the study of projectiles in flight and the acoustics 
of auditoriums. 

WAHRSCHEINLICHKEITEN und SCHWAN- 
KUNGEN Vortrage von M. Czerny, K. 
Franz, F.’ Lubberger, J. Bartels and R. Becker. 
Edited by F. Lubberger. Berlin, Julius Springer, 
1937, 100 pages, illustrated, 10x6 inches, paper, 
8.40 rm. A group of 6 treatises on the fundamen- 
tak, theory, and application of probabilities and 
variations. 

WAVE MECHANICS. Elementary Theory. 
By J. Frenkel. 2nd edition. London and New 
York, Oxford University Press, 1936. 812 pages, 
illustrated, 10x6 inches, cloth, $6.75. Contains 
chapters on light, matter, motion of particles, or 
systems of particles, statistical meChames, apphea- . 
tion of the quantum statistics to electron theory, 
and theory m chemical forces. 

. MITTEILUNGEN aus den FORSCBTUNGSAN- 
STALTEN. Bd. 6, Heft 2, February 1937. jBerlm, 
VDI-Verlag. 52 pages, illustrated, 12x8 inches, 
paper, 3.15 rm. Includes a report on end sleeves for 
high-tension cables and a description of a new port¬ 
able mirror galvanometer for spectroscopic analyses 
of metals. 

THOMAS’ REGISTER of. AMERIC^ 
MANUFACTURERS. 27th edition 1937. New 
York, Thomas Publishing Company, illustiated,. 
12x9 inches, doth, $16. ($10. to former subscrib¬ 

ers) Contains cUistified and indexed lists of manu- 
facturera of all kinds; lists of banks, boar^ of trade 
and other commerdal organizations, trade papers, 
leading manufacturers, and trade names. 
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"Western Electric Sales.—Sales of the West¬ 
ern. Electric Co. totalled $97,355,000 for the 
first six months of this year as~ compared 
with $65,651,000 for the corresponding 
period last year. 

Kear-Record Business for G-E.—During 
the first six months of this year the General 
Electric Co. received orders amounting to 
$217,265,619, an increase of 59'.per cent 
over the $136,968,597 received during the 
same period last year. The record first 
half year was in 1929 when orders amounted 
to $220,716,456. Orders during the second 
quarter of 1937 amounted to $111,518,589, 
compared with $77,398,718 for the corre¬ 
sponding quarter of 1936, an increase of 44 
per cent. The second quarter of this year 
was the largest, for orders received, since 
the third quarter of 1929. 

General Cable Appointment.—^R. S. Hop¬ 
kins has been appointed by the General 
Cable Corporation as manager of the New 
York City sales office, 205 East 42nd St. 

Roller-Smith Appointment—H. R. Kim¬ 
ball, 176 Federal St.,. Boston, has been ap¬ 
pointed by the Roller-Smith Co., New York, 
as district sales agent for New England. 

B-L Electric Appointments.—^According to a 
recent announcement of the B-L Electric 
Mfg. Co., St. Louis, Mo., producers of recti¬ 
fiers and condensers, changes in executive 
personnel have been made as follows: Har¬ 
old J. Wrape, president; Irvin W. Veigel, 
treasurer; Carl E. Peters, secretary; R. W. 
Mansfield, superintendent; Carl H. Massot, 
purchasing agent. 

New Motors.—The Century Electric Co., 

St. Louis, Mo., aimounces a new complete 
line of fractional horsepower motors in sizes 
from V# to V4 bp, repulsion start induction, 
single phase, split phase, capacitor, poly- 
p^se and direct current. This line is de¬ 
signed with interchangeable mounting di- ' 
mensions for a given horsepower size * 

Westinghouse Furnaces to Ford.—^The 
Ford Motor Co. has purchased from the 
Westinghouse Electric & Mfg. Co., 12 addi¬ 
tional bell t 3 rpe furnaces for annftftljTig- auto- , 
mobile body stock. Each furnace will be ' 
rated at 230 kw with a capacity for anneal- ^ 

^ two coils 52 inches in diameter, 48 inches ^ 

in height, giving a total loading of 32,000 ^ 

.P<^<b per charge. This new instaUation ^ 
will give the Ford Motor Co. a total of 38 
bell annealing furnaces, 24 of which are • 
of Westinghouse manufacture. 5 

Ground Itods.—Sectional Copperweld I 
.^ound rods and couplings for deep, low/- ^ 
resistance grounds are a new development, ^ 
jounced by the Copperweld Steel Co., 

Glassport, Pa. Cold-drawn for rigidity, the 1 
Copperw^d sectioiis : arc threaded on both s 

epds and joined as they are driven by means r 
of a threaded bronze coupling. It is a 


Porcelain Case Capacitors.—line of porce¬ 
lain case, high voltage, mica capacitors is 
announced by Aerovox Corporation, 70 
Washington St., Brookism, N. Y., for use in 
radio transmitters and for other electronic 
purposes. Each unit is housed in a 
porcelain case and is provided with heavy 
brass terminal studs and lock nuts. Capaci¬ 
ties range from .00005 to .1 mfd. as well as 
d-c test voltages from 2000 to 12,600. 

Reversing Motor Starter.—Allis-Chalmers 
Mfg. Co., Condit Works, Boston, has an¬ 
nounced a new rewrsing motor starter desig¬ 
nated type AP-7-R, furnished for 7Va hp, 
660 volts or less. The starter consists of 
two t 3 rpe AP-7 motor starter tmits, me¬ 
chanically interlocked so that either unit 
cannot be closed if the other is closed. The 
starter units are equipped with Ruptors— 
enclosing chambers which confine and de- 
potentiate the arc formed by circuit inter¬ 
ruption. Other features include large, sil¬ 
ver, double-break contacts; solenoid oper¬ 
ated, vertical make and break; unit con¬ 
struction, pole units consisting of individual 
molded bases mounted on a steel chassis, 
and enclosed temperature overload relays, 
affording positive motor protection; under¬ 
voltage protection inherently provided. 


LiteraAcure 


Switches.—Bulletin 54, 8 pp. Describes 
group operated air switches, tilting insulator 
type. Pacific Electric Mfg. Corp., 5815 
Third St., San Francisco, Calif. 

Circuit Breakers.—Bulletin GEA-2406A, 4 
pp. Describes type FKO outdoor oil-blast 
circuit breakers; 7500 volts, 400 and 600 
amperes, 50,000 kva, 2 or 3 poles, frame¬ 
work or pole mounted. General Electric 
Co., Schenectady, N. Y. 

Bakelite.^Bulletin, 16 pp., "The Versatile 
Service of Bakelite Materials." Describes 
the development of Bakelite resinous ma¬ 
terials, their general characteristics, proper¬ 
ties and applications. Bakelite Corp., 247 
Park Ave., New York City. 

Testing Equipment—Bulletin, 8 pp. De¬ 
scribes R-F signal generators, R-F oscilla¬ 
tors, service laboratories, oscillographs, 
power supplies, vacuum-tube voltmeters, 
?tc. The Qough-Brengle Co., 2815 W. 
19th St., Chicago, HI. 


^sffy be «hiven to depths of 40 o^^ 


Rectifier thbes.—^Bulletin, 44 pp.- De- . 
scribes various types of gaseous discharge! 
rectifito and Control recti^ tubes. Char¬ 
acteristics and applications are presented at 
length. Prices are listed. Electrons, Inc., 
127 Sustox Ave., Newark, N. J. 


Splices and Tapes .'—A new and revised edi¬ 
tion of this book, which includes such chap¬ 
ters as the importance of a perfect splice, 
requirements for a splicing compound, for 
adhesi-ve tape, and instructions for joining. 
The Okonite Co,, Passaic, N. J. 

Switchgear.—Bulletin GEA 2605, 18 pp., 
"Modem Switchgear," Summarizes 137 
separate products from the complete line of 
G-E switchgear and contains publication 
numbers of descriptive bulletins giving addi¬ 
tional information. General Electric Co., 
Schenectady, N. Y. . ’ 

Rubber Substitute.—^Bulletin 16 pp. De¬ 
scribes Neoprene, an engineering material 
with rubber-like properties which resists the 
deteriorating effects of oil, heat, sunlight, 
chemicals and oxidation. Among its ap¬ 
plications is that of insulating electrical 
cables. E, I. du Pont de Nemours & Co., 
Wilmington, Del, 

Neon Transformer.—Bulletin 143, De¬ 
scribes a neon transformer, the Acme "Auto- 
pak," to illuminate neon signs and displays 
installed in automobiles. No special equip¬ 
ment or extra generator is necessary as cur¬ 
rent is supplied from the regular automobile 
generator. The Acme Elec. & Mfg. Co., 
1446 Hamilton Ave.; Cleveland, O. 

TemperatimeBrstruments.— Catalog 1060C, 

66 pp. Describes indicating and recording 
temperature and pressure instruments. 
Much of the data on the latest de-velopments 
in these instruments has not heretofore been 
published. Numerous illustrations show 
the manner of operation and how the instru¬ 
ments are serving the process industries. 
C, J. Tagliabue Mfg. Co., Park & Nostrapd 
Aves., Brookl 3 m, N. Y. 

Cables. Bulletin C-27, 20 pp. Describes 
Anaconda Duraseal cable, a non-metallic 
sheathed cable for. direct burial in the 
gro-und. In addition to complete descrip¬ 
tions of the types available and their uses, 
helpful information relative to application, 
installation and other engineering data are 
included. Anaconda Wire & Cable Co., 25 
Broadway, New York City. 

Motom'—Catalog 60 pp. Describes con¬ 
struction features, ad-vantages and applica¬ 
tions of practically every commercial type 
of motor. Included are engineering data on 
various types of special motor applications 
and construction. A detailed analysis is 
presented on the characteristics of squirrel- 
cage motors, motors for centrifugals, etc. 
The Louis Allis Co., Milwaukee, Wis. 

Insulation Test Set-r-Catalog E-54(l), 4 
pp. Describes a new insulation resistance 
test set, using a guarded circuit, entirely 
free from the effects of leakage currents. 
Switches are designed to simplify opera¬ 
tion and eliminate calculation. Calibration 
of the galvanometer deflections is facilitated 
by the specially designed Ayrton shunt. 
Simply turning the shunt to the calibrating 
portion automatically connects ^e circuit 
foT calibration. Results are obtained by 
nierely dividing the calibration reading by 
the test reading. The instrument con- 
fomis with the ASTil "StandUtd Methods 
of Test for D-C Resistance pf Insulating 
Materials." Leeds & NOrthrup Co., 4962 
Stenton Ave., Philadelphia, Pa. 
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Resistered U. S. Patent Office 


for September 1937 — 


Ensineering Education and Democracy 
Electrical Accidents 

Proposed Test Code for Apparatus Noise Measurement 
The American Engineering Council 
The Selection and Training of Engineers 
Engineering Income and Earnings. 1929-34 
Electrical Applications in Bethlenem's 72-Inch Strip Mill 
Some High Lights in the Use of Electricity in Steel Mills 
Two-Reaction Theory of Synchronous Machines 
With Any Balanced Terminal Impedance 
Resistance Characteristics of Tellurium and Silver- 

Tellurium Alloys 

Regulation of Grid-Controlled Rectifier 

Tension Measurement and Control in Cold-Strip Mills 

Mechanical High-Speed Resistance-Welder Control 
Double-Line-to-Neutral Short Circuit of an Alternator 

Flywheels for A-C Generating Units 
Coupling Between Parallel Earth-Return Circuits 

Under D-C Transient Conditions 
Carbon Brushes for Steel-Mill Equipment 
The Design of Inductances for Frequencies Be- 

tween 4 and 25 Megacycles 

Matrices in Engineering 

Short-Circuit Protection of Distribution Ne^orks ^ 

by the Use of Limiters 

Extension of 2-Reaction Theory to Multiphase ^ 

Synchronous Machines 


Robert E. Doherty 

..1073 

W. B. Kouwenhoven 

..1077 
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..1177 
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HifpfL Lj^Ltis 


Coupling Between Earfh-Retum Circuits. 
Induced voltages recorded in communica¬ 
tion circuits paralleling d-c electric railways, 
at times of short circuit on the railway, 
have shown marked divergencies from 
computed values. Because of the numer- 
o^ factore that might contribute to these 
divergencies, experimental studies of the 
transient coupling between parallel earth- 
return circuits, free frota the effects of 
shielding conductors, and with concen¬ 
trated rather than distributed grounds, 
have been made in order to provide a better 
understanding of the problem [pages 1159- 
64), 


American Engineering Council. From its 
very begin^g, in 1920, American Engineer¬ 
ing Council has aimed to aid the engineering 
profession in presenting a united front in 
matters of interest to government and to 
the public. A review of some of the prob¬ 
lems, policies, and activities of AEG, pre¬ 
pared by the president of Council, appears 
in this issue (pages 1082-4). A report on 
coal-price fixing and the Bituminous Coal 
Act of 1937, from a current "news letter" 
of AEC is included in the news section 
(pages 1211-12). 


Electricity in Steel Mills. This issue con-, 
tsms 4 papers on the applications of elec¬ 
tricity in the manufacture of steel products. 
One summarizes the entire range of elec¬ 
trical applications in steel mills (pages 
1115-23); a second describes a 72-inch strip 
mill (pages 1105—14)] another describes 
more specific uses of electricity in the meas¬ 
urement and control of tension in cold- 
strip mills (pages 1141-4); and a fourth 
indicates the important characteristics of 
carbon brushes for steel-mill equipment 
(pages 1165-8), 


Limiters. One solution to the problem of 
providing short-circuit protection for sec¬ 
ondary distribution networks consists of 
the use of "limiters," which are reduced 
metallic sections incorporated in coimectors, 
lugs, or other connecting devices used in 
normal cable installation procedure. A 
large eastern metropolitan power company 
has installed 16,000 of these devices on its 
, distribution system during the past year 
(pages 1191-6). 


Inductances for TTltrahigh Frequencies. 

short-wave (or ultrahigh-frequency) 
who receivers becoming common, it is 
important that the inductances for these 
receivers be properly designed. From the 
results of experimental and analytical 
studies of the resistance of small single¬ 
layer inductances for frequencies between 


4 and 26 megacycles, a procedure has been 
dedu<»d for the "optimum" design of 
such inductances (pages 1169-76), 


Middle Eastern District Meeting. Akron, 
Ohio, world's largest rubber manufacturing 
center, will be the ^ene of a 3-day meet¬ 
ing of the AIEE Middle Eastern District, 
October 13--16, 1937. A program includ- 
tecluucal papers, an excellent variety 
of inspection trips to local industries, an d 
sporte and social events has been arranged. 
A District student conference also will be 
held during the meeting (pages 1205-07). 


Engmeers’ fricome. The earning power of 
^gineers vanes widely, according to 
mformation obtained in a comprehensive 
survey of the profession in which incomes 
for. 1929, 1932, and 1934 were reported. 
Striking differences exist within each pro¬ 
fessional class, and withm each group classi¬ 
fied on the basis of educational background 
(pages 1089-1104). 


Matrices in Engineering. The matrix 
not only is "a conv^ent notation that 
summarizes in a natural and convenient 
fow whole groups of operations, but . . . 
it is ... possible to solve the sets of differen¬ 
tial or algebraic equations written in matrix 
form in a most convenient manner" (pages 
1177-90). 


Resistance Welder Control. FuUy auto¬ 
matic repeat control devices are needed to 
obtain maximum operating speeds in re¬ 
sistance-welding machines without sacri¬ 
ficing the quality of the welds. Operating 
speeds of 360 or more welds per minute are 
said to be made practical with a new tsqie of 
control equipment(^gM 1145-8). 


Selection and Training of Engineers. 
Many members of the Institute will recall 
having heard Retiring - President Mac- 
Cutcheon speak on this subject at their 
local Section meetings during the past year. 
In response to many requests, Mr. Mac-^ 
Cutcheon has prepared this address for 
publication (pages 1085-8). 


Noise Test Code. A proposed test code for 
apparatus noise measurement • has been 
dweloped by an AIEE subcommittee. 
The purpose of this code is to establish 
uniform methods of conducting a^ nd re¬ 
porting sounddevel tests on apparatus. 
Discussion is invited 

Silver-Tellurium Alloys. Compensation of 
temperature errors in electrical instruments 
may be acc^pUshed by the use of series re¬ 
sistors having negative temperature coef¬ 
ficients of resistance. A method of making 
such resistors of tellurium and silver has 
been described 1125-55). 


n 


ElecWc Shock. That low-voltage house 
circuits can give fatal shocks is shown by 
the death of from 100 to 200 persons an¬ 
nually in the United States from this cause. 
Preventive meMures will reduce the hazard, 
and resuscitation will save many victims 
(pages 1077-9). 


Alternator Short Circuits. Formulas for 
armature <^ents in the faulted phases and 
for the main field current at any time after 
the short circuit have been developed for a 
double line-to-neutral short circuit of an 
alternator (pages 1149-55). 


Engkeering Education. An erninent engi¬ 
neering educator has prescribed a new typt 
of engineering curriculum for undergraduate 
students, intended to produce ensdneers 
interested in assummg places in public 
leadership (pages 1073-6). 


Prize Awards. National and some Dis¬ 
trict prize awards for 1936 AIEE t^nTimVai 
papers were annotmced in the June issue; 
additional awards, for Districts 6 and 8,’ 
have now been announced (page 1208). 


Flywheels for A-C Units. A compendium 
of die theory of flywheels for a-c generating 
units and of the parallel operation of such 
units is included in a paper in this issue 
(pages 1158-60). 


The 2-Reaction Theory. Extensions of the 
2'-teaction theory as applied to multiphase 
ssmchronous machines are inolnded in 2 
papep in this issue (pages 1124-7 and. 1197- 


Rectifier Regulation. Several factors may 
affect the angle of delay'* which is used in 
calculating the regulation of grid-controlled 
rectifies, and their effect should be in¬ 
cluded in the determination (pages 1134-40). 


Letters to the Editor. Comments on 
AIEE publications and incandescent-lamp 
voltages appear in the "letters” columns of 
this issue (pages 1212-13). 


DISCUSSIONS 

Appeering in this issue are discussions 
of the following papers: 

Watt-Hour Mater Bcarinst— Kinnard and Goss 1202 



1072 


Electrical Engh^bring 



Engineering Education and Democracy 

By ROBERT E. DOHERTY 

FELLOW AIEE 


REVIOUSLY I have 
had the privilege of dis¬ 
cussing before the In¬ 
stitute^ and elsewhere^'cer¬ 
tain problems of engfineering 
education, especially those re¬ 
lating to the undergraduate 
program. On such occasions 
I have stressed the importance 
of a thorough understanding 
of fundamental science and 
have expressed concern over 
the relatively high degree of specialization in under¬ 
graduate work at the expense of such understanding; 
I have contended, moreover, that educators should give 
to students, a start toward that rounded-out education 
which is so essential to professional activity on a high 
plane, and which is indispensable in placing, engineers in 
effective leadership alongside other professional men. 
This latter phase I shall now discuss further, and 
emphasize as much as possible the critical necessity for 
prompt attention to this matter. Educational machinery 
for readjustment moves slowly; the process of bringing 
young men from freshman year to professional maturity 
requires from 15 to 20 years; and social and economic 
change continues at an accelerated rate with little or no 
intelligent control. Hence time is important. 

Increasing complexity confounds us. Technology with 
all its blessings yet subverts traditional habits and atti¬ 
tudes of mind; narrow specialists multiply endlessly; 
interdependence of individuals and of communities in¬ 
creases apace; pressure groups spring up on all sides; 
rackets thrive; selfish interest reigns supreme. Sur¬ 
rounded by all of this, we find ourselves, our hopes for 
our children, and the great possibilities of American 
democracy, primarily in the hands of confused lawyers 
and economists. They are not to be condemned; on 
the contrary, they are to be given great credit for at least 
some serious thought regarding the matter. Merely, things 
have moved too fast for them. But to what extent has 
the engineering profession taken a hand? It has added 
fuel to the technological flame that has illuminated and 
warmed the whole social community with physical comfort 
and convenience, but apparently it has not occurred to 
the profession that the flame, though beautiful and inter¬ 
esting, may yet consume us. Engineers, who understand 
technology, must give more thought to consequences. 
They, in common with lawyers, economists, and other 
responsible professional people, must consider a new kind 
of educational preparation for their oncoming generations, 
for if these generations grow Up with the limited imder- 
standing, and with the attitudes that cha,racterize present 
professional groups, it would seem our hopes are forlorn. 


because the enemy’s strength 
now is growing faster than 
ours. 

Believing, as I do, that new 
professional attitudes are es¬ 
sential and that these can be 
created in sufficient strength 
only by education of the pro¬ 
fessional generation yet in 
college, or just graduated; 
and believmg further, that the 
accomplishment of adequate 
changes in educational programs will require, first, the 
adoption of a significantly modified philosophy by both 
educators and industrialists; and still further, that to 
change’attitudes in older generations regarding education 
itself is difficult—believing these things, I have grown to 
be less optimistic. In any case, the first basis for opti¬ 
mism win be a concerted move toward a readjusted 
philosophy. 

What are the fundamental attitudes from which our 
thinking should proceed? More specifically, what is the 
fundamental attitude? What others are implied? 

Unquestionably we must start from the premise that 
competent citizenship is the first responsibility, and that 
the more the individual’s educational opportunity is ex¬ 
tended, the greater this responsibility. This aspect of 
educational philosophy, although recognized here and 
there, is almost wholly overlooked in higher education. 
Great credit and gratitude are due those educators that 
preside over primary and secondary education for 'their 
attitude in this connection, but "the matter must not rest at 
that point. Competency as a citizen requires more than a 
preliminary knowledge of the origin, purpose, and form 
of our government, "the early disposition to co-operate and 
accept majority opinion, and "the o'ther attitudes culti¬ 
vated in the first levels of education. It requires, as well, 
^ecially of the better minds that have had the privilege 
of higher education, an understanding of principles and 
forms of government, a cultivated abili'ty and a'ttitudeto 
weigh the complex issues that arise; and some feding of 
obligation to decide intelligen'tly and give support to 

Essentially full text of an address presented at a meeting of the AIBE Lehigh 
Vall^ Section, Bethlehem, Pai, May 14, 1937. 

E.OBBKT E. Dobbrty is president of Carnegie Institute of Technology, Ktts- 
burgh. Pa. Doctor Doherty served as a designing en»neer for the General 
Electric Company, Schenectady, N. Y., from 1910 until 1920, when he becanie 
an assbtant to Doctor C. P. Steinmetz (A*90, M’9l, F’12, and past-presidwt). 
Upon the death of Doctor Stdnmetz in 1923, Doctor Doherty became con- 
sttltSng engineer for the General Blectric Company, ^ and served in. that 
capacity until h* became professor of electrical engineering at Yale^Umvewty 
in 1931. In 1932 he was appointed dean of the school of enpn^ng, and in 
1986 was elected president of Carnegie Institute of Technology. ^ 
served on numy of the Institute’s technical and general committees, and has 
contributed mudi to technical literature. 

1. For all numbered references, see list at end of article. 


Most ensineers are agreed that the engineering 
profession is not sufficiently active in civic and 
governmental affairs/ that engineers are not 
sufficiently insistent in voicing their opinions to 
public officials who administer affairs vital to 
the profession. With a view to the future, an 
eminent educator here prescribes one form of 
engineering education intended to build engineers 
interested in assuming their places as effective 
citizens in our democratic government. 
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tlie decision. Our experiment in democracy rests four- as a citizen and as a professional man active in matters 
square upon the assumption that the citizens themselv^ that affect environmental relationships in society, the 
are competent to settle issues wisely. My question is: engineer is under obligation to be prepared forthisresponsi- 

mostof diose, including engineers, whose minds are trained bility, and he should not be regarded as an engineer in 
to think carefully, are to be directed merely to enteiprises the professional sense without it. The civic aspect of this 
tliat create still more of the social and economic complex- responsibility already has been discussed. I now add the 
ities that confound us, who will do the thinking in our com- professional, since the educational prepar 


ities that confound us, who will do the thinking in our com 
munity and national life? For, after all, are we not in¬ 
terested quite as much as a nation in where we are going 
and taking our children, as in the thrill and fascination of 
the journey itself? If we are not interested as trustees of 
American freedom, then are we not interested as parents 
of our children? I can answer the question. If more pro¬ 
fessional people, who presumably are trained to think^ do 
not take interest in these matters, then the future talent 
exercised upon the problems of state will be unchanged, 
and the result is clear. The American experiment is too 
great, its ramifications too complicated, its growth in com- 
plexitv- too raoid. its values tnn nrA/'imic -frv Ka 'U<rv 


professional, since the educational preparation for the one 
k also for the other. 

Some two-thirds of all engineering graduates eventually 
have entered work involving personnel management, and 
perhaps half that number have assumed this reponsibility 
in a major way. The dark labor situation that recently has 
sprung up throughout the country indicates the extent to 
which engineers, even though involuntarily, are rapidly 
being thrown by the onrushing technological tide into 
positions where their plans and decisions may have per¬ 
vasive social implications. No other group is in such a 
key position as are engineers to make great contribu- 
plexity too raM Its values too precious to be guided by tions to industrial peace. By virtue of such a position 
emobon and sel^ mt^t A ^cc^ful issue of the ex- which yearly is growing in importance, engineej profe 

^ment d^ds gmctoce that .s based on intelligent, sional responsibiEty is an additional reak,n for their a^ve 

d.sp^.onate study, and tins cannot come from a mete interest and competency in dealing with social an^ 
handful of men; .tmust, by ^ very nature of democracy, nomic problems, and in framing an education^ p~ 

ship is our first responsibility, and that this responsibility concemea. 

What, then, are the practical implications regarding the 
curnci^? Stated generally, they are the necessity for a 
re^s^bution of time and emphasis, and the question of 
whether industry is willing to assume a share of the 
responsibility by accepting graduates with broader and 
thorough training, but with less specialization. 
tt>' and business must be willing to acceprgraduater^4" particular matters I wish, in the 

training less specialized then they now have I wish to ° discussion, to dispense with certain 

discuss the problems into which wrslodl^u^^ r ^he first place the 

confining myself to engineering education and to industries Wh ® become confused or 

that absorb engineering graduates. r by ^“^bon of the 5-year curriculum. In the view 

industrials that built 

WTiat would engineering education do if industrv «raw ^ ^ mefl&aently, the way to get increased output 
it a fme baud? The fonfwing is whaU ^gW^ ^ 

what I Uuuk it ought to do: The iudispeusable ^^f Profitably drawn when the 

engm^g education, in my opinion, are an ^d^d — Unquestionably some student. 

the purpose ^ 


ixiai. auQ xnat tms responsibility 

becomes proportionally greater as the educational privilege 
is extended. 

If this point of view is once again seriously accepted, 
then new attitudes are implied in higher education and 
business. Professional education must devote to this end 
more of the precious time in its programs, and this means 
either that the programs must be extended, or that indus- 


-year pto m pressed. Unquestionably some students 

ffloney, to spread their 
undergraduate level, and 

p^ pf thOT ^uld extend formal education into gradu- 

^usc would S- 
t«*nical specialists. All 

fi ♦ * .—^*«cuce. jBotn are necessarv ‘Vi c+t great mass of those who 

^em we shall education. But having provided because we feel rk Professional lives either 

Uoni and anytZ^fTi^rrr.* '^^^ 


Of utiHty- 

alone is not »=ian« 

the method S ^ 

.1,0 fi—*... . . ure saence. Both are necessary. So 


th-P; and anything 

“de wtoberevarfM techmeal, scientific 

But T fiarued as specialization. 

It sbouId^Xd/S we change the definition, 

backfirounrf j.*. . ^ ^®<I^«iient of an adequate 


that the nnW Wo, + J x'— oi inaustnalists, 

^al« “ because certain 

SSilt “dustnes require at graduation special- 
Skills ^t could equally or better be learned on the iob 


background and rtiS . teqmremeat of an adequate can beprenated ““ ‘“P"*' gtaduates 
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leaders of industry whose views I do not know, but prac- to be taken. The things that cultivate those definite out- 
tically every one of them whose opinion I have read or comes must be considered, and traditional courses in 
heard has not urged specialization, but breadth of view, history, English, economics, government, and sociology, 
The classical report of the Society for the Promotion of will not accompli^ the purpose. In the first place, there 
Engineering Education (1923-29) includes composite would not be enough time for the student to cover these 
opinions of industrial leaders and practicing engineers subjects in the traditional way, and secondly, even if he 
regarding the character of education desired in an engi- did so, he would not achieve the ends, 
neer; and questionnaires of similar propose have been 

analyzed and reported in numerous other publications. What, then, should be the outcomes? I recommend (1) 
One certainly cannot conclude from the well-known results a clear historical understanding of the parallel growths 
of these inquiries that in general industry demands special- of science and engineering, on the one hand, and social 
ized training at the expense of fundamental breadth and customs, relations, and institutions, on the other, and how 
humane understanding. Yet the necessity of retaining these have reacted on each other. In other words, a his- 
existing courses of specialized nature seems to hinge on torical perspective of social evolution, especially since the 
the idea that a graduate will not be able to get a job if he invention of the machine: (2) The ability to read pur- 
does not have them. To whatever extent it is true that in- posefully in order to make a critical analysis of a problem 
dustry, by insisting upon the teaching of special, routine involving social and economic elements, and arrive at an 
skills, prevents us from educating our students along intelligent opinion about it. The ability to analyze tech- 
broader lines that seem to be so clearly necessary, then to nical problems does not, as sometimes assumed, imply an 
that extent it becomes our responsibility to convince in- ability to analyze these others: (3) The ability to organize 
dustry that its position is ill-advised. The stakes are too thoughts logically and with purpose: (4) The capacity to 
large in this matter to permit a narrow view of a small use the English language and thus e3q)ress those thoughts 
part of industry to dictate general educational policy. In effectively: (5) Appreciation of English literature: And 
any case, I set down as the problem before us, a 4-year pro- (6) a continuing interest in all these matters, and thus the 
gram that will recognize the educational policy outlined, desire to become educated. 

and yet be a preparation for entering those fields that now These outcomes imply the general character of the social 

employ engineering graduates. stem of the curriculum. They imply extensive and care- 

The first critical question is the distribution of time fuUy selected reading and seminar or class discussion dur- 
between the technical and social phases, or stems, of the ing the first 2 years, in order to acquire general background 
curriculum. This will depend in a limited way upon such and to establish clear conceptions of both the decisive 
factors as the field of activity for which students are pre- turning points in social development and the attempts that 
paring. For instance, a course looking primarily to have been made by social scientists to generalize from the 
management would demand a larger portion of the cur- recorded experience. This preliminary study must not be 
riculum for the social phase than one looking primarily to too detailed. It must be directed toward establishing an 
technical engineering. Moreover, if the students were over-all pattern that can be examined as a whole. What 
divided into general course and honors groups, as pre- is essential is a clear picture of the general features of the 
sumably they will be more and more, the programs of the highway system by which civilization has reached its 
honors group probably would include more time for the present stage—^the jimction points, the sign posts and 
social stem. Naturally, individual judgment as to the traffic signals, the most general character of the main 
division of time also will vary. My own opinion is that the routes, and possibly some of the important detours. The 
social stem should be accorded from one quarter to per- less essential features of the individual highways, of the 
haps one third or more of the total time, depending upon scenery and towns along the way, and of detailed social 
the factors referred to. customs must be left to future study when more time 

There is an additional specification regarding the time may be spent in a particular section. I cannot emphasize 
distribution: the social stem should be continuous. The too strongly the importance I attach to such an integrated 
purpose is to build up a habit of mind; to create a desire view. It must be achieved at aU costs, but it does not 
to become broadly educated; to cultivate a stem which cost much. There is adequate time in 2 years if only one 
will continue to grow after graduation. And I am clear can restrain the habitual insistence of many textbook au- 
that this cannot be accompHshed by discontinuous effort, thors upon the gorging of details, and of instructors thus 
The program must be continuous and sequential^ begin- to administer them. With such a general picture in inind, 
ning in the freshman year and extending through the subsequent study of problems and subject matter regard- 
s^ior year into professional life, ing a particular area Ihen becomes both intelligent and 

The second critical question is the specific nature of the interesting. ^ ^ ^ ^ ^ ^ ^ ^ ^ 
social and economic side of the program. What subjects In the last 2 years only a few special problems should be 
should be included? How should they be taught? I have studied; that is, definite social and econoihic questions 
found only one way hi which to answer these questions, about which the student would be required to read under 
It is first to state sjpecifically the outcomes desired, and competent guidance, and come to an intelligent opiniom: 
th<»T? frninp the program so that it will achieve these out^ He ^ould have 3 or 4 of these in the junior year, one or 2 
comes. Perhaps the program cannot be defined in tradi- in the senior, each being more difficult than the last, and 
tional terms; iherely of subjects to be studied and course have the responsibility of defending his ^lution, pre- 
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sented in an essay before a small seminar—^not more than 
7 or 8 participating students, each of whom had read the 
essay. Such a program would not involve many scheduled 
classes, especially in the last year. There would be 
seminars only at times when problems were ready for re¬ 
view, and a few other meetings found to be necessary to 
keep students under way. These latter would occur more 
frequently at the beginning of the junior year, and almost 
not at all in the second semester of the senior year. But 
the transition from frequent meetings to few is. necessary. 
The rest of the time would be devoted to reading, study, 
and writing. 

I wish to stress especially this feature of independent 
study of a question. It gives actual experience in doing. 
One can read for background, take course after course in 
this and that, but until one has actually gone through 
the process of reading around a question and has one’s 
self thus formed an intelligent judgment that must stand 
the test of critical discussion—^until then, one has missed 
a fundamental first step in achieving a disciplined intel¬ 
lect. And if that educational experience is not acquired 
in college, it may never be. 

May I add one or 2 more comments about this particu¬ 
lar feature of the plan? I may be accused of proposing 
graduate activity in undergraduate work. Perhaps I am. 
Undergraduate students may seem immature, but I feel 
that the character of much undergraduate work tends to 
keep them so. I am convinced that the soond: they can 
be introduced to the medtod, however simple the problem, 
of high-grade graduate activity, the more we shall help 
students achieve intellectual maturity. 

Or it may be said I am proposing merely an honors 
course, after the English model. Perhaps l am. There is 
this distinction, however, that simplffies our problem: 
Here the student’s reading centers around a specific ques¬ 
tion, not a whole fidd. Indeed, he may be led to read in 
2 or 3 fidds to solve his problem, but his entire activity 
has a perfectly definite focus, and the character of the 
problem alwajrs can be adjusted to his ability and avail¬ 
able time. 

Finally, it may be suggested, and with some reason, 
that such a program would be too expensive and admini- 
strativdy compKcated, but it is not as bad as it appears. 
The first 2 years would be largdy class work as to time 
and s^edule, but with emphasis different from the usual. 
And in lie last two, although much of the guidance may 
be individual in character, the conferences would not be 
frequent—p^haps biweekly. And those aspects of the 
work which, in the earliest part of the junior year may seem 
to require more frequent meetings, are those which can be 
^dled m group meetings. Moreover, I acknowledge 
that a po^on of the class may require group guidance for 
an extended period, and these should be so guided. Al¬ 
though the program may involve careful planning, the 
v^ues are too great to forego, especially for those students 
who can pursue the work with a minimum of guidance. 

Retmning now to the other features of the program im- 
^ proposed outcomes, I have mentioned the 
a ty 0 organize thought and to express it effectively, 
ngorous discipline in achieving logical relationships of 


ideas, and in writing, should be a characteristic of the pror 
gram throughout the whole 4 years. Through the medium 
of essays, very simple at first, the student’s mind should 
be kept in constant challenge as to logical thought and 
statement. 

With respect to an appreciation of English literature, I 
confess I see no better way to foster this than the best 
type of English courses. The purpose should be to create 
an interest and desire to read for pleasure; it should not 
be to cover as much literary ground as possible. By the 
way, one theory I have heard for covering much ground is 
that it is the last chance to tinge the poor engineer with a 
little culture! Thus the requisites I would specify are in¬ 
teresting subject matter, interesting class discussion, in¬ 
teresting essays. 

Summarizing, I have thus outlined the nature of the 
program I would recommend as the social stem of the 
engineering curriculum. The educational values are as 
follows: All reading and study would be focused upon a 
d efin ite, clearly visible objective; counsel of a mature 
mind; experience in pursuing independent critical study, 
in discriminating between the important and the trivial, 
in forming intelligent judgments, and in organizing 
thought logically and with purpose; the discipline of in¬ 
telligent criticism by other minds; and the unmatched 
incentive to fruitful effort by the student of his “coming 
to bat’’ before, and in competition with, his associates. 
And I think I am justified in adding that it will create in 
many students the desire to contmue reading and study 
after graduation. Experimentation for 4 years with such 
a program in junior and senior years gives me confidence 
that the outcomes implied in the proposed educational 
policy can be achieved re^onably; they certainly can be 
fully achieved with the better minds. 

Is it worth whjle? Is America worth while? I do not 
suggest that this particular program is the final answer 
to the problem. It is still at experimental stage. And 
there may be many other ways to accomplish the puipose. 
But I do insist that we cannot escape the responsibility 
of striving toward the outcomes I have indicated, and 
insist, further, that the present typical educational pro¬ 
grams do not achieve them. And even if adequate 
programs may cost slightly more, and require sacrifices 
in the specialized courses on the technical side, I repeat 
the question. Are they not worth while? For what is to 
be gained by preparing engineers to continue their building 
of a physically magnificent structure only to have it tom 
down ultimately by the uncontrolled, unintelligent forces 
of selfish interests and vandalism? 
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Electrical Accidents 


By W. B. KOUWENHOVEN 

FELLOW Alffi 


M AN-MADE electric 

shocks are not modem. 

The first shock re¬ 
corded in literature was re¬ 
ported by Galvani in 1780. 

The first fatal electrical acci¬ 
dent occurred in France in 
1879. In the United States 
the present death rate due to 
electrical accidents is one per 100,000 of the population. 
Approximately one-half of the electrical accidents re¬ 
ported result in fatalities. Some fatal accidents occur 
on low-voltage circuits and the house circuits account for 
the deaths of between 100 and 200 persons annually. 
With the increased availability of electric power and the 
new uses that are advocated, there is the possibility that 
electrical accidents may increase. It is the duty of 
engineers to acquaint the public with the dangers that 
do exist, so that undue hazard may be avoided. 

Madachlan^ has published an excellent study of 479 
cases of electric shock for which complete data are avail¬ 
able. He showed that men are more commonly injured 
than women and that the ages of the greatest incidence 
of shock lie between 15 and 30, perhaps owing to the 
greater carelessness of youth. Accidents are more com¬ 
mon in the summer months, as the result of the smaller 
protection offered by the clothing and the presence of 
perspiration, which lowers the skin resistance. Mac- 
lachlan found that accidents are more common at the end 
of the working day when fatigue is at a maximum. He 
reported that the current path through the body is 
generally from the right hand to the feet. 

Factors Involved 

In every electrical accident there are 6 fa,ctors which 
influence the result. These are, first, the type of circuit 
with which contact is made; second, the voltage of the 
circuit; third, the resistance offered to the flow of current; 
fourth, the value of the current; fifth, the current pathway 
through the body; and sixth, the dmration of the contact 
with the circuit. 

Type OF Circuit 

The t 3 Tpe of circuit^ with which contact is made affects 
the resulting injury. For example, low-voltage alter- 
na,ting current is more dangerous than the corresponding 

An address presented at the exercises commemorating the 26th anniv^ary of 
the engineering school of The Johns Hopkins Umversity in Febroary 1937. 

W. B. XoiTWBNHOVBN is professor of electrical engineering and assistant dean 
of An gintMM-ing at The Johns Hopkins University, Baltimore, Md. He is a 
director of the AIBB, and a past vice-president. Doctor Kouwenhoven has 
served on many Institute committees, and is the author of several papers on 
the subject of electric shodc. 

1. For all numbered references, see list at end of paper. 


continuous voltages. On the 
contrary, d-c circuits above 
1,000 volts are more dangerous 
than a-c circuits of the same 
voltage. Experimental 
studies® have shown that there 
is little if any difference be¬ 
tween commercial 25- and 60- 
cycle circuits. 

The tetanic contraction of the striated musculature of 
the body caused by contact with d-c circuits is not as 
severe as that produced by alternating current. The lat¬ 
ter will sometimes throw the victim clear of the circuit. 
Experiments made with the lightning discharge of an im¬ 
pulse generator on animals showed no evidence of mus¬ 
culature contraction. 

Voltage 

High-voltage circuits are recognized as dangerous and 
are carefully avoided by everyone. The public considers 
the low-voltage house circuits as perfectly safe; this, how¬ 
ever, is not the case, as already has been stated. The con¬ 
traction of the muscles when good contact is made with a 
low-voltage circuit is usually insuflGicient to throw the 
victim clear. He is held in contact with the circuit and 
death may result. Many of these low-voltage accidents 
could be avoided if the public appreciated the danger and 
realized that electricity, although a good servant, is a bad 
master. 

Resistance 

Greatest protection against electric shocks, particularly 
those caused by low-voltage circuits, lies in the skin. The 
resistance that dry skin offers to the flow of electricity 
ranges from 70,000 to 100,000 ohms per square centimeter. 
Its value depends to a certain extent upon the callousness 
of the skin. Once the current enters the body, the tissues 
offer only a relatively low resistance to its flow. 

When the skin is thoroughly moistened by washing 
or perspiration, its resistance falls to less than one one- 
hundredth of its dry value. It is under these conditions 
that contact with the low-voltage circuit is dangerous. 
Contact with electric circuits riiould be made impossible 
in kitchens, bathrooms, cellars, and industrial locations 
where moisture is present. 

Considerable heat is generated in the epidermis at the 
points of contact with the circuit, because of its high re¬ 
sistance. If the victim cannot release his hold and contact 
with the circuit continues for even a short time,^ the tem^ 
pdHture may be raised to a sufficient degree to produce 
blisters. These break down the skin and destroy com¬ 
pletely any protection that it had initially offered to the 
flow of current. 


Six factors influence the result of an electric 
shock: type of circuit, voltage, resistance, 

current, current pathway, and duration of contact. 
Preventive measures will reduce the hazard, and 
resuscitation will save many victims, according 
to information summarized in this article, which 
is based on reports previously published. 
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Current 

The sensitivity to electric currents varies widely. Some 
individuals can detect the presence of currents of one 
milliampere or less, while others require several times that 
amount in order to be certain that a circuit is alive. In any 
electrical accident, Ohm’s law determines the current that 
flows, and it is the passage of this current through the 
body that determines the injury produced. The question 
naturally arises: What value of current is dangerous? 
The writer believes, because of the results of laboratory 
experiments and field data, that an alternating current of 
one-tenth of an ampere at commercial frequencies is suflfi- 
cient to cause death provided it flows through the vital 
organs. This does not mean, however, that a curr^t of 
20 amperes will make death more certain. In fact the 
opposite is more often the case. The reason for this 
apparently anomalous statement is due to the fact that the 
flow of a small current through the chest may be sufficient 
to destroy the normal rh 3 rthm of the heart and to throw 
that organ into ventricular fibrillation. Under these con¬ 
ditions, the circulation of the blood ceases and death en¬ 
sues as the human heart rarely recovers its regular beat 
spontaneously. A large current, however, produces a 
severe contraction of the body musculature including that 
of the heart and holds that organ at rest. Then when the 
circuit is broken, provided the duration of the contact is 
brief, the heart automatically resumes its activity. 

Current Pathway 

The path that the current follows in its passage through 
the body is of great importance. In general, if no vital 
organ lies in the pathway, no serious injury results. For 
example, in experiments with rats when the electrodes 
were attached to the 2 hind legs, all but 2 of the animals 
survived a 2-second shock from a given circuit without 
injury. When, however, the electrodes were shifted to the 
forelegs all of the animals died. The currents and voltages 
were the same in both experiments. Once the current is 
inside the body, it spreads out in a more or less fusiform 
shape, assuming uniform specific resistance for the tissues. 
It is difficult to believe that any appreciable current passes 
through parts of the body that lie far outside of the main 
current pathway. There are, however, accident cases on 
record where unconsciousness followed the passage of a 
current between 2 fingers on the same hand or 2 points on 
the same leg. In such cases, no current flows through the 
central nervous system and the action must have been 
caused by the sudden shock and the resulting vasomotor 
changes. 

The brain appears to be relatively easily injured by the 
passage of an dectric current, and in legal electrocution 
one electrode is placed on the head, Fortunately, in most 
industrial accidents the brain does not lie in the current 
path; however, the heart and respiratory apparatus are 
often injured. In many dectrical accidents the current 
in passing through the body produces a block in the ner¬ 
vous ^stem. This prevents the normal stimuli from the 


i? 

Duration of Contact 

The duration of the contact with the circuit is extremely l 
important in determining whether an individual will sur- | 
vive or not. There is usually little data available in cases | 

of human accidents as to the length of time that the cur- i 

rent flowed through the body. In our first series® of ex- j 

periments on animals in which they were subject to shocks I 
of different voltages, the importance of the time factor was 
clearly demonstrated. In general, the higher the voltage, | 
the shorter the time during which the circuit may remain I 

closed and there be hope of resuscitation. Fortunately, I 

due to the violent contraction of the muscles when contact ; 
is made with high-voltage circuits, the shock is usually of I 
short duration. 

Preventive Meastires 

It is the duty of qualified persons to acquaint the public 
with the rules for the safe handling of dectrical circuits 
and devices. It is the duty of the designing engineer and 
architect to reduce the low-voltage hazard by specifying 
highest grade equipment and so installing it as to make 
humanly impossible, as far as practicable, contact with a 
live circuit, especially in damp locations. The floors of 
such places are usually of concrete or similar electrically 
semiconducting material. Keeping in min d the fact that 
in most accidents the current flows from the hands to the 
feet, the building designer might well consider the question 
of providing an insulating floor covering. The manufac¬ 
turer of power-operated hand tools and their accessories 
should use ample amounts of the best grades of insulation 
because the best is none too good. 

Resuscitation 

The problem of the resuscitation of a shock victim di¬ 
vides itself into 2 fields, namely, the treatment of the fibril- 
lating heart and of cases of paralysis of respiration due to 
nerve shock. 

Countershock 

The statement has been made that small amounts of 
current are sufficient to throw the heart into ventricular 
fibrillation, but that when a large current flows, the heart is 
held quiet because of the strong musculature contraction. 
Experiments were carried out in which the heart was first 
thrown into ventricular fibrillation and then a larger cur¬ 
rent applied for a short time in order to ascertain if it were 
possible to arrest the fibrillation and recover normal heart 
action. These experimenis® were successful. Ventricular 
fibrillation was stopped in dogs whose hearts had been 
left in that state for periods up to 5 minutes by the use 
of a “countershock” of 6 or 7 amperes at 330 volts applied 
by means of electrodes located on eithw side of the animals’ 
chests. In these cases, the hearts have resumed normal 


bram reaching a given organ. If that organ is the breath¬ 
ing mechanism, the victim will die of asphyxia, unless 
artificial respiration is given promptly. 


operation and the animals have recovered. Ferris and 
Willi^s’^ have also ejqperimented with the countershock 
method of resuscitating the fibrillating heart, and, using 
larger animals, have duplicated these results. 

In the e3q)eriments carried on oyer a period of time at 
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The Johns Hopkins University, fibrillation has been stopped 
after having been allowed to continue for periods of more 
than 5 minutes. Although circulation has been re-estab¬ 
lished for a time in some of these cases, experimenters have 
not succeeded in saving the animals. 

[Editor’s Note: The method of countershock has not yet 
passed beyond a laboratory stage. Immediate application 
of artificial respiration is the recommended procedure.] 

Artificial Respiration 

The most common result in electrical accidents is a 
physiological block or break in conduction in the nervous 
system controlling the operation of respiration. The 
victim win be apparently dead; he will not be breathing 
and his heart beat may be so faint as to make it impossible 
to detect the pulse. The nerves have been paralyzed by 
the current and no longer transmit the stimuli from the 
brain to the lungs. The block will often disappear in time 
if given a chance. Artificial respiration by the Schaeffer 


prone-pressure method should be applied at once and be 
continued either until the victim recovers or until rigor 
mortis sets in. 

Remember that death from electric shock is often only 
apparent and that lives have been saved by the prolonged 
application of artificial respiration. 
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A Proposed Test Code for Apparatus Noise Measurement 


An Advance Report Presented for Purposes of Discussion 


P repared under the auspices of the subcommittee on 
sound* of the AIEE standards committee, this pre¬ 
liminary report is intended to provide some basis for 
standardized technique in the relatively new field of appa¬ 
ratus noise measurement. Because of the newness of * 
apparatus noise investigations, and the importance of the 
subject, the subcommittee anticipates some possible in¬ 
adequacies in this report, and solicits criticisms and com¬ 
ments from readers. To facilitate specific discussions, 
paragraphs are numbdred. 

1. This test code is intended for use as a guide in the 
measurement of sound levels and the investigation of the 
various elements that contribute to the total noise pro¬ 
duced. 

2. Often, after apparatus is installed, questions arise 
as to the true causes of the observed soimd levd., and the 
best way in which to reduce it. Also, it is often desirable 
to design apparatus for a given installation to meet a 
specified sound level. These objectives require knowledge 
of the sound produced by the apparatus and of the effects 
on the sound level of reflections and absorption due to the 
ambient conditions. In this connection, it is necessary to 
make numerous measurements of sound levels, both in the 
factory and in the field. 

Published at the request of the AIEB staudards committM: Mauusmpt sub¬ 
mitted July 27, 1987; released for publicatioa July 30,1037. 

* Personnel of SHheommittee on Sound pt AIEB Committee on Stendards, 
1936-37; P. L. Alger, chairman; A. P. Fugill, C. R. Hanna, H. B. Marvin, 

R. G. McCurdy* and H. M; Turner. * 


3.. The purpose of this code is, therefore, to establish 
reasonably uniform methods of conducting and reporting 
such sound level tests, so that wherever or by whomever 
tests are made, the results will be of value for record and 
will be truly comparable with tests made at other times 
and places. 

4. It is recognized that additional codes, sponsored by 
appropriate industry committees, may be desirable in the 
future for the conduct of sound level tests on specific types 
of apparatus, such as fans, motors, gears, etc. The pres¬ 
ent code contains only general recommendations, which 
will serve as a guide in lie devdopment of the technique 
of sound-level testing and a common foundation for future 
codes for specific types of apparatus. 

Scope 

5. This test code contains general instructions for con¬ 
ducting and reporting sound-level tests on apparatus. It 
is b^ed upon the 1936 American standards Z24.1 (Acous- 
ticai Terminology), Z24.2 (Noise Measurement), and 2^- 
24.3 (Soimd-Levd Meters). 

General Considerations 
in Apparatus Noise Measurement 

6. To appreciate the necessity of a, test code for sound 
measurement, it is wdl to review a few of the impor^t 
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physical phenomena attending the transmission and radia- produced in this way ran be controlled by provi ding 
tion of sound which have to be considered in formulating suitable vibration isolating supports for the apparatus, 
the code. 11 . When sound generators are placed within rooms 


Radiation of Sound 

7. The distribution of sound about sources other than a 
few simple types is usually very complex. The out-of¬ 
phase as well as the multifrequency vibrations which exist 
on the surfaces of large sounding bodies such as trans¬ 
formers, motors, and generators, and other apparatus give 
rise to sound patterns that defy mathematical analysis. 
In practice, however, several simplifidng assumptions 
often be applied to help us imderstand the nature of sound 
radiation from apparatus. If the wave length of the 
emitted sound is large compared with the dimensions of 
the source the sound will be radiated quite uniformly in all 
directions. But if the wave leng^ is short compared 
with the dimensions of the source, important directive 
effects win appear. This suggests that for large sound 
sources with complex radiating surfaces, a considerable 
number of sotmd measurements at different points about 
the source should be made and averaged to determine the 
sound level of the source. 

8. Many small sound generators such as fractional 
horsepower motors, small contactors, electric clocks, etc., 
are inefl5cient and nondirective radiators of low-frequency 
sound, but they can be excellent radiators of sound of 
higher frequencies. Such sounding bodies can often pro¬ 
duce marked increases in sound of lower frequency when 
their vibrational energy is transmitted to surfaces large 
enough to be efladent radiators. This principle, along 
with resonance, is often used to amplify the feeble tone of 
a tuning fork. A conventional hom-fype loud speaker 
reproducing music outdoors provides an excellent pvarnple 
for illustrating directive radiation. The lower-frequency 
components of the music can be beard about equally well 
in all directions. The higher-frequency components, 
since Ihey are effectively directed, can be heard best along 
the axis of the speaker. 

9. A study of the radiation of single-frequency sounds 
from generators of simple shape reveals several interesting 
facts that should be kept in mind when noise measure- 


the sound will usually be reflected back and forth many 
times from the surfaces, and so give rise to a complicated 
distribution of intensity within the space. At any point 
within the room the sound level is the resultant of 2 effects; 
namely, the direct sound which reaches the point without 
first being reflected, and the indirect sound which arrives 
after suffering one or more reflections from surrounding 
surfaces. In general, there will be little correlation be¬ 
tween intensity and distance to the source. The intensity 
may not decrease inversely as the square of the distance; 
instead it may even be found that at certain points remote 
from the source the sound is more intense than at positions 
much closer. 

12. The effect of room reflections upon sound meas¬ 
urements can usually be made small by placing the micro¬ 
phone close to the source, and by taking a number of 
measurements about the source. The use of effective 
sound-absorbent materials on the interior surfaces of the 
room will help materially in reducing the effect of indirect 
sound. 

13. An analysis based on reverberation theory leads to 
the conclusion that if a given amount of sound is generated 
within a room, the average energy density due to diffusely 
reflected sound is inversely proportional to the total ab¬ 
sorbing power of the room. Hence, assuming that a given 
absorbing power is constant with respect to the important 
frequencies in the sound, and converting the e 3 q)ressions 
relating the intensities at a point in the room where the 
sound is mostly indirect to the corresponding decibel ex¬ 
pressions, the following relation approximately applies: 

(5i)x - (.S£h = lOlogio^j) 

where {SL)i is the sound level in decibels in a room having 
a total absorption of Ai, and (SL)z is the sound level when 
the absorption is A 2 . 

Ambient Sound Levels 


ments are made. If we assume a vibrating disk of dimen¬ 
sions such that the wave length of the emitted sound is 
short compared to the diameter of the disk, we find that 
for a range of distances along the axis, dependent upon the 
wave length and the distance, the intensity of the sound 
goes through a series of maxima and minima before a 
distance is reached beyond which the intensity decreases 
mversdy as the square of the distance. If we assume a 
pulsating ^here which is small compared to the wave 
length of the emitted sound the intensity in free space 
decrease inversely as the square of the distance. In 
thi^ latter case, the sound level will decrease 6 decibels 

each time the distance is doubled. 

Room Effects 

10. P^cular attention should be given to sound 
surfaces in response to vibrations 
transmitted through the apparatus supports. Sound 
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Shown mat the sound levels existing in factories, offices, 
and residences usually fall within the ranges given below: 


. _ Sound Level in Decibels. 

Factories.y. 

Offices..... 

Residences. .. 

. ..... 

Instrument Standards 

15. ^ A sound level meter in accordance with American* 
tentative standards for sound-level meter Z24.3 should be 
used for meastufrig sound levd. 

^16.. Three response curves are provided for in the 
standards, curve A for a 40-dedbel sound level, curve B 
for a 70-deabel level, and a flat response curve C for higher 
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Table i. Correction for Ambient Sound Level 


Difierence in decibels between 
ambient plus apparatus sound 

level and ambient sound level.. 2 ... 3 ... 4 ... 6 ... 8 ...10 


Correction to be applied to 
ambient plus apparatus sound 
level to obtain apparatus 
sound level. 


-4.3... -3.0... -2.2... -1.3... -0.8... -0.4 


has proved to be representative of the sound level as de¬ 
termined by averaging the measurements about the ma¬ 
chine. The arithmetic average value of the readings is 
usually satisfactory, but when point to point variations 
exceeding 10 decibels occur, the weighted energy average, 
or 10 times the logarithm of the average of the anti¬ 
logarithms of Vio the separate decibel values, should be 
employed. 


levels. Each of these curves is desirable for use under 
proper conditions, but it is recommended that curve A be 
used for usual apparatus noise measurements, curve C for 
very high intensities where low frequency noise is pre¬ 
dominant, and that curve B be used only in special cases. 

17. This recommendation is supported by the fact that 
it is important to have sound-level readings representative 
of the level that is actually heard under operating condi¬ 
tions. If the apparatus sound level is high, the apparatus 
is usually placed remote from the point where quietness is 
desirable. Therefore, the sound level actually heard is 
much lower than that measured, and hence it is desirable 
to make the measurements with the scale corresponding to 
the lower level, that is, the A scale. 

Factory Tests 

18. Factory noise measurements on apparatus are to 
be made under such conditions that the increase in the 
measured sound level produced by reflections from sur- 
rotuiding surfaces is small. Also, the microphone should 
be placed in a position free from disturbing air currents, 
vibration, electric or magnetic fields, or other external 
influences, which may affect the readings obtained. The 
ambient sound level at the test locations should be at 
least 6 decibels, preferably 10 decibels or more, lower than 
the sound level due to the apparatus. In general, this re¬ 
quires a special noise box or room with efficient sound¬ 
absorbing material placed on the floor, walls, and ceiling. 
Corrections for ambient levels in factory tests are not 
generally permissible due to the uncertainties introduced. 

Note: Free field conditions for the test room should be attained 
in so far as it is practicable, but when reflections of importance 
cannot be avoided their effects upon the measured apparatus sound 
level may be checked by making a series of sound level measure¬ 
ments with the apparatus placed in various parts of the room, main¬ 
taining constant at all times the position of the microphone with 
respect to the apparatus. If the source is constant the variation in 
the magnitude of the sound level measured is an approximate meas¬ 
ure of the effect of room reflections. The effect of room reflections 
may also be checked by comparing measurements made outdoors 
in an open space with measurements made inside of the room. 

19. The apparatus under test may be mounted, at the 
manufacturer’s discretion, so that the sound transmitted 

through the supports will be negligible. 

20. Make measurements at several locations near the 


Note: Example 

Microphone Sound Level Antilogarithm of 1/10-Decibel 
Position (Decibels) Sound Level 


A ...60.1,000,000 

B .60.... 100,000 

C ..40...... 10,000 


3)1,110,000 total 
370,000 average 


log ,0 370,000 - 5.54 

10 logio 370,000 = 56.4 or the desired decibel value 


21. When reporting sound-level measurements, the 
dimensions of the room and the nature of the floor, walls, 
and ceiling, the sound levd of the room, the condition of 
operation of apparatus under test, the position of the mi¬ 
crophone, and the frequency response of the sound-level 
meter should be recorded. The type of mounting and 
other information indicative of the degree of transmission 
of sound to the supports should also be reported. 

22. To promote uniformity and facilitate the comparir 
son of measurements, it is suggested that one of 3 standard 
distances from the microphone to the apparatus be adopted 
in making factory noise measurements, these distances 
being 6 inches, one foot and 3 feet. For very small ap¬ 
paratus with a sound level of less than 35 decibels and 
major dimensions less than one foot over-all, the 6 inches 
distance is suggested. For fractional-horsepower motors 
in general and for measurements where the apparatus is 
large compared to the space in which measurements are 
made, the distance of one foot is suggested. For large ro¬ 
tating madiines, office equipment, domestic applicances, 
etc., the 3-foot distance is suggested. In locating the 
microphone with respect to the apparatus, the distance 
■s^bnnIH be measured to the. nearest major surface, minor 
surface projection being disregarded. When directional 
microphones are used, the method of orientation with re¬ 
spect to the apparatus outlmed in the introduction of the 
American tentative standards for sound level meters 
Z24.3 should be employed. It is recognized that definite 
values for these distances, the number of readings to be 
taken, etc., will ultimately be decided by those interested 
in formulating codes for sound-level measurements on each 
specific line of apparatus. The suggestions here are of¬ 
fered for consideration as a logical starting point in formu¬ 
lating such specific codes. 


apparatus to obtain a dose approximation to the average Standard Factory Measurement Positions 

sound level liroduced by the apparatus under free field 

conditions. When a given type of apparatus consistently 23. When measurements at more than one position are 
produces the same general sound pattern, it is often pos- made, and it is desired to obtain one over-all value to rep- 
sible to make production tests at some one point whidhi resent the noise produced by the apparatus, it is recom- 
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mended that the readings taken at several points be aver¬ 
aged in accordance with the method outlined under “Fac¬ 
tory Tests,” paragraph 20. 

Field Investigations 

24. The first step should be to measure the sound level 
produced while the apparatus is in operation, with the 
microphone placed at the standard factory test positions, 
if possible. In any case, the positions should be (diosen so 
near the apparatus producing the noise that the effects of 
wall reflections or other environmental conditions are a 
minimum. Then shut down the apparatus and measure 
the ambient sound level of the room. 

25. Further procedure will depend on which of 4 dif¬ 
ferent types of situations are encountered. 

(a). Apparatus noise much lower than the ambient noise, 
by no change in reading when the apparatus is shut down. The 
readings of the apparatus noise in this case are not correct, and indi¬ 
cate only that the apparatus noise does not exceed ambient noise 
level. 


ib). Apparatus noise higher than ambient noise. If the apparatus 
noise is m6re than 6 decibels above the ambient level (as will be the 
case when the apparatus plus ambient, and the ambient, levels 
differ by more than 7 decibels) the apparatus noise is affected but 
slightly by ambient. In this case, it will be desirable to compare 
the ambient noise level in this particular location with the ambients 
of similar installations elsewhere, and also the apparatus noise level 
with that of similar apparatus when measured in the factory under 
standard test conditions. 

(c). Apparatus noise of same order as ambient noise. Under these 
conditions the sound level of the apparatus may be approximated 
by the use of the following table which is based upon the fact that 
the sound level meter adds the weighted energies of the various 
sounds that reach the microphone. 

The effects of wall reflections and other environmental condi¬ 
tions may be determined by comparing readings at different posi¬ 
tion in the vicinity of the apparatus with those at the standard 
positions. If the reduction of sound level with respect to distance 
deviates considerably from that obtained under free field conditions, 
or if marked variations in sound level occur from point to point, 
sufficient measurements should be made to establish the genera! 
character and location of. local increases in sound level. These 
may be produced by reflecting surfaces, structure-borne noise 
transmission, focal points of reflections, etc. 


The American Engineering Council 

An Outline of Some of the Problems, Policies, and Activities 
of This Jointly Sponsored Engineering Agency 


By A. A. POHER 

President, Amerlcen Ensineertns Council 


( INTEREST in co-operation among different engineering 
groups and the need for an agency to provide, on behalf 
of our profession, tangible service to public agencies, 
prompted, in 1920, the organization of the American Engi¬ 
neering Council with Herbert Hoover, then Secretary of 
Commerce, as its first president. From its very beginning 
it has been an organization of organizations intended to 
md the engineering profession in presenting a united front 
in letters of interest to our government and to the public. 
Wlule the Founder and other major engineermg ^cieties 
have been aiding in professional development of the engi¬ 
neer, the American Engineering Council has been supple¬ 
menting their efforts by relating the engineering profession 
to public welfare and by making our government, as well 
as the public at large, conscious of the value of the engi¬ 
neers services and contributions. It has served during 

Council of the American Society of Mechanical Engineers, read 

Dod^Po^, dean ^ tte schools of engineering and director of the engineering 
^ttii^ent st^on, Purdue University, Lafayette, Ind., and past-preSdLt of ' 

of the Sedety for the Pro- 
AmeScai EnSSlSS?”’ is serving his second term as president of 


the past 16 years as a clearing house for questions of 
public nature which require technological knowledge and 
engineering experience, and it has acted as an advisory 
body for the various engineering societies in connection 
with problems of government. At the same time the 
Ameri^ Engineering Council has been an agency of in¬ 
quiry into economic and social problems as affected by 
technology. 

Four Major Functions 

The major functions of the American Engineering 
Co^cil are performed through four groups of committees, 
whi<± are concerned with public affairs, engineering eco- 
noinics, operations within the Council, and united action 
of its member societies. These committees, through 17 
subcommittees, are in dose contact with trends in the 
conservation and utilization of our national resources, 
relation of the engineer in private practice to government, 
patent legislation/ public works, aeronautics* surveys and 
maps, rural electrification, merit ^stem in public service, 
inquiries in the fields of social, and economic activiti^ of 
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our countiy, and similar problems in which engineers may to be using technical talent were investigated, and the 
have opportunities for co-ordinated action. results when finally compiled, should prove of great value 

The problems of the American Engineering Council to the engineering profession, 
have taken a new slant since 1934. Instead of the normal 
process of legislation on engineering matters, the AEC Advice on Policy 
has had to work during the past 3 years with a group of 

administrative departments, whose legislative authorily The American Engineering Council has been called for 
and funds had been established by administrative order, service in connection with matters of policy affecting 
Government departments and bureaus had to be “reedu- emergency government setups. A concrete illustration 
cated” about the American Engineering Council, and its is its relation to the Nation^ Resources Committee. Im- 
work had to be changed from an orderly process of com- mediately after this committee was set up, as the National 
mittee reports and committee hearings and procedures to Resources Board, the executive secaretary made con- 
the specific acts of keeping up with rapidly cdianging con- tact with its chairman and direcrtor. This was followed 
ditions. by a conference with the chairman, arranged by the 

Much of the work of the American Engineering Council American Engineering Council, at which were present 
had to go unreported because it had to do with contacts the secretaries of the member national societies and from 
and associations with individuals in the government, and which grew out contacts which closely related engineers 
one of its main tasks had been to make and keep friends to the work of this committee. 

with the constantly changing and greatly expanding Many of the earlier reports of the American Engineering 
agencies of the government. Much of the work had to be Council on such questions as flood control and the policies 
confidential and some intangible, but a few of the high for the development of water resources were transmitted 
points may be discussed. to the National Resources Committee and the recommen- 

The American Engineering Council has had a constant dation of this new agency of government has reflected, in 
HpiTifl-nd for engineers from government agencies and a part at least, the recommendations of the member organi- 
large portion of the time of the staff had to be devoted to zations of the American Engineering Council and of its 
employment problems for the government bureaus and committees. Specifically, the proposal for improvement 
departments. This service included not only the recom- in collecting water-resources data and the whole question 
mendation of engineers to the various government agen- of the development of water resources on the basis of 
des but also aid to administrative agendes in planning conception of the “water shed,” rather than on the basis 
the handling of such work as emergency mapping under of states alone, were in the earlier reports of the American 
the WPA, Rural Electrification Administration programs, Engineering Council. 

Rural Resettlement plans, and NRA codes. The authors of the number of reports issued by the 

The American Engineering Council is constantly being National Resources Committee were recommended by the 
consulted as to salaries to be paid to engineers and is American Engineering Council. Even the most recent 
guided in such requests by the reports of the Founder report, “Technological Trends and Their Sodal Implica- 
member sodeties. It is also invited to suggest names of tions,” has been influenced by advice from the American 
consultants for various enterprises. Engineering Council. 

The American Engineering Council has been instrumen¬ 
tal in placing numerous engineers in important consulting Mapping and Surveying 
and line engineering governmental positions, those ap¬ 
pointed to such positions seldom knowing tiie part that This is a matter which is having the active interest of 
the AEC has played in pladng them, as it has always been the American Engineering Council and has been helpful 
careful to submit a number of names and not to promote in educating the Budget Bureau on the value of an ade- 
the employment of any particular individual. quate mapping program. The American Engineering 

As part of this employment service, the American Engi- Council has worked with the Federal Bureau of Surveys 
neering Council had attempted also to analyze and to and Maps in rounding up the opinions of organizations 
tnairp a suTvey of the employment of engineers by govern- with reference to this program. Its aid to individual 
ment, classified by divisions. Government bureau chiefs states has resulted in definite progress. A concrete ex- 
are fully appreciative of this service and realize that ad- ample is Indiana which has appropriated a considerable 
vice and recommendations by the American Engineering sum at the 1937 session of its legislature for mapping. 
Council are based solely upon the ability and technical 

competence of engineers and not on questions of political Various Interests 
preferment. 

During the past few weeks, at a request of one of the The Upstream Engineering Conference, the Third 
national member societies, the American Engineering World Power Conference, and the plans for the World 
Council made an ^austive examination of those laws, Management Confer^^ of activitites by 

regulations, interpretations, and procedures affecting the the American Engineering Council in the interest of united 

engagement of technical talent and engineering; service action. 

by the federal govdmh^t outside of the dvil service. The American Engineering Council, through a com- 
Conditions in more than 30 of the principal agencies Imown mittee of which a secretary of a Founder society was chair- 
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man. was instramental in this study by the Bureau of 
Labor Statistics of the United States Department of 
Labor This study made avaflable data regarding 60,- 
000 engineere with reference to such questions as employ¬ 
ment conditions, compensation, and distribution m dif- 
ferent fields. 

Engineering Economics 

The activities of the American Engineering Council in 
studies in engineering economics have been helpful in 
projecting the engineering profession into the fields of 
thinking action relating to our national social, eco¬ 
nomic, and industrial questions. Among the early con¬ 
tributions of the Council in this field may be mentioned 
the reports on “Waste in Industry,” which had a profound 
effect upon the conduct of industry the world over, the 
“Twelve-Hour Shift in Industry” (192i), which demon¬ 
strated the merits of the shorter working day; “Civil 
Aviation” (1924), which focused the national point of 
view upon the development of co mm ercial aviation, 
“Radio Broadcasting,” which was instrumental in bring¬ 
ing about present policies and practices; and “Water 
Resources,” which was helpful in appropriations for the 
installation of the national hydraulic laboratory. 

Among the recent engineering economic studies of major 
value may be mentioned the inquiry of the balancing of 
forces which has greatly influenced economic thought and 
action during recent years. 

There is need for accurate knowledge to show the real 
effect of science and technology upon social security; 
such information should go a long way in overcoming the 
present tendency to make the engineer the major scape¬ 
goat of our social ills, by showing that engineers create 
employment, wealth, comfort, values, and other factors 
which definitely contribute to social security. The Ameri¬ 


can Engineering Council is now endeavoring to ally itself 
with representative economists, sociologists, and statis¬ 
ticians in order to study questions of this type and to guide 
in the pubUc interest some of the questions of larger policy 
which lie in the fields of both engineering and economics. 

There is also need for factual reports, for the benefit 
of the public, by committees of leading engineers on the 
engineering projects of our government. Engineers have 
an opportunity to show, through nonpartisan and unbiased 
services, their competency and integrity, and to make the 
public more conscious of engineering contributions. The 
American Engineering Council hopes that before long it 
will be in a position to finance the preparation and distri¬ 
bution of more reports, on behalf of our profession, which 
bear upon public welfare. 

National Problems 

The American Engineering Council is concerned with 
national questions to which engineers may contribute 
co-operatively and in problems in which the engineering 
societies may have opportunity for co-ordinated action. 
It is not a super organization intended to manage or to 
interfere with the autonomy or with the specialized fields 
of it member societies. It is striving to serve the public 
and to bring about a better appreciation on the part of all, 
and particularly of government agencies, of the importance 
and value of the engineer’s contributions. It is endeavor¬ 
ing to bring about concerted action on the part of engineers 
in public questions of national scope, and a definite interest 
on the part of the engineering profession in a well- 
balanced social structure and good government. By rep¬ 
resenting the engineering profession in matters of public 
welfare, government, and of joint interest to all engineer¬ 
ing societies, the American Engineering Council serves 
the engineer and the public. 


The Making of Industrial Physicists 


T he human material for the construction of an indus¬ 
trial scientist may be qualitatively described with 
considerable ease; but to write for it an engineering speci¬ 
fication with inspection techniques and with prescribed 
tolerances is at present impossible. Unless, however, 
we would credit evolution with having changed human 
nature within the times of recorded history we will agree 
that, despite his specialized training, modem scientific 
point of view, and wealth of precise instruments, the in¬ 
dustrial scientist of today is the man of yesterday of 
yesteryear and so on back into prehistoric days^ What 
did t^ type of human being do in the past? Was he king 
or priest? Captain or explorer? Medicine man or scribe? 
Trader or pirate? None of these. He was thinker and 
craftsm^. His was the type that invited the wedge, 
the inclined plane, the lever, and the screw. He surveyed 
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and bufft the pyramids; designed and constructed tri¬ 
remes, roads, and aqueducts; shaped the tools of his day; 
and led the way from stone to bronze to steel. 

His urge was the instinct of workmanship, a pleasure in 
the act of creation or construction which is its own re¬ 
ward. Neither driven by acquisitive instinct nor mad¬ 
dened by lust for power or fame, his satisfaction was his 
work; he sought little reward; and died unknown. More 
practical than the philosophers; spending little of his time 
in teaching or writing; and no follower of the Muses, he 
burned with a quiet steady flame Of the same divine fire 
that suffused the great teachers and poets of his time. 
The captains and the kings depart; but what he wrought 
is the hidden basis of our material grandeur. 

From a paper presented by John Mills (A'll, P'23) director of publication, 
Bell Telephone Laboratories, Inc., at the annual meeting of the Society for 
Promotion of Engineering Education, Cambridge, Mam., July 1, 1037. 
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The Selection and Training of Engineers 

A company may choose an engineer/ or the engineer may choose 
a company; certain qualities should be sought in either instance 

By A. M. MacCUTCHEON 

PRESIDENT AIE 1936-37 

I N Considering this subject a dear, condse, defi- chosen by the young engineer? This wiU depend upoi^ 
hite, and comprehensive conception of an engfineer is the rdative standing of. each, compared with the others in; 
essential. The dictionary definition “one versed in their fidd. To a young engineer, it is most important, 
or practicing any branch of engineering,” does not meet whether he will sdect a job or whether he will seek one. 
the requirements. Several practicing engineers sub- If his standing and achievements among his fellows are 
mitted definitions, the most amusing of which was, “an high, he will usually have the privilege of sdection. Fol- 
engineer is a man who can do with one doUar what any lowing are the qualities which a company seeks in a young- 
man can do with 2 dollars.” An engineer’s wife fdt that engineer, listed in approximatdy the rdative order of 
“an engineer is one with whom it is rather difficult to live importance: integrity, dependability, determination, re-, 
but quite impossible to live without.” Of the definitions sourcefulness, forcefulness, adaptability, co-operativeness,, 
submitted, the following was the best: “an engineer is diplomacy, friendliness, broadmindedness, and knowl- 
one who through training, study, and practice success- edge. While the last quality is of great importance to a, 
fully adapts and controls the materials and forces of na- company sdecting a man, the first 10 may be even more- 
ture to the benefit and advantage of himsdf, his fellow important. The more knowledge possessed by a man, 
engineers, and the rest of the human family.” This is the more valuable he will be but of all these 11 qualtities-. 
quite to that prepared by the American Engineer- a deficiency in knowledge is most easily remedied. If 

ing Council, “engineering is the science of controlling the the young engineer has the privilege of selection, it is just, 
forces and utilizing the materials of nature for the benefit as important that the company he selects should possess, 
of man and the art of organizing and directing human the first 10 qualifications and to these should be added:: 
activities therewith.” an able and experienced personnel and leadership, a good; 

Two young rnm were presenting to a general in the financial standing, and a definite record of accomplish- 
Army Engineering Corps the design of a new and novel ment. In either case the decision should be based on the 
pump, and hoping for its adoption. He was not interested probable situation 10 years later. No young man shoffid: 
because the pump had not been proved. In answer to be satisfied to be an average engineer unless his definition 
their inquiry he assured them that he considered him- is analogous to Sam’s defimtion of an average tip. 
self an engineer and one of the young men stated, “an A clergyman, unused to traveling, was making the 
engineer is one who can tell whether a thing will work be- trip from Birmingham to New York. He was pleased to 
fore it has been tried, for any fool can teU afterwards.” find that the Pullman porter had, at one time, been the 
Each young engineer in training and each engineer en- sexton of his church. Throughout the journey Sam took 
gaged in their training should have a dear conception of good care of the minister and as Sam was brushing him 
“an engineer” for that is what thdr combined effort is off, while crossing the Jersey meadows, he asked Sam 
intended to produce. Engineers are often charged with about what was the average tip that a traveler gave in, 
being poor salesmen and in some cases this critidsm is going from Birmingham to New York. Sam answed,. 
justified, since they are poor salesmen of themselves and “Well boss, the average tip is about $5.” As the minister 
their services. Their engineering should be to the ad- left the train he handed Sam a $5 bill. Sam’s eyes popped 
vantage of themselves but this viewpoint should not be and he said, “Boss, you is the first man what ever come ujv 
overemphasized. Today each engineer should ask him- to the average.” 

self whether his engineering is in the interest of the human When a company selects a young man, graduating^ 
family and if it is not, is he in the truest sense an engineer, from teclmical school, it should consider the record of his. 
Society should recognize that the engineer should be accomplishment even as far back as when he was in high 
suitably rewarded for his engineering efforts and achieve- school. It diould consider his standing among his fellow- 
ments, since otherwise able young men will not continue students. If he is respected, admired, and followed it is. 
to ent^ the profession likely that his business associates will respect him and. 

Selection is defined as the act of choosing. Shall the follow him. During his time in college what did he da 
young engineer be chosen by the company, or the company for his class> and what did he do for his college? This ia, 

^ ^ ^. of importance as an mdication of what he is likdly to da 

full text pf an address presented before msuny AIBE Sections, and for his Company. His Scholastic Sliding is Of mUCh im- 
pubiished in response to numerous requests, portonce for he has gone to a te chni cal college with a defi- 

A. M. macCutcotok is vice-pr^dwt of engineering, Reliance Elec- puTpose and if hiS Standing hos not been good he hasb 

trie and Engineering Company, Cleveland,'unio. r r o w 
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years ago a technical graduate was not discouraged if he 
had not located, by the time of graduation. This time 
of selection has gradually moved backward. Those men 
and companies, whose records of accomplishment permit 
them to be the selectors, have usually made their decision 
prior to the first of April. Certain advantages would re¬ 
sult from a mutual agreement between the technical 
schools and industrial organizations that December should 
be a period of contact and investigation with decision to 
be reached early in March. The Christmas holidays offer 
an opportunity for the visiting of plants and the period 
immediately before and during the midyear examinations 
should be free from interruption. Some specialization 
during the last semester would be possible. Several com¬ 
panies are now offering to the young engineer who is so 
fortunate as to be in that group which has the privilege 
of selecting, the opportunity of visiting the plant that he 
may familiarize himself with the activities and the person¬ 
nel of the company, and decide whether the association 
would be mutually advantageous. 

Training Before Graduation 

The larger part of the technical training of the young 
engineer is received in the technical school prior to his 
selection and necessarily independent of the company 
with which he is to be associated or the particular type 
of work in which he will engage. Such generalized train¬ 
ing is broadening but not so immediately useful as train¬ 
ing of a more specialized type. There should be a suf¬ 
ficient amount of specialized training as to develop a 
proper conception of the intimate relation between training 
and accomplishment. Broad technical training should 
be continued after graduation and still closer contact and 
co-operation between educators and industrial manage¬ 
ments is most desirable that the training before and after 
graduation may be fully co-ordinated, the one supplement¬ 
ing the other. 

Comments made by one connected with a manufactur¬ 
ing company, on the training prior to graduation, are 
made from a narrow viewpoint and are offered only as 
suggestions for the consideration of the engineer educators 
- - whose lives are devoted to the training of young engineers 

^ ^ ^ ^ cannot be replaced without a and who are intensively studying the technique of engi- 

COTsiderable p^alty, he will usually have to give very neering education. 

Admiral Sims, in his story, so effectively illustrates the 
influence of a varying viewpoint. A young American was 
ordered to England to take charge of the London office. 
He met and married a delightful English lady whose 
mother was strongly pro-British. Many arguments re^ 
suited between the young man and his motiier-in-law as to 
the relative merits of the 2 countries. In the course of 
time a daughter was bom and some 3 years later the father 
was ordered back to the States. On the evening before 
they sailed, the mother-in-law requested the privilege 
of putting her granddaughter to bed. She descended the 
stmrs smiling broadly and said to her son-in-law, “You 
should have heard your little daught^’s good-night prayer. 
‘Goodbye God, we’re going to America tomorrow.”’ 
“But,” said the son-in-law, “what she meant was—‘Good, 


failed in his purpose. This is an indication that he will 
not be successful in his puipose after graduation. Mem¬ 
bership in such societies as Tau Beta Pi or Eta Happa Nu 
is of importance as an evidence of accomplishment but 
scholarship is not the only qualification to be considered 
for he may be an excellent scholar and definitely lack in 
the other 10 qualifications. 

If the young man is to have the privilege of selection 
he should consider the accomplishment of the company in 
the business which it has been carrying on, and its 
standing with its competitors, for if the competitors 
do not tliinir well of a company it is questionable whether 
it is truly successful. He should consider the com¬ 
pany’s activities in connection with the professional and 
trade societies having to do with and endeavoring to ad¬ 
vance the interests of that class of business. If a com¬ 
pany is not interested in such activities it is not doing 
its part in the development of the broad field of its 
activity. Lastly, he should consider the salary which is 
being offered by the company. While this is important 
it should not be overemphasized. Of far greater impor¬ 
tance is the salary which he will receive 10 years later. 

The company should offer a salary competitive with 
other companies in its line of activity. While many 
individuals give far too much consideration to the matter 
of salary, some give too little. The salary received is 
the most tangible evidence of accomplishment. While 
an engineer should receive a salary commensurate with 
the contribution that he makes to the success of the com¬ 
pany, he should recognize that fair salaries cannot be paid 
unless the company is successful. A broadminded engi¬ 
neer may willingly accept a relatively low salary over a 
considerable period and without dissatisfaction because 
he believes in the ultimate success of the company and 
that when this success is achieved, the company vtiU 
suitably recognize his contribution in making the company 
successful. If an individual is not satisfied with his finan¬ 
cial return, and is convinced that the company is not 
and will not be fair to him, he should not stay with that 
company for one of the greatest deterrents to a man’s 
success is a long continued dissatisfaction with his financial 
return, about which he does nothing constructive. If a 
young engineer selects the right company and makes him- 


little consideration to the matter of financ ial returns. 
Great weight should be given to the financial standing of a 
^mpany, and of particular importance is the record dur¬ 
ing such a period of business depression as existed from 
1930 to 1934. 

In ^e selection of young engineers, company repre¬ 
sentatives should make trips to the educational institu¬ 
tions and study the young men in their student environ¬ 
ment. Many companies have done this for years, and 
the practice is becoming almost universal. It is equally 
as desirable that the young engineer should visit com- 
p^K m order to prepare himself for the making of an 
in e^ gent decision. Because of limited finances, uni¬ 
versity restrictions, and lack of experience, the young 
man is handicapped in such an investigation. Twenty 
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by Gk)d we’re going to America tomorrow.’ ” 

To one in manufacturing it sometimes seems that the 
technical schools still lay more emphasis on the giving 
and acquiring of information than on the methods of 
proper engineering attacks, engineering analysis, and the 
securing of engineering information. While the imparting 
of knowledge to the young engineer is of great importance, 
instruction in the proper application of the “engineering 
method’’ is of stiU greater importance. Because of the 
necessary generalization much of the information gained 
is not usable after graduation. Training in the engineer¬ 
ing methods is most valuable no matter with what com¬ 
pany the young engineer may be associated. As a simple 
example of a ^mewhat unusual training, consider the 
course given in Columbia by Professor Lucke to a group 
of electrical engineers who had requested a course on gas 
engines. Most of the work was done in the laboratory 
where there were 10 gas engines. Under Professor Lucke’s 
direction the laboratory assistant did something to each 
of these gas engines so that they would not properly func¬ 
tion. The students were divided mto 10 squads; each 
squad assigned to a particular engine. The problem was 
to determine what was wrong with the engine, make the 
necessary correction, and leave the engine running prop¬ 
erly, Text books, specifications, and diagrams were 
available for consultation. Both Professor Lucke and the 
laboratory attendant would answer any questions which 
might be asked with one exception, “What is wrong with 
this gas engine?” There was an intense competition as 
to which group would first have their engine functioning 
properly. These electrical men received an imusual 
training in how to attack an engineering problem, analyze 
it, and solve it. The qualities of determination, resource¬ 
fulness, forcefulness, adaptability, co-operation, diplo¬ 
macy, and friendliness were being developed in each one 
of the students. 

In each engineering school should there not be a coturse 
“how to get results. How to handle other people and 
get them to do what you wish them to do?” Such a 
course would give valuable training to any man, particu¬ 
larly to engineers; a course just as valuable to the design 
or research engineer as to the engineer who. would later 
serve in an executive capacity. The ability to handle 
people and get results is subject tt> development through 
training and this training is greatly needed by aU engi¬ 
neers. Such a course might be given by the case method so 
successfully used in the training of lawyers. Successful 
executives would undoubtedly co-operate by giving lec¬ 
tures, citing unusual instances of results secured through 
properly approaching, informing, and co-operating with 
others. The best engineering plan has little value unless 
the engineer can convince others of the soundness of the 
plan and persuade them to use it. The following is a 
simple illustration of securing results and properly han¬ 
dling other people. An important new machine was being 
designed. Successiydy the designer compelled himself to 
view the design as a member of the sales department, the 
manufacturing department, the; service department, 
and, most hhpartant of all, as the user. He prepared a 
series of briefs summarizing the design from ea^ view- 
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point. He presented the appropriate brief to at least 
one in each of these groups and asked for criticism and 
suggestions. He adopted any suggestions that seemed to 
him practicable. He avoided any prolonged arguments, 
but stated in writing why certain suggestions could not 
be adopted. All of this was done before the routine de- 
livay of drawings and specifications. Each interested 
group was prepared for and committed to solving their 
problems in connection with the design before the prob¬ 
lems actually reached them. Throughout the manu¬ 
facture, tests, installation, and final operation, the design 
engineer stood ready to give information, answer ques¬ 
tions, and render assistance. The design was highly com¬ 
mended by all who came in contact with the machine. 
While this designer held an important position in the 
organization, he was not an executive. Often engineers 
have been handicapped by failure to recognize who should 
be consulted and who should receive information. 

In most technical schools there are a certain number of 
shop courses and at least some of these should be retained. 
The young engineer should receive a training in manual 
dexterity and this can best be accomplished prior to the 
age of 23. The theoretical and the concrete should always 
be associated. 

If such work is to be retained, should not the electrical 
department specify shop courses directly related to 
electrical equipment; and should not each electrical 
engineer in training experience the thrill of designing, 
building, and testing at least one piece of such equipment? 
While the primary purpose of the technical school is a 
thorough grounding in the technical fundamentals, and 
with only 4 years allowed for all that is to be accomplished, 
will not a certain number of shop courses, properly co¬ 
ordinated, so effectively supplement the technical training 
as to give a better result with the same effort? 

The training of the young engineer by the company 
which he has selected or which has selected him, is equal 
in importance to the training while in the technical school. 
The course should be carefully planned before the young 
men enter the company’s employ and in consultation with 
the professors in the technical schools who have given 
their lives to the training of engineers. The course should 
be open to modification upon suggestions from the young 
men in training. There should be a sympathetic interest 
on the part of all departments in the organization and to 
this end each department should clearly understand the 
value of such training in the interest of the company. 
Lectures should be given by the company executives ac-. 
quainting the group in training with the historyj the de¬ 
velopment, the ideals, and the policies of the company. 
Some time should be spent in every department and, in 
addition, there should be visits to the plants of customers 
where the young engineers can see machines which the 
company makes, m actual operation. In this way they 
can be acquainted with the customer’s viewpoint. 

Both the company and the group in training should 
recognize the necessary compromise between the theo¬ 
retical and the practical. Hie primary purpose of the 
organization is the manufacture of tbe product and while 
the training of the young engineer is of importance there 
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are times when this training must suffer if it conflicts with 
the primary purpose of the organization. 

The American Institute of Electrical Engineers ef¬ 
fectively participates in the training of young engineers. 
In most of the engineering schools, student branches 
have been established and these are an integral part of 
the AIEE. Within the branch, technical papers are pre¬ 
pared and presented, affording valuable training to ^e 
young engineer who prepares the paper and valuable in¬ 
formation to the other young engineers who hear the 
paper presented. To the student member of the In¬ 
stitute is available Electrical Engineering, contain¬ 
ing the technical articles presented before the national 
and regional conventions. 

Engineers are sometimes prone to neglect the human 
relationships and one of the most delightful privileges of 
an engineer is to meet with other engineers and exchange 
ideas. This opportunity is offered through the AIEE 
Branches while the young man is in technical school and 
through the local Sections after he has joined a commercial 
organization. 

The most effective agency in the training of a young 
engineer is the engineer himself. He has more to do with 
his training than the technical school or the company with 
which he is associated. The arranged training courses 
simply present an opportunity that he may effectively 
train himself. In accomplishing this training he should 
grasp every opportunity to become acquainted with all 
others in the organization, including the workman in the 
plant. He should accept every opportunity for contact 
with outside engineers. He should join in the work of 
the professional organization of engineers m the city where 
he lives. He should seek to find answers to every im- 
answered question in his mind about the company’s prod¬ 
uct. He should never walk through the plant without 
asking himself what he can find out that he has not pre¬ 
viously known. What a man learns for himself, he seldom 
forgets. He should feel free to make suggestions, for 
he has a fresh and uninfluenced viewpoint. 

One of the most important phases in the training of an 
engineer is to develop in him the probability of being 
right. While no engineer will always be right, this is the 
limit which he should strive to approach. The closer he 
comes to the limit, the more successful he will be. In 
his endeavor to approach this limit, he should remember 
that there is a great value in what may be termed “second¬ 
ary checks.” A secondary check may be defined as a 
bri^ comparison between the solution of a new problem 
and the proved solution of a somewhat si-mtlar problem, 
which comparison will indicate, at least qualitatively if 
not always exactly quantitatively, whether the new solu¬ 
tion is correct. Through a free use of secondary checks 

costly errors will often be avoided. 

The young engineer should be trained in how to accept 
and delegate responsibility. He should recognize that 
no man should be asked to accept responsibility without 
having a corresponding authority. A leading executive 
once said, “the president of a. company is responsible for 
the Work of every man in that company; the chief engi¬ 
neer for the work of every engines who reports to him; 
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each engineering division head is responsible for the work 
of everyone in his division; the chief draftsman respon¬ 
sible for all the work of the drafting room including that 
of the blueprint boy.” This is the correct theory of re¬ 
sponsibility looking from above downward. On the other 
hand, looking from below upward, the blueprint boy 
should be trained to feel responsible for everything regard¬ 
ing blueprints and blueprint service. The draftsman 
should feel responsible for every drawing he makes. WMe 
he ^duld accept advice from the man above him, he should 
consider the finished drawing as his, for which he alone 
is responsible. Accepting responsibility for the work of 
all the men under him, the chief engineer should not 
feel that the president above him is responsible for the 
engineering. He should ask for and welcome advice and 
guidance, but the finished engineering he should consider 
as his, and his responsibility. A close following of this 
theory of responsibility should produce unusually good 
results. 

In any course of training there should be sincere co¬ 
operation between the technical school, the company, and 
the young engineer himself. From Columbus comes a. 
story illustrating an unusual degree of co-operation be¬ 
tween engineers. 

A Columbus engineer was called to Dayton and advised 
his wife he would return about 11 o’clock that evening. 
His wife was tired and retired at 9 p.m. When she awoke in 
the morning she found that her husband had not retmrned. 
She became deeply concerned, made a list of 20 engineers, 
living in Dayton and who were acquainted with her hus¬ 
band and to each one of the 20, sent an identical telegram,. 
“Do you know where John is, or what he is doing?” 
John’s automobile had given trouble so that he had stop¬ 
ped in Da 3 rton for the night and had the necessary repairs 
made the following morning. He reached home about 
10 a.m. About 11 o’clock the wife began to receive replies 
to her telegrams. Exactly 20 replies were received and 
each reply said the same thing, “Do not worry; John is 
spending the night with me.” 

A company which selects a young electrical engineer 
owes to him a deep responsibility for they are influencing 
his whole life. They should not invite him to join the 
organization unless there is likely to be an opportunity 
such as he deserves. They should never forget their re¬ 
sponsibility to him. They should offer to him every op¬ 
portunity for development and should endeavor to give 
him a suitable financial return. On the other hand, the 
young electrical engineer should also fully realize the 
measure of his responsibility. He has accepted a position 
which would have been offered to another man. He 
should use every effort to fully measure up to the oppor¬ 
tunities which are open to him. He should recognize 
that no company should offer an opportunity to a man 
who does not earn it and that his opportimity with the 
company largely depends upon his contribution to the 
company. If there is the fullest co-operation between 
the company, the technical school, and the young engineer 
himself, the engineering profession should be carried 
to far greater heights than have ever been reached in 
the past. 

Electrical Engineering 
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Engineering Income and Earnings, 1929"‘34 


R eports from 52,539 in this, the fifth article^ of a series reporting 

professional engineers a survey of employment in the engineering 

to the Bureau of Labor profession by the United States Bureau of Labor 

Statistics, in its survey of the Statistics, income data for engineers of various 

engineering profession,^ under- professional classes and ages are presented, 

taken at the request of the based on information given for the years 1929, 

American Engineering Council, 1932, and 1934. Comparisons may be drawn 

make it possible to relate the among professional classes, ages, and educational 

income data to many aspects backgrounds, 

of professional engineering 
activity. These income data 

are probably the most comprehensive ever presented in 
regard to a professional group. The following general 
findings appear from analysis of the reports. 

In 1929, 50 per cent of the 30,032 reporting engineers 
earned more than $3,412, and 50 per cent earned less 
than that amount. Twenty-five per cent earned more 
than $5,012, but only 10 per cent had incomes in excess 
of $7,466 per annum. On the contrary, 25 and 10 per 
cent of the engineers earned, respectively, less than $2,509 
and $1,878 per year. 

Comparison of the incomes for 1932 and 1934 with those 
reported for 1929 shows that from 1929 to 1934, the sharp¬ 
est absolute declines occurred in the 2 higher income 
groups. Their percentage decreases were least, however, 
averaging 31.2 and 31.6 per cent, whereas the middle 
values of income declined by 33 per cent, and the 2 lower 
levels by 41.3 and 53.6 per cent, respectively. 

Almost two-thirds of these decreases in earned annual 
income occurred between 1929 and 1932. There were 
further decreases from 1932 to 1934. 

Among the several professional classes, the divergences 
in earning capacities were most marked in the higher 
levels of income. Furthermore, the ranking of the pro¬ 
fession on the basis of earnings opportunity was the same 
in the highest 10 and 25 per cent only. 

In 1929, without regard to the age distributions of the 
different classes, 10 per cent of the mining and metal¬ 
lurgical engineers earned more than $9,912 per year, 
ntiPtniral and ceramic engineers ranked second willi ,10 
per cent earning more than $9,103, and were followed in 
order by mechanical and industrial engineers ($8,508), 
electrical engineers ($7,185), and civil engineers ($6,507). 

At the upper 25 per cent level, mining and metallurgical 
engineers reported earnings of $6,301 per year, and those 
of the other professional classes ranged from 4 per cent 
lower for chemical and ceramic engineers, to 28 per cent 
lower for civil engineers. This order of professional 
classes was also maintained in 1932 and 1934. 

1 An article prepared by Andrew Fraser, Jr., of the Diviaon of Hours, Wages, 
and Working Conditions, Bureau of Labor Statistics, United States Departm^t 
of Labor, wMch article was published in the August 1937 issue of Id(mMyX.ahw 
Review. Articles reporting other phases of tins survey were ^publ^ed in 
Elbctrical Ekoinbbrimo as follows: "Professional Asp^s of Bngmeermg 
Education,” August 1936, pages 363-7; "Unemployment the ^gtaeermg 
Profession,” February 1937, pages 216-23; "Employment in tte Engmeenng 
Profession,” May 1937, pages 624 - 31 ; "Security of Engineering Employment, 

June 1937, pages 666-61. A detailed report of toe survey will be pubUshed 

later in bulletin form by the Bureau of Labor Statistics. 


of a series reporting In 1929, the earnings of 
it in the engineering the mining and metallurgical 

States Bureau of Labor engineers were highest in the 

•r engineers of various middle and 2 lower levels 

ages are presented, of income, while those of 

an for the years 1929, the electrical engineers were 

>arisons may be drawn lowest. At these 3 levels, the 

I, ages, and educational earnings of the formter were 

unds. $4,010, $2,839, and $1,985; 

for the latter they were $3,277, 
$2,339, and $1,662, respectively. 
Over these 3 levels, the relative positions of the 3 re¬ 
maining professional classes changed. There were further 
shifts in 1932 and 1934. 

The data also show that, over the period 1929 to 1934, 
rdatively the smallest shrinkages in earnings were reported 
by the civil engineers, while the chemical and ceramic 
engineers suffered the greatest reductions. Over the 5 
income levels, the former ranged from 29.0 to 47.2 per 
cent, the latter from 35.6 to 63.8 per cent. 

Analysis of the income data reported by all ^gineers 
in 1929, 1932, and 1934 shows that earnings advanced 
with age in 3 distinct phases, showing initial periods of 
exceptionally rapid rise, followed by 2 others of slower 
rates of increase. The age spans of these phases varied 
with the income level. 

With advancing age, the spread in earnings became 
most accentuated beyond the age of 38. Thus, at the 
ages of 44 and 60, the incomes of the upper 25 per cent 
differed from the median or middle value by 41.0 and 
51.0 per cent. The corresponding incomes of the upper 
10 per cent at these ages were greater than the median 
by 116.0 and 157.0 per cent. Even in 1932 and 1934, this 
advantage in earning capacity was maintained. 

The earnings of the engineers in the lower income levels 
ceased to increase at a relatively early age. These showed 
a level period before beginning to decline, whereas the 
higher levels of income showed continuous increases for a 
considerably longer period, after which, however, they 
declined at a much greater rate. 

Over the period 1929 to 1934, a rise in eamings occurred 
for the youngest engineers who were in the profession in 
1929 and who were 30 years of age or less in 1934. There¬ 
after there were progressively larger declines for the older 
engineers. 

Comparison of the earnings of engineers of identical 
ages in 1929 and 1934 shows that the average income of 
engineers who had been out of college for 2 years declined 
43 per cent. The income of those who had been out 5 
years declined 35 per cent. For older engineers the 
decline approximated 30 per cent. 

Consideration of the incomes reported by engineers of 
different educational backgrounds shows that those with 
a formal engineering education did receive a higher income. 
The differentials in earnings, however, did not accrue in 
equal measure for all 5 professional classes. 
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Table I. Comparison of Gross and Net Numbers of Older* and Younger** Graduate and "Other** Engineers Reporting 

Annual Earning in 1934 


Without regard to employment status reported 

GfAdtiate Bngineers 


Other Engineers 


Professional Class 


All classes: 

Number reporting in survey. 

Gross number reporting income... 
Net number reporting income. 

Chemical and ceramic: 

Number reporting in survey. 

Gross number reporting Income.... 

Net number reporting income. 

Civil, agricultural, and architectural: 

Number reporting in survey. 

Gross number reporting income.... 

Net number reporting income. 

Electrical: 

Number reporting in sutrvey. 

Gross number reporting income.... 

Net number reporting income. 

Mechanical and industrial: 

Number reporting in survey. 

Gross number reporting income. 

Net number reporting income. 

Mining and metallurgical: 

Number reporting in survey. 

Gross number reporting income. 

Net number reporting income. 


All classes: 

Gross number reporting income 
Net number reporting income.. 

Chemical and ceramic: 


Younger Group 
Graduated in— 

1930-32 1933-34 Total 


Number 


Younger Group 
Bom in— 

1907-091910-14 


,.16,114.. 

.14,662., 

.12,984.. 


11,039., 

..7,412.. 

..9,301.. 

. .8,440.. 

.. 67.5.. 

.. 286 

10,201., 

...6,134.. 

...8,277.. 

..7,513.. 

.. 623.. 

.. 241 

7,210. 

...6,134.. 

.. .7,669., 

...6,871.. 

.. 467.. 

..241 

1,267.. 

.. 987.. 

.. 203.. 

.. 168... 

. 27.. 

.. IS 

1,169.. 

.. 816.. 

.. 177.. 

.. 137... 

. 27.. 

.. IS 

783.. 

.. 816.. 

.. 156.. 

.. 124... 

. 19... 

,. 13 

3,598.. 

..2,198.. 

. .4,712.. 

..4,841... 

. 256... 

.. 116 

3,369.. 

..1,849.. 

..4,276.. 

..3,941... 

. 233... 

.. 101 

2,539.. 

..1,849.. 

..3,916.. 

..3,603... 

. 211... 

. 101 

2,947.. 

..1,793.. 

..1,519.. 

. .1,285... 

. 156... 

. 7S 

2,686.. 

..1,418.. 

..1,346.. 

..1,140... 

. 140... 

. 66 

1.841.. 

..1,418.. 

..1,266... 

. .1,067... 

. 124... 

. 65 

2,851.. 

..2,193.. 

..2,500.. 

. .2,407... 

. 124... 

. 50 

2,620.., 

..1,831... 

.2,246... 

.2,082... 

. 113... 

. 51 

1.821... 

.1,831... 

.2,035... 

.1,889... 

. 96... 

. 51 

386... 

. 241... 

. 277... 

. 249.... 

. 12... 

16 

367... 

. 220... 

. 234... 

. 213.... 

10... 

T 11 

226... 

. 220... 

. 207... 

. 188..., 

8 ... 

. 11 


Per Cent of Number Reporting In Survey 


Net number reporting income.. 

Civil, agricultural, and architectural:.. 

Gross number reporting income. 

Net number reporting income. . 

Electrical: . 

Gross number reporting income.. 

Net number reporting income. ... 

Mechanical and industrial: ... 

Gross number reporting income. 

Net number reporting income...... . 

Mining and metallurgical: . 

Gross number reporting income. 

Net number r^mrting income.. .*.. 


** professionally active prior to 1930 

Includes all engmeers who entered the profession in tK^ 1930- 


... 89.0.., 

... 77,9.,, 

.. 89.3... 
,. 82.0... 

. 92.4, 
66.3, 

... 88.5... 
... 74.4... 

. 88.4... 

. 79.1... 

. 98.0. 
62.3 

... 90.4... 

... 80.8... 

. 90.6... 

. 83.8. 

. 93.6. 

VA A 

.. 88.6... 
.. 76.9... 

. 90.4..., 
. 84.3. 

> <U.D. 

, 91.1. 

R 

.. 87.9... 

. 87.7... 

» 0^.0. 

. 01.9. 

.. 76.6... 

. 79.9..., 

. 63.9. 

.. 86.6.... 
.. 76.2.... 

83.9.. .. 

77.2.. .. 

92.5., 

68.6.. 


90.7.... 90.8. 
83.1_83.0. 


. 83.6 - 86.7.... 86.6. 


years 1930-32 and 1933-34, 


At ^ut 28 years of age the "other" engineers had lost 

capadiy. At that point, 
la nnn^ graduates ranged ftom *2,725 to 

«,W p« ye«, those of the corresponding "other” 

engineers from $2,430 to 12,650. ^ 

wthadvan^g age, the spreads in earnings in favor of 

ax o, aiu, and 37 years after M-adiia+iftr. +1. • ^ i 

fivef t. . r graauation, the earnings of 

nrst-degree mechanical and induuf-riai ® j e 

bviRi?*; j or “austnal engmeers exceeded 

by *175, *925, and *1,322 per year those of the engineers 
of the same professional class whose nniu 

incomolefe atrri « ^ wnose college course was 

*1-160, and *1,815 
® technical 

the^o^Hn was variation in 

several pro- 

bhdlenginsriswhohad^ontofS^^^^ 
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only $2,060 less than the earnings of those who had gradu¬ 
ated 30 years before, whereas the corresponding difference 
for ch^ical and ceramic engineers was $3,600. The 
ranges in earnings of the remaining graduate groups fell 
between those reported by the civil and chemical and 
ceramic engineers. 

In general, the earnings of the "other" engineers ceased 
to increase at an earUer age than those of the graduates. 

Scope and Method of Study 

Analysis was made to determine the changes in the in-i 
come and earnings of professional eiigmeers during the pe¬ 
riod 1929 to 1934. The reports covered 2 distinct fea¬ 
tures of income for the years 1929, 1932, and 1934: (1) 
earned annual income received from all personal se^ces 
and (2) average monthly compensatidn front engineering 
work only. The annual figures are a measure of what en- 

Eamwgs Electric^ Engineering 








































Table II. Comparison of Gross and Net Numbers of Older* and Younger** Graduate and "Other'* Engineers Reporting 

Monthly Engineering Incomef in 1934 

Without regard to employment status reported 


Graduate Engineers 


Other Engineers 


Professional Class 


All classes: 

Number reporting in surrey. 

Gross number reporting income.... 
Net number reporting income. 

Chemical and ceramic: 

Number reporting in survey. 

Gross number reporting income.... 

Net number reporting income. 

Civil, agricultural, and architectural: 

Number reporting in survey. 

Gross number reporting income.... 
Net number reporting income..... 
Electrical: 

Number reporting in survey. 

Gross number reporting income.... 

Net number reporting income. 

Mechanical and industrial; 

Number reporting in survey. 

Gross number reporting income.... 

Net number reporting income. 

Mining and metallurgical: 

Number reporting in survey. 

Gross number reporting income.... 
Net number reporting income. 


All classes: 

Gross number reporting income... 
Net number reporting income.... 

Chemical and ceramic: 

Gross number reporting income.., 
Net number reporting income.... 
Civil, agricultural, and architectural: 
Gross number reporting income... 
Net number reporting income.... 
Electrical: 

Gross number reporting income... 
Net number reporting income.... 
Mechanical and industrial: 

Gross number reporting income... 
Net number reporting income.... 
Mining and metallurgical: 

Gross number reporting income... 
Net number reporting income..,. 


Younger Group Younger Group 

Graduated in— Bom in— 


Total 

Older 

Group 

1930-32 

1933-34 

Total 

Older 

Group 

1907-09 1910-14 

Number 

.43,288.. 

.24,837.. 

.11,039.. 

..7,412... 

9,301.. 

.8,440.. 

. 675... 

. 286 

.31,674.. 

.19,814.. 

. 7,405.. 

..4,355... 

7,604.. 

.6,860.. 

. 447... 

. 197 

.28,680.. 

.17,686.. 

. 4,639.. 

..4,355... 

6,639.. 

.6,070.. 

. 372... 

. 197 

. 3,697.. 

. 1,453.. 

. 1,257.. 

.. 987... 

203.. 

. 168.. 

. 27... 

. 18 

. 2,568.. 

. 1,151.. 

. 842.. 

.. 675... 

141.. 

. 116.. 

. 16... 

9 

. 2,071.. 

. 1,004.. 

. 492.. 

.. 675... 

118.. 

. 99.. 

. 10... 

. 9 

.16,114.. 

.10,318.. 

. 3,598.. 

..2,198... 

4,712.. 

.4,341.. 

. 266... 

. 115 

.12,929.. 

. 8,693.. 

. 2,817.. 

..1,619... 

3,996.. 

.8,691.. 

. 212... 

. 93 

.11,073.. 

. 7,647.. 

. 1,907.. 

..1,519... 

3,638.. 

.3,260.. 

. 185... 

. 93 

. 9,924.. 

. 5,184.. 

. 2,947.. 

..1,793... 

.1,619.. 

.1,285.. 

. 156... 

. 78 

. 6,807.. 

. 4,003.. 

. 1,524.. 

.. 780... 

.1,138.. 

. 980.. 

. 109... 

. 49 

. 6,876.. 

. 3,678.. 

. 018.. 

.. 780... 

.1,041.. 

. 898.. 

. 94... 

. 49 

..11,643.. 

. 6,599.. 

. 2,851.. 

..2,193... 

.2,590.. 

.2,407.. 

. 124.. 

. 59 

. 8,350.. 

. 6,105.. 

. 1,938.. 

..1,307... 

.2,022.. 

.1,882.. 

. 102.. 

. 88 

. 6,994.. 

. 4,511.. 

. 1,176.. 

..1,307... 

.1,765.. 

.1,6.8.. 

. 79.. 

. 38 

.. 1,910.. 

. 1,283.. 

. 886.. 

.. 241... 

. 277.. 

. 2.J.. 

. 12.. 

. 16 

.. 1,420.. 

. 962.. 

. 284. 

.. 174... 

207.. 

. 191.. 

. 8.. 

8 

.. 1,166.. 

. 846.. 

. 146.. 

.. 174... 

177.. 

. 165.. 

. 4.. 

. 8 

Per Cent of Number Reporting in Surrey 

. 72.9.. 

. 79.8.. 

.. 67.1.. 

.. 68.8... 

. 80.7.. 

.. 81.3.. 

.. 77.7.. 

. 68.9 

. 61.6.. 

. 71.2.. 

.. 42.0.. 

.. 68.8... 

. 71.4.. 

.. 71.9.. 

.. 64.7.. 

. 68.9 

. 69.6.. 

. 79.2.. 

.. 67.0.. 

.. 68.8... 

. 69.5.. 

.. 73.4.. 

.. 59.3.. 

. 50.0 

. 66.0.. 

. 69.1.. 

.. 39.1.. 

.. 68.3... 

. 68.1.. 

.. 62.7.. 

.. 37.0.. 

. 50.0 

. 80.2.. 

. 83.3.. 

.. 78.3. 

.. 69.1... 

. 84.8.. 

.. 86.0.. 

.. 82.8.. 

. 80.9 

. 68.7.. 

. 74.1.. 

.. 53.0.. 

.. 69.1... 

. 76.1.. 

.. 76.1.. 

.. 72.8.. 

. 80.9 

. 63.6.. 

. 77.2.. 

.. 51.7. 

.. 43.5... 

. 74.9.. 

.. 76.8.. 

.. 69.9.. 

. 62.8 

. 64.2.. 

. 70.9.. 

.. 31.2. 

.. 43.5... 

. 68.5.. 

.. 69.9.. 

.. 60.3.. 

. 62.8 

. 71.7.. 

. 77.4.. 

.. 68.0.. 

.. 59.6... 

. 78.1.. 

..78.2.. 

..82.3.. 

. 64.4 

. 60.1.. 

. 68.4.. 

.. 41.2. 

.. 59.6... 

. 68.1.. 

.. 68.5.. 

.. 68.7.. 

. 64.4 

.. 74.3.. 

.. 76.0.. 

.. 78.6. 

.. 72.2... 

. 74.7.. 

.. 76.7.. 

.. 66.7.. 

. 50.0 

.. 61.0.. 

.. 66.9.. 

.. 37.8. 

.. 72.2... 

. 63.9.. 

..66.3.. 

.. 33.3.. 

. 50.0 


* Includes all engineers who were professionally active prior to 1930. 

** Includes all engineers who entered the profeation in the years 1930-32 and 1933-34. 
t In the text, "monthly en^pneering income" and "engineering income" are used Interchangeably. 


gineers were able to earn during each of the 3 years. This 
was determined not only by the rate of earnings but also 
by the volume of employment. The monthly figures are 
a measure of the rates at which engineering services were 
purchased. 

Both income and earnings are shown in relation to (1) 
professional class, (2) age, (3) type of education, and (4) 
regional location. A discussion of earned annual income 
from all sources, by age, is included for engineers engaged 
in engineering work and also for those in nonengineering 
work, as weE as annual income reported by those engineer 
who were unemployed at the end of 1929, 1932, and 1934. 
Monthly engineering earnings, vdiile treated similarly to 
finniia.1 incomc. Can only be diown for the .various ty^es of 
engineering employment. The earnings of those ^gaged 
in engineering work are also shown in relation to size of 

city. ::; ;V'..' ■ 

From a consideration pf certain pertinent aspepts affect¬ 


ing the returns on income and earnings for 1929, 1932, 
and 1934, it is believed that these data are representative 
of the engineering profession as a whole. They have been 
shown to be representative as regards age, if allowance is 
made for the larger representation of engineers graduating 
in 1930 or later years. In analyzing the income data, as 
in the analysis of employment status, the samples of older 
and younger wigiheem® were combined on an adjusted 
basis to secure a cross section of the entire profession in 
1932 and 1934.® 

Without exception the sever^ distributions of income 
foEow a consistent pattern even when analysed in detail. 

2. older engineers comprised iS per cent, of all those who were professionally 
active prior to 1930. The age composition of this ^^up was consist^tly uni¬ 
form with the corresponding data derived &om:the 193Q census on professional 
engineers. This was so for minor groupings of prpfe^ional classes by 10 geo¬ 
graphical regions, and for the cotmtry as a whble. The younger eng^em in¬ 
cluded the information furnished by all those who eiitered the profession in the 
years 1930-34 inclasive. The returns for each of these years covered the same 
proportions (32.0 per cent) of the total number of graduations reported by the 
Office of Education. 
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Table ill. Comparison of 5 Levels of Annual Earnings for All Professional Engineers Reporting in 1929,1932, and 1934 

Fisures derived from adjusted data as explained® and without resard to employment status reported or type of education 


AnTiiml Barnfa gg of More Thaa Specified 


Per Cent at Specified 
Income Level 



Thus, the same type of distribution emerges when the data 
are analyzed by ages, by professional classes, or even on a 
regional basis. This is true of both annual income and 
monthly engineering income. 

The averages proved to be essentially the same, whether 
derived from a “gross” or “net” number reporting. The 
“gross” number reporting income is the total number of 
engineers who reported income in any one year, irrespec¬ 
tive of whether or not they reported in other years. The 
“net” number reporting income is the number who fur¬ 
nished information for all 3 years—1929,1932, and 1934.^ 
In the income tables averages are derived from the “gross” 
numbers reporting. 

The “gross” numbers reporting earned annual income 
for 1934 and the “net” numbers are shown compared in 
table I. These numbers are the totals of those returning 
questionnaires before any adjustment is made in the num¬ 
ber of the younger men. 

In each case, the base for computing percentages was 
themumber reporting in the survey, that is, those engi¬ 
neers who reported a type of education.® For all .age 
groups, it will be noted that there were distinct differences 
between the “gross” and “net” percentages reporting in¬ 
come. The greatest divergences occurred among the 
1930“32 graduate and the 1907~09 “other” engineers. 
For the country as a whole, these were respectively 27.1 
and 11.6 per cent. On a national basis, older graduates 
differed by 7.3 per cent, older “other” engineers by 7.6 
per cent. Despite these variations, a comparison of the 
corresponding measures of levels of annual income de¬ 
rived from the “gross” and “net” returns showed no sig- 
nihcmt differences. A sunilar situation was noted for 
the gross and net” returns on monthly engineering in¬ 
come. 

In the ensuing discussion, the middle values of income 
were computed for groups with at least 10 engineers re¬ 
porting. For the upper and lower 26 per cent groups or 
levels, the measures were based on not les s than 60, 

^ outlined in the 

eaployment status. The numbers of youn^ 
reduced in 

engined in 1932 and IQft? «>r«sp<mdnig figures reported by the older 
1032 and 1984 ^ furnishing datn for the 2 yearn, 

engineer:.S^ie?ateLT34 j^^^ 

once between and Hence, there is no differ- 


while the upper and lower 10 per cent groups embraced 
not less than 100 engineers. 

Earned Annual Income 

The income data for 1929 were furnished by 30,032 
engineers, or slightly over 90 per cent of all reporting en¬ 
gineers who were professionally active prior to 1930. 
These data, together with the adjusted figures on earned 
annual income, without regard to employment status re¬ 
ported, for 1932 and 1934, are shown in table III. 

In 1929 the range in earned annual incomes among pro¬ 
fessional engineers was great. Some 60 reported incomes 
less than $800 per year, while 162 earned more than $19,- 
000 a year. In 1929, without regard to their age distribu¬ 
tion, half of the engineers had annual incomes greater than 
$3,412, while half earned less than that figure. However, 
26 per cent earned more than $5,012 per annum. Only 10 
per cent of the 30,032 reporting engineers had incomes in 
excess of $7,466 per annum. On the contrary, one-quar¬ 
ter of all engineers reporting earned less than $2,609 per 
year, and one-tenth earned less than $1,878 per year. 

From 1929 to 1934, marked decreases took place in the 


slonaldkss; Wvw, did report thdr profes- 

fore.used to They were, there- 

i.u,pwses, except tUose dealmg with type of education. 


Figure 1. Earned 
annual income of 
engineers accord¬ 
ing to age, 1929 

Income from engi¬ 
neering and noff- 
engineering services, 
including Full and 
part-time employ¬ 
ment, all types of 
^ucation 
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Table IV. Comparison of 5 Levels of Annual Earnings for All Engineers Reporting in Eacb Professional Class In 1929, 

1932, and 1934 

Figures derived from adjusted data as explained* and without regard to employment status reported or type of education_ 


Per Ceat of Change 


Per Cent of Profearional Class at Specified Income 
Level* 


Annual Earnings of More Than nuaMM 

Specified Amnimt I ncrease or Decrease _ Per Cent of Change 

1929 1934 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 


10 per cent: 

Mining and metallurgical. 

Chemical and ceramic. 

Civil, agricultural, and architectural. 

. $9,912... 

. 9,103... 

. 8,508... 

. 7,185... 

.$7,011.. 
. 6,525.. 
. 6,220.. 
. 6,785.. 
. 5,086.. 

..$6,486.. 
.. 5,860.. 
.. 5,672.. 
.. 5.220.. 
... 4,561.. 

25 per cent: 

MSning and metallurgical. 

Chemical and ceramic. 

Civil, agriculttual, and architectural. 

. 5,682... 

. 4,806... 

. 4,608... 

. 4,698.. 
. 4,425.. 
. 4,123. 

. 3,770.. 
. 3,579. 

... 4,828.. 
... 3,703.. 
... 3,662.. 
... 3,410.. 
... 8,266.. 

50 per cent: 

Mining and metallurgical. 

Civil, agricultural, and arclutectural... 

. 4,010... 

. 3,803... 

. 3,699... 

. 8,291... 

. 3,277... 

. 3,061. 

. 2,625. 

. 2,681. 
,. 2,545. 
,. 2,609. 

... 2,626.. 
... 2,047.. 
... 2,324.. 
... 2,297., 
... 2,218. 

75 per cent: 

Chemical and ceramic. 

Civil, agricultural, and architectural..... 

.. 2,839... 

. 2,626... 

. 2,588.. 

.. 2,499.. 

. 2,339.. 

,. 1,788. 
.. 1.676. 
.. 1,666. 
.. 1,770. 
.. 1,634. 

... 1,612. 
... 1,424. 
... 1,213. 
... 1,696. 
... 1,348. 

90 per cent: 

Civil, agricultural, and architectural. 

.. 1,985.. 

.•1,966.. 

. 1,926.. 

. 1,686.. 

. 1,662.. 

.. 773. 

.. 919. 

.. 909. 

.. 732. 

.. 873. 

... 893. 
... 863. 
... 1,016. 
... 610. 
.... 781. 


-S525., 

- 665.. 

- 64S.. 

- 666 .. 

- 625.. 


435.. 

578.. 
.- 357.. 
.- 248.. 
.- 291.. 

.- 276.. 

262.. 

343.. 

174.. 
. - 291., 


* Arranged in ascending order of earned annual income for 1929. 

earned, annual incomes of professional engineers. The 
sharpest absolute dedines occurred in the higher income 
levels. Thus, in 1929, while the highest one-tenth of the 
engineers had earned more than $7,466, in 1934 the earn¬ 
ings of this highest-paid tenth ranged down to $5,138. 
The middle income declined from $3,412 in 1929 to $2,286 
in 1934. However, the percentages of decrease for the 
highest 10 and 25 per cent of reporting engineers were 
approximately the same, namely, 31.2 and 31.6 per cent, 
respectively. The middle or average values of all in¬ 
comes declined by 33.0 per cent. At the lower income 
levels, the absolute declines were almost as great as was 
the decline of the median earnings; but the percentage 
decreases were greater. This decrease at the lower levels 
reflects not only salary cuts, but also the low earnings of 
those with long periods of unemployment. In 1929, while 
the yearly earnings reported by the lowest 25 and 10 per 
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Figure 2. Medians of earned annual income according to 
age, 1929/ 1932/and 1934 


cent of engineers were less than $2,509 and $1,878, re¬ 
spectively, by 1934 the former had decreased to $1,473, 
the Tatter to $872. The relative percentage decreases 
were greatest for these 2 lower income levels, namely, 41.3 
and 53.6.® 

Almost two-thirds of the decrease in earned annual in¬ 
comes occurred between 1929 and 1932. This, it will be 
recalled, was coincident with the greatest declines in em- 
plojrment. There were further declines in the period 1932 
to 1934. In general, the order of the absolute decreases 
and t he percentages of change followed those which took 
place in the period 1929 to 1934, the one exception being 
that, between 1932 and 1934, there was only a 1.9 per c^t 
decline in the lowest income levels. The corresponding 
absolute decrease was $17. 

When these adjusted data on annual income were com¬ 
pared for all engineers reporting in the 5 professional 
classes, marked divergences in their respective earning 
capacities were revealed. 

These differences in earning capacity within the several 
professional classes were greatest at the higher income 
levels. Thus, in 1929, nine-tenths of all electrical engi¬ 
neers earned $1,662 or more, while a similar proportion of 
the mining and metallurgical engineers earned $1,985. 
The range was $323. For the middle values of income, a 
difference of $733 was noted between the extremes of 

6 . It must be noted that erroirs of reporting account for part decline, 

at least in the lowest brackets for which comparison is made. ^ The question¬ 
naire called for earnings during the calendar years 1929 and 1934, An engineer 
graduating from college in either year would usually Imye hadraly a half year 
in which he earned. In both years, there is. some evidence that annual r^es 
were occarionally reported. Such overreporting was more common for 1929 

. than 1934. 
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$4,010 for mining and metallurgical and $3,277 for elec- 
tncal engineers. However, at the highest level, one^ 
inining and metallurgical engineers earned 
$9,912 or more, whereas a corresponding proportion of 

civil engineers earned only $6,507 or more. Clearly, it 

was m the higher income levels that the earning capacities 
of the several professional classes diverged the most, even 
in terms of percentages. Furthermore, this characteristic 
of greater variability among the professional classes at 
higher levels persisted in 1929, 1932, and 1934. 

However, when the question is asked as to which pro¬ 
fessional class offers the greatest earnings, or which the 
lowest, the answer must be carefully qualified. In the 
first place, the averages shown in table IV relate to the 
total number in the professional class. For example, 
1,319 mining and metallurgical engineers reported in¬ 
comes for 1929, and of these one-tenth, or 132, had incomes 
of $10,000 or more. There were 13,424 civil, agricultural, 
and wchitectural engineers, of whom one-tenth, or 1,342, 
had incomes in excess of $6,507. Therefore, it may be 
concluded that of every 1,000 engineers in either profes¬ 
sional class, a larger proportion will earn $10,000 in mining 
and metallurgical engineering than in civil engineering. 


But the total number of opportunities to earn $10,000 were 
• greater in civil engineering, much the larger of the 2 pro- 
. fessional closes. Among the civil engineers reporting to 

who indicated incomes 

of $10,000 or more m 1929. 

_ the ranting of the profession on the basis of earn- 

mgs opportani^ relative to the number of engineers in 
the prof^onal class was not the same at all levels and in 
regards the relative level of income for 

in^ 25 per cent, 

m ^ch profession^ elass, there was a constant relation- 

urgical enpieers earned more than $9,912. Chemical 
and ceramic engineers ranked second with 10 per cent 
^g more than $9,103, and were foDowed in Ler by 

^eers (p,185), and civil engmeers ($6,507). Relative 
“^tallurgical engmeers, the divergence 
divergence was 

noted toween the lower limit of $6,301 reported by the 
uppCT fourtt of the mining and metahurgical engineers 
°***“’ professional classes. In 1929, these 
anged from 4 per cent m the case of chemical and ceramic 


Table V. Compwbon of 5 Levels ef Anaital Earnina. A.. B..i. t.. a ii r . „ .. ^ 

3 ge oasis lor All bngmeers Reporting in 1929,1932, and 1934 

__ W'thout regard to employment status reported or type of education 


Age (Tears) 


Year of Graduation Years After Graduation 


Proportion With Annual ®®™Jy^o^More Than Spedfled Amount 


64 and over. 

56—68. 

48-55. 

40-47. 

38-39. 

32—85 *. 

28-31. 

26-27. 

24-25. 

23. 


67 and over., 

59-66. 

51-68. 

48-60. 

39-42. 

36-88.. 

31—84. 

29-30..,,, 

27-28..;.,,.' 

26,.,.....•. 
26.. 

24.. ..... ■ 

23.. 1..,.,^' 


69 and over, 

«l-68.(.... 

63-60...... 

<6^62..;,.. 

3^-40. .;vi. 
38 ^ 6 ...... 

3W2.:..., 

29-80... 

28........; 

2!r... 

26.. v.;.Vi’ 

25; I,....;':' 

24.. ..1... ‘ 

28.. ..... .■ 


. .Prior to 1889. 

..1889-96. 

.1897-1904,... 

.1906-12. 

.1913-16. 

.1917-20.; 

.1921-24. 

.1925-26. 

.1927-28. 

.1029. 


.Prior to 1880. 

.1889-96. 

.1897-1904,.., 
.1905-12..,.,. 
.1918-16. 

.1917-20...... 

. 1921-24. 

.1926-26...... 

.1927-28. 

.1929,......,, 

.1930. 

.1931,......., 

■1932..;...,.. 


.Prior to 1889. 
.1889-96..,.,; 
.1897-1904.... 

.19061-12...... 

.1913-16,..,.. 

.1917-20,...,; 

.1921-24...... 

.1926-26.. 

. 1927-28...... 

.1929,;,,....; 

.1980,...,.... 

.1981..,,...., 

.1931..,.,..: 

.1933,...,..,, 

.1934......... 


,41 and over. 

.83-40. 

.26-32. 

.17-24....... 

.13-16....... 

.9-12.. 

. 6-8 .. 

.3-4. 

■ 1 - 2 ..;,,..... 
.0 ... 


.44 and over. 
.36—43......, 

.28-35,,...,., 

.20-27. 

•16-19........ 

.12-16........ 

.. 8 - 11 .,..,... 

..6-7......^.. 

..4-6..,,. 

■ •I,.,.....,... 

■. 0 .,.,.....i. 


.46,and over. 
.38—46,. 
.30-87,...,.. 
,22-29.,...,. 
.18-21,,,.. 

.14-17... .... 

.10-18V....... 

..8-9..,..,... 

.. 

.. 0 ;, 


.$ 9,999. 

12,749. 

11,701. 

9.913.. ..., 

7,986.. 

6.620.. ..., 

4,797. 

3,621. 

8,049. 

2,330. 


-86,942. 

- 7,493. 

.... 7,129. 

- 6,473. 

- 6,802. 

- 4,860. 

.... 3,786., 

- 8,099., 

- 2,497.. 

.... 1,922.. 


. .84,427. 
.. 4,968. 

.. 4,018. 

.. 4,688. 
.. 4,121. 

.. 3,674. 

.. 3,145. 

. 2,650. 

. 2,098. , 
. 1,313., 


.. 3,004. 

. 2,667., 
. 2,149. 

. 1,822., 
. 882.. 
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Table VI. Comparison of 5 Levels of Annual Earnings for 5 Age Groups of Older* Engineers Reporting in 1929/1932/ 

and 1934 

Without resard to employment status reported or type of education 


Engineers, With Annual Earnings of More Than Specified Amount, Whose Age Was— 

Per Cent at -^----— 

Specified 60 in 63 in 65 in 38 in 41 in 43 in 30 in 33 in 35 in 25 in 28 in 30 in 23Viiii 26>A in 28>/2 in 
Income Level 1929 1923 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 


10.$12,740... $9,318... $8,280... $7,036... $6,305... $6,204...$4,707...$4,287... $4.239... $3,040...$2,970... $3,004...$2,330... $2,451...$2,367 

20. 7,493... 6,167... 3,391... 5,802... 4,692... 4,441... 3,786... 3,386... 3,334... 2,497... 2,462... 2,467... 1,922... 2,075... 2,162 

50. 4,968... 3,969... 3,497... 4,121... 3,386... 3,211... 3,146... 2,677... 2,569... 2,098. ..• 2,020... 2,023... 1,313... 1,772... 1,858 


75. 3,378... 2,462... 1,800... 3,210... 2,475... 2,266... 2,567... 2,026... 1,958... 1,822... 1,604... 1,668... 882... 1,271... 1,481 

90. 2,328... 964... 770... 2,563... 1,478... 1,491... 2,130... 1,229... 1,358... 1,462... 876... 1,061... 4781.. 736... 998 

Per Cent of Increase or Decrease 

1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 


10...!... -35... —27... -11... -22... -19... -3... —11... —11... - 1... - 1... - 3... + 1...+ 10... + 6... +6 

26. -28... -18... -13... -23.. -21... -3... -12... -11... - 2... - 1... - 2... H-1...+ 12... +8... +4 

60. -30... -20... -12... -22... -18... -6... -18... -15... - 4... - 4... - 4... 0... + 42... +35... +6 

76. —47... —27... —27... -30... -23... —9... —24... —21... - 3... —14... —17... + 4... + 62... +44... +18 

00. —67... —69... —20.,. —42... —42... +1... —36... —42... +10... —27... —40... +21,.. +109... +64... +86 


’i‘ Includes those engineers who were professionally active prior to 1930. 


engineers ($6,034) to 28 per cent for the civil engineers 
($4,508). This order of professional classes was also 
maintained in 1932 and 1934. ^ 

In 1929, the relative order of the median professional 
incomes was the same as that just described, as regards 
mining, chemical, and mechanical engineers. But whereas 
the upper limit of the earnings of the lowest 25 per cent of 
the electrical engineers exceeded that of a similar propor¬ 
tion of the civil engineers by 6.6 per cent, at the median 
level the situation was reversed—half the civil engineers 
earned $3,291 or more, whereas half the electrical engineers 
earned $3,277 or more. This change in order persisted in 
1932 and 1934. 

In 1932 and 1934, the median earnings of mining and 
mechanical engineers led all the others. Chemical engi¬ 
neers were below mechanical engineers in 1932. The me¬ 
dian earnings of chemical engineers were lower than the 
of every other professional class in 1934. 

At the lower levels the most marked shift in rank was 
that of civil engineers and chemical engineers. In 1929, 
one-quarter of the civil engineers earned less than $2,499, 
exceeding only the comparable earnings of electrical engi¬ 
neers. But in 1932, civil engineers were in second place as 
regards the level of earnings of the lowest quarter of the 
profession, and in 1934 they were in first place. Even in 
1929, the lowest 10 per cent of the civil engineers had 
earned almost as much as the lowest 10 per cent of the 
tniniTig and mechanical engineers, and substantially ex¬ 
ceeded the level of the lowest 10 per cent of the chemical 
and electrical engineers. With rierence to both the low¬ 
est 25 and 10 per cent groups, chemical engineers’ earnings 
came in last place in 1932 and 1934. 

Further examination of the adjusted data in table IV, 
given without regard to age, demonstrates not only dif¬ 
ferences in earning capacity blit also variations in the de¬ 
creases in earned annual income over the period 1929 to 
1934. Without exception, the greater p^ of all contrac¬ 
tions in income reported occurred between 1929 and 1932, 
though there were further dedines in the period 1932 and 


Annual Income Related to Age 

The effects of age upon earned annual incomes, for all 
professional engineers combined are presented in table V. 

This table makes it plain that the engineers’ earnings 
advanced with age. In 1929, the income level of half of 
the engineers who had graduated in 1927 or 1928, or were 
from 24 to 25 years of age, exceeded $2,098, whereas that 
of half of the engineers in the age group 56-63 exceeded 
$4,968. Similarly, in 1932 and 1934, there was a continu¬ 
ous advance. But apparently age 60 represented a turn¬ 
ing point in the average earnings of professional engineers. 
Furthermore, the increase in earnings with age comprised 
3 distinct phases: Initial periods of exceptionally rapid 
rise which contain the maximum average yearly increase, 
followed by 2 others in which the rates of increase were 
prog;ressively slower up to the respective maxima of the 5 
income groups or levels. The age spans of these phases 
differed with the income level. Thus, for the middle and 
2 lower levels of income in 1929, the ma ximum yearly in¬ 
crease of $450 was reached at the age of 25. On the other 
hand, the initial periods of rapid rise for the upper 25 and 
10 per cent levels were not reachedimtil the ages of 27 and 
34, respectively. The subsequent periods of increase for 
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the upper 10 per cent embraced the age spans of 34 to 44, 
44 to 60, whereas those for the next highest income 
levelextendedfrom 27 to 38, and 38to 60 years of age. The 
3 remaining income levels increased at practically tb** same 
rate between 25 and 34 years. But while the age span 
for the third phase of increase was from 34 to 52 for the 
middle level, it only extended from 34 to 44 in the case of 
the 2 lower levels of income. 

There was also an increased spread of earnings with ad¬ 
vancing age. Even in the early ages there was a fairly 
considerable range. Thus, in 1929, among those who 
graduated in 1927 or 1928, the lowest quarter earned less 
than $1,822, whereas the earnings of the highest quarter 
were about Va higher than this amount, or $2,497 per an¬ 
num. It is also true thatthe highest lOper centof these ages 
earned at least twice as much as the lowest 10 per cent. 
But among engineers who were about 52 in 1929, the 
highest-paid quarter earned at least twice as much as the 
lowest-paid quarter, and the highest 10 per cent earned 
more than 4 times as much as the lowest 10 per cent. 
Similar relationships existed in 1932 and 1934, although 
the range of increases was due in large part to the influence 
of unemplo 3 rment on the earnings in the lower levels of in¬ 
come. 

The spread in earnings was accentuated beyond the age 
of 38. At that point, the income curve of the upper 10 
per cent diverged upward and continued thus to the age of 
60. On the other hand, the remaining curves ran con¬ 
sistently parallel up to their respective maxtmfl. . For ex¬ 
ample, at the ages of 25, 44, 52, and 60 the incomes of the 
upper 25 per cent differed from the median by 19, 41, 45, 
and 51 per cent, while the order of differences for the 
lower 25 per cent was 13,26,29, and 32 per cent. By con¬ 
trast, the corresponding incomes of the upper 10 per cent 
at these ages were greater than the median by 45,116,138, 
and 157 per cent. Clearly, beyond the age of 44, the 
earned annual incomes reported in 1929 by the upper 10 
per cent of all engineers differed veiy greatly from those 
in the other income levels, and this advantage in earning 


capacity was maintained in the years 1932 and 1934 also. 

The earnings of engineers in the lower income brackets 
ceased to increase at a relatively early age. It is only ap¬ 
proximately correct to assume that ability and income are 
in direct proportion. By and large, however, it is perhaps 
safe to assume that the engineers at any age in the lowest 
10 per cent income group are less able than the average 
at that age; and that the highest 10 per cent are substan¬ 
tially more able than the average. The Bureau’s data re¬ 
veal that the maximum earnings of the lowest 10 and 25 
per cent were reached in 1929 at about 44 years of age, 
and the average engineer reached his maximum earnings 
at about 52. The same relationship held in 1932 and 1934 

In the 2 later years the maximum for the average engi¬ 
neer occurred at about 60, but it is evident that earning 
power for engineers above the average continued to rise 
beyond this age. Thus, the average earnings of engineeis 
53 to 60 years of age in 1934 exceeded $3,502, whereas the 
average earnings of those 61 to 68 years were more than 
$3,497. But the highest 10 per cent of the first group 
earned over $7,720, whereas the same class of the second 
group earned more than $8,280. 

Table V discloses differences in the age-income cycles 
beyond the points of maximum earnings, lhat is, at the end 
of the third phases of increase. In any case of the 2 higher 
income levels, the fourth and last phase in 1929 was one of 
decrease. This was not so for the 3 lower income levels. 
For them, there was a fourth phase of no change in income 
which covered a span of approximately 8 years: 52 to 60 
for the middle group, and from 44 to 52 in the case of the 
2 lower levels. The fifth phases were ones of decrease. 
Relatively, however, the steepest declines occurred in the 
2 higher income levels. 

Changes in income brought about by the depression in 
various years may be considered from the point of view of 
particular individuals whose age and eiiperience was in¬ 
creasing, or from the point of view of the expectations of 
men with comparable periods of eiqperience. For ex¬ 
ample, the average earnings of engineers who graduated in 


Table VII. Comparison of 5 Levels of Annual Earninss for Corresponding Years After Graduation in 1929,1932, and 1934 

Without regard to employment status reported or type of education 


A*e of Years _!_ Proportion With Annual Earnings of More Than Specified Amoun t (Per Cent) 

Engi- After 2S~ TIT -- 

neers Gradua-—--- - -__ 

(Years) tion 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 


1929 1932 


..S 2.330. 
. 3,049. 

. 3,980. 

. 6 , 000 . 

. 9,450. 

. 11,700. 

. 12,749. 


927...Sl,313...S 645...S 598...$ 882...$ 822...$ 299...$ 478...$ 129. .$ 120 

■ oorn"' 1.600... 2,098... 1,399... 1,190... 1,822... 840... 860... 1,462... 420 410 

. 2,970... 2,410... 3,300... 2,452... 2,080... 2,710... 2,020... 1,760... 2 276 1 504 1 340 1 02<5 * oin 

* A’ftln”' 2,990... 3,500... 2,677... 2,380... 2,890... 2,026..! l!8So!!! 2*375 ' 1229 "" 1299 

■ f’222'" ^>*60... 7,190... 5,580... 6,050... 4,900... 3,780... 3,420... 3,430... 2,520 . 2 240 2 590 las'? 1 

. 8,900... 7,900... 7,493... 5,960... 5,250... 4,938... 3:900... 3:600.:: 2^.:. S !!: w!.': S:." ’Ilo 

_ Per Cent of Increase or Decrease 

1929-32 1932-34 1929-34 1929-32 1932-^4 1929-34 1929-32 1932-34 1929-34 1929-32 1932-34 19 29^4 1929-32 1932-34 

— ""i^'— “62...— 43... —15... —54... —61... — 7... —66... —63... — 1 —76 —73 —1 

• -3®*-' -I*--- -43... -33... -13... -53 -54 -4.2 -72 " -71*" ~2 

■ "m •■ ■;?••• -»«••• -38... -IS... -41.;. -aj;;: -S::: 41;:: 4 

' -»"■ I ?■■■ ■m'” “ J— ”I5"- ■j;--- ■“••• -38... -30-«... -46... -48... +6 

■ -3o'” xJ'” “IJ"' “1^" “In'" -27... -11.':: -SO.':: - 50 ::: ^0 

. oU... —II.,, —30.,, —20_ —12_ —3n.._; —91 ■_in- _ An _oa m _ 


- 1.. 

. -76.. 

-73... 

-1 

+ 2... 

. -72.. 

-71... 

-2 

-11,., 

. -61.., 

-54... 

+7 

-9... 

, -46.. 

-48... 

+6 

- 9... 

, -44... 

-45... 

+2 

-11... 

-60... 

-50... 

0 

-19... 

-58... 

, -65... 

-7 
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Table VIII. Comparison of 5 Levels of Earned Annual Income for Older,* Graduate,** and **Other‘*t Engineers Reporting 

in Each Professional Class at End of 1929,1932, and 1934 

Without resard to employment status reported 


Per Cent of Professional Classt at 
Specified Income Level 


Annual Earnings of More Than Specified Amount 
Graduate Engineers** “Other” Engineerst 


Per Cent Income of “Other” En{^- 
neers Formed of That of Graduate 
Engineers— 


10 per cent: 


25 per cent: 


Mechanical and industrial. 

Electrical.. 

Qvil, agricultural, and architectural. 

60 per cent: 


75 per cent: 

Mining and metallurgical. 


90 per cent: 


Civil, agricultural, and architectural. 

Mechanical and industrial.1. 


S10,015... 

..$7,413... 

. .$7,680... 

..$8,940... 

...$6,370... 

..$6,263... 

...89.... 

... 86.,.. 

... 83 

9,173... 

.. 7,432... 

.. 7,414... 

.. 8,100... 

... 6,435... 

.. 6,796... 

... 88.... 

... 87..,. 

... 92 

8,715... 

.. 6,481... 

.. 6,269... 

.. 8,161... 

... 6,273... 

.. 6,997... 

... 94..., 

... 97.,.. 

... 96 

7,301... 

.. 6,263... 

.. 6,084... 

.. 6,654... 

... 6,943... 

.. 6,670... 

... 91.,.. 

... 95.... 

... 93 

6,853... 

.. 6,478... 

.. 6,133... 

.. 6,746... 

... 4,470... 

.. 4,222... 

... 84,... 

... 82.... 

... 82 

6,349... 

.. 4,973... 

.. 4,833... 

.. 6,026.... 

... 4,640... 

.. 4,687... 

... 95.... 

... 93_ 

...96 

6,111... 

.. 5,116... 

.. 4,976... 

.. 6,210... 

... 4,540... 

.. 4,335... 

... 85.... 

... 89.... 

... 87 

6,603... 

.. 4,414... 

.. 4,262... 

.. 6,636.... 

... 4,269... 

.. 8,972... 

... 99..., 

... 97.... 

... 93 

4,886... 

.. 4,176... 

.. 4,062... 

.. 4,497... 

... 8,762... 

.. 3,664... 

... 92.,.. 

... 90.... 

... 90 

4,732... 

.. 3,923... 

.. 3,671... 

.. 4,036... 

... 8,349... 

.. 3,163... 

... 86.... 

... 86.... 

... 86 

4,053... 

.. 3,299... 

.. 3,227... 

.. 8,762... 

... 3,082... 

.. 8,072... 

... 93.... 

... 93.... 

... 96 

3,839... 

.. 3,368... 

.. 3,808... 

.. 8,525... 

... 8,060... 

.. 2,867... 

... 92.... 

... 91_ 

... 86 

3,663... 

.. 3,026... 

.. 2,848... 

.. 3,777... 

... 2,929... 

.. 2,646... 

...103.... 

... 97.... 

...93 

3,375... 

.. 2,834... 

.. 2,636... 

.. 8,099... 

... 2,680... 

.. 2,862... 

... 92.,.. 

... 89.... 

... 90 

3,296... 

.. 2,863... 

.. 2,821... 

.. 3,218... 

... 2,627... 

.. 2,617... 

... 97.,,. 

... 92.... 

... 89 

2,841... 

.. 2,013... 

.. 2,029... 

.. 2,829... 

... 2,013... 

.. 1,947... 

... 99.... 

...100,... 

... 96 

2,556... 

.. 1,981... 

.. 1,952... 

.. 2,902... 

... 1,930... 

.. 1,837... 

...114.,.. 

... 97.... 

... 94 

2,541... 

.. 2,009... 

.. 1,956... 

.. 2,429... 

... 1,860... 

..1,747... 

... 96.... 

... 93..,. 

... 89 

2,538... 

.. 2,178... 

.. 2,196... 

.. 2,640... 

... 1,885... 

.. 1,834... 

...100.... 

... 87.... 

• • • S4 

2,317... 

.. 1,997... 

.. 2,003... 

.. 2,400...^ 

... 1,883... 

., 1,792... 

...104.... 

... 94.... 

... 89 

1,977... 

.. 1,062... 

.. 1,279... 

.. 2,080... 

... 1,210... 

.. 1,283... 

...103.... 

...116.... 

...100 

1,935... 

.. 1,136... 

1,361... 

.. 1,910... 

... 1,028... 

.. 1,162... 

... 99.... 

... 90.... 

... 86 



1 245 ., 

. , 2,170, ,. 

,.. 1,040... 

.. 1,169... 

...116..,. 

... 86...., 

...94 

1,667... 

.. 1,443... 

1,468... 

.. 1,820... 

... '699... 

.. '783... 

...no.;.. 

... 48.... 

... 54 

1,609... 

.. 1,311... 

.. 1,308... 

.. 1,860... 

... 1,186... 

.. 1,088... 

...116,... 

... 90.... 

... 83 


Electrical.. 1,60 9. 1,311. 1,308. 1,860. 1,185. 1,088.. up . w. ao 

* Includes all engineers who were professionally active prior to 1930. ** Graduate engineers embrace all postgraduates, nonengineering graduate, and first 

degree enj^neering graduates. t “Other” engineers embrace all engdu^rs with college course incomplete, noncollegiate technical school course, and secondary 
school education. t Arranged in ascension of graduate earned annual income for 1929. 


1927-28 dedined only from $2,098 in 1929 to $2,020 in 
1932, and increased slightly to $2,023 in 1934. On the 
other hand, those who graduated in 1897-1904 averaged 
$4,918 in 1929, $3,832 in 1932, and $3,502 in 1934. Such 
comparisons for each group of engineers over the period 
1929-34 may be made from table V. They are, more con- 


Figure 4. Upper 
and lower deciles 
of earned annual 
income according 
to age, 1929, 
1932, and 1934 

Income from ensi- 
neering and non¬ 
engineering services 
including full and 
part-time employ¬ 
ment, all types of 
education 



23^252730 34 38 44 52 

* A6E IN YEARS 

2 4 7 II 15 21 29 37 

YEARS AFTER SRADUATION 


veniently arranged for direct comparison in ta^le VI. 

This table shows a rise in earnings for the youifgest en¬ 
gineers in the profession in 1929, who were near to 30 years 
of age in 1934. The advance in earning capacity in the 
first 5 years of engineering experience was so great that it 
offset the influence of the depression in the case of the 
youngest engineers. At higher ages, when an added 
year’s experience influenced income less, the incomes of 
particular engineers declined by as much as 30 per cent 
for the average graduate of the classes of 1889-96. 

Tn order to trace the influence of the depression on pro¬ 
fessional opportunity and on the normal expectations of 
members of the profession, table VII compares the earnings 
for identical ages in each of the 3 years.^ 

For each level of experience, incomes declined from 1929 
to 1934, and two-thirds to three-quarters of this decline 
occurred from 1929 to 1932. Over the entire period the 
average income of those who had been out of college for 2 
years declined 43 per cent. Those who had be^ out 6 
years baH, on the average, 35 per cent less income in 1934 
than the corresponding group in 1929. For older engineers 
the decline approximated 30 per cent, being slightly more 
than this for those with 10 years’ experience, and slightiy 
less for those with 20 years’ ejqperience. 

The most significant differences brought about by the 
depres^on were in the spread of incomes at various ages. 

7 . Tbe figures are not derived from direct tabulations wbich were made on the 
baris of the same combinations of years of birth or graduation in each of the 
3 years, but the movements of earnings proved to be sufficiently regular to 
justify reading the values for particular ages from the chart. 
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In aU cases, primarily because of the influence of un¬ 
employment, annual income for the lowest 25 per cent and 
the lowest 10 per cent declined more than the average in¬ 
come at a given age. Thus, 2 years after graduation, 10 
per cent of the engineers earned less than $1,462 in 1929 
as compared with a corresponding group earning less tban 
$410 in 1934. This was a decline of 72 per cent as com¬ 
pared with a 43 per cent decline for the average of this age. 
Similarly, the average for engineers 30 years after gradua¬ 
tion declined 30 per cent from 1929 to 1934, while the 
level below which the earnings of 10 per cent of such en¬ 
gineers were found fell by 50 per cent. 

There was comparatively little difference for the vari¬ 
ous ages in the decline of the median income or in the de¬ 
cline of the level of income above which only 25 per cent 
of the engineers of corresponding ages were found. The 
highest level of income (that achieved by only 10 per cent 
at each age) declined more than the average in the case of 
all groups of engineers with 6 years’ or more experience. 
Thus this select group among engineers 60 years of age 
lost 38 per cent from 1929 to 1934, whereas the average 
decline at that age was 30 per cent. 


Annual Income and Education 

The foregoing analysis of annual incomes reported by 
professional engineers for 1929,1932, and 1934 took no ac¬ 
count of differences in educational background. In 1929, 
^me 22,386, or 86 per cent, of the 24,837 older graduates 
in engineering courses in the sample reported income and 
7,646, or 90 per cent, of the 8,440 older “other” engineeis 
who were in the profession in 1929 reported. The 5 in¬ 
come levels for these 2 groups are shown in table VIII. 

Consideration of the ratios derived from the 1929 earn¬ 
ings reported by the “other” and graduate engineers 
cle^ly indicates that those with a formal engineering edu¬ 
cation had lugher incomes. ‘ Thus, in the highest 10 and 
p per cent income groups, the earnings of the graduates 
m each professional class exceeded those of the “other” 
engineers. It wiU, however, be noted that there were wide 
Rations in the ratios in the earnings of the 2 groups, in- 
^catmg that the differentials in earnings do not accrue 
m equal measure for all 5 professional classes. In the 
upper 25 per cent level, the order of yearly differences in 
Equates was $901, $696, $389, $324, and 
$67, the 3 sm^est of these being in the electrical, mining 
^d me^urgical, and mechanical and industrial classes, 
in the highest income level, differences of $647 and $554 
per year w^e reported by the graduate electrical and me- 
^amcal and mdustrial engineers; in the,3 remaining pro¬ 
fessional d^es none of the graduate groups reported dif- 

19^ to 1^, the eanimgs of the upper 25 per cent of the 
^e advantage enjoyed by engineers with college de- 



fessional class of which this was true for the average, but, 
in general, the lowest 25 per cent and the lowest 10 per 
cent among the “other” engineers had higher incomes than 
among the graduates. But even at these levels, it will be 
seen that an advantage accrued over the period 1929 to 
1934 to the college graduates. The income of the lowest 
25 per cent of those graduating prior to 1929 declined less 
than the income of the lowest 25 per cent of the correspond¬ 
ing group of “other” engineers and by 1934, college gradu¬ 
ates had the higher incomes even at this level. 

The apparent advantage enjoyed in 1929 by the “other’ ’ 
engineers at the lower levels of income may best be ex¬ 
plained in conjunction with the data in tables IX and X. 
The data for the median values* only of earned annual in¬ 
come of all engineers classified by age in the 3 years, 1929, 
1932, and 1934 are presented in table IX.* 

The first observation to be made has regard to the fact 
that the “other” engineers, at a very early age, lose the 
advantage in earning capacity, arising from practical ex- 
peii^ce gained, while the college graduate is in school. 
This loss of advantage is best exemplified by considering 
the ranking order of the 12 groups of engineers at corre¬ 
sponding years after graduation (table X). 

At the end of 2 years after graduation^ in 1929, the 
“other” engineers held ranks 1, 2, 4, 5, and 6, the first- 
degree civil graduates were third, and the remaining gradu¬ 
ate groups occupied positions 7 to 12, inclusive. Five 
years after graduation, however, there was a complete re¬ 
versal of this situation, which placed all g^raduates ahead 
of the “other” engineers. 

Relatively, the greatest shifts in position occurred be¬ 
tween the second and fifth years after graduation. Sec¬ 
ondary-school engineers dropped from sixth to twelfth 
place. The noncoUegiate civil engineers declined from 
second to eleventh place, while the civil engineers whose 
college course was incomplete declined from fifth to tenth 
place. Positions 8 and 9, respectively, were occupied by 
the mechanical engineers whose college course was incom¬ 
plete and those who were graduates of noncoUegiate tech- 
mcal schools; 2 years after graduation they had held first 
and fourth places. Among the engineering graduates, 
the greatest shift in position occurred among tlie first- 
degree chemical and ceramic engineers, who moved from 
tenth to first place at 5 years after graduation, and main- 
tamed that position throughout the 1929 age cycle It 
wm £^o be noted that the 1929 earnings reported by the 
first-degree civil engineers were greater at 5 years after 
^aduation than those of both postgraduates and first- 
degree electrical engineers. On the other hand, the earn- 
mgs Qf these 3 groups were less than those reported by 
&st-(^ee mrnmg and metaUurgical, and mechanical and 
mdustrial engineers, and nonengineering graduates. 

? follows that the greater decline from 1929 to 
19^ m the mcoines of the lower 10 and 25 per cent of the 
other engineers reflects in part the greater advantage of 

mcorne levels to 

10 . Tliejiicoines rwwt^ just after frP®8 of education, 

invalidate bjr the fact thflt , while 

for 6 months only, it was fo, ^Ported inctunes 

an income for ti fuU ye^rlr^Se. engineers to have reported 




ELtCCTRICAL EnGINBERING 



Table IX. Median Annual Earnings in 1929,1932, and 1934, for All Engineers Reporting by Age and Type of Education 

Without res^rd to employment status reported 


First-Degree Bngineeriiig Oradnates 


Others 'With— 

College Noacollegiate 

Course Technical 

Incomplete Course 


Year Years 

of After 

Graduation Graduation 


<3 S 

SI P 

|o 

P I 


1029 Income (Dollars) 


64 and over. 


♦ 

.. 41+. 


..6,000.. 


. .4,460.. 

.. ** .. 

.6,100.. 

.4,800.. 

. .8,400.. 

..6,700.. 


.. ** .. 

.3,800 

1889-96... 

..33-40. 

.6,030.. 

..6,600.. 

.6,450.. 

..4,981.. 

..6,580.. 

.6,265.. 

..6,180.. 

..3,788.. 

..4,933.. 

.3,657.. 

..4,440.. 

.4,120 

1897-1904. 

..26-32..... 

.5,320.. 

..5,663.. 

..6,600.. 

. .4,804.. 

. .6,460.. 

..5,793.. 

..6,200.. 

. .8,774.. 

..6,179.. 

.3,514.. 

..4,714.. 

.4,333 

1906-12... 

..17-24. 

..5,000.. 

..5,000.. 

..6,429.. 

..4,411.. 

..6,239.. 

..6,484.. 

.5,400.. 

..8,566.. 

..4,679.. 

..3,600.. 

..4,246.. 

..3,708 

1913-16... 

..13-16. 

.4,286.. 

..4,933.. 

..6,021.. 

..8,964.. 

. .4,480.. 

..4,878.. 

.4,826.. 

..8,828.. 

..4,031.. 

..3,168.. 

..3,889;. 

.3,625 

1917-20... 

.. 9-12. 

..4,608.. 

. .4,086.. 

..4,623.. 

..3,616.. 

. .4,048.. 

..4,067.. 

..4,600.. 

..3,036.. 

..8,793.. 

..3,121.. 

..8,448.. 

..3,267 

1921-24... 

.. 6-8. 

..3,164.. 

..3,072.. 

..3,644.. 

..8,122.. 

..3,190.. 

..8,854.. 

..8,306.. 

. .2,614.. 

..8,200.. 

..2,674.. 

..2,926.. 

.2,814 

1925-26... 

.. 3-4. 

.2,565.. 

. .2,675.. 

..2,729.. 

..2,579.. 

. .2,605.. 

..2,616.. 

. .2,840.. 

..2,410.. 

..2,468.. 

..2,400.. 

..2,482., 

.2,260 

1927-28... 

.. 1-2. 

..2,008.. 

..1,978.. 

..2,007.. 

..2,160.. 

..1,977.. 

..2,099.. 

..2,086.. 

..2,127.. 

..2,232.. 

..2,200.. 

. .2,144.. 

. .2,100 

1929 ... 

0 . 

. 1,040.. 

..1,500.. 

..1,200.. 

..1,256.. 

.. 996.. 

..1,146.. 

..1,176.. 

. .2,062. 

..2,129.. 

..1,780.. 

..1,960.. 

..1,900 


67 and over, 
60-66. 


69 and over.... 

61-68. 

63-60. 

46-52. 

41-44. 


1932 Income (Dollars) 


♦ 

., 44+. 

** .. 

.8,000.. 

♦* .. 

..8,600.. 

** .. 

.6,200.. 

..1,100... 

.2,600.. 

..4,600.. 

** .. 

. ** ... 

.3,467 

1889-96... 

.,36-43. 

.5,160.. 

..4,600.. 

. . ** :. 

..4,090.. 

..4,733.. 

.4,700,. 

..6,000.. 

.2,950.. 

..3,600.. 

..2,933.. 

.3,400... 

.3,488 

1897-1004. 

..28-35..... 

.4,767.. 

..5,000.. 

..6,200.. 

..3,761.. 

. .4,677.. 

.4,189.. 

..8,940.. 

.2,969.. 

..3,688.. 

..2,846.. 

• 3,560. • • 

.3,650 

1906-12... 

..20-27. 

.4,155.. 

..4,476.. 

..5,820.. 

..8,533.. 

..4,214.. 

..4,070.. 

. .4,222.. 

.8,038.. 

..3,681.. 

..2,777.. 

.3,241... 

.3,178 

1913-16... 

..16-19. 

.3,746.. 

.4,222.. 

..4,667.. 

..3,818.. 

..8,877.. 

..3,800.. 

. .8,700.. 

.2,702.. 

..3,162.. 

..2,709.. 

.2,968... 

.3,173 

1917-20... 

..12-16. 

.3,877.. 

.3,600.. 

..8,773.. 

..8,048.. 

..3,609.. 

..8,470.. 

..8,444.. 

..2,618.. 

..3,029.. 

. .2,476.. 

..2,682... 

.2,720 

1021-24.,. 

,, 8-11. 

.2!882.. 

.2,945.. 

..8,167.. 

..2,628.. 

..2,807.. 

..2,861.. 

..2,744.. 

..2,406.. 

..2,563.. 

..2,173.. 

..2,310... 

.2^488 

1026-26... 

., 6-7. 

.2,472,. 

..2,656.. 

. .2,580.. 

..2,348.. 

..2,809.. 

..2,408.. 

..2,200.. 

..2,090.. 

..2,106.. 

..1,971.. 

..2,000.. 

.2,067 

1927-28... 

.. 4-6. 

..2,029.. 

..2,167.. 

..2,064.. 

..2,124.. 

..1,992.. 

..1,985.. 

..1,940.. 

..1,932.. 

..1,906.. 

..1,836.. 

..1,686.. 

.1,840 

1929 .. 

3 . 

. ,1,794.. 

..1,800.. 

..1,778.. 

..1,896.. 

..1,660.. 

..1,716.. 

..1,660.. 

..1,667.. 

..1,638.. 

..1,900.. 

..1,600.. 

.1,850 

1030 ,,, 

2. 

. 1^378.. 

..1,676.. 

..1,628.. 

..1,709.. 

..1,461.. 

..1,496.. 

..1,492.. 

..1,709.. 

..1,378.. 

..1,700.. 

..1,450.. 

.1,633 

1031 .,, 

1. 

.. 948,. 

..1^367.. 

..1,208.. 

..1,349.. 

..1,032.. 

..1,247.. 

..1,147.. 

..1,620.. 

..1,390.. 


..1,600.. 

.1,700 

1032 ... 

0. 

.. 687.. 

..1,800.. 

.. 608.. 

.. 629.. 

.. 686.. 

.. 646.. 

.. 480.. 

..1,483.. 

..1,183.. 


..1,400.. 



1934 Income (Dollars) 


.. * 

..1889-96... 

..1897-1904. 

..1906-12... 

..1913-16... 

,. 46+... 

,.38-46... 
..30-37... 
,.22-29... 
.,18-21... 

... **■ ,. 
.! .4,333.. 
...4,488.. 
...3,923.. 
...3,617., 

.,3,100. 

..4,400. 

..4,400. 

..4,088. 

..4,467. 

** .. 
** .. 

! is,100.. 
...6,000.. 
...4,111.. 

..3,200.. 
.3,867.. 
.8,337.. 
.,3,811.. 
..8,129.. 

.. ** .. 
..4,143.. 
..4,400.. 
..4,089.. 
..8,917.. 

.8,938.. 

.4,100.. 

.3,731.. 

.3,876.. 

.8,638.. 

..1,200.. 
..4,333.. 
..3,900.. 
. .4,086.. 
.,3,688.. 

..2,000.. 

..2,800.. 

..2,787.. 

. .2,780.. 
..2,496.. 

.8,400.. 

..2,900.. 

..8,493.. 

..3,497.. 

..2,990., 

..2,600.. 

..2,429.. 

..2,633.. 

..2,420.. 

..2,000.. 

..2,460.. 

..8,864.. 

..2,974.. 

..2,718.. 

..3,100 

..3,183 

.3,508 

.2,940 

..8,031 

,.1917-20... 
..1921-24... 
..1926-26... 
.,1927-28... 
.. 1929 ... 

,.14-19... 
.,10-18... 
,. 8-9... 
.. 6-7... 
., 6... 

.. ,3,260.. 
...2,864.. 
...2,613.. 
...2,072.. 

..,i,888.. 

..3,676. 

..2,867. 

..2,476. 

..2,200. 

..1,871. 

...8,860.. 

...3,244.. 

...2,686.. 

...2,225., 

...1,982., 

..2,826.. 

..2,616.. 

..2,263.. 

,.2,069.. 

..1.892.. 

..8,398.. 
.; 2,801.. 
..2,364.. 
..2,021.. 
..1,769.. 

.3,278.. 

..2,704.. 

..2,378.. 

..2,068.. 

..1,908.. 

. .8,667.. 
..2,811.. 
..2,463.. 
..2,100.. 
..1,809.. 

. .2,354.. 
..2,147.. 
..1,974.. 
..1,876.. 
..1,678.. 

..2,890.. 

..2,432.. 

..2,093.. 

..1,911.. 

..1,808.. 

..2,286.. 

..2,036.. 

..1,863.. 

..1,667.. 

..1,867.. 

..2,6^.. 

..2,161.. 

..1,967.. 

..1,738.. 

..1,626.. 

.2,711 

..2,366 

..1,900 

..1,860 

..1,676 

,. 1930 ... 
..1931 ... 

.. 1932 ... 
,, 1933 ... 

,. 1934 ... 

4.. . 

8 .. . 

.. 2... 

,, ‘ 1... 
.. 0... 

...1.663,, 
...1,437.. 
...1,266.. 
... 840.. 
... 612.. 

..1,800. 

, .1,467. 
..1,233. 
.,1,314, 
,,1,000. 

...1,795.. 
...1,426.. 
...1,288.. 
...1,162.. 
... 867.. 

..1,762,. 
..1,646.. 
..1,384.. 
.*.1,249.. 
.. 638.. 

..1,627.. 
..1,263.. 
..1,138.. 
..1,047.. 
.. 640.. 

..1,719.. 
..1,433.. 
..1,261.. 
..1,126.. 
,. 660.. 

..1,642.. 
,.1,479.. 
..1,241.. 
..1,169.. 
.. 664.. 

..1,618.. 
..1,667‘;. 
. .1,388.. 
..1,288.. 
..1,200.. 

..1,600.. 

..1,633.. 

..1,400.. 

..1,267.. 

..1,089.. 

..1,800.. 
..1,400.. 
.. ** .. 
** .. 
!! *♦ !. 

..1,433.. 

..1,467.. 

..1,367.. 

..1,600.. 

..1,263.. 

..1,660 

..1,800 

!! •* 
.‘.1,325 


37- 40.1917-20.14-19..3,260... .3,676... .a,oou... 

38- 36....;.1921-24.10-18.2,864... .2,867... ‘3,244... .2,616 

31-32.1928-26 . 8-9.2,613... .2,476 - 2,586 -2,2M 

29-30.1927-28...... 6-7. 2,072... .2,200.. . .2,225.,, .2,069 

28.. 1929 . 6.1,888....1,871...,1,982.,..1,892 

27.. ... 1930 . 4...1,663,...1,800....1,795....1,762 

ail' 1931 . 8..1,437.. , .1,467.. . .1,426.. . .1,64£ 

25.. . . .. . 1932 . 2...1,266.... 1,233.... 1,288.. 

24 ’... 1933 ..‘ 1....... 840... ,1,314.... 1,162....1,ME 

23. 1934 . 0....... 612....1.000.»-» 367.... 638 

* Prior to 1889. ** Lms than 1() persons reported. 

6 years additional eiqperience among the younger college 
graduates. 

Between 5 and 10 years after graduation, there were but 
slight changes in relative position. At the latter period, 
however, all first-degree and nonengineering graduates 
were ahead of the postgraduate engineers. The second¬ 
ary-school engineers reported earnings greater than either 
of the 2 groups of “other” civil engineers. The “oth»” 
■ p^Ar'hgnir»fl.1 engineers trained in noncollegiate technical 
schools followed ninth in order, after the postgraduates. ^ 
At 20 ycslfs after graduation, the fir^-dejgree ci'vU engi¬ 
neers ranked below both the‘Mother’’ 


whose college course was incomplete and the postgraduate 
engineers; between 20 and 37 years after graduation, the 
relative standing of the several groups r^ained compara¬ 
tively stable. It will also be noted that even in 1934 the 
orda: of the groups shows no marked departiire from the 
situation which prevailed in 1929^ 

A further ejjplanation may be giv^ of the apparent ad¬ 
vantage of “other” ^gineers in the lower income levels, 
as shown in table VIII. There are too few cases to war-r 
rant showing text tables of income for the lowest 10 an(l 
26 per cent of the engineers (il^ified shnultaheously by 
profe^onal classifications, age, and "lype of educaktion. 
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T.ble X. Rank of Enginaen of SpeelAed Education According to Median Annual Earning, in 19S9 and 1934 for Corre- 

spending Veais After Graduation ' 

Without regarci to employment status reported 


Years After Oraduatioa 


Type of Education 


College course incomplete: Mechanical and others*. 1 

Noncollegiate technical course: Civil, agricultural, and architectural,... 2 * 
First-degree engineering graduates: Gvil, agricultural, and architectural.. 3 . 

Noncollegiate technical course: Mechanical and others*.. 4 ." 

College course incomplete: Civil, agricultural, and architectural." *. *.. *. *. 5 '. 
Secondary school education,.. **** g* 


10 20 30 37 

Rank in 1920 


Annual Earnings in 1929 


First-degree engineering graduates: 

Mechanical and industrial. 

Mining and metallurgical. 

Postgraduates. 

First-degree engineering graduates: Chemical and c^mic. .*. 

Nonengineering graduates.. 

First-degree engineering graduates: Electrical.! i! 


.7, 

. 8 . 

. 9 . 

. 10 . 

. 11 . 

. 12 . 


Secondary school education. j 

Noncollegiate t^hnical course: Mechanical and others*. .....!!!,*!!*! i 2* * 

College course incomplete: Mechanical and others*..*.*!.!!!!.!!!!! 3 .1 

Noncollegiate tMhnical course: Gvil, agricultural, and arcMtectui^...! 4 .1 
First-degree engineering graduates; Gvil, agricultural, and architectural.. b\ \ 

College course incomplete: Gvil, agricultural, and architectural. 6 

Nonengineering graduates.. * y ’ ‘' 

First-degree engineering graduates: . 

Che mic al and ceramic..... o 

Mining and metallurgical.-" i1 i!!!! 1 i!!!!!!!. 9 “ 

Mechanical and industrial... . 1 a* * * 

Electrical..... 11 * *" 

Postgraduates..*. 12 *" 

* Includes ch^caJ, ceramic, electrical, industrial, mining, and metallurgical i 
** Less than 10 engineers reported. m«=«Miurgicai i 
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Annnal Earnings in 1934 


But such values have been computed for every such classi¬ 
fication embracing more than 100 reports and the results 
may be summarized. In 1929, at every age the lowest 
10 per cent of the civil engineers with incomplete college 
courses had lower incomes than the lowest 10 per cent of 
those with completed college courses. This continued to 
be true in 1934 for engineers who graduated prior to 1928, 
the last year with an adequate number of reports to war- 
r^t this particular comparison. For the 6 age groups from 
28 to 47, for wWch comparisons can be made, the lowest 10 
pCT cent of civil engineers mth noncollegiate technical 
s^ool courses had lower incomes than those with incom¬ 
plete college courses. These statements hold, not only 
for ^ W 10 per cent of the cM engineers bat also 
forttelow^25percent There are not enough cases of 

engineers m the professional classes, other than civil 
engineers, to warrant a detafled analysis of nongraduates 

on an age for the separate classes. But the income 

of toe lowest 10 and 25 per cent of toe nongiaduates of toe 
4 classes combmed is less than the corresponding level of 
mwme gradates in any of the professional Lses at 
almost ^ ages for which comparisons can be made. It 
s^ highly probtole, in the light of these facts, that part 

to toT^h “ table Vm 

gr™^ Ir^ ** nongraduates in toe 

trs:: 


tials were not great. For the former, the 1929 median 
eammgs r^ged from $2,100 in the case of secondaiy- 
^diool engineers to $2,232 for mechanical engineers who 
Imd not completed their college course, while the range for 
the latter was from $1,977 for electrical to $2,099 for me- 
chamcal and industrial engineers. At 5 years after 
graduation, when the positions were reversed, the differ¬ 
entials were stiff sffght. The earnings of the graduates 
r^ged from $2,726 to $3,000 per year and those of the 
other” engineers from $2,430 to $2,660. With advanc¬ 
ing age, however, the spreads in earnings in favor of the 
gradua^ became very marked. In the case of mechani¬ 
cal ragineers, for instance, the difference in earnings be¬ 
tween the first-degree engineers and those who did not com¬ 
plete their college course was $176, $296, S926, $700, and 
$1,322 per year, and between first-degree and noncollegi¬ 
ate mechanical engineers it was $226, $676, $1,160 $1,160 
and $1,816 per annum. Similarly, for the civil engmeers,’ 
the difference in earnings betwe^ those with first-degrees 
and whose college course was incomplete was $276, S690 
$800, $1,060, and $1,248 per year, while betwe^ first- 
degree civil and noncollegiate technical school engineers 
the order was $300, $640, $876, $1,260, and $1,3^ pe^ 
annum. 

Even among the graduate groups there was variation in 

earning capadty. Thus, while the earnings of first-degree 
civil engineers ranged from. $2,750 to $4,800 per year be- 
^een 6 and 30 years after graduation, the range for the 
first-degree chemical and ceramic engineers was from 
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$3,000 to $6,600 per year. In other words, over a period 
of 25 years, the dvil engineers’ earnings increased by only 
$2,050, whereas those of engineers in the chemical and 
ceramic field increased by $3,600. The ranges in earnings 
of the remaining graduate groups fell between those re¬ 
ported by the civil and the chemical and ceramic engineers. 

Earnings of the “other” engineers cease to increase sev¬ 
eral years before those of the graduates. Their earnings 
began to decline after 55 years of age in 1929, whereas the 
earnings of the graduates continued to increase even at 
64 years of age and over (table IX). 

When consideration is given to the changes in income 
status between 1929 and 1934 of selected age groups of en¬ 
gineers in each type of education, it appears, again, that 
the depression bore hardest upon the older engineers. 

As indicated in table XI, over the period 1929-34 the 
decreases in earnings of engineers who were 60 years of age 
in 1929 and 65 in 1934 ranged from 20 to 45 per cent. 
The smaUest range, however, occurred among the gradu¬ 
ate engineers. This is explained by the fact that for the 
“other” engineers, the earnings reported at the age of 60 
in 1929 were those for the period of decline, since they were 
less than those reported for engineers who were 52 in 1929. 


When, however, comparison is made of the earnings for 
the 2 age groups of engineers who were 52 and 44, req)ec- 
tively, in 1929 and 5 years older in 1934, it will be noted 
that the decreases in their earnings over the period 1929-34 
show little variation. The important thing to note is that 
the effect of the depression was approximately the same 
on both graduates and “other” engfineers. On the other 
hand, for the 2 younger groups shown in table XI, the 
graduate engineers who were 25 in 1929, practically all 
showed increases in their earnings by 1934, whereas the 
“other” engineers showed further decreases. This situa¬ 
tion was even more pronounced in favor of the graduate 
engineers who were 23V2 years of age in 1929. 

Throughout the whole of this analysis of differences in 
earnings by type of education, there have only been inci¬ 
dental references to the changes which occurred over the 
period 1929-34 and in the intervening periods, 1929-32 
and 1932-34. It will be recalled, however, that the per¬ 
centage decreases in the incomes for all engineers at corre¬ 
sponding years after graduation were practically the same. 
This was also the case for the 12 groups of engineers when 
segregated by type of education, as is evidenced by a con¬ 
sideration of the data shown in table XII. 


Table XI. Comparison of Median Annual Earnings in 1929,1932, and 1934 of Selected Age Groups of Engineers Reporting 

by Type of Education 

Without regard to employment status reported 


Type of Education 


Engineers Whose Age Was— __ 

60in d3in 65in 52 in SSln 57in 44in 47in 49 in 25 in 2Sin 30in 23>A in 26>/i in 28>/f in 

1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 1929 1932 1934 



















At 0 years after graduation the range of decreases of 
earnings over the period 1929-34 was from 25 to 43 per 
cent. At 10 years after graduation, the range was from 
25 to 39 per cent, while even at 30 years after graduation 
the percentage decreases ranged only from 22 to 35 per 
cent. It will, however, be noted that the extremes of the 
ranges are the exception, indicating that regardless of t 3 rpe 
of education, the incomes of engineers of identical ages in 
1929 and 1934 suffered about the same from the depres- 


It cannot be too strongly emphasked that these data re¬ 
late only to what engineers of various ages were earning in 
1929,1932, and 1934. Since there are no better data avail¬ 
able it is almost inevitable that the figures will be used to 
predict what young engineers may expect to earn 10 or 15 
years hence. For that reason, it is important to empha¬ 
size the severe limitations which attach to the data in this 
connection. 

The first point—^that the general level of engineering in¬ 
come fluctuates from year to year—^needs merely to be 
mentioned in passing. Therefore, the absolute level of 
incomes for engineers with any given amount of experi¬ 
ence cannot be forecast for any future year. 

The chief danger to be guarded against is the assump¬ 
tion that the income relationships for 1934 will hold in 
some future year. A cautious use of such information 
may add to the value of the advice of those who are di¬ 
recting young men into the various fields of specialization. 
A careless assumption that this same relationship will 


Table XII. Percentage Decreases in Median Annual 
^mln^ Over Period 1929-34, for Corresponding Years 
After Graduation Among Engineers Reporting by Type of 
Education 

Without regard to employment status reported 

Per Cent of Dweue in Income, at Bnd of Specified 
P 6 iiod After Gredaatioii 

Type of Edncatlon ~ ^ Years 5 Y ears 10 Yearg 20 Years 30 Yearn 37 Yean 

Postgraduates..go 

Nonengineering gradu- . 5.... 27.... ^22....—^27 

First^Sii^' ’en^ncerl''' • • •—24... .-20 

iug graduates: 

Chemicaland ceramic.. .—38 <1 0 

Civil, agricult™ --- ••-3o... .-36... .-23....‘ ** 

and architectural....—^ 38 ... 35 _oq «- 

Electrical. . 43 _on'"* -—^31....—32 

Mechanical and in* .. 34 .... 23,...—^ 22.,.,—^22 

dustrial . .44 ae ... 

Mining and metal- •••“86....-^4....—35....—38 

College course Incom¬ 
plete: 

Civil, agricultural, 

M:echaS^**^“^V ’' ’ ■ •~®^- • •“82- • • .—26... .—26 

others*.. . 40 __in 

Noncollegiatetechnic*.. *••~39....— 32 .,,.—32 ...,—35 

course: 

Civil, agricultural, 
and architectural. ** «- 

Mechanical and "••••“^o----—29....—30....—32 

others*. ^01 

Secondary-school edtil " ’ ''' ’ ■—39.. . ,—36....—32 ,...—33 

cation. . 

---- • ■ • • -26... .-33.. .,-36... .-18... .-^ 5 ... —10 


hemical, ceramic, electrical, industrial, mining, and metallurgicai 

than 10 engineers reported in 1934. 


)f hold 20 years hence for future graduates will make the re- 
ir suiting advice dangerous. 

n The tabulations show merely the facts of the income dis- 
n tribution in 1934 or some other particular year. For ex- 
ample, chemical and ceramic engineers 20 years after 
e graduation averaged $4,100 and one-quarter of such engi- 
e neers earned more than $6,000. On the contrary, civil 
n engineers 20 years after graduation averaged $3,100 and 
i- the best-paid quarter averaged only $4,100 or more. It is 
evident, therefore, that men graduating from college in 
" 1914 advanced on the whole to higher levels of income if 

1 their college work had been in the field of chemical or 
- ceramic engineering rather than if it had been in the field 

> of civil engineering. This much is fact. 

> But it must not be concluded from these data on income 
alone that it is wise to encourage men entering college in 

* 1937 to specialize in chemical and ceramic engineering and 

to discourage their entering the field of civil engineering. 
Such advice will be sound only if the conditions surround¬ 
ing the two fields of engineering and their prospects for the 
n^t 20 years are similar to the conditions of 1914 to 1934. 
Years of experience are themselves a factor in determining 
what kind of engineers are available. It is quite possible 
that there may be a relative scarcity of engineers with a 
given t 3 q)e of academic background and with 20 years of 
experience, while at the same time the supply of younger 
engineers with that same type of formal education may have 
become excessive. It is quite easy to see that a special scar¬ 
city value may have attached in 1934 to chemical engineers 
that did not accrue to civil engineers graduating in 1914, 
There was a tremendous expansion of the chemical industry 
in the United States during and following the war. It is 
a matter of common knowledge that such enterprises bnH 

thegreatest difficulty in finding sufRcientmen with therequi- 

site education and experience. On the other hand, while 
there are more civil engineers and more jobs for cml engi¬ 
neers than in 1914, a decrease in certain types of civil en¬ 
gineering work as, for example, the construction of new 
railroads has acted to restrain the development of rela¬ 
tive scarcity values such as may have attached to chemical 
engineers. 

At the same time it is impossible to make a comparison 
of the earnings of the younger engineers in the several pro¬ 
fessional classes and to conclude that the relationship be¬ 
tween the professional groups will hold when they have 
had 20' years’ experience. Thus in 1934 we find that 
chemical and ceramic engineers who graduated in 1932 
averaged $1,286, whereas civil and mechanical engineers 
av^aged $1,384. The statistics do not preclude the pos¬ 
sibility that there is a longer period of apprenticeship for 
some ^es of engineering work than for others and that, 
following such a period of apprenticeship, there may be a 
more rapid advancement in the one line than in the other, 
ultimately to a higher level of income. 

Conclusions as to the relative desirability of entering 
one type of engineering rather than anotiier should be 
draw only by those with an intimate acquaintance with 
all fields of engineering. Available statistics are prob¬ 
ably a less satisfactory basis for advice than would be the 
pooled nonstatistical judgments of a number of people 
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with a wide knowledge of the engineering profession and 
its opportunities." The statistical materials of this study 
can be used safely in projection only to fortify the judg¬ 
ments and forecasts of such individuals. To those who 
know not only the present situation of the various pro¬ 
fessional groups, but also the changing background of 
those professions over the past few decades, the income 
data will have particular significance. One who knows 
how the supply of and demand for particular types of en¬ 
gineering training has changed can make allowances and 
may attempt to estimate the most probable changes in 
future relationships. He will be helped to appraise the 
state of the current market for engineering services by 
earlier articles in which has been indicated the extent to 
which recent engineering graduates have been able to 
find engineering jobs. 

The statistics which are presented here have a value 
that varies with the richness of the background of the 
user. Educational advisers and directors are performing 
specialized work and by the very nature of their work 
must guess what the future holds in store for various pro¬ 
fessions. Their prognosis becomes better if it is based on 
an extensive and accurate knowledge of existing condi¬ 
tions. This basis of knowledge the Bureau supplies on a 
hitherto unprecedented scale. The Bureau has attempted 
as comprehensive an analysis of recently existing relation¬ 
ships as its resources permit, and will welcome further 
critical analysis from any source of the detailed materials. 

The Bureau has carefully refrained in this article from 
describing differences in the average incomes of graduate 
and nongraduate engineers as a measure of the value of a 
completed college course in engineering. From the data 
in hand, it is impossible to determine whether the differ¬ 
ences are due to the fact that given individuals have re¬ 
ceived a college education or to other factors. It is pos¬ 
sible that the differences in income arise from an initial 
process of selection. It is also possible that a prejudice in 
favor of the college graduate affords him better oppor¬ 
tunities to acquire valuable experience than are given to 
the noncollege graduate. In such case, the advantages 
would arise not from formal education which the man had 
received but from his status as a college graduate. 

It is a matter of common belief that college training has 
economic value for the prospective engineer. The figures 
in this study support this belief but cannot be taken as 
conclusive proof. Rather more conclusively they prove 
the great importance of other factors in addition to formal 
education. If formal education is an asset, the young 
graduate engineer should advance more rapidly than the 
nongraduate of corresponding age. This does happen. 
The data thus furnish supporting evidence as to the value 
of a formal education. But were formal education an all- 



Figure 5. Comparison of medians of earned annual income 
according to age, 1929 


Income from engineering and nonengineering services, including full 
and part-time employment for specific types of education 
-f—Postgraduates 2—Nonengineering graduates 

First-degree engineering graduates 

3— Chemical and ceramic 5—Electrical 

4— Civil, agricultural, and architectural 6—^Mechanical and industrial 

7—^Mining and metallurgical 


College course incomplete 

g__Civil, agricultural, and architectural 9—Mechanical and others 

Noncollegiate technical course 

10—Civil, agricultural, and architectural 11—Mechanical and others 

12—^Secondary school education 


not only with reference to the average of the 2 classes but 
applies at the 5 levels that have been studied. It was 
found not only in 1929 but also in 1932 and 1934. 

It can hardly be argued that the scholastic background 
of engineers who entered the profession in 1900 is a con¬ 
trolling factor with reference to their earnings in 1929 and 
1934. Certainly, the value of their services is no longer 
primarily dependent upon the odds and ends of informa¬ 
tion which they acquired in college, although it is possible 
that habits of thinking and study which the engineer re¬ 
ceived in his college days constitute a permanent legacy. 
By and large the factors controlling the value of a man’s 
engineering services after 30 years or more of experience 
must be primarily his native capacity and the training 
which he has received on the various jobs that he has per¬ 
formed. 

As regards native capacity, there is reason to believe 


important element in determining income in these early that, on the average, better material will be found among 
years, there should cOme a point at which no further rela- college graduates than among those who failed to complete 
tive spread developed between the average earnings of a college course. There are, of course, many individuals 
college graduates and nongraduates. who are unable to complete an engineering course for finan- 

The facts show that the spread does increase. The cial reasons. There are also many individuals of limited 
difference is greater both in absolute terms and in relative capacity who receive degrees. But there is also a whole- 
tenns after 30 or 40 years of experience than it is after 10 sale process of weeding out that goes on in the engineering 
or 15 years of expdience. This increased ^read is noted schools. Thus even the differences in income shown in 
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the earliest years of experience may reflect differences in 
capacity rather than differences arising from the value of 
the formal training. 

Whether ability is more important than the differences 
in the kinds of experience that are open to the college 
graduate and the nongraduate, it is impossible to tell. It 
is a matter of common knowledge that for a number of 
years college education has been thought of as a normal 
prerequisite to engineering work. Some large em¬ 
ployers of engineers deliberately differentiate between the 
-college graduate and the nongraduate, offering the young 
^gineer with a college education opportunities for train¬ 
ing on the job which either are not available to the non- 
graduate or which are open to him after special considera¬ 
tion rather than as a matter of routine. 

It must be noted that this latter type of advantage will 
tend- increasingly to accrue to the status of the graduate 
as opposed to the nongraduate. In this sense status is 
gained by graduation, to some extent no longer with re¬ 
gard to the value of the formal education as such. The 
more common a college education becomes, the m or e 
widespread the assumption of a difference in capacity be¬ 
tween the college graduate and the nongraduate becomes, 
the more certain it is that employers will discriminate in 
favor of the college graduate. Such discrimination means 
that the college graduate will generally be given more 
favorable opportunites for training on the job than the 
nongraduate of equal capacity. 

It is known, however, that many large employers of 
young engineers have already developed a highly selective 
process of employment in interviewing candidates from 
engineering colleges. They may assume that in general 
college graduates are more promising material t ha n non- 
graduat^. They no longer recognize the mere fact of 
graduation as evidence of employability and give special 
status only to those who graduate with a standing sub¬ 
stantially better than the average of the class. Thus the 
advantage of status which may have accrued a number of 
years ago through the fact of college graduation alone 
now accrues in equal measure only to graduation with ex¬ 
ceptional standing. 

The candidate for a position in the engineering profes¬ 
sion should study carefully the tables which will be pre¬ 
sented in the final bulletin^ not only for average earnings 
(as in table IX) but also for the upper and lower 10 and 
25 per cent of the engineers. Table DC showed clearly 
enough that a young man is well advised to enter the pro¬ 
fusion after successfully completing a period of foimal 
education beyond the high-school level. An earHer chap¬ 
ter on education indicated that college training was com- 
mg to be a prerequisite for entrance to the profession. 
But It is unwise to rely heavily on the value of a college 
education per se. & 

conclusive demonstration of 
differences of income which generally reflect different de- 
pes of capacity. The lot of the coUege graduate may 
be somewhat easier than that of the nongraduate. But 
even in 1929 the lowest 10 per cent of the college graduates 
in civil engineering w^e earning less than? $2,500 after 10 
years of experience arid *2,700 after 20 ye^ of experience. 
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^ese figures are to be compared with the average earn¬ 
ings of $3,600 and $4,400 for these respective groups. On 
the other hand, the upper 10 per cent of the civil engineers 
whose college course was incomplete earned $5,200 or 
more after 10 years of experience and $7,600 or more 
after 20 years of experience. The upper 10 per cent of 
the engineers with only a secondary-school education 
similarly show earnings substantially above those of the 
average college graduate. In other words, graduation 
from an engineering school is no guaranty of a satisfactory 
income, while there is still apparently an opportunity for 
a man of outstanding capacity to secure far better 
an average engineering income even though he has not 
attended college. 

The most significant differences in income revealed by 
toe present survey are not toe differences in the average 
income received by individuals who have received a col¬ 
lege degree and those who have not. Nor are they the 
differences as between individuals who have entered one 
professional class rather than another. These differences 
on the whole are moderate, though they are large enough 
to prove the desirability of choosing well both toe field of 
endeavor and toe t 3 q)e of training best adapted to ad¬ 
vancement in that field. The most striking differences 
are those which exist within each profession and within 
each group classified on toe basis of its educational back¬ 
ground. One out of 10 of toe engineers in such 
group secures an income several times as great as the aver¬ 
age for the group as a whole. At least one out of 10 at the 
bottom of each such group, whether a college graduate or 
not, whether a chemical engineer or a civil engineer, 
whether a man with many years of service or freshly out 
of college, is hardly to be distinguished as regards income 
from a skilled wage earner. 

We [of the Btureau] do not feel ourselves competent to 
project from these data what toe future holds in store for 
toe high-school boy who must be advised as to what type 
of training will be most advantageous. We hope he may 
be fortunate enough to encounter wise advice. We dare 
do no more than point out that in 1929 the average in¬ 
come of graduate engineers with 10 years’ ^perience 
ranged from $3,600 to $4,600 in the various professional 
classes. In 1929 only 6.4 per cent of the incomes in the 
United States exceeded $4,000. Furthermore, engineer¬ 
ing is a profession in which earning capacity advances and 
is sustained until late in life. But if in these rejects the. 
profession appears attractive on the average, its rewards 
are not particularly attractive to toe poorer or less for¬ 
tunate engineers. Even in 1929 toe lowest-paid 10 per 
cent of toe engineers could hope for no more than $2,500 
to $3,000, though they might stay in the profession for 40 
years. In 1934, exposed as the profession was to toe risks 
of unemployment, the lowest-paid 10 per cent of the engi¬ 
neers with less than 5 years’ experience after graduation 
earned less than $1,000. Even with 10 to 30 years’ experi¬ 
ence they earned no more than $1,000 to $1,500. Judged 
from the basis of money income, there can be no question 
but that the best of a group of skilled wage earners are in 
better economic position than those who struggle to main¬ 
tain a position on the fringes of toe engineering profession. 

le and Earnings Electrical Engineering 






Electrical Applications in Bethlehem’s 72 -Inch Strip Mill 


By F. D. EGAN 

MEMBER AIEE 


T he rapidly increasing demand for flat-rolled sheet 
steel and strip products has made necessary the appli¬ 
cation of electrical apparatus to modem developments 
in rolling-mill machinery and caused the rapid construc¬ 
tion of many wide continuous hot- and cold-strip millfi 
in every section of the country. A comprehensive picture 
of a strip mill, and the application of electricity to the 
production of sheet steel can be seen in Bethlehem Steel 
Company’s hot- and cold-strip mill. 

This mill is built on a plot of 67 acres adjacent to, and 
across the highway from the main plant, acquired for the 
purpose of providing ample space for the best arrangement 
of buildings, in order that the most economic routing of 
materials and product through its 22 acres of floor space 
could be obtained. 

This mill, which has an annual hot-rolled capacity of 
strip, sheet, and light plate of 800,000 tons, of which 
360,000 tons can be converted into cold-rolled finished 
product, is capable of producing wide strip up to 60 
inches in width by 0.0625 inch in thickness, and 72 inches 
in width by 0.078 inch in thickness, with a minimum 
width of 18 inches by 0.05 inch thick; as well as light 
plates up to Va thickness. Cold-rolled strip is 

produced ranging from ISVa inches to 72 inches wide and 
from 0.0126 inch in thickness up to 0.109 inch in thickness, 
and by cross rolling in a 93-inch 4-high skin pass mill, 
sheets may be rolled up to 84 inches in width. 

All possible refinements for hot-rolled products, as well 
as for cold-rolled sheet and strip for which there is a com¬ 
mercial demand, are provided in the finishing departments. 

The mill’s location gives it a nearby source of its basic 
material; namely, the slab, the steel made at the open 
hearth furnaces, and the ingots rolled to required sizes in 
the main plant. Its location enables it to use electricity, 
water, and gas from the main plant; also permits service, 
controlled to meet its needs by the South Buffalo Rail¬ 
road, connecting with 13 trunk line railroads entering 
Buffalo, provides the advantages of shipping facilities on 
the Great Lakes for raw and finished materials, as well 
as the advantage of a location, central in relation to the 
consumers of sheet product. 

The slab storage building (figure 1) comes first in the 
sequence of rolling operation; this building is 925 feet 
long and 85 feet wide, and has a capacity of approximately 
10,000 tons of slabs. The stock of slabs varies in widths 
from 20 inches to 48 inches, in thicknesses from 3 inches 
to 6 inches, and in lengths from 6 feet to 15 feet. These 
slabs, of various chemical composition, are ready for heat¬ 
ing and rolling as needed. 

The slabs are removed from storage by an ov^head 
traveling crane and piled on a magazine pusher, which is 
driven by a 35-horsepower motor through a rack and 
pinion arrangement. Each operation of the machine 


lifts the magazine so that a chain drive can carry but one 
slab at a time, onto the furnace charging table. This 3- 
section roller table carries the slab to a position in front 
of one of 3 heating furnaces, from where a pusher forces it 
into the furnace. These furnaces are of the recuperative 
type, 3 zone and triple fired. They have an effective 
heating length of 80 feet and can be either gas or oil fired. 
Each is capable of heating 55 gross tons of slabs per hour, 
giving a total furnace hourly capacity of 165 gross tons. 
At a signal from the head roller, the pulpit A operator, 
located in the slab yard, opens the furnace door, and then 
pushes a slab into the rear of the furnace; this causes one 
of the heated slabs to drop out of the furnace at the other 
end onto the 3-section furnace delivery table. These 
tables are duplicates of the charging tables. 

The slab leaves the furnaces at approximately 2,250 
degrees Fahrenheit and proceeds down the roller table to 
number 1 scale breaker, which precedes a series of 4 mill 
stands in the roughing train. The scale breaker is a 2- 
high mill, having 24-inch diameter by 76-inch long rolls, 
through which the slab passes and is given a slight reduc¬ 
tion in thickness to break up any scale that may have 
formed on the surface of the slab as it is leaving the fur¬ 
nace. As the slab leaves the scale breaker, water at 1,000 
pounds pressure is sprayed upon it to remove the loosened 
scale. 

The slab now enters a 4-high broadside mill, which has 
2 36-inch diameter working rolls, and 2 49-inch diameter 
backup rolls, all 96 inches long. Slabs which are to be 
finished as strip less than 48 inches, pass straight through 
this broadside mill; but, for a strip width of greater than 
48 inches, the slab is turned crosswise on the turntable 
and is cross rolled to the desired strip width, after which it 
is turned back 90 degrees for rolling lengthwise in the re¬ 
maining mill stands. On cross roll passes, a 150-horse¬ 
power motor-driven pusher is provided to force the slab 
into the stand. 

Before the slab enters the remaining mills of the rough¬ 
ing g;roup, a slab squeezer, driven by a 275-horsepower 
motor, squeezes the slab sideways to true and square its 
edges. The remaining 3 roughing stands are 4-high uni¬ 
versal mills, each has 24V2-inch diameter working rolls 
and 49-inch diameter backup rolls 79 inches long, as well as 
2 vertical edging rolls, the latter driven by a 150-horse¬ 
power motor. These rolls are used to maintain the re¬ 
quired slab width. 

After leaving the last universal miU, the slab emerges 
onto a long, 2-section approach table. Each section is 

A paper presented at the AIBB North Eastern District meeting. Buffalo. N. Y., 
May 6, 1937, and recommended for publication by the AIBB committee on 
applications to iron and steel production. Manuscript submitted May 19, 
1937; released for publication July 12,1987. 

F. D. Egan is superintendent of the electric department, Bethlehem Steel 
Company, Liudtawanna, N. Y. 
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Fijure 1. Slab storage building 


driven by 2 35-horsepower motors operated in either series 
or parallel, to give 2 table speeds. Since the finishing 
temperature of the hot strip is a prime factor in the quality 
of the product produced, this roller line serves as a special 
cooling place between the roughing and finishing stands. 
When the thin slab has reached the proper temperaturej 
which is automatically indicated by a photoelectric py¬ 
rometer, it enters the second scale breaker, which breaks up 
the secondary scale, formed on the cooling table. As the 
slab leaves the scale breaker, water at 1,000 pounds pres¬ 
sure removes the scale. 

The cleaned slab now enters the 6-stand finishing train 
(fipre 2). However, unlike the roughing mill, the strip 
is m all of these stands at the same time; thus, the speed 
of successive mill stands must be increased to compensate 
for the elongation in the preceding stand. This, to¬ 
gether with the loopers, provide a means of keeping the 
slack out of the sheet throughout the finishing mill. 

in the^ roughing mills, so in the finishing mill, every 

to eliminate scale 
-.41 It.- ®team instead of water is sprayed on the 
rapidy th^g strip just after it passes through each set 

11 f length from 

^ flying shear, synchronized with the 
front or the shear may be used to Cut off the 

fro^ and rear crop of the strip to be coiled. 

resemblin/^°^? is a screwdown dial 

movement of each end of the top roll. Tlie rolls are 
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roughly set up witn a leeier 
gauge to produce a definite 
gauge of product. Then, to 
obtain perfectly accurate ad¬ 
justments, either one or both 
ends of the top roll can be 
moved as small as Vi,ooo of 
an inch by the screwdown 
motors, these movements be¬ 
ing indicated by the hands on 
the screwdown dial. These 
screws are driven by 70- 
horsepower motors, which 
are coupled by a magnetic 
clutch when the screws are 
moved together. 

Throughout the whole 
series of mill stands, grease is 
automatically pumped into 
the roll neck bearings at in¬ 
tervals of a few seconds, and 
a constant flow of oil is 
maintained to all motor bear¬ 
ings, gear and pinion hous- 
injgs, and backup roll bear¬ 
ings. These automatic lubri¬ 
cation systems help to insure 
a smooth operating mill. 

In ^e production of hot- 
rolled strip it is important 
to secure the desired grain structure, which is controlled 
by the temperature of the strip as it leaves the finishing 
mill train. The finishing temperature is regulated by the 
length of time that the plate is held on the cooling tables 
ahead of the finishing stands. To indicate the finifibing 
temperature, a recording Speedomax has been installed 
and placed within view of the finishing mill operator. 

The finishing end of the hot-strip mill, designed to dis¬ 
pose of the various products rolled by the hot mill proper, 
consists of runout tables, cooling beds, trimming line, and 
other processing equipment. The runout table equipment 
serves to transport the steel from the mill to the coilers 
in a continuous strip, and to transport sheets, cut to length, 
by the flying shear, to the pilers. 

That part of the runout table A between number 10 
stod of the mill and the coilers is made up of 125 16-inch- 
diameter rollers, direct connected to gear head motors 
through flexible couplings. The motore are 2.25/7.5- 
horsepower 600/1,800-rpm 147/440-volt 20/60-cycle squir¬ 
rel-cage induction motors, with a 5 to 1 gear ratio output 
shaft. The remainder of A table run, from the coilers to 
thepiler, is made up of 216 rollers, 12 inches in diameter, ar¬ 
ranged for flange-mounted motorsyrith one motor driving 
2 rollers. These motors are 1.37/5-horsepower 560/1,770- 
rpm 147/440-volt 3-phase 20/60-cycle induction motors. 

As the continuous strip approaches the coiler, a doot 
is opened in the table roller line, to direct the strip down 
into the cofler, where it is wound around a mandrel to a 
compact coil by individual-niotor-driven revolving rolls. 
The finished coil is depoated on a chain Conveyor and 
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either carried through an underground tunnel to storage 
space in the continuous-pickier building of the cold mill, 
or taken from the conveyor in the hot-mill shipping budd¬ 
ing to be delivered as hot-rolled coils, or further processed 
in shearing, trimming, and leveling lines. 

These continuous trimming lines consist of a coil box, 
a trimmer, a leveler, and a shear with interconnecting 
roller lines. The strip passes through these machines and 
emerges as cut-to-length flat sheets, ready for shipment or 
storage. The cut-to-length strip from the flying shear is 
collected by automatic pilers and transported to tem¬ 
porary storage for self-annealing. Part of these sheete 
are delivered as self-annealed black sheets; however, if 
deep drawing qualities are required by the customer, the 
.sheets are normalized in a 150-foot-long gas-fired furnace. 

The normalized sheets may be further processed by 
passing through a roller leveler and a skin pass inill. How¬ 
ever, other finished product specifications may require 
that the normalized sheets be &st taken through a sheet 
pickling process. This pickling process consists primarily 
of dipping the sheets into a sulphuric-acid bath and a hot- 
water rinse and then a cold-water rinse. The sheet next 
passes through a scrubber and dryer for final cleaning. 

For handling and processing plates, 3 additional roller 
tables, designated as B, C, and D lines, have been provided 
south of, and parallel to, A table line. When plate is being 
rolled it is routed from A to B table line by a chain trans¬ 
fer, driven by 3 70-horsepower motors. The B table run 


is made up of 434 12-inch-diameter rollers, arranged for 
flange-mounted 0.66/2-horsepower 147/440-volt 3-phase 
20/60-cycle motors, with each motor driving 2 rollers. 
For flexibility of control, this B table run is divided into 
3 major divisions. The first section, consisting of 174 
rollers, delivers the plate to a leveler. The second section 
of 172 rollers carries the plate from the leveler and feeds it 
into a shear, which cuts it to desired lengths. The third 
section of 88 rollers carries the plate from the shear to the 
B to C table transfer. 

C table, used entirely as a transfer and cooling table, is 
made up of 436 12-inch-diameter rollers, arranged for 
flange-mounted 0.5/1.5-horsepower 240/720-rpm 147/440- 
volt 3-phase 20/60-cycle motors, with each motor driving 
2 rollers. 

For convenience in plate handling, this C table is divided 
into 5 separately controlled sections. The last section of 
. this table delivers plate to the CtoD table transfer. The 
D table run, utilized as a processing line, 

consists of 480 12-inch-diameter rollers, geared to flange- 
mounted motors duplicate of those driving C table. This 
table is divided into 7 sections. The first 2 sections are 
used either to spot material already processed on B table 
for removal by plate handling equipment, or to deliver 
material requiring further processing to the third section 
of this line which serves as an approach to a rotary side- 
trimming shear. Section number 4 is used to convey the 
material from this shear to a leveler from where it is 






delivered by section number 5 to an up-cut shear. The 
sheared plate is carried by sections number 6 and number 
7 to piling skids, for transfer to storage and shipment or 
transferred to the ®/i6-inch trimmer line, or Va-inch re¬ 
squaring shears for further processing. 

All of the motors (figure 3), driving A table rollers and 
both coders, the motors driving the second section of B 
table, and the motors driving the fourth and fifth sections 
of D table, receive their power from 6 166/500-kva 147/- 
440-volt 3-phase 20/60-cycle synchronous generators, each 
driven by 2 125/250-horsepower 300-volt 400/1,200-ipm 
shunt-woxmd, separately excited at 250 volts, adjustable- 
speed d-c motors connected in series to operate from the 
600-volt d-c hot-mill bus. The table sections and coders 
are arranged to be driven from the 6 aitemator sets as 
follows: 


Number 1 motor-alternator drives section number 1 of A table. 
Number 2 motor-alternator drives section number 2oi A 
Number 3 motor-alternator drives either number 1 coiler or section 
number 3 of 4 table. 

Number 4 motor-alternator drives either number 2 coiler or section 
number 4 of 4 table. 

Number 5 motor-alternator drives section number 2 of 5 table. 
Number 6 motor-alternator drives section number 4 and number 6 of 
D table. 

The motors driven from these alternators are started 
at base speed, 20 cycles at 147 volts on the line and in- 
o-eased to full speed, 60 cycles at 440 volts by field weaken¬ 
ing of the d-c motors driving the alternators. In reverse 
manner the table drives are decelerated to base frequency 
and voltage by field strengthening of the driving motors, 
which pump regenerated energy into the 600-volt system. 
At base ^eed the motors are cut free from the alternators 
and brought to rest by d-c dynamic braking. This direct 
ciurent is supplied by a 200-kw 75-volt separately excited 
shunt-wound generator driven by a 300-horsepower 440- 
volt motor. Excitation for this d 3 mamic braking ma¬ 
chine and the motor-alternator sets is supplied by a 100- 
kw self-excited 250-volt generator driven by a 150-horse¬ 
power 440-volt motor. 

The motors driving the remaining sections of B, C, and 
D tables are operated at a fixed frequency of 25 cycles at 
about 187 volts, supplied by 2 banks of 3 100-kva single¬ 
phase, 440-volt primary, 170/200-volt secondary, trans¬ 
formers. 

Coils of strip rolled in the hot mill are carried under¬ 
ground by 3 motor-driven coil conveyors to coil storage in 
the continuous pickier building. From here the hot- 
rolled coils definitely start on their journey through the 

cold mill for the process of becoming full-finished cold- 
roUed sheets. 

The coils are taken from storage with a lifting magnet 
su^ended from a traveling crane, to one of the continuous 
picklmg Hues, in vertical position. An up-ender tilts this 
coil to a horizontal position, from where it is rolled down 
Wndme to the feed reel. The coil is lifted into position 
Ui fms feed reel by an electric hoist, where motor-adjusted 
hea(k clamp it into place. The strip is threaded into a 

combination processor and straightener, which unwinds 

the coil and levels the sheet. The end of the strip con- 
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tinues to a shear where it is cropped square, so that it can 
be fastened to the squared end of the preceding strip by a 
stitcher to form a continuous ribbon of steel. 

A looping pit is provided between the stitcher and the 
add tanks, where suffident slack can be kept in the strip 
to allow time for the stitching and shearing processes and 
stiU maintain a continuous passage of steel through the 
pickle tanks. The strip is then pulled by pinch rolls, out 
of the looping pit and toough 4 60-foot acid tanks, a 25- 
foot cold-water-rinse tank, and a 25-foot hot-water- 
rinse tank, which helps to dry it. Emerging from the 
latter it moves over a roller table, under which is a hot¬ 
air dryer, designed to remove aU traces of moisture. The 
pickling solution normally consists of a sulphuric-acid 
bath, kept at a temperature of 180 degrees Fahrenheit by 
pyrometrically controlled steam heat. 

As the sheet is pulled from the drying table by the third 
pinch roll, it is recut to original coil lengths by a double¬ 
cut shear which removes the stitch. A recoiler located at 
the end of the line, coils the strip, from which it is dis¬ 
charged to a gravity conveyor, weighed, and delivered 
to the storage space adjacent to the tandem cold-rolling 
mills. 

The next step after pickling is to reduce the strips’ 
thickness to such gauges as may have been ordered by 
customers. This is accomplished by rolling the metal 
cold in the 3-stand 4-high tandem mills, there being 2 
sets. One set of mills is designed to roll coils up to 48 
inches maximum width, while the other will roll them up 
to a width of 72 inches. 

The tandem arrangement of 3 mills in series makes pos¬ 
sible 3 cumulative reductions at one pass of the strip 
through the mill train. Synchronizing the series of mills 
to the proper speed and reduction is accomplished by an 
elaborate electrical control system. The gauge or thick¬ 
ness of the strip on its passage through the mill stands is 
indicated to the operator by a flying micrometer which 
automatically indicates on a dial any variations in the 
thickness in increments of 0.0002 of an inch. The dial is 
located within view of the operator, and enables him 

quickly to adjust the pressure on the rolls to maintain 
uniform gauge. 

Each mill stand is driven by a 1,250-horsepower motor, 
sufficient power being available to give a delivery speed 
at the last stand of 660 feet per minute. Prom the stand 
(figure 4), the strip is wound by a reel with a collapsible 
core, which maintains a predetermined strip tension during 
recoiling. After the strip is coiled the reel is stopped, then 
a pneumatic pusher discharges the coil from the reel, and 
the coil is either sent to storage for shipment, or subse¬ 
quent treatment. 

Prep^atory to annealing, the coils from the tandem 
cold mills are cut into sheets, or especially processed in 

conform. If the steel is to be annealed in sheet fonn the 

coils are taken to a group of 3 cutting up lines. Eai of 
th^ lines consists of a feed reel, a side trimming shear 
roller leveler, and flying shear, arranged in tandem. From 
these lines the strip, now flattened sheets, are delivered in 
packs by ^avity conveyors to the annealing department, 
btnp, to be annealed in coil form, is taken to a loose 
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Figure 3. Variable-frequency-motor room 


winding mucluiic, whicli rewinds the tightly coiled strip as 
it comes from the tension reel of the tandem mills. This 
is done to permit ti more thorough annealing and to elimi¬ 
nate the possibility of the smooth surface of the coils ad¬ 
hering to each other under the high annealing tempera¬ 
ture. 

The aimeuling ef|uipment consists of 44 gas-fired 
radiant-tube furnaces, 'riiirty-one of these furnaces, 
providetl with Ul Imses and inner covers, will handle sheets 
up to 75 inches in \vi<Uh by 220 inches in length or coils 
up to 50 inches in width; 5 furnaces, provided with 14 
ba.ses and inner covers, are capaljle of taking sheets up to 
8*1 inches by 18(5 inches, or coils up to 72 inches in width; 
and 8 furnaces, jjrovided with 28 bases and inner covers, 
size 00 inches by 2.50 inches, are now being installed. The 
use of several lias(*s to <me furnace has secured maximum 
efficiency t>f furiuu:t* ca[)acity. 

In the sequence of the anncjiliiig operation, sheets are 
piled on Jt liasc, the imii'-r cover placed over the pile, and 
the furnace lowered over (his cover. The lower edges of 
both the inner cover ami the furnace are sand sealed. 
During the annealing <,>peration, an atmosphere of de¬ 
oxidized gas is introduced under the inside of tlie inner 
cover at a slight positive pressure. The temperature m 
the furiuice is slowly brought up, until it is a little above 
tlie predetermined annealing point. To reach this tem¬ 
perature requires from 80 to 40 hours on sheete, and about 
20 hours on coils. The furnace temperature is maintmned 
at this level by automatic control, while the pack of sheets 
is soaked for about 22 hours, or in the case of coils, 6 hours. 
The furnace is then removed by an overhead crane to 
another base tlmt has been charged in a manner similar 
to tlie first. The annealed pile, enclosed in its inner cover, 
is allowed to cool to about 200 degrees Fahre ei. e 


inner cover is then removed and after the pile has cooled 
to atmospheric temperature, it is removed. The base is 
now ready for another cycle of annealing operations. 

Strip steel, when annealed in coils, is placed upright on 
the bases and covered by the inner cover, and furnace. 
The same method of annealing processes pertains to coils 
as to sheets, except that, due to the separation between 
coil turns, the soaking period can be reduced, making 
possible a shorter annealing cycle. 

Four individual mills have been provided to skin pass 
the annealed sheets, namely: 2 4-liigh 76-inch mills; 
one 4-high 90-inch mill; and one 2-high 54-inch mill. In 
addition to skin rolling single sheets, one of the 76-inch 
4-high mills and the 2-high 54-inch mill are equipped with 
feed and tension reels for skin passing strip in coil form. 
The slight reduction of one to 3 per cent, not only smooth- 
ens and polishes the sheet but also affects the hardness and 
ductility of the sheet. These qualities can be modified 
by varying the amount of reduction, depending upon the 
draw required in the sheet. 

Strip, in coil form, can be delivered in widths, rating 
from one inch to 72 inches, and in varying thicknesses 
from 0.0125 inch to 0.125 inch. To supply the narrow 
widths of 18 inches and under, the hot- and cold-roUed 
coils are slit to required widths by especially designed slit¬ 
ting units. One of these machines is capable of handling 
strip up to 36 inches in width and the other up to 72 inches 
in width. The machines may also be used to trim wide 
strip in coil or sheet form to accurate widths. 

Typical uses of sheet and strip products, rolled by this 
mill, are as follows: 

Hot-rolled sheets are used in the manufacture of tacks, large steel 
tanks, concrete forms, brick pallets, perforated screens, range boilers, 
and similar articles. 
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Hot-rolled annealed sheets are used in the manufacture of steel 
drums, barrels, metal flasks, coiling stock, stove parts, low price 
cabinets, lockers, and shelving, and other products, which do not 
have very rigid forming or surface requirements. 

Blued sheets are used for the manufacture of stove pipe, stove parts, 
and other articles that are finished with a smooth unpainted surface. 

Extra-smooth hot-rolled annealed sheets, also called japanning steel, 
are used principally for steel cabinets, shelving, stove parts, and 
various metal novelties that require a smooth surface suitable for 
lacquer or enamel finish and which do not have severe forming 
requirements. 

Hot-rolled annealed sheets-pickled, have a clean, porous surface and 
are suitable for products that have drawing dr electric welding 
requirements, but they are not recommended for articles on which a 
smooth fini shed surface is required. They are used by the auto¬ 
mobile industry for inside body and chassis parts, such as: inside 
door panels, seat backs and bottoms, floor pans, and pillar posts; 



Figure 5. Number 5 substation 


Cold-rolled sheets are used in the automobile industry for turret 
tops, doors, panels, hoods, fenders, radiator shells, and side aprons; 
in the container industry for milk, paint, ink, grease, and oil cans; 
in the refrigerator industry for pands and doors; in the radio indus¬ 
try for chassis parts; and in the furniture industry for filing cabinets, 
desks, chairs, partitions, hot-mr registor and radiator covers; in the 
electrical industry, cold-roUed stretcher-leveled sheets are used for 
control panels, metal-clad switchgear, instrument pane ls , breaker 
panels, and for other products which require perfectly flat, non- 
resilient steel. 


steam-driven auxiliaries, the fourth being equipped with 
motor-driven auxiliaries. The boiler feed pumps, water- 
softemng plant, and 3 2,000-cubic-feet-per-minute air com¬ 
pressors for general plant service, are located in a room ad¬ 
joining the boiler house proper. 

A roll shop is provided as a continuation of the cold- 
mill building, for grinding both the hot- and cold-mill 


Due to the distance between the main plant and the 
strip mill, it became necessary to erect an independent 
boiler plant to provide steam for processing and heating. 
This station is equipped with 4 500-hoisepower boilers, 
150 pounds pressure, 200 degrees superheat, capable of 
operating at 200 per cent rating. The units are designed 
to use coke bree 2 e for fuel; this fuel is handled from cars 
to bunkers over the boilers by an automatic skip hoist and 
belt conveyor. The fuel is fed into the boilers by chain- 
p'ate stokers, and the ash removed by dumping directly 
into hopper cars. Three of the 4 boilers are equipped with 



rolls. This shop is equipped with 2 53-inch by 20-foot 
and 2 36-inch by 18-foot grinders, together with bearing 
changing blocks, roll racks, and sandblasting equipment 
for surfacing the cold-mill rolls. 

A service building located central to the hot and cold 
mill, contains an electric shop, machine shop, and store¬ 
house for small machines and tools required for general 
plant maintenance. 

For the convenience of the large number of workmen a 
welfare building was built between the hot and cold rnillq 
to provide shower baths, washing basins, and individual 
lockers for the workmen. This building is steel brick con¬ 
struction, with glazed tile interior; covered walkways 
have been provided between this building and the various 
departments for the convenience of the workmen. 

As the steel industry has developed, electricity has 
played an increaangly important part in the production of 
steel. Thus, with the large investment in the modem 
strip mill, it becomes most important that provision be 
imde to supply adequate power with minimum interrup¬ 
tion to service. 


--- euppjuiea irom 6 dmerent 

sources over 6 lines from 2 different directions. The main 

source of supply is number 5 substation (figure 5). This 
station is located approximately 600 feet east of tie hot- 
miU motor room, and consists of a 2-bay outdoor high- 

voltage switching stmcture, 56 feet by SOfeet. Thisstation 

An nnn Company over 2 3-phase 25-cycle 

60,000-volt hnes, each rated at 40,000 kva. These lines 
pass through this structure and continue to another sub¬ 
station feeding the main plant. 

_ Ea^^of ^e power company’s lines occupy one bay of 
the ^gh-voltage structure and with the use of a cross bus 
possible to feed this station from either 
or Doth of these lines. The structure is designed to ac¬ 
commodate 2 16,000-kva 60,000/6,600-volt 25-cycle 3- 
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Fisure 6. General view of motor room 


phase water-cooled banks of transformers, one of which 
is installed at present. 

A secondary bus structui'e, 20 feet deep by 40 feet long, 
is provldfid to accommodate the bus work, oil switch on the 
secoiulary side of the transformer, and the disconnect 
switches on the outgoing lines. Provision is made to add 
a duplicate secondary structure for the future bank of 

transformers. , ^ *1. 

The secondary bus structure and the towers between the 

substation and the motor room are designed for 6 500,000- 
cirenlur-niil circuits, 4 of which are installed at present. 
Tliese lines are tied to the secondary bus of the trans- 


kw motor-generator sets driving the finishing-mill motors 
are shown in the left foreground and the 6,600-volt metal- 
clad bus structiure in the left center. 

This metal-clad bus structure consists of 22 high-speed 
1,200-ampere 500,000-kva oil switches, complete with 
sealed-in bus compartment. A 250-volt storage battery is 
located in the basement to provide closing and tripping 
power for these switches. 

The main bus in this metal-clad structure is separated 
into 2 parts which are tied together through a 2,000- 
ampere nonautomatic 500,000-kva oil circuit breaker. 
The incoming lines from number 3 substation feed into 
the west end of this bus and the incoming lines from 
number 5 substation feed into the east end of this bus. 
The roughing-mill induction motors, the 3 cold-mill 
motor-generator sets, and one of the auxiliary motor- 
generator sets feed off the west bus and the finishing-mill 
motor-generator sets, auxiliary transformers, spray pumps, 
and one of the auxiliary motor-generator sets feed off the 
east bus. The normal operation of the power system is 
to have the east and west busses tied together with the 
lines from both number 3 and number 5 substations 
operating in parallel. 

The bus at number 3 substation that feeds the 2 500,000- 
circular-mil lines to the strip mill is tied in with a 25,000- 
kva generating station through the plant network. 

The roughing-mill motors driving number 1 scale 
breaker and stands numbers 1 to 4, inclusive, are 6,600- 
volt 3-phase 25-cycle induction motors equipped with 
automatic liquid slip regulators for starting and regulating 
the load, with the exception of the 1,000-horsepower 
squirrel-cage motor driving number 1 scale breaker, whi^ 
starts across the line. Each motor has 6 leads brought 
out of the stator, with current transformers ahead of the 


lines are tied to the secondary bus of the trans- out of the stator, wim currenu 

foniK-rs through 1,200-ampere 'Wessure-contart ou^ „otor and in torteurri 

a . .1_find 2 circuits are paralleled on These motors are stopped Dy appiymg 


lonncrs -o- ar ,1 i j „ 

door disconnect switches and 2 circuits are °° 

the other end to feed the motor-room bus through a 1,200- 
amperc 500,0G0-kva metal-clad oil circuit breaker. 

l*he 2 power company lines that pass through s a ion 
number 5, continue to the main plant to feed station num¬ 
ber 3 through 2 400-ampere 1,000,000-kva oil circmt 
breakers. This station is very similar in design to station 
number 5, including the cross bus and transformer layout 
for 2 15,000-kva 60,000/6,600-volt 3-phase 25-cycle mr- 

cooled banks of transformers, both of wWch axe i^istalled 
and operating. Space is available at this station for th 
instullation of a third 16,000-lcva bank, 

This station is located about one nue 
strip mill, with a 6,600-volt tower line 

substation with the mill, designed for 4 

mil circuits, 2 of which are installed at the present 
to Each line is tied to the substation bus tough a 
1 ootJ-ampere 25,000-volt outdoor-type oil circuit brewer 
to e^fis ti;d to the motor-room bus tough a 
1 ooo-ampere 500,000-kva metal-clad oil circmt bre . 

■fp^e 6) this is a general view of tl>- 
with the d-c motors driving the finishing mill m *1“ 

foreground,the2 T, 500 -kwaaxiliary motor-generators 

tohe right center, and the 

induction motors in the right background. e 


otor anu m - * ^ 

These motors are stopped by applying direct ^ent to 

the motor windings, which results in a modified form of 
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Figure 8. Maximum 15-minute demands 


d3rnamic 

follows: 


braking. The ratings of these motors are as 


case of a short circuit on this bus, there would be developed 
a Current in the nature of 300,000 amperes, which would 
produce an estimated separating force of several tons per 
running foot for ordinary bus spacing. Since the force is 
inversely proportional to the distance between the busses, 
this installation was made with busses placed at several 
times normal spacing. The positive and negative busses 
were placed on opposite sides of the bus room, to give thi> 
wide spacing. Aluminum channel, placed back to back, 
was used to increase the lateral stiffness and in addition, 
the bus was firmly braced against the walls of the room. 
Each motor and generator and the 600-volt bus to the 
variable-frequency room are tied to the main bus through 
2 single-pole high-speed d-c circuit breakers, incorporating 
the “rate of rise” feature of instantaneous trip on direct 
short circuits. These breakers are located in both the 
positive and negative legs of each machine and spaced on 
opposite sides of the room each being fi rml y braced to the 
back walls. This entire construction of bus, circuit 


Number 1 scale breaker 1,000 horsepower Squirrel cage 376 rpm 

Num^l stand 3;000 horsepower Wound rotor 160 ipm 

Number 2 stand 3,000 horsepower Wound rotor 600 rpm 

Number 3 stand 3,000 horsepower Wound rotor 600 rpm 

Number 4 stand 3,000 horsepower Wound rotor 600 rpm 

Number 1 stand has a fl 3 rwheel mounted on the motor 
shaft and numbers 2, 3, and 4 stands have 2 fl 3 nvheels 
mounted on the pinion shaft of the gear unit. 

The 600-volt direct current, to operate the finishing- 
mrn motors, is supplied by 2 6,000-kw motor-generator 
^ts, each set consisting of one motor and 2 generators. 
The motor driving these sets is a 7,200-kva 6,600-volt 3- 
phase 25-cycle 375-rpm S3aichronous motor, connected 
for differential protection, the same as roughing-mill induc¬ 
tion motors. The motors are started through the 1,200- 
ampere metal-clad switchgear and are brought up to speed 
as an induction motor, the current being limttPd by the 
starting reactor to 165 per cent in terms of normal rating 
At approximately 90 per cent speed, a light field is applied 
to the motor to pull the machine in.step with proper 

polanty on field poles. After the machine pulls into step. 

the reactor is shorted out of the circuit, placing the ma- 
cWne across toe line, and at the same time full field is ap¬ 
plied. The d-c generators are rated 3,000-kw 600-volt 
d-c conimuous rated, open, compensated, shunt wound, 
separately exated with 250 volts, direct current. 

tb ^ common bus, from which, 

the 7 d-c fimshmg-mill motors and the variable-frequency 
motor-generator sets obtain their power. The ratings of • 

these motors are as follows: • 
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Figure 9. Hot-strip mill 


Nuiaber2 scale breaker 
Numbers 6,6,7 stands 
Numbers 8,9 stands 
Numba-10 stand 


600 borsepdwer 

3.600 horsepower 

4.600 horsepower 

2.600 horsepower 


160/600 rpm 
175/300 rpm 
125/260 rpm 
176/350 rpm 


connected load of 22.500 horsepower for 

the^l ^ w “Otos. together with 

fonoan extremely heavr con¬ 
centration of d-c power on the 600-volt d-c bus. ^ the 


breakere, and feeder bus was designed to withstand heavy 
Short-circuit stresses. 

Tlie d-c motors and generators are connected to the bus 
at zero voltage and motors brought up to speed by budd¬ 
ing up the generator voltage by the use of a motor-operated 
potentiometer rheostat Each individual motor is ad- 
^ to the required speed by weakening or strengthen¬ 
ing the field of the motor with the use of a motor-op^ted 
coame rhe^t and a hand-operated vernier rheostat, both 

looted m the mill pulpit C. from which point the finishing- 

^ motors are controfied. Six meters, calibrated to 
horsepower, re located to the face of C pulpit, to view of 
the rofler, to mdicate toad on the 6 

A g^t deto of heat is generated through the heavy 
loads impo^ on the main drive equipment To 

ventilation is 

provided. The fimshmg-mill motor foundations are so 
a^ged that all 6 motor pits are connecteA^th ^ 
other for^ a tunnel, closed on each side and open at the 
ends. The 2 6,000-kw motor-generator sets! tocLSS 
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directly across the room have a similar layout in the 
foundation arrangement. The rotating motors and gener¬ 
ators pick up cool, dean air in the motor room by their 
natural fan action, which ventilates the machines and is 
then discharged into the foundation tunnd. At each end 
of these 2 foundation tunnels is a surface cooler through 
which the heated air from the machines must pass, to be 
recooled to normal temperature. A blower is located near 
the discharge of each of these coolers, the sucking action 
of which draws the air through the coolers and discharges 
it into the motor room for recirculation. As the 4 blow^ 
are not connected direct to the coolers, any one of the units 
ran be shut down without affecting the coolers. Under 
normal operation the blowers operating depends upon the 
temperature in the motor room. To offset air losses, as 
well as to maintain a slight positive pressure in the motor 
room, makeup fans are provided at each end of the room. 
These fans draw fresh air from the outside, through a 
filter rU a-nmf r equipment and discharge it into the motor- 
room basement. 

The 2 hydraulic spray pumps are driven by 2 1,000- 
horsepower 6,600-volt wound-rotor induction motors, the 
pumps dehver 1,000 gallons per minute at 1,000 pounds 
pressure to the spray nozzles. 

The cold-mill substation contains the motor-generator 
sets and auxiliary units for driving the tandem and skin 


Fisure 10. Hot- 
strip mill 
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pass mills. A 3-unit 6,000-kw motor-generator set, dupli¬ 
cate of the hot-mill main drive sets, is provided to furnish 
600-volt direct current to the 76-inch tandem mill from 
one generator to the 54-inch tandem mill from the other 
generator. A 2,500-kw motor-generator set driven by a 
3,760-horsepower 6,600-volt synchronous motor, direct 
connected to 2 1,250-kw 600-volt generators, furnishes 

power to the 2 76-inch skin pass mills. A 1,300-kw 
motor-generator set driven by a 2,000-horsepower 6,600- 
volt synchronous motor, is direct connected to 3 genera¬ 
tors. Two of these generators are 600-kw 300-volt 
capacity and one. generator is 300-kw 250-volt capacity. 
The 2 500-kw generators are normally connected in series 
to provide 600 volts to drive the 90-inch skin pass miU. 
However, they can be connected in parallel to provide 
emergency 250-volt direct current for plant auxiliaries at 
reduced capacity. The 300-kw g^erator furnishes power 
to drive the 54-inch skin pass mill. The ventilating 
scheme of the substation is duplicate of the hot-mill motor 
room, described earlier in this paper. 

A bus tunnel is provided to connect the cold mill sub¬ 
station with the various cold-mill control rooms, which 


are located in the basement. The top of this tunnel houses 
the bus runs between the generators and the tandem and 
sTnn pass Tnill motors and the tunnel proper is used to pro¬ 
vide makeup air for the ventilation of the cold-mill drive 
motors. The makeup air equipment consists of an air 
wadier and blower located at the end of the tunnel, the 
blower discharging into the tunnel to maintain a slight 
positive pressure in the tunnel and control rooms. Each 
of the cold-mill drive motors has its own recirculating ven- 
tUation system, taking air from the tunnel, circulating it 
through the motors ^d coolers to discharge into iht 
tunnel again. In this manner, each motor is cooled with 
fresh clean air. 

The d-c auxiliary power for both hot and cold mill is 
supplied by 2 1,500-kw motor-generator sets, each driven 
by a 2,100-kva 6,600-volt 500-rpm 80-per-cent-power- 
factor synchronous motor with 260-volt d-c fi.eld excitation 
from the d-c end. The motor is designed for fuU-yoltage 
starting, requiring 500 per cent kilovolt-ampere inrush, 
in terms of normal rating. The generator is rated 1,500 
kw at 250 volts, and is self-excited and flat compound 
wound. The 2 generators are arranged to operate in 
parallel, but only one set is required to furnish both hot- 
and cold-mill power. 

The 2 1,500-kw generators tie into the 250-volt bus 

through 2 8,000-ampere single-pole 600-volt air circuit 
breakers, each equipped with overload, under voltage, 
and reverse-current features. The d-c power is fed into 
the various sections of both hot and cold mill over 6 
feeder circuits, each connected to the bus with a 4,000- 
ampere single-pole 600-volt air circuit breaker with in¬ 
verse time overload protection. 

The a-c auxiliary power is supplied by 3 1,000-kva 

6.600/440-volts ingle-phase 25-cycle air-cooled trans¬ 
formers connected delta-ddta. The power is distributed 
to the mill over 3 3-phase circuits, each protected with a 
1,600-ampere 3-pole 600-volt air circuit breaker. 

The entire lighting for the mill is supplied by a bank of 
- 3 500-kva 6,600/440-volt single-phase 25-cycle air-cooled 

I transformers, connected delta-delta. The primary side of 

1 i-hig bank is connected in parallel with the primary side 
r of the power transformers, and both are fed through a 
I common oil circuit breaker from the station bus. The 
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secondary side of this bank feeds through a 4,000-ampere 
3-pole 600-volt air circuit breaker, to the various dis¬ 
tribution points throughout the mill. At these points, the 
440-volt power is stepped down to 3 phase, ilO-voIts, 
through 7 V 2 - and 10-kva single-phase oil-insulated air¬ 
cooled transformer banks, to sectionalized 110-volt feeder 
circuits. 

The overhead lighting consists of 300 porcelain-enamel 
reflectors, 226 silver-backed glass reflectors with steel 
covers, and 450 prismatic glass reflectors with spun-on 
steel covers. All of these units are of the high-bay type of 
750 watts capacity. The low-bay lighting, control house 


Summary of 6,600-Volt Connected Load 


EUoTolt-Amperes 

Number 1 scale breaker. 3 gg 

Number 1 stand.. 2 650 

Numbers 2, 3, 4 stands.7*260 

Finishingr mill—motor-generator sets.i .14*400 

Spray pumps..!.*!!!!!! 1,*640 

Amdlia^ motor-generator sets.. 4 200 

Cold-mill motor-generator sets (1).] 7*200 

(2).!...!!! ailio 

„ ^ , (8). 1,660 

Power transformers. 3 000 

lightning transformers...1*600 

...47.480 


Summary of Total Connected Horsepower 


Number Horsepower 


Motors—hot milt ... 


■ 

Genersitors—hot .. 


• •• 81,550 

Total—hot itiill. 



Motors— cold mill 



Generators—cold mill. 


... 18,675 

Total—cold mill.. 

Total installed units. 


... 48,725 

...154,126 



strip mill, starting in Januaiy 1936, used 1,600,000 kilo¬ 
watt-hours, gradually increasing to 9,256,000 kilowatt- 
hours in March 1937, or approximately 28.4 per cent of 
the total plant power, whidi averages 1,050,000 kilowatt- 
hours per day. 

Figure 8 shows the maximum 15-minute monthly de¬ 
mand for the total plant and the maximum 15-minute 
monthly demand for the hot- and cold-strip mill. The 
total plant demand has increased from 32,000 kw in 
February 1936 to 61,140 kw in March 1937. The maxi¬ 
mum demand for the strip mill has gradually increased 
from 15,000 kw in May 1936, the first month that the 
demand meter was installed, to 22,680 kw in March 1937. 
This demand has gradually increased witli the increase in 
tonnage rolled. 

(Figure 9) curve 1 on this graph represents the 
charged tons which have gradually increased from 4,000 
tons, the first month of rolling, to 77,800 tons in March 
1937. Curve 2, showing total kilowatt-hours per charged 
ton, has gradually decreased from 333 to 86 kilowatt- 
hours per ton. Curve 3 shows the kilowatt-hours per 
charged ton for the main drive, and represents that part 
of the total power used by the main drive motors, and the 
difference between curves 2 and 3 represent that part of 
the tot^ power used by the auxiliary equipment. The 
main drive equipment uses approximately 75 per cent of 
the total power and the auxiliary equipment uses approxi¬ 
mately 25 per cent. 


and pulpit lighting, and various scattered units, consists 
of over 700 units, varying in capacity from 60 to 600 watts 
The tunnel Hghting consists of 220 units, built into the 
side walls, each of 200 watt capacity. 

All of the above units are controlled by 360 2-pole 60- 
ampere llO-volt dremt breakers with overload protection 
enclosed in cast iron case. These breakers are fed from the 
sectionalized llO-volt lighting busses. 

To give a more comprehensive picture of the power re- 
quirem^ts of this hot- and cold-strip mill, the following- 
ra^-es have bedi plotted to graphically show the relation 

Weffi the Idlowatt-hours, the kUowatt demand, and 
tons charged. 

(F^e 7) top curve shows the kilowatt-hours con- 
s^ed by the total Lackawanna plant for 1936 and the 
^ quarter of 1937, including the strip mill, while the 
. . “ kilowatt-hour consumption of the 

step m^ alone for the same period. The top curve shows 
gradual mcrease in kilowatt-hours for the total nlant 

32,578,000 kdowatt-houra in 1937 and corre¬ 
sponding to this increase in total eneigy consumed, the 


- -—vaat ujLcu jKjuuwart-nours per ton 

remains approximately constant above 56,000 tons. How¬ 
ever, bdow 55,000 tons, the curve begins to rise at an 
mcreasingly rapid rate. Figure 10 shows a curve plotted 
between charged tons and kilowatt-hours per charged ton 
and confirms the above statement. 

In analyzing the tandem tons rolled in the cold mill, 
(figure 11), it will be noted that the total kilowatt-hours 
per ton, curve 2, has decreased from 143 to 92, as the tan¬ 
dem tons, curve 1, increased from 8,000 to 28,000 tons, 
uriher, it will be noted that the kilowatt-hours per ton 
* f equipment remained almost constant 

at 49 kilowatt-hours per ton, while the variation in total 
falowatt-hours per ton to the miU occurred in the auxiliarv 
drive equipment. The cold-mfll main drive equipment 
uses approximately 53 per cent of the total energy and the 
auxihanes, approximately 47 per cent, and the kilowatt- 
hours ton for the cold mill remain almost constant 
above 22,000 tons, but rises sharply as the tonnage de- 
CTe^es. Also, the curve in figure 12, plotted between 
Idlowatt-hours per tandem ton, flattens 
out at 22,000 tons, mdicating approximately a constant 
vdue of kilowatt-hours per ton above this tonnage. 
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Some High Lights in the Use of Electricity in Steel Mills 

By GORDON FOX 

MEMBEIi AIEE 


^viirtpsis minor item, in an absolute sense the amount of electric 

^ power consumed and the cost thereof are substantial 

Approximately one ten^ of the investm^t m the capacity in main-drive motors in Ameri- 

Vmerican steel industry is in electoal p^t. The power ^ nearly 3,000,000 horsepower. The 

consumption of steel mills is in^e^mg. About wo ^^ ^^j^ j^jglj^g^^lauxiHary drives combined approaches 
iiirds of the power used is generated withm ^e plants bu ^ horsepower. The installed generating capacity 

there is a trend toward increased purchase of pow^. amounts to about 1,250,000 kw. 

Electricity is gaining a foothold m the field of trans- present annual power consumption of the industry is 

portation through the Diesel-electric locomotive. about 7,000,000,000 kilowatt-hours. All American public 

D-c motors are being used more for mam-roU drives. combined generated in 1934 about 95,000,000,000 

Synchronous motors are also gainmg favor. Reversmg 

drives have developed interesting ramifications. consumption of American steel mills 

There is a trend toward ^bdivision of nmm increasing for several reasons: 

The combination of reduction gears and mill pmions mto 

a single unit is of interest. The use of new types of bear- ^ are becoming more fully electrified. 

ings affects power requirements. 2. New applications of electricity are being developed. 

The concentration of d-c power associated with the ^ character of product is changing, 
main-roll driv^ of wide strip mills has introduced prob- 

lems concerning interrupting capacity of circuit breakers in 1926, about 20 per cent of the rolled product was 
and strength of bus installations. represented by heavy sections such as rails and stnicWs, 

In the field of auxiliary drives, the increased application which involve only a moderate amount of work per ton 
of small individual induction motors is notable. due to moderate elongation in rolling. The totd power 

Electrical precipitation finds greater acceptance in the represented in a ton of rails is about 100 kilowatt-hours. 

field of gas cleaning. . Today less than 15 per cent of the finished product leaves 

Electric melting furnaces supply a small but growing the mills in these heavy shapes. a • a 

increment of total steel production. High-frequency heat- Such products as sheets, strip, tin plate, and we rod 

ing is finding some uses. New types of electric furnaces require relatively large amounts of power for rolling. A 

are being installed for heat treating and annealing opera- ton of sheets or rods may represent an accimulated 

^ penditure of more than 200 kilowatt-hours of power. In 

1926, about one third of the product took these forms. 
Today about two thirds is so rolled. 

N ot so many years ago electricity played but a Approximately two thirds of the power consumed m our 

^or^ in LsteJ industry. It has gained steel plants is generated in their ow power plants. About 

rapidly and steadily in importance. Today, in a one third is purchased from utilities. 

total invJstmLt on the order of $5,000,000,000 represented The figures for 1929 are approximately as follow . 

bv the American steel industry, more than $500,000,000 Electric power purchased from pubUc 

is^involved in electrical plant. Considering a typical utilities... 3 , 500 , 000,000 kilowatt-hours 

stedplaBtasawhole, about 10 per cent of the totaliuvest- 

ment is electrical. --—--- ■ 

The relationships between electrical plant and toM in- electric power.:.. .9,500,000,000 kUowatt-hours 

vestment are indicated by the approximate figures shown 

in table I. . xi. + « 

The cost of materials is the major element m the cost of Table I 

producing steel. The cost of electric power is a minor ele- — __ 

ment. In the iron- and steel-producing departments, the Per cent investmeiit Represented 

cost of dectric power is generally not more than 5 per cent Unit pr Department by Electrical Plant 

of the toi^ conversion cost. In the rolling mills, the cost ---^^ ^ ~ 

; of ekctric power commonly amounts to about 10 to 15 Cf^^en^fum^s. ^ 

ner c^t of the conversion cost. Although relatively a mius, average............ — . ".['.V.'.'.zi 

y ^ ^ ^ _;___—-^-- Power and bloving plant. ...'""'.10 

released for publication July 19,1937. ^ (total). .. ..... .. • • -. , ■ 

Gordon Fox is vice-presidedt of the Freyn Engineering Company, Chicago, Ill. ^ ^ \ ^ 
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Figure 1. industrial truck handling 8-ton coil of strip 

The steel industry is probably the largest industrial con¬ 
sumer of electric power. However, because of the large 
amount of power generated in its own plants, it is only on 
an approximate par with 3 other industries as a purchaser 
of electric power from utilities. The big four are the steel 
m^try, chemical industry, food products, and printing. 

The trend, in the steel industry, is toward purchase of 
a greater amount of power, both in absolute and in relative 
sense. Three factors which encomage this trend may be 
mentioned: ^ 

in power demand are generally associated with 
^alUtton of heavy mill equipment involving large expenditures 


2. The increase in power consumption per ton of rolled product 
resxdte in a decrease in the amount of available by-product fuels 

m u ' by-product 

riKfrf ^ T valuable. The avaU- 

abili y of by-product fuels for power generation is decreainr^ 
m rdauve and m absolute sense. Hence, power generatlTmust ^ 
based, m mcreasmg degree, upon purchased fuel. 

f® power purchase through more 

^ble supply and through development of contracts suited to the 
special requirements of the steel mills. 

LtSL“”d =“ ’"i"* i- Transportation 

^xer and Have so many ramifications that it is oossihlf. it, « 

s ‘u” f-ti- sSd ^c. 

random, but with a new to developments of recent years. 


installation of new high-pressure boilers and topping tur¬ 
bine generators exhausting into the existing steam mains. 
This practice has permitted modernization of boiler 
plants, increase in generating capacity, and improvement 
in economy to be accomplished at minimum expense. The 
resulting plants compare favorably in performance with 
those of the public utilities. 

Steam Dmes 

Although dectrification in sted plants is very general, 
ste am drive is still retained for a few classes of equipment. 
Most notable are coke-oven exhausters and gas boosters 
and blast-furnace blowers. Exhausters are steam driven 
because of the nicely of speed regulation required, and 
because the exhaust steam is needed for process uses. Gas 
boosters are quite large units, well suited in speed require¬ 
ment to turbine drive. Centrifugal blast-fumace blowers 
continue to be driven by steam turbines because of ease 
and perfection of speed control and also because they excel, 
both in ovCT-all economy and in first cost, any method of 
dectric drive yet proposed. Moreover, involving TpS i S 
steps of transformation, they are more reliable than would 
be motor-driven units supplied by turbine generators. 

In the Buffalo district, where power is exceptionally 
cheap, a motor-driven centrifugal blast furnace blower has 
been installed. The drive is a 2-pole S3nichronous motor. 
Control of pressure and volume is by a device, termed a 
power whed, which throttles the inlet pressure by means 
of a set of adjustable vanes somewhat akin to the vanes of 
a water wheel. The vdocity imparted to the intake air 
m throttling is partially converted into power in the first 
stege of the compressor intead of being dissipated in 
ed^es, ^ by an ordinary damper. Good regulation of 
votoe is obtained. The equipment is quite simple. The 
^a^cy IS comparable with that which might be ob¬ 
tained with a wound-rotor motor drive using secondary 
resistance control. ^ 


Modernization of Generating Stations 

A nimbCT of sted plants have taken steps toward 
modernization of their existing power plants, involving the 


^ which dectricity has not made great 
^oads IS tha.t of transportation. There are a few in- 
vidual runs m sted plants where dectric locomotives or 
^ are employed. Both overhead and third-rad sys- 

there is, I bdieve, no stL 
P t in this country which has a completdy dectrified 

transport system. The principal deterrent ^^ts ^^e 



Figure 2. Twin-motor reversing drive 
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ectioiis to either overhead or third-rail systems of 

ply* 

• -Diesel-electric locomotive has made its debut in the 
‘1 plaxit, where it is used for switching purposes. It is 
itively high in first cost but it is faster in operation and 
opCiXTating costs and maintenance costs are substan- 
ily lo-wer. For some classes of service its use appears to 
well 'Warranted. 

I'her^ lias recently been put into service at one of the 
nts ixi the Chicago district a gas-electric locomotive 
I ton, 500 horsepower) using butane as fuel. This unit 
broa.cily comparable in first cost with the gasoline- 
ctric: unit and comparable in operating cost with the 
esel-ctlectric type. 

A,no1:lxer field of transportation in which electricity is 
tying: an important part is the industrial truck. These 
icks SLxe finding considerable use in the finishing depart- 
?iits of strip Tnillp and wire mills, for instance. Storage- 
ttery -units and so-called “ready power” units employing 
jasoline-eng^e-driven g^erator as the power source are 
th popular. Figure 1 shows a tmek handling one 8-ton 
ilof sfrip. 

^nixected Load and Power Consumption 

In a -typical steel plant the large main-dnve motors at 
t* rolling mills represent less than half of the total in- 
alled motor capacity. They have a higher load factor 
an t:.li.e auxiliary drive motors, however, and are there- 
re responsible for a greater relative share of the power 
rthsumption. Table II shows typical relationships. 

D-c auxiliary drives are used mostly on cranes, roller 
blcs, and manipulating devices which are subject to 


Formerly the a-c motor prevailed. Today the d-c 
motor holds foremost place. In 1928, about 40 per c^t 
q£ main roll drive motors sold were for altematmg 
current, 60 per cent were for direct current. In 1936, only 
13 per cent were a-c motors and 87 per cent were d-c 
motors. 

D-c main-drive motors are being so generally adopted 
because of their controllability, as for reversing drives, ^d 
because of their abifity to meet adjustable-speed require¬ 
ments. Adjustable speed is more and more commonly 

Table II. Motor Gpacity and Motor Load— Typical Steel 

Plant 



Per Cent of Total Per Cent of Total 

Class of Motors 

Installed Capacity 

Motor Load 


.87.. 



.50. 

.20 

A-c aiudliaries. 





Figure 3. Twin-motor reversing drive 


tiucH starting and stopping, but which have substanti^ 
ilij: periods. Their load factor is very low. A-c auxih- 
ries include many pumps, fans, conveyors, and similar 
running drives. Their load factor is quite 

ligh. 

rbe iu Main-Roll Drives 

Dxrer a period of years, the application of motors to 
• iroll drives has changed in a number of respects. The 

are more or less interrelated but may be discussed 

^ Qq 7 Fox— Electricity in Steel Mills 


demanded, partly for reasons of flexibility and greater 
precision of rolling, partly because of higher rolling speeds, 
and partly because more modem continuous and semi- 
continuous types of mills, with stands in tandem, intro¬ 
duce requirements which were hot met in the earlier lay¬ 
outs using Belgian roll trains. 

There has been a trend toward individually driven 
roll stands or subdi-vision into small groups as contrasted 
-with the older practice in which one or two large motors 
drove a whole mill. Some of the reasons have been higher 
speeds, greater capacities, greater operating flexibility, 
greater flexibility of layout, mechanical simplification. 

In a-c drives, there has been a trend away from the in¬ 
duction motor and toward the synchronous motor as will 
be discussed at greater length a little later. 

In general, the trend has been in such direction as to in¬ 
crease greatly the cost of main roll drive equipment. 

Reversing Drives 

Reversing motors have been used for many years to 
drive blooming mills, roughing mills, plate mills. Some¬ 
what more recent is their application in ^dem on slab¬ 
bing tnin«t and beam mills. In a slabbing mill, for in¬ 
stance, 2 sets of rolls work on the piece simultaneously. 
The horizontal rolls reduce its thickness; the vertical 
rolls restrict or reduce its width. These 2 sets of roUs are 
driven by separate reversing motors. These motors must 
a.ccelerate, run, decelerate, and reverse in unison. The 
relative speeds must be different in the forward and in the 

reverse direction of travel. This is accompHshed by feed¬ 
ing both motors from the same generator or generators, 
using variable-voltage control. The relative speed of the 
vertical roll motor is changed, for the 2 directions of travel, 
through change of the field strength of that motor. 

There are installed in one plant in the Chicago district 
2 very interesting reversing motor drives designated as 
double motor drives. Each roU in the 2-high reversing 
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Rsure 4. Group drive through lay shaft and bevel gears 

mill is driven by a separate 5,000-horsepower motor The 
driving spindle for the upper roll passes over the motor 

which drives the lower roU. The use of the twin motor is 
dictated, m a large measure, by mechanical considerations. 
The construction of a 10,000-horsepower motor at 40 
rpm base speed within limits of size feasible for transport 
and erection, would be difficult The manufacture of 
suitable mill pinions would also be difficult The twin 
motor affords substantial advantage due to its relativdv 
lowing, resulting in a “Uvely” mill. It eliminates the 
n^rty of matching roll diameters. Omission of the 
pinions redu^ friction losses and eliminates a source of 
back-lash and noise. 

It Im long been customary to employ Hgner-type motor 
motore. Flywheels were provided. To drive these sets* 
mth hquid shp regulators. This is still the acceoted , 

only on a large power system 

^•nchronons motor drive h apphcable, the ' 

effidency, powTa*" co^ 

8«ater kmpZ^ ' speed as well as in 

to found in 

ooiltog reels upon which^he st ’ for the 

unwound as the mill reverses itsS and ge 

^ aiotors must reverse and th The of 

deca-i^ ju unison vdth speed increase and 

a«»tor; in additioug they rniicf reversing mi 

the varying diameter of tho automatically we 

^ the reel. ^ “ it builds up or runs rec 


drive motor-generator sets and for occasional pumps or 
blowers. Today they are widely used for main roll drives. 
Perhaps more commonly they are applied to groups of 
stands. In many instances, however, they drive single 
stands. In very few instances are the starting require¬ 
ments of main roll drives difficult for synchronous motors 
to meet. More exacting, perhaps, are the severe peak 
loads of brief duration sometimes experienced. Tlie 
sjnehronous motor is now the normal selection for con- 
. stant-speed main roll drives except where flywheels are 
required. Incidentally it may be remarked that flywheels 
are not now used as generally as they once were. 

An interesting application of synchronous motors is that 
in wMch stands or pairs of stands in tandem, in continuous 
relationship, are driven by separate motors. The syii- 
chronizing power of the motors causes the rolls in the 
several stmds to retain their speed relationship as elTec- 
hvely as if they were driven from a common line shaft. 
Fi^re 4 shows the former prevalent practice, employing 
a ^gle drive motor with line shaft and bevel gears. 

Figure 5 shows the newer practice employing subdivided 
drive and herrmgbone gearing. 

The number of synchronous motors connected to steel- 
plant systems is increasing, not alone because of their more 
equent use for main roll drives and for driving accessory 
equrprueut but also bacau^ of the great rncrea.se 1 ^ 1 ^^^ 


reducing gear- 


eLUr-.—tL~—ll 


CONTINUOUS MILL ^ STANDS'^ 

Fime 5. Subdivided drive fbrougb helieel or herringbone 
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were overexcited and were ut^ fof They 

lectron. thre to the subst^T^ ^ Power-factor cor- 
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power-factor motors with much to 80-per-cent- 
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D-C Drives 


Adjustable speed is being provided to an. ever-increasing 
extent for main roll stands. The d-c motor at 600 volts 
is practically standard for this service. Figure 6 shows a 
4,500-horsepower 125/250-ipm motor of this t 3 rpe such as 
is applied to the finishing stands of a hot wide strip mill 
This is representative of the maximum size attained by 
motors of this type. These motors are usually started by 
connecting them at standstill to the supplying generator 
or generators at zero voltage, then building up the voltage 
as the motors accelerate. Because of the large motor 



Figure 6. Ad¬ 
justable-speed 
d-c motor 


capacities involved, it is usually necessary to operate 
several generators in parallel to supply the direct current. 
Several schemes have been tried to obtain satisfactory 
parallel operation of these generators and, at the same 
time, to secure a closely maintained operating voltage. 
One of these schemes involved interconnected cumulative 
and differential series windings. It is now prevailing 
practice to use simple shunt-wound generators or to pro¬ 
vide a slight differential winding to give a drooping voltage 
characteristic, thereby insuring satisfactory parallel opera¬ 
tion. Generators of this type may be paralleled at zero 
voltage. The voltage of all units may then be built up in 
unison, thereby starting all the driven motors at once. 
When the motors attain fuU speed, all is in readiness for 


rolling. It is no longer necessary to start the motors by 
building up the voltage of one generator and then to paral¬ 
lel with the other generators before the load is applied. 

When generators with drooping voltage characteristics 
are employed, a voltage regulator is provided to maintain 
constant operating voltage. This functions in connection 
with an exciter which is common to the fields of all of the 
generators operating in parallel; see figure 7. 

D-c reversing motor drives are an exception to this 
practice. When 2 or 3 generators are paralleled to supply 
a single reversing motor or combination of motors, inter¬ 
connected differential and cumulative field windings are 
generally used to insure division of load among the gen¬ 
erators, even under severe load changes; see figure 8. 

Cold-Rolling Mills 

In final cold rolling of coils of annealed strip in a so- 
called skin pass, it is advantageous to maintain tension 
upon the piece while it is being compressed between the 
main rolls. It is also desirable that different amounts of 
tension be independently maintained in the process of 
unwinding the coil from one reel and in winding it upon 
another reel. In a recent design of skin pass mills, pinch 
rolls are installed between the unwinding reel and the mill 
stand being entered; a similar pair of pinch rolls is located 
on the delivery side of the mill ahead of the reel upon which 
the coil is wound. These pinch rolls are controlled to 
maintain the most advantageous drag and pull tensions in 
the strip on the entering and delivery sides of the main 
rolls. The unwinding and winding reels, in turn, are con¬ 
trolled to maintain suitable values of drag and pull tension 
in the strip between these respective reels and the ad¬ 
jacent pinch rolls. 

These tensions are governed by field control responsive 
to current, which determines the tension. The speed of 
the mill as a whole can be varied, without disturbing the 
relationships of the individual elements, by variation 
of the voltage of the generator which supplies all drives in 
common. 

The ability to control the tension as well as the rolling 
pressure appears to be an important contribution to the 
art of cold rolling steel. 


Figure 7. Parellel operation of. 
shunt generator supplying 
ad[ustal>le-spe<^d motors 
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Combination Gear and Pinion Stands 

While discussing main roll drives, mention should be 
made of recent practice in which the motor speed reducing 
gear or the train of helical or herringbone gears, through 
which the motor drives, is combined with the mill pinions 
in a single unit. Such an arrangement results in com¬ 
pactness and rigidity. 


Bearings 

As a devdopment affecting motor drive practice, we 
should mention the increasing use of roller bearings, com¬ 
position bearings, and precision type oil-lubricated bear- 


jGENWMOTOftL-J LQ 
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Figures. Parallel 
operation of cu¬ 
mulative - differ¬ 
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substantial bus construction using structural shapes is 
essential. The positive and negative busses are well 
“ separated to mi n i m ize magnetic stresses. Circuit break- 

> ers must be reinforced to prevent being bent out of shape 
‘ by magnetic forces. Circuit breakers have been recently 

► devdoped for this work which, under test, have ruptured 
^ccessfuHy 70,000 amperes of direct current (as much as 
it is possible to provide for test purposes). These circuit 
breakers have ruptured successfully under test as much 
as 400,000 amperes at 60 cycles. The time of interrup¬ 
tion is about 3 cydes. 

An interesting devdopment in connection witli these 
large circmt breakers is a feature which causes tliem to 
trip particularly quickly in case the rate of increase of 
current is rapid, as when a severe short circuit occurs 
This is accomphshed in the foUowing manner: The section 
of bus connecting to the circuit breaker is divided into 2 
pai^ paths. One path is suiroimded by a laminated 
st^ y^e. ■pie series trip coil of the drcnit breaker is 
mterhnked with the other path. Normany the current 
&WS equally or proportionally through the 2 paths. 

tt^h and acts upon its trip coil. However, when a 
rt circuit occurs and the current rises quickly, most of 
the current flows through the low leactan^ path w”^ h 
not surmunded by the steel yoke. As a consequence of 
this action, most of the current flowing through the breaker 


exciter SET ^ 


mgs m connection with mill rolls u • 

have resulted in reductions of mllin 

ranging from 10 to 50 per cent J- ^ ^ ^ amounts 
mill, the product being rolleTk^d r ^ ^ of 

of the case. Particular conditions 



Concentrations of D-C Power 

Wide strip mills usually have about a a • i.* 
each mdividually driven bv a ^ ® ^shmg stands, 

horsepower capadty. Th^^K a k 
of motors. See figure 9 The ^ aggregation 

current on a con^n bus com^""®^ 

and motors may be on ^ 

40,000 amperes. Perhaps^l 5 000 w 
^ be connected to such a buf geudators 

the equivalent of 20,000 kw Rotors may total 

^cteristics, these motors' can regulation 

almost mstantly. In the event of a ^S^e^erators 

system, the amount of ^ such a 

t-nendous. It anio:i^“’^‘ «« flow is 

f»peres, and esperience in th7 fl<“dred thousand 
mdicatcs thatlThas done! 
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the respective drives and Wafd-Leonard variable voltage 
control is employed. This arrangement results in some¬ 
what faster action together with closer speed control over 
a wider range. Since approximately half of the total 
rolling time of such a mill is consumed in reversing and 
manipulating the ingot between passes, expedition of these 
functions may have an appreciable influence upon output. 
This is increasingly true in view of the higher percentage 
of slabs now being rolled in many such mills. 

A notable recent development in auxiliary drives is the 
extensive application of individual small squirrel-cage 
induction motors to table rollers, coders, sheet mill lifting 
tables. In a single mill recently constructed there are 
some 900 of these motors; see figure 11. 

For individual table-roller drives, the adjustable- 
frequency system of speed control is commonly employed. 
The table drive motors are supplied from a-c generators 
which, in turn, are driven by adjustable speed d-c motors. 
A speed range of 3 or 4 to 1 is common. 

In some cases it is necessary that these tables reverse 
frequently. If the table drive motors were plugged from 
full speed, they would draw very heavy currents from the 
generators supplying them and they would also overheat 
due to the large rotor losses incident to plugging. To 
avoid these difficulties, the table-drive motors are first 



are not reversed but it is desirable to stop them quickly 
and accurately. The simplest possible mechanism in¬ 
volves the use of several separate motors of small horse¬ 
power; see figure 12. The most successful control to 
meet these, requirements employs dynamic bralcing. The 
motors are of squirrel-cage induction type. They are 
supplied with power at adjustable frequency in the general 
manner previously described. To stop them, the fre¬ 
quency is first reduced, then the primary windings, are 
disconnected from the a-c supply, and direct current at 



Figure 11. Individual roller-table drives 


low voltage is applied to these windings. This direct 
current is obtained from a small motor-generator set. 

Water-Cooled Motor 

induction motors have been applied to a number 
of drives which involve very frequent starting, stopping, 
and reversing. The load is comprised largely of inertia. 
Squirrel-cage motors can be made with very light rotors. 
\V^en 40 starts per minute, or perhaps more, are involved, 
it becomes qirite a problem to dissipate the heat generated 
in the motor. To use a larger motor does not help much 
since the rotor inertia increases and the load increases 


slowed down by reducing the frequency to a low value, likewise. For such cases a water-cooled motor has been 

They are then plugged, from low speed in one direction to developed and tried with considerable success; s^e figure 

low speed in the o^er direction. They are then acceler- 13. 

ated by increasing the frequency. By this means most of 

the deceleration and acceleration of the table drive motors A-C Switching 


takes place with the motors operating with running char¬ 
acteristics, that is, with small values of slip. Only during 
a grnall part of the reversing cycle do the motors operate 
with starting characteristics, that is, with large values of 
slip. . ^ 

In the opdratioft of the coffers, the mechanisms which 
coil the flat product emanating from a wide strip mill, 
frequent starting and stopping is involved. The coffera 


Many steel plants have been confronted with problCns 

in distribution and in switching, due to the rapid growth 
. of their a-c systems. In some cases the increased use of 
synchronous motors has been a factor in increasing the 
current to be handled in case of short circuit. 

In some the dfficulties have been accentuated by 
the advent of purchased power froth utilities. Bw:ause of 
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the substantial amounts of purchased power involved and 
the desire for economy and reliability of supply, the con¬ 
nection between the utility generating capacity and the 
steel plant consuming system is usually a fairly direct one. 
Consequently the flow of power in case of a fault may be 
great. It then becomes necessary to employ generally 
switching equipment of high rupturing capacity, or to de¬ 
vise compromises using group breakers or reactors in order 
that existing equipment may be safely continued in service. 

In general, it may be said that the switching now being 
installed is of much higher rupturing capacity and sub- 
stentially higher cost than in the past. The scheme of 
distribution and switching to be adopted is therefore de¬ 
serving of increased consideration. 

The advent of deionizing and oil-eiqjulsion types of 
circuit breakais has been timely in permitting higher 
rupturing capacities to be attained within existing limita¬ 
tions of space and reasonable limitations of cost. In this 
connection, it may be mentioned that the high cost of 
switching has stimulated the use of fewer relatively larger 


applied to cleaning blast furnace gas. Attempts to 
clean this gas in the hot, dry state, preserving its sensible 
heat, have indicated this method to be too expensive and 
too sensitive to be generally acceptable. Precipitation 
has proved to be moderately successful as a method of 
fine cleaning following wet scrubbing. One deterrent to 
its more general adoption is the rather high cost of neces¬ 
sary plant. 

Electric Furnaces 

Electric melting furnaces and electric heating furnaces 
are both gaining in popularity. The amount of steel 
produced in electric furnaces for ingot production is a 
small percentage of total production. Nevertlieless the 
percentage tends to show steady growth, as indicated by 
the following figures showing tlie relationship of the ton- 


Flgure 13. Water- 
cooled motor 
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na^ of mgote produced by electric furnaces as a per ceu 
Of total mgot tonnage: per cen 

1922.. 

1924..... ..0*66 per cen 

1926. . •••••-.... i.0.61 per ceu 

1928. .... 0.70 per ceu 

1930. •" ...... 0.00 per ceni 

1932. ... • 0.78 per ceni 

1934.’ * ‘ ”.. .. •.. 1.06 per cent 

...1.36 per cent 

for production of (LbonLe^s.^ir ”.®^^"*^°' 

fomaces involve a substaS;^ 

practice in thelatio^^^ O'"" 

volmne. transformer capacity to furnace 
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frequent circuit interruption 
The coreless mdu(^ • '*“®rvmg of mention, 
one of the tools of the inLt^ recognition as 

essentially an insulated comprises 

<WcaIcoilVco^te^f by a eylin- 

%li frequency is passed this coil, current at 

in the crucible. The nrimai^ mg currents in the charge 
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but 960 cycles is a typical value. The voltage is usually 
about 1,000 volts. The power factor is inherently very 
low but is largely corrected by use of capacitors. Due to 
the high frequency, the cost of these capacitors is not 
excessive. Power of these characteristics is supplied by 
special motor-generator sets. The consumption ranges 
between 600 and 1,000 kilowatt-hours per ton of metal, 
being comparable with arc furnaces of similar size. 

As yet the coreless induction furnace has been built 
only in small sizes, having capacity of one ton or less. It 



Fisure 14. Bell-type cylindrical annealing furnace 


is probable that largo" units will be developed. The prin¬ 
cipal advantages of this type of furnace are; 

1. Freedom of contamination of the charge (absence of electrodes), 

2. Very high temperatures attainable since heat is internally 
generated. ^ 

3. Unifomiity of analysis and rapid refining due in part to electro¬ 
magnetic circulation of the charge which brings it into contact with 
the slag. 

4. Ability to melt scraps containing alloys without oxidizing and 
losing these alloys in the melting process. 

The coreless induction furnace is applied principally 
to production of steels of low carbon content (such 
as some magnetic steels); highly refractory alloy melts; 
tool steels and heat-resisting alloys such as iron, nickel, 
chromimn aUoys. 

High-frequency heating is being applied to a few lower 
ternperature heating operations, sucl?.; for instance, as 
local annealing at circiitufer^tial pipe, welds. Ileyelop- 
ment of tins field of electrical heating lies ahead of us. 

Electric heating for anneaj^g and heat treating opera¬ 
tions gains steadily in pfotnihence. Although bulk heat 


in electrical form is relatively expensive, advantages lead¬ 
ing to better product often more than compensate. Bet¬ 
ter control, better furnace insulation, more advantageous 
and uniform heat application, less weight of auxiliary 
equipment heated—^these are principal advantages. 

Electric heating furnaces take a great variety of forms. 
Figure 14 shows a recent application of cylindrical bell- 
tiiaped fiunaces for annealing coiled strip. 

Electric heating is being adopted for some controlled- 
atmosphere furnaces. It is desirable that neither free air 
nor products of combustion be permitted to contact the 
metal being heated. The electric • resistance furnace is 
inherently well suited since it is easily made externally 
gas tight. The direct, unmuffled heat tends to be most 
uniform and may be distributed to afford favorable tem¬ 
perature gradients for heat flow. 

Electronic Control 

While the amount of power used in dectronic devices is 
negligible, they are being adapted and adopted for steel- 
null use, and are performing some important control 
functions. One Of the most general applications involves 
the use of photoelectric tubes for the determination of 
temperatures of steel during the rolling process, and for 
such indications as the temperatures of furnace walls or 
roofs. 

There are other interesting electrical de"vices which, 
though small in size, are important in function. Among 
these should be mentioned the so-called selsyn devices for 
remote indication or for synchronized angular movements. 
The “thrustor,” which utilizes a centifugal oil-pump to 
translate the rotary motion of a small motor into linear 
motion with considerable force, is finding numerous ap¬ 
plications in the steel null. Lifting magnets have been 
modified to dispose the poles and the flux more advantage¬ 
ously for special applications, such as handling coiled 
strip. 

Electricity is being applied in the field of measuring and 
regulating devices. Sensitive electromagnet gauges are 
being utilized for determining with extreme accuracy the 
thickness of strip by continuous gauging while rolling. 
Strain gauges are being inserted in mill housings to meas¬ 
ure minutely their stretch, and thereby to indicate rolling 
pressures. Tension rolls are being installed between the 
stands of tandem cold-rolling mills to indicate the tension 
on the piece between stands and to control the drive 
motors of the respective stands to maintain advantageous 
tension. Small winches driven by torque motors are 
being applied to the continuous measurement of the depth 
of burden in blast furnaces. These are but a few examples. 

I hope that this incomplete and abbre-viated rdsum4 
of high lights in the Use of electricity in the steel industry 
will give to those of you who are not familiar with the ste^ 
mills , a glimpse of the wide range of problems which con- 
iront the steel mill electrical engineer. To those of you 
wdthin the industry, I trost that this review may have 
suggested some new and useful- slant at yoiir every-day 
tasks. Of one tifing we may be sure, tiamely ; there is 
much that is new yet ahead. 
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Two-Reaction Theory of Synchronous Machines With Any 

Balanced Terminal Impedance 


By C CONCORDIA 

MEMBER AIEE 


Introduction 

R H. PARKi- 2'8 has presented a general analysis of 
salient-pole synchronous machines* in terms of 
■ direct, quadrature, and zero axis quantities. This 
analysis is very well adapted to the case of a machine with 
balanced series inductance and resistance in the armature 
circuit, but requires modification for any other terminal 
impedance. S. B. Crary^ has recently extended the 
method of Park to include the effects of balanced armature 
circuit capacitance. In the present paper the same 
method of analysis is further extended to include the effects 
of any balanced impedance network connected to the arma¬ 
ture terminals. Every concept (impedance operators, 
per-unit quantities, d and q axis quantities, etc.) of the 
previous s3mchronous machine theory is preserved un¬ 
changed in this extended theory, and every problem sol¬ 
vable by the previous theory is now susceptible to an 
exactly similar solution in the extended case. Such prob¬ 
lems are, e.g.; 3-phase short circuit, sudden appUcation 
or change of load, self-excitation, asynchronous operation, 
un ng, puUmg into step, any prescribed change of field 
or armature voltage, torque under any of the conditions 
given above. 

Application of the present theory has been made to the 

to ““-natation occurring 

m rnductioti and synchronous machine circuits containing 

senes capacitors. This is described in a related pap^^ 


ances, resistances, and capacitances connected in anv 
arbitrary way there is, by ordinary circuit theory, 

Zii = v}(p)/y{p) 

“ vip)/y(p) (3) 

for i, j = 1, 2, 3; i j where w{p), v(p), y(p) are poly¬ 
nomials in the operator p. For example, let 

“ do + -t- + ... 

^(P) “* Co -|- Cip -f- Cip^ ■!“... fA\ 

y{p) “ Jo “H l>vP -f* biP^ 

Further, let 

^ip) = w(p) - V(p) - ao -I- ap + + 

»(f>) = wip) -I- 2v(p) « eo -F e,p + e^p^ + . . . 

Th^ it may be shown that the general equations of a 

(wT+S)- “ x 

(5a) 


Results 

Cd ~ pPd + ria + p^ipe) = D 
PPt + rig - Pa(pe) » Q 

~ PP« + >’»0 s= JV (^) 

rS^I “ “ tbe 3 equa- 

^Nertlet the voltage of phase a due to the eatemal net- 

*«*«+*»*»+*ij»e 

- 6-tenmnal n etwork containing induct- 

A _ - • 


V ““ s«p«=».e 

«»a™ 4 or u« 
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I3(pe)pi -I- 3(p^0)p — (pey^ rptQ\ i/i 15 4 . „ \ , 

%TQTa3*+ + {p9y~.Z{p^yl\^pO^^p,0)\ X 

‘‘(W ~1T’* ■ mnpHf)+ (p.s) X 

(Sb) 

‘.A' + .A-bp({.jy-hsA)+„.(j,;V + ^,^ .. 0 (So) 

or the zero-sequence equation may be written as 

y{p)N-{.n{p)ig^Q 

(Sd) 

ap^<fe’™qmtioMTnfrT' “ the 

equations 8, 9, 10 of reference 2 ‘^fctly in place of 
performance of a svnchmTin /^®tenmne the transient 
any connected balanced neWh oiachine with 
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bo may be any constant number. Then equations 5 reduce 
to 

D » 0 

0=0 (6) 
N ^ 0 

which are exactly Park’s equations.® Similarly, if there 
is series capacitance in the armature circuit, 

y(P) P ’ y(P) 

so do = ao = eo — Xc bi = 1, while all other constants 
vanish. Then equations 5 reduce to 

+ pD — {pd)Q = 0 

Xeiq + PQ + (pe)D =0 (7) 

Xeio + pN = 0 

which are exactly Crary’s* equations. 

The present analysis has been restricted to the case of 
balanced circuits. This is because the balanced case is 
the only one for which the use of d, q, 0 axis quantities 
offers any simplification in the actual solution of problems. 
In all cases of operation with unbalanced impedances in the 
armature circuit, e.g., unbalanced faults, the phase quan¬ 
tities should be used directly. The phase voltage equa¬ 
tions are given in the appendix and the expressions for 
phase flux linkages in terms of phase currents are given 
in equations 10, 11, 12 of reference 1 or equations 2 of 
reference 2. From the point of view of the practical engi¬ 
neer one reason for the use of d, q, 0 axis quantities is that 
such use results in the formulation of his problem as a set 
of linear differential equations with constant coefficients. 
These equations may be simply solved by the ordinary 
operational methods with which he is familiar. How¬ 
ever, when the armature impedances are not balanced the 
machine voltage equations have variable coefficients re¬ 
gardless of the co-ordinate system used. Thus, it is usually 
simpler in such cases to use phase quantities for voltage, 
flux, and current; on the other hand the machine im¬ 
pedances should always be expressed along the d and q 
axes. 

For a large class of problems the armature and its con¬ 
nected circuits may be treated as operating in the steady 
state and only the rotor circuit transients need be con¬ 
sidered. This form of treatment is the basis of the prac¬ 
tical utility of the definitions of transient and subtransient 
reactances and is analytically equivalent to the neglect 
of the ^ terms of the voltage equations. It is obvious 
that when the armature circuits are in steady state 
operation the presence of any connected impedance 
does not complicate the fundamental equations, and 
equations 6, with — 0, will apply to any case of bal¬ 
anced armature impedance. From this point of view the 
exact equations derived h^e are seen as a refinement and 
need be used only for exceptional cases. However, in 
these exceptional cases the refinement is all-important, as 
entirely misleading and use;less results may be obtained 
without it. Sudi, e.g., was the case in the calculation of 
the regions of self-exdtation in references4 and 6. 


Examples 

1. Suppose the external impedance is simply a bal¬ 
anced series self- and mutual inductance and resistance, 
the phase a voltage being 

(»’» + Ph)ia — -t- ie) (8) 


™(f>) = ft + lap 

v{p) = -Map 

y(/>) = 1 

Therefore, 

^ Oi =» (/ — rn), Og — 0, ... 

^ -f- 2m), e: B 0, ... 

6o “ 1, “ 0. ... 

and by equations 5, 

^ + >'*»<» + pij> — 'in)ii — — m)iq = 0 

Q + + Pil — + iP6)il — m)ia = 0 (9) 

N *1- fjto H” p(l *i- 2m)io =» o 

It is evident that these equations may be reduced at 
once to the elementary form 

D' =* ea — pipi' -j- pg(pB) ■= 0 

Q' = - ppg' -I- r% - pa'ipB) = 0 (10) 

N' = <0 PPo* -f" f^io “ 0 

where the primed quantities are of the same nature as the 
unprimed quantities, and 

r' = r + r, 

Pd* = Pa Q ~ 

Pa - Pq- {I - ( 11 ) 

Po* — Po ~ Q 2w)jo 

2. Suppose the external circuit consists of an induct¬ 
ance coil (having also resistance) in parallel with a capaci¬ 
tor in each phase. Then 


-j—+t 

ri -h xtp Xe 


Xpri + x^ip 
Xe -{-rtp + xip* 


Therefore 

do = x^i, 

«o = 
bo = Xc 


Oi = XeXi, 02 = 0, ... 

$1 «=» XtiXi, «2 = 0, ... 

bi “ ri, bo “ xi, bo =0, 


and by equations 5 

xj> -i- Xerdi + p{fiP + ~ + 

b* - - {^ipB)p -f (p»6)]x^ = 0 

+ 

+ [2{pB)p 4 (pl%]xiD = 0 (13) 

{xo'\-rip-\’Xjp^)N+{xii^i-\rx,peip)io^Q 

These equations may be used to determine the tranaent 
performance of, e.g., a s 3 rnchronous machine supplying ah 
open-drcuited transformer and shunt capadtof. In many 
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cases it will be possible to neglect the transformer resist¬ 
ance, thus effecting a considerable simplification. 

3. Let the external inductance be zero in the previous 
case. Then 

XcD + x^rdd + pTiD - {pd)riQ «= 0 

XeQ -f- Xcftig + priQ + (pe)riD = 0 (14) 

(^e + rip)N -(- = 0 

These equations, when put in the form 


If the impedance network has, in addition, mutual effects which 
cannot be eliminated by the use of an equivalent circuit there is 
also a mutual impedance v{p)/y(p) where v{p) is a polynomial as 
shown in equation 4. Since the circuit is balanced all the mutual 
coefficients are the same. The phase a voltage equation now 
becomes 


- PPa + ria ^ (*» + O == 0 


(^P + 2? -H xeid - (pe)Q «= 0 

Q + x^g -H (pe)D = 0 

+ Xgia « 0 


are seen to be of exactly the same form as Craiy’s^ equa¬ 
tions but with ^replaced by ip+xJn) whereveritoperates 
on the elementary functions D, Q, N. Putting the resis¬ 
tor m shunt with the capacitor thus does not .complicate 
the problem but only introduces the ratio xjfi where 
Tj/Xg may be inte^reted as the time constant of the re¬ 
sistor-capacitor circuit considered by itself. 

Appendix I 


We have 

«a — PPa + «a = 0 , 

(16) 

with 2 similar equations for phases b and e i i. 

transfonnation Cuations (equation, 14 , 15 , 'le „( relCi^) ' 

a * id cos sin -I- io, etc. 

(17) 

Substitute 17 in 16 and obtain 
ed cose - eg sine + eo - 

coeSHeu., 

*■ PPa + rid + Pg(pe)] cose- 

- Ph + rig - ^a(p 0 )] sin e -f- 

ISo ^ ppo -f- rio] = 0 

(18) 

rately equal to zero. coefficients of 18 must be sepa- 

- pPd + rid + p (pe) « 0 
^•-P^. + rig-p^(pg) ^0 

dp - p^a + r*o * 0 (19) 

which are the familiar stationfli-D. a • 

2- NowsuppSc^^t^ 

a balanced inpedanee.S^^^'^^^Pf ttania. ' 

and capacitances co‘^ “ntammg inductances, re- ’ 
work may be represented bv ^ manner. The net- ^ 
where ttr(^), y(^) expression w(p)/y(p) ^ 

Equations 16 are now replaced by ^ ^ “ equations 4. 

" i 


By the substitution 

*6 + “ 3*0 ~ ia (22) 

^ we obtain after clearing of fractions, 

y(P)(ea - pPa + rig) -b [w(p) - v(p) ]ia Zv(p)ig = 0 (23) 

The ^ult of the previous section for the special case of no external 

expression 18 can be substi- 
^ tuted directly for (cg - pPg H- rig) in 23. Then 

y(P) {[dd - PP a + rid + pgipe )]cos 6 - [cg - ppg + rig - pjpo) 1 x 

(24) 

By equations 1 

y(?)(flcosd-OsinP + ff) + [>o(#)-»(^)l X f,,t 

(<4C0SP-<,sin«+n,) +3s(^)i, _ 0 
and by (4) 

(h -b M -b biP* -b.. .)(D cos - Psin «-b 2V) -b 

(26) 

“ ^-twr- -(.cospc^dU^, + 

(27) 

of s: Sw f' ^ 

The result is the set of equated separately to zero, 

given explicitly for polynomial equations have been 

further Lm7may be P> 

probable, however^ Lt ^ ma^ “ ^cimtion 27. It is 

wiU preclude the solution of complexity encountered 

%her degreepolynomials of any 
fore beheved that 

necessary for any practic^ case. ^ complete as wiU be 


Appendix II 
Nomenclature 

*■ urmature current 

V “ armature flux linkage 

2,0 » subscripts denoting directaxis n«o,4 * . 

j i mmature phase'resistance 
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Appendix III 


In the last few years considerable interest has been shown in the 
application of tensor analysis to electrical eng ineeritig problems.* 
A derivation of the general equations of this paper in tensor sym¬ 
bolism is therefore appended belqw. It is believed that this form 
of derivation has the great virtue that, to one familiar with the 
notation, the principal and necessary steps of the derivation stand 
out clearly. That is, the main line of reasohing is not obscured 
by lengthy algebraic manipulations. 

The voltage equations 21 in terms of phase quantities may be 
written as: 


e *t* /? • I “ Z ■ 


(28) 


where Z is the impedance tensor of the outside network having 
components specified by equation 3. 

Now if voltage and current are expressed along the i, q, 0 axes 
by transforming e, i, by Park's transformation C, where C is the 
tensor whose components are the coefficients of equations 14, 16, 
or 16 of reference 2, equation 28 becomes: 


C-e' + -^-Z'C-V 


(29) 


where the primed quantities are measured along the d, q, 0 axes. 

By multiplying the first 3 terms of 29 by C • C“S where C“» is 
the inverse of C, equation 29 becomes: 


C-P + Z-C-i' = 0 
where 

P e' -\-R’ V — p^t/' — J'p'pd 


(30) 


(30a) 


I seen to be the expression which in Park’s analysis is equal to 
>. The tensor J is 


J = c-» 


de 


0 

1 -1 

Lo 

1 1 

0 1 0 

0 1 

0 I 0 


The external impedance Z may be expressed as 

' sa —^ A 

yip) 


(31) 


(32) 


where A is the tensor whose elements are o« = w(^), atj ■=» vip) 
i lA j. Then 30 becomes 


y{p)C • P -H A • C • = 0 

But this may be expressed as 

(Jo 4" Jip H“ • • 0 C' • P H" (Ao + Alp ..,) • C • V 0 

where 


do 

Co 

Co 

Co 

do 

Co 

Co 

Co 

do 


Ai 


di 

Cl 

Cl 

Cl 

di 1 

Cl 

Cl 

■ Cl 1 

di 


etc. 


(33) 


(34) 


(3S) 


If in equation 34 the indicated differentiations are performed, the 
result is 


6oC*P+Ji 


•Ppe + C-pP 




.+ 


dC 


Ao-C- £' + i4• • Ppfl +... = 0 

du 


(36) 


It remains only to multiply the whole equation 36 by the inverse 
transformation tensor to obtain the set of equations 6. The 
elements of C“^ are the coefficients of the set of equations 3, 6, or 7 
of reference 2. That this multiplication eliminates the C’s is evident 
since: 


C-i • C = 


C-i 


de 


~c-» 


dd^ 


1 1 0 

0 

0 1 1 

0 

0 

0 

1 

d»C 

— C"^ -- = C“ 


-1 

0 

1 1 0 

0 

0 1 0 

0 

Z d*C 

- = C-i • — = - 
de* 

1 

0 

0 

0 

1 

0 

0 

0 

0 ' 


(37) 


d»C 

de> 


(38) 




etc. 


The final equation is thus: 

hoP + bilJ'Ppe •+- pP] -1-. .. + Ao' 

Ai''-i'p8-\‘Ai'‘Pi' + 

where 


(39) 


* 0 (40) 


C-»AoC 


do 

0 1 0 

0 

do 1 0 

0 

0 1 So 


dC 

Ai* = C-i • i4i • — = 

de 


0 

-ai 

0 

dl 

0 

0 

0 

0 

0 


Ax' = C-»AiC = 


1 ai 

0 

0 

1 0 1 dl 

0 

0 

1 0 1 



It.will be noted that here the same transformation C has been 
applied to both e and i, rather than applying the transformation 
Ct~^ to e. The latter transformation has the property of main¬ 
taining the power e • £ as an invariant, while in the former the only 
requirement has been that ^e trigonometric functions be eliminated 
from the differential equation e *= Z* £, without regard to the 
formula for power. A transformation tensor can, of course, easily 
be found which will resemble as nearly as possible Park’s trans¬ 
formation yet which has the further property of invariance of power. 
This transformation tensor is; 


C = <4/— 
3 


cos Oi 

-sin 01 1 Wr 

cos 08 

—sin 08 1 

cos 0s 

-sin 0s 1 v’^ 


(41) 


where 0* «= — 120’, + 120". It wdll be found that now 

Ct~^ C, so that it is immaterial which is used in the derivation 
of the equations. 

References 

1. DBFnnrioN of ak Idbal Stnchkokous Machinb and Foskui,a fob teb 
Axmatusb Flux Linkaobs, R. H. Paric. General Electric Review, volume 81, 
June 1928, pages 332-4. 

2. Two-RBAcnoH Thbort of Synchronous Machinbs—GBNBRAL mo 
Mbtkod OF Analysis—^Fart I, R. H. Park. AIBB Transactions, volume 
48, July 1929, pages 716-27, 

3. Two-Rbaction Thbory of Synchronous Machinbs— ^II, R. H. Park. 
AIBB Transactions, volume 62, June 1983, pages 852-5. 

4. Two-Rbaction Theory of Synchronotts Maoedcnbs, S. B. Crary. Blbc- 
TRiCAL Bnoinbbrtno, Volume 56, January 1937, pages 27-31 and 36. 

5. Tnu Afflication of TbnsOrs to thb Analysis of Rotatino Blbctrical 
Macbinbry, Gabriel Kron. A serial article in the G^ueroZ Metric Revt^, 
beginning April 1986. 

6. An^ysis of Sbribs Cafacitor Afflication Problbms, J. W. Butler and 
C. Concordia. Blbctrical Bnoinbbrino, volume 56, August 1937, pages 

■975-88. . 


September 1937 


Concordia—T^o-Reacp^ Tlmry 


1127 





Resistance Characteristics of Tellurium and 
Silver-Tellurium Alloys 


By H. T. FAUS 

MEMBER AIEE 

Synopsis resistance of copper. Complete compensation of ttu 

the high electrical efficie^^t^Ue mstrument. (Temp^ture errors due to the magnei 

errors with series resistoJ having negative t^^^ ^ ”“<* smallci 

coefficients of resistance is noted. * A .^etiio d is described ^ ^ ‘*‘1.1 

for maldng such reristors of tenurium and ^pensaM by tte same method.) While instruments 

tellurium alloy. Tests at various loads are desoibi as sensitive than 

are instruments compensated by the Other methods - 

_ : _.. ' 


a r^t of which the suitability of these resistors for 
various applications is determined. 


General 

■HE WINDINGS of electrical instruments and meters 


T 


--MAV. 4 

further gam in sensitivity may be obtained by the use o 
matenals of higher negative temperature coefficients o 
r^istance. The materials which are to be described have 
t^perature coefficients which are numerically about 
times as great as the temperatiure coefficient of copper 

must usually brn^;:;f“c;;;7m‘iz;,^l^^ compensation 

obtain high conductivity. Where, as in a mfflivolt- miffi^ST^ ^Lr 

In a search which the writer made for information on 
materials of negative temperature coefficient of resistance, 
he noted the values given in the International Critical 
Tabl^2 for silver-teUurium aUoys slowly cooled from their 
rnelting temperatures. These data were quoted from a 

^^is written by Riviere at the University of Paris in 
iyx^» 

All ava^ble data on teUurium indicated that it was in- 
cons^t m resistance and that smaU traces of impurities 
affected its resistmty so greatly as to preclude the use of 
commeraal tellurium as a resistor material.* 


w-v ^ *** ^ JLUOJLUVUXt* 

meter, the resistance of the winding has an effect on the 
accuracy of the instrument, the high temperature coeffi¬ 
cient of resistance of the winding causes the instrument to 
have a correspondingly high temperature error. 

A simple method commonly used for correcting this 
error is to connect a resistor of some material of low tem- 
p^toe coefficient, such as manganin, in series with the 
^ding. The chief disadvantage of this method is that 
It mcreases the full-scale milKvolts of the instrument in 
nearly an inv^e ratio to the decrease in the temperature 
. error, a total increase of 19 times^ in the full-scale milli¬ 
volts being required for complete compensation 
Another method whidi is more efficient and also more 
complicated makes use of a network of manganin and 
copp^, iron, or nickel resistors. Brooks^ has shown that 
y this method it is possible to compensate accurately the 
■ t^Perature ^or of a milHvoltmeter by increasing the 
^-scale milhvolts to nearly 5 times the milUvolts of 
the uncompensated instrument. 

OMpensation by means of a series resistor havine a 
ne^tiTC toperature coeffident of resistance is an 
method which has been used in instruments for many 
y^_ To the writer’s knowledge, the only materials of 
coeffident which have previously 
b^ known to have the required linear temperature-r; 

curves are carbon and certain carbides. These 


^terials as used in commercial ini;:;mi«; W rh^cSS ** P^^Tc 


-aiiouiumcnxs nave nee^a- 

resistance nearly eqL 
numerically to the positive temperature coeffident of 

MS MinfflittM on iiatrumeit. 

pnWfcMlon Jnirss. " MbnntleS Juamy 1«, im-, 

Pno. I. . 

1. For fUl numbered references, see list at 
1128 


Method of Fabricating and Testing Resistors 

As the r^t of tests it was found thatthe silver-tenuriun 

TOnstitnrats m a porcelain cmdble, stirring the mel. 
^roughly, ^d drairag the molten alloy into a long glas! 
mdt “d was plunged under the surf ace of th< 

a ™ bulb nsed tc 

rr'^ ” The rods could 

but It was often necessary to dissolve the tubes in hydro¬ 
fluoric acid in order to obtain the rods 

thJ^.b ™s to electroplab 

rtod^H* mckel, cobalt, platinum. 


J^aus Reliance Characteristics 


No failiir^ao leaa-tm solder 

fadur^ of any of the resistors were observed to bi 

“ '£SS"S.‘",S?,222r‘~”.“ 

The toperature-resistance tests were made by con* 

*‘;Vh^tstone bridge and imiLsins 
m a bath of water for temperatures abqve 0 degree 
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centigrade and of alcohol cooled with solid carbon dioxide 
for temperatures below zero degrees centigrade. Check 
tests with several different voltages applied to the bridge 
were frequently taken in order to detect any variation in 
resistance with current density. No changes in resistance 
were detected in this way except those attributable to self 
heating. 

Improvement in Alloy to Obtain 
Linear Temperature-Resistance Curve 

Tests on resistors made from an alloy of 15 per cent Ag 
with 86 per cent Te melted under illuminating gas to pre¬ 
vent oxidation gave temperature-resistance curves similar 
to that shown in figure 1. The method by which the re¬ 
sistors were heat treated will be explained later. It will 
be noted that, like those of Riviere’s alloys which were all 
melted in a nonoxidizing atmosphere, the curve shows a 
sudden departure from a linear form near —15 degrees 
centigrade and below this temperature the slope change 
rapidly. When resistors so ma,de were suddenly cooled to 
any temperature between —15 and —60 degrees centi¬ 
grade it was noted that their resistances did not at on<^ 
assume definite values but that they slowly increased for 
an hour or more. The resistance corresponding to the 



tion and that they could be more effectively accomplished 
by annealing at a constant temperature than by slow 
cooling. The results of subsequent tests tend to confirm 


temperature on any linear portion of the curve was at¬ 
tained quickly, and no subsequent variation was observed 
to occur while the temperature was held constant. 

A melt which had not been protected from oxidation 
was found to have a linear temperature-resistance curve 
from —70 to +70 degrees centigrade and no resistance 
variation occurred while the temperature was held at any 
value m this range. As a result of tests on several melts 
of each type, the nonlinear and erratic resistance variation 
was found to be characteristic of the alloy melted in il¬ 
luminating gas, and the linear temperature-resistance 
curve with a definite resistance for each temperature was 
found in every melt that had been melted in air. 

All melts subsequently made were stirred in the presence 
of air until the formation of a scum of tmdissolved oxide 
indicated that no more would dissolve. 

Development of Heat-Treating Process 


this assumption. 

Figure 2 shows the effect of annealing at a constant 
temperature of 115 degrees centigrade on the temperature- 
resistance curve of a 15 per cent Ag, 85 per cent Te alloy. 
In order to get the data in this form, it was necessary to 
perform the annealing in a series of steps, taking a tem¬ 
perature-resistance curve between each of the steps. No 
difference has been observed between resistors annealed in 
in this way and resistors which were given the same total 
hours aimealing time in a single treatment. 

Groups of curves similar to those shown in figiue 2 were 
taken for annealing temperatures from 105 degrees centi¬ 
grade to 145 degrees centigrade and the results are sum¬ 
marized in figures 3 and 4. Some data were taken at 96 
degrees centigrade, but at this temperature the rate of 
change was so slow that it would apparently have re¬ 
quired a period of weeks to effect the entire change. 

The inarease in resistivity during the heat treatment, 
with a few exceptions which may be due to cracks, almost 


In view of recent developments in the age hardening of 
alloys it appeared that the results that Riviere obtained by 
slowly cooling the Ag-Te alloys might be due to precipita- 


exactly parallels the increase in the negative temperature 
coefficient of resistance of both in 15 per cent Ag-Te alloy 
and of the purest grade of tellurium which we could readily 
obtain (Eimer and Amend CP). This tends to show that 
the sqfflp physical change is responsible for both effects. 



Fisure 1. Tem¬ 
perature - resist- Effect of Direct Current 
ance curve of a on Polycrystalline Resistors of 15 Per Cent 
15 per cent silver- Silver-Tellurium Alloy 
tellurium alloy re- j.'. 

sistor melted in In the course of tests made under various conditions on 
an atmosphere of resistors prepared and annealed as previously described, it 
illuminating gas was found that when a direct current of 25 milhamper^ 
and annealed 15 was continuously passed through a resistor of approxi- 
hours at 11 5 de- mately 0.10 inch in diameter its resistance decreased for a 
grees centigrade period of from 2 to 4 weeks-when it had decreased about 
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10 per cent after which time its resistance began to in¬ 
crease. This increase in resistance was evidently due to 
cracks which occurred spontaneously and gradually ex¬ 
tended imtil they caused a fracture of the resistor. It 
was also found that the same effect could be produced 
by immersing the resistor in either oil or water for cooling 
and passing a direct current of 0.9 ampere through it for one 
to 2 hours. 

In studying this effect it was noted that these resistors 
had a structure as shown in figure 6. The first visible 
change in the resistor previous to failure was usually a 
widening of the longitudinal crack, followed by the de¬ 
velopment of cracks which branched from the longitudinal 
crack, usuaUy at right angles to it. These cracks appeared 
to develop at crystal boundaries, so it was thought that 
if the resistor were so made that the current did not pass 
through the boundaries between crystals, this effect 
might be eliminated. 

Effect of Direct Ctirrent 
on Single-Ciystal Resistors of 15 Per Cent 
Silver-Tellurium Alloy 

In order to determine whether the type of failure just 
described was related to the crystal structure, tests were 
conducted as follows; Sealed glass tubes containing the 
15 per cent alloy were passed through a 480 degree-centi¬ 
grade furnace at a rate of Ya inch per minute. The alloy 
was molten at this temperature, and the time that it re- 
m^ed in the furnace after melting was not important 
mere the tube emerged from the lower end of the furnace 
It passed into an oil bath. Rods made in this manner 
were found to have a single-crystal structure. Resistors 
made from these rods showed practically the same tempera¬ 
ture-resistance characteristics and responded in the same 
manner to heat treatment as did those made by the sim- ' 
pie casting process. 

A number of these resistors were placed on a life test 
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" 0 _IB 20 24 26 32 36 40 

I HOURS-TOTAL ANNEALING TIME 

■ Figure 4. Effects of time and temperature of annealing on 
I the resistivity at 25 degrees centigrade of an alloy of 15 per 
cent silver with 85 per cent tellurium 

I 

with a direct current of 25 milliamperes flowing continu¬ 
ously through them. Their resistances continued to de- 
crea^ for a period of several weeks, the total decrease 
rmging from 8 per cent to 20 per cent and the length of 
time required to attain minimum resistance ranging from 
3 weeks to 7 months, most of the change in every case 
taking pl^e in the first month. After attaining the mini¬ 
mum resistance some of the resistors tended to remain 
constant in resistance for several months and others in¬ 
creased slowly in resistance. After a period of 257 days all 
of a group of 4 resistors which were tested under these con¬ 
ditions showed a bulge at a distance of % inch from the 
^toode end of the resistor. Cracks appeared in these 
ulged sections and the resistors broke spontaneously. 
Fi^e 6 ^ow8 photographs of a resistor in which this 
bulge has developed, together with a similar resistor which 
as not been subjected to direct current long enough for 
this type of failure to develop. ^ 

Effect of Alternating Current 

were evidently due to 

to th(^ 

current was tliat 60-cyde alternating 

o^t was used mstead of direct current. In the test at 

M wrtt the resfetor immersed in a cooltag 

Ze a period of 14 days during 

wmcn tune the current was _/ „ r 


ran 
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cent „|ver *Hh 85 per cent tellurium 
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y;- ^ periods during which it 

Since the chemical as well as the hM+inw cM ^ c 
™ is involved in the 

resistors, comparisons should be made on the basi< 
wen as on effective values 

ever, m this case the difference in the. AfPe. ^ 

and of direct c,i^v,+ • ^ altemal 

direct current is so creat that +iia 

Me affected by a t^-ge in^e alt^^.'^St^ 
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Figure 5. Arrangement of crystals and longitudinal cracic in ^ 
a cast resistor of 15 per cent silver-tellurium alloy ^ 

i 

to the difference between the effective and the average i 
values. Comparatively stated: a direct current of 0.9 ( 

ampere applied to a 15 per cent Ag-Te resistor which has 
been annexed 15 hours or more at 115 degrees centigrade 
caused it to decrease 40 per cent in resistance in 3 hours 
and to fracture spontaneously in 4^/n hours. An equiva¬ 
lent (root-mean-square) value of alternating current ap¬ 
plied to a s imilar resistor under similar conditions for 
over 300 hours caused a semipermanent increase of 12 par 
cent in its resistance and no mechanical damage. It is 
reasonable to suppose that this increase in resistance may 
have been due to heat rather than to any other effect of the 
current. 

Effect of Direct Current on 

Resistors With Various Percentages of Silver 

Annealed resistors of single-crystal tellurium of both the 
CP and the technical grades withstood direct current for 
a much longer period than did the alloy resistors. The 
tests at 0.9 ampere direct current were not continued 
longer than 10 hours, and at the end of this time the re¬ 
sistances had decreased only 2 per cent and there was no 
evidence of physical change in the resistors. 

Tests at 0.9 ampere direct current on resistors with 5 per 
cent and 10 per cent of silver showed that the 5 per cent alloy 
resistors withstood the current longer than did the resistors 
with 10 per cent of silver. Failure of resistors containing 
10 per cent of 15 per cent silver occurred by fracture, 
while with resistors containing 5 per cent silver a separation 
of the electroplated joints occurred at the cathode ends of 
the resistors. This separation was accompanied by the 
formation of a black coating on the separated surfaces. 

For reasons to be explained later the 10 per cent alloy 
was the only one which appeared to have substantially as 
good temperature-resistance characteristics as those of the 
15 per cent alloy. Hence it was the only one to be tested 
with a small current over a long period of time. Under 
these conditions it failed in a shorter time than did the 15 
per cent alloy. 

Effect of Composition . . 

on the Temperature-Resistance Cnaractenstics 

of Silver-Tellurium Alloys 

Preliminary tests on alloys with different percentages of 
silver and telluriuin had indicated that compositions low 
in silver content gave temperature-resistance curves which 
were concave downward below •—10 degrees centigrade 
while compositions which were high in silver content gave 
curves which were concave upward over the same tem¬ 
perature range. Since the composition which gave the 
most nearly linear curve over the range from -70 degrees 


centigrade to -1-70 degrees centigrade was that containing 
15 per cent silver, most of the previouriy described work 
was done with an aUoy of this composition. 

The temperature-resistance characteristics of composi¬ 
tions ranging from zero (CP tellurium) to 50 per cent were 
determined by making a series of resistors of the required 
compositions in the manner which had been found to give 
the best results with the 15 per cent alloy. This pro¬ 
cedure comprised melting in air, casting in glass tubes, 
progressive solidification, and annealing for 15 hours at 
115 degrees centigrade. 

The temperature-resistance curves for this range of 
compositions are shown in figures 7 and 8. In figure 8 it 
will be noted that portions of the curves are indicated by 
dotted lines. Over the temperature ranges so indicated 
the resistance is not constant at any given temperature. 
When the temperature of the resistor is lowered to a value 
on the dotted curve the resistance assumes the value so 
indicated, but when ihe temperature is held constant in 
this region, the resistance continues to increase at a di¬ 
minishing rate for a period of several hours or more. In 
one case a resistance increase of 70 per cent in 45 minutes 
was observed. In all observed instances, this increase in 
resistance was not permanent; that is, the original re¬ 
sistance at any point on the solid portion of the curve 
could be again obtained by bringing the temperatirre to 
the corresponding value. 

This behavior resembles that of the 15 per cent alloy 
melted in a reducing atmosphere, although the alloys with 
the higher percentages of silver were melted in an oxidizing 
atmosphere, using the same procedure as that used in 
producing the 15 per cent alloy which had a linear tem- 
peratiure-resistance curve. 

It will be noted that the resistivity of the 15 per. cent 
alloy resistor in figure 7 is lower than that of the resistor 
of the same composition in fig;ure 4. This difference may 
be accounted for by the fact that the former is a single 
crystal, while the latter is polycrystalline in structure. 

When the single-crystal resistors were found to be su¬ 
perior to the polycrystalline resistors, sufficient tests were 
made to determine the fact that they responded to heat 
treatment in a manner similar to that of the polycaystalline 


Figure 6. At top. 
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rigure 7. lem- 
pcrature - resis¬ 
tivity curves of 
Ag-Te alloys with 
zero to t5 per 
cent Ag annealed 
16 hours at 115 
degrees centi¬ 
grade 
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1. In a group of 9 single-crystal tellurium resistors of 0.1 inch 
diameter, tested at 0.025 ampere direct current for 81 weeks, the 
ma x i mum change was +1.2 per cent in one resistor, and the average 
change for the group was +0.16 per cent. 

2. In a group of 3 single-crystal Ag-Te resistors of 0.1 inch diame¬ 
ter, tested at 0.10 ampere alternating current for 78 weeks, the 
maximum change was +2.1 per cent in one resistor, and the average 
change for the group was +1.4 per cent. 

3. In a group of 4 single-crystal Ag-Te resistors of 0.1 inch diame¬ 
ter, tested at 0.001 ampere direct current for 80 weeks, the maxi¬ 
mum change was +2.2 per cent in one resistor, and the average 
change for the group was +1.4 per cent. 

resistors, although the resistivities of the single-crystal In all of these groups most of the change took place 
resistors were the lower. The series of tests summarized during the jBrst part of the period, indicating a tendency 
in figures 1 to 4 inclusive were made with polyoystalline stabilize at a higher value of resistance. It should be 
r^istors and were not repeated with single-crystal resistors, looted that in the previously described tests in which the 
Figures 7 ^d 8 were made with single-crystal resistors or ^g-Te resistors were broken by electrolytic action, a con- 
at least with resistors which had been solidified progres- siderable decrease in resistance always preceded failure, 
sively in a manner which had been found to produce single at one mihiampere direct current indicate that 

^^ct is not occurring at this low current density. 
Referring to figure 7, the temperature-resistivity curve the resistance is increasing, 

of annealed chemically pure tellurium is linear between ■A-ging tests on polycrystalline Ag-Te resistors of the 
“lO degrees centigrade and +70 degrees centigrade, shown in figure 5 showed resistance changes several 
Tests on commercial tellurium from 4 different sources tunes as great as those in the single-crystal resistors, 
showed that unannealed single-crystal resistors of these 
materials had temperature coefficients within the range Applications 
+0.1 to -0.1 per cent per degree at 25 degrees centigrade. 

Ixeat-treated teUurium resistors of single-crystal 
teUimum had temperature coeflfiaents of approximately structure are more constant than are the similarly tr^ted 
0.7 per c^t P^^egree at 25 degrees centigrade. After Ag-Te alloy resistors, their temperature coefficient is 
the amiealmg treatinent, the temperature-resistivity Practically the same from-10 dewees centigrade to -+70 

f ^emicaUy pure tel- degrees centigrade, and they are not subject to electrolytic 
lunum resistors were practicallv the same. 'RntTi ha/t effect*?. TliAroW*. __ i_ , - . .. . 


lunum resistors were practically the same. Both had 
^perature agents of -1.2 per cent per degree at 
25 degrees centigrade. 

Thermal Electromotive Force 

The thermal electromotive force as measured on an un- 

Ag-Te ahoy was found to 
be 0.46 milhvolts per degree with the hot junction at 50 
degr^ centigrade and the cold junction at 25 degrees 
^ 

^e anne^g treatment which had such a great effect 

on toe r^isti^ty and temperature coefficient of resistance 

lowered toe thermal electromotive force as 

vnH ^ above temperature range to 0.25 milli¬ 

volt per degree. 


effects. Therefore, they are to be preferred to the Ag-Te 
^oy resistors for all applications in whidi compensation 
IS no„t required at temperatures below -10 degrees centi- 
^ade. Smce the resistance of these resistors should not 
be more than 25 per cent of the resistances of toe instru- 
mrat mrcmts m winch they are used, the maximum change 
cent wffich was noted in one resistor during the 
gmg test woffid have caused a maximum instrument error 

tenal may be used m instruments with rated accuracies of 
one per c^t to 2 per cent, provided that other soured of 
error are kept sufficiently low. • 

The 15 per cent Ag-Te alloy is suitable for long-range 


Aging Tests • c- « t 

Figure 8. Tern- 

^ of thuresurtore on wluch aging tests were n».Ud 16 Lub 
Tie fonowiug test results indicate the constancy that 
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Electrical Engineering 




temperature compensation, but when used with direct 
current tlie current density should not exceed one milli- 
ainpere in a 0.1 inch diameter resistor. A suitable ap¬ 
plication of this kind is for compensating the resistance 
change in a thermocouple temperature indicator with 
cold-junction compensation for nieasuring temperatures 
in aircraft engines or for portable use in measiuring tem¬ 
peratures of molds, Ijcarings, and molten metals. 

An application in which the 15 per cent Ag-Te alloy has 
been tried witli goml results is in the compensation of 
“class 2" temperature error in watt-hour meters. This 
error is principally due to the change in phase angle of the 
flux of the potential coil due to the change in resistance of 
tlie potential winding with changing temperature. It has 
been entirely corriaded by substituting for the usual solid 
aipper lag plate a wound copper lug coil with a resistor 
of Ag-Te alloy connected across its terminals. The maxi¬ 
mum aghig change «»f 2.1 per cent for this alloy as tested 
uiuler similar conditimis with alternating current would 
catise an error not gieater than U.l per cent in the meter 
accuracy. Another method, as <lescribcd by Kinnard and 
Trekell,® which has recently been developed for correcting 
this error has tin* advantage of a belter mechanical design. 

In ctimpensating niilliv<»ltmeters witli these materials, 
it is necessary rm account of the high thermal electro¬ 
motive ffjrcc of I’c and of Ag-Tc Uj shield them from rapid 
temiKTUture fluctuatitnis ami to mount tliem so as to equal¬ 
ize the teruperaturi's at the ends of the resistor. 

h’igurtJ (1 illustrates 2 rtjsislors wliich have been made for 
tise in inslfuments. 

Theory 


Table I. Summary of Electrical Characteristics of Resistor 
Materials 

Single Crystals Annealed 15 Hours at 115 Degrees Centigrade 

Resistivity 

at 

25 Degrees Temperature 
Centigrade Coefficient 

in Megohms of Effect of 

Composition Per Resistance at Effect of 60-Cycle 

Per Cent Per Cent Circular- 25 Degrees Direct Alternating 

Ag Te Mil-Foot Centigrade Current Current 


0.100.1.7.—1.2 .Thermal.Thermal 

5.95.._1.9*.—1.1*.Thermal and 

electrolytic.Thermal 

10...... 90.2.0.—1.3 .Thermal and 

electrolytic ......Thermal 

15.85.2.8.—1.3 .Thermal and 

electrolytic.Thermal 

* These data based oh tests on only one sample. 


resistor had it not been cooled in liquid, decreased the 
resistance of our annealed tellurium resistors. 

The behavior of all the resistors tested by the writer 
may be eiqplained as follows: In rapid cooling from the 
melting temperature, silver telluride and other impurities 
are held in solid solution in the tellurium, which solid 
solution has the property of metallic conduction with a 
very small temperature coefi&cient of resistance. Assum¬ 
ing that the impurities are precipitated during the heat 
treatment, the conductivity decreases due to the reduction 
in the number of free electrons. This theory is supported 
not only by the fact that the temperature-resistivity 
curves of the impure and the pure tdlurium are made to 
coincide by heat treatment, but also by the fact that the 
thermal electromotive force of the Ag-Te alloy is lowered 


Bvvuusv tlif rcHults just described were obtained with 
telluriiuu which was not investigated .spectroscopically 
to determine its purity and which was known to contam 
dissolved oxide, they arc not directly comparable with 
th{»sc of Cartwright and Haberfeld-Schwarz* who used 
tellurium of high purity melted in vacuum. They con- 
.sidered the inerea.se in resistivity wliich occurred during 
annealing to due to the formation of cracks. This 
theory (hm not explain the increase in temperature coef- 
fieieiit which accompanied the increase in resistivity in 
our tests. Neither pressure up to tlie crushing strength 
of the raalcfial, nor a airrent which would have fused the 



Flgw« % At top, « fllveMeHariuiti reifitor of 200 ohmi 
roiftlinoo (^***21^ ^ Incfiei, 0.050 inch)/ fft bottom# 

• INflliirittin leiiftor of 0.00 ohm retistence 


by the heat treatment. Cartwright and Haberfeld- 
Schwarz® have shown that the thermal electromotive 
force of pure tellurium is much lower than the value usu¬ 
ally given and that is increased by the additions of small 
amounts of silver and of other metals. 

The breakdown of the Ag-Te resistors produced by direct 
current may be due to electrolysis of silver telluride ac¬ 
companied by migration of the silver ions toward the 
cathode. Evidence has been shown to indicate that this 
effect does not take place when the voltage across the re- 


istor is very low. 

The observations here recorded were obtained in de- 
ermining the utility of tdlurium and of its alloys with 
liver as special resistor* materials. It is hoped tiiat the 
iata thus obtained may be of some value in the furlher 
+lii» nature of the conductivity of semi¬ 


conductors. 
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Regulation of Grid-Controlled Rectifier 


By L. A. KILGORE J. H. COX 

ASSOQATE AIEE ASSOCIATE AIEE 


S3mopsis 

This paper discusses several factors which have not 
been included in tie previously published regulation for¬ 
mulas and which should be considered in the practical ap¬ 
plication of rectifiers. Approximate solutions are given 
to take system reactance, and the load inductance into 
account. -The effect of grid pickup characteristics on 
regfulation, and means of modifying the inherent regula¬ 
tion characteristics by regulators or compensators are 
discussed. 

Introduction 

S EVERAL PAPERS*’^ have been written on the 
general characteristics of grid-control rectifiers, and 
formulas have been derived for the regulation. The 
conventional formula, equation 1, is based on the assump¬ 
tions that a sinusoidal voltage exists at the point where 
the rectifier is connected to the system, and that the in¬ 
ductance in the load circuit is sufiStdently large to prevent 
the current from going to zero when the voltage drops be¬ 
low the counter electromotive force of the load circuit. 
These assumptions are sufficiently accurate for some cases, 
but in many practical cases other factors, such as the 
effect of system reactance and the effect of a limited 



Double 3-phdse connection. Dotted lines show celcuUted values for 
fixed delay 


amount of inductance in the load circuit must be con¬ 
sidered. 

The conventional formulas and regulation curves in¬ 
volve the angle of delay (a). In the practical application 
of these formulas it may not be correct to assume that the 
actual angle of delay is constant for a certain setting of the 
grid-control apparatus. The angle of delay may vary 
with the load due to a variation in the grid pickup voltage, 
and in some cases it may vary due to a shift of phase of the 
grid voltage due to system reactive drop. 

It is the purpose of this paper to consider these other 
factors and to present approximate methods of including 
them in the determination of regulation. A more exact 
solution is outlined in the appendix. The use of regulators 
and compensators for the pmpose of modifying the in¬ 
herent regulation of grid-controlled rectifiers and ignitrons 
is also discussed, and results obtained with certain t 3 rpes 
are given. 


Conventional Regulation Formula 

What might be termed the conventional reg^ulation 
formula for grid-controlled rectifiers (equation 1) has been 
derived several times;*’® and the derivation \^1 not be 
repeated. 



VSEPsin^ 

TT 


COS a — 


IXtP 

g2ir 


I 



( 1 ) 


This formula is exact within the limits of the assumptions 
made in deriving it. These assumptions are: (1) asinusoidal 
voltage at the terminals of the rectifier transformer, (2) a 
load inductance suflSciently high to prevent the current 
from going to zero, (3) the effect of all the transformer and 
lead resistance to be equivalent to a series resistance in the 
d-c circuit giving the same loss, and (4) only 2 anodes in 
one g^oup firing at one time. This formula gives straight- 
line regulation curves as drown by the dotted lines of 
figure 1, providing the curve of arc drop against current is 
straight. It diould be noted that the curves are paralldl; 
that is, a given angle of grid delay (a) drops the oufy)ut 
voltage the same number of volts whether at no load or at 
full load. 

If a rectifier is supplied through a line of appreciable 
reactance directly from a large ^stem whose voltage is 


A paper recommended for publication by the AIBB committee on electrical 
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Figure 2. Apparent 
increase in regulation 
due to system reactance 

A normal transformer with 
about 3 per cent reactive 
drop is assumed. Full lines 
are for double S-phase and 
dotted lines are for 12- 
phase quadruple zigzag 
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secondary to produce the anode currents are the volteg^ 
which would exist with no rectifier currents flowmg. Th^ 
voltage acts through the reactance of the transform^ and 
the reactance of the system measured from the pomt ot 
connection. This voltage may be treated as an eqmva- 
lent sinusoidal source voltage and the system reactance 
may be added to the commutating reactance of the trans¬ 
former as described for the Une reactance in the sunpler 
case mentioned previously. 

In general the voltage E at the primary of the rectifier 
transformer is known or can be calculated. The system 
reactance X* can be measured or estimated. As shown in 
appendix B, the system reactance to be used is the same 0S 
that used for calculating single-phase short-circuit curren ; 
that is, the average of the negative-sequence and 
sequence subtransient reactances: a* -(.Aa *i- 

The fundamental frequency voltage E, at the primary 
terminals may be taken equal to the root-mean-sq^uare 
value for practical purposes. If the fundam^l^-f^ 
quency system reactive drop be added vectonally to the 
terminal voltage the equivalent sine-wave somcev^t^e 
£Ms obtained. Using E" instead of £ and m 

place of Xr in equation 1, gives the general equation; 


ttot affected by the rectifier load, the line reactance can 
obviously be included in the total commutatmg reacts^. 
In this case E in equation 1, is the system voltage. The 
additional commutating reactance due to line is esca¬ 
lated by multiplying the ohms per phase (hne to neutral) 
by the square of the ratio of primary to secondary hne to 

neutral voltages. , ix 

For the more common case where the system yo g 
affected appreciably by the rectifier equation 1^ 
stm be used as an approximation if the primary 
known. Howe«r, a further analysis « pr^trf bdow 
is necessary to obtain an accurate method of deahng with 

this case. 


Effect of System Reactance 

In the general case of a rectifier connected to ra a^ 
system th^ is no one source of constant smusoidal yolt- 
S It greatly simplifies the problem if m ^mvalmt 
rusorlTsouL voLge can be found wWolt-7^ 
conadered as unaffected by rectifier ci^te. The pim 
dple of superposition, which has proved, such a u^ tool 
i/other system problems, may be appUed to detente a 
voltage Xch can be considered as acting th^h the 
combined impedance of the system and the rectifid trans- 

‘Xte the back current of a power rectifla 
the effect is equivalent to opening each anode circuit wh^- 
^tfl^^ds to iLrse. A method of appl^g 
to obtain as complete a solution as desi^ 

isSied in the appendix. For prai^cal purpo^tte 
capacity and resistance of the a^:circuited any 
haLi^cs produced by other rectifiers, will be 

As shown in the appendix, the voltages acting m th 


V5 E-F sin p ^ ^ ^ ^ 

= [_ 1- " r2x I 

where 

= \/ (B + hXg sin i?i)* + cos* By (^1 

With good approximation, 

Is/^ . -If (4) 

h = —— smp 
irg 

The fundamental-frequency power factor is approxi- 
matdy: 

transformer reactive drop 
cos Oi = cos a — voltage at no load no delay 

This may be demonstrated as follows. All the jrawer is 
suppHed by the fundamental since the source voltage is 
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Figures. Light-load voltage regulation curves 

Experltnentil srld^xintrolled rectifier, double 3-pl«ie connecHoi. 
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burned sinusoidal. This power factor can then be writ¬ 
ten as power divided by fundamental-frequency volt- 
amperes: 

^ Eal 
Elipg 

and neglecting arc drop and resistance losses, this reduces 
to equation 6. 

The fundamental reactive drop adds to E the amount 
nearly equal to IiX^ sin di. If the average of the power 
factor angles at the source and at the terminals be used the 
accuracy of this approximation is improved. The effect of 
the system reactance is to add to the source voltage and to 
the reactive drop. The net correction expressed as an 
addition to the regulation (to be subtracted from the right- 
hand side of equation 1) is: 

A-Ei =■^['1 --sin*^ X 
\ If P 

( Ar+f))! 

cos a sin cos \ a. -^- \ (6) 

I 2 ^ I 

Curves of tEJEoa for different values of IXJg V2 E are 
given in figure 2, for a rectifier with about 3 per cent regu¬ 
lation in the transformer. It will be seen that the correction 
can be either positive or not depending on the t 3 q)e of con¬ 
nection and the angle of delay. It should be noted that ^le 
angle of delay (a) is measured relative to the source volt¬ 
age, and that the angle of overlap («) as measured on an 
oscillogram will be determined by the total reactance 
(Zj.-i-thus: 


cos (« -1- a) = cos « — 


gy /2 E* sin ^ 


To illustrate the importance of the correction for ^tem 
reactance, consider a rectifia: where the primary voltage is 
held constant as it might be in a regulation test. If the 
^tem reactance is 10 per cent based on the rectifier 
kilovolt-amperes and the transformer reactive drop is 3 
per cent, the ratio of X, to Xj. is 1,74 for a double 3-phase 
connection and the measured regulation may be 2.3 per 
cent less with zero delay than the value which would be 
obtained if a sine-wave voltage were impressed. That is, 
the regulation might measure 2,7 instead of 5 per cent. 
As another example take a 12-phase quadruple con¬ 
nection with the same per cent line reactance and trans¬ 
former reactive drojp. In this case the ratio of X, to X, 
is 0.87 and the reg^ation will be increased only 03 per 
cmt at ho delay; but at 20 per cent reduction in voltage by 
^d delay the measured regulation will be decreased 4 per 
cent, that is ; it may measure one per cent instead of 6 per 
;\Cent.'' 

L^;ht toad Voltage Ris : ^ ^ ^ 

The rise in Yolisige at v^ light loads on a d 
pha^ rtctifier is a w^-known phehornenon: This has 
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Figure 4. Current and voltage waves when operating at light 
load with counter electromotive force 

Curve A —^Voltage of one group of double 3-pliase winding 

Curve B —^Voltage of other group 

Curve 0 .—Net voltage output 

Curve D—Current in first group 

Curve E—Total current output 

been esq>lamed by saying that below some transition value 
of load, at which the load current just equals the inter- 
phase transformer excitation current, the rectifier is oper¬ 
ating 6 phase; and that the commutating current flows be¬ 
tween anodes of alternate groups through the windings of 
the interphase transformer. This is an accurate explana¬ 
tion for the case of straight resistance load or for the 
theoretical case of infinite inductance in the load circuit. 

However, for the case of load with a counter electro¬ 
motive force and with normal inductance a different 
phenomenon appears which radically alters the light-load 
regulation characteristics, especially when operating with 
appreciable grid delay. Whenever the output voltage of 
the rectifier dips below the counter electromotive force 
^e total load current tends to go to zero but is restricted 
in this action by the inductance of the circuit. Above a 
certain critical load the current is prevented from reaching 
zero. This phenomenon occurs for all type of rectifiers 
both yrith and without interphase transformers. 

When interphase transformers are used the action is 
more complicated. Interphase transformers are designed 
to have a high inductance {L^ between the 2 transformer 
neutrals so as to prevent one group from dropping the 
curr^t ahead of the other except at light loads. However, 
it is the leakage inductance (jb,) between the 2 halves of the 
winding which opposes the rise and fall of total current so 
long as both groups are conducting. This leakage in¬ 
ductance, measured mth the windings in parallel. Idle 
magnetomotive forCes being opposed, is very much smaller 
than Li. This is true beCause the windings are normally 
made with close coupling. 

As long as.both groups are firing, it is the total induct- 
^ce (£) of the load circuit, mduding.X^ a^^ paralleled 
inductance of the phase circuits of the anodes which are 
conducting at the same time, which damps out the pulsa- 
of load current. 
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liss* *l iu iht ajjjH iifltx, a complete stilution would 
?» » 4%.* »• Ml tlu' vtlVctivt* resistance and re- 

I iV.vv . I iiiinlaiiii istal itvtjneaey as well as the impedance 
I’ Mt' hli I'H a|»|iHi'd vulta^t'S. The resislunec in the load 
41! i iii.% s u VMl!ae,e ihup Udh on the risin); and drop- 
Ki emit III vyek' ami Urns has relatively little 
Mil tin- iMtal switaj »*? the current unless the total 
liw *|r* |t iv HI 1*4 1 it'iit or more at the load considered. 

1,1 ui,,vt |iriH‘lical f«ir|»os 4 ‘s the following equation 
livitftimaH the i«tt|ilitude of total current pulsation: 


ition would the usual light-load voltage rise at no delay. However, in 
ice and re- practice this is not generally a serious matter since danger 
impedance due to overvoltage exists in the great majority of cases 
in the load only when the normal voltage at no delay is exceeded. 

* and drop- If exactly straight-line regulation curves are desired at 
lively little very light loads and appreciable angles of dday it may be 
5 S the total necessary to use more than normal load inductance. An 
isidercd. iron-core reactor may be used in series with the d-c bus to 
g equation provide a high inductance at low values of current. 


5*4* I III*' *1* vuiivtiv . 

Effect of Grid Characteristics 

- I 4^^ ■■ (8) 

^ The regulation formula and conventional regulation 

\i ** i iiiii'itl vidiic tif It*;Ml this pulsation of current (i^) curves are based on the actual angle of delay. However, 
Sr *4 lt«M» » viiliir«t|ua! tn the average current, and the total the angle of delay for a given phase shifter or bias setting 
roll* III t« tub to go out bitween each pulse. may vary appreciably with load. This may be due to 

i t liu^ VMltiig*’ waves f«ir a doutde JTphase ciraiit variation of lie p^ickup voltage or an actual shift of the 

At ligltl mul some delay, as shown in figure 4, for the grid voltage with respect to the source voltage. 

* d *4 a eyele. The total current will rise and The pickup voltage will vary with the degree of ioniza- 
1^11 iliuiog tliiH |H?fii*ti, but since there is a slight difference tion and the vapor pressure in the tank. At light loads a 
m III*' 4 utt* iits *4 Itie 2 groups due to difference in voltage slight positive voltage relative to the cathode may be re- 
.14 ting ibn-Hgb the iiigU uuluetauce, only the current in qmred to make the grids pickup, and at Wgher loads an 
Mto gn.np g.n s ont. and the current in the group having the appreciable negative voltage may be required to prevent 
an*>ilr Im pieknit is maintained but lit some very low them from picking up. ., . ’ 

1 . atitr * *»M' at a time will lie out for a period A and A simplified explanation of the action of ibe is as 

ibritirtrnl wave of em;h group will bos .shown by curve D follows: A positive ion space charge shea& is feme 
4 Ikmr Tb^ total ciirrcnt shown by curve M will not around the grids when they are neptive mth respecj to 
"1 mtt tm. will la- v.-ry low for U.c period d. the ionized gas prating the io^rion tom re^g 

I In Miiii.ul voltMEf at till-m-utral iKtiut of the interphase the anode. The thickness of this la^ wes roug y 

.(£.>. as. the ./.power of « andi^^y as^e v^^ 

tt'rlrireuit. Equations comd sheath inst f^ to 

. .. .. «t ...i .....I....:., ctnirtHre. nositive voltage on the anocie 


A simplified explanation of the action of the ^ds is as 
follows: A positive ion space charge sheath is formed 
around the grids when they are neptiye with respect to 
the ionized gas preventing the ionization from reaching 
the anode. The thickness of this layer® varies roughly as 
the V* power of voltage and inversely as the Vi power of 
the ionization. When the thickness of the space charge 
sheath just fails to dose the holes in the control-grid 
structure, positive voltage on the anode accelerates me 
electrons suffidently to increase the ionization and furth« 
reduce the space charge thickness and cause complete 

It is difficult to test for the pickup voltage of the grid 

under actual operation but a method of testing the grid 
^ jT __j An arrantrement 


r.:; ;i:;.Tritu-»i i..».i vai«. t^nnsof ind«=t.nce 

..pie. 

v..U«m- ripi* in ''nit »««"?• * .hi, ^^terisUcs staticaUy was developed. An arrangement 

•lihiatwr i; <a indicated by equation • .nhi-allv waa made whereby the load could suddenly be removed 

ni.vr Ibr average voltagr may be detenmned anode rod definite continaems voltages appHed 

”1 frof Uib iiuilliml arc given ui figure o plotted as from o , md Curves of grid voltage at 

ltii« tiiir III vi»Hagc (AK|) wffich the^ode picked up for different values of total load 

it, » U^it with f "^^XSlo^Xwith Iwfptotted as Lwn in figure 6. These charactensrics 
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figure 1 show a flattening out of the regulation curves at 
about 250 per cent load at large angles of delay. However, 
grids sufficiently tight to give straight line regulation 
curves at very high overloads result in excessive arc drop. 

When paralleled with other apparatus having a straight 
or drooping characteristic on high overloads, this effect 
will add to the tendency for the rectifier to take more t1ia.n 
its share of the overload. However, so long as the de¬ 
parture from straight line regulation occurs at weU over 
150 per cent load, the rectifier will return to normal after 
the load is decreased, and no damage is done since the 
rectifier is suited to short time overloads. 

By the use of steep-wave-front impulses on the grids 
it is possible to obtain straight-line regulation even with 
comparatively loose grid structures, since in this case a 
variation in the pickup voltage has little influence on the 
time of pickup. 

The voltage control characteristics of an ignitron. recti¬ 
fier are sunilar to those of a multianode rectifier except that 
the pickup of the auxiliary tubes is not affected by the 
load current. Tests on a 6-phase ignitron rectifier, both as 
grid-controlled rectifier and as an inverter, show straight 
line regulation curves at all angles of delay and advance out 
to very high overloads. 

Where the system reactance is comparable with the 
transformer reactance an increase in delay with load, due 
to a shift of the fundamental voltage at the point where 
the grid transformers are attached to the system, might 
be expected. For the sine wave grid transformer with 
only resistance in the grid circuits, tests show the effect on 
regulation to be negligible, even though the fundamental 
voltage shifts several degrees. This may be explained 
by the fact that the voltage applied to each grid through a 
resistance has almost identically the wave shape of the 
primary voltage. That is, it T/riU have a wave proportional 
to the source voltage with nicks cut into it due to com¬ 
mutating currente, rather than a sine wave shifted in 
phase. Since the nicks in the voltage , wave occur only 
durmg commutation they do not affect the voltage just 
before pickup provided only 2 anodes are commutating at 
one time, as is normally true. 


either by shifting the phase of the grid voltage or by var/^, 
ing the bias voltage applied to the neutral of a sine-waV^ 
grid transformer, which causes pickup to take place at ^ 
different point on the wave. The regulator may be ma<^^ 
to give any desired regulation curve by using currej^^ 
compensation, and by cross currqit compensation unit^ 
may be made to divide load under varying conditions. 
some installations regulators have been applied so as 
come into play only at high load for the purpose of limiting 
the overload. In electrodiemical service current regulatof^ 
have been used to control the output at' any voltage. 

In considering voltage regulation by grid control, eithc^ 
automatic or otherwise, it is essential to keep in mind ii^ 
chief limitations. The transformer must provide th^ 
maximum voltage desired and any reduction in voltage 
accomplished, first, at the expense of an almost proportional^ 
reduction in power factor and, second, an increase in d'^ 
harmonics. For these reasons it may in some cases b® 
more desirable to regulate the output voltage over th^ 
normal range by an induction regulator in the primary 
by tap changing under load. A combination of tap chang' 
ing and grid control can be made to give continuous control 
and good power factor. 

Inherent compensation or compo undin g oan be used on 
a grid controlled rectifier or ignitron with results similar 
to compounding in a d-c generator. The action of such a 
compensator can be made practically instantaneous, thus 
eliminating the tendency to himt or overshoot. 

There are several methods of obtaining this compounding 
effect. One method is to use small series transformers, 
in the primary of the supply transformer, with a rectifier 
connected to the neutral of a rine-wave grid transformer. 
When adjusted for some grid delay at no load, the load 
current will cause an increase in positive bias which ad¬ 
vances the phase and tends to raise the output voltage. 
This may be adjusted to compensate for the regulation of 
the transformer and line reactance or it may be rnadf* to 
more than compensate for the natural regulation, thus giv¬ 
ing an overcompound regulation characteristic. 

Another method of obtaining some compounding effect, 
and at the same time reducing the variation in continuous 


Regulators and Compensators 


It is posrible to regulate the output voltage of a grid- 
controlled rectifier, or ignitron, with the same types of cur¬ 
rent or voltage regulators that are used for rotating ma¬ 
chines. The regulator may act to change the angle of delay. 



Figure 6. Curve showing variation of grid pickup voltage 
with load current. Experimental rectifier 


voltage due to variations in the a-c supply, is to connect the 
neutral of the grid transformer to the negative bus through 
a source of fixed positive bias. This gives a net bias on the 
grids which is proportional to the difference between the 
output voltage and the constant positive bias. An iu^ 
crease in output voltage will cause an increase in ne^ 
negative bias and so increases the angle of delay and res 
duces the voltage. The sensitivity of this scheme will b^ 
limited by the lowest grid impulse voltage which may 
used and still obtain accurate pickup of the anodes so as 
insure balanced currents. 

A combination of the 2 schemes of inherent regfulatioh 
mentioned above may be used to give almost any regul^,^ 
tion characteristic desired. Results similar to those di^^ 
cussed here were described in a recent paper by Goodhn^ 
and Power.i The method used by them differed in th^^ 
they employed no grid transformer, but rehed on the tulv 
characteristics and the ripple of the output voltage C 
time the pickup of the anodes. ^ 
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The regulation curves for an ignitron rectifier with cur¬ 
rent and voltage compensation are shown in figure 7. In 
this case as showm by the curves, the regulation is reduced 
from 17 per cent to 3.5 per cent and the variations in out¬ 
put voltage with the high line are reduced except at higher 
loads. The desirability of such characteristics for certain 
applications is obvious. 

Conclusions 

The following condusions may be drawn from the work 
presented in this paper: 

1. Accurate determination of the regulation of a rectifier connected 
to system, whose voltage is affected by the rectifier current, requires 
a modification of the conventional regulation formula as pven in 
equation 2. The effect of the system reactance may also be taken 
into account by adding a correction term given by equation 6 and 
by the curves of figure 2. 

2. With a normal amount of load inductance the convention^ 
formula (equation 1) is not accurate at light loads where there is a 
counter electromotive force. This effect is much more pronounced 
with appreciable grid delay than at no delay. A graphical method 
of evaluating this effect is given and the results plotted in fipire 5 as 
a correction terra which is a function of delay and load circuit in¬ 
ductance. A comparison with test is given in figme 3. This is 
generally not important but may be corrected by adding inductance. 

3. There is a tendency for the regulation curves of a rectifier, 
operating with a fixed phase-shifter or grid-bias setting, to cu^e 
up at overloads. This effect is due to the fact that with high 
ionization in the tank the grids pick up at a more negative voltage. 
The results of this effect on the regulation curves of the rectifier me 
shown in figure 1. This effect may be minimized by applying 
steep-wave-front impulses to the grids, or making a grid structure 
who.se pickup voltage is only slightly affected by the amount of 
ionization in the tank. 

4 Current and voltage regulators of the same general t^e as used 
for eontroUing the fields of rotating machines may be used to conteol 
the output voltage of grid-controUed rectifiers and ignitrons. It is 
also po^ible to use current and voltage corapensahon 
modify the regulation characteristics givrag results similar to co 
pounding on a d-c machine. 


Fisure 7. , Recti- '20 
fier regulation 
curves, showing 
the effect of com- ^ 
pounding to cor- 

- , , Ultf) 

rect For a high ^gioo 
reactive drop and 
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line voltage 8 


-ift of Symbols 


40 80 120 

PER CENT CURRENT 


Curves A, B, and C are for 104,100, and 96 per cent high line voltage 


arc drop 

instantaneous output voltage 

root-mean-square voltage anode to neutral, at no load 
fundamental-frequency voltage back of system reactance 
counter electromotive force 
average output voltage 
theoretical no-load output voltage 

I fundamental frequency 

« number of groups 
: average total current output 

; ^ to 

the other 

parallel, magnetomotive forces opposed 

. number of phases per group 

. total number of phases for the rectifier 

1 •■"i 


Xg — effective value of generator reactance to be used in rectifier 
calculations 

Xg," = direct-axis subtransient reactance 
Xfi" — quadrature-axis subtransient reactance 
Xf = system commutating reactance converted to secondary ohms 
per phase 

Xt = transformer commutating reactance in ohms per phase in 
secondary 

Xi = negative-phase-sequence reactance 

a »= angle of retard or delay 

= increase in voltage doe to lack of inductance in load circuit 
A£, = increase in voltage regulation due to system reactance 
Bi = power factor angle of fundamental-frequency power 

Appendix A. Outline of 
a General Method of Analysis 

The of the paper has been confined to practical solutions 

which involved numerous assumptions and approximations. It is 
interesting therefore, to consider what might be done in the way of a 
more general solution taking into account many more factors. 
Although the mathematical formulas are not given, such a general 
method of analysis is outlined here in order to give a p^sical picture 
of what is involved and to aid in judging the simplifying assump¬ 
tions made in the practical formulas. 

The principle of superposition has been preyioudy used* m the 

calculation of commutating currents. This pnnciple can be «- 

tended to the solution of the currents and voltages m ^e complete 
rectifier system including both a-c and d-c circuits by solving a senes 

of transient states. The a-c system impetoe mcludmg^I^^y 

and resistance as weU as reactance, may be aonirately • 

Also the counter electromotive force. ^ , 

^ and the shunt capacity of aayfflterdrcmt, may be 

“ttc^JaniUtions of this method of analysis, other thtm the 

1 !• •totioTi that the circuit constants must remain fixed are. 
general limitation that tlie circuu analyzed must 

/n tiiat the currents drawn by the recuner oemg 

LL negligible efleet on any f “ 

atose from ^ dnniar «eti- 

to^a^'connected to the same source and am similarly loaded they 

„„.y be enalysed as if ^ at no load, and 

For this exact analysis the voltage _ kicking up and the 

the actual angle of delay must e ' as switching 

, extinction of the to in the 

operations. In tiie analy in series with each anode, 

majrbe consitod as^vol ^ge ^ p^rfod equal M 1/Pi 

a The ripple oii the output s freduenev This period may 
times the period of the funtomtel fr^W^^ 
be further broken down into s ^ principle of super- 

different combination of anod ^ ^^ent within each interval. 
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solved by assuming an imaginary voltage equal and opposite to the 
applied no-load voltage so that the circuit may be left closed with no 
current flowing. A second imaginary voltage is then applied to 
cancel the first and to give the transient current. 

When 2 anodes are firing they are in effect connected together. 
XT^g the above method the average of their no-load voltages op¬ 
posed by the counter electromotive force for the load may be thought 
of as acting through the paralleled impedances of the transformer 
windings and their associated primary and system impedances, and 
through the load impedance. 

An accurate analysis would require that equivalent circuits be 
constructed for the system as viewed from the rectifier terminals. 
It may also be necessary to set up an equivalent circuit for the load 
if there are several branches. If there are several sources of counter 
el^tromotive force an equivalent value may be obtained. 

If the no-load voltages consist of several appreciable harmonics, 
as well as a suddenly applied fundamental, the equivalent circuit 
must be solved for each. If the harmonics are negligible the solu¬ 
tion can be greatly simplified. 

In order to determine the length of time an anode fires it is neces¬ 
sary to determine when the resultant current goes to zero. When 
the current reaches zero there is no reverse current (except in 
of an arcback), hence the circuit is in effect switched open. The 
total current in an anode circuit is the resultant of the load com¬ 
ponent calculated as described above and a commutation current 
which is circulatiug due to the difference in voltages of any anodes 
that are firing at the same time. This commutating current can be 
solved by the same general methods outlined above, in which case 
the load circuit is not involved. The inteiphase transformer may 
be involved if the commutating current between 2 groups is con¬ 
sidered, as in calculating the light-load voltage rise. 

From this outline it is apparent that we can resolve the caVnlotinti 
of all voltages and currents involved into the solving of a series of 
transient states. Because it is necessary to determine the timp- 
intervals from the solutions for the total current in an anode, the 
mathematical determination of the boundary conditions may be 
difificult. 


Appendix B. Generator Reactance 
to Be Used in Rectifier Calculations 


If a rectifier is fed from a single generator the generator adds to 
the commutating reactance increasing the angle of overlap and 
affecting the output voltage. The generator reactance drop to 
fundmnental-frequency current may be added to the fundamental 
of the terminal voltage to get the internal sine-wave voltage. Using 
this internal voltage and the total commutating reactance the regu- 
•lation can be calculated by the conventional formulas as indica ted 
in the first part of the paper. 

'A question arises as to what generator reactance should be used. 
Since commutation is equivalent to a momentary short circuit the 
•s&ipe reac^ce is effective as for the first fraction of a cycle of a 
single-phase short drcuiL This reactance may vary between the 
direct-axis subtransient reactance {Xa") and the quadrature-axis 
•subtransi^t reactance (Zj') depending on the load and the instant 
of short circuit. For zero delay and no load on the generator, Xa'' 
•would be the value at the first instant of short circuit. For a delay 
angle ac, .and load angle y between internal vpltage and the terminal 
voltage, the effective reactance would be: 



2 


2 


cos (2a + 2y) 


(IB) 


If we use the method of symmetrical components to calculate the 
fundamental component of single-phase, short circuit for a funda¬ 
mental yoltage applied, the effective reactance 


Xa^+Xi 


This cptrespbn^ in the first equation to a + y 


(2B) 

30 degrees which 
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is probably an average for conditions in which a does not exceed 
30 degrees. 

For the great majority of cases Xa" and Xq" will be so nearly 
equal that the approximate equation 2B, consistent with the method 
of ssunmetrical components, is sufficiently accurate and should be 
used. 
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Unusual Electric Clock 

fjEAUTY and individuality are combined with utility in 
O this unique terrestrial-globe electric clock hanging 
in the foyer of the Christian Science Monitor Building in 
Boston, Mass. Lights in the dial around the globe indi¬ 
cate the hours by large Boman numerals and minutes by 
the smaller Arabic numerals around the edge. A twin 
celestial globe at the other end of the foyer gives the day 
of the month. Both are driven by Telechron motors. 
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Tension Measurement and Control in Cold-Strip Mills 


By C. M. HATHAWAY M. MOHLER 

ASSOCIATE AIEE Member Assn. Iron and Steel Ensrs. 


Introduction 

T fJE COLD rolling of steel strip on tandem mills 
requires the measurement and control of tension in 
the strip, and to meet this requirement the tensi¬ 
ometer herein tUHarribed has been developed. The tensi¬ 
ometer produces a continuous indication of the tension in 
the strip during the rolling operation, and functions in 
connection witl» auxiliftry control equipment to auto¬ 
matically maintain the tcnsuni at any desired value. An 
additional function of the tensiometer is the instantaneous 
indication of any difference in tension between the 2 edges 
of the strip. 

Value of the Tensiometer 

A brief outline of the proces.s of cold-strip rolling and 
of the problem involved is as follows: 

A tandem mill ctmsists of 2 or more mill stands placed in 
line so that the strip passes from one mill directly into the 
other. It is higlily desirable to maintain teasion in the 
strip between thc.se stands.. Greater reductions can be 
obtained, a greater number of elongations can be made 
without intermediate annealing to soften the strip, and a 
flatter and smoother strip can be rolled if the proper tension 
in the strip is maintained. Furthermore, much can be done 
to compensate for defects in roll shape, strip lubrication, 
milbhousing stretch, etc,, by properly manipulating the 


conceivable tliat the rolling load does not vary at least 
plus and minus 10 per cent. This is equivalent to a 
variation in tension of 200 per cent if the total input to the 
motor is maintained at 100 per cent by a current regulator. 
The difficulties involved in attempting to control the 
strip tension by means of motor input control are ap¬ 
parent. 

Mechanical Control 

Because of the difficulties involved in controlling the 
strip tension by controlling motor input, various mechani¬ 
cal schemes of measuring tension have been tried, but 
major difficulty with such devices has centered around the 
inertia of the moving parts. These devices usually in¬ 
volve a roller over which the strip passes in such a way 
that the strip tension produces a force on the roller. If 
the roller is resiliently mounted and connected to some 
device for measuring its displacement when the tension is 



Figure 1. Diagram showing location of pass roller C between 
2 stands A and B 


tension. . x— 

However, in order to control tension it must be 
ured, end the control cannot be more accurate thM the 

measurement. So far only 2 methods have ^n dracov- 

ered tor measuring this tension. One method u by elw- 
tricany measuring the input to the motor produemg the 
tension, and the other is by means of the 
be described. A brief comparison of these methods of 

control followii. 

Input CoNmot 
The input to a ““‘"f 

armature voltage and current, and if the voltage is M 
stant, it is only necessary to measure 
current in the armature of the motor ftivtag 
stand is therefore a function of ** **'"^" “ 
provided ail the input to the motor gt« ^ _ 

This is not the case in a tandem mill, howeve . 

case the roIUng load 

the tension 10 per cent, of the motor input. 


«>»««« “‘“Sj.SrXiio. ttw. 




applied, a measure of the tension can be obtained. If 
this roller has to move an appreciable distance troubles are 
experienced in high-speed rolling due to inertia forces of 
the roller itself, so that the strip tension could change con¬ 
siderably before the roller could be accelerated and moved 
to its new position. The tensiometer mak^ use of this 
general scheme but uses a sensitive electric gauge for meas¬ 
uring the roller deflections, so that very small deflections 
are required. The natural frequency oi the roller can 
then be made high enough to eliminate troubles resulting 

from inertia of the moving parts. 

Level Indication 

In addition to the tenaon problem, there ^ “ 

jjreat need for some method of indicating 

was the same thickness throughout its width. One 
S L be measured with a flying microme^but not 
thf entire width. H one edge is the proper tliickn^ and 
the tendon is the same in both edges of 
sonable to assume that the thickness of the other ade is 
the same as that measured. H the other ade is thicker, 
the tension wiU be greater on that side, and vice versa. 




Measurement 





This differential tension or “level” indication can also be 
obtained with the tensiometer. 


The Tensiometer 

The need for a device for the measurement of total strip 
tension and of differences in tension between the 2 edges 
of the strip has been pointed out. The tensiometer pro¬ 
duces a continuous indication of the total tension, provides 
a sensitive indication of any out-of-level condition, and 
operates in conjunction with standard control equipment 
to automatically maintain the total tension at any de¬ 
sired value by controlling the input to the mill motors. 
The tensiometer measures the total tension by measuring 
the force necessary to deflect the strip a given distance 
from the normal pass line. The strip as it passes from one 
mill to the next is caused to pass over a roller located so as 
to deflect the strip a s m a l l distance from the normal pass 
line. A force is thus produced on the roller at right angles 
to the normal pass line, and this force is proportional to 
the total strip tension. The arrangement is shown sche- 
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Figure 2. Electric gauge for 
measurement of pa^-roller 
deflection 


Figure 3. Electric 
gauge output cur¬ 
rent versus arma¬ 
ture displacement 



The electric gauges used for the measurement of the 
deflection of the pass-roller supports consist of a stack of 
E-shaped laminations mounted adjacent to a laminated 
armature as shown in figure 2, so that a small air gap 
exists between the 2. The armature is supported at its 
center on knife-edge bearings, so that a movement of the 
armature on its bearings will increase the air gap at 
one end and decrease it at the other. On each of the 
outer legs is a primary and a secondary winding. The 
primary windings are connected in series across the a-c 
power source, and in such a direction that the resultant 
primary flux passes through the center leg. The second¬ 
aries are also connected in s^es, but in such a direction 



matically m figure 1 in which the strip is shown passing 
from A to B over the pass roller C of the tensiometer. 

Each end of the pass roller C is mounted by means of 
antifriction self-ahgning bearings on a stiff cantilever 
beam, and the deflection of each beam when load is ap¬ 
plied to the pass roller is measured by means of an electric 
gauge. The electric gauge is a device capable of modu¬ 
lating or controlling an electric current in proportion to 
a small linear displacement. Each electric gauge "ha ff an 
output directly proportional to the deflection of the beam 
to which it is attached, and therefore, to the vertical 
load supported by the beam. The sum of the outputs of 
the 2 dectric, gauges is proportional to the total vertical 
load applied to the pass roller, and this is in turn propor¬ 
tional to the total strip tension if the deflections of the 
cantilever beams are small enough to be negligible in 
comparison to the elevation of the pass roller C above the 
normal pass line. The outputs of the 2 gauges are added 
by an instrumdit calibrated directly in thousands of 
poimds total s^p- tension. A second instrument is used 
to indicate any difference in output between the 2 gauges 
so that an indication can be obtained of any out-of-level 
condition that may exist in the mill. 


that the resultant flux due to a secondary current will 
flow around the outside of the laminated structure rather 
than through the center leg. With the primary and 
secondary windings connected in this manner, the induced 
voltage across the secondary terminals will be zero when 
the armature is in its mid-position and the air gaps at 
its ends are equal. For this condition, the voltages in¬ 
duced in the 2 secondary coils are equal and opposite. 
A displacement of the armature from this position will 
decrease one air gap and increase the other causing an 
unequal distribution of primary flux between the 2 second¬ 
ary coils, and a voltage will appear across the secondary 
terminals that is a function of the armature displacement. 
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TOTAL TENSION 
INDICATOR 


Figure 5. Con- tained as shown in figure:5, in whiph^^ is the instrument 

nection diagram for iii^c^^l^g total strip tehsion. J, ^ ihstn^ent carries 

of tensiometer in- 2 sepS^fp'vjrindings on its moving eiemeiit. winding 

dicating instru- is cop^cted in one of the detector unit circuits so that the 

ments instrument torque is proportional to the sum of the 2 
electric-gauge outputs or to the total strip tension. Any 
difference in current between the 2 circuits will flow 
through the instrument B and will produce a sensitive 
indication of an out-of-level condition. 

In some cases it may be desired to roll strip of a wide 
range of width and thickness in the same mill, and in such 
cases the total tension may vary over such wide limits 
that it is necessary to provide a means for changing the 
scale of the tensiometer. This could, of eplUTse, be done 
by changing the springs on which the ^pass roller is 
mounted when it is desired to change scales, but it can be 


The electric gauge unit can, therefore, be used to nieasure mort easily by changing the mechanical ratio of the 

the deflection of the springs supporting the pass roller. 


The secondary output is rectified by a copper-oxide recti- 




tier as shown in figme 2, and the rectified output is used to 
operate the indicating instrument and the control equip¬ 
ment. A capacitor across the secondary terminals 
greatly increases the sensitivity of the gauge because of 
the voltage rise produced by the passage of the leading 
current of the capacitor through the leakage reactance of 
the secondary. 

The relationship between armature deflection from the 
neutral position and the rectified current in the secondary 
circuit is shown in figure 3. In figure 4 is shovra the 
rectified current as a function of pressure on the pass 
roller as obtained by actual measurement on a typical 
tensiometer equipment. 

If it is desired to indicate unequal tension between the 
*2 edges of the strip as well as the total tension, each end of 
the pass roller must be mounted on a separate spring and 
the deflection of each spring measured separately so that 
2 electric-gauge units are required. The outputs of the 
2 gauges can be added to obtain the total tei^on, and 
any difference between the outputs will be a,n indication 
of an out-of-level condition. These indications are ob- 


1143 


MPLIFYING GENERATOR 
• FIELD COILS 


AMPLIFYING GENERATOR 

armature 1 


-SOLENOID- 
OPERATED ^ 
CARBON-PILE 
RHEOSTAT 




Figure 8. Tensi¬ 
ometer stand with 
cover removed/ 
showing electric- 
gauge unit 


Figure 6» Tension 
control system 
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Tensiometer stand with 93-inch pass roller 


Figure?. 







Figure 9. Tensiometer installation 

linkage between the pass roller bearings and the electric- 
gauge armatures. 

The upper element of the pass roller is located 2 or 3 
.inches above the normal pass line and the distance be¬ 
tween stands is usually of the order of 10 or 20 feet. Tbe 
diameters of the working rolls on the mills on each side of 
the tensiometer roller are not fixed but decrease with time 
due to wearing and resurfacing, so that the normal pass line 
is variable by as . much as several inches. Provision must 
be made, therefore, for conveniently adjusting the eleva¬ 
tion of the pass roller above the normal pass line, so that 
this value can be maintained at standard. To aid in 
making this adjustment, vernier height gauges are at¬ 
tached to each of the pass roller bearings. These gauges 
are calibrated directly in working-roll diameter, and must 
at all times be set to coincide with the average measured 
diameter of the 2 lower working rolls. 


cuit of the min motor of the stand preceding the tensi¬ 
ometer. 

Typical Installations 

In figure 7 is shown a tensiometer stand equipped with 
a pass roller 93 inches long. The electric-gauge units are 
enclosed in the steel boxes at each end of the roller, and 
the cantilever springs on which the pass roller is mounted 
are clearly shown. The cover is removed in figure 8, 
showing one of the electric-gauge units. Figure 9 
shows a tensiometer and its associated control cabinet 
installed in a mill. One end of the tensiometer roller can 
be seen under the strip at the ^treme left side of the pho¬ 
tograph. 

Conclusions 

A device termed a tensiometer has been described for 
the measurement of the tension in the strip during rolling 
in a cold-steel mill, and for the indication of any difference 
in tension between the 2 edges of the strip. The tensi¬ 
ometer' can function in connection with auxiliary control 
equipment for the automatic maintenance of the total 
tension to any desired value. The value of tension 
measurement and “level” indication has been outlined, 
and the use of 'the tensiometer will aid to a more scien¬ 
tific study and operation of the cold-strip mill. 


Tension-Control System 

A satisfactory control system for use in association with 
equipment for automatically maintaining 
the totel stnp tension at any desired value is shown sche¬ 
matically m figure 6. Referring to this figure the electric 
gauge outputs are amplified by means of a small 150-watt 

fTo^- is 

operation of a constant-current regulator. Thereeula- 

or IS used to control ^e field current in one winding of 
counter-electromotive-force generator in the field cir- 
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^^Sciencc More or Less'' 

pVERY technical change brings about maladjust- 
^ ments, more or less serious depending on the num¬ 
ber of people involved. Much more is involved 
than mere unemplo3nnent or the lovi;ering of price to 
consumers. New processes may destroy the capital 
investments of sleeping corporations; they render men 
and equipment obsolete; they uproot whole industries 
and ways of life. To date, invention and scientific dis¬ 
covery have kept to the black side of the ledger; they 
have been credits to civilization. We should like to keep 
them there. ^ 

No one has yet solved the problems of human obsoles- 
CCTce, mass motivation, or technological unemploTOent. 
Unless our sociological inventiveness can show great 
improvement in the next 25 years we will not have made 
much prog^ no matter how pleasant and comfortable 
the air-condrtioned lives of a few of us may be. I do not 
meM to imply that to get out of the woods we must have 
•rigidly planned economy. The problem is much too 
comph<»ted for that. The best plan in the world would 
be useless without the proper personnel, and with the 
proper personnel the plan, with its attending unpleasant- 

n^, IS unnecessary. Education is far more important 
tnan coercion. 

'mHon Measurement Electriciu. ENorNEBumo 






Mechanical High-Speed Resistance-Welder Control 


By F. H. ROBY 

ASSOCIATE AIEE 


Operating speeds of 350 or more wedds per minute are made practi¬ 
cal with a new type of control equipment for pneumatically operated 
portable welding tools. 


A DEMAND for higher production rates in the 
automobile and related industries has resulted in 
^ the adoption of pneumatically operated portable 
type resistance welding machines.^ Fully automatic re¬ 
peat control devices are needed to obtain maximum op¬ 
erating speeds without sacrificing the quality of the welds. 
To be practical this control must be simple and inexpen¬ 
sive. 

This paper is concerned with a control device developed 
for use in connection with a high-speed portable air-oper¬ 
ated machine now commonly used in the automobile in¬ 
dustry. The principles outlined apply as well to other 
types of equipment. 

A “stitch” welder consists of a pneumatically operated 
welding tool, a solenoid-operated valve and a separate 
welding transformer connected to the tool by means of 
water-cooled cables, 6 feet or more in length. When the 
operator squeezes a momentary contact push button in the 
pistol-grip handle of the tool, the automatic control device 
closes the electrodes, applies power, disconnects it, opens 
the electrodes and keeps them open for a definite period 
of time before repeating the cycle. Repeat operation con¬ 
tinues for as long as the push button is closed. The term 
“stitch” welder has been applied because of similarity to 
an electric sewing machine. 

Those connected with the application of resistance weld¬ 
ing to the fabrication of sheet metal are familiar with the 
principle upon which the art depends-Hhat the heat gen¬ 
erated in the weld is proportional to the product of the 
welding current squared, the resistance between pieces of 
work and the time during which the current flows.* Few- 
realize the dijB&culties encountered in satisfactorily con¬ 
trolling these 3 variables. 

The current is determined by selecting the turn rario 
of the welding transformer by means of a tap switch on the 
primary side, Tire resistance of the weld decreases or in- 
cre^es as the pressure applied to the work increases or de¬ 
creases, respectively, and is controlled by regulating that 
pressure. Timing h^ previously involved the use of ex¬ 
pensive and complicated control equipment. A recent 
trend is toward simplified but more comprehensive control. 

Control Equipment Now tJsed 

Elecironic control devices (powW interrupted by elec¬ 
tronic tubes/ih^ead oi ma^etic contactors) are made to 


the point on the current wave at which the circuit as ma e 
and broken. Such equipment is necessary for sonie spe 
cial applications but the first cost is high and conip ica cc 
circuits tnalfft highly trained maintenance men necessary. 

Other less-expensive systems of control consist of a 
netic contactor and some form of timing device. xe 
timer may be mechanical, electromagnetic, or eec- 
tronic.*’®'® Most designs determine only the period o 
time during which the welding current flows. A few con¬ 
trol the mterval of time between welds as well as the 
welding period. 

Four Independent Timing Periods Required 

Recent experience has made clear that the factor of time 
in the weld has 4 component parts. For purpose of identi¬ 
fication these have been named “delay,” “weld, hold, 
and “off.” 

The “delay” period is the interval required between the 
operation of the solenoid valve and the application of 


Figure 1. Ther¬ 
mal gradient chart 
showing distribu¬ 
tion of heat in 
weld 




THERMAL UNITS 


power. Two conditions may result from insuflflcient time 
delay. If the electrodes are energized before tliey touch 
the work a “flash” will result, leaving the surface of the 
work mutilated and the electrodes damaged. If the elec¬ 
trodes are closed but are under insufficient pressure when 
power is applied, the wdd will appear to be satisfactory 
but it will not hold. Reference to the thermal gradient 
chart (figure 1) will make dear that heat is generated at 3 
points in the secondary circuit. If the pressure on the 
work is low when the transformer is energized, the heat 
generated at points A and C will be large compared to that 
generated at B. The surfaces of the work will be burned 
before the temperature at point B is raised to the fusion 
point. 

Some manufacturers of welding equipment have recog¬ 
nized the need for Obtaining a sufficient amount of pressure 

A paper recommended for publication by the AIBS committee on electric 
wddi^. Manuscript submitted July 6, 1987; released for publicatipn Jttly 82, 
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on the electrodes within the 
shortest possible time and to 
this end have designed tools 
with favorable operating 
characteristics. Short 
strokes, large ports, and op¬ 
erating valves mounted as 
close to the tool as possible 
are essential. At least one 
automobile body manufac¬ 
turer speeded up production 
by designing a solenoid 
valve in the handle of the 
tool itself, thereby eliminat¬ 
ing the delay involved in 
building up pressure in the 
line between the valve and 
the tool. 

A pressure switch is ordi¬ 
narily connected in the air 
line in such a manner that 
the contacts of the switch 


close when the pressure on 
Figure 2. Profile view of the operating piston has 
high-speed magretic con- reached the desired value. 

tactor The closing of the switch 

initiates the remainder of 


least 6 feet in length. Then, too, high-grade body stock is 
not usually subject to scale, rust, or other imperfections 
which materially influence the resistance of the weld. 
Changes in resistance of the weld affect results because of 
the presence of the resistance factor in the heat equation. 
Even accurate compensation for minor current changes 
would not alter this condition. 

The shortest timing period practical when magnetic 
contactors are used to interrupt the primary of the welder 
transformer is between 2 and 3 cycles. There are 3 limi¬ 
tations. The so-called high-speed welder contactor re¬ 
quires slightly less than a cycle to close after the operating 
coil has been energized, and a little more than a cycle to 
open after it has been de-energized. If a contactor, when 
once closed, remains so for over a cycle, it cannot be used 
to energize a transformer for a period of time less than this 
amount. In fact, a longer period of time should be allowed 
to insure that the pole pieces of the magnet seal eacli opera¬ 
tion. Otherwise, extremely erratic performance will re¬ 
sult. 

Secondly, magnetizing cmrrent transients®*’^ which result 
when the transformer is energized at the zero point of the 
voltage wave, cause wide variations in results if shortened 
timing periods are used. One welder application studied 
had peak primary currents of 217 and 1,030 amperes, 
respectively, on 2 consecutive spot welds. Without a 
doubt, this case is extreme but it serves to illustrate a 


theweldingcycle. Although 
satisfactory for most applications, the pressure switch has 
been eliminated from stitch-welder control. It represents 
an additional delay in the time required for the pressure to 
build up and exhaust in the line between the tool and the 
switch. Also, experience has determined that pressure 
switches will close prematurely because of turbulent air 
conditions, “slugs” of water in the line or because the 
electrodes are called upon to force together 2 or more pieces 
of work which have been formed improperly and do not fit 
perfectly. The solution of the problem lies in including in 
the control means for providing a definite time delay be¬ 
tween the operation of the valve controlling the electrodes 
and the appHcation of power. This period must be adjus¬ 
table to compensate for the difference in the design of 
tools and the idiosyncrasies of the installation. 


Much has been said about the ‘ ‘weld’ ’ time in other pub¬ 
lished information.®*-**®*® It is sufficient to point out that 
in the interest of high-speed production and improved 
welds, this period has been continually shortened until 5- 
cyde welds (60-cycle frequency) are considered average in 
industries using sheet metal ranging in thickness from 12 
to 22 gauge. Shortened timing periods give less titnp for 
the heat generated in the weld to be conducted to the sur¬ 
face of the metal, thereby defacing or deforming the work. 

In general, “fixed” timing is used. There is Httle need 
for “current responsive” timing which, in one manner or 
another, compensates for variations in the wdding cur¬ 
rent.® The value of this current is essentiaUy predeter- 
rmned by the secondary voltage and the short-circuited 
unpedance of the secondary circuit. The resistance of the 
weld Itself has little effect on the impedance of the circuit 
formed by a pair of electrodes at the end of 2 cables at 


limiting factor in shortened weld periods. The transient 
currents contribute to a lowered secondary voltage and a 
‘cold” spot is the result. Fortunately, such transients 
die out along an exponential curve with a very steep char¬ 
acteristic, and they are effective for only one or 2 cycles. 

Finally, a magnetic contactor will not respond ac¬ 
curately to a given electrical impulse unless that impulse 
begins each operation at the same point on the reference 
voltage wave. Otherwise, the transient in the operating 
coil may cause the contactor to fail to respond. 

One solution to the transient problem is the use of a con¬ 
trol device having electronic tubes as interrupters instead 
of magnetic contactors. • The point at which the circuit 


Figure 3. Me¬ 
chanical high¬ 
speed resistance- 
welder ,.* control 
unit -ife;.. I 
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is made and broken can then be controlled. The use of 
such complicated and e:q)ensive control equipment is not 
necessary when ordinary ferrous metals are being welded 
because the plastic range of the metal is wide enough to 
absorb reasonable variations in control. The timing 
period can be lengthened, to 3 or more cycles to make the 
variations small when compared to the total. 

The design of a magnetic contactor which will consist¬ 
ently perform at the rate of 350 or more operations per 
minute and will have the operating characteristics needed 
for short timing is a problem in itself. Long mechanical 
life, immediate interruption of the arc, rapidoperation.and 
accessibility are imperative. The high-speed heavy-duty 
welder contactor illustrated (figure 2) has knife edge bear¬ 
ings (1); short gap (2); strong blowout coil and large 
copper contacts with gap adjustment (3). 

The “hold” time is the interval least discussed in the 
timing cycle and yet is one of the most importance. Until 
recently, it was general practice to de-energize the oper¬ 
ating coils of the welding contactor and the solenoid valve 
at the same instant. It was assumed that the welding 
contactor would open before the electrodes parted. Such 
practice was effective for as long as tools were sluggish and 
exhaust lines restricted. Modem tools, with valve in the 
handle, open as fast or faster than the welding contactor, 
making a predetermined “hold” time necessary. 

When tlie electrodes are allowed to remain on the work 
a period of time after the power is off, the appearance of the 
weld is improved. The water-cooled electrodes conduct 
away tlie heat as it comes to the surface, thereby prevent¬ 
ing abnormal discoloration. A weld allowed to cool under 
pressure also has finer grain stmcture and greater strength. 

Two additional advantages of “hold” time have made 
themselves apparent in the automobile industry. Welds 
made on pieces of work not properly fitted together are 
prevented from breaking open before the weld is cooled 
below the plastic stage and heat is prevented from travel¬ 
ing ahead of the spot being welded. The electrodes of the 
tool are apt to stick to the surfaces of work made plastic by 
heat from a weld immediately adjacent. 

The “off” period needs little discussion. When repeat 
operation is desired, the operator continues to hold dovm 
the momentary contact push button in the handle of Ae 
tool and the timing device regulates the period dunng 
which the electrodes remain open before the cycle is re¬ 
peated. The minimum “off” time is determined by the 
interval required to open the gun and the delay involved 



Fisure 4. Cross- 
sectional view of 
time-delay unit 


Fisure 5. Graphical representation of 
control adjustments 


P in moving the tool to a point at which 
the next weld is to be made. 

J Descriptioii of Control Unit 

2-1 -The need for separately adjustable 

timiTig periods is dear. To obtain 
tlipm without seriously complicating 
the control device has presented a prob- 
lem. One solution is illustrated in 
figures. The nucleus of the device is 

! TR4^ formed by 2 diaphragm-type pneu¬ 

matic time-delay assemblies joined by 
•TR2 of a rod upon which a, sdies of 

■joFF contacts is mounted. With the rod 
in its normal position, the top dia¬ 
phragm A of the lower assembly (fig- 
ure 4) is cupped downward, forcing 
the air in the upper chamber down 
through the spring-held release valve B. Lower dia¬ 
phragm C responds to the movement of the top diaplnagm 
the air to the lower chamber and making it un¬ 
necessary to expose the mechanism to the danger of faulty 
operation because of dust or other foreign matter in the 

air surrounding the installation. When force is appUed to 

the contact rod, tending to move it upward, air must be 
drawn into the upper chamber from the lower one. Be¬ 
cause valve B has seated itself the only possible passage is 
regulated by needle valve D. A similar mechanism 
coupled to the upper end of the rod regulates its downward 

The interval off time required for the rod to complete its 
upward stroke must be long enough to include the‘‘delay, 
“weld,” and “hold” periods (figure 5). The “off penod 
is determined by the interval required for the rod’s return 

to its initial position. , j. r 

Once the rod speed has been established, adjustme^ C 
can be regulated to provide spacing between contacte TI12 
and TRZ and obtain the “weld” time needed, f ' 
ment D proportions the “dday” 
meet the requirements of the application, 
time is not changed by this adjustment inasmuch as con¬ 
tacts TR2 and TRZ are moved the same amount. 

Schematic Diagram of Circuit 

Figure 6 is a schematic diagram of the electrical con- 
nectiras used. Closing the push button enagi^es wnixol 
relay CRl which in tom appKes ^wer to 
and the operating coil of control relay CR2. relay 

energizes L solenoid operated 4 -way valve which ap^ 
air to the tool and also connects the operatmgcofi of tmi- 
ine relay TRl to the line. The armature of the tong re- 
. lay ma^et doses instantly, compr^ a 
I awhea force to the intact rod, Tnmng rs, therefore, 

I independent of voltage. . 
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During the upward travel 
of the rod, contact 77?! is 
opened first, disconnecting 
the pole of relay CRl which 
functions from the push 
button. Operation con¬ 
tinues because relay CJR2 
has formed its own main¬ 
taining circuit. Later in 
the rod travel contact TR3 
closes, energizing relay CR3 
which in closing energizes 
the magnetic contactor that 
applies power to the ma¬ 
chine. Still later contact 
TR2 opens, dropping out 
relay CR3 and de-energizing 
the welding contactor. The 
pressure on the electrodes 
is not removed until the rod 
reaches the end of its up¬ 
ward travel, opening con¬ 
tact TR4i and de-energizing 
control relay CR2. The 
cycle is not repeated again 
tmtil the rod is returned to 
its initial position, reclosing contact JT?!. 

Features not ordinarily required can be included in the 
control device. The installation of a check valve to close 
^e air-^pply line during the period in which the tool is not 
in use is not di ffic ult. Double action air cylinders are 
ordinarily used to speed up operation and considerable 
leakage occurs in the head end of such cylinders. 

A low-voltage transformer large enough to supply the 
sotoid operating valve can be mounted on the panel. 

It is considered good practice to energize the valve sole¬ 
noid from a low-voltage supply source if it is located in the 
handle of the tool where a ground would endanger the op- 

^tor. To prevent the burning out of the valve solenoid 

if It should lodge in the open position, a thermal protective 
device can be included in the circuit. 

Maintenance is simplified by the use of a separable con¬ 
nector on the panel to make it unnecessary to disconnect 
any wiring if the panel is removed. Panels can be inter- 
anged with minim u m delay and repairs or adjustments 
on the defective unit can be made later in the electrician’s 
shop. 


Figure 7. Repre¬ 
sentation of os¬ 
cillograph screen 
showing method 
of measuring weld 
cycle . 
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Figure 6. Schematic dia¬ 
gram of electrical connections 


its source the voltage drop across the work itself was ap- 
pKed directly to the same set of plates. Horizontal plates 
of the cathode-ray tube were energized from a sweep cir¬ 
cuit which forms a part of the oscillograph. A pattern 
shrdar to that illustrated in figure 7 resulted. Synchro¬ 
nizing contacts on the control device being studied caused 
the image to appear at the same place on the screen 
operation. 

Practical problems in welding were considered and a 
^eoretical solution to each problem was advanced. Ad¬ 
justment of the timing device to meet the specifications 
outlined in the theoretical solution was accomplished with 
the aid of the osciUograph. Samples of materials were 
welded and results checked. In each instance it was de¬ 
termined that satisfactory welds could be made if the 4 
component parts of the welding cycle were properly pro- 
^rtioned. At least 26 installations of the type described 
have been in operation for several months on an automo¬ 
bile-body assembly line. Reports indicate that the con¬ 
clusions reached during laboratory tests were justified. 

Conclusions 


Test Procedure 

_ me infoi^tion contained in this paper has been veri¬ 
fied m a ^es of field tests condneted by one of the large 
antomobde-body manufacturers. A cathode-ray oscillo- 
^ph was u^ to analyze the various components of the 
tnnmg penod previonsly described. The Circuit of the 
olograph TOS arranged to riiow shnultaheously on the 
vi^g_s«^ 4 elements of the TCld cycle. To accom¬ 
plish ^ the a-c voltage appUed to the solenoid-operated 
^^^™s fed through a rectifier to the verticia plaiS 
of the cathode-ray tube. A second a-c signal havi^ as 

T148; " 


Under laboratory controlled conditions good welds have 
been made at the rate of 600 per , minute. Commercial 
residts ^ depend upon the design of the equipment being 
^ed and the appUcation involved. It is certain, however, 
that good welds will be made at the maximum rate only if 
^ch portion of the welding cycle is accurately and in¬ 
dependently controlled. 

References 


Rp^>y^Resi$iance-Wel^ 







Double-Line-to-Neutral Short Circuit of an Alternator 


By JAMES B. SMITH CORNELIUS N. WEYGANDT 


NONMEMBER AIEE 


ASSOCIATE AIEE 


Starling with R. H. Park’s formulas for the flux linkages of an ideal 
synchronous machine, the case of a fault from 2 line terminals of a 
generator to neutral is treated in a manner similar to that used by 
Doherty and Nickle for other unsymmetrical faults. Expressions are 
given for the armature currents in the faulted phases and for the main 
field current, at any time after the short circuit. An expression for the 
voltage across the open phase a short time after the fault is also developed. 


Introduction 

I 

T he problem of short circuits at the terminals of : 
S3nichronous machines is one that has been studied 
extensively for a number of years. R. H. Park' has 
given a rigorous solution of the 3-phase symmetrical fault, 
and Doherty and Nickle* have developed expressions for 
the currents flowing during single-phase short circuits 
both between lines and from line to neutral which give ex¬ 
cellent checks with experimental results. The present 
paper derives similar expressions for currents flowing in a 
machine when 2 lines are faulted to neutral. Park s^ for¬ 
mulas for the armature and field flux linkages of an ideal 
synchronous machine are used as a starting point. They 
are simplified by the additional assumption that ^ re¬ 
sistances are negligible. Decrement factors are applied to 
the resulting expressions for current and voltage in a man¬ 
ner analogous to that used by Doherty and Nickle. The 
final formulas are found to give results which are in good 
agreement with experiment. 

The basic assumptions made in the treatment of this 

problem are: 

1. The assumptions made by R. H. Park in his definition of an 
ideal synchronous machine.® 

2. That the resistances of all field and armature circuits are negli¬ 
gible except where they appear in decrement factors. 

3. That the speed of the rotor is constant at all times. 

The second assumption is equivalent to saying that the 
flux linkages in both the direct and quadrature axes re¬ 
main constant, that is, the effects of the terms ph and 
PP of reference 1 are neglected. If this assumption were 
strictly adhered to, the initial values of the currents ^ 
dven by equations 11 would persist indefimtely. We 
know, however, that if assumption 2 were not made the 
fluxes and consequently the currents would de(^ease ac¬ 
cording to cdtai n decrement factors obtained from the 
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roots of a determinantal equation arising in the solution 
of equations 11, 12, arid 13 of reference 1. Since in the 
p RSp of a dpuble-line-to-neutral fault this equation cannot 
be solved algebraically these decrement factors are ob¬ 
tained approximately and applied to the appropriate terms 
of equations 11. This treatment should not produce much 
error unlpRs either the decrement factor of some circuit 
or the armature circuit resistance is large. 

The third assumption should not introduce mudi error 
except in the case of a machine with a small moment of 
inertia which might dow down appreciably at the instant 
of short circuit. 

The machine is considered to have 2 field circuits in the 
direct axis, referred to as the main and the additional 
field. In the quadrature axis there is no main field, so 
only additional (amortisseur) field is present. Direct 
current excitation is applied only in the main field. 

The short circuit is assumed to occur directly at the 
terminals of the machine at a time when it is carrying no 
load. If the short circuit occurred through external re¬ 
actance this reactance could be added to the direct- and 
quadrature-axis reactances and the sums used in equations 
35. If there is much external resistance the equations of 
fbiR paper cannot be used because of assumption 2. 

System of Units 

All quantities said to be in armature terms are in a per- 
unit system based on the following normal values: 

e,i = rated phase voltage of the machine in volts 
in — rated phase current in amperes 

^ ^ normal reactance or resistance in ohms 

_ 2‘nfn ■s'normal angular velocity in radians corresponding to a 

normal frequency of/» cycles 
ir 

—S ss normal inductance in henrys 

Ufi 

tPn = Lnin = normal flux linkages in volt seconds 

The term ‘ ‘per unit’ ’ means that the quantity in question 
is expressed as a fraction of the appropriate normal value. 

; Note that at normal frequency per-unit reactance equals 
per-unit inductance. The symbol a as used in the paper 
can therefore be thought of as either an inductance or a 
! reactance, whichever is most convenient. 

For reasons that will be brought out later it is sometimes 

1 convenient to express quantities in field terns. Quanti¬ 
ties said to be in main field terms have the foUowmg nor- 

r mal values: 


voltage in volts which if connected to mam fidd 
terminals iirill cause normal field current to flow 
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where Park | 

Rfd - per-unit resistance of the main field in armature terms linkages: 

“ per-unit mutual inductance of the armature with the main 

field in armature terms = Id co 


Park gives the following formulas for armature flux 


r 

■‘/« “ ~ “ normal main-field current, that is main-field current 

which will produce rated terminal voltage on open 
circuit 


Rfn — . Rfd — normal main-field resistance 

tti 


Quantities said to be on additional field terms are based 
on similarly defined normal values except that the sub¬ 
script/ is replaced by one. 

To change a per-unit quantity from one system to an¬ 
other simply multiply the per-unit quantity in the old 
S 3 ^tem by the ratio of its normal value in the old system 
to its normal value in the new system. Thus for example: 


lAfl “ d — Ig sin B — — + ic) ~~ 


-h i^\ Xd-Xg,. 

—J- ^ j - ^ kcos20 -f 

ib cos (20 -120) +4 cos (2d 120) ] (la) 

^6 = Id cos (0 - 120) - /jsin (d - 120) - 


.. Xd + 

g (»fl + «6 + «c)-^ 




Xd — Xg 


I = Ifd X — — Xafdifd 

■‘fn 

where: 

/ = main-field current in main-field terms, direct axis 

/jB = main-field current in armature terms, direct axis 

Development 
of General Equations 


[ta COS (2d - 120) -I- tb cos (2d + 120) -f- ic cos 2d] (lb) 
cos (d -I- 120) - /gsin(d -f-120) - 

??/•.• I I Xd+X, f, *o+4 \ 

3 - 3 -i- ) - 

^ [ta COS (2d -]-120) -]- ib cos 2d -f ig cos (2d — 120) j (Ic) 

When the assumption is made that r = 0, equations 
and 5 of reference 1 become: 

Id =* B + (xd — Xd'')id (2) 

Iq (Xg — Xg'')if 

where 

2 

- g K COS d -I- it, cos (d - 120) + ig cos (d + 120) ] (4) 

2 


‘ + + 120)1 (5) 

fa. fb, = armature phase flux linkages in phases a, b, and c the per-unit systems used 

*a.ib, ic = armature phase currents in phases o, i, and c E = e 

Xd , Xd\Xd = subtr^ient, transient, and synchronous reactances in 

f , the direct axis After substituting equations 2 to 6 into ennntionc i 

Xq.Xg, Xg = subtransient, transient, and synchronous reactances there results: ^ ^ ^ 

in the quadrature axis ’ ' 

*0 = zero-sequence reactance ^ r r / . \ 

0 = angular position of the rotor in degrees measured from the axis ^os d - (t„ + ^ -|- Q _ ^ _ *jL±iA _ 

of phase a ^ 3 \ 2' y 


e = open-circuit terminal voltage for one phase - x/ . 

r = resistance of one armature phase 3 “ ^20) -f ig cos (2d -f 120) j (7a) 


Let the following symbols represent per-unit quantities in « cos (d - 120 ) - ^ (i^ i- t, + ,•) _ \ 

mam field terms: 3-3 I ** ^ J 


Xd" — %*' 


I - current in main add, direct aids 3 - 120) + ». cos (29 + 120) +1, cos 20) | (?b) 

E - exdtation wltagc in main add, direct ads. It is also nnmeri- 

S ZS L + 120) - 2 (,„+,,+1.) - ^ 

^ 3 

symbols represent per-unit quantities in — 7 "'' [4 cos ( 2 d -|- 120 ) -}- 4 cos 2 d + ig 
additional field terms: 


Xd" - Xg" 


r‘~ 2 -j- 


g [ia cos (2d H- 120) 4- 4 cos 2d -f 4 cos (2d — 120) ] (7c) 


-current in additional add direct axis “igiilar^ position of tte rotor at the last 

fn - cutient in additional add,' quadrature axis Ore short circuit, then at that instant 

=* e cos do 

It is ^ ^nvenient to talk about the total excitation due 120 ) ( 8 ) 

to all fields in an axis. In terms of the above defined (do-f 120 ) 

quantities there is: “wove aenned 

smce because of our assumption that the armature resist- 

■ru -7 + /u. - cxcitatlonindirectaxis 

f« - fa - excitation in quadrature axis ***« >™ltages after the short circnit. When 

equations 7a, 7&, 7c, and 8 are combined and solved for 
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t„ and if, under the special condition for a double-line-to- 
ntutral fault, % = 0, there results; 

1 t " + Xa*) [cos (e — 30) - cos (flo - 30) ] , 

“ i - D -+ 

(x/ - y/) [cos (2fl - Oo - 30) - cos (g - 30) ] 


Agtt = —4cos ((?o + 30) 


~ CO n 

6 * cos » 

-n«2 


(fl+30) + 


ca W —1 

= 2(1 + 6) ^ b ^ cosn (ff + 30) 
n“l 


2a;o[cos(g + 30) — cos (flp + 30)] 
D 


1 « ( (JCd" - [cos (0 - 90) - cos (do-90) ] , 

n = 2 V 3 e j ^ ^ 

(xg" — aTg*) [cos (2d — dp — 90) — cos (0 — 90)] _ 
D 

2xo [cos (d + 30) — c o s (dp + 30) ] 
D 


(9a) Bep = - 2 cos (dp - 90) ^ b cos » (d + 30) + “ J 

OB » —1 

Bap = -j {l+b)^b ^ cosnie + 30) + 

n*»l 

00 « —1* 

6) ^^6 * sm«C9+30) 


I (9b) 


00 »—2 


where 

Z) = x:rf'^3fo + ^af/) + + 

r*/ i +1 */)] “9 (2» + 60) (>») 

It can be seen that each of the phase currents is made up 
of 3 components. Each of these components may be 
expanded into a harmonic series by assuming a Fouri^ 
series and finding tlie appropriate coefficients. When this 
work is carried out there results: 


Ben = + COS (dp + 60) (1 — 6^) ^ ^ b ^ sm» (d + 30) — 

»=»2 

b sin (dp + 60) — 6 sin (dp + 60) — sin (dp + 60) (1 + &*) X 

OB « —2 

^ ^ b ^ cos « (d + 30) 


Bon ~ ~Ba 


*/ ^*0 + -^ ^xo + — sfp'j 

(^Xo + j + ‘^xg" ^*0 + -^ 


where 


•^Xg'' ^*0 + 2 2 *** ) 

= -2cos (dp - 30) 6" cos«(d + 

It 2 


Only odd values of n are to be used in the summations 
Iflji + ^op) + - *«") X ^ _ Qjjg ton — a>. Only even values of n are to be 

{Aen + ^<,«) + Micp(4pp + ^p,)] (lla) used in the summations from w = 2 to » = ca Doherty 

and Nickle have shown in the case of single-phase short 
There is a similar expression for circuits that all d-c and even harmonic teims in the arma¬ 

ture current die to zero according to a time constant de- 
i I y 3 e [Mixg'' + XpOCBop + Bop) + Mixg"' - ««') X pending on constants of the armature. Odd haxmomc 

2 f A JL A (iiv) terms die to a steady state value according to time con- 

iBen + Bon) Mxo{Aeo+ (»)1 ( ) OH Constants of the field circuits. In the 

double-line-to-neutral short there are 3 armature time 
_ constants, one to be used with the even harmonic tei^ of 

7 I \ each of the components of the armature ^ent. Before 

\xg'^ Uo + 2 ) proceeding with the derivation of these time constant it 

^ first be necessary to find an expression for the field 

^ ^ t*'* _L j- —^ current. 


»„ =- VSc (Jlf(3C/ + x/)(^op + Aop) + Mixg" - Xg'') X 
2 


cos «(d + 30) + 


The subscripts indicate that this is the series of even 
harmonics which is multipiied by */ flus »/. 


00 « —1 


= +-jCl +w]2‘ * cos*(9+30) + 


Field Current 

Let the foUo^g symbols represent per-unit quantities 
in armature terms: 


Aon “ "Aop 
September 1937 


cos »(d + 30) + j, a => flnx linkages with the main field 

/ig = flux linkages with the additional field 

" ^ Ifd ^ main-field current 

iVSa-«2j;» sin»(9+30) j.. 

X.. . +cos9,a-3<)_^3 ’ ,^*(9+30)-99.09.- . 

"-T . n.uturi icactancc of ann*tarc mtt^^^^ 

sin dp (1 + &*) 2^ ft cosn (d +30) ^ „ voltage across main-field terminals ; 

« = 2 2?fd = resistance of m^ field _ 

: = resistance of additional field 
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W^ng and Craiy^ have given expressions for the field The current in the additional field is the same except 
K linkages in armature terms. In the main field, direct that the constant term is mifiging r and Aja is replaced by 

t “ + Xfidlid *“ ( 12 ) Equation 24 may be expanded into a set of harmonic 

din the additional field. dii«cta:ds: ^ in a manner similar to that used for equation 9. 


and in the additional field, direct ards: ^m^a^m similar to that used for equation 9 

^id “ ( 13 ) 

before the fault 

\^en + ^9«) Mxo{Ceo + Cqo)] + eM(xa — Xa*) X 
'Pfd — Efit/.R/dXffd (Xfi"xo-i" bxo) 

hd Efi/Rfd Xifd ( 15 J Note that the d-c component is multiplied by its sp( 

Assuming constant flux linkages these four equations 
may be solved simultaneously and there results: ^ equation 25: 

/ a, _ XqigXfid — Xf^fdXiid . « _» 

E/a XudXffd — Xfia* (1®) Cgp = ^ ^ & * cos« (ff + 30) 

r ^ _ ^afdXfid — XqidXffd . 

XudXffi — Xfid* *** (17) e. « 1 

1 n—l 

Equations 16 and 17 can be rewritten in individual " - 2 «s (*• + 80) (1 + j) Vi * cos»(s + 30 ) - 
field terms and there results: »-i 

1 “ «-i 

/ = £ — — XgfdXiid , .. „ —sin (00 + 30) (1 — b") S ^ h ® o,-., ^ fa I tii 

XiidXffd - Xfid* " E + AfoXdid ( 18 ) ^ ” n(0 + 3 ( 

/ as _ XqfilXfi^ — JgflitfXf/a ^ ** ~ 

- Xy^^* ( 19 ) ^ ^ 

If M is multiplied by and 17 by and the result- T 

mg equations are added it is foimd that** r T , ” «~2 

. ^ ^ ‘ cosn(^ + 30)+(!+&*) Y] ft * cos«(«?4.5 

^drdJ>d + Ww =;^^a/d + (xa - % (20) 

^ ^ ®®me as equation 2. Csff'-l- ar.-f i*o) (,« 

time that thelranl^f^L f?'?^ ^ 

we may consider that fOT d-c’traiiOTtex"*' ®'“«tors 

IS and 19 is equal zero TTnd«^ 

H zero. Under these conditions In order to annlv j 

«J trons 4, 9. and 6 there results: ““ reciprocal of the 

. r V® J ~ “’/®^«.i^nt the irftial inst^ 

^d x;g 1 — yt tile initial instant tiiojd- . 

id,-™,.^ 


X^' ^Xa - 


-- W,,.. 

It then becomes: 

5) , 

/ = « + exaAfdlMCxa' + x/)(Cep + Cop) + Mixa" - x/) X 
(Cen + Con) "I" •^*o(Cdo + Coo)] + eM(Xd — Xa') X 

(Xg" + *0 + bxo) (25] 

) Note that the d-c component is multiplied by its special 

g value of A^. 

bi equation 25: 

^ “ / j & * cos « (ff + 30) 

n—2 

I 

1 »-l 

- --^(e^ + ao^a+^^b ‘ co,n(e + 30) - 

»-l 

1 “ «-l 

2 Si"(*. + 30)(,-i)]^S ^ Sin»(a-h3(l) 

n-1 

C$tt =* —Cep 

Con ™ —Cop 

” » 

*“ CP ' ft 2 

«»->(» + 30) +(H-iq £]i~cos,(, +3,q 

" w-2 

C.. - - 2a+»cos(i, + 30) j^i~eos»((-h30) 

nml 

the current in an additional field in the direct 

An “ + *,q(c„ + c^-j + jjf( , - » q V 

(C« -I- CaO -h iifedC* -t- C,)J + _',]q X 

(Xg* -1- Xo -|- bXo) (26)' 


^ + |5£! + 5l |~ l-cos(g .- 

^ n ~ cos (g - g.v*] 

^ L^d~^ + 


^ r+eUO^- + 

f equations 26 and 26. 

^^•^eindi~Shorte«^ 



The field exeitati<.)u due to direct currents flowing in the The average value of the current in the additional field 
additional field in tlie direct axis is: immediately after the fault is, from equation 26: 


eM (x,i' — + -'’u + 


In == eM{xa ~ Xd'')ixg'* + xo + bxo) 


The fraction of the total annattire current dependent Therefore the inductance of the additional field after the 
on this additional field current, that is the subtransient fault is: 

part, is tlien the ratio: / X A 


t I 1 f / >f\/ i I I \ 

1 4" A,/ )(a,;, + A'o 4" 

where f„o is the odd hannouic terms of 4- 

vSiniilarly the fraction of the total annature current de¬ 
pendent on the transient current in tlie main field, that is 
the transient part, is: 


&■) 


1 -i- M(xd — xa")(.Xg'' -h Xa -h bxo) \ X/fu } 

The additional field (subtransient) decrement factor is: 
Xf/iif'uil^ ~h Mjxd X(i )(jCq H~ ~1~ bx^ ] 


Mix,I — 4' -V d -h bx u) 

I -1- 4- Xu + bx,)j 

This leaves for the sustained part: 


" l M(xd -'x?j(x), ¥xi,Tbxy^^ 


t is The even harmonic terms of the armature current are 
grouped into 3 separate series. Each series may be con¬ 
sidered as a current flowing in a closed armature circuit. 

(28) The decrement factor to be used with each series is the 
ratio of the resistance of this circuit to its inductance. 
From an inspection of equation 11 the inductance met by 
the first even harmonic component of armature current is 

(29) j 

_ (.v/+.V)JW' 


I'he same factors of course serve to divide the odd 

harm(»nic tenns 4- The decrement factor for this component is therefore: 

'I'o calculate field time constants for a double-line-to- / » , 

neutral short it is necessary to rely upon some physical 

reasoning rather tlian a strict mathematical derivation. Similarly for the other 2 components: 

When a short circuit of any kind occurs in a machine ^ _ jca'’)Af (33) 

having 2 field circuits in the direct axis, the inductance of 
each field circuit is altered by the fact that there are 2 otlier 

closed circuit.s linking at least part of the flux linked by the xhe final expression for the armature cunrent in phase a 
circuit in question. However, the amortisseur circuit in ^t any instant is: 
most machimrs has such low reactance tliat its d-c com¬ 
ponent of current dies so rapidly that it is nearly zero for = jVgcMlfxrf" + »j')e-^<»>'‘^«p + ix/ - Jc/)e“‘*“'‘‘/lcB + 
most of tlie time Uiat a transient current is flowing in tlie 4- 4- xuAuu) 4- 

main field. Therefore the amortiiseur circuit may be A:'.--"'(2r,Mo,+*,4.,)+K(2r/d.,+ «,d,.)l (35a) 

considered open in calculating the time constant of the 

main field. Under these circumstances the per-nnit self- The current in phase h is: 

inductance of tlie direct axis field circuit is The , t » -« «» 

current flowing in the direct axis before the fault is equal 


to E = <!. vShortly after the fault the average value of 
main field current is, from equation 26: 

/ « (? 4* fMixd Xrf')(**«* + *'o 4” bx^ 


4 - K'^e-^^''\2xg*Bup - XuA^u) - 

KT*^^'\2xg''Bup - Moo) 4* K i2xg''Bup - xodoo) 1 (3Sb) 

The current in the main field is: 


Since tlie flux linkages remain constant the main field in- / = c 4 - eMxaAfaiixa + Xg'')t “<»»‘Cop 4- ixa - !>c«") 6 "^“'‘Co» 4- 
ductance after the fault must be: «o«”““®*C'oo4* ixg* i^xg'Cgp 4*»oC«o) 4- 

^ iC'6-“‘"‘(2a:,*'Csp 4- XuCea) + K i2xg*Ctp 4- afoCeo) ] (3Sc) 

iT^idOS/The current in the additional field is the same except 

that the sustained d-c term is missing, and the transient 
The main field (transient) decrement factor will uien decrement factor a/^ and the factor Af^ 

be the ratio of the main field resistance to the mam field _ replaced by A^. 

inductance. jf becomes infinitely large equations 35 become identi- 

r,M + Ml,. - +«,+to)l <al with the equations developed by Doherty and Niokle 

0 . --— x^"~~ ^ ^ ^ line-to-line fault, as should be expected. 

The self-inductance of the additional field considering the 
main field as a closed circuit is: 

To get an expression for the voltage across the open 
Aiirf •“ YfZ phase the flux linkages can be found by setting 4 0 in 
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Fi = -2 cos ($0 - 60) I cos n(0 + 3O) •+■ - 

I'toe result can then be expanded into a series and decrement L « - a ^ 

factors applied as in the case of the currents and there is; » n 

=== 2 cos (gp - 60) J^nb^ sin » (g + 30) 

■ri^« CVd' + _ 

^ ^ oo 

Xd" + .v«' - 2 .ro A cos (tfo - 60) + sin (tfo - 60) (1 - 6 *) \ ^ ^ 

-^-(.Vrf'- 

sm«(fl + 30) + 

xoixa" - x/) cos (00 + 30)«-^««^F,] ( 35 ) 

CO n—2 

To get the voltage equation 36 may now be differentiated - 60) (l+b^) h ^ cos n (0 -j- atj) 

with respect to time. It is much more convenient to ex- 
pand the functions into Fourier series and then differen- 

PPi = sin (00 


»—2 

A " X 



Figure la. ^=0 

Voltage across 
the open phase 

C"—Current in line h 

£~Voltage of phase 


°» n — % 

I — 60) (1 — b*) y ^ nb ^ cos M (0 -f" 30) -- 
» = 2 


” »—2 

cos ( 00 . - 60) (1 + b^) y ] nb ^ sin « (0 -|- 30) 
» = 2 

o» • «-2 

(l-A*) 2_^b ' 

sin»(0-f-3O) 


«-»2 

^—Current in line a «-2 

D-Main-field cur- ^ + 30) 

rent 

f Neutral current Steady-State Currents and Voltages 

From equations 35 the sustained line currents are; 


hi - V^eMK (2x/Aop + avIoo) 
*6 = - V^aJfcfii: (2a:/3op - xoA„) 


(38) 

(39) 

(40) 


tiate them term by term ti • j current is their sum; 

<terivative of Substituting for and B., their values: 

■rae final expression for the voltase across the v .i, — i 

« short too after a double-linelneu^ feXl: + 30 ) 

(3*. •' (#^i+ _ From equation 37 the s t - j 

-•F,) + 3x.vji:p/r, + _ phase is: the open 

«fFi} -—2 t~°anU4}F E< V »-i 

, 4 - a«„Fa) - " “3 ejlOra:/a:o(l - M V' 

(T ot cos«(0^.3O) /42) 

the toot-mean-“^“"^-,“ * then 

^ ®i''stions41 and42areeoual ^”<=tions in 

F. = sta«(j+30, toot-mean-square Values fe ' the ratio of the 

Vo 

. . 7“ * *o' ■ ■ ■ ■ ' ■■' ^ 

■ ■•'iv 


■ °° ^ *-1 ■ ' ^ 

- ~{1 -ft) y^r 2 

cos»(g4,3o) 

^ ^ »|>S| I ■ 


im 


measuringX'*^*^ 

Circuit n 



Comparisons of Calculated and Test Results 

In order to check equations 35 and 37, osdUograms were 
taken of a number of short circuits on 2 different machines. 
Figure \a is a typical oscillogram taken on the following 
machine: General Electric Company, 45 kva, t)rpe ATB, 
form P.B., frame 7,621, 118 amperes, 220 volts, 60 cycles, 
1,200 rpm, serial number 302,689. The constants of this 
machine in per-unit on a 220-volt 118-ampere base are: 

= 0.9 

xa' = 0.241 

x/ = 0.220 

Too' = 339 

Xg = Xg* ^ Xg^ — 0.470 
Xo = 0.07 
r « 0.033 
Td/ = 7.6 

The amortisseur winding of the machine had been re¬ 
moved. 

Figure 16 shows curves calculated from equations 35 and 
37. The armature currents cheek very closely, especially 
in the first cycle where there is no difference of more than 
8 per cent. The calculated curve of the field current 


Figure 1b. 6=0 

/—From equation 
37 

C—From equation 
35b 



£—e sin 6 
B —From 

D —From 


equation 

35a 

equation 

35c 


f—From equations 
35 a and 35b 


In order to find the largest possible value of current that 
can occur plots of both 4 and % were made for a number of 
different valus of dg. These plots showed that the largest 
peak of ia occurred very near the point where 6^ — 0° and 
do = 180°. For 4 the largest peak occurred near do = 90° 
Bnde = 270°. 

When these values are substituted in equations 9 there 
is: 

. ^ 6 e(«g* + xq ) 

3xa''xo + Xg^xo + 2xd''xg'' 

^ 2V5e(2xg>-F^o) 

* + 3iCg‘'a:o-f 2*^%' ^ 

These values do not give quite the theoretical maximum 
values of equations 9, but since actually we should con¬ 
sider the decrements as well, these eaqpressions, are close 
enough and have the advantage of being relatively simple. 
In table I values of ciurrent calculated from equations 43 
and 44 for the machine described and another similar 
machine are compared with the largest peaks for other 
types of faults calculated from analogous expressions. 
For line-to-neutral® fault: 

(45) 

For line-to-line fault: 

V3c . . 

ta “ - 7 

xa 

For 3-phase fault: 

(«) 

xa" 

Table! 





Machine 


Type of Fault 

Current 

I 


n 

in 


.11.8.. 


. .14.2 

/ 1 


. 7.9.. 


. .10.0 

1 i / 


. 9.1.. 


. .11.5 



.......11.4.. 


.. 14.0 

1 -1 - n....... 


.10.7.. 


.. 13.0 


shows too large a percentage of harmonics. This can be 
partly explained by the fact that in the actual calculation 
A fa was computed from equation 22 because all the con¬ 
stants in equation 18 were not available. All of the cal¬ 
culated curves show too large a percentage of even har¬ 
monics in armature quantities and odd harmonics in the 
field current, especially after the first cycle. This indi¬ 
cates that the values of the armature decrement factors as 
calculated from equations 32,33, and 34 are somewhat too 
small. The short circuits were aU made at normal voltage, 
so that saturation of the iron undoubtedly affected the test 
curves. The constants used in the calculations were meas¬ 
ured under unsaturated conditions. 


The table shows that for 2 t 3 rpical machines the theoreti¬ 
cal peak value of the line current in a double line-to- 
neutral fault is of about the same order of magnitude as 
that in a line-to-neutral fault. 
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Flywheels for A-C Generating Units 


By F. K. BRAINARD 

MEMBER AIEE 


S O MUCH has been written on the subject of fl3nvheels 
and parallel operation of generating units, that the 
object of this paper is not to attempt to develop any 
entirely new method of flywheel calculation, but rather 
to collect and apply the available information and put 
it into conv^ent shape for practical use. The considera¬ 
tion of torsional vibrations in coimection with the deter¬ 
mination of flywheel sizes is frequently of the greatest 
importance, especially in the case of large multicylindered 
oil engines, and should not be overlooked. However it is 
beyond the scope of this paper and so will not be con¬ 
sidered here. 

In addition to the above, there are 3 quite distinct con- 
dibons whi(^ the flywheel of a proposed unit must satisfy. 

The first is the very obvious condition that it must be 
large enough to prevent objectionable variations in fre- 
quMcy (and voltage) when the unit is the only generating 
unit on the sptem. Failure to provide for this will re- • 
suit m objectionable flickering of lighting handled by tbe ' 

7^ations may be (a) the resiflt of 1 
^olent changes m load combined with a somewhat slug- ^ 

of « tlie ratio ^ 

of the kmetic energy of the rotating parts to the rated 
out^toftheunit. ThiswmbethetoereqSrS by^ “ 

^twto^ting at full load to develop energy LmI 
^been used for nrany years. If this thne is in seco^ t 


It is the variation in speed expressed as a fraction of 
normal speed, during a power cycle, the load being assumed 
cons^t, e.g., an irregularity factor of V200 means a varia¬ 
tion m speed of 0.5 per cent during one revolution of a 2- 
cycle ^gine or 2 revolutions of a 4-cycle engine. It can 
be e^ily shown that the following is a very close approxi¬ 
mation for flywheel effect in terms of irregularity factor: 

— 130 iw Z y ^ 

(tpm\*^Ai (2) 


/rpmy 

\iooJ 


Permi^ible values of irregularity factor depend upon the 
ch^ of the load sarvnd and the frequm<y of L Z 
cai^g the variations in speed, i.e., the number 
rf po^nnpul^ per nmute. For a misceUaneous fac 
toy oadm which good lighting is not important an 
egulanty factor of ‘/mi will usually be satisfactory 
However smce office or residence fighting is clrr,r.^ 

mament lamps are used so generally, it is practicallv al¬ 
ways necessary to make the irregularity factor low enough 
to aimid serious ffictering of ich tops. TrSe 

to^^th ^ “ objLonable flicker 

™”®s mtt the frequeniy of the variation, beina- a mavi 

mum at about 600 cycles per minute. Th^aSwe d^l' 

^somewhat conflicting but it would seem thft to fof 
lowmg are reasonable values of irregularity 


Frequency of impulses 
in cycles per minute 


/rpm\* 

\mj W 

^“ofStoV^ tHe herTl^^^o^ 

^Por other appSons 
TOto IS aware, never the 

would seem that it might be in although it 

cylinder steam engine! the case of certain multi- 

. # condition is important in « .c 

^ units, on acoo^^the ‘^Ptoat- 

*’’*^*<1 by to airine for tnmmg effort 

•toivenient criterion to this 
“irregu laris facto." Tto um S ^ 

— ■ - -of this rs also very oU 


■ 100 . 

300. 

600.. 

700.. 

1,000 .” ■ ■ 


... 1/125 
•..1/176 
...1/226 
...1/176 
...1/126 


(see figure anrf certain areas 
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pressor factor” as standardized by the National Electrical 
Manufacturer’s Association. The expression for WR^ in 
terms of C is: 



The limiting values of C can be determined from the tan¬ 
gential effort diagram of the engine as follows: Calculate 
the CY {Y = power pulsation of generator) curve by first 
assuming a reasonable unbalance between cylinders. 
vSince the operation of internal combustion engines is 
somewhat irregular the amount of unbalance is largely a 
matter of judgment and hence the CY curves cannot be 
calculated witli the same accuracy as, for instance, com¬ 
pressor curve.s are calculated. For this reason and also 
because the fiywheels arc relatively large (which results 
ill the elTect of damping being relatively small) the damp¬ 
ing can usually be neglected entirely. This results in a 
considerable simplification of the equations as follows:** 
For a 2“cycle engine 


The third condition is that the flywheel must be suitable 
for parallel operation of the unit with certain particular 
units whose characteristics are known. A simple method 
of checking this after the other conditions are satisfied is 
to compute the natural frequency F of each of the units 
with an infinite system using the AIEE formula: 

rpm ^ 

Then if these natural frequencies are all well below the 
lowest forced frequency, say 20 per cent below, tlie 
operation will be satisfactory. This is because tlie com¬ 
bined natiural frequencies of any combination of units is 
always between the natural frequencies of the individual 
units on an infinite system. However if the lowest 
forced frequency of one of the units is below the natural 
frequency of another unit, the combined natural frequen¬ 
cies of all combinations should be calculated and care 
taken to see that none of the forced and natural fre¬ 
quencies are dangerously close to each other. 

The expression for combined natural frequency^ of 2 
units is 


P.. iniH- Yj; 


and for a -l-cycle engine 
p « l(«) d- ^ sin («w/ + 4>h) 

Then after having analyzed the tangential effort curve 
and detennined the coefTicicnts in the Fourier series 
repre.senting the same, the procedure is to select a value 
of C and calculate the curve of P from / = 0 to / * 27r, i.e., 
over one power cycle which will be one revolution for a 
2-cycle engine or 2 revolutions for a 4-cycle engine. Then 
y will be the maximum difference in the ordinates of this 
curve and the re.sult one point on the CY curve. Repeat 
for different values of C until sufficient points are obtained 
to set limits of C corresponding to the power pulsation 
desired. 

The following are approximate values of C based upon 
06 per cent power pulsation and 10 per cent unbalance, for 
oil engines: 


ITufflbor of 

Cyliadort 

0 

8-CyeIe 

Sldiilo-Actlar 

4-Cyclo 

Singlo-Actlag 













It 

, , , 8,8 ta d-C or IS.Sorover.. 


« . 

.. ] . 3.0 to 0.0 or 12.6 or over....... 



/ . /rpmA* _ WRi* 

„ 35,200 ^ Prf 1 + ( ) X 

i IjlL y Vrpni2/ WRi^ 

rpmi W WRx^ -S- 

^ 1 +“ 


and in the case of 3 units, the expression is 
Pl-i and s = 9. 




Nx 


where 


Pr\f 

c, « 4.22 X 10» 7 -^, 
(rpraO* 


[ P P PnPn n 

(rpmi)*(rpmi,)*l^i« 2 * (rpmx)»(rpm,)* TO*] 

ex « 7.85 X l<^“/“[(rpm,)*(rpm,)»(rpm,)* TO* TO*] 

‘ ^ \rpmi/ \rpmi/ 

■ /rpra«V . 

iVi " ( --1 + ^81-) 

\rpmi/ \rpmi/ 

Subscripts 1, 2, and 3 refer to units 1, 2, and 3 respec¬ 
tively. 

For ft, dt, and ft interchange subscripts 1 and 2 in expressions for 


The above values must not however be considered as 
final since as mentioned above they cannot be calculated 
with as mucdi jprecision as would be desirable. Al^ the 
permissible values depend upon the maintenance of the 
engine. Hence the limits will have to be determined 
ultimately by experience, and so the above tabk must 
be considered as empirical and subject to some variation. 

8. For all nuinbered refwcncei, s«« H«t at end of paper. 


ft, di, and ft, respectively. 

For ft, d$, and ft interchange subscripts 1 and 3 in expressions for 
ft, di, and ft, respectively. 

It is sometimes assumed that parallel operation is 
always a more severe condition than operating alone and 
that if the flywheel is satisfactory from the former stend- 
point it will also be satisfactory from the latter. A f^w 
trials using equations 2 and 3 will show the fallacy of this, 
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> A2= MAXIMUM ALGEBRAIC SUM OF AREAS 
ABOVE AND BELOW MEAN 


K-ONE REVOLUTION->j -- 

Aj=area below mean for one revolution 

Figure 1. Tangential effort diagram 

since sometimes it is one and sometimes the other which 
requires the greater flywheel effect. It is interesting to 
note that according to equation 1 the flywheel effect 
vanes inrersely as the square of the speed, according to 

equationflin^rsely as the cube of the speed,and accordtag 

to equabon 3 mversely as the fourth power of the speed 
^ce the hmitmg feature depends to a considerable ex¬ 
tent upon the speed of the unit Also from equation 3 
It IS ^ that toe flywheel effect necessary on account of 
^rallel operation varies directly with the frequency of 
the ^tem. Hence paraflel operation is relatively ^ess 
m^^nt, and operation alone (wHch means irregrflarity 
factor) more important on 25 cycles than on 60 cy^ ^ 


Appendix I. Symbols 


= time in seconds required by the unit when operating at full 
load to develop energy equal to the kinetic energy of the 
rotor at full speed. This is equal to the commonly accepted 
inertia constant K divided by rated power factor 
1 — rated speed in revolutions per minute 

= irregularity factor = ratio of inaximuni variation in speed 
during a power cycle to normal speed 
= area in tangential effort diagram below mean for one mw- 
lution 

= maximum algebraic sum of small areas in tangential effort 
diagram above and below mean (see figure 1 ) 

= synchronizing power in kilowatts per electrical radian as 
defined in AIEE rules 

= frequency of ssistem in cycles per second 
= engine factor = 9.25 


Hi?* = flywheel effect of unit in fcound-feet^* « 


p = 


Y = 


frequency of oscillation of unit on an infinite system in 
cycles per minute 

= 100 + 2y„sine {nat -f = Fourier analy.sis of tangential 

effort curve, in which 
= order of harmonic 

= amplitude of »th harmonic expre.ssed as a percenlage of 
rated output df unit ^ 

0.1045 n rpm for 2-cycle engines, or 
0.06226 n rpm for 4-cycle engine.s 
' time in seconds 
' phase angle of »th harmonic 

“KPvt of xouerator expressed a., a pereemage ,.f ,l.e 

Mwer pulMdon of generator expressetl as a pereenlaire of 
the ratmg in kilowatts ^ 
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Coupling Between Parallel Earth-Return Circuits 
Under D-C Transient Conditions 

By K. E. GOULD 

ASSOQATE AIEE 


Introduction 

I N TESTS conducted in connection with several d-c 
railway electrifications, the induced voltages recorded 
in paralleling communication circuits at times of short 
circuit on the railway have shown marked divergences 
from values computed on the basis of imiform earth re¬ 
sistivity and a rate of change of earth current determined 
from measurements in trolley and rail circuits. Due to 
the numerous factors which might contribute to these di¬ 
vergences, such as nonuniform division of transient current 
along the tracks and associated return conductors, the 
presence of shielding conductors along or near the right- 
of-way, etc., it was felt that a better understanding of the 
problem of induction under d-c transient conditions could 
be obtained by experimental studies of the transient 
coupling between parallel earth-return circuits, free from 
the effects of shielding conductors, and with concentrated, 
rather than distributed, grounds. The study described 
in this paper was undertaken for, this purpose. 

The locations for the tests were selected to provide a 
reasonably large range of earth resistivity; also, at one 
location it was known that the earth structure departed 
substantially from uniformity. At each of these locations 
d-c transient coupling tests were performed in which 
transient currents, approximately of the form encoimtered 
during faults on d-c railway electrifications, were produced 
in an earth-return circuit, herein referred to as the primary, 
and measurements were made of the resultant voltages 
in earth-return circuits, herein called secondary circuits, 
parallel to and at separations from the primary circuit of 
from 50 or 60 to 2,000 feet. In addition to the d-c tran¬ 
sient tests, me^urements were made at each location of the 
steady state a-c coupling, in magnitude and phase angle, 
over a range of frequencies from 20 or 30 cycles to 3,200 
cycles. From these a-c. measurements the transient 
voltages were computed for a number of cases by evalua¬ 
ting the Fourier integral. The results of the a-c coupling 
tests were useful also in helping to explain, in a general 
way, the departures of the measured transi^t voltages 
from the voltages computed for uniform earth re¬ 
sistivity. 


several representative cases in figures accompanying the 
paper. 

Test Conditions 

Three sets of tests were performed, near Savannah, Ga., 
Macon, Ga., and Jennings, La., respectively. The pri¬ 
mary circuit was nearly straight in each case and was in¬ 
stalled along a telephone line. The length of the primary 
circuit was 5.65 miles, 9.3 miles, and 4.7 miles at the re¬ 
spective locations, these lengths being great enough that 
end effects were not large even imder the d-c transient 
conditions. The secondary circuits, 4,200 feet in length, 
were laid out parallel to and near the middle of the primary 
circuit, and at radial separations therefrom of 50 feet 
(Macon) or 60 feet (Savannah and Jennings), 200 feet, 
500 feet, 1,000 feet, and 2,000 feet. 

By means of a 600-volt gasoline-engine-driven d-c 
generator, and with the use of an air-core choke with taps 
giving inductances of roughly 1, Vs* V^ henry, it 
was possible to produce primary currents approximately 
of the form 7(1—e“®*), with a from about 40 to 110 for t in 
seconds, and with 7 somewhat less than 10 amperes. Con*- 
ductors were brought in from each secondary so that the 
voltages produced in the secondaries under transient con¬ 
ditions could be recorded by a movie-type oscillograph, 
on 70-millimeter film moving at a speed of approximately 
7 feet per second. Direct-coupled amplifiers were used 
to obtain the requisite sensitivity for the oscillograph, the 
over-all response of the measuring equipment being nearly 
constant for frequaicies from zero to 4,000 (ycles. The 
rate of change of primary current was recorded, siniul- 
taneously with the secondary voltages, by means of a 
search coil external to and coaxial with the primary choke. 

For the a-c coupling, tests a power amplifier driven by 
a variable frequency oscillator was used to en^gize the 
primary .circuit and the voltages produced in the secondary 
circuits were measured with an a-c potentiometer, so tha.t 
both components of the coupling could be determined. 
The continuity of the telephone conductors on the pole 
line carrying the primary circuit was interrupted during 
both the d-c trmisient tests and the measurements of a-c 


The measured transient voltages and voltages com¬ 
puted (1) from the a-c coupling measurements and (2) on 
the basis of a ui^orm em±h resistivily, are shown for 

A paper recommraded for publication by the AIBB committees on communica¬ 
tion, trahsportatiop, and baac sd^ces. Manuscript submitted June 1, 1987; 
released for publication July 30, 1937. ^ ^ ^ ^ ^ ^ 

K. B. Counp is a member of the tedmical stpff of Uie fiell Telephone Labora- 
t<^es, New Vorlc, N, V. The author wishes to acknowledge the assistance of 
W. L. Gainesi J. Hv I£»rding, and G. Wascheck in obtuning the experimental 
data and of Miss j. D. G<^tz, in supervising the extensive computations re¬ 
quired to compute the transient Voltages from the measured a-c coupling. 
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coupling to eliminate any possible shielding effects from 
these conductors. 

Typical Results 

. In figures 1, tp 6, inclusive, are shown curves ^ected 
from the large amount of data collected as typic^ of t^^^ 
results of this study. The cases chosen for these illus¬ 
trations are those in which the time constant of the pri- 
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Figure 1. Savannah tests—60-foot 
separation/ rate of change of primary 
current approximately 440e“‘*^, am¬ 
peres per second 

Curve A —Measured voltage 
Curve S—Computed voltage for uniform earth 
resistivity of 100 meter-ohms 


Figure 2. Savannah tests—2,000-foot 
separation; rate of change of primary 
current approximately 440e“‘“‘, am¬ 
peres per second 

Curve A —^Measured voltage 
Curve B —Computed voltage for uniform earth 
resistivity of 100 meter-ohms 
Curve C—Computed voltage from a-c cou¬ 
pling measurements 
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Figure 3. Macon tests—50-foot sepa¬ 
ration; rate of change of primary current 
approximately 490e~‘®°‘, amperes per 
second 

Curve A —^Measured voltage 
Curve B Computed voltage for uniform earth 
resistivity of 500 meter-ohms 
Curve C—Computed voltage as for curve B, 
but with ground potentials corresponding to 
resistivity of 1,500 meter-ohms 


mary circuit was most nearly representative for d-c rail- 
, way dectrifications, being about'/«, V», and Vu second 
lor the respective locations. The elosest and widestsepa- 
rations were chosen for examples, and although the ex¬ 
ample of the transient voltage computed from the a-c 

to the case of 

^ 2,000-foot separation alone, the value of the dlustra- 
tons IS not sipiificantly impaired thereby. As explained 

n,.? PaP“. it was not pesible to com- 

pute the tra^ient voltage for the closet separation from 
the a-e couphng measuremets. Figure 1 to 6 iHustrate 



tte fact that with transient earth currents of the type con- 
adered hee, the induced voltage not only decrease witli 
increased separation, as in the steady-state a-c case, but 
also attain their maximum values later. 

Figure 1 shows the measured transient voltage for the 
60-foot separation in the Savannah tests and the computed 
voltage for a uniform earth resistivity of 100 meter-oJims 
using the measured rate of change of primary current! 
This value of earth resistivity, chosen on the basis of tlie 
measured a-c coupling, was found to be about the best 
one as regards over-all agreement between the measured 

Of 

Figure 2, for the 2,000-foot separation in the Savannah 
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Figure 7. Savannah tests; effective 
earth resistivity corresponding to meas¬ 
ured quadrature coupling 



Figure 8. Savannah tests; ratio of 
measured quadrature coupling to quad¬ 
rature coupling for uniform earth resis¬ 
tivity of 100 meter-ohms 



Figure 9. Savannah tests; ratio of 
measured in-phase coupling to in- 
phase coupling for uniform earth resis¬ 
tivity of 100 meter-ohms 


tests, is simUar to figure 1, except that the computed 
voltage from the a-c coupling measurements, using the 
measured rate of change of primary current, has been 
plotted also. 

Figure 3, for the 60-foot separation in the Macon tests, 
is similar to figure 1, except that 2 computed curves are 
shown, one for a uniform earth resistivity of 500 meter- 
ohms, about the best single value which could be chosen, 
and the other for the same resistivity but with the ground 
potentials taken as corresponding to a resistivity of 1,500 
meter-ohms. This was found to result in a fairly good 


Figure 10. Macon 
tests; effective earth 
resistivity corre¬ 
sponding to meas¬ 
ured quadrature 
coupling 



sufliciently accurate results for the cases involved here. 
In the simpler method, which was used to obtain the 
curves in figures 1 to 6 for uniform earth resistivity, the 
transient voltage was computed for a primary circuit in¬ 
finite in length, and to this voltage was added a term equal 
to the product of the primary current and the d-c mutual 
resistance, for uniform earth resistivity, of the actual 
primary and secondary circuits. For the case of an in¬ 
finite length of primary circuit, the simple formal expres¬ 
sion for hit), the voltage produced in the secondary 
circuit by unit step current (0 for t < Q, one ampere for 
i > 0) in the primary circuit, is given by^ 


1 — exp 


volts per kilofoot 


where 


40 60 100 200 400 600 1000 2000 

FREQUENCY 


approximation for the substantial increase observed in the 
effective earth resistivity at the low frequencies. 

Figure 4, for the 2,000-foot separation in the Macon 
teste, is similar to figure 2, except that computed curves 
are shown for the 2 conditions represented in figure 3. 
Figures 3 and 4 illustrate the fact that ground potentials 
were of greater relative importance at ^e wider separa¬ 
tions. 

Figure 6, for the 60-foot separation in the Jennings 
teste, is similar to figure 1, except that an earth resistivity 
of 10 meter-ohms was used for the computed voltage. 
Figure 6, for the 2,000-foot sep^tion, is similar to figure 
2, except for the change noted in the uniform resistivity 
used..^- 

Methods Used in Computing Transient Voltages 

Two meti^ods w^e used in computing the transient 
voltages for uniform earth resistivity, one a rigorous 
method, theother ahapproxirnateandsimpler method giving 


p >= earth resistivity, meter-ohms 
X => separation, feet 
t — time, seconds 

and thus a great part of the labor involved in exact com¬ 
putations for circuits of finite length is avoided. 

A rigorous solution for A(^), for circuits of finite length 
and with uniform earth resistivity, is available,® hit) so 
computed being but little different, in the present cases, 
firom hii) for a primary circuit of infinite length, and only 
for large values of (/). However, for the rigorous method, 
it appeared easier to compute hi() for the finite circuite in¬ 
volve by plotting the in-phase component, «(«), of the 
coupling horn curves based on the mutual impedance 
formulw,^ in the form o(«)/a> and evaluating the Fourier 
integral* numerically, since previous computations made 
this process a simple one. 

The voltage F(0 produced in a secondary circuit by a 
primary current J(0, the rate of change of which is 
is given by one form of the extension theorem® as 


VQ) J hit - \)ri\)dK ; 

: 0 

From this formula, using the measured rate of change of 
primary current, the transient voltage was compute fot 
uiiiform earth resistivily. 

1. , For all number*^ references, see list at end of paper. ■ 
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Figure 11. Macon tests; ratio of .. 

measured quadrature couplins to quad- M«con tests; ratio of 

rature coupling for uniform earth resis- '"-pliase coupling to in-phase 

tivity of 500 meter-ohms coupling for uniform earth resistivity of 

500 meter-ohms 
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Figure 13. Jennings tests; efifectlvc 
earth resistivity corresponding to meas¬ 
ured quadrature coupling 


In computing the transient voltae-es fmtn ; t. 
and quadrature components, u(«) Md 

a-c coupling. o(„)/„ anddi)/,, wLi’plo^^*?^' 
the experimental data and the Fourier to^r ^4 


_ _ 2 ^ ^ 

^ J 03 


sin cat • du 


a(0) + 


00 

if- 


■ COS co/ * 


numericaUy. The measured coupling was 
exriapolated to co = o on the assumption of the mifo^ 
grimly u^ in ^n.puting the transient 
^cIos«t separetion these computations c^not Z 
^ ade wth any significant degree of accuracy Welv be 
^use JM/w did not conyerge with suSnlSa^ 
tio^M“° with mcreasing «, but for the other separS^ 

fnom s 

condirave check of the computations. For 3ul ^ < 
^10 rndhs^nds to 30 milliseconds, the upper ^ it 
afrm *• ^ adopt, it was assumed that [i(t) — 

.f *■ Wien end effects me L 

Correlation of Results ' 

With Measured A-C Coupling ’ 

^ aapatation in the Sayannah r 

aarth’ ffie effert^ f 

Ponent of the 
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Dm wnitM K grounded circuits of finite lengths « 

TOrfd be equal to the measured quadrature couS 

^us^^Se!=^”^r ““d in this connection 

oecause tte effective earth resistivity could be determined 

more satisfactorily from it than from the in-phase com- 

^n^t, although even from the quadrature co4)onent the' 

^e^re res^y^ O^tennined satisfZdy Lt 

resistirir^i:^^:^^ ^or wH^ 

ts eXS tt! ^ conyenient fom fm 

oeimyior of the a-c conplmg. Figure 8 shows the ratio 
e ro.i*r quadrature coupling to the quadrature 

e “jWcorrespondingtoaunifonne^raaisti^^ 

, “ater-ow Figure 9 shows the correspondinrrati"fr 

^ ttem-p^coupling. The fact that the dpSSS^ri^J 

1 ^'®”'^™°ft^a‘^esoffiguras8and9 

g ater than um^, more than offsetting the* smalls 

pu^ voltage foraresmtiyiiy of loometer-ohms was laraer 

reared voltage in the case of the 2,^ 
tCTnftvT^ ?h are considerably less 

aUM uniiy for the entire fteqnency range 

toS "a aiu-flar 

ti^, t>.acomputed“lSfa7S;5:„7^7^: 

tune and smaller at large values of time The 

fcquencies, especially if the earth r^ti^ is ho? ^ 
ow whaeas at ^e values of time the in-pSse coupling 

irages. Thus the above mentioned con- 
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dition regarding computed and measured voltages is seen geneily of the earth caused the transient voltages to de- 
to be consistent with the curves of figures 11 and 12. part considerably from the voltages which would have 
The high ratios shown in figure 12 for the low frequencies occurred with uniform earth resistivity, the computed 
tend to substantiate the pragmatic approximation of voltages from the a-c coupling measurements took the 
taking the ground potentials to correspond to an earth effects of such nonhomogeneity into account fairly ac- 
resistivity of 1,500 meter-ohms. curately. 

Figures 13, 14, and 15, from the Jennings tests, are 
similar to figures 7, 8, and 9, respectively. On the basis of Summary 
figure 13, it would appear that the best single earth resis¬ 
tivity to use in computing the transient voltages would Widely different types of earth structure were indicated 
be some 25 meter-ohms. However, as the computations by the a-c coupling measurements at the 3 locations where 
involving the Fourier integral showed, the in-phase cou- these tests were performed, and by the behavior of the 
pling at the low frequencies is of principal significance writh transient induced voltages. The departures of the meas- 
regard to the maximum values of the transient voltages at ured transient voltages from the values which would have 
wide separations, especially where the earth resistivity is occurred with a uniform earth resistivity could generally 
as low as that indicated here, and an earth resistivity of be correlated satisfactorily with the measured a-c coupling. 
10 meter-ohms is seen, from figure 15, to be more nearly At Savannah, Ga., a value of 100 meter-ohms was found 

to give about the best over-all agreement between the 
measured transient voltages and the voltages computed 
Figure 14. Jen- on the basis of uniform earth resistivity, this value being 
nings tests; ratio of a reasonable one to choose from the standpoint of the 
measured quadra- measured a-c coupling. The voltages computed for this 
ture coupling to uniform resistivity were considerably lower than the 
quadrature cou- measured voltages at the closest separation and, with 
pling for uniform increasing separation, the computed voltages gradually 
earth resistivity of increased in comparison with the measured voltages, until 
10 meter-ohms at the widest separation they were substantially higher 
than the latter. 

At Macon, Ga., the earth structure was apparently 
highly irregular, but with a reasonable value of uniform 
earth resistivity, 500 meter-ohms, as indicated by the 
consistent with this criterion. A resistivity of 10 meter- a-c coupling measurements, the maximum values of the 
ohms was found to result in about as good an over-all computed transient voltages agreed roughly with the 
agreement as could be obtained between the measured mflYitnnm values of the measured voltages. However, 
voltages and voltages computed on the basis of uniform these computed voltages increased more rapidly than did 
earth resistivity. the measured voltages, subsequent to the beginning of the 

As illustrated in figures 5 and 6, the use of an earth transient, and decreased more rapidly after the ma ximum 
resistivity of 10 meter-ohms results in a maximum value values were attained. It was found that the approxima- 
for the computed voltage smaller than the maximum value tion of taking the ground potentials to correspond to a 
of the measured voltage at the closest separation and resistivity of 1,500 meter-ohms improved the agreement 
greater than the maximum value of the measured voltage between these computed voltages and the measured volt- 
at the widest separation. Moreover, the computed ages. This constituted a crude way of taking into accouiit 
voltages increased more slowly than the measured voltages, the large in-phase coupling measured at the low fre- 
subsequent to the beginning of the transient, attained quencies. 

their maYiTniiTn values later, and decreased more slowly at At Jennings, La., the departures of the earth structure 
large values of time. These conditions are consistent with from homogeneity affected seriously the transient induced 
the curves of figures 14 and 15, since (1) for the close voltages, and careful examination of both components 
separations the transient voltages at small values of time of the measured coupling was required to arrive at the 
can be predicted only from the measured quadrature 
coupling at the higher frequencies, whereas at large values 
of time the in-phase coupling at the lower frequencies is of 

most significance and (2) for the wide separations the 
transient voltages are related closely to the behavior of Figure 15. Jen- 
the measured in-phase coupling at low frequencies. . nings tests; ratio of 
The computed voltages for the 2,000-foot separation, measured in-phase 
based bn the measured a-c coupling, be seen from coupling to in¬ 
figures 2, 4, and 6 to agree quite satisfactorily with the phase coupling for 
measured voltages and, although in some cases the agree- uniform earth resis- 
ment was not quite as good as that shown by these ex- tivity of 10 irieter- 
amples, it was found that in cases where the nonhomo- ohms; 
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value of earth resistivity, 10 meter-ohms, to give the best 
over-all agreement between the measured transient volt¬ 
ages and the voltages computed on the basis of uniform 
earth resistivity. Although the measured voltages and 
computed voltages for a resistivity of 10 meter-ohms were 
fairly well in accord as regarded maximum values, the 
wave shapes were considerably different. The computed 
voltages increased more slowly, subsequent to the begin¬ 
ning of the transient, than did the measured voltages, and 
decreased more slowly after the maximum values were at¬ 
tained. 

The transient voltages computed from the measured 
a-c coupling were in satisfactory agreement with the 
measured voltages, indicating that in this method of 


computing transient voltages the effects of nonhomogenei¬ 
ties of the earth were taken into account where such effects 
were of importance. 
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Carbon Brushes for Steel-Mill Equipment 

By W. C KALB 

MEMBER AIEE 


The problems associated with brush application on commuiating-type 
equipment in the iron and steel industry are discussed in relation to type 
of equipment and conditions encountered in service. 

The paper also discusses a newly defined measure of brush per¬ 
formance, termed ”commutation factor,” which provides an improved 
basis for control of the performance characteristics of brushes. 

Mention is made of the development of electrographitic grades having 
mild polishing action, designed to prevent the formation of troublesome 
surface film on commutators exposed to the contaminating atmospheric 
conditions frequently encountered in steel mill applications. 


T he problems associated with brush application in 
the iron and steel industry are fundamentally the 
same as those encountered wherever electrical gen¬ 
erating equipment and motive power are used. How¬ 
ever, service conditions in this particular industry are in 
some respects more severe than those usually encountered 
and, in certain instances, definitely unique. Discussion 
of the problems of bmsli application as related to this 
particular industry would therefore seem to be merited. 

For the purpose of tliis discussion it is convenient to 
divide the types of equipment considered into 3 classes; 
first, industrial-lype motors having shunt characteristics; 
second, series-type motors; third, generators and motors 
of large capacity used on mill drives. The application of 
brushes to slip rings will not be discussed since the number 
so used is small in comparison with those used on com¬ 
mutating equipment and the problems of application es¬ 
sentially the same as in other fields of service. 

Undercutting of commutator mica has become an al¬ 
most universal practice in steel mills. This practice re¬ 
moves the necessity for using brushes possessing decided 
abrasive characteristics. It also constitutes a valid reason 
for avoiding the use of so-called "self lubricating" brushes, 
i.e., brushes which have been impregnated with an oil or 
wax to maintain a film of lubrication on the commutator 
surface. The presence of such material tends to fill the 
slots of an undercut commutator with a conducting deposit 
which increases danger of commutator failure. Nearly 
all grades of brushes now manufactured have some graph¬ 
ite in their composition, either as a component of the 
original mix or imparted later by the process of graphitiza- 
tion. This graphite provides ample lubrication for the 
service conditions under which the brush is ordinarily 
used. 

Industrial type motors of shunt characteristics present 
few serious problems in brush application. Apart from 
greater liability to troubles from conducting or abrasive 
dust and contaminated atmosphere, conditions of service 
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are much the same in steel mills as in other industries. 
Where provision is made to insure cleanliness within the 
motor frame, nonabrasive electrographitic brushes give 
excellent service on this class of equipment. Atmospheric 
contamination of the commutator surface may require 
brushes possessing some cleaning action, the amount de¬ 
pending on local conditions. Under such conditions car- 
bon-g;raphite brushes or special graphite brushes having 
a moderate cleaning action are often used. Because of 
variation in the amount of polishing effect required to 
maintain a clean commutator surface, a brush which works 
well on one motor may not giv^ satisfactory performance 
on an identical motor in another part of the same mill. 
It is not advisable to attempt to offset the presence of 
abrasive or conducting dust by brush selection. The'only 
sure remedy for troubles arising from this source is to pre¬ 
vent the dust entering the motor. This is best accom¬ 
plished by piping clean, outside air to the interior of the 
motor frame. The dust cannot enter against an outward 
current of air from all openings in the frame. 

Series type motors often encounter very severe operating 
conditions in steel-mill service. Some of the principal 
applications for this type of motor are on cranes, open- 
hearth chargers, mill screw-down, side guards, and table 
rolls. Heat and scale dust are almost alwa 3 rs present in 
the vicinity of these motors, while oil vapor and other at¬ 
mospheric contamination adds further complication on 
some applications. Piping in outside air will provide pro¬ 
tection against heat, dust, and contaminated atmosphere 
for those machines which have a fixed location but this 
protection cannot be given to crane motors or others which 
are carried on moving equipment. In addition to the 
heavy load peaks, normally characteristic of the service 
on which series type motors are applied, the practice of 
"plugging” further increases the severity of operating 
conditions. By plugging is meant reversal of the con¬ 
troller before the motor comes to rest. Designers can 
build motors which will withstand the mechanical stresses 
resulting from this practice but it is impossible to provide 
the electrical compensation necessary to maintain good 
commutating conditions when direction of rotation and 
impressed voltage are reversed from their normal relation¬ 
ship. As a result, the burden of controlling commutation 
is thrown almost entirely onto the brushes. 

Electrographitic brushes of the harder grades find ex¬ 
tensive application bn series-type motors in the steel 
mills. Brushes of this type, in general, have good com¬ 
mutating characteristics and, while not definitely abrasive, 
possess sufficient mass hardness to provide considerable 
cleaning action on the commutator. They are also highly 
resistant to the disintegrating effect of the sparking which 
inevitably occurs when motors are called upon to meet 
such extreme demands. In some instances, however, the 
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Figure 1. Oscillographic 
record of contact drop on 
commutator with flat spot 


Figure 2. Oscillographic 
record of contact drop on 
smooth commutator 
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Figure 3. 


mass hardness of the electrographitic brush is not enough 
o overcome the burning of the commutator surface. The 
use of a carbon-graphite brush, having some abrasive 
action, IS then indicated. While this abrasive action does 
r^ult m some commutator wear, selection of a grade with 
the correct degree of abrasiveness will result in less com- 
mutator depreciation and lower maintenance expense than 
will be experienced if burned bars and flat spots are allowed 
to develop on the commutator. The latter condition may 
necessitate shutting down the mill for removal of the arma¬ 
ture, an e^ense item of considerable moment. It may 
also result in more rapid loss of commutator capacity from 
returning than would be experienced from wear under a 
set of properly selected abrasive brushes. 

The generators and large capacity motors used on mod¬ 
em steel mill drives constitute the third class of equip¬ 
ment on which brush application is considered in this 
discussion. Brushes of relatively high carrying capacity 
me required for this service since the motors are sometimes 
loaded almost to the stalling point and the current density 
m the brushes on both the motor and the generator rises 

to a very high value. In view of the sudden and extreme 
fluctuations of current resulting from the load conditions 
encountered it is also essential that brushes having ex- 

^ptionally good commutating characteristics be applied. 

These requirements have led to the almost universal adop¬ 
tion of electrographitic brushes for motors as weU as 
generators in this field of application. 

^ Due to the industrial importance of heavy-duty electric 
^v^ in the steel mills and the fact that the demands 
there made upon the brushes are among the most severe 
^countered in heavy duty d-c powet service, a thorough 
investigation of the brush requirements for this otgg*? of 
equipment has been carried on over the past few years. 

As a^fifst step in this investigation, thousands of brush 
samples were obtained from service, together, with ac- 
curate records of performance. Wherever possible these 
bru^^ y^ere obtained in complete sets, with each bru^ 
idmtifi^ as to polarity and on the machine. A 

these samples were taken from heavy 
steel mill driy^, although brushy were also obtained 
from other heavy duty applications. Investigation was 

im . \ ^ 'r. » ■ 


concentrated on brushes of the electrographitic type be¬ 
cause of their predominance in this class of service. These 
brushes were then carefully studied in order to isolate 
some property common to those having good performance 
records and lacking in those which had failed in service. 

It has long been recognized that the tests commonly 
applied to brush materials are not closely enough identi¬ 
fied vdth the performance characteristics of the brush to 
provide a rehable basis for control. The tests referred to 
^e specific resistance (electrical resistance per unit cube) 
hardn^ (as measured by the Schore scleroscope or other 
m^s) and app^ent density (weight per unit of volume). 
These tests are simple to make and, since they do not de- 
stooy or impair the stock, they can be applied to each block 
of brush material. Unfortunately, however, they do not 
possess a weU-defined relationship to the commutating 
properties of the brush. Contact drop and coefficient of 
fnction are properties closely related to brush performance 
but teste of ^ese characteristics require a great deal of 
toe and it is impracticable to apply them to each block of 
brash material. Furthermore, the results obtained are 
mflu^ced to a large extent by factors independent of the 
brash Itself which affect the surface of the. ring or com- 
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Wear on brushes manufactured under customary 
basis of control, after 1,615 hours 


mutator on whi^ the test is being made.^ Time, tem¬ 
perature, humidity, and atmospheric contamination are 
some of the factors which may influence the results ob- 
tamed from teste of these properties. Brush manufac- 
toers, as a class, have tried to control the performance 
characteristics of brashes by holding specific resistance, 
todness, and apparent density within close limits but 
this plan has not been successful. Frequently. 2 brashes 
wffich are almost identical in respect to these 3 properties 
win ^ow entirely different performance characteristics. 

It IS a weU-known fact that one requisite to good brush 
performance is the maintenance of intimate contact be¬ 
tween brash and commutator. Slight irregularities in 
commutator surface tend to impair this intimacy of con¬ 
tact thus causing sparking and resultant damage to com¬ 
mutator surface. Figure 1 is traced from an osciUo- 
graphic record of the contact drop between a brush and a 
commutator on which a sHght flat spot had developed. 
Figure 2 is a similar record from the same brush and com¬ 
mutator after the flat spot had beim removed. Of cotitse, 
the condition illustrated in figure 1 was accompanied by 
considerable sparking but no sparldng occurred after re- 
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moval of the flat spot. It is known that irregularities in 
commutator surface as small as 0.0001 inch may seriously 
impair intimacy of contact with some grades of brushes 
while other grades are capable of maintaining firm contact 
in the presence of surface irregularities of considerably 
greater magnitude. In the study of this problem it soon 
became evident that commutating performance is closely 
associated with the ability of a brush to ride smoothly on 
the commutator and that property, in turn, with the 
elastic or, conversely, the shock absorbing properties 
of the brush. 

A means was found to measure the shock-absorbing 
capacity of a brush and, as established by subsequent 
service tests, this also proved to be a measure of commu¬ 
tating performance. The test applied is essentially a meas¬ 
ure of the elastic properties of the brush material. It dis¬ 
closed that brushes having exceptionally good commu¬ 
tating properties possess a certain degree of elasticity 
while brushes less satisfactory in commutation show a dif¬ 
ferent degree of elasticity. The characteristic so meas¬ 
ured has been termed “commutation factor,” indicating 
its close relationship to commutating performance. For 
practical purposes arbitrary numbers are assigned to indi¬ 
cate various commutation factors or differing degrees of 
elasticity. The test for this characteristic can be made 
quickly and does not injure the sample tested. It there¬ 
fore affords an excellent basis for inspection, applicable 
to every block of brush material passing through pro¬ 
duction. 

A practicable measure of brush performance having 
been found, methods were developed for the accurate con¬ 
trol of materials and processes of production so that the 
required commutation factor can be imparted in accurately 
controlled degree to the finished product. By the methods 
developed it is possible to produce a series of several grades, 
similar in general characteristics but each having a different 
and sharply defined performance characteristic in respect 
to commutation. 

This newly defined characteristic serves, not only as a 
measure of commutating performance, but also as a basis for 
obtaining improved uniformity in performance by making 
possible close control of one of the most important physical 
properties affecting performance. This is an accomplish¬ 
ment of major importance on applications as exacting as 
heavy-duty steel-mill drives. The superiority of control 
methods basied on the use of “commutation factor” as the 
controlling property' over methods designed to control 
resistance, hardness, and density, is shown by figures 3 and 
4. Figure 3 shows the variation in wear among the 
brush^ from 4 studs of a large synchronous converter 
after 1,615 hours of service. These brushes were of a 
well-known electrographitic grade and were aU within 
close limits of tolerance in respect to resistance, hardness, 
and density. They did not, however, show corresponding 
uniformity when the test for commutation factor was ap¬ 
plied. The brushes represented by figure 4 were manu¬ 
factured under the commutation factor basis of control. 
They were placed on the same synchronous converter 
immediatdy after removal of the brushes represented by 
figure 3 and the record of wear was taken from the same 4 


studs after 3,082 hours of service. The improvement in 
commutating performance was as marked as the improve¬ 
ment in uniformity of brush life which these charts indi¬ 
cate. A large number of carefully observed service tests 
confirm the evidence here presented that commutation 
factor is a dependable measure of brush performance and 
provides a reliable basis for production control. 

This extensive comparison of brush performance and 
related physical properties also disclosed a reciprocal re¬ 
lationship between commutation factor and resistance to 
mechanical wear. Under mild commutating conditions, 
where electrical wear at the brush face is slight, a brush 
with comparatively low commutation factor will, as a 
rule, give longer life than one having high commutation 
factor. On the other hand, under severe commutating 
conditions the electrical wear of the brush with lower com¬ 
mutation factor may be so much more than that of one 
with high commutation factor that the latter will be 
superior in life as well as in commutating performance. 

Atmospheric contamination is perhaps a greater source 
of difi&cully on heavy-duty mill drive equipment than it 
is on the smaller series and industrial-type motors to which 
reference has been made in earlier paragraphs. In some 
mills elaborate air conditioning apparatus has been in¬ 
stalled to remove acid fumes, oil vapor, and gaseous con¬ 
tamination which might cause the development of trouble¬ 
some surface film on the commutators of mill-drive gen¬ 
erators and motors. Most electrographitic brush grades 
are so free from all abrasive properties that they are in¬ 
capable of polishing off the surface film resulting from 
contamination of the surrounding air. As a result, on 
some installations it is frequently necessary to resurface 
the commutators, an operation which may require shutting 
down the mill for an appreciable period of time. Natur¬ 
ally, this involves considerable expense and, if of fre¬ 
quent occurrence, may be a source of serious depreciation 
in commutator capacity. To better meet the needs of 
such operating conditions there has recently been de¬ 
veloped a series of electrographitic grades possessing a 
mild polishing action. These have been tried out on a 
number of mill-drive installations and have proved capable 
of main tain ing a clean, well-polished surface on many com¬ 
mutators previously troubled by film deposition when 
entirely nonabrasive brushes were used. The abrasive 
effect of these brushes is not great enough to be a source of 
appreciable commutator wear so that commutator de- 



fisure 4. Wear on brushes manufactured under '*commuta' 
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preciation is less than that resulting from the necessity for 
frequent resurfacing. Furthermore, the liability to ex¬ 
pensive shut downs and delays is reduced. Because their 
abrasive effect is so slight these brushes cannot be de¬ 
pended upon to remove existing surface faults such as 
burned bar edges or flat spots. Except for their slight 
polishing action these g^rades have the same general prop¬ 
erties as the nonabrasive electrographitic grades and, 
like the latter, are produced with graduated and accurately 
controlled commutation factor. 

Just why commutation factor should be a measure of 
the commutating performance of a brush is a point on 
which there may be diverse opinions. The relationship 
seems to be associated, at least in part, with the greater 
shock absorbing property possessed by a material showing 
high commutation factor and the resulting improvement 
in intimacy of contact when such a brush is subject to the 
impact of slight irregularities on the rapidly moving 
commutator surface. Whatever the explanation of this 
relationship may be, the fact of its existence has been 
d^onstrated by service as well as laboratory tests. The 
discovery of this relationship represents another step of 
process toward the solution of the many perplexing 
problems associated with commutation on equipment 
subject to such exacting conditions of service as are today 
encountered in the iron and steel industry. 
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Large Steel Pipe 
Welded by Improved Methods 

IN preparation for completion of the Colorado River 
aqueduct, now scheduled for the winter of 1938— 
potion has baen under way for son^ ^ 
i^bution system which the MetropoHtan Water District 
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interest attaches to methnrio * u • . particular 

and in welding metai as thiS al 
conditions, that is where trench 

during the welding process. rotated 

The steel pipe sections are all f*is»+ >1 • i. 

•iiameters range from 10 feet 4 in^es to ^ 
ra the bridge across the Santa Ana R.v^^ ^oept 
9 faet 8 inches diameter “f 

““^ding to the head, from % to Vn Sr": 
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for spondingly, the weight ranges from IS to 28 tons per 
ex- section. 

Shop Wdding. Each section is made up of 4 steel 
0“ plates rolled to the proper curve and requiring only a single 
^ longitudinal weld in each plate to form a cylinder of the 
S pipe diameter. The completed section is made up by 
together 4 of these cylinders and welding the 3 
0 > drcumferential joints. In assembling a section, longi- 
y tudind welds are staggered. Circumferential welds are 
made in a large automatic electric welding machine which 
^ completes the weld, even in the 3V32-inch thickness, with a 
single pass. 

^ Two types of mounting are used for the welding ma¬ 
rines: For longitudinal seams the welding equipment 
is on a carnage which moves lengthwise of the pipe as the 
weld progresses; a larger machine, used for making the 
arcimferential welds, is stationary and the pipe is rotated 
as the weld progresses. Both welding machines operate 
“s on top of the pipe. 

S The adjoining edges of the plates to be welded are 
of ^ molten metal flows in a V-shaped groove 

^edm advance with a flux. The flux is a silicious mate- 
it ?!, ^ powdered form resembling ground glass, 

ihe heat of the electric current, fusing the flux, forms a 
covenng over the molten metal closely resembling glass in 
. brittleness. This glass-like covering Is so 

bnttle rt is easily broken off with a hammer after the 
weld has cooled. The automatic welding machines work 
5 at about 40 volts and use a current of 1,100 or 1,200 
amperes. In the longitudinal welds a pair of plates with 
IL ^°^ve to that in the joint itself are tack 

dded at the end of the joint where welding starts, thus 
^ordmg a few inches for the welding operation to get 

pf, the joint in the pipe. 

T^t coupons, attached at the end of the longituSrml 
wdd, are taken every 800 Hnear feet of weld. AU pioes 

wSSti; I’lOO Fahronheit 

alter which they are cooled slowly 

ready for welding, it is tacked with welds 4 or 5 inches lonr 
^aced as reqnfred. This is done to prevent any tenXncf 
adding progresses around the circumference^ 
ne ta^ welding is done by one man on the “^d 
two on the outside ana 

S tte roell""”wV7 p^ 

tr,o« t, the llVa-foot pipe reouires 40 

^ electricallv In 

the Add, current is suppHed by portable ^ 

rets equipped for remote voltai 

“y prefers ftnm « to 

the amperage IS about 250. ^ to 80, 
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The Design of Inductances 
for Frequencies Between 4 and 25 Megacycles 


By DALE POLLACK 

, ASSOQATE AIEE 


Summary 

The results of a study of the resistance of small single- 
layer inductances for use at frequencies between 4 and 25 
megacycles are given. From experimental and analytical 
work a procedure has been deduced for the optimum de¬ 
sign of such inductances. 

Introduction 


W HILE IT HAS long been recognized that radio 
receiver performance is dependent upon the merit 
of the inductances employed in the tuned circuits, 
few data beyond 4 megacycles are available upon which 
to base the design of such inductances. Because of the 
lack of this information, design calculations at high fre¬ 
quencies have in general been limited to obtaining the cor¬ 
rect inductance values. While some attention has been 
paid to obtaining low effective resistance, the efforts in 
this direction have usually been misdirected, with the 
emphasis on factors which actually are of little conse¬ 
quence in determining coil resistance. 

A tuned circuit is represented to a first degree of ap¬ 
proximation by the equivalent circuit shown in figure 1. 
For the small coils considered in this study, Cq is very 
small, ^ less than 6 micromicrofarads, and it may be com¬ 
bined with the capacitance of the tuning condenser, C, 
with which the coil is associated, since i?<, is always small. 
The effective resistance of the inductance is usually 
considerably larger than the effective resistance of the 
condenser, but, at high frequencies, the condenser resist¬ 
ance may also be of importance. 

The numerical value of the inductance, L, is determined 
by circuit considerations, and, consequently, is fixed by 
spedbfication. This paper is concerned with the value of 
the effective resistance, JR, of the coil, and with the 
design of coils to have a minimum effective resistance. 
It is usual to compare tuned circuits on the basis of the 
ratio of their reactance to their total effective resistance, 
(aL/R ot l/oiCR denoted by Q. The highest Q consis¬ 
tent with practical limitations—such as those of cost 
and space—is the desideratum. The importance of high 
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Q circuits in modern receiver design is well known. 

The increase in resistance of an air-core solenoid at 
high frequencies over its d-c resistance is the result of 

1. Skin effect in the wires, that is, the nonuniform current distri¬ 
bution over the cross section of the wire, caused by the inteinal 
flux of the wire itself. 

2. Proximity effect, that is, the nonuniform current distribution 
over the cross section of the wire caused by the flux from nei^borins 
turns of wire. 

3. Dielectric losses, caused by hysteresis in the dielectric between 
turns of wire, or situated near the wire. 

4. Eddy current losses in metallic bodies in the field of the coil. 

5. Electromagnetic radiation losses. 

As a consequence of these losses, the effective resistance 
of a coil may be many times its d-c resistance. The mag¬ 
nitude of these losses is determined by the construction of 
the coil, the factors which must be considered in designing 
a coil being: 

1. Coil dimensions: length and diameter. 

2. Wire: material, insulation, and size. 

3. Coil form: material, insulation, and size. 

4. Location of coil with respect to metallic and dielectric bodies. 

The design problem is to proportion these factors, so that 
the resistance of the coil will be a minimum. 

Early Work 

The most extended anal 3 dic work on coil resistance at 
high frequencies which can be applied to the types of coils 
used in radio equipment is that of Butterworth.® Butter- 
worth’s solution treated both skin effect and proximity 
effect in short solenoids and multilayer coils. The math¬ 
ematical analysis made in this paper, in appendix II, is 
an extension and simplification of Butterworth’s conclu¬ 
sions, as applied to short solenoids at frequencies above 4 
■ megacycles. Butterworth’s treatment is useful, in that 
the assumptions which were found necessary did not place 
any restriction on the frequency. However, his solution 
to this difficult problem was complicated, and has not re¬ 
ceived much practical attention. The conclusions were 
later reduced to a form better adapted to practical compu¬ 
tations,^ but the design method was still involved and has 
not been generally applied. 

Published experimental information on coil resistance 
- above 4 megacycles is meager. Hund and DeGroot* 
carried their measurements as far as 5 niegsucydes. Hall* 
describes tests at frequencies up to 6 megacydes, and 
Morecrofti presents data on measurements made up to, 4 
megacydes. A more recent paper, by Schwarz,* descadbes 
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tests made at frequencies up to 10 megacycles. None of 
these data have been correlated for design purposes. Ref¬ 
erence to work above 10 megacycles is almost entirely 
lacking, only one published paper having been found, by 
Barden and Grimes,® describing measurements at the single 
frequency, 15 megacycles. 

Experimental 

Tests were performed on 2 sets of coils, having induct¬ 
ances of approximately 1.1 and 3.6 microhenrys. A large 

Figure 1 . Approximate 
equivalent circuit of coil and 
tuning condenser 



number of coils was wound, with groups in which one de¬ 
sign parameter at a time was varied. The extremes over 
which the measurements were carried were: 

Frequency: 6 to 22 megacycles. 

Wire size: 14 to 36, B. and S. gauge. 

Coil diameter: 2.5 to 6.5 centimeters. 

Coil length: 0.5 to 3.5 centimeters. 


under such conditions the circuit and condenser losses are 
constant. 

As a matter of interest, an attempt was made to de¬ 
termine the magnitude of the loss resulting from the in¬ 
put resistance of the vacuum-tube voltmeters. In the 
tests of the 3.6 microhenry coils, a 24A tube was used in 
the voltmeter circuit, while, in the tests of the 1.1 micro¬ 
henry coils, a 954 acorn tube was employed, in a triode 
connection. The tube losses were determined by shunting 
the circuit of figure 2 with a second identical vacuum-tube 
voltmrter, and remeasuring the Q. From the change in 
the overall Q of the circuit, the effective resistance of the 
tube can be calculated. This method assumes that the 
condenser losses are independent of the small capacitance 
change necessary to retune the circuit to resonance, when 
the second vacuum tube is added.From the data ob¬ 
tained for the effective input resistance of the voltmeters, 
correction factors for any Q and any frequency have been 
plotted. These are shown in figures 3 and 4. While, as 
has been pointed out previously, it is not essential that 
these corrections be made, since the information was 
available, it was employed, and the experimental results 
presented in this paper have been corrected for the input 
resistance of the voltmeter. 


In addition, tests were made for a variety of coil form 
materials, and for several depths of winding grooves for 
the wire. Except where otherwise noted enameled copper 
wire was used. 

The circuit resistance was measured by the reactance 
variation method,w using 2 condensers in parallel, as in 
fi^re 2, and a vacuum-tube voltmeter as the indicator. 
The condenser, Ci, is the tuning condenser, while Cs with 
a total capacitance variation of only 6 micromicrofarads 
was employed to obtain the reactance change. The con¬ 
densers were calibrated by a substitution method at a low 
radio frequency. The voltmeter was calibrated by com- 
panson with a thermocouple, also at a low radio frequency 

f 7“ mounted on a pair of brass pins 

about 4 centimeters long, which fitted into mercury con- 
^ cups nmunted in the center of a cubical copp« com¬ 
partment about 20 centimeters on each edge, 

^ W the used for a power source was 

tamed constot to within about 0.02 per cent by to 

^ osefflator^and mL- 
^ng a rontmuous audible check on the beat note with a 

ome*tSc- -t^^" frequency drift or reaction 

“putlosses, ani 

wise noted. include^e S ,^*"'““Pt where other- 

but a correction has been made for thp — 
the vacuum-tube voltm.tS mput impedance of- 

the fact C sornlom^"; ““tioned bdow. Despite 
at any frequency forn given’^fi™ imve not been made, 
th. various eiq«rimental curves 

ilTO 
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In appendix II expressions are derived for the effective 
resistance and the Q of a coil at high frequency, taking 
account of the wire losses, i.e., the skin effect and the prox¬ 
imity effect, only. When the frequency is well below the 

jELECTROSTATIC SHIELD 


Figure 2. Meas¬ 
urement circuit. 
A vacuum-tube 
voltmeter is used 
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mtur J frequency of the coil, it is found, after certain as¬ 
sumptions are made, that the Cof an iniuct^^c^ is 

_ f/*LdS»D 

10V*pV*(^a2?W-I-(20) 

winch It IS derived, by better than 10 per ’ 

becau^“ <«fficult 
sto and proximity effects 

not used todS^p^^- Mor^ver. ^ ^ 

deemed essential to make a p^‘SS“*For 

froa, h^ever, a typical set of data aS^'™ 

m which an attempt is made to break down +Ti 

loss components of tfnb Wic .wn the various 

ponents of the measurement circuit. Dielectric 
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losses in the coil form and wire insulation and vacuum-tube 
losses were corrected for by measurement, as described 
elsewhere in this paper. The distributed capacitance cor¬ 
rection was made by (12). This correction is necessary, 
because the tuning condenser in the reactance variation 
method is calibrated without a coil in the circuit. Effec¬ 
tively, therefore, the addition of the distributed capaci¬ 
tance of the test coil constitutes an error in the calibration 
of the tuning condenser, and a correction must be made to 
the measured value. The approximate lead losses were 
calculated from the d-c lead resistance by applying the 
usual skin-effect formulas. 

The condenser losses were estimated by assuming a con¬ 
denser resistance of 0.02 ohm at 10 megacycles, increasing to 
0.045 ohm at 20 megacycles. This is a conservative esti- 
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Figure 3. Correction factor to 
correct for the input resistance 
of the 24A tube in the vacuum- 
tube voltmeter 

Corrected O = factor X uncorrected O 


mate. The condenser resistance was probably in excess 
of these figures, but could not be measured conveniently. 

The only loss components properly chargeable to the 
coU, besides the skin and proximity effects, are the dielec¬ 
tric losses and the unaccounted losses. 

Effect of Wire Size 


An experimental set of curves illustrating the variation 
in Q with wire size is shown in figure 6. The optimum wire 
diameter, as obtained in appendix II, is 



Figure 4. Correction fac¬ 
tor to correct for the input 
resistance of the triode- 
connected 954 tube in the 
vacuum-tube voltmeter 




tice. In most cases the agreement is better t ha n the differ¬ 
ence between diameters of successive wire sizes, namely, 
12 per cent. The probable experimental error is about 8 
per cent. It may be concluded that there is an optimum 
wire size for any given coil, and that this optimum size can 
be calculated from (16) or (17). 

Length-to-Diameter Ratio 

The determination of the proper ratio of length to diam¬ 
eter for a solenoid is more difficult. Some confusion has 
resulted from the wide variations in conclusions which 


Table I. Experimental Verification of (16) and (17) 


Coil Description 


Optimum Wire Diameter 

Percentage 




(Centimeters) 

Difference 

Inductance 

Diameter 

Length 



From 

(Micro- 

(Cent!- 

(Centi- 

.From • 

From 

Experimental 

henries) 

meters) 

meters) 

Equation 

Experiment 

Figure 

3.6.... 

....2.6. 

..1.66... 

....0.090... 

_0.102_ 

.12 

3.6.... 

....3.8. 

..1.46... 

.0.108... 

....0.116.... 

. 6 

3.8.... 

....2.6. 

..1.66... 

_0.090... 

... .0U16_ 

.22 

1.1_ 

....2.6. 

..0.89... 

..'..0.106... 

_0.100.... 

.5 

1.1.... 

....2.6. 

..0.66... 

....0.079... 

....0.093.... 

.'....16 

1.0.... 

....1.3..... 

..0.69... 

....0.065... 

....0.064*... 


1.0.... 

....3.8. 

..0.79... 

....0.142... 

_0.134*... 

. 6 


1' From data in Barden and Grimes’s paper.* 


have been reached by various investigators.®*®’^^ The ap¬ 
parent inconsistencies result from the fact that different 
variables are considered in dMerent studies. The solution 
which is reached must always depend upon the geometric 
or economic limitations which are assumed. The coil 
volume, surface area, wire length, or any of steveral other 
factors may be assumed constant, depending upon the 
nature of the problem. It should also be noted that either 
the wire size may be kept constant, or the optimum value 
may be employed, although, for design purposes, the latter 
is preferable. 

The effect of changes in ratio of coil length to diameter, 
for a certain group of coils in which the coil diameter, wire 
size, inductance, and frequency are held constant, is shown 
in figure 7. A similar set pf curves, except that the coil 
length is held constant, instead of the diameter, is giyen 
in figure 8. For the specifications for which these curves 
are obtained, namely, the we size, inductance, frequency, 
and either the diameter or length constant, it appears that 
the optimum ratio of length to diameter is between 0.5 and 
0.3. Fortescue^^ arrived at optimum values of the length: 
diameter ratio greater than unity, from an anal 3 rtic treat¬ 
ment based upon similar assumptions, but ButterworthM 
has shown that an error must have been contained in the 
calculations. The curves also illustrate that the maxima 
obtained are flat, and values within a reasonably wide 
range may be employed vrithout departing greatly from 
the maximum value of Q. 
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Figure 5. Com- It is of interest to note that, if the wire size, inductance, 
parison of calcu- and length: diameter ratio are kept constant, an optimum 
lated and meas- diameter of coil can be obtained for which the ^ is a 
urcd Q maximum. This is shown mathematically in appendix II, 
Coil dimensions for ^he optimum diameter is found to be 

• r •_ r*. i ^ ^ * - 


14 16 18 20 „ _, _ 

FREQUENcy-MEGACYCLES ^li^rIS^B.'^ind^S ^ relation very 

closely. The experimental results are plotted in figure 12, 
obtained in this way. In appendix II it is shown that, if maximum Q is seen to obtain for a diam- 

the wire size is maintained at the optimum value, the figilre cen^eters. From (24) a value of 3.9 centi- 

of merit is given by, meters is obtained. 

Qrn = -> Calculation of Number op Turns 

V 2000 p‘/* (1024 + 46D) . 

number of turns, for a given inductance, when the 
For converaence in investigating the effect of changes in diameter and length of the coil are known, can be calcu- 
coil shape (22) is rearranged, giving lated from 


Coil dimensions for 
this figure: t = 1.1 
microhenrys, D =» 
2.5 centimeters, b “ 
3.4 centimeters, wire 


^ *l l0d*L(102S + 45) 
^ S* 


n 

Viooo p‘/* (1024 + 46 D) 

For convenience in investigating the effect of changes in 
coil shape (22) is rearranged, giving 


—t!l— 

Viooop*/* 


Db 

1024 + 45Z) 




Il(102S H- 4^ 

D 


Qm isi of course, directly proportional to Q^. These 
relations are plotted in figures 9 and 10. It is noted that 
for a constant diameter of coil, the Q increases as the coil 
length IS in^eased, but the increase is less rapid as large 
values of b/D we attained. Consequently, if an economic 

design, there 

will be an optimum ratio. 

Kperim^tal data are shown in figure 11. The curve 
has been plotted from an equation of the form 

Qw “ Y -—— 

102 + — 

S 

where selected empiricaUy to cause the curve 

to pass through one of the eicperimental points The 
^e, ^^ore, shows the agreement of the experimental 

data with thp filiona /OOIX -rr 


which IS denved in appendix 11 . This equation will usually 
give the correct value within about 5 per cent, and the 
coil, when wound, can be adjusted to the required value in 
any of the usual ways. 

Dielectric Losses 

^e magnitude of the dielectric losses in the coil form 
^d in the enamel wire insulation for typical coils at high 
fe^uenaes was investigated. Examples are given here- 
mth. To mea^ the dielectric losses in the coil form 2 
su^ar coils, of 2.5-centimeter diameter, were wound, one 
^g a grooved b^eUte form with a groove about 0 M 
^toeters deep, the other wound self-supporting, except 
Sfh ”“n T celluloid strips to which the wire was fastened 
mth coUodicm. The percentage loss in Q resulting from 
the grooved bakehte form is shown in fi^ 13 . At M 
megacycles the loss is less than 10 per cent 
The cu^es of figure 14 are for a set of 3 similar coils of 
*anieter, one wound without any supporting 
paragraph^M “ the preceding 

the third on a prnnwri ® form, mid 


a^ 4 . ^ Of the experimental „ uu tae con aescribed in the precedintr 

^ mth thes^^of( 22 }). If (224) had ^ plot^ » grooved bakeKte fonn and 

^tly. It TOuld have shown exactly the same stapTas ^ '“Aboard form about one centhketer 

^iit d“i Positive ordinate “T ease one wo”rS^fto 

Frequently, the maxim,.™ ~,i, __ . A wood form. _Pet cent. 


experimental data. ’ “ the resulting from the hkavv cmdST “ < 

ence of a coh shield usuaUy redn^th^n J “^^g^cycles. a* 13 

the ends of the coil are separated h^r . ' '^th a groove about n fu grooved bakelite 

from the ends of the shidd^the rt “^‘“eoil diameter a suppling form . '^e®P-"’•tone without 

~tr^ucedbymorethan5to8i£cl^ Twt'^‘“ betw^ thesmooifrbStid t?° 
nay employed to determine ®»>eller than the vras 

■na shidd. enclosed stdting from the 
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Figure 6. Experimental curves illus¬ 
trating variation in Q with wire size 

For this set of curves, f = 20 megacycles, 
/. = 1.1 microhenrys, D - 2.5 centimeters. 
Curves similar to these were used in preparing 
the data of table I 



Figure 7. Experimental curves illus¬ 
trating the variation in Q with coil 
length : diameter ratio, when the 
diameter is constant 

For this set of curves, / = 17 megacycles, 
D = 2.5 centimeters, L «= 1.1 microhenrys 



D.-J. 
b ~ S 


Figure 8. Experimental curves illus¬ 
trating the variation in Q with coil 
length : diameter ratio, when the length 
is constant 


For this set of curves, f — 13 megacycles, 
b «= 1.5 centimeters, L = 3.6 microhenrys 


To investigate the dielectric loss in the enamel wire in¬ 
sulation, 2 similar coils were wound, on smooth bakelite 
forms, one using enameled wire, the other bare copper 
wire carefully cleaned to remove corrosion. The per-cent 
loss in Q resulting from the enamel is plotted in figure 16 
and amounts to about 6 per cent at 20 megacycles. This 
result is quite reasonable, since the dielectric path in a 
spaced winding is largely in air. Below 5 megacycles the 
chelectric loss in the wire insulation is difficult to detect. 
After a time bare copper wire corrodes and the dielectric 
loss in the enamel insulation may become smaller than the 
loss resulting from corrosion. 

These data indicate the relative unimportance of the 
dielectric losses in determining coil performance. The 
choice of coil form material, within reason, and the use of 
enameled wire, have little effect on the merit of the coil. 
A loss of less than 10 or 20 per cent can be expected for small 
diameter coils, if a deeply grooved form is used. A shal¬ 
lower groove may be used with little sacrifice in rigidity 
and an improvement of a few per cent in the figure of 
merit. An ungrooved bakelite form causes very little loss 
in<?. 

Summary 

The merit of coils for frequencies above 4 megacycles 
is determined largely by the winding design. A suitable 
procedure for the optimum design of coils for these fre¬ 
quencies is: 

1. Coil diameter and length of winding: Make as large as is con¬ 
sistent with the shield being used. The shield diameter should be 
twice the coil diameter and the ends of the coil should not come 
within one diameter of the ends of the shield. 

2. A bakelite coil form with a shallpw groove for the wire, and 
enamded wire, may be used witii little reduction in the Q. The 
groove should not be any deeper than is necessary to give the req¬ 


uisite rigidity. The use of special coil form constructions and 
spedal materials does not appear to be justified. 

3. Number of turns: Calculate from 

N = -f- 4^ 

4. Wire size: Calculate from 



(17) 


Appendix I. Notation and Unlb 


b = length of winding, centimeters 

C = capacitance, micromicrofarads 

Co = sdf-capacitance of coil, micromicrofarads 

d = diameter of wire, centimeters 

do = optimum wire diameter, centimeters 

D = diameter of coil, centimeters 


Figure 9. Plot of 
(22a), showing 
the variation in Q 
with length and 
diameter of coil, 
when the wire size 
is kept at the 
optimum value 
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Q 0.006 

^ I 

0.004 



Figure 10. Plot 
of (22b) showing 
the variation in Q 
with the length: 
diameter ratio^ 
when the wire 
diameter is opti¬ 
mum and the coil 
diameter is con¬ 
stant 


and, for frequencies greater than 4 megacycles, 

s > 16 

Consequently, for the high, frequency case considered in this paper, 
(2) and (3) may be written, without much error 


4 2 yfioop 

® 4 llCfip 


= optimum coil diameter, centimeters 
= frequency, cycles per second 
= skin effect factor, see (1) 

- proximity effect factor, see (1) 

= V-1 

= factor depending on S, see (1) 

= inductance, microhenrys 
= total number of turns of wire on coil 
= figure of merit of tuned circuit 
= factor proportional to Q^. See (22b) 

= figure of merit for optimum wire si/ e 
= effective resistance of tuned circuit or of coff, ohms 
= effective resistance of coff, including effect of self-capacitance 
= effective resistance of condenser 
= d-c resistance of coil, nhtriQ 
= effective resistance of coil 
= ratio of length to diameter of coil = b/D 
= reactance of coil, ohms 
= skin effect coefficient, see (4) 

= empirical constant in (22c) 

=■ angular velocity = 2a/ 

= spcci&c resistivity of conductor, in ohms per centimeter 
For copper, p = 1.72 X 10-« ohms per centimeter 


Now, if the turns of the coil are assumed to be circular, which is 
not exactly true, 

^ pi _ 4pDN 

““.4 “ d* (9^ 

The factor, Jf, can be computed for any value of S =» b/D from 
senes ^pansions. A simple empirical equation for K has been 
found from the expansions. This relation is 

S (10) 

1-00 tWs staple expression give. 
A to Within 3 per cent of its correct value 

Eqastions 7, 8, 9, and 10 may be substitnted into 1, giving an 
^ression for the vnre resistance of a cod at high frequencies, in 
terms Of Its physical dimensions, queuties, in 


R = 27rVio-» pf 


r~ 4. 

Id ^ S’^Dj 


Appendix II. Derivation of Equations 

Butterworth* has shown that the effective resistance of a cofl 

iSSr *>' by tie 


where, at high frequencies. 


1 "f" F *= 


V 22 -i-1 


"V' — 1 


s ^ xd ^ ' 

TlO»p (4) 

diameter. of coil length to 

Fdr copper wire 

lfbrNo.20B.andawire ^ ^ 


If the con IS used at a frequency near its natural resonant frc- 
q ency, its resistance is modified by its self-capacitance. The 


a I50K*'^'^EGACYCLE5^ 
SOMEGACYCLES.^ 
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diameter—CENTIMETERS 

Figure 12. Plot of Q agains 
coil diameter, when th< 
length : diameter ratio anc 
the wire size are constanl 

For these experimental data, b/C 
= 2.8, L = 1.1 microhenrys, 
d = 0.081 centimeter 
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S 

Figure 11. Relation between 
the length : diameter ratio 
and Q, when the wire size is 
kept optimum. The points 
•re from experimental data; 
the curve shown was drawn 
from (22c), after y had been 
selected to pass the curve 
through one of the experi¬ 
mental points 

For this curve, 0 = 2.5 centi¬ 
meters, 1. = I,"] microhenrys, 

' 11 megacycles 


fi^reTis^e^by^ ^ coil-self-capacitance combination 
R' - ~ ^ 

(1 - <o^LCo)» : . (i; 

across the tennina 

as in a tuned circuit; the sdf canl^m*^ external capacitanc( 

self-capacitance becomes part of the shut 
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Figure 13. Per cent 
loss in Q resulting from 
grooved bakelite form 

For this figure/ L = 3.6 
microhenrys, . D =* 2.5 

centimeters, 5 = 1.5 centi¬ 
meters, wire size, number 
18 6. and S. 



Figure 14. Per cent 
loss in Q resulting from 
heavy cardboard form 
and grooved bakelite 
form 

For this figure, L - 3.6 
microhenrys, 0 = 5 centi¬ 
meters, b = 1.5 centimeters 
wire size, number 32 6. and 
S. 


capacitance and the apparent increase in resistance resulting from 
the distributed capacitance does not represent a physical lo.ss. 
Note that the reactance variation method of measurement gives 
the apparent resistance, R', and the correction must be made to 
obtain the true coil resistance, R. 

It was found convenient, also, to be able to express the inductance 
of a coil as a function of the coil dinien.sions. For this purpo.se, 
Rayleigh's equation** 


DN* r2ir In ^ - 






(13) 


was found suitable. This equation, in common with most induc¬ 
tance formulas, was originally derived assuming the coil to have the 
form of a cylindrical current sheet, and consequently does not take 
account of the size of the wire or the frequency. A relatively simple 
empirical expression was found for the bracketed term, giving*’' 


DN^ 


1025 + 45 


(U) 


This a^ees with Rayleigh’s equation within 2 per cent for values 
of 5 between 0.26 and 1.00. Rayleigh’s equation gives values of 
inductance within better than 8 per cent of their true values. 

If the value of N which is obtained from (14) is substituted in 
(11), the result is 

+ 46)V* . 2dL*A(1025 + 46)*/’ 

»■ ,2«-'V'10”*p/ j T" 


Figure 15. Per 
cent loss in Q 
resulting from 

groove in bake¬ 
lite form. No 
measurable loss 
resulted from the 
use of a smooth 
bakelite form 



For this figure, L = 1.1 microhenrys, D = 2.5 centimeters, b — 1.9 
centimeters, wire size, number 14 B. and S. Groove approximately 
0.04 centimeter deep 


Figure 16. Per cent 
loss in Q resulting from 
enamel wire insulation 


microhenrys, 0 — 2.5 

centimeters, b = 3.4 centi¬ 
meters, wire size, Number 
18 6. and S. 


If this operation i.s performed, the result obtained, for the optimum 
wire size to give minimum resistance, is 



do f> 


4 . 


D 


2A(1025 H- 45) 


(16) 


If the value of L from (14) is substituted in this equation, the par¬ 
ticularly simple relation 


do 


b 


(17) 


is obtained. Differentiating (11) would yield this result directly. 
These rc.sults can be substituted in (15) for d to give the resistance 
of a coil, when the wire size is always optimum, 


__- r Uim -i- 45D)“ 

- 4tV 2 X 10“»p/ -^r“"“ 


or 


Rn - 4ip'n/ 2 xlo -vy 


(18) 


(191 


These equations may be applied directly to tlje prediction of Q, 
as well as of R, Substituting the value of i? from (11) into ; 




;;".(i5y 

To find the optimum wire size for fixed values of L, S, and D, (15) 
can be differentiated and the result equated to zero; that is, take 


dR - 

—— jtt 0 

Qd ^ 
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gives, for any wire size, 

^ " 10*/V/*(5SD»i\r + 2A»d*| 

The use of (16) yields 

^ “ lp'/*p‘/‘I*S^*3»(1025 -+- 46)*/’ + 2d»X.(l025 + 46)*/* 


( 20 ) 


( 21 ) 


. In the same way, the value of the figure of merit when the optimum 
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wire size is employed, Qm, is, from (18), 

0 A’ 

^ 20’V''‘(!02> + 4SD) (22) 

or, from (19), 

_ f''^LS 

“ 20V»;,V»,vs (23) 

Equation 15 may also be differentiated with respect to D. hold¬ 
ing L, S, and d constant, giving, for the optimum diameter 

n _ lllOdW02S + 45) 

“ 1 (24) 

Note that the equations for the optimum wire size, (16) and (17) 
are not consistent with (24). because a different set of variables 
assumed m each case. (24) is useful, practically, only because it 
affords an opportunity for an added experimental check on the 
analysis. ^ 
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Matrices in Engineering 

By LOUIS A. PIPES 

ASSOQATE AIEE 


I. Summary 

I T IS TUE purpose of this paper to develop in a concise 
and simple manner the theory of matrix algebra from 
the foundations, and to emphasize the use of this 
powerful method in engineering problems. 

It appears not to be a well-known fact among engineers 
that the matrix is not only a convenient notation that 
summarizes in a natural and convenient form whole groups 
of operations but that it is actually passible to solve the 
sets of (lilTerential or algebraic eipiations written in matrix 
form in a most convenient manner. 

The method by which this is done is one t)f the utmost 
simplicity but makes use of some fundamental theorems 
on matrices not usually found in texts. The theory is 
scattered Ihroughout the mathematical literature. It has, 
therefore, been considered worth while in the interest of 
unity and simplicity to build the subject from the founda¬ 
tions. It thus recpiires no previous knowledge of matrix 
algel>ra for the miderstatiding of this paper. 

The recent work of Kron, Sah, and others using the 
notation of tensors and dyadics in studying the behavior 
of circuits and machinery suggests the power and flexi¬ 
bility of more advanced mathematical methods in ex¬ 
pressing the liehavior of physical systems. 

A perusal of this paper will illustrate that the matrix 
appears to be a natural tool to emplriy in the solution of 
certain classes f>f problems. 

In the matrix notation we can actually s<»lve the differen¬ 
tial or algebraic etiuations involved without first un¬ 
scrambling the variables and then proceeding in the con¬ 
ventional manner. The only restrictions on the differential 
equations is that they Ije linear and homogeneous. How¬ 
ever, they may have variable or constant coefficients. 


The subscript m refers to the row and the subscript n 
refers to the column. 

The quantities ay are called the elements of the matrix, 
they may be constants or functions of a variable. 

This arrangement appears similar to that of a deter¬ 
minant. However, a matrix is not a determinant. A 
determinant has a certain definite value. A matrix, on 
the other hand, as we shall see, represents a set of opera¬ 
tions that involve the elements of the matrix. 

We note here that n may differ from m. If m — n, we 
have a square matrix of order n. The square matrix is, 
as we shall see, the fundamental matrix. A rectangular 
matrix may be regarded as a square matrix whose missing 
rows or columns may be filled with elements whose 
value is zero. 

2. Equality of Matrices 

The question now arises, when may it be said that the 
matrix [a] = [b] ? It is usual to define 2 things as equal 
when they cannot be distinguished from each other. We 
adopt this procedure in this case and define 2 matrices as 
equal when they have the same number of rows and of 
cohirans and if they have corresponding elements identical. 

That is, if ay ~ 6y then, by definition [a] - [&]. 

3, The Zero and Unit Matrices 

We define a matrix [a] to be a zero matrix denoted by 
[0] if all of its elements ay - 0. That is, by definition if 
ay = 0 then [a] = [0]. 

We define the square matrix [/] all of whose elements 
are zero except those in the principal diagonal which are 
all unity as tlie unit matrix. As an example, for a third 
order matrix: 


11. Th« Fundaincnfals of Matrix Algebra 

L Definition of a Matrix 

By a matrix is meant a system of mn quantities arranged 
in a rectangular array of m rows and w columns. A ma¬ 
trix is usually denoted as: 


f/l = 


10 0 
0 10 
0 0 1 . 


We see that the unit matrix plays the same r6le in 
matrix algebra that unity plays in ordinary algebra. 


4. Square Matrix, the Fundamental Matrix 
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Suppose we have a matrix [a] of m rows and n columns. 
For preciseness, let us say that m > n. If this condition 
holds, then our matrix [a] is a rectangular matrix. We 
can, however, consider [a] as a square matrix whose lack¬ 
ing columns are filled with elements of value zero. 

As an example consider w = 3, w = 2, then: 
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We can, therefore, confine our discussion to square 
matrices. If m < n, the lacking rows would be filled with 
zeros. 

5. The Fundamental Operations 

A. Addition AND Subtraction 
By definition [a] + [b] = [c] provided that -f- 

That is, the sum of the matrices [a] and [6] is de^ed as 
a new matrix [c] whose elements are the sums of the cor¬ 
responding elements of [a] and [6]. 

Similarly by definition [a] — [6] = [c] provided that 
~ ^ij ~ Subtraction is merely a special case of 
addition. 

B . Multiplication 

In matrix algebra an ordinary number or function is 
called a scalar in order to distinguish it from a matrix. If 
[o] is a matrix and k is some scalar quantity, we define 
k[a] = [b] i£ bij - ka^j. 

That is, multiplication of a matrix by a scalar yields a. ' 
new matrix whose elements are k times the elements of the i 
original matrix. • 

We have now to define the multiplication of one matrix i 
by another. It must be realized that we are at liberty to 1 
^ne multiplication of matrices in any manner we please 
However, of aU possible methods of defining multiplication a 

we select one because of its usefulness, as we shaS see f 

We define the multiplication of the two matrices [a] and c 
n as being a matrix [c] whose elements c„ are specified e 
m a certain manner. 

That is i 


[a\ = [7] [a]. From this it is seen that the behavior of 
the umt matrix in multiplication is as if it were the number 
one in ordinary algebra. 

Multiplication is not commutative in general. That is, 
[a] [&] 9 ^ fij [d\ in general. 

This is obvious because 


« n 


in general. 

The Singular Matrix 

A matrix is said to be singular if the determinant of its 
elements is zero. If the determinant formed from the 
elements of a matrix does not vanish, the matrix is said to 
be a nonsingular matrix. 

C. The Inverse of a Matrix 


(o}(6] =* (c} 


If 

That is, if 

{(,]«1 
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tie If [fz] [b] = [/], then, by definition, [a] is called the 
mverse of [b], and similarly [b] the inverse of [a]. It is 
a. usual to denote the inverse of a matrix [a] by [al -K That 
le K [a] [a]^ = [/] and [a]-i [a] = [/], the unit matrix. 
By actually m^tiplying out we arrive at the following 
the elements of the inverse of a ma- 
0 tnx [a]. The rule is analytically as follows: 

;. Let [b] = [a] then the elements bfj of the matrix FAT 

from lie elements of the matrix [o] and .4„ is rile 

f cofactor, or the mmor with the appropriate sign of the 
i ^ent.o^jn the determinant |. 1 |. Since in order for J„ 
to W ^y values- whi^ are finite it is necessary that 
!m Lv^ “=«” be seen that only a nonsin^ar matrix has 

■O. Division OP Matrices 

_ Division IS defined as the inverse of multiplication 

are J kmds of division. That is if Frl F^l — tai 
cannot brfer that in general M = l 

rmf *be following tire^! 

trix tt. * “ matrix and [J] is any nonsingular ma- 

K qS?r^y7r,f “ satX [a] = 

K ill proof of this is as follows: Let us multinlv 

both sides of the equation [a] « m m Kv ^ 

V^of [JJ. Th^we have fJ]-r%‘*iW 'bf®“- 

R] [*] — [*] since multiplication by the unit mat ■ i* 

l^ - ba^ tour K 

y [SJ = M a*^ started with ae relation 

Tarl -' 1/71 m 1 ^^- Pr<>cess would have given 

l^J - [a} [b]-K SmeeMn general [a] fiT-i J 
we see that from fcl Jbl =!= fAl r/ 7 i ^ i^J 

. cannot be interaanged in g^^. ^ 2 
^ be interchanged, that is » [a] [M = Th 
trices are C^ed sj-^etric, ^^ *fr= ”ia- 

VamsBiNoby^a:^^ : 

y«Ws|re|r~i2i^ 
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matrix [a] = fO] or [6] = [0] or if neither the matrix [a] 
or [&] is a zero matrix, the rule for multiplication tells us 
that 


n 


for all values of i and j. 

By expanding this set of equations out and making some 
elementary manipulations it is easily shown that the 
elements of the various rows of [a\ or of [6] arc propor¬ 
tional to the elements of the top row. As a special case 
let us consider [a] and [6] as matrices of tlie third order 
tlien on the supposition that neither is a zero matrix we 
can say that 


8. The Characteristic Function of a Matrix [a] 

Let [A] be the characteristic matrix of [a], then the 
determinant of the elements of the matrix [A] |A | is 
called the characteristic function of [a] 

9. The Latent Roots of a Matrix [a] 

Let \A I = the characteristic function of [a] 

M I = a(/i) 

Then the-equation |A| = 0 is the characteristic equa¬ 
tion of the matrix [a] 

Now since 

{A\ = m[ 7 ] - [a\ 


[a] = 

jSaii 

ant 

o-a 

0aiz 

The characteristic equation | A | = 0 is in general an 

* 

1 


juaii 

(iMAia 


equation of the nth degree in m where n is the degree of the 

?' 

or 

’ bn 

61 a 

bia 

matrix [a]. 

The n roots mi» • •. . of the characteristic equation 

f 

f 

■1 

16] - 

mbn 

mbit 

mbta 

are called the latent roots of the matrix [a]. 

I: 


_ nhn 

nhvA 

nbu^ 

As an example consider 



where /3, w, m, and n are constants. That is, the elements 
of tlic lower rows are proportional to the elements of the 
top row. 

This result, as we shall see, is of extreme usefulness. 

F. Powers op Matrices 

We define powers of matrices in the following manner 

Positive integral powers [a]*' . = [a 1 (a) ...(«] to jb factors 

Negative integral powers (al**^ = 

[<xj® «= [7] = the unit matrix 

6. The Laws of Matrix Algebra 

We see now with tlie exception that multiplication is 
not in general commutative, that is: 

{a][h\^ [b][a] 

That our matrix algebra is similar to ordinary algebra, 
that is: 

[al + \h] “ [i] + [o] 

[fl] 4* ([61 + [c]) + [c] " ((®] + [611 + (c) 

If ^ is a scalar and / is a scalar 
km + (ti) 

ifelfl]+/[al - (A +/)[al 

If [f] is a matrix and [d] is a matrix 

[cllaH-[cl(61 - [«]([al + (61) 

[c][aH-ld][fll - ([tf] + [dl)[a] 

The only precaution is that [a] [6] [b] [a] in general 

7. The Characteristic IVlatrix of a Matrix 

Let fa] be a matrix whose elements are constants. 

Then the matrix [A] - /uf/] — [d], where /a is a param¬ 
eter and [/] =* the unit matrix, is c^led the characteris¬ 
tic matrix of fa] 


\ a \ = f "" ®'*1 

The characteristic matrix is [A] —//[/] — fa] or 
f.'ll - (m — flii) — thi ^ eharactcristic tnalriic of [aj 

(/U - «22)J 


(m - a,,) - «,2 ^ 

*“«»! (m «4*) 

is the characteristic equation of \a] or 

ju* — H~ ®as) + (fliittzi — ajiajs) ==> () 

The roots of the equation 

Ml “ «i 

MS =3 «! — jB 

arc the latent roots of [a] 

10. The Cayley-Hamilton Theorem 

This theorem, as we shall see, provides us with our 
most potent weapon in the solution of differential equa¬ 
tions and circuit problems. The theorem: If fa] is a 
matrix of constant elements and a (m) » 0 is the charac¬ 
teristic equation of [a], then a ([a.]) =» [0] where [0] is 
the zero matrix. In other words a matrix satisfies its 
own characteristic equation in a matrix sense. Example: 
As we have just seen if 

‘‘"I 

ifiix OmJ 

then 

«(m) “ M* ”* fiiflii + o»») ^ (a«Oaa ■“ Oaiftia) * 0 

is the characteristic equation of [a]. Then the Cayley- 
Hamilton theorem states that 

<*([<3^1) “* [®]* [aK®u + 0 * 2 ) 4" [7](auflM ~ oaiow) *■ 0, 

P'or a proof of this powerful theorehi, see reference 2. 
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11. Functioiis of Matrices The latent roots, are therefore, = 1, /£2 s= 2 

How are we to define functions of the matrix [a] ? In Now 
analysis, it is customary to define a function of Z such as |l 1 1 ll i| 

log Z, e*, sine Z, etc., in certain regions of the complex Z " L /til “ |i 2 I “ 
plane by their power series expansions. In matrix algebra > 

we shall adopt a similar procedure. Z), » ^ M r= g* _ ^ 

Consider a function of Z a(Z) such as f*, log Z, sine Z, « I 

etc., which is definable as a power series in Z. That is: D# = Y 

|1 21 

Similarly we define a function of a matrix [d\ as • (2e — «*) ^ ^ J 

«([o]) = y ^ Cn[a]" another matrix. 


= — e 


= 2e - 




another matrix. 


[0 2] = 0 J 


with the proviso that Co = Co[/J. From the fundamental 
definition, it is possible by repeated applications of the 
Cayley-Hamilton theorem to arrive at a simpler form for 
aCfa]). 

It may be shown, see Duncan and Collar “Solution of 
Oscillation Problems by Matrices,” PUlosophicaL Maga¬ 
zine, volume 17, series 7, page 900, that the above defini¬ 
tion reduces to the following one: 


12. The Limiting Form of a Matrix 
When Raised to a Very TTigb Power 

A very useful result may be obtained from the above 
formulas if fx([a]) is placed equal to [a]'®. 

Let us substitute this in the above, then 


n 

lar = 


n 


where 

n - loj) 

[ZA = ^-- 

•U- (Ms — Ht) 

Sfir 

'‘li 'A roots of the matrix [a], 

u, valid only if [o] is a matrix of constant 

Prol^r H. F. Baker has given an alternative form 

ch IS sometunes more convenient in practice.« Baker's 
lorm IS: 

a(a] = + . . . + I 

where mi, mi, -are the latent roots of fa] 


where /ii... .//^ are the latent roots of fa] arranged in 
descending order of magnitude. Let us suppose all roots 
are unequal. Now 

n (m, - 

We see from this that [Z,] is independent of m. 

Now If m is veiy large and n. is the largest root, then 






because being the largest of the roots, 
hen rt is rased to a very high power the term containing 

oaJ r other terms and hence thf 

may be neglected in comparison with it. 

lim [a]'» = - [o DO^gf/] - [tt]). .. (^^[ 7 ] _ fg]) 

0*2 - /*l)(/*, -/,,)... (/g„ - “ 

Example: What is 


«0*i). t 

Bo^ forms are useful, as we shall see. 

Example: Let it be required to find 

where {«] =s 0^ 

The characteristic equation of [n] is 

«(m) = |(/._1) 0 I 

0 _ o\ “ 0* - 1)0* - J 


0* — 2)!0* 1)0* 2) >= /,* — 3J^, _|. 2 0 
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triS^hf^n - importance in raising ma- 

g powers. It IS valid only when the latent 
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roots are diiferent. If the difference between the latent That is, by our matrix notation, we may concisely write 


roots is great, the formula gives accurate answers even for 
rathd: small powers of a matrix. 

13. The Differentiation of a Matrix 

Suppose we have a matrix [«] whose elements are func¬ 
tions of the variable t; that is. My = My (/), We define 

dun 
dt 




duii 

dt 


duin 

dt 


du^i 

dt 


dUfin 

dt 


That is, if we let D = then 

dt 

D[u] — \Du\ 

14. Integration of a Matrix 

Let [m] be a matrix whose elements are functions of the 
variable t, that is, (t) 

Let 

Q = f ()di 

Ju 

stand for the integral operator. We define 

Quu . .. Ou\n 
[u]dt = Q[u\ = . 

h ... ...... 

J 

that is, Q[u] — [Qu] or the integral of a matrix is a matrix 
whose elements are the integrals of the elements of the 
original matrix. 

If My are constants, then 

Q[u\ =» (/ — /o)[«] 

■ "v 

15. Linear Transformation 

Consider a set of variables (ei... e„) related linearly to a 
set {ii .. .4) by the equations. 

Si — Ziiii 4* Ziiii , . . ■+• 

«2 =* Ziiii -|- Ziiii + . . . Zjn/n 


“ Zniii + Znidi ZnnH 

In matrix notation 
[e] = [Z][i] 
where 




[Z] 


"«1 ■ 


~ii ” 

- 

[i] = 

• . • 

Zii 

• -Zin 


,Ztti. 

• •Zna_ 



the above system of equations in the matrix form. 


Ilf. The Most General Linear Network 

K in the above linear transformation we allow the 
variables (ei... e„) to represent the alternating voltages 
impressed in the various meshes of an M-mesh network and 
[Z] and [i] represent the impedance and current matrices, 
respectively, of the network, then the equation [e] = 
[Z] [i] represents the matrix equation characterizing the 
behavior of the most general possible linear network. 

If the voltages are alternating of angular frequency w, 
then 

2y = JuLtj -|- i?y-^ J =, 'x/TTl 

wCy 

As we shall see, in case we desire the solution for the 
transient state we may still use matrices. 

In general Zy = Zj{, Let us solve the matrix equation 
for the current. Let us multiply [Z] fi] = [e] by fZ] 
the inverse of [Z] 

[Z]-Hzm = [Z]-He] 

[*] = lZ]-^[e] 

where [Z]“^ = fF] the admittance matrix from II part 
5c. The elements of [F] are given by 


yij = 




.4y is the cofactor of the element Zy of the matrix fZJ. 
Having determined the elements of the admittance 
matrix [F], we calculate tlie matrix 

[i] - [Y][e] 

The various elements of the current matrix [^'] give the 
various currents in the several branches. 

Because Zy = Z^„ therefore .4y = Ajt, consequently, 
we have immediately the familiar reciprocity theorem as 
well as the superposition theojfjem directly from the 
equation *;■ 

m = lY][e] 


IV. Traveling Waves on Multiconductors 

Suppose we have n parallel conductors with electro¬ 
static and electromagnetic coupling between them. 

We may write the 2 matrix equations for the currents 
and voltages 

- ^ l«l = and ItJ = [F]kl 

ox ox 

Where the elements of the matrix [e] represent the 
various voltage between the lines and the elements of the 
matrix [i] represent the currents in the n lines. The 


matrix 

Zii 

Zii 

. . Zin 

[Z]^ 

Zii 

Zii 

Zin 


-Zfii 

... . . 

Znk, 
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d d , , 

Zii = Rii + La — Zij = * r^j 

Rit represents the resistances per unit length of the 
conductors, the inductances per unit length of the 
conductors, and Mtj represents the mutual inductance per 
unit length of the various conductors. The matrix 


[S-c-rfj'C?] 


If we have n identical networks in series then 


’"Yn ... y,«" 

’ ’y«». 


li] = iy][z][i] 

As we shall see, we can proceed to the solution of the 
actual differential equations in matrix form.® 


V. The 4-Teriiiinal Network 

From the general theory discussed in part III, it can be 
easily shown that for the case of a linear, passive, bilateral 
4-termmal network shown diagrammatically as in figure 1. 

El = EiA + 

Ii = EiC + 

where AD — BC = 1 or in the matrix form 

ra-Ga-B] 

Assume that 2 such circuits are connected in seiies as 
m figure 2. - 

If the 2 networks are identical, we have, 

E?]-G !] [f] 

[?]-GaGaB]-G!]t,‘] 

If there are « such circuife in s^es 

Gi-Gaiftv] 

4." 

E» ^ I)Ex - BIi ' ^ 

It ^ All 
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Of 

Yu = Gij + Cij — i 7^ j 

Gij = the leakage coefficient per unit length 
Cij — mutual capacitance per unit length 

-sr" iJ S (‘l 

Since [Z] is a constant matrix 

Substituting in the original equation we obtain the 
fundamental equations for the voltages and currents 

[e] = [Z][Y][e] 


Unis very large, we may use the formula for raising a 
matrix to a very high power. 

Because of the natural way in which matrix algebra en¬ 
ters into linear transformations, their application to cir¬ 
cuit theory are seen to be unlimited. 


Vf. The Solution of Differential Equations 

The brief examples which are given above and obvious 
other applications are rather well known to some communi¬ 
cation engineers. However, the powerful use which may 
be made of matrices in the actual solution of linear differen¬ 
tial equations is not well known. 

1. The Differential Equation in Matrix Form 

In modern electneal and mechanical engineering there 
are^ a great class of problems in circuits, vibrations, etc., 
which lead either to linear equations of high order or to 
sptems of Hnear equations. These equations may have 
either variable or constant coefficients. 

Any differential equation or a set of differential equa¬ 
tions can be changed into another involving only first order 
differ^tial coefficients by writing the highest order 
coefficient as the differential coefficient of a new depend¬ 
ent variable. 

All the other differential coefficients are regarded as 
^parate dependent variables, and, for each new variable 
mtroduced, another equation must be added to the set. 

These added equations are merely the mathematical 
statement that each new variable is the differential coeffi- 
of the variable that represents the next differential 
coeffiaent of lower order. In this way the most general 
homogeneous linear equation or set of linear homogeneous 
equations with either constant or variable coefficients 
may be written as: 

dxi 

T= «ii*i + UiiXi -I- . . . + 

dxt 

' dxfi . ' 

= «ni3fi...... 

In matrix form; if £) = 

■■ dt 

[Z)x] = («][»! : 


W *= [«]{»] 
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Figure 1 



Figure 2 


and the solution of the equation is 
I*(0] = 

by the name of the “matrizant” of [u].^ 

Fundamental Properties of the Matrizant [w] 

1. = [7] 

2. V 
at 


3. If [u\ is a matrix of constant elements, then 
AvS a preliminary to the integration of this matrix dif- iV"*'!**] = 
ferential etination let us consider the integration of the .. , ^ 

• * 1 * 1 V 4*1 A* ^ IGu a L ^ 1 ) 

ordinary diiTereiituu equation 


, [71 = unit matrix 

di “ then, 

subject to y =•• at t = the boundary condition. £2 '*~'Im 1 = I7]el“l’’ 

If we integrate, we obtain, on introducing the boundary ^ of natural logarithms 

conditions. These fundamental properties may all easily be deduced 

r' from the above definition of 

y a V|1 + I m(/) ydt 

«'“-'[«)« (If] H- C [H]dt + f [u\dt fwi -i- +) 

I Ins IS an integral equation. We will solve it by sue- Jta Jto Jio 

cessive ajiproximatioiis. Let Q be. the operator defined by further set of properties, the above paper by Doctor 

Baker may be consulted. 


y ■■■■■ >'« h Qny 

Substitute y in the .second utember and we obtain 
y >•(. -t " y» + .v»0i* + Qt^Q/jty 

Repeating the process, 
y “ y«(l ■+■ Qa + QaQ/i 1- QaQaQa 
This scries is very rapidly convergent. 

The Matrix KntfArioN 
Wc return now to our matrix equation 

4 (*) « |«1I*1 


3. Linear Equations With Constant Coefficients 

As an example, let us consider the system: 

dxi/dl = + ih-iXi 

dXi/dt = «ai.Vi + »<2*>V2 

where Ufj are constants 
Or in the short matrix form: 

D{x] = [h][x] 

Let the solution be subject to tlie boundary conditions 
that: 

= a;," and x^ <=> xs® at / = /« 


(*) « |«1I*1 (Note: The superscripts here must not be confused 

witli exponents, they are merely a convenient notation 
Let U.S require as a boundary condition that fx] « denote the initial values of Xi andand, since the 

M at t ™ place for subscripts is already taken it is convenient to 

Then carrying out the above process on the matrix equa- superscripts.) By the foregoing theory, the solution 


tion, we obtain the matrix integral equation 


“ [iK“| 4* 


ddl(.v(/)kh 


This may be solved by successive approximations. 

{*(01 " ((/I 4- 01«1 ”1“ G(«1G(«1 + .){*ol 

(7) «• unit matrix 

<3 • I ()d< operator 
Jh 

2. The Matrizant 


We denote 


«1 -« ((7) -h I [uW -f I \u\di r Wt -b ...) 
Jk Jk Jk 


under these initial conditions is: 

[x] = 

In this case, since [w] is a matrix of constants, 

= (7Jcl«l'’ 

where T = t — h. 

We must now compute the matrix function by the 
rule given in part II, section 11. Following the procedure 
given there, we first compute the latent roots of [w]. The 
characteristic equation is: 

Or, expanding the determinant, 

ft* — f((uu + ^2*) + (ttuttaa •“ Wi 8 «ai) 0 
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Let us call the 2 roots of this equation ah and ym. hti 
general, the 2 roots will be complex numbers. 

We can, therefore, in general denote the 2 roots as: 

Ml “ a + j8 and M 2 “ a — jS 

Computing by Baker’s rule (part II, section 11) we 
first must compute: 


(a + jS) (a — jS) 


eaT+fiT eaT—fiT 


= (a - |8) - (a + /S) = -2)8 


= -2«“rsinh/sr 


I gaJ+/3T gOcT-fiT 

+ ^ a-jS “ sinh 0T - cosh fiT) 

We note that, by definition [m]« = [Z]. We have, there¬ 
fore, by Baker’s rule: 

.w- - stah,r^“1 _ 

/3 cosh/9r)f/] 

Or, therefore, the matrizant, in this nast^ is: 

r^“" “ (W/3smh/Sr)-| 

sinh /Sr) f — ~ “ j sinh /Sr -f cosh /9r) 

Therefore, the equation has the solution: 

[x] = [«][*»] 


differential equation with variable coefficients. This 
equation may be written; 

Dx^’+ + ... + an-i(t)x = 0 

where D is the operator d/dl and the coefficients %(Z) are 
single-valued analytic functions of t. That is, they do 
not become i nfin ite in any part of the range for which we 
d^ire a solution. 

As in the previous case with constant coefficients, we 
first break up the equation into a set of n homogeneous 
equations of the first order. This is done by calling suc¬ 
cessive derivatives new variables. That is, we let x = xi, 
Dx = Xi and so forth. Our equation is then replaced by: 

dxi/dt = UiiXi -|- UiiXi -f-.-(- UifiXn 


If we write 


Loji aimJ 

r f ~ 


where 


sinh ffT + cosh 0T 




stoker) 


«j2 — a 

—-— smh jSr + cosh pT 


f (i<ii — a) ■) 

“ I- p + cosh /sr|-e“®’ 

Qi* = iua/Pe)*^^ sinh PT 
i^ai * Utsi/Pe)*^ sinh PT 
^ = [(«22 — a)/p sinhl PT + cosh PT)^^ 

T ^ i — to 

u p is imaginary, sinh pT and cosh PT must he replaced 
by sme ^r ^d cos pT, respectively. If /? = 0, we must 
ob^ lie lumting forms from these equations by the usual 
LHospitals rule of differentiation. We have now the 
dependent variables in terms of the initial condition^ 

4. Linear Equations With Variable Coefficients 

f is particularly weU adapted to 

the ^lution of equations whose coefficients are functions 
of the mdependent variable /. The only restrictions on 
tte vanabl^ is that they be finite and single valued func¬ 
tions of / throughout the range of integration. This limi¬ 
tation is met by phyacal equations. 

Let us consider the most general homogeneous linear 


dXn/dt = UniXi H-.+ UnnXn 

where now the coefficients of Ufj are functions of /. 

In matrix form, we write this set of equations as before: 

= M [a:]. If we know the initial value of x and the 
initial valueof («—one)th derivatives we denote them byrci®, 
X 2 , etc., these initial values at / = /q. Our solution is as 
before: 

(*] = 

Where, unfortunately does not have the simple 

form it had when the elements of the matrix [u] were con¬ 
stants instead of functions of /. In this case 

= ([/] + ^ 

from the fundamental defining equation. It is most la¬ 
borious to use this form to compute the matrizant. How¬ 
ever we note that if [u] is a matrix of constants, then 

where e is the base of the natural logarithms. This sug¬ 
gests that the following procedure be followed. Let the 
mterval of time over which the equation is to be solved be 
broken up into s small time intervals. The procedure may 
be more easily followed by the consideration of the follow- 
mg diagram: 

L1|2| |3|4| I I 1,1 I 1 I I I 

I I I I I I I I 

Ut us assume that during the time interval from /o to 
\ f of the matrix [u] axe approximately con- 

s^t ^d have the average value that they a^ume 
to^hout the mter^ :ut us denote this matrix by 
[ (1)]. Ut m general [m(s)] represent the matrix whose 

m the rth mterval from / = to t = <„ We may then 
proc^ to the solution of our actual equation^ with 

variable coefSdents by a sort of chain procL. That is 

tlmt ^ughont the fest interval the demente 
of the matrix [»] are constant and denoting the matrix of 
^ <»ns^t values by we may say that at the 

end of the first interval the solution is: 
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where 
T = ti — ta 

This is the value that the variables have assumed at the 
end of the first interval, and hence these values provide t he 
initial conditions for the second interval. That is, the 
initial conditions for the second interval are ] instead 
of If the intervals are all equal let us call them T; 
that is 

/* ~ tg—i = T* 

then 

and, at the end of the second interval, the solution is: 
[*(4)1 = 

Since, however, we know [*(h)]i we can compute 
by a matrix multiplication. The solution for the .rth 
interval can be obtained similarly by a repeated chain of 
multiplication of the various values of the preceding in¬ 
tervals. The procedure appears laborious, but it is in 
reality quite simple. It may be noted that the intervals 
do not have to be of the same length T. It is usually more 
convenient to choose short intervals where the variations 
of the elements of the matrix [u\ is great and to choose 
larger intervals where the elements of [«] are more or less 
constant. 


The characteristic equation is: 



and the latent roots are: 
a* = 0 = ‘\/uii(S) 

The matrizant relation is as in VI part 3. 
cosh (PsT) sinh (/3,r) “] 

coshtoD 

if is real. If, however, p, is imaginary, then circular 
functions must replace the above hyperbolic functions. 
The numerical values of the elements of Jl**-i’** are given 
in the table I. 

The matrizant is formed for each interval 

from the values given in the above table. From the value 
of the matrizant for the first interval and the initial con¬ 
ditions, the values of the dependent variables at the end 
of that interval and hence the initial conditions for the 
next interval can be found. 

For example, the product may be carried out 

in table form. That is, the square matrix is multi¬ 
plied by the line matrix [nc®]. This gives a line matrix 

Table I 


Illustration 

This method may perhaps be brought out more clearly 
by means of an illustration. The example worked out by 
Frazer® will be given. It is particularly good as an illus¬ 
tration since it tests the method to the utmost in that the 
variables fluctuate widely and the values obtained may be 
compared with the exact solution. 

Let us consider the motion of a pendulum of variable 
stiffness whose equation of motion may be taken as: 

-1- (16ir»«-®‘ - 1/4) a = 0 

It is easy to solve this equation in exact terms. 

The exact solution is: 

for the boundary conditions that a = 1.0 and da/dt = 0.5 
at t = 0. To solve this equation in the matrix form we 
place a = Xi and da/dt — x^. Then the matrix equation 
is: 

«*i u 

where 

«81 = 1/4 - 167r*e“®‘ . 

Let « 2 i ( 5 ) be the average value of V* "" 16’r®e-*Vfor 
the 5 th interval from :) = 41 ^ to 4 . that 

interval:^ 
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start of 
Intern! 

t- 

au(B} 

0 

COB (Hl 
cosh |9T 

sin 
5T//9 
sin |9T sinh 
sinhjST PT/0 

un(a)B]n 

usi(B)sinh 

BT/B 

< 0 .. 

-129.6 . 

.11.89i . 

. -0.6604. 

.0.7690. ..0.0666. 

. -8.660 

t - 0.2.. 

-86.66 . 

. 9.327i. 

.-0.2900. 

..0.9570... 0.1026. 

. -&926 

t - 0.4.. 

-68.28 . 

. 7.631i. 

.+0.0448. 

..0.9990... 0.1309. 

. -7.623 

i - 0.6.. 

-88.96 . 

. 6.24U. 

. 0.3172. 

..0.9483... 0.1519. 

.-6.918 

t - 0.8.. 

-26.02 . 

. 6.101/. 

. 0.6233. 

..0.8621...0.1670. 

. -4.846 

t - 1.0.. 

-18.61 . 

. 3.676/. 

.-0.2636. 

..0.9650... 0.2626. 

.-3.646 

1 - 1.5.. 

-4.466 . 

. 2.114/. 

.+0.4916. 

..0.8709...0.4120. 

.-1.841 

t - 2.0.. 

-1.000 . 

. 1.000/. 

. 0.6403. 

..0.8416... 0.8415. 

. -0.8416 

t - 3.0.. 

+0.0808. 

. 0.284 . 

. 1.0405. 

..0.2880... 1.016 . 

. +0.0819 



Initial Conditions 


a and Dot 


Initial 

Value 

oft 

. The Matrizant 
tf*-!-** 

stepped 

Solution 


Exact 

Solution 


—0 6504. 

....... 0.0666... 

..... 1.0000.. 


. 1.0000 



—0 6504... 

. 0.6000.. 


. 0.6000 


0 ?r0nn 

__ 0.1026... 

.....-0.6171.. 


.-0.725 


8 926 

.-0,2900... 

.-8.976 .. 


. -9.243 


0 0448 

. 0.1309... 

.-0.7419.. 


.-0.667 



0 044S... 

.+8.111 .. 


. +9.008 

0.6. 

... o!3172. 

.. 0.1619... 

..... 1.0285.. 


. 1.11 


—0 3172... 

. 6.019 .. 


. 5.866 


0 

_... 0.1670... 

. 1.2405.. 


. 1.20 


-4.346 . 

.0.6233... 

.-4.1776.. 


. -4.43 

1.0..... 

...-0.2636. 

....... 0.2626... 

.....-0.0487.. 


. -0.172 


-0.2636... 

.-7.677 .. 


.—7.646 . 

1.6.... 

...-0.4916. 

.. 0.4120... 

.-1.977 .. 


.-1.99 

-1.841 . 

....... 0.4915... 



. +3.008 

2.0.... 

... 0.6403. 

....... 0.8416... 

.....-0.0776.. 


. -0.35 

-0.8416. 

....... 0.6403... 

.+4.706 .. 

• * *. 

. +4.748 

3.0.... 

. 1.0406. 




. 3.64 

0.0819. 

....... 1.0406... 

__ 2.608 .. 


. 3.46 

4.0.... 


..... 6.724.. 


. 7.19 



3.036.. 


. 3.9&4 
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wiiich provides the initial conditions for the next interval. 
The same procedure is carried out for the next interval and 
repeated to the ehd of the range in t. 

The process may be written symbolically as follows: 

l*(0] = 

or more briefly: 

[«(/»)] = 

This is shown in table II. 

It may be remarked that the approximate stepped solu¬ 
tion differs quite considerably from the exact solution. 
Howev^, in the example the variable stiffness fluctuates 
tremendously during the first interval. 

The time intervals at the beginning of the solution 
should have been chosen shorter. Where the coefficients 
of the matrix [u] vary considerably shorter time intervals 
must be taken. 

The method here presented is only an approximate one 
and will give good results only in case the number of in¬ 
tervals during which the variable coefficients are to be 
considered constant is taken to be great. In the case of 
second order systems this method provides a rather quick 
method of arriving at the trend of the solution. In the 
example given here it is of course needless to calculate the 
process to 4 significant figures as has been done. It must 
be realized that the coefficient - i/^) changes tre¬ 

mendously in the neighborhood of i = 0, and more accurate 
results would have been obtained had the number of in¬ 
tervals at the start of the solution been chosen in a dif¬ 
ferent manner. 

The method here presented is of particular value in - 
second order differential equations whose coefficients do ' 
not vary greatly. It is true that when t becomes large, '' 
errors will accumulate. Since, however, in most problems ^ 
the variation of the dependent variable for sm al] values of t 
the independent variable /, is sought this method gives i 
rather quickly the required information. c 


Figure 3 



problems of this class the reader is referred to “Mechanical 
Vibrations," a book by Den Hartog. A most extensive 
bibliography of this class of problems is given by Van 
der Pol and Strutt.® 

1. Free Oscillations of a Variable Network 

The method will be illustrated by the use of a special 
case which is of great importance in electrical and me¬ 
chanical engineering. 

For definiteness, let us consider the most general pos¬ 
sible series circuit containing a variable resistance, in¬ 
ductance, and capacitance. The circuit is shown in figure 3. 

Suppose tlmt at / = 4 a charge is placed on the condenser 
and we mquire the subsequent behavior of the system. 
We specify that all the variable elements are periodic in 
time with the same frequency. That is, 

Rit -I- r) = R{t) 

C(T H- 0 « c(t) 


VII. Variable Networks 

The above-mentioned method enables one to obtain the 
solution for the free oscillations of a network whose 
par^eters vary with the time. The solution may be 
made as accurate as desired by the correct choice of the 
time mtervals / 

n is proposed to discuss the transient solution of 
netrorks whose parameters vary with the time in a 
pmo^ manner. An example of this ^e of network is 
the alternator with the mutual inductance varying as a 
^e fimctmn of i. Anothm example is the Wrohone 

ca^^thtlT?' resistance that varies periodi- 

y ™th_the tune. The condenser microphone is another 
^^le of this ^ of circuit. There are a host of 
portat tediuical problems of this class. In the field of 
^chanical en^eering the situation is the s^e Thf 
tomo^ mbrations of the side-rods of electric locomotives 

n * n* 1 ?^ ^ the heading of systems with 

periodicahy varying parameters.^^ 1 ^^ 


L(t -1- r) = L(t) 

where T is the period of the variation. Let 

R(i) = i?o + r(t) 

L(i) = Zo -f- l(t) 

R/dfy — S(i') ** 3*0 -1- j(#) 

where 5(7), the reciprocal of the capacitance is the elas- 

tance. Ro, U, and So are the fixed constant resistance 

inductance, and elastance of the circuit about whidi the 

(mcuit vanes. r(/), /(/), and s(t), are the variable elements 

o resistance, mductance, and elastance of the circuit. 

Ut us suppose that the variations in the various elements 

IS alwys ^^er .than the fixed portion of the various 
elements. That is, vaxxuut* 


I j | < Ro 


I ^ I < Lo 


U l< 


IS, the absolute values of the variable elements are 
^ways 1^ tl^ the fixed components. This is usually 
the case m actual physic^ systems. 

The fundamental equation of the circuit is : 

+ il \^ + * jT +£(0 <’■0 

where 

D =» d/dt .. 

and g is the charge on the condenser in coulombs. Let 

A(t) = t I jus and5(/) ^ ji.+ ^(0 

dt/ Lo+l{t) Ao-f/(/) 

In the above equation let us substitute 
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Oil making this substitution for Q in the above dif- 
ential equation we fmd that y(t) must satisfy the 
nation D^y + (B — ^/J)A — ^/\A -)y — 0, if we call 
— ^/iDA ~ ^/-xA-) ~ Ir 4- «(<); that is, we separate 
is expression into 2 parts, one a constant term and the 
ler a variable tenn. Our problem now reduces to the 
ution of D'^^y + [/>" + a{l)]y ~ () 

It may be here noted that because of the periodicity of the 
raraeters we must have: «(/ + T) = «(/) 

The above equation in y is the etiuation of Hill. It has 
reived extensive treatment particularly in astronomical 
nnections. All the methods published deal with the 
.ution (^f the eciuation in series or contour integrals, 
lese solution.s are most unsatisfactory from the practical 
int of view. A theorem will now be establi.shed which 
11 show the ease with which this etiuation may be solved 
merically by the matrix metlw)d. 

The Stability of HilPs Equation 

The following analysis is a general discussion on the de- 
rmmation f)f the .stability of the physical system whose 
havior is described by Hill’s ccjtiation. 

Consider Hill's etjuation: 

y 4* |A* + «(0).v •• 

Now let and be 2 linearly independent solutions 
the ilifferentiul e(tuation. 'riie general solution will 
t*.n be a linear ciunbinatioti rif and ga and may be 
'itteii as: 

*" rifii 4' cifit 

lere cj and are constants. 

lyCt us write y ;V| and dy/dt " .va. We may then 
rite, the matrix: 

;] ,£]■[:] 

lere I) « d/dt at t - bet 


r*; 1 

L .V* J 


we now let 


mt) J 

id 

>-[::] 

emay write the matrix relation M = fi4(/)] [c]. Now 
► determine the arbitrary constants we have, 

®1- U(4)lbl 
id hence 

1 - 

id hence the solution becomes: 

•1 - (4(dlM(/d|-*b«) 

3 W because of the periodicity of the variable coefficient 
0), that is, «(b+ T) a (0, we may assume [x(k+ T)] 


= where k is some constant to be determined. 

But [xik + T)] = [A{tt + T)] [i4(/o)]“T^]» and hence 
substituting into the above equation we obtain: 

k[xf>] = [Aito + n][d(/o)]-T:c®] 

If we let \M] = \A{k + ?’)] [^(Ai)]"b then we have: 
k[i(»] = [Mil*®] 


[kl - Ml = [0] 

and the constant k depends upon tlie 2 characteristic roots 
of the matrix [M]. That is if, 


,,Mu Mij 

“ L U„ J 


then k is given by the 2 roots of the equation 

I*® — fe(Mu 4” M 82 ) 4" (MuMas MiaMai) «= 0 

Now if I ifei [ < 0 and | ife 2 1 < 0 the motion is stable while 
ii\ki\ > 0 or I |. > 0, tlie motion is unstable. 

By subdividing tlie interval from /o to /o 4- 2^ into small 
intervals throughout which the variable v(t) may be as¬ 
sumed to have its mean value it is possible to arrive at a 
numerical value for the matrix [M] and hence to compute 
the stability of the system. This method has recently 
been employed by the author to a simple system. The 
results are to, appear in the Journal of the Franklin Insti¬ 
tute shortly. 

3. The Matrix Solution of Hill’s Equation 

It would be easy to give a numerical example. How¬ 
ever, it is best to consider the general case. 

We are to solve D'^y 4“ [6® + “ 0 with the initial 

conditions of y and dy/dl known. Let y ^ xi and dy/dt w 
.Vj. Our equation reduces to the system. 

Dxi Xi 

Dxi * —(ft* 4* 

LctF(/) « a(0] 

The equation in matrix form becomes, 


ro IT 

L 0 J 


The solution is carried out as in the example of section 
VI, part 4, The time T for one cycle of variation of a{t) 
is divided into several intervals of lengtli Lt and the var¬ 
ious matrizants calculated. 

The solution at the »th interval is given by 
« 

(*(/«)! -11 

r-i 

where, as before, [»®] is the matrix of the initial values of 
y and dy/dt. If at the end of time T or at the end of 
the completion of one cycle of variation of a{t) ^e variables 
x\ and xt have increased to kx^ and ^aca^or, in matrix forth 
[x{T)] « then we have solved the equation for any 
value of t by the use of the formula y(b + T) ^ 

The important thing particularly in mechanical problems 
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is that we have detennined the stability coefficient k and 
can now predict whether the motion will increase and 
hence be unstable or die out or keep on without any in¬ 
crease or decrease. The author is in the process of apply¬ 
ing this method to several special cases. 

Having determined y, Q, the charge on the condenser is 
obtained from 

Q » 

Whether Q builds up or not depends on the relative mag¬ 
nitudes of the decrement factor 

and the value of k. Li the absence of resistance, A(() = 
0. The behavior of Q depends entirely on k m such a 
case. 

VIII. The Solution of Oscillatory Networks 


Multipl 3 ring by [L]~\ the inverse of [L] gives us, 

- [L]-Hyc])[i] = [ 0 ] 

where fi] is the unit matrix. 

This may be considered as the generalization of the 
equation 

(«* - l/LQi = 0 

for the resonant frequency of a simple series circuit having 
an inductance L and a capacitance C. In this simple case, 
the well-known solution for the angular resonant fre¬ 
quency is w = l/-\/LC, 

3. The Solution of the Matrix Equation 

We must now solve the matrix equation: 

(«*[/] - = 0 


If in the most general linear bilateral network with 
lumped parameters discussed in part III, we place the 
resistance elements Rij = 0. That is, the resistance in the 
various branches is negligible, we call the network an 
osdllatoiy network. In the conventional solution of such 
a network for the resonance frequencies and amplitudes it 
is necessary to solve a set of algebraic equations of Tii gfi 
order. A method will now be given by which through 
the employment of matrices we do not have to solve any 
algebraic equations whatsoever. The method to be given 
here is a modification of a method developed by Huncan 
and Collar in treating mechanical problems.’^ 

The fundamental equations for such a circuit in matrix 
form are: 


(See part III) 


[e] » [Z][i] (See pa 
where 




putting = 0. 

Now, if we are interested in the various resonant fre¬ 
quencies, we place fe] = [0]. 

Our matrix equation reduces to: [0] = \Z\ \i\ or 
[0] = (wfZ] ■— l/co[l/C]) fi]. The matrix 


ill. . . .ii: 


ini. . i .i* 


may be termed the inductance matrix. The inductance 
matrix includes all the self-inductances (Tu, Ln, . £ ) 
and all the mutual inductances {L^ where i 9 ^ j) The 
matrix 

r ..i/c„T 


'^/Cni .. .. .1/Cn 


may be termed the elastance matrix. It includes the 
self- and mutual-elastances of the system. 

. m^tiply both sides of our above matrix equation 

by the scalar CO, the angffiar frequency, we obta^ 

(«*t£]= [0] 


For simplicity, let m = and [Af] = fL]-i [1/C]. 
Our equation now reduces to [uJ — JIf] [2] = [0]. W’e 
note here (part II, section 7) that the matrix UI — M\ 
is the characteristic matrix of the matrix [M\. 

The latent roots of the matrix [M\ are related there¬ 
fore, to the resonant frequencies by the equation 

fj = nj 

where the are the resonant frequencies. 

We could, of course, evaluate these roots by finding the 
roots of the characteristic function 

ImT-MI-O 

however, this is essentially the conventional procedure 
which one employs without the use of matrices. We are 
then confronted with an equation of degree n for a*. It is 
now proposed to give another method which avoids the 
solution of the algebraic equation. 

L>et us consider the matrix [AT] raised to a very high 
power. See part II, section 12. We have the equation 

lim [ilf]” = - -__ 

»-*.cD (m 2 - Mi)(/*i - Ml) . . . Cun - Ml) 

where /ii is the greatest of the latent roots of [M\, and 

- mhxz- M] .We note 

that [Jlf,] IS the product in the Cayley-Hamilton relation 
with f/^i — M] absent. Therefore, by the Cayley-Hamil- 
(part II, section 10), we have [^i - M] [ilf,] 

We now make use of the theorem on the vanishing of a 
product of matrices (part II, section e). Therefore 

r Mi^i... .02i4a. aiAn ”1 ' 


That IS, the matrix [Mi] is such that the eli^ents of 
any row are proportional to the corresponding elements 
of thetoprowof [Jlfij. Therrfore 


lim [jif ]* 


Ml” 

JJ(Mr - Ml) 


Mi-4i. 
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Now consider any line matrix [X"] and form the product 




Ml 


TT(Mr — Ml) 

rs*sl 


OiAi . <iiAn 


r Xi 1 



Xi 

_ a^Ai . OnAn 


. - 


Ml 


TT(Mf - Ml) 


aiiS 
OtR 

L <illR J 


where 

jR = AiXi + AiXi + . . . + AnX^ 

If the values of Xi, .are chosen so that 

R is not zero, it follows that [X] = ni \MY PG 

that is, raising the power of the matrix [M\ from n to 
n + gives a resulting matrix that is the same as before 
except liat it is multiplied by jui. Therefore, to obtain 


Figure 4 



thf* fundamental frequency, any series of values are as¬ 
sumed for . X^ and, by continually multiplying 

[j|f]n+i is obtained. After n has reached a certain 
value, a limiting form is obtained when the ratio of suc¬ 
cessive multiplications is equal to y.x. When has been 
obtained, the fundamental frequency is obtained from 

fi 

It remains now to find the relative amplitude of the 
currents in the various meshes when the system is oscil¬ 
lating in its fundamental mode. We return to 

[mJ - MM “10] 

and 

[jui - M\[Mi\ - [0] 

Let (ii® is®.. • • _4®) be the amplitudes of the currents 

corresponding to the fundamental mode mi- Then 

[w - MW] [0] 

[mi - M][Mr] “ [0] 

hence [i«] — Ki [Afj], where Kx is some constant; or, 
therefore, 

aijRi 


[#•1 - If* 


<hR» 


method will be illustrated by means of a numerical ex¬ 
ample. 

4. Example, Free Vibrations 
of a Coupled Circuit 

The method will be made clear by the following ex¬ 
ample. Consider the coupled circuit shown in figure 4. 
In the circuit, let Cn = Ca — Css = 10~® farads. Let 
Cy = Oif i LetLu , ^83 = 

Lxs = V ^ ~ -^fi, Lsx — 0 = Li 3, Lgs = — y ■iH = La*. 

In matrix fonn 


lil 


L On-R J 

Therefore the amplitudes of the various currents are 
jrbportional to the quantities ax, at, - 




6/6 

1/3 

0 


[1/C] = 10« 


-1/3 

1/2 

- 1/6 

0 
1 
0 


0 

-1/6 
1/6 J 


’ 1 0 0 “ 
0 10 
_ 0 0 1 _ 


10 »[/] 


We first calculate [M\ = \L]~^ [^/C] 


[L] = 1/36 


[ 30 -12 0 1 

-12 18 -6 

0-6 6 J 

[ 2 2 2 “I 

-1= 2 5 6 

\_2 6 11 J 

[ 2 2 2 “1 
2 6 5 

L 2 6 11 J 


[Af] = 10* 


We choose 


IX] 


" 1" 

1 

. 1 _ 

for simplicity. Therefore 


[M][X] 


= 10 » : 


[Jkf]*[XJ = 18 X 10«| 2 
2 


] [:]-”'K] 

[2 2 2ir 1/3 1 


18 X 10« 


[■?] 


r4/i6“| 
(18)(15)(10«) 9/15 J 

It may be noted that since we are only interested in the 
ratio of successive multiplications we may dispense with 
the numerical factors in front of the matrix. Continuing 
the process we soon reach: 

2 2 
2 5 

2 5 


me pruecsB wc bwwju xcawaj.. 

r 4/16 1 r 2 2 2 "I r 0.256,881 1 

9/15 2 5 ^ J “ 1^ 0.584.762 J 


and 


,a«. The 


r 2 2 2 “1 r 0.256,881 1 f 0.256,238 "1 

2 6 s j I 0.584,762 - 14.44960.584,762 J 

The ratio is settling down to a number nearly equal to 
14.45. By continuing further it is found that the value of 
ss 14.431 X 10* and the ratios of the amplitudes of the 
currents for the fundamental oscillation are about 0.255, 
0.584, and 1.000 as g^ven by the final matrix. A similar 
mechanical problem is discussed by Duncan and Collar 
in the above-mentioned papa: in the Philosophical Maga¬ 
zine. 
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It is seen that the convergency of the process is very 
high and the calculations are easily made with a comptom¬ 
eter. The results are 

Ml = 14.431(10*) 

hence 

1 = = 607 cycles per second 

This is the fundamental frequency. When the system is 
oscillating at the fundamental frequency the ratios of the 
currents are ^ = 0.225, ^ = 0.584, and is = 1.000; that 
is, with respect to iz as unity the other currents have the 
above values. 

For a more complete discussion of this method in .similflr 
mechanical problems the reader is referred to “Solution 
of Oscillation Problems by Matrices” by Duncan and 
Collar. In this paper a method of obtaining the higher 
resonant frequencies is also given. The author is working 
on some more applications of the method. 

It must be noted that the method here given while it 
avoids the direct solution of the detrimental equation 
makes use of a process which is related to the well-known 
root-squaring method of Graeffe. Graeffe’s method has 
been shown to be equivalent to the method of Daniel 
Bernoulli. An excellent discussion and an extension of 
Bernoulli’s method which may be reduced to the method 
here presented may be found in A. C. Aitken’s paper “On 
Bernoulli’s Numerical Solution of Algebraic Equations” 
Proceedings of the Royal Society, Edinburgh, volume 46, 
page 289, 1926. 


X. Conclusion 

It has been the purpose of this paper to show the in¬ 
herent simplicity and power of the matrix method once 
the fundamental operations have been grasped. 

. The theoiy of matrices as presented in part II has been 
the result of searching the international literature and it 
is hoped that the concise presentation may give an impetus 
to the use of this method. The author is at present at¬ 
tacking the problem of simultaneous partial differential 
equations by this method and the results thus far show 
that the matrix method will be more powerful in this 
connection (See reference 9). 
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The Next 50 Years 


IN THE 50-year period before us there will be an 
■ accelerated advance in the accomplishments of engi¬ 
neering, which, broadly speaking, is the application of 
science. New discoveries in science, and their use by 
means of new inventions, will follow one another with 
ever increasing rapidity. Often one discovery will reveal 
a score or more of new opportunities which speedily will 
be developed and made useful to nian. 

This acceleration m the speed of engineering advance¬ 
ment will be due in part to the increase in the number 
of workers in this field, made available through the com¬ 
petition of engineering colleges to gain students, and 
especially through the .growing conviction among parents, 
whether weU-founded or not, that an engineering' educa¬ 
tion carries with it an improved economic and social 
status. The public has become “engineering mitided.” 

No one can foretell with accuracy what specific results 
will ensue froih this intensified development along engi¬ 
neering lines; but a few accomplishments are clearly 
.^evidait:^ ^ 

1. Space, alTMdy so greatly reduced, wiU, practically speakitfg 

be weU nigh dimiiiated by the conquest of the air. 

1 Mass-production ydU be ex^^ 

combination-control 

d med^izataon. With the aid of new methods of processing 


and the discovery of synthetic foods, the necessary agricultural 
products for a unit of population will be provided with a fraction 
of the labor and land now used. 

4. Automatic control of production and operation will further 
greatly reduce the need for manual control. 

6. New scientific discoveries, new sources of power, and the de¬ 
velopment^ of new processes and inventions, will make necessities 
and many luxuries more generally available. 

Such chang^ wiU inevitably shorten the work-time 
required to satisfy the demands of the public. In Canada 
and the Stat^ it has been reduced Vs during the last 
50 years. Is it hot probable that an equal redhction will 
re^t in the next 50 years? If so, the required work-time 
win become only half what it is at present Probably 
20 hours a week is a conservative estimate. 

^ Whatever this reduction may be, it wiU result largely 
from the activities of the engineer. Credit for lightening 
'r burden, however, wiU be accompanied by 

habili^ for any unfortunate results which may ensue, 
and the public wilMook to the engineer to provide the 
means to avoid them. 

From u address by the late Harrison P. Eddy, oast-DrealH Ani- a , 

Soaety of Ci'Fil EngmeOB __ - _ the American 

celebration of the Engining Institute of *®gtfeentennial 

Eddy was to have been^^S^hon^r 

a“®*^ delivered at a Inncheon on June W ’ address 

lished in the August 1937 issue of Civil Engineering, pag^wSe"^ 


Pip6s^j\^(itfic€s in Sngifiecfing 


Electricai; Engineering 



Short-Circuit Protection of Distribution Networks 

by the Use of Limiters 

By C P. XENIS 

MEMBER AIEE 


A LARGE PERCENTAGE of secondary cable faults 
in distribution networks “bum clear” rapidly. In 
^ such cases, the short-circuit current to tlie fault has 
not persisted for a sufficiently long period of time to raise 
the temperature of the cable conductor on either side of 
the fault to a high enough temperature to fuse, or per¬ 
manently damage adjacent cable insulation. However, 
not even the most optimistic treatises on “bumoff” have 
ever asserted tliat all secondary cable faults are of this ac¬ 
commodating type. Furthermore, the fault consists of an 
electric arc between a number of energized copper con¬ 
ductors confined in the small space of the duct, surrounded 
by masses of molten metal and with water frequently pres¬ 
ent. Under such a combination of conditions, who can 
contend that the fault can be depended upon to always 
clear in time to protect the insulation of cables supplying 
the fault current? 

Companies operating extensive distribution networks 
have experienced cases of cable failure “spreading” beyond 
the initial point of fault, and the prevention of extensive 
damage in such cases depends on the prompt arrival of the 
operating crews who cut network cables “around” tlie 
faulted area. This type of fault is frequently accompanied 
by fires and explosions for apparent reasons. 

This problem is not new, and the development of non¬ 
combustible cable insulation represents one angle of attack. 
The development of cable joining connectors, lugs, etc., 
which incorporate fusible elements, so that in addition to 
their normal splicing functions, they provide adequate 
fuse protection to the cables to which they are attached, 
represents another angle of attack to the problem. Un¬ 
doubtedly other solutions will present themselves in the 
future. 

The Limiter 


terminal blocks, packing glands, etc. that conventional 
underground fusing systems require. In short, it is a fuse 
made into an inconspicuous part of the cable it is intended 
to protect. 

Figure 1 step number 1 shows a connector-type limiter 
used for protecting number 4/0 nonleaded cables on the dis¬ 
tribution systems of the Consolidated Edison Company of 
New York, Incorporated. This limiter is made from a 
single piece of copper tubing by flattening the middle por¬ 
tion of the tube and punching out the excess metal, thus 
leaving the desired fusible section. Step number 2 shows the 


ti 



Figure 1. Instal¬ 
lation of connec¬ 
tor type limiter 


The limiter consists of a reduced metallic section incor¬ 
porated in a connector, lug, or other connecting device 
used in normal cable installation procedure. It has a 
time-current characteristic calculated to protect the cable 
to which it is connected over a wide range of short-circuit 
currents, by interrupting the faulty circuit before the 
cable insulation reaches the ''roasting” point; in other 
words, the limiter selects with cable insulation. It is so 
designed as to form an integral part of the joint or cable 
terminal without the necessity of the additional enclosures, 

A paper presented at the Bdiaott Electric Institute transralasion and distribution 
comMttoe meetins, Chlcaso, Ill., May 6, 1937, and recommended for publica¬ 
tion by the AIPB committee on power transmission and distribxrtion. Manu¬ 
script submitted May 21, 1037; released for publication July 9, 1937. 

C V. Xbnxs is division engineer, distribution development division, Consolidated 
Edison Company of New Vorlt, Inc., New York, N. Y. 


ends of the number 4/0 cables inserted in the tubular ends 
of the limiter, while step number 3 shows the assembly 
after the tubular ends are indented to form a permanent 
connection between the cables. Step number 4 shows the 
fireproofing shells assembled around the limiter, while step 
number 5 shows the limiter installation completed by cov¬ 
ering the assembly with a rubber sleeve and taping the ends 
to the cable insulation. Figure 2 gives the corresponding 
steps taken in installing a limiter lug on the end of a 
600,000-circular-mil nonleaded cable. Note that in this 
c ase no rubber covering is provided over the fireprootog 
shells on the lug since it is used for indoor instaJlatipns. 
The limiter lug is also constructed from a single pi^e of 
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Figure 1 A. Con¬ 
nector type limi¬ 
ter 


copper tubing, a portion of which has been flattened, bent, 
and punched out to form the lug and fusible section. 

The fireproofing shell (figure 3) plays an important part 
in the proper operation of the limiter by providing the 
means of confining the arc developed during the interrup¬ 
tion of the circuit. It is molded from a noncombustible 
dry mixture of asbestos and cement. Note the barriers 
which further tend to confine the arc and keep it from 
striking across the large cylindrical portions of the limiter. 
With the limiter assembly as described, it is possible to 
interrupt short-circuit currents met in practice without any 
external indication of arc or flame. 

In connecting the above limiters to cables, it should be 
noted that compression-type mechanical connections w^e 
used. Various types of powder driven, hydraulically 
operated, and screw-type devices are now available which 
make satisfactory connections. Solder must be avoided 
in the proximity of limiters because of its low melting 
point. While in the above illustrations we have indicated 
the use of limiters on nonleaded cables, their application 
to rubber-insulated lead-covered cables is equally practical 
and lead sleeves may be installed over the limiters if de¬ 
sired. However, the use of limiters on paper-insulated 
lead-covered cables becomes relatively difficult since it is 
necessary to take additional steps to keep the impregnating 
oil from entering the fuse chamber of the limiter. 

The use of limiters at multiple points of a network % 3 rs- 
tem results in the protection of each cable section between 
such points. The cable fault shown in figure 4 draws its 
supply of short-circuit current from 3 directions at each 
multiple point. However, the total short-circuit current 
from each multiple point must pass through the limiter 
which is connected to the faulty cable. In other words by 
installing limiters of the same type at each multiple point 
of a network system, the selection between limiters is 
automatically secured, and since the faulty section is 
equipped with limiters at both extremities, it will be iso¬ 
lated from the rest of the network. This presumes that the 
limiter is designed so that it will blow at the minimiitn 
values of short-circuit current encountered in that net¬ 
work. 


dent that the ideal characteristic for a limiter is one 
slightly faster than the insulation dartiage characteristic 
of the cable it is intended to protect. In other words, the 
limiters on the faulted section should fuse before the in¬ 
sulation of the cables feeding the short-circuit reaches a 
dangerous condition as the result of the total heat gener¬ 
ated by all cables in the duct. It therefore follows that 
limiter design should be preceded by the determination 
of cable damage characteristics. This has been done 
experimentally using various rubber-insulated cables, for 
a single cable in open air and again for a set of main 
cables installed in concrete duct. Figures 5, 6, and 7 show 
time-temperature characteristics for various types of cable 
installations encountered in the network distribution sys¬ 
tems of the Consolidated Edison Company of New York, 
Incorporated. It will be noticed that after the copper 
conductor reaches a temperature of approximately 265 
degrees centigrade the rubber reaches the point of perma¬ 
nent visible damage. Although tests were made on cables 
insulated with 2 types of rubber base compounds, namely, 
intermediate rubber compound, ASTM performance rub¬ 
ber compound, some lead-covered, others not, it was 
found that the slight differences in the results obtained 
did not justify separate treatment in this report and there¬ 
fore one set of curves have been plotted. It will also be 
noted that in cases of rapid temperatiue rise in the copper 
conductor, somewhat higher copper temperatures are 
necessary to cause the same extent of damage to cable in¬ 
sulation. This is the result of the lag in the temperature 




STEP NO. 


Limiter Characteristics 

The limiter, like any other type of fuse, has a time cur¬ 
rent diaracteiistic whidi defines its performance at Figure 2A. Lug 
various overloads. From previous discussions, it is evi- type limiter 
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rise of the insulation behind the rise of copper tempera¬ 
ture. Figure 8 summarizes the cable damage charac¬ 
teristics for rubber insulation in a more convenient form 
for comparison with limiter characteristics. 

In figures 9 and 10 we have shown cable damage charac¬ 
teristics together with the characteristics of limiters of 
t 3 rpes illustrated in the first part of this paper. The inter¬ 
section of the limiter characteristic with the cable damage 
characteristic indicates the value of current below whi^ 
the limiter offers no protection to cable insulation. How¬ 
ever, if this critical current is below the minimtiTn value 
of short-circuit current obtainable in the network, this 
limitation loses all practical importance. A wide range 
of limiter characteristics is possible by varying the cross 
section and the length of the fusible section. This phase 
of the limiter design problem is not much different than 
that of generid fuse link design and therefore, no useful 
purpose can be served here by going into detail. On 
figure 9, 2 limiter characteristics have been shown to 
illustrate possible variations in design. 

An additional point to be kept in mind in selecting or 
designing limi ters is that the limiter generates heat at a 
higher rate than the cable conductor and therefore some 
of this heat is conducted to the cable to which it is attached. 
This presents a problem only for currents near the mini¬ 
mum at which the limiter is designed to fuse. Higher 
currents fuse the limiter before the heat generated has time 
to affect the adjacent cable insulation. Substantially 
lower currents (than the minimum fusing values for the 
limiter) do not generate a sufficient amount of heat to 
affect the adjacent cable insulation. It is therefore de¬ 
sirable that this particular point be investigated as the 
last step of design to insxire that no overheating of the 
cable insulation adjacent to the limiter results from heat 
conducted from the limiter. By judicious change of the 
length and cross section of the fusible section and by 

Figure 3. Fire¬ 
proofing shells for 
connector type 
limiter 


RUBBER INSULATION SUFFERS PERMANENT VISIBL 
, DAMAGE AT ALL POINTS ABOVE THIS UNE f 
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Figure 5. Time-temperature characteristics, rubber-insulated 

cables 

Solid curves—^Six number 4/0 cables in duct 
Dashed curves—One number 4/0 cable in open air 



80 100 120 140 160 180 200 220 

TIME-MINUTES 

Figure 6. Time-temperature characteristics, rubber-insulated 

cables 

Solid curves—^Three 500,000-circular-mil cables in duct 
Dashed curves—One 500,000-circular-mil cable in open air 


THESE LIMITERS WILL CLEAR 
THE FAULT SINCE THEY CARRY 
THE TOTAL FAULT CURRENT \ 


I MULTIPLE 
POINT 


-LEGEND- 

■ LIMITER CURRENT 

FLOW 


Figure 4. Sche¬ 
matic current dis¬ 
tribution diagram 
under condition 
of a secoiidary 
network fault 

Note: All limltere 
In this network are 
of the same type and 
characteristic 


proper selection of the minimum blowing point of the 
limiter, this condition can be overcome. In this connec¬ 
tion the fact that the limiter and adjacent cable insulation 
are located in the manhole where ambient temperatures 
are substantially lower than those in the duct in which the 
overloaded cables are located, assists in arriving at the 
desired balance. At rated loads the temperature 

of the fusible section (located within the asbestos shell) is 
approjdniately 6 degrees centigrade higher than that of 
the cable conductor. 

With the aid of ihe above analysis and reference to the 
data presented in curve form, it is possible to design 
luniters which wfil properly select with the cable insula¬ 
tion. In the a-c distribution system of the Consolidated 
Edison Company of New York, Incorporated, limiter type 
AC-2R has been used extensively for protecting numb^ 
4/0 nonleaded network cables in Manhattan and tbe 
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Figure 7. Tiihe-iemperature characteristics, rubber-insulated 

cables 

Solid curves—^Tfiree 750,000-clrculdr-mil cables in duct 
Dashed curves—One 750,000-circular-tnil cable in open air 


Bronx. Their use is now being extended to other sizes of 
cables and at other points of the distribution networks. 

Selectivity Between Limiters 
and Network Protector Fuses 

Our discussion heretofore has been confined to the 
proper protection of neWork cables by means of limiters 
installed at multiple points. Where the multiple point 
happens to be also a supply point, 2 additional considera¬ 
tions for the proper design of the system must receive at¬ 
tention: 

(a) The supply cables (connecting the network protector to the 
street mains) may be protected by means of limiters. 


(b) The network protector fuse should properly select with the 
combination of limiters on the supply cables and those on the net¬ 
work mains at the multiple point. 

With reference to consideration (a) the desirability of 
protecting supply cables varies with the t 3 rpe of installa¬ 
tion. If, for example, the supply cables represent a very 
short run between a network protector installed in an 
underground manhole and the multiple point, the need 
for protecting the supply ca,bles is questionable. If, how¬ 
ever, the supply cables are of considerable length as in the 
case of transformer banks installed within customer’s 
buildings, the protection of such supply cables and second¬ 
ary ties is of considerable importance since a serious case 
of cable failure within the customer’s premises is liable to 
entail unpleasmit consequences. This protection can be 
accomplished in accordance with the methods previously 
esplained. Where the cable terminates at a bus, as would 
be the case where secondary ties connect to the customer’s 
bus, limiter lugs are used for the purpose. Figure 11 is a 
schematic diagram representing a network completely 
equipped with limiters at multiple points and with supply 
cables protected at both extremities. Figure 12 shows a 
transformer vault installation with secondary ties, as well 
as cables connecting the transformer secondly side to the 
network switch, completely protected by means of limiters. 
This type of protection has been recently adopted by the 
Consolidated Edison Company of New York, Incorporated. 

Figure 12 also serves to illustrate the problem of ob¬ 
taining the proper selection between network protector 
fuse and associated limiters. In the event of a high- 
voltage feeder failure, if the network protector fails to 
open because of some defect, it is desirable to have the 
circuit interrupted by the network protector fuse because 
of the relative ease of replacement of the latter, in com¬ 
parison with the replacement of limiters. Hence, it is 














of limiters in parallel (4 per phase in the case of figure 12) 
divide the total curr^t flowing through each network pro¬ 
tector fuse. Because of differences in length between the 
str^t ties and variations in the network layout, it is pos¬ 
sible that in the case of backfeed the 4 street ties shown in 
figure 12 may not equally divide the total backfeed cur¬ 
rent. It has therefore been decided that the proper selec¬ 
tion should be obtained even when one of the 4 secondary 
ties carries as much as 40 per cent of the total backfeed 



Figure 11. Schematic diagram of distribution network com¬ 
pletely equipped with limiters 

. I 



Figure 14 (above). 
Type Z network 
protector fuse 



Figure 15 (right). Details of type Z network protector fuse 
and enclosure (top) and assembly of type Z network pro¬ 
tector fuse and enclosure (bottom) 
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current. An unbalance of this magnitude is extremely 
Figure 12. Sche- unlikely to occur on the system. Figure 13 shows the 

matic current dis- characteristic of network protector fuse type Z-25 and that 

tribution diagram of limiter t 3 Tpe A C-5 when carrying various percentages of 

under condition the total fuse current. It will be noticed that even when 

of backfeed a limiter on one of the secondary ties carries as much 

as 40 per cent of the total backfeed current, a comfortable 
margin of selecti-vily is obtained. The characteristic of 
the limiter considered on figure 13 (.4 C-5) is shown on 
figure 10. With a range of selection such as indicated 
above, the network protector fuse continues to be the 
weakest link in the chain of network protection. 

Since the network protector fuse is in series with a group 
of limiters which are in parallel, the 2 t 3 Tpes of devices must 
necessarily possess time-current characteristics of the same 
general shape. Hence it was decided to review network 
fuse design and bring it in line with limiter design so as to 
obtain the desired selection. The result of this work was 
a copper fuse, illustrated on figure 14, which provides 
proper selection with limiters, protects the transformer 
over a broader range of overload currents than other con¬ 
ventional network protector fuses, and is of a lype that 
can be readily punched out of flat sheet copper. An indi¬ 
vidual fireproof arc-suppressing enclosure (see figure 15) 
is provided with each fuse. These enclosures serve to 
protect men who may happen to be standing in front of an 
open network protector when the fuse blows, and to pre¬ 
vent damage to equipment and conununication of trouble. 
These fuse assemblies have successfully interrupted cur- 
Figure 13. Sc- rents of the order of 30,000 amperes at full restoration 
Icctivity between voltage with no restriking, and with the arc sufficiently 
network protector confined to protect workmen in the immediate vicinily. 
fuse and asso- The fuse char^teristic on figure 13 is that of a fuse of this 
elated limiters type, and of the size used with a 500-kva bank. 
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The development outlined in this paper may be briefly 
summarized as an attempt to revise cable splicing proce¬ 
dure so as to incorporate fuse protection for the large 
amounts of cable insulation exposed to high copper tem¬ 
perature in the vicinity of short-circuited distribution- 



Figure 16. Ker- 
ite and friction 
tape covering 
(top) and limiter 
fusing with sepa- 
tion of V 4 Inch 
(bottom) 


network mains. With such a system, those faults which 
“bum clear” in less time than that requirM to clear the 
limiter (see limiter characteristic) will continue to “bum 
clear” as heretofore. The faults which do not “bum 
clear” very readily are the ones that endanger insulation 
on cables supplying the fault current. Such faults will be 
cleared by limiter action. 

The selection of the proper limiter for any distribution 
s)rstem should be based on a study of conditions obtaining 
in that system, with particular reference to (a) insulation 
dhmage characteristic of network cables, (b) minimum 
short circuit current, (c) selection with network protector 
fuses. Standardization in limiter design must necessarily 
be preceded by standardization in distribution network 
design. 

The Consolidated Edison Company of New York, In¬ 
corporated, has installed 16,000 limiters in the past year. 
During this period there have been 2 cases of faults on 
cables equipped with limiters (35th Street and Sixth 
Avenue and 40th Street and Sixth Avenue). Both cases 
were caused by cables being “bull-pointed” by subway con- 
stmction contractors. In each case the limiters properly 
cleared and protected the cables to which they were at¬ 
tached. Figure 16 shows a hmiter which has blown in the 
field and cleared a short-circuit. 


Pooling Power in a Large Industrial Center 

A PROBLEM of The Detroit (Mich.) Edison Company 
inddent to the provision of reserve capadty against 
the exigencies of power plant operation and against 
outages occasioned by routine maintenance, and the pro-: 
vision of. excess capacity to meet the unpredictable and 
sudden demands of a vigorously expanding industrial 


y community, was discussed in a paper presented at the 
i- semiannual meeting of The American Society of Mechani- 
e cal Engineers, Detroit, Mich., May 17-21, 1937, by J. W. 

- Parker and R. E. Greene (A’26) respectively, vice-president 

- and member of the engineering division of the company. 
The paper was published in Mechanical Engineering for 
May 1937, pages 335-9. 

Diversity in time of use constitutes the major advan¬ 
tage in pooling the power requirements of any com- 
* munity, inasmuch as the peak load of residential and com¬ 
mercial users does not occur at the same hour as the peak. 

^ industrial load. If each wholesale user of power operated 
. its own isolated power plant, the installed capacity re¬ 
quired would be much greater than is needed if all plants 
in an area are interconnected. Reserve capacity in a 
large system can be less than the aggregate reserve 
capacity in a series of isolated plants for the same load^ 
where one spare unit may be a relatively large part of the 
total capacity. 

In the Detroit system, reserve capacity in machines 
running and on the line is maintained at least equal to 
the capacity of the largest machine on the line. In case 
a machine must be shut down in an emergency, the run¬ 
ning reserve should be restored at once, and, therefore, 
a second large machine is kept standing ready for an 
immediate start. 

J 

Pooling of power resources benefits the community be¬ 
cause freedom is allowed in the choice of sites for manufac¬ 
turing establishments, inasmuch as large quantities of 
wat^ for condensers may be obtained by locating central 
stations on rivers, rather than requiring all manufac¬ 
turers to build plants on the rivers. Such concentration 
in larp stations, however, requires considerable invest¬ 
ment in a transmission and distribution system, amounting 
in the Detroit system to approximately 56.6 per cent of 
the total property. The territory served is divided into 
4 areas, each with a major generating station. Intercon¬ 
nection may be described as “loose linked,” for limited- 
capacity ties are provided which may or may not normally 
carry load but which are sufficient in capacity to compen¬ 
sate for any lossw in generating capacity which can be 
reasonably anticipated. If an uncontrollable fault de¬ 
velops in one area, the remainder of the system cuts clear. 

The authors conclude that: “With aU its advantaged 
of both rdiability and economy, the central system can¬ 
not, tmder certain circumstances, compete with certain 
types of load. Combining electric generation with a sup¬ 
ply of steam required in some industrial process, produces 
pow^ as a by-product at a much lower cost than can be 
attained by the best of condensing turbines. Seldom, 
however, does the requirement of steam for process work 
and building heating coincide with the manufacturer's 
01 m use of power. Paralleling such by-product generation 
with the central system may be, and often is, good econ¬ 
omy rather than providing spare capacity against break¬ 
down or b^g compelled to generate power und^ costly 
conditions in periods when no corresponding denied for 
steahi exists. In a sense, the central systern becomes a 
broker ready to sell or buy power as the circumstances of 
tile mom^t may dictate.” 
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Extension of 2-Rcaction Theory to Multiph 
Synchronous Machines 


ase 


By y. H, KU 

MEMBER AIEE 


An extension of the 2-reaction theory of S3nQchronous 
machines as developed by R. H. Park is given in this 
paper for machines with any number of phases. 


the 1929 AIBB winter convention, Park^ and Ku® 
presented simultaneously 2 papers on the analy- 
^ ^ sis of 3-phase synchronous machines. While Ku’s 

method was based on Heaviside’s operational calculus and 
Stokvis-Fortescue’s symmetrical components, Park gen¬ 
eralized the work of Blondel, Dreyius, Doherty, and Nidde 
and gave a complete analysis of the salient-pole mgpbinA 
with any number of rotor circuits. Ku’s work has since 
been extended to the salient-pole case with inductive and 
capacitive load* and also to the asynchronous operation^ 
of S 3 niclironous machines. The 2-reaction theory has been 
further extended by Park® to the consideration of syn¬ 
chronizing and damping torque during continuous and 
transient oscillations. The 2-reaction operational im¬ 
pedances of machines with field collars are given by 
Waring and Crary,® and, more recently, the effect of con¬ 
denser load is considered by CraryThe present paper 
is a further extension of the 2-reaction theory as developed 
by Park to the general case of »-phase salient-pole syn¬ 
chronous machines. It may be pointed out that the 2- 
reaction components can also be simply related to the 
symmetrical components*’* and a similar extension based 
on operational calculus and symmetrical components'® 
may serve as a good, comparison between the 2 methods 
of attack. 

Fundamental Circuit Equations 


Consider an ideal synchronous machine with n 
and let 


4'a> 'ka, ^0 


ejf 

t 

P 


per-unit instantaneous phase currents 
per-unit instantaneous phase voltages 
per-unit instantaneous phase linkages 
time in electrical radians 
d/dt 


Then there is 


«<? 


PPa «A 
PPb ■“ ^“^B 
PPo “ rt o 


gjf as — rilf 


( 1 ) 


The phase linkages of an ^-phase salient-pole synchronous 
machine may be given as follows (see appendix I): 


Pa =* Itfcos - /jsin ^ 

■ 1-+ 


[*A + is cos flo + ic cos 20o +... -)- ty cos {(« - 1 - 

f2\ 

—2— J [n] - ®o) + 

io cos (26 - 2«o) + . .. + cos {26 - (n - l)ao} ] 
Pb =• cos (6 - 6o) — (9 — 9o) —xtttB + 

ic cos 9o + . . . -I- iif cos (» — 2)9o J — ^- 

[tA cos (29 ~ 9o) -f is cos (29 - 29o) -|- 

io cos (29 - 39o) -I- . . . + cos (29) ] 

Ph = cos {9 — (n — l)9o} — Jjsin {9 — (n — l)9o} — 


■ is + 


WJx 




l)9o -H 


Xg + 

2 

is cos (a — 2)9o -h io cos (» — 3)9o ijf] •— 


2^ 

-)[*xcos(n 

til 


Xg 


“* ] {2^ — {ft — l)^o} + is cos 20 + 


V 2 / \nj 

t’cfCOS {29 — (« -)- l)5o} + . . . + ijf cos (29 — (» — 2)9o} ] (2) 

where $ = position of rotor axis in electrical radians meas¬ 
ured from the axis of phase A, and 6o = 27r/w. Let the 
transformations from the phase quantities to 2-reaction 
components be given by the following (see appendix II); 
2 

fg =' " I/a cos 9 -h/a cos (9 — 9 o) -f/c cos (9 — 29 o) -H . .. + 
n 

/jycos {9 - (a ^ l) 9 o}] ( 3 ) 

2 

A =» - - I/a sin 9 H-Zs sin (9 - 9 o) -H 
n 

/crsm( 9 - 29 o)-h. . .+/jyCos {9 — (a — l) 9 o} ] ( 4 ) 
where / may stand for % or It may be verified that 
pg ^ h -^ xaig (5) 

P«' * fff ” i®) 

From previous work of Fark,' Waring and Crary,® and 
others,* we know that Ig can be expressed in terms of jE^ 
and id, and, similarly, jj can be expressed in terms of 
and ig. Hence by extending to the »-phase case, we ha.ve 


A paper reepnuneaded for puhlication by the AIBB committee pa electriciU 
machinery. Manuscript submitted June 2, 1937; teleaMd , for poblicstion 
July 22,1937. ^ ^ 

V, K. Kp is dean of engineering at National T^g Hua University, Peiping, 
China. 

1. For all numbered references, see list at end of paper. .. 


pg = Gg{p)Eg — Xg{p)ig 
Pt “ GqiP)Eg —Xq(p)iq 

Let also 


/;)--[/a+/j»+A7-i-:..+/v] 

ft 


Thra 

pi ^ 
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Appendix I. Armature Flux Linkages 



The machine will be assumed to be "ideal” as defined by Park.’^* 
The no-load per-unit space fundamental flux density at the armature 
surface will be (see figure 1) 

00 = Id cos r -f- sin r (1) 

where 

r = angle along the armature surface measured in electrical radians 
from the rotor axis 

Id — per-unit rotor excitation or rotor current in direct axis 


Iq = per-unit rotor excitation or rotor current in quadrature avis 
For the transformation of other variables, we have in magnetizing ahead of the poles 


general, 

2 

fu(k) = " [/a +/bCOS (k -|- l)flo + 
tt 

fccos [2{Jt -I- + . . . +/ivcos {k + l)do] (9) 

/»(*} = - fO +/Bsin (Jt -f l)tfo + 
n 

Sc sin {2 (A -1- l)flo} sin (yfe -I- l)do] (10) 


where (k) has the values from one to (n — 3)/2 for n odd 
and to (m 4)/2 for n even. For fi even, we have 

fto - ~ [Sa — fa +/c - . . . —fff] 
ft 

(11) 

Then it can be shown that 


I 

II 

(12) 

= - xtie(k) 

(13) 

1^1# = - Xdu 

(14) 

The equations for the phase voltages can now be trans¬ 
formed to the following: 

= p^d — rid — Pqp9 

(IS) 

Cq = ppa ~ riq -|- pqpo 

(16) 

do = ppo — rio 

(17) 

«u(fc) =* PPulk) - 

(18) 

«t(*) * PPvik) - rit(k) 

(19) 

. s 

1 

II 

(20) 

Notice that since and only involve the 

current com- 


ponents 4 and can be obtained by solving 

15 and 16 simultaneously. Equations 17 to 20 are even 
simpler as Unkages are functions of their own current com¬ 
ponents, hence each equation only contains one current 
component corresponding to the voltage component, and 
the common impedance function is Zo(p) = r + Xop, 

The reverse transformations from the “2-reaction” com¬ 
ponents to the phase quantities are as follows: 

^fdcosff-fgsme+f„(i)+o+ 
fa ^ fd coS-(® — fio) — ft sin (d — tfo) + Aco cos 2ffo +/»(i) X 

sin2ffo+. .. 

/c»Acos(tf-2flo)-Asin(fl-2(9o)-|-/«(i;cos4<?o + 

A(,) sin4^o-|- . . . +/„ 

/at * A cos ((?-}- 0 o) — A sin ( 0 -(-flo)cos 2 flo— 

/■i,(i)sin20o (21) 


The per-unit magnetomotive force due to armature phase currents 
^A, ia, ic • • ‘ in will be 

2- 

A = - - [*acos (r -H 0) + »bcos (r -f 0 - do) + 

n 

»ccos (r -I- a - 2do) +... + «Vcos (r -I- a + do)J 

2 

= — -cos r [*x cos d -t- is cos (d - do) -|- 

f 0 cos (e-2ffo) + . .. + cos (d -I- do) 1 

2 . 

-h -sm r [*x sin d + is sin (d - do) H- io sin (d - 2do) X 

+ . .. H-*Vsin(d + do)] (2) 

where d is the position of rotor axis measured from the axis of phase A, 
do = 2 t/ n, n — number of phases. 

As the armature hnkages for all space harmonics are assumed to be 
zero for the ideal machine, we have for the wave of per-unit flux, 

2 

0 = ItfCosr + Asinr-^tfCos T [»xcosd-f- 

n 

iscos (d - do) -f t’crcos (d — 2do) -f . . . -f- iff cos (d -f do)] -f 
2 

- Po sm r [»x sin d -|- is sin (d - do) -|- 

»csin (d — 2do) -H .. .-H iff cos (d + do)] (3) 

The per-unit linkages in phase A due to the flux are equal to the 
value of id at Y = r + d « 0 or r = -d, i.e., 

4'a(.p) *= Id cos d — A sin d — ^ _j_ 

♦ ft' 

ic cos 2do -I-... ijf cos do] - - ^ ^^ [is. cos 2d + is cos (2d -- do) + 
«oCOs (2d — 2do) + . . . -f »Brcos (2d -f ®o)] (4) 

The total per-unit linkages in phase A are then 
'I'A * Id cos d — sin d —xurtA — Xm'lia cos do H- 

ic cos 2do 4-... -f cos do] - ^ ^ 

»cco82do-|-...-f»Vcosdo]- cos 2d-f 

cos (2d — do) -f ic cos (2d — 2do) X 

+ . . .-f*Vcos(2d-|-do)] (S) 

where 

xiff = per-^t self leakage reactance of any phase 
Xm* = maximum possible value of per-unit mutual leakage reactance 
between the phases. When « is even, this is equal to the 
^tual value between diametrically opposite phases. For 
3-phMe case, this is equal to twice the actual value between 
any 2 phases 
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( 8 ) 


Under balanced conditions of operation with normal armature 
current flowing, there is 

*A “ cos t 
is *= cos (t — 0o) 
ia ** cos {t — 2^0) 


in = cos {t + 0o) 

B i + io 

where fo = the value of 0 at / = 0. 

Then, for la — ~ 0 there is 

*= ““ [*i«r + ^2 ^ j ^ 

[^1^]-cos (/+ 2fo) (6) 

When fo = 0 there is 

— — (xiir + x„i + A/) cos I s= —XaCOSl ( 7 ) 

where 

“ x„/ (2 0 

xa = direct synchronous reactance'*'** 

When /q = jr/2. there is 


— (*l(r + + A) cos f = — «j cos / 

where Xg =» quadrature synchronous reactance 
With zero phase-sequence currents impressed there is 

^A ~ is *0 in 

^A “ — (*z«r — Xm')*A =* — xaij, 

where *0 =» zero-sequence reactance 

Thus we have obtained the following relations: 

Xbr+ Xm + Pa - Xa 
Xbr + Xm + Pg = Xg 
Xlo Xm ~ *a 

Pd — PdXa — Xg 

Pd + A + 2(aci(r + »m) * + ajff 


Equation 6 can now be rewritten in the form 

Pa “ Id cos e - sin 0 - acaix - “ *oJ X 


" ) {id + is cos 00 + *c cos 200 + ... + in cOs 0o] — 


(9> 


( 2 


ic cos (20 — 20o) -I-... + cos (20 -f 0o) ] (10) 
Similarly we can write down the equations for the other phases. 


Appendix II. Transformation of Variables 


The transfonnations between the phase quantities and the 2-reaction components will be given in the form of matrices as below; 




For n odd, row 10 or column w should be omitted. The foregoing transformations may be derivefl in another way 

As a dheck, we have as follows:* 

C/C/ «« 1 According to the method of symmetrical components, we have 
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\ ^ 

rr 


n-2\ - 

I » 


»-l - 

I » 



a = where flo = — 

» 

For n odd, row n/2 should be omitted. 
The reverse transformation is 


\ 

0 

1 2 

n 

2 “ ■ 

t-4 

1 

1 

8 

A 

1 

1 1 


1 

. 4 . 

1 

1 

B 

1 

0“* 


-1 

4 4 4 

o2 

a 

C 

1 

fl-l a-4 


1 

4 4 4 

a* 

a* 

D 

1 

a-« 


-1 


a® 

0 ® 

: 

* 


. 

. 

. . 

; 

♦ 

N 

1 

a a* 




a-a 

a~i 


For » odd, column n/2 should be omitted. 

The correlation between the S 3 rmmetrical components gn/i the 
2-reaction components are as follows 


« — 2 n — 1 


I T 

I _' 

_ 1 

-J 


Notice that Ci and C^} are of very simple form, and, since and 
Ci"^ are well known from the method of symmetrical components, 
and Ca^ can be written down very simply without going through 
the details of matrix algebra. 


Appendix III. Derivation 
T~ of 2-Reaction Flux Linkages 

Substituting equation 2 into equations 3 and 4, we can derive the 
expressions for and ypg as follows: 

Consider first. From equation 3, we have 

2 

- <f'd — ' ['4'A cos B + 4/B cos (0 — flo) + 4^0 cos X 

(B — 2Bo) + . . . -1- cos B — (n — l)9o] 

Let us examine the different components of the phase flux linkages 
separately. The first component is la cos 6>. Hence 

2 

4'dCi) = - 74 [cos « cos 5 -f cos (fl — Bo) cos (tf — Bo) + 
ff 

cos (B — 2 ^ 0 ) cos (B — 2Bo) +...] = la 
■ ^ Similarly, for the second component —Ig sin B, we get 

1 2 

- 4'd(^y => - -Ig [sin d cos B -1- sin (B - Bo) cos (B - Bo) + 

sin (B — 2Bo) cos (B — 2Bo) + . • .] *= 0 
_ For the third component, —xaiA, we have 

2 

_ 4'd(a) “ “ ~ *0 [* A B -|- is cos (B — Bo) + ic cos (0 — 2Bo) + . . . ] 

= —xgia 

, . The fourth component is as follows: 
ad tne 

n — 1 

cos B 4- [ix cos Bo + in + ic cos ^0 + . . .} cos ((?• — 0o) + 

- {ix cos 2Bo + is cos ^0 4* *0 + ...} cos {B — 20o) 4" ... 1 

~j ^0 Now we may comtpne the terms into the following groups: 

— - [«Acos B 4- iA cos tfocos (0 - Bo) 4 - * 4 cos20ocos (» - 2flo) 4-. , . 1 

= »4 cos B 


All the empty spaces should be indicated by 0. For n odd, ryiliimT^ 
»/2 and row w should be omitted. 


\ 0 d 

0 [TT~ 


«1 Vi 




i I -Ji 


All the empty spaces should be indicated by 0. For n odd, column 

and row n/2 should be omi^ed. 

T^en we can get and C4-* frt>in the r^ 

^ . 
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I»« cos (B — Bo) + is cos ffocos {B — 2B^ 4-... 4- »b cos ffo cos ^ ] 
= is cos (B — Bo) 

So we get 

^<*(4) “ » ^ ^ ^ + 

»cCOs(fl — 2fio) 4-. . .] 

For the fifth component, we have 

“ “ “ ( ^ 2 (») -'^ 0 ) 4 - 

•orcos (20 — 20o) 4*... I cos 0 

{♦4cos (20 — 0 o) 4 -isCos( 2 ^ — 20 o) 4 -»ocos (20-30o) 4* 

4-. .'-.il'COS (0 — ■ /• 

1*4 cos (20 ^ 2Bo) 4- ill COS (20 - 30o) 4- *o COs (20 - 40o) 4- 
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Grouping the terms together, there is 

[tx cos 2e cos e + cos (20 — 0o) cos (0 — 0o) + 

ixcos (20 - 20o) cos (0 - 20o) + . . .] = cos 0 
[ia cos (20 — 20o) cos (0 — 0o) +cos (20 — 30o) X 

cos (0 — 20o) + . . . + ia cos (20 — 0o) cos 0] 

cos (0 — 0o) 

So we have 


iccos (0 — 20o) + ...]=« — 


The sum of 5 components gives 
'I'dId - 

For the quadrature flux linkages, we can derive the expression in a 
similar manner. The different components will be 

2 

lAjhi -- Id (cos 0 sin 0 + cos (0 - 0o)sm(0 — 0o) + ...]« 0 

2 

't'ms -It [sin*0 + sin* (0 - 0o) + • .. ] =• /« 

'' ti 


^ [*xsin0 -|-*Bsin(0 - 0o) + . . . ] = — X(dg 

" ("^"2^)] t*Usin0 +iBsin(0 - 0o) + .. . 1 
fxa+Xti\. 

M “ ®o) + . . . 1 

Xd — . 

2 

The sum of the above 5 components will then give 
'I'd ^ Ig ~ x^ig 
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Fuels of Tomorrow 

pUELS of today and tomorrow were discussed, by 
■ A. C. Fieldner, retiring president, American Society for 
Testing Materials, in his presidential address at the anrma.l 
meeting of the society held in New York, N. Y., June 28- 
July 2, 1937. Doctor Fieldner first covered fuels of 
today, including such topics as the search for oil, de¬ 
velopments in refining petroleum, displacement of coal 
by fuel oil, rise of natural gas, and coal production and 
utilization. After discussing fuels of today and out¬ 
lining national fuel reserves, he discussed fuels of to¬ 
morrow, indicating that gas, oil, and coal are available 
today in abundance. There is coal enough for hundreds, 
and possibly thousands of years; but natural gas and oil 
obtainable by present methods may be exhausted in less 
than 100 years, and a shortage of our domestic supply 
may begin within 10 or 20 years. 

He indicated that coal will continue to be the principal 
fuel used for the generation of public utility and major 
industrial power. Technologic improvements and new 
hydroelectric power will tend to reduce the consumption 
of coal; on the other hand, an increasing demand for 
energy and a decreasing supply of cheap residual oil will 
increase the amotmt of coal consumed for power purposes. 
No material change is expected in either direction in the 
near future, but in 10 or 15 years the trend will favor 
increased consumption of coal. Tomorrow’s power and 
central heating plant will bum any kind of coal com¬ 
pletely and eflSiciently. 

The convenience and imiformity of automatic heating of 
homes with gas or oil will continue to attract more users, 
even at higher costs than those prevailing today. The 
insulation of houses has been improved greatly, and future 
homes will permit higher unit cost of fuel without in¬ 
creasing the total heating bill. 

Referring to railroad and marine fuels he indicated that 
further improvements in the over-all efficiency of the 
steam locomotive and a gradual increase of electrification 
will retain the use of coal for freight traffic throughout the 
age of oil and natural gas, and that the convemence and 
economy of Diesel-engine drive for ships and boats is such 
that its use will continue even after declining production 
of petroleum requires the production of Diesel fud from 
shale or coal. 

Tn discussing the motor fuel supply, one of the most 
interestmg questions, he pointed to the prediction of 
Snider and Brooks that by 1945 there is the probability 
of considerable shortage of domestic petroleum. Doctor 
Fieldner said that from the very beginning of the au^- 
mobile industry, recurring threats of shortage of gasoline 
wde met—in the field by finding new pools and improvmg 
production technique, and in the refinery by increasing 
yields and ma-kmg a more efficient product. “The end 
has not been reached. We are just b^inning to use 
scientific methods in extracting oil from the sands, and 
catalytic polymerization and hydrogenation eventually 
will furnish the means for complete conversion of volatile 
liquids and heavy petroleum to gasoline.’* 
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DitfiCiisisiioims: 


Of AIEE Papers—<ais Rec^mnoicnJfeJf for PuJLIicalion ILy TecJLnical C^lonaunaiiiiaeis 


C^N THIS and the following 2 pages appear all remaining discussions sub¬ 
mitted for publication, and approved by the technical committees, on papers 
presented at the 1937 AIEE winter convention. New York, N. Y., January 
25-29. Discussions of papers presented at the sessions on general power 
applications, vibration and balance, communication and research, power 
transmission, education, power generation and electrical machinery, instru¬ 
ments and measurements, insulation co-ordination, and lightning protective 
equipment at the^ 1937 AIEE summer convention, Milwaukee, Wis., June 
now are being reviewed by the technical committees, and will appear 
in Electrical Engineering as they are released for publication. 

Members anywhere are encouraged to submit written discussion of any 
paper published in Electrical Engineering, which discussion will be re¬ 
viewed by the proper technical committee and considered for possible publi¬ 
cation in a subsequent issue. Discussions of papers scheduled for presenta¬ 
tion at any AIEE meeting or convention are closed 2 weeks after presentation. 


Watt-Hour 
Meter Bearings 


Discussion and authors* closure of a paper by 
i. F. Kinnard and J. H. Goss published in the 
■January 1937 issue, pages 129-37, and pre- 
uented for oral discussion at the instrumenb 
end measuremenfa session of the winter con¬ 
vention, New York, N. Y., January 28,1937. 

F. C. Holtz (Sangamo Electric Company, 
^ringfield, Ill.): To me, there are few 
subjects which offer greater possibilities for 
scieatific adventure and speculation tiinn 
the study of watt-hour meter bearings. 
No branch of physics or chemistry seems 
able to escape being involved in this prob¬ 
lem in at least one form or another. It offers 
a challenge to the best we have in modem 
scientific technique, in the fine structure and 
architecture of solids and it plays with 
stresses seldom considered in modem ma- 
dimery. Any familiarity with the problem 
reveals that the great mass of knowledge is 
still to be gained from carefully planned in¬ 
vestigation. 

One cannot help but be impressed by the 
long list of references which is only one indi¬ 
cation of the great commercial importance 
attached to the problem and the desire to 
further improve what for a time seemed in¬ 
capable of improvement. Beginning with 
the work of Shotter and others, it was quite 
ewdent tlmt practical improvement lay in 
the direction of materials rather than of 
form and the present work is without ques¬ 
tion a valuable and important contribution. 

I tn^t, in conunenfing on the present 
paper, it will not be out of order to draw on 
the e}q>erience of others and to relate certain 
condudons which we are able to draw from 
our own observations. 

. of any bearing system must 

be judg^ from the riraults obtained in the 
field under all possible conditions of installa¬ 
tion and use. 


ditions the application of statistical meth¬ 
ods are very helpful in determining the suc¬ 
cess of any particular arrangement and from 
this point of view we, as manufacturers, are 
very grateful for the friendly co-operation 
and assistance which we received from the 
public utilities in the form of data on the 
many millions of meters scattered through¬ 
out the country. All experimental data 
should be examined in its relation to the 
practical aspects of the problem. 

The present paper is for the most part a 
record of laboratory experiment and from 
that stsmdpoint is extremely interesting and 
satisfying to the u^ of meters in pointing 
out the care and consideration Which is 
given to the problem before a commercial 
arrangement .is arrived at. 

Figure 2 is extremely interesting in show¬ 
ing how the friction varies with pivot radius ; 
however, it should be pointed out that it is 
alsoa functionof the jewel radius. Strictly 
speaking, it is probably a function of the 
order of contact between the 2 surfaces and 
from this point of view it would be interest¬ 
ing to know how this friction varies as the 
jewel radius approaches that of the pivot. 
The values indicated by the authors are 
very close to what might be considered an 
average throughout the industry. They are 
somew;hat smaller than the values a 

few years ago due to the lighter weight mov¬ 
ing systems, higher expected values of over¬ 
load, which together with higher torque 
pves a greater tendency for the pivot to 
ride on top of the jewel. While other means 
are provid^ to prevent it, the deeper and 
smalls radius cup is the ideal arrangement. 

While the o^e of figure 3 is extremely 
iuterestiug;, ,it is to be noted that in. watt- 
hour meter piractice meter pivots are seldom 
worn at the point. This, as is well known, 

IS due to the fact that both driving and 
damping torques act to force the pivot up 
the side of the meter jewel until the forces 

are balanced, leaving the point of contact at 

some suitable distance from the axis of the 
pivot. At light load this is near the station¬ 
ary position, but in this case the speed of 

. - Discussions - ^ 


rotation is small, hence no great amount of 
wear is to be expected. In some respects 
this is fortunate for if wear results at the 
higher loads the corresponding friction does 
not appreciably alter the meter registration; 
yet during periods of light load the pivot re¬ 
turns to put into contact areas which are 
little affected and which again has little 
effect on the initial accuracy. I should 
like at this time to refer to the curves of 
figure 7 which, in the light of past experi¬ 
ence seems to be an anomalous behavior of 
materials. It is generally agreed that the 
pivot-^d-cup type of bearing is improved 
by oiling and that its life is correspondingly 
increased. The work of Stott, Shotter, and 
others points very clearly to this conclusion 
and I am sure that it has been thoroughly 
supported by field observation. It certainly 
must be true for a great variety of materials, 
if not an. Why, then, does the oiled cobalt- 
tungsten pivot wear as rapidly as dry steel 
in the beginning and then slow down to that 
of dry cobalt tungsten at 10,000,000 revolu¬ 
tions, and then less with advancing revolu¬ 
tions? 

It would be interesting also to know some- 
tWng of the performance of the oiled steel 
pivot drawn to the same scale for compara¬ 
tive purposes. 

Figure 7 is apt to give the impression that 
a pivot begins to wear the instant it begins 
rotation. This may be true of some alloys 
and even steel in the dry state, but it is not 
necessarily true of an oiled steel pivot. I 
have tried to form an opinion based on the 
great mass of evidence supplied by the oper¬ 
ating companies. There is ample evidrace 
in support of the contention that wear be¬ 
gins with some unfortunate accident to the 
bearing system, the nature of which is, as 
yet, not fully understood. We know, for 
example, that some pivots will apparently 
operate for millions of revolutions without 
showing more than a trade of wear and tln-w 
without warning increase rapidly at a fairly 
uniform rate somewhat as shown in figure 7. 

It is as if Mr. Knmard's curves did not aU 
start in the same place but chose to dis¬ 
tribute themselves out along the axis of 
revolutions in some quite arbitrary manner. 
This type of action is hinted at in Shotter’s 
paper, but so far as I know it has not been 
recorded in the form of a curve. If this were 
not true, we could readily preChct the exact 
number of revolutions which a meter should 
make before changing bearings. I believe 
that I have the support of the meter tngii in 
the above statement based on a ssrstematic 
and carefril examiimtion of meter pivots re¬ 
moved at the time of periodic test. It would 
be extremdy interesting to carefully meas¬ 
ure the radius of worn areas bn a relatively 
large number (say 1,000) of met» i)iv6ts 
and plot thei^ re^ts in terms of metw revo¬ 
lutions. This will require that the work be 
followed in a territory where condition^ are 
fairly uniform both as to loads, methods of 
handling, etc. . . 

■ The impact tests are extremely interest- 
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manner in which 
pivots may be damaged by ^ort 
We conducted tests 
^x'S ago to determine the relative 
- -^-i-,ili1:y of jewels of various types and 


ON 

el* to damage by unpact. To 

certain types of errors and render 
more uniform and dependable, 
^j-^gi^gement provided for applyii^ the 




-tlie center and thiimest section of 
J . To do this the jewel was mounted 

^ ir^lautively massive iron anvil. A small 
V- tkajj. -was placed in the jewel which com- 
tiien received the impact from a 
tiajrdLened steel cylinder dropped 
0 _ small tube from varying heights, 
tliig case the impacts were repeated on 
^*^5^ sa.iixe Jewel from varying heights until 
examination revealed that the 
txAdi t>een damaged. 

x-estilts show clearly that to obtain 
‘^^ixsxs'terx't results considerable care is neces- 
iacx properly mounting the jewel and that 
restil'ts are influenced by the nature of 
l>a.clc surface of the jewel. 

TMae subject of pivot materials is in itself a 
ixL-teresting one, and I should like to 
S 3 i-t according to the 6 qualities laid 
dowTQL by* -tlie present authors: 

1. j^o-ftcorrosive. The question of conro- 
siota. r*Gsis-t£LXice is, so I am told, tied up with 
2 dififetr-eui: properties of the metal or alloy. 
'^G fix-st assumes that the metals are res¬ 
tively inert as to forming chemical combina¬ 
tions witli the compounds with which they 
®a-y be in contact. Gold, platinum, os- 
miuim, tungsten, and other noble metals be- 
longr t:o tbis group. They achieve their cor¬ 
rosion resistances through their extreme 
stability and refusal to readily form com¬ 
pounds. 

Tbe second group are those which are rela¬ 
tively active, chemically, and readily form 
oxide layers over their surfaces which in 
themselves are chemically inactive. Alumi¬ 
num and stainless steels belong to this class. 

rt sbould be quite obvious that materials 
of tbe second class should not be considered 
acceptable for meter pivots since the abra¬ 
sive action of the jewel and pivot in contact 
^11 remove this oxide covering and expose 
the under layer to further corrosion. This 
explains why, under certain conditions a 
gtainless steel pivot will show considerable 
qtian'tities of red iron oxide after having op¬ 
erated dry in a meter bearing. All such ox- 
are inv^iably hard, brittle, and there¬ 
fore c 3 L‘*^if^e abrasive. 

^^ortahrasive, A careful examination 


Figure 7.* Acceler¬ 
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of the abraded material also raises an inter¬ 
esting question: Are the products of abra¬ 
sion dependent upon the abrasive qualities 
of the constituent alloys or do the oxides of 
such alloys have qualities which are inde¬ 
pendent of them? 

If they depend upon the individual con¬ 
stituents, it would be an easy matter to say 
which metals should and which should not 
form a satisfactory combination for a meter 
pivot. The problem is not so simple for the 
abiasive qualities of the material removed 
frequently does not resanble any of its con¬ 
stituents. The former is, nevertheless, a 
.safe guide to follow. Oxides of tungsten and 
cobalt are each relativdy mild abrasives and 
so far as we know the oxide of the alloy is 
also. Shorter, in his paper, comments veiy 
favorably on tungsten which has been veri¬ 
fied by further test, but it requires very 
careful preparation. 

3. Shock Resistance. There sue some ex¬ 
tremely interesting things about the alloys 
suitable for pivot materials. In addition to 
the corrqsion resistance already referred to, 
there is the property of hardness. 

I am inclined to fed from numerous tests 
that extreme hardness is essential to abra¬ 
sion resistance. This follows from a con¬ 
sideration of diamond and sapphire as jewd 
materials and it is equally true in pivot ma¬ 
terials. It may, however, be possible for a 
pivot materia] to be so hard as to resist 
wear, and when used against sapphire, wear 
the latter. 

In most cases the reverse is tme, but in 
some cases sudi as in alloys containing com- 
parativdy large percentages of iridium the 



f|»< 


Goodyear Zeppelin Air Dock, which may be visited by those attending the forth¬ 
coming AIEE Middle Eastern District meeting to be held at Akron, Ohio 
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pivot will actually cut the jewd, especially 
when run dry. 

Frequently the presence of minute indu- 
sions of fordgn matter in the pivot material 
may damage the jewd. It is extremdy 
necessary, therefore, to watch alloys for the 
appearance of minute includons in any 
series of experiments to determine a suitable 
material. 

The present paper refers to cobalt- 
tungsten alloy as being softer than sted. 
In one sense this is true and in another it is 
not. Cobalt-tungsten alloy as with other 
alloys, espedally precipitation hardening 
alloys, comprises a series of ha^d cryslnls in 
a matrix of softer material. For this reason 
the material is soft from the standpoint of 
deformation and hard from the standpoint 
of wear. This property of the structure is 
shown when determining superficial hard¬ 
ness. A perfectly conical diamond penetra- 
tor will frequently leave a triangular shaped 
depression showing that the hard crystals 
are moved about as a body in a matrix of 
softer material. 

No comment will be made on the last 2 
properties; namdy, low friction and work¬ 
ability, since this in itsdf involves a con¬ 
sideration of many materials. I should^ 
however, remark that certain alloys of os- 
mitun, rhodium, and platinum show great 
promise as pivot materials and it is hoped 
that the cost can be brought within permis¬ 
sible figures. 

In pointing to the possibility of op^ting 
the cobalt-tungsten pivot without oil, no 
mention is made of the relative friction in 
each case and the variation in friction over 
long periods of operation. It would be in¬ 
teresting to know something of this. 

4. Lubrication. With the rapidly grow¬ 
ing tendency toward outdoor meter installa¬ 
tions, the matter of lubrication is extremdy 
important and the qualities outlmed by the 
authors is an excellent guide in the sdection 
of a suitable lubricant. In general the 
mineral oils have a somewhat greater ten¬ 
dency to creep but this can be reduced by 
suitably applying to the surfaces a mixture 
known to the watchmaking industry as 
"epilame." Its essential ingredients are 
steric acid in toluene, and When applied its 
th ickne ss is of molecular dimensions. 

In addition to chemical tests, certain 
simp le mechanical tests are extrwtody use¬ 
ful in detecting any undesirable qttdities. 
A small quantity of the oil is placed iu a 
hemispherical cup whidi is altematdy ro-r 
tated_and stopped in the presence of warm 




air or oxygen. Centrifugal action drives 
the oil over the surface in a thin layer and 
then allows it to settle to the bottom. This 
test will quickly reveal any tendency to¬ 
ward gumming and frequently reveals con¬ 
ditions which cannot be detected by chemi¬ 
cal tests. It corresponds to an accelerated 
service test and is therefore of considerable 
value. 


I. F. Einnard and J. H. Goss: The dis¬ 
cussion of the paper, especially by Mr. 
S. Green, Mr. F. C. Holtz, and Professor 
M. W. Pullen has brought out much infor¬ 
mation of interest to users and designers of 
watt-hour meters. Some of the points raised 
require further discussion by the authors. 

Mr. F. C. Holtz has referred to the effect 
of the radius of the jewel cup on the value of 
friction torque between the pivot or ball and 
the jewel cup. Mr. V. Stott (reference 2 of 
the bibliography) has shown by a mathe¬ 
matical analysis that a negligibly gmali 
error is introduced if the radius of the jewel 
cup is assumed to be infinite over the gmaii 
area of contact of a new bearing wi thin the 
range of radii for pivots, balls, and jewels 
which are used commercially. 

Figure 7, which Mr. Holtz questions, was 
plotted in error and the authors are pleased 
to indude in this discussion a corrected 
figure. It will be noted that the oiled co¬ 
balt-tungsten bearing follows almost ex¬ 
actly the same wear curve as the dry for the 
first few mMon revolutions. A possible ex¬ 
piation for this behavior is that due to the 
exteemdy high bearing pressures during 
this period, little or no lubrication is present 
under the contact area. As the bearing 
^ars, the pressure drops until the oil film 
IS eventually able to support the load. 

There is no question but that many bear- 
m^ have bem operated for long periods 
^nthout showing appreciable wear. The * 
p^omena of just what initiates wear is 
d^cult to understand. It has been the aim 
of tte authors *to present data to permit a 
logical explanation of the major factors' that 
mflu^ce ^watthour meter bearing life. At 
this time it appears to be impossible to fully 
explain every case. 

Holtz suggMts it would have been 
wc^ while to publish the wear curve for a 
oiled sted pivot along with the curve of 
cobalt-timgsten shown in figure 7, Such a 
cu^e was published in a previous artide 
(r^erence 1 of the bibliography) and for 

that reason was omitted. 

Profe^r Pullen brings up the point of 
preformmg the radius of the pivot contact 

m pmrt maanfactuiing metkocls to 
of a pivot can be quite accu- ' 

^dy ground while somewhat greater varia 

tio^arefoundinsapphimjewS^S , 

The. hardness of boron carbide, figure R ] 

SS ”” “ 

sho^g the oxidation of ofis 

should show a total range of aridity of To 4 

per cent mstead of iO per cent 

de^pointsbefaioniitttd.* 

S. W. Allen. • wooics and by Mr. 


First Report of 
Power System Stability 

Closure of a report of the AIEE subcommittee 
on interconnection and stability factors pub- 
^5^37 issue^Tpages 
261-82^ and presented for oral discussion at 
the power transmission session of the winter 
convention. New York, N. Y., January 26, 
“•■evious discusnons and closure ap¬ 
peared in the May 1937 issue, pages 632-4. 

R. D. ^ans: Raymond Bailey, H. K 
Sds, and Nicholas Stahl have caUed to our 
att^faon the fact that table HI contains 
^rtam discrepancies as appKed to the 
Pem^lvama-New Jersey interconnection. 
It IS beheved that these can best be darified 
by repubhshmg part of the table. The ac¬ 
companying tabulation supersedes item I 


for the Pennsylvania Power & Light Com¬ 
pany and the next 6 columns headed "Penn¬ 
sylvania and New Jersey Interconnection." 

Mr. Bailey has also pointed out certain 
errors in table III as applying to the Phila- 
ddphia Electric Company’s system. Under 
item I for the Conowingo-Plymouth Meet¬ 
ing circuit, line S-5 should show "H.T." bus 
at both sending and receiving ends; and line 
E-2 should show: 

Phase: High-speed differential induction imped¬ 
ance. 

Ground: High-speed differential and high-speed 
overcurrent. 

Under item II for the Plymouth Meeting- 
■Westmoreland circuit, line B-6 should also 
show "H.T.” bus at both sending and re¬ 
ceiving ends; and under line B-2 should 
show: 

Phase: Induction impedance. 

Ground: High-speed directional overcurrent. 


Table III. Recent Practices Regarding Sto bilHy Studies 
Pennsylrania and Hew Jersey Interconnection 
Company 

n . ,,^5^'ldphia Electric Company 
PubUc Service Electric and Gas Company 


Item I 

Plymouth Mtg.- 
Siegfried 


A. Transmission 

1. Voltage, kilovolts. 

2. Distance, miles. ***’ . . . oon 

8. Frequency, cycles....... . . 75.8. 

. Power, kilowatts sent out. .'l86,000t .’ I8S onn+ ” /.' 

B. Circuit arrangement ' .186,0001 

1. Number of circuits... . 

2. Intermediate Switching.. ^. -.... 1. , 

station. .. vr .. 

3. Load taken off at ’inter-.None,......None. jr 

mediate points, kilowatts;. Von» 

4. Synchronous condenser. .None. « 

kva at intermediate points. ‘ 

6. Bussmg arrangements .None. 

a. Sending end. ...None 

5. Receiving end......... W 

6. GrounHinir . .tl.T.....IT -T .^ • 


Item n 

Plymouth Mtg.- 
Roseland 


Item HI 
Siegfrled- 
Roseland 


• . 220 . 

.186,000t.186,000t ' 


5. Receiving end.... 
6. Grounding : 

o. Sending end. 

6. Receiving end. 

C. ■ Generator 

1. ^lovolt-amperes..... 

2. Short circuit rsrtiio 

3. Transient reactance 

4. • Inertia constant 
6. Damper winding 

p. Ezritatlon system 
1. Exciter response 


. •. •..;.. .Solid. 

•....SoUd.,.' 


.H.T... 

.H-T.. 


....Solid 

..Solid 


.. 


E. Breakers and relays 

o' speed, cycles. 8-12 

.. .3.a-,o 

pedance ® .(Same as item I) 

Ground: Hi-speed Di- 

Ground: 9-36 or 70^0 Gr^d: 9-3SwS^i;ftft « ^2-60 

F. Lightning protection ®*’o««d:I2-30or60 100 

p Jover'construction........ e*,. , 

2 . Ground wires...Steel.........Steel........ , 

’ ..• • • • • • None... None except »dg.’.’ ’'' ‘ ’' 

^ cable at hiS-4 ■ H) 

4. Insulators.. .s 16 « »/» tt •* *^*^38 

»usp.. 16 6-V« Umts..Susp.: 16 or 18 5-V4' Suso • ix 

units or 18 

Deadend: 18—same ..Deadend: 18 or 20— ^ “‘I’*® 

S- Lightning arresters pr .x > " same ' I>«»<iend: I8or20- 

“Note: Phase relays installed at Plymouth Meeting end ofltSIT"' 

t Note: Based on thwMl^SSi 
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Middle Eastern District Meeting 
and Student Branch Convention 


^^^KRON, OHIO, will be host to a 3-day 
meeting of tbe Middle Eastern District of 
the AIEE, October 13-15, 1937. The 
meeting headquarters will be in the May¬ 
flower Hotel. The local committees have 
arranged an attractive technical program • 
which consists of 6 sessions and a student 
session to be held during the mommgs and 
have planned for the afternoons and even¬ 
ings interesting inspection trips, entertain¬ 
ment, and a banquet. In addition, a special 
program has been arranged for the women, . 
who are especially urged to attend the 
meeting. 

Akron is called “The City of Opportu¬ 
nity.” It is a prosperous, enterprising indus¬ 
trial community with a population of 
256,000, ranking thirty-fifth in the United 
States as to population, but twelfth in the 
value of its manufactures. It is the world’s 
largest rubber manufactturing center and 
the dirigible-airship-manufacturing center 
of the United States. The committee has 
taken full cognizance of these industries 
in the arrangement of inspection trips. 

Technical Program 

A special effort has been made by the 
meetings and papers committee to arrange 
a technical program of a sufficiently diversi¬ 
fied nature to offer general appeal to those 
in the electrical engineering profession. To 
accomplish this, parallel sessions will be 
held each morning, as shown in the program. 

On Friday morning the student technical 
session will parallel the other 2 meetings. 
This session will be followed by a luncheon 
meeting in the Mayflower Hotel of Branch 
counselors and student chairmen. It is 
hoped thet a minimum of conflict will occur 
on the part of those attending smy particu¬ 
lar series of sessions. 

Inspection Trips 

Those attending the Middle Easteria Dis¬ 
trict meeting will haye an opportunity to 
see a representative cross section of the 
manufacturing and points of interest iU; 
Akron and vicinity. Transportation on all 
inspection trips by bus will be available at 
a nominal cost for those who desire it. 

In addition to the scheduled inspection 
trips appearing bn the pro^am, a visit to 
thejUoodyear Air Dock and the Goodyear :. 
Museum eah be airaiiged for those inter- ‘ 
ested by consulting a ihembtar of the regis¬ 
tration committee in the hqtdl lobby. 

Trips tlmt are desired should be indicated 
at the time of registration at the meeting, ; ; 

Sbftembbr 1937 


Babcock & Wilcox Company 

The manufacturing operations of the Barberton 
plant to be seen will include the complete central 
station and industrial plant, high- and low-pressure 
steam boilers, pulverized coal equipment, econo¬ 
mizers, air heaters, etc. To those interested in 
power plant equipment this trip offers an unusual 
opportunity to see the fabrication processes in¬ 
volved in a wide field of manufacture. 

B. F. Goodrich Company 

Those choosing this trip will see those manufac¬ 
turing processes which characterize Akron as being 
'‘The Rubber City.” Starting with the crude 
rubber as it is received from the native plantation, 
it will be followed through the various stages of 
cutting, plastication, mixing, milling, tubing, and 
curing to become a finished product in the form of 
a tire or tube. 

Nela Park 

An extensive tour has been arranged to be made 
through Nela Park, Cleveland, for those registered 
at the District meeting. The laboratory trip is 
scheduled to begin at 3:00 p.m. and will show the 
methods of development and manufacture of 
lamps. Following the tour through the laboratory 
there will be a discussion on lamp development and 
lighting research after which an inspection of the 
General Electric Lighting Institute will be made. 


Dinner will be given to guests at 0:30 and followed 
by an evening of popular entertainment. 

Because of the many interesting displays of 
home applications this trip should be of equal 
interest to the ladies and has been arranged with 
this in mind. 

Ohio Brass Company 

An inspection of the Barberton plant of the Ohio 
Brus Company will be made starting from the 
main office building and will include , inspection of 
the processes, production methods, and routine 
testing in the manufacture of high-voltage porce¬ 
lain insulators for both station and line use. The 
planjt inspection will be followed by a demonstra¬ 
tion of normal-frequency and impulse tests on 
various insulator equipment. These tests will be 
made in the electrical testing laboratory. 

Daniel Guggenheim Airship Institute 

One of the main test stands of the Daniel Gug¬ 
genheim Airship Institute is the vertical wind 
tunnel. It provides a uniform open air stream 
6 V> feet in diameter. V^nd velocity can be regu¬ 
lated in small steps from zero to 126 miles per hour. 
This wind tunnel is driven by a 226-horsepower d-c 
motor and propeller-type fan, the electrical system 
being provided with various automatic and hand 
regulators and safety devices. This wind tunnel 
was built prinuuily for lighter-than-air testing, but 
is now being used also for airplane and various 
other industrial tests, for example, for testing the 
wind resistance of buildings and radio towers, the 
streamlining of trains, ventilating and cooling, etc. 
Some of the models used in such testing will be 
demonstrated. 

The whirling arm is a unique apparatus, being 
the only one now in use in the United States for 
aeronautical testing. It is an arm 82 feet in length, 
turning at a bright of 10 feet above the ground with 



Electrical testing laboratory oi the Ohio Brass Company/ Barberton, a few niiles southwMt^ 
Akron. An inspection trip to this plant has been included; bn the program of the AIEE 
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Program 

Eastern Standard Time 

In this program, reference to the issue and, in so far as possible, to the page in Blbctrical Enginbering, is given for all papers. 


Wednesday, October 13 


9:00 ajn.—Registration 


9:45 a.m.—Opening of meeting 

Address of Welcome: Lee D. Schroy, mayor of 
Akron 

Response: I. Melville Stein, vice-president of 
Middle Eastern District 

10:15 ajn.—Selected Subjects 

Presiding: I. Melville Stein 

A Review of Radio Intbkfbrbncb .Investioa- 
TiON, Frank Sanford and Willard Weise, Cincinnati 
Cas and Electric Company. 

Scheduled for October issue 

’"Notbs on Radio Intbkfbrbncb, Grover Lapp, 
Lapp Insulator Company, Inc. 

♦Radio Disturbancb MBASxmBUBNTS. W. S. 
Jennens and C. J. Miller, Jr., Ohio Brass Company. 

♦Improvbmbnts in Minb Vbntii.ation, Theodore 
Troller, Guggenheim Airship Institute. 

10:15 ajn.—Protective Devices 

Presiding: Russell Exammes 

•USB of ELBCTKONtC TdBBS FOB RbLAY PorPOSBS, 
E. E. George, Tennessee Electric Power Company. 

"The Advancb in Industbiai. Switchoear, 
R. Paxton and F. E. Fairman, General Electric 
Company, 

♦The Design and Test of a High-Speed High- 
iNTERRnPnNG-CAPACnY RAILWAY CiRCDIT 
Brbaebr, W. 'F. Skeats and H. E. Strong, General 
Electric Company. 


2:00 pan.—Inspection Trips 

1. Babcock & Wilcox Company, Barberton, or 

2. B. F. Goodrich Company, Akron 


7:30 pjn.—Inspection Trip 

Danid Guggenheim Airship Institute 


* These papers are scheduled . for presentation, 
but at the time of going to press they have not been 
accepted for publication. 


a top speed up to 200 miles per hour. Alf pin nA 
or airship models are attached to the end of this 
arm and their behavior in curved flight can be in¬ 
vestigated and the air forces determined by means 
of suitable instruments. A wind tunnel used in 
connection with this whirling arm makes it possible 
to duplicate the effect of atmospheric gusts on air¬ 
craft, when the model attached to the arm is made 
to traverse toe open jet of this tunnel. The air 
forces in this case are recorded by means of dia¬ 
monds scratching on glass cylinders. 

Another test stimd, just now in development, is 
a water tank, in which the free mbvemrat of an 
airship under the influence of gusts is itnltatA,^ , 
IVater is used to obtain kinematic and dynamic 
sbailarity.^ The airship model in this tank may be 
seen describing a path similar to that of an airship 
in flight in gusty weather. 
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Thursday, Ocfob^ 14 


9:30 a.m.—^Electrical Machinery 

Presiding: A. M. MacCutcheon 

"Trends m the Design of Power Transforicbrs, 
L.. H. EBll, Allis-Chalmers Manufacturing Com¬ 
pany. 

Sinolb-Phasb Inddction-Motor Perforhancb, 
A. F. Puchstein and T. C. Lloyd, Robbins and 
Myers, Inc. Scheduled for October issue 

*5,000-Kw. Extraction Turbine, W. S. Kramer, 
Westinghouse Electric & Manufacturing Com¬ 
pany. 

♦Electrical Application in Rubber Mills, John 
Grotzinger, R. S. Ferguson, and W. A. Brown, 
Goodyear Tire and Rubber Company. 

9:30 aon.—Electronics 

Presiding: J. R. Martin 

Low-Currbnt Ignitors, A. H. Toepfer, Westing- 
house Electric & Manufacturing Company. 

July, pages 810-12 

Regulation of Grid-Controllbd Rbctifibrs, 
L. A. Kilgore and J. H. Cox, Westinghouse Electric 
St Manufacturing Company. 

September, pages 1184-40 

♦Thb Ionitbr-Type Mercury Arc Rbctifibr as a 
Power Conversion Unit, A. Lee Barrett, Pitts¬ 
burgh Coal CompsLuy. 

♦Mercury Arc Rectifiers in Chlorine Produc¬ 
tion, L. J. Rimlinger, Pittsburgh Plate Glass Co. 

1:30 p.m.—Inspection Trip to Nela Park, 
Cleveland 


0:30 pjn.—Dinner at ITela Park 


8:00 pjn.—^Popular Entertainment, Nela 
Park 


Friday, October 15 

9:30 a.m.—Iron and Steel 

Presiding: Wray Dudl^ 

Some ELcob Lights in the Use of Electricity in 
Steel Mills, E. G. Fox, Preya Engineering Com¬ 
pany* SeptembMT, pages 1116-23 


Among the instruments to be demonstrated is a 
hot-wire anemometer, which b used for toe meas¬ 
urement of rapid fluctuations of air velocity in 
magnitude and direction. Thb hot-wire ane¬ 
mometer, consisting essentially of thin platinum 
wbes in a Wheatstone bridge, heated electrically and 
cooled by the moving ab, is an important instru¬ 
ment for laboratory and atmospheric investiga¬ 
tions. 

Women’s Program 

A special invitation is extended to the 
women to attend the District meeting with 
their husbands. Particular attention has 
been given the program of activities by the 

News 


Carbon Brushes for Steel Mill Equipment, 
W. C. Elalb, National Carbon Company, Inc. 

September, pages 1166-8 

Tbnsion Measurement and Control in Cold 
Strip Rolling, C. M. Hathaway and P. Mohler, 
General Electric Company. 

September, pages 1141-4 

9:30 a.m.—^Power Transmission and Dis¬ 
tribution 

Presiding: F. W. Funk 

♦Lightnino-Proof Transmission Lines, E. Hans- 
son and A. F. Bang, Pennsylvania Water and Power 
Company. 

Lightning Strokes in Field and Laboratory— 
II, P. L. Bellaschi, Westinghouse Electric and 
Manufacturing Company. 

Scheduled for October issue 

♦Pennsylvania Railroad Electrification, H. C. 
Griffith, Pennsylvania Railroad Company. 

♦Possibilities of Direct Current Power Trans¬ 
mission Using Electrically-Controlled Rbctt- 
FiBRS AND Inverters, O. K. Marti, Allb-Chalmers 
Mfg. Co. 

♦Cross Catenary Transmission Lines for 
Lightning and Fog Conditions, A. O. Austin, 
Consulting and Manufacturing Engineer. 


9:30 a.m.—Student Technical Session anti 
Conference 

Papers to be presented by studenb from each of the 
following schoob: 

Case School of Applied Science 
Ohio University 
Johns Hopldns Univertity 
West Virginia University 
The University of Akrpn 

12:00 noon—Luncheon Meeting of EraTn»] | 
Counselors and Student Chaimipn 

2:00 pjn.—Inspection Trip to Ohio Brass 
Company, Barberton 

7:00 p.m.—Banquet 

Pretiding: Doctor W. B. Wickenden, president. 
Case School of Applied Science. 

A message from President W. EL Ebrrison 

lighter-than-ab craft will be discussed by Com¬ 
mander Rosendahl of the United States Naval 
Air Station, Lakehurst, N. J. 


ladies committee and everjrthiUg will be 
done to make their visit an enjoyable one. 

October 13 

Moming^Regbtration 
Luncheon—Mayflower Hotel' 

Afternoon—Garden pilgrimage, tourte^ of Akron 
Garden Forum, Mrs. T. A. Chittenden, president 
Evening—Informal dinner dance 

petober 14 

Morning—Portage Country Club. Golf, games, or 
bridge 

Luncheon—Portage Country Club 
Aftemobn—Neb Park, Cleveland 
Evening—Nela Park, Cleydaiid 
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Future AIEE Meetings 

Middle Eastern District Meeting 
Akron, Ohio, Oct. 13-15, 1937 

'Winter Convention 
New York, N. Y., January 24-28, 
1938 

North Eastern District Meeting 
Pittsfield, Mass., Spring 1938 

Summer Convention 
Washington, D. C., June 20-24,1938 

Pacific Coast Convention 
Portland, Ore., date to be determined 


October 15 

Morning—Blimp rides 
Luncheon—^Y.W.C.A. 

Afternoon—Bridge-tea at the home of A. O. Aiistin, 
Barberton 
Eve ning—Banquet 


Student Conference 

After the student technical session on 
Friday morning a luncheon conference of 
the Branch chairmen and counselors will be 
held in the headquarters hotel. 

Rules on Presenting 

AND Discussing Papers 

At the technical sessions, papers may be 
presented in abstract, 10 minutes being al¬ 
lowed for each paper unless otherwise ar¬ 
ranged or the presiding officer meets with 
the authors preceding the session to arrange 
the order of presentation and allotment of 
time for papers and discussion. 

Any member is free to discuss any paper 
when the meeting is opened for general 
discussion. Usually 6 minutes is allowed to 
discusser for the discussion of a single 
paper or of several papers on the s^e 
general subject. When a member signifies 
his desire to discuss several papers not deal¬ 
ing with the same general subjert, he may 
be allowed a somewhat longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser is to step to the front of the room 
tinA announce, so that all may hear, his 
name and professional affiliations. Three 
typewritten copies of discussion prepared in 
advance should be left with the presiding 
officer. 

Other discussions to be considered for 



Cuyahoge Valley, Metropolitan Parle, and high-level bridge in Akron, Ohio, in which city 
the forthcoming AIEE Middle Eastern District meeting will be held. The Gorge hydr^ 
electric plant of the Ohio Edison Company may be seen )ust beyond the bridge, to the right 


publication should be typewritten (double 
spaced) and submitted in triplicate to C. S. 
Rich, secretary of the technical program 
committee, AIEE headquarters, 33 West 
39th St., New York, N. Y., on or before 
October 29, 1937. Discussion of unpub¬ 
lished addresses and papers need not be sub¬ 
mitted. 

Hotel Rates 

Members should make room reservatioiu 
by writing directly to the hotel of their 
preference. For convenience the rates of 
the headquarters hotel, the Mayfiower, m 
well as the rates of other hotels are listed in 
Table I. 

Advance Registration 

Members of the District who will attend 
the meeting should register in advance by 
returning the addressed advance-registra¬ 
tion card which they will receive by mail. 
This will be helpful to the registration com¬ 
mittee and permit badges to be prepared in 
advance and reduce the work necessary on 
the opening day to a minimum. 

A minimum registration fee of $2.00 wiU 
be charged all nonmembers except Emolled 
Students and the immediate families of 
members. 


Committees 

The committees handling the various 
ptiflQPs of the work in connection with the 
meeting are as follows: 

District Meeting Committee; W. H. Harrison, I. 
Melville Stein. H. A. Dambly, A G. Ennis. Paul 
Frederick, Warren C. Slalb, E E. Kimberly, E. O. 
Lange, and O. C. Scblemmer. 

General Committee: Harold L. Brouse, chairman: 
A. O. Austin, Ralph Higgins, R. A. Hudson, H. C. 
Paiste, Harold H. Schroeder, V. W. Shear, and 
J. T. Walther. 

Meetings and Papers Committee; A. O. Austin, 
chairman; T. F. Brandt, S. C. Heaton, and H. L. 
Rorden. 

Entertainment and Reception Committee: R. A 
Hudson, chairman; Thomas Dee, R. P. Dunmire. 
W. C. Pick, Fred Nimmer, R. C. Putnam, A P. 
Regal, W. A. Smith, and William H. Tucker. 
Hotels and Registration Committee; Verne W 
Shear, chairman; George G. Clark, H. D. Duncan, 
F. A. Green, and P. C. Smith. 

Transportation and Inspection Committee; H. ^ 
Paiste, chairman; E. B. Crane, T. J. Newman, and 
N. W. Wing. 

Student Sessions Committee; J. T. Walther, 
chairman; Kenneth Burgan, Carl Delagrange, 
Robert Miller, and P. D. Remark. 

Attendance and PubUdty Committee: Hmold a 
Schroeder, chairman; P. S. Bechtol, R. W. Drushd, 
and Louis McConaghy. 

Finance Committee: Ralph Higgins, clmiin^; 
John GroUinger, R. R. Krammes, and A L. Rich- 
mond. 

Women’s Committee; Mrs. Ralph Higffns, c^- 
man; Mrs. A. O. Austin, Mrs. J. W. Funk. Mrs. 
R. A. Hudson, and Mrs. Verne W. Shear. 


Table I Hotel Rates 


Hotel and Location 

Mayflower (headquarters), 

269 S. Main St... .. 

Portage, 10 N. Main St... 
Akron , 92 B. Market St.. 
Howe, 11 S. Main St.... • 
Anthony Wayne, 314 S. 
Main St...... • • * • • • • • • • 
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.Single 

Without Bath 


Single Double 

With Bath Without Bath 


Double 
Wifli Bath 


( ..$3.00 to4.80,.» .. 

1.75 .. 2.00 to 3.00.. 2.75 *' I’Sn a'sn’' 

1.50tii.76.. 2.00to2.80.. 2.50 *' I’JS S sIS’' 

.... ..1.75 to2.75.. ,.S.OOtoS.ze.. 

1.60 to 1.75.. 2.50 to2.7S..2.50to3.00 .. 4.00 to4.60.^ 


$6.00 to 6.50. .$6.60 to 6.50 
. 3.00 to 4.60.. 4.00 to 6.00 
. 3.00 to 3.50.. 3.60 
. 3.00 to 3.25.. 4.00 


Fall Meeting. Papers on power, 
railroads, fuels, and petroleum are plaimed 
for the 1937 fall meeting of The Amenc^ 
Society of Mechanical Engineers, which will 
be held at Erie, Pa., October 4-6. Insp^ 
tion trips to several industrial plants, in¬ 
cluding that of the General Electric ^m- 
nany at which railroad equipment ana re¬ 
frigerator bodies are made, have been 
planned. 









Additional Awards for 
1936 Institute Papers 

In addition to the national and District 
prize awards for papers presented before the 
Institute during 1936 announced in Elec¬ 
trical Engineering for June 1937, page 
766, the awards for Districts 6 and 8 have 
now been announced. These awards are: 

District 5 

Prize for Branch paper awarded to Orville A. Beclc- 
lund for his paper “An Artificial Ear for Sound 
Measurements,” presented at a joint meeting of 
Minnesota Section and University of Minnesota 
Branch, April 21, 1937. 

Districts 

Prize for best paper awarded to Joseph S. Carroll 
(A*24, M’87) andjohn A. Koontz Jr., (A’ll, M*20j 
for their paper “Cable Vibration—^Methods of Meas¬ 
urement," presented at the summer convention, 
Pasadena, Calif.j June 22-26, 1936. 

Prize for initial paper awarded to Otto A. Knopp 
(A’09, M*34) for his paper “Some Applications of 
Instrument Transformers," presented at the sum¬ 
mer convention, Pasadena, Calif., June .22-26, 1936. 


ECPD Offers 
Guides to Engineers 

A pamphlet containing suggestions to 
junior engineers and another presenting a 
list of university extension facilities through¬ 
out the United States have been prepared 
by Engineers’ Council for Professional 
Development. These pamphlets, together 
with 5 bibliographical pamphlets described 


in Electrical Engineering for August 
1937, page 1060, are intended to guide en¬ 
gineers in postcoUegiate study. 

In "Suggestions to Junior Engineers,” 
a questionnaire is given to aid making a 
personal appraisal and a reading list to 
serve as a basis on which the nontechnical 
culture of the engineer can be continued. 
The pamphlet giving university extension 
facilities presents the scope of 54 courses 
and indicates their availability through 
class or correspondence study at more 
than 30 American institutions. The sepa¬ 
rate pamphlets can be had for 10 cents each, 
or for 5 cents each in lots of 60 copies, as¬ 
sorted if desired. Requests should be 
sent to Engineers’ Council for Professional 
Development, 29 West 39th Street, New 
York, N. Y. 


Chemical Industries to Hold Exposition. 
Plans for The Sixteenth Exposition of 
Chemical Industries, to be held at Grand 
Central Palace, New York, N. Y., De¬ 
cember 6-11, 1937, are progressing rapidly. 
A feature of the exposition will be the 
award of a prize of $250 in cash to the per¬ 
son submitting the "best descriptive ex¬ 
pression encompassing the purposes and 
the benefits redounding to the common 
good from the activities of the chemical 
industries.” Raw materials, finished prod¬ 
ucts, plant equipment, and machinery and 
apparatus will constitute major sections 
of the exhibits. Metals and alloys and the 
newer synthetic plastics and molded prod¬ 
ucts likewise will be featured. Admission 
will be without charge, by registration or 
invitation only, and no tickets will be sold. 


Membership— 

Mr. Institute Member: 

Progress commands respect and admiration. Our Institute has gone 
forward consistently and the progress made in membership growth is 
just one of the many reasons for the pride we feel in being identified 
with this organization. There has been a steady gain in members 
during the past few years, and each year has had a larger gain than 
the preceding one. This progr^s was possible only because of the 
active assistance and support of the members—not only the officers 
and committeemen, but you and you. We appreciate your help arid 
want to thank you. 

Another year began on August ”1. There will be new officers, 
new committees, and, of course, new members. 

We are hopeful that the growth in members In this coming year may 
be greater than last years increase. With your help it will be 
greater. We are again counting on your support. 





Aluminum Company 
Plans Expansion 

Expenditures which may finally reach 
$15,000,000 will be necessary to provide 
added facilities for production of virgin 
aluminum and for additional fabricating 
units, electrical installations, housing fa¬ 
cilities, and other auxiliary equipment 
in an expansion program contemplated by 
the Aluminum Company of America at 
Alcoa, Term. This expansion will require 
many additional employees with the like¬ 
lihood that the present force of approxi¬ 
mately 6,000 will be doubled when the 
program is completed. A contract with the 
Tennessee Valley Authority has been signed 
whereby the company secures at an early 
date a large quantity of power to augment 
the present supply from its own hydro¬ 
electric S 3 ^tem. 

Aluminum Company of America was 
attracted to this section more than 25 years 
ago because of the hydroelectric possibili¬ 
ties for an industry which finds cheap power 
one.of the prerequisites for manufacture of 
its product at a price at which it can com¬ 
pete with other materials. Despite the 
fact that all the raw materials except power 
have to be brought into the state, the com¬ 
pany foimd it desirable constantly to ex¬ 
pand operations at Alcoa where the aTiTiua.1 
output now represents about 30 per cent 
of the virgin aluminum produced in the 
United States. Fabricating operations at 
Alcoa have been an important part of the 
company’s manufacturing plants for semi- 
finish ed and fini^ed aluminum, for many 
years the largest aluminum sheet and plate 
mill in the country being located at this 
point. 

To provide power for existing opera¬ 
tions, the company has developed 3 large 
hydroelectric projects on the Little Ten¬ 
nessee River and its tributaries at Calder- 
wood, Cheoah, and Santeetlah. It has 
several other dam sites for future use, one 
of which, on the Nantahala River, is al¬ 
ready partially developed. Application for 
the completion of several of these projects 
is about to be made to governmental 
authorities. 

In addition to the large sums spent in 
Tetmessee and western North Carolina for 
power projects to serve the Alcoa works, 
the company has its own hydroelectric 
plants on the Yadkin River to provide 
power for an almniniun works at Badin, 
N. C. Most recent announcement of expan¬ 
sion in that section was the statement 
within the past month that the company is 
building a dam at Tuckertown. 


Engineering Society of Detroit Receives . 
Gtft. Total endowment of The Engineering 
So'ciety of Detroit, successor to the Detroit 
Engineering Society, has reached $1,000,000 
with a second gift of $500,000 from The 
Horace H. and Mary A. Rackham Fund. 
The purpose of this g^t is to provide a suit¬ 
able building to be used by the society as a 
permanent home; income from the first 
half-miUion^dollar gift is to be Used for 
operating expenses. The Engineering So¬ 
ciety of Detroit is an ^tirely new organiza- 
ti(to ^th 12' affiliated groups and a member¬ 
ship which numbers nearly 3,000. 

. Ei^CSTRICAL ENGlNBERINCr 







Student Training in 
Air Conditioning 

An extensive educational program de¬ 
signed to attract yotmg men into the air- 
conditioning industry has been begun by 
the General Electric Company, The plan 
is modeled after the test courses started 
by the company in 1888. 

The new program, although sponsored 
by the company itself, will be worked out 
through its distributors in the field, in the 
belief that the distributor organization 
offers wider practical experience and greater 
possibilities for the emplojrment of the 
students. It will be open primarily to 
graduates of colleges, technical schools, 
and high schools who desire to establish 
themselves in the industry, but in special 
instances it may be open to men who have 
been otherwise employed, provided they 
demonstrate potential capabilities for the 
business. Because many phases of air- 
conditioning work involve engineering prob¬ 
lems, the opportunity is generally greatest 
for those who have had technical training. 

Practical manuals, courses, and distrib¬ 
utor training activities have been designed 
by the General Electric air-conditioning 
department. They will be augmented by 
various forms of instruction in the field by 
district managers and factory men. Ap¬ 
plications for training should be made to 
distributors or to the headquarters of the 
air-conditioning divwion of the company 
in Bloomfield, N. J. 


Conference Board 
Elects Officers 


At its 21st annual meeting, the National 
Industrial Conference Board elected offi¬ 
cers for the ensuing year. Elon H. Hooker, 
president of the Hooker Electrochemical 
Company, was elected chairman, and John 
Henry Hammond was elected honor^ 
chairman. Doctor Virgil Jordan contin¬ 
ues as president and chief executive of the 
board. 

The following vice-chairmen were elec¬ 
ted: Irende du Pont, director, E. I. du Pont 
de Nemours and Company; E. Kent Hub¬ 
bard, president, Manufacturers Associa¬ 
tion of Connecticut; Hon. Walter J. Koh¬ 
ler, chairman, Kohler Company; and 
W. Gibson Carey, Jr., president, Yale and 
Towne Manufacturing • Company. Fred 
I. Kent, director of the Bankers Trust 
Company, was re-elected treasurer. Mem¬ 
bers of the executive committee elected 
for the ensuing year are: 


Keal Dow Becker, president, Intertype Corpora¬ 
tion, Brooklyn, N. Y. ... „ 

E. R. Bchrend, president, Hammermill Paper Com¬ 
pany, Erie, Pa. « 

Phiilp E. Bliss, president. The Warner & Swasey 
Company, Cleveland, Ohio v _ 

Walter S. Casti president. Case,. Pomeroy & Com- 

pany. New York, N. Y. . ^ v, , ,• 

S. Bayard Colgate, pre«dent, Colgate-Palmolive- 
Peet Company, Jersey City, l^J. , 

Arthur M. Collensi president, Phoepix Mutual Life 
Insurance Company, Hartford, ^nh. ^ 

John F, Deasy, vice-prudent, Pennsylvania Rail¬ 
road Company, Philadelphia . 

William C. Dickerman, president, American Loco¬ 
motive Company, New York, N. Y. .. 

James F. Fogarty, president. The North Ammcan 

Company, New York, N. Y. _ 
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David M. Goodrich, chairman, The B. F. Goodrich 
Company, Akron, Ohio 

De Forest Grant, chairman, Federal Seaboard 
Terra Cotta Company New York, N. Y. 

R. J. Hamilton, president, American Radiator 
Company, New York, N. Y. 

John Henry Hammond, Hines, Rearick, Dorr & 
Hammond, New York, N. Y. 

Howard Heinz, prerident, H. J. Heinz Company. 
Pittsburgh, Pa. 

J. Taber Loree, vice-prerident, The Delaware and 
Hudson Railroad Corporation, Albany, N. Y. 
Thomas Luke, president. West Virginia Pulp and 
Paper Company, New York, N. Y. 

Auguste G. Pratt, pi^dent, The Babcock and Wil¬ 
cox Company, New York, N. Y. 

A. W. Robertson (A‘27), chairman, Westinghouse 
Electric & Manufacturing Company, Pittsburgh, 
Pa. 

David Samoff (M*23), president, Radio Corpora¬ 
tion of America, New York, N. Y. 

Malcolm B. Stone, president, Ludlow Manufac¬ 
turing Associates, Boston, Mass. 

J. A. Sweetser, president, Btgelow-Sanford Carpet 
Company, New York, N. Y. . 

Conference board councilors include: 

Eugene G. Grace, president of the Bethlehem Steel 
Company 

Cornelius F. Kelley, prerident of the Anaconda 
Copper Mining Company 

L. F. Loree, president of the Delaware and Hudson 

Railroad Corporation 

Hon. Andrew W. Mellon, Httsburgh, Pa. 

George M. Verity, chtdrman of the American 
Rolling Mill Company 

Owen D. Young, chairman of the General Electric 
Company 


Ford of Canada 
to Expand Power Plant 

A power plant expansion program to cost 
about $3,500,000 has been undertaken by 
the Ford Motor Company of Canada, Ltd., 
at its Windsor plant, according to a recent 
announcement. The program provides for 
increased output, lower production cost, 
and the use of some of the original equip¬ 
ment without eiilarging the present plant 
building. 

The original plant consisted of 3 boilers 
each having a capacity of 100,000 pounds 
of steam per hour, each at a pressure of 235 
pounds per square inch and a temperature 
of 580 degrees Fahrenheit; space was pro¬ 
vided for a fourth boiler. Two turbogenera¬ 
tors were used, with capacities of 10,000 
and 5,000 kw, respectivdy. When the 
present program is completed, the genera¬ 
ting capacity will have been increased to 
35,000 kw and the steam generating ca¬ 
pacity to 600,000 pounds per hour. The 
ultimate development contemplated to be 
undertaken in the future will have a maxi¬ 
mum output of 45,000 kw and a steam 
generating capacity of 800,000 pounds per 
hour. 

The program now under way will include 
the installation of 3 new boilers and 2 new 
turbines, one of which will be a superposed 


Isle Maligne Plant 
Reaches Designed Capacity 

With the completion of the current in¬ 
stallation of the twelfth 33,500-kva 112.5- 
rpm hydroelectric unit, the Isle Maligne 
Hydroelectric power station at the head of 
the Saguenay river about 100 miles north 
of Quebec will have been brought to the 
ultimate of its designed capacity of some 
402,000 kva. 

Described as “the largest single installa¬ 
tion in water power development ever 
undertaken” up to that time, by the late 
W. S. Lee in his paper "Hydroelectric 
Development of the Saguenay River,” 
(AIEE Trans., V. 44, 1925, pp. 722-36), 
the project was authorized in December 
1922, and the plant went into operation 
in 1926 with 8 units installed and space 
provided for 4 more. Located a.t the 
outlet of Lake St. John, the station is 
authorized to use the storage capacity of 


unit exhausting into the existing 10,000- 
kw turbine. After careful study, a tur¬ 
bine throttle pressure of 800 pounds per 
square inch and temperature of 800 degrees 
Fahrenheit were selected as being most 
economical for this installation. 

The 800-pound-pressure turbogenerator 
win be a 6,000-kw unit and will exhaust at 
176 to 200 pounds pressure and 500 to 600 
degrees Fahrenheit into the existing low- 
pressure 10,000-kw condensing turbogen¬ 
erator, and in addition will supply steam 
for high-pressure process use. The other 
turbogenerator to be installed will be a 
20,000-kw condensing double-bleeding unit. 
Both bleed points will be automatically con¬ 
trolled so that the turbine will furnish high- 
pressure process or low-pressure heating 
steam. 


Electrical Companies 
to Exkibit at 1939 Fairs 


that lake betwewi “ordinary low water 
and ordinary high water.” Survep estab¬ 
lished the permissible depth variation at 
17,5 feet, which corresponded to an area 
variation from 328 square miles at tew 
water to some 408 square miles at high 
water, and made available effective storage, 
of an estimated 187.1 billion cubic feet, 
adequate to serve effectively for the esti¬ 
mated 30,Q00-square-mUe run-off area. 
Median operating head is 110 feet. , 

The magnitude of the project, its far- 
northerly location and the^ ednsequ^t 
severe winter weather conditions, and its 
distance from centers of transportation 

and civilization, made the project one of 

especial intei^t at the time of its con¬ 
struction. As described and discussed m 
some detaU by Mr. Lee> J'the design and 
layou^t of the construction plant were pv^ 

as much attration.-..as the design of the 

powerhouse.” • 


Plans for electrical exhibits at the New 
York World's Fair and the Golden Gate 
International Exposition are progressing 
rapidly, and several large dectrical com¬ 
panies already have tigned leases for ex¬ 
hibition space in the fair buildings or have 
contracted for lots on whidi tiiey will 
erect their own exhibition structures.^ 
Although no definite plans for individual 
comply exhibits have been made public, 
the Westinghouse Electric & Manufactur¬ 
ing Company, which has contracted for a 
floor space of 10,922 square feet in the 
projected Electrical Production Building 
(see accompanying illustration) of the 
New York World’s Fair, has announced 
that its exhibit will include dempi^tratioiw 
. of sci^tific research and electrical appli¬ 
cations in air conditioning, transportation, 
an d lighting equipment, radio, ttievision, 
and X lays.^ The General Electric Com- 






Photograph of a scale model of the Electrical Production Building to be constructed for the 

1939 World's Fair at New yoik 


pany, expecting to present an amplification 
of its "House of Magic,” a series of dra¬ 
matic demonstrations of the achievements 
of electrical research, has signed a contract 
for a lot 68,339 square feet in area upon 
which it will build its own exhibition struc¬ 
ture. 

The Radio Corporation of America 
likewise has contracted for a lot space of 
81,699 square feet. David Samoff (M’23) 
president, in describing the World's Fair 
plans of RCA said that the exhibit would 
show "... how radio safeguards the pas¬ 
sage of ships at sea, and the flight of ships 
in the air, . . . how photographs are trans¬ 
mitted across the ocean by radio, . . . the 
most modem equipment for recording sound 
in motion-picture studios and reproducing 
it in theaters.” Other attractions will 
include a radio communications center at 
the fair, so that visitors may send radio¬ 
grams to any part of the world, an actual 
demonstration of what goes on behind the 
scenes in radiobroadcasting, and a public 
demonstration of television, whatever its 
status may be at the time of the exposition. 

Other companies that have contracted 
for building space at the New York fair 
include: Bell Telephone System, 139,400 
square feet (see June 1937 issue, page 766); 
Consolidated Edison Company of New 
York, Inc., 75,183 square feet; Johns- 
Manville, 29,317 square feet; American 
Gas Association, 122,008 square feet; 
and United States Steel Corporation sub¬ 
sidiaries, 55,166 square feet. 

The Electrical and Communications 
Exhibits Building at the Golden Gate 
International Exposition will occupy a 
ground area of 89,400 square feet near the 
main portal of the exposition grounds. 
Westinghouse Electric & Manufacturing 
Company, General Electric Company, and 
the Bell Telephone System have signed 
contracts for exhibition space, and have 
indicated broadly the nature of their ex¬ 
hibits. The Westinghouse display will 
occupy nearly 5,000 square feet, and is 
expected to be a comprehensive showing 
of products for industry and household, 
mostly operating demonstrations of a 
scientific and educational character. The 
General Electric exhibits will be similar 
to those at the New York fair. The Bell 
System exhibit, which will occupy a space 
of approximately 7,000 square feet in the 
electrical building, will • provide demon¬ 
strations in which the visitors themselves 
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will participate, and will present new fea¬ 
tures in communications devices. The 
demonstration equipment is being designed 
by Bell Telephone Laboratories, Inc., will 
be erected by the American Telephone and 
Telegraph Company, and will be operated 
by The Pacific Telephone and Telegraph 
Company. 

Several foreign nations have completed 
negotiations for sending scientific and com¬ 
mercial exhibits to both fairs, and many 
others have signified their intentions of 
being represented. 


Swedish Engineers Plan 1,500-Kilometer 
Line. Leading Swedish electrical engineers 
recently met in Stockholm to discuss prob¬ 
lems of the electrical industry in that 
country, among which was a consideration 
of the possibility of transmitting to southern 
Sweden the energy produced in the rich 
waterpower sources of the far North. A 
line from Krflngede, in northern Sweden, 
to Malmd, in the extreme South, a dis¬ 
tance of 1,000 kilometers (621 miles) al¬ 
ready is tmder construction, and a 1,500- 
kilometer (930-mile) line is being considered. 
Aluminum is being used in increasing 
amounts in the construction of these long 
Swedish lines, and the Stockholm con¬ 
vention of engineers paid a visit to a mod¬ 
ern aluminum plant producing 2,000 tons 
of aluminum per year electrolylically, with 
a power consumption of 40,000,000 kilo¬ 
watt-hours of electrical energy. 


Standard for Welding Electrodes. The first 
draft of a specification for coated electrodes 
for structural steel has been issued by the 
French committee for welding standards. 
Eleven diameters (0.04 to 0.51 inch) and 
4 lengths (6 to 18 inches) are standardized. 
Four standard colors are given to electrodes 
according to their mechanical properties. 
Mechanical properties are determined on 
all-weld-metal specimens machined from a 
deposit made in an angle iron 10 inches long. 
The speed of welding must be such that the 
comers of the angle iron do not become red. 
Copies of the draft have been ordered by 
the American Standards Association for use 
of its members. 
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New Generating Unit 
to Use 2,400-Pouncl Steam 

According to a recent announcement of 
the American Gas and Electric Company, 
a new steam-electric generating unit to 
operate at the record pressure of 2,400 
pounds per square inch and temperature 
of 940 degrees Fahrenheit will be installed 
in the Twin Branch station of one of its 
subsidiaries, the Indiana and Michigan 
Electric Company, Mishawaka, Ind. The 
decision to use sudi high pressure and tem¬ 
perature is the outcome of studies in high 
temperatures and pressures for generating 
units made by engineers of the company 
with the object of reducing plant invest¬ 
ment and increasing operating efficiency, 
with full consideration to the financial 
soundness of investment. 

The new unit will have a rating of 62,500 
kw and will consist of a 22,500-kw 2,400- 
pound-pressure turbogenerator, cross-com¬ 
pounded with a new 40,000-kw 400-pound- 
pressure turbogenerator. This unit, to¬ 
gether with the 2,500-poimd-pressure boiler 
and accessory equipment, will entail an 
expenditure of some $4,000,000. 

Westinghouse Creates 
^^New Products^^ Division 

Responsibility for devdopments either 
new in the art or not previoudy undertaken 
by the company has been centralized by the 
Westinghouse Electric & Manufacturing 
Company of East Pittsburgh, Pa. in a newly 
formed "new products” division, according 
to a recent announcement. iWctioning 
the same as the other operating units of the 
company, this division will indude separate 
engineering, manufacturing, and sales de¬ 
partments. 

The division will concentrate its facilities 
in devdoping and broadening the fidd of 
applications of products that have not 
reached the status of commerdal apparatus. 
Then, after the fidd for each new product 
has been determined and the product has 
passed through the initid plant stage, the 
product will be taken over by one of the 
regular divisions. It is stated also that the 
new division will be responsible for training 
a staff that will be "adequate for the further 
promotion of the product." 


Technological Trends Studied by Govern¬ 
ment. New inventions necessitate con¬ 
stant revision of national policies, accord¬ 
ing to a report of the National Resources 
Committee on "Technological Trends and 
National Policy,” recently rdeased by 
Chairman Harold L. Ickes, Secretary of 
the Interior. The first report on the 
sdence resources of the United States deals 
with new inventions and their spdal im¬ 
plications and calls attention to the need 
for planning to meet the new situations 
caused by technological advance. Pre¬ 
pared by a large group of sdentists and 
engineers, the report "pre^ts a survey of 
most of Uie fields of technology and applied 
science. ...” The Natioiml Resources 
Committee ur^ that a series of continu- 
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ous studies t>e undertaken by exis tin g 
planning boards and by appropriate agen¬ 
cies developed by the Federal Government, 
with the definite function of investigating 
and reporting on the progress and trends 
of science and invention, and the possible 
social and economic effects that may follow 
them. The report recommends that to 
study the technical aspects of the question 
the science committee of the Natural Re¬ 
sources Committee make an investigation 
of the adequacy of reporting on inventions 
and discoveries and advise on the feasi¬ 
bility of more balanced coverage, of select¬ 
ing those more socially significant, and 
of assembling such data in some central 
location. Copies of the report are avail¬ 
able from the Superintendent of Docu¬ 
ments, Washington, D. C. 


More Botilder Dam Generators. Con¬ 
tracts for the supply of 2 additional turbo¬ 
generator units to increase the generating 
capacity of the Boulder Dam plant to half 
of its full projected value of 1,835,000 
horsepower recently were awarded. The 
new turbines, vertical-shaft units rated at 
116,000 horsepower each, are to be con¬ 
structed by the AUis-Chalmers Manufac¬ 
turing Company. Contracts for the 
generating equipment were awarded to 
the Westinghouse Electric & Manu¬ 
facturing Company. Already serving 
the city of Los Angeles and other mu¬ 
nicipalities in southern CaUfomia are 4 3- 
phase 60-cycle units, each rated at 82,500 
kva, with an output voltage of 16.5 kv. 
Of these, 2 were manufactured by the 
General Electric Company and 2 by the 
Westinghouse Electric & Manufacturing 
Company, in addition, the General Electric 
Company now is constructing 2 similar 
units, which will be completed in 1938. 
The units just contracted for will be ready 
for operation in 1939 and 1940. 


New York Building .Code Now Permits 
Welding. A new building code for the 
city of New York, N. Y., to become effec¬ 
tive January 1, 1938, permits the use of 
welding in place of riveting in steel con¬ 
struction work. Previously, welding was 
prohibited because the existing code was 
formulated before modem welding methods 
were evolved. This action is congruous 
with New York’s recent noise-abatement 
campaign; moreover, weided steelwork is 
advantageous in several other ways, being 
lighter, stiffer, creating more comp^t 
joints, and effecting an appreciable saving 
in the amount of steel required. 


Power Exposition to Be Held. The Chicago 
(III.) Exposition of Power and Mechanical 
Engineering, to be held at the New Inter¬ 
national Amphitheatre, October 4-9, 1937, 
is expected to be one of the largest events 
of its kind ever held in the Midwest area, 
according to plans of its sponsors. Ad¬ 
vance reports of machines and materials 
to be exhibited are said'to be comprehen¬ 
sive and of interest to both executives and 
operators in the power and mecbanicalr 
engineering fields. 
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S^dard Symbols for Welding. Real¬ 
izing that welding cannot take its place 
as an engineering'tool unless suitable means 
for conveying explidt information from 
designer to workman are pro'vided, the 
American Welding Sodety has derived 
and published a set of standard welding 
S3rmbols covering both fusion and resist¬ 
ance welding. The symbols, which are 
ideographic, have been made as simple as 
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Whp‘sWho 
in Ensineering 

Ens^eers and engineering organizations 
have a new directory and biographical dic¬ 
tionary in the fourth edition of "Who’s 
Who in Engineering,” which has just been 
published by the Lewis Historical Publish¬ 
ing Company, Inc., 8th Avenue and 14th 
Street, New York, N. Y. It is well done and 
is a most excellent reference volume. In ad¬ 
dition to the biographical dictionary this 
issue carries a comprdiensive list of en¬ 
gineering organizations in the United States 
and brief descriptions of each of several 
functional instrumentalities of engineering 
societies. 


Coal Price 
Fixins Is Here 

Twenty-three district boards of code 
members managed by the National Bitumi¬ 
nous Coal Commisaon in the Invest¬ 
ment Building at 15th and K Streets, N. W., 
Washington, D. C., came into existence on 
Jtme 21, 1937. All are authorized by the 
Guffey or Bituminous Coal Act of 1937, 
entitled “An act to regulate interstate 
commerce in bituminous coal and for other 
purposes.” The principle objectives are 
the establishment of marketing rules and 
regulations, fixing minimum and maximum 
prices, and the prevention of unfair com¬ 
petition in the bituminous-coal industry. 

The Bituminous Coal Act of 1937 ^so 
created a Consumers’ Counsel to provide 
protection for all consumers of bituminous 
coals in the United Statw. The counsel 
has established headquarters in the Tower 
Building at Nth and K streets, N. W., 
Washington, D. C. "If shall be the duty 
of the Consumers’ Counsd to appear m the 
interest of consuming public in any pro¬ 
ceedings before the ^mmission, to _ offer 
testimony, examine witnesses or partira to 
the proceedings,” and to have the Com¬ 
mission certify to information or condimt 
investigations of conditions believed to be 
responsible for unfair consumer prices. 

American Engineering Council has be^ 
asked to assist Consumers’ Counsel and 
the (Commission with the location of engi- 
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possible, and are based upon a principle 
of ha-ving the most common form of any 
weld require a minimum of numerical data. 
In effect the system amounts to a shorthand 
system 'with which a large amount of in¬ 
formation may be transmitted in a few 
simple lines and figures. Complete infor¬ 
mation may be obtained from the Ameri¬ 
can Welding Society, 33 West 39th Street, 
New York, N. Y. 


neers and engineer executives experienced 
in the several phases of the bituminous- 
coal industry and it has been invited to 
co-operate in bringing the objectives of 
these regulatory bodies to the attention of 
all engineers connected with or interested 
in bituminous-coal production, distribution, 
and consumption. Both agencies are seek¬ 
ing engineering advice and assistance 'with 
efforts being made to improve the soft- 
coal situation in the public welfare. 

Engineering societies are urged to ac¬ 
quaint individual engineers and committees 
with the fact that the coal agencies “are 
now attempting to help establish fair mini¬ 
mum and maximum prices and are spon¬ 
soring the promulgation of rules and regu¬ 
lations regarding the production, market¬ 
ing, and use of bituminous coal which may 
have far reaching effects on all fuel users 
as well as all fuel producers, dealers, etc.” 
Results of such efforts are likely to change 
power and other Industrial costs for which 
certain engineers may be directly or indi¬ 
rectly responsible. 

Copies of the "Bituminous Ck)al Act of 
1937, the Bituminous Coal Code, Taxes 
on the Sale or Other Disposal of Bituminous 
Coal, and Rules of Practice and Procedure 
before the National Bituminous Coal Com¬ 
mission” may be obtained directly from 
the agencies named, from the National 
Coal Association in the Southern Building, 
or from the Government Printing Office 
in Wariiington, D. C. The Ciounsel and 
the Commission invite correspondence and 
co-operation calculated to improve the 
present bituminous coal situation. 

Most of the activities of these soft-coal 
af^encies involve problems of more concern 
to trade associations than profe^o^ so¬ 
cieties, but questions of potential impor¬ 
tance to engineers employed in indust^ as 
well as those in consulting and pri^te 
practice are having serious consideration. 
It is, therefore, suggested that engineers 
who are concerned "with any phase of the 
bituminous-coal industry or the use of 
soft coal in other industries be urged to 
keep themselves advised regarding what 
is bemg done by these government regu¬ 
latory bodies with soft-coal prices and the 
control of production, distribution, and 

consumption. t 

Consumers’ counsel is John C. Carson ot 
Michigan, former secret^ to the late 
Senator Couzens. His principal assistants 
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are Ellery P. Gordon and W. L. Chandler. 
The commission is: Chairman, Charles F. 
Hosford, Jn, of Pennsylvania; Pleas E. 
Greenlee of Indiana, Thomas S. BEammond 
of Kentucky, John C. Lewis of Iowa, Wal¬ 
ter H. Maloney of Missotni, C. E. Smith 
of West Virginia, and Percy Tetton of 


Letters lo ibe 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal vrith technical 
papers, artldes published in previous issues, or other 
subjects of some general interest and professional 
importance. Elbctricai. Enoinbbrino . will en¬ 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original t^ewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked dravnng but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly under 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 

AIEE 

Publications 

To the Editor: 

The recent discussion at the summer 
convention in Milwaukee, Wis., regarding 
Institute publications prompts me to send 
the following comments. 

At the outset I want to express my keen 
appreciation of the excellent work that 
has been done by the publication com¬ 
mittee and of the able manner in which the 
editorial work of Electrical Engineering 
has been conducted. As a regular con¬ 
tributor to Institute publications I have 
had full co-operation. The work has been 
eflSlciently conducted and speedily and 
accurately executed. Nor is my experience 
unique in this respect. I believe that a 
survey will show that other contributors 
have a. similar reaction to Institute publi¬ 
cations. 

I am also mindful of the excellent serv¬ 
ices rendered to the Institute by the 
technical program committee. They have 
given us excellent technical programs at all 
Institute conventions. They have intro¬ 
duced t^hnical conferences at which ideas 
are exchanged freely by authorities in the 
field,' Through their efiScient and capable 
secretary they have given contributors 
prompt and courteous service which is 
beyond criticism. 

It is not in the administrative aspects 
of Institute publications that the fault 
- lies, it is rather in the quality of the articles 
that are submitted for publication. 

If one were to classify the Institute mem* 
beiship according to thrir interests he 
. would find the following classes: 

d. Th^ highly-sjperiaUzed analytically-! nclined 
members. This group comprise a rather small 
mlnonty of the InsHtute membershipi It is 
techmoally strong and is respoii^ble for the ma- 


Ohio. Although the National Bituminous 
Coal Commission and the Consumers* 
Counsel were created jointly by the Bitu¬ 
minous Coal Act of 1937, they function as 
independent agencies of the Department 
of Interior under the administrative control 
of Secretary Ickes. 
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jority of the papers published in Elbctsical 
Enoimbbkino and the Tkansactions. 

h. The practicing enriaoers whose work is of a 
technical nature and who like to keep up with the 
progress of the art but who are not sufficiently 
specialized or analytically inclined to read and 
understand the majority of the published work. 
This group constitutes, by far, the largest minority 
(if not a majority) of the Institute membership. 

e. The student and cadet engineers who have no 
practical background but who will form the future 
backbone of the Institute. They constitute a 
sizeable minority of the membership. 

A few would question the fact that 
Institute publications should be so designed 
as to meet the needs and requirements of 
all the membership. The problem is how 
to modify the publications so as to ac¬ 
complish this result. 

I wish to submit a plan which would 
seem to solve this problem and which 
follows closely the general plan presented 
by the publication committee and has for 
its object the endorsement of the policies 
submitted by that committee. The plan 
consists of making the Transactions and 
Electrical Engineering 2 entirely dis¬ 
tinct publications. 

The Transactions would comprise ex¬ 
clusively highly technical and highly spe¬ 
cialized papers which contain new contri¬ 
butions to the art. Such papers would be 
submitted to the -yRrious technical com¬ 
mittees of the Institute and Would be ear¬ 
marked by these committees as worthy of 
presentation at Institute conventions and 
of publication in the Transactions. The 
Transactions would thus become a pub¬ 
lication which satisfies the needs of group 
a of the membership. 

The journal Electrical Engineering, 
since it is received by all the members of 
the Institute, would comprise articles of 
interest to the membership at large (groups 
a, b, and c). Papers published in Elec¬ 
trical Engineering would also be sub¬ 
mitted to the various technical committees 
but Would be earmarked by these com¬ 
mittees for publication in the journal. 
Such articles need not contain new con¬ 
tributions. The following types of articles 
might properly be published in Electrical 
Engineering: 

a, Expo.^t6ry articles, written in text-book form 
and readily understood by practicing electrical en- 
rineers and engineering students, on important 
recent developments in electrical engineering. 
The paper by TYavis on per-unit quantities. and 
Prentice's paper, on fundamental concepts of syn¬ 
chronous machine reactances, form excellent illus¬ 
trations of this class. 

b. Articles on t^nOmic and . social problems! of ' 
the engineer. Hrilmund's paper in the April 1937 
iKue of‘ ELBCTRiCAi.vBNOiNBBKm<} and Spooner’s 
paper in the December 1934 i»ue are typical of. 
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this class. 1 might also here i nclude the excellent 
addresses of Doctor Bush and Doctor Flanders 
which were delivered at the Milwaukee convention. 

c. Articles on recent developments in the basic 
sciences such as physics and chemistry written from 
the point of view of possible application in the prac¬ 
tice of electrical engineering. The services of the 
committee on basic sciences (formerly the electro¬ 
physics committee) may be pressed for obtaining 
such papers. 

d. Educational articles. Several articles on edu¬ 
cation have appeared in Institute publications. 
These articles have always, aroused interest not 
only among educators but also among practicing 
engineers. 

e. Descriptive articles of recent engineering proj¬ 
ects. Such articles are of interest to utility and 
power engineers. 

/. Articles on the professional aspects of engineer¬ 
ing including engineering ethics, licensing of engi¬ 
neers, etc. 

e. News of the Institute, its activities and its mem¬ 
bers. This section in Elbctricai. Enoinbbrino is 
read by practically all members. 

h. Short abstracts, prepared by the authors, of 
all technical papers presented at Institute conven¬ 
tions and published only in the Transactions. 

i. Student papers which are awarded prizes or/and 
honorable mention. 

i. Letters to the editor. 

Having at last arrived at the letter j 
my imagination ceases to ftmction so I 
shall close with the hope that the readers 
of this letter will take enough interest in 
this vital matter to communicate to you 
their reaction to this proposal. 

. Very truly yours, 

Michel G, Malti (M’34) 

Asristant Professor of Electrical Engineering, 
Cornell University, Ithaca, N. Y. 


Most Economical Voltages 
For Incandescent Lamps 

To the Editor: 

Until recently the writer has seen nothing 
written explaining how to determine the 
most economical voltages at which to oper¬ 
ate incandescent lamps. When purchasing 
Mazda lamps the consumer has the 110- 
116-, and 120-volt lamps from which to se¬ 
lect, If the socket voltage happens to be, 
say 115 volts, it most certainly does not 
follow that the most economical lamp to buy 
will be the 115-volt lamp. This fact, and 
a method to determine which voltage lamp 
the purchaser should buy, the writer will 
attempt to explain in this article. 

It is well known that if the operating 
voltage of a lamp is raised, the life of the 
lamp will be materially shortened, and the 
lumens output will be increased accordingly. 
If the operating voltage is reduced, the op¬ 
posite effect will take place, that is, the 
life will be lengthened and the lumens out¬ 
put di mini shed. If the socket voltage is 
very low, the cost of lamp renewals will be 
almost eliminated, but the cost of electric 
power per lumen be high. On the con- 
trmy, if the socket voltage is high, the 
lumens output will be increased, but the 
total cost per lumen-hour will be prohibitive 
because of the cost of Imnp renewals. At 
some voltage in between these extremes (for 
any giyen lamp with a specified cost for 
power) lies lie point at which the user can 
get riie moist lumen-hours fOr his money. 

In the Bureau of Standards Research 
Paper No. 502, characteristic equations are 
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given for tungsten-jBlament vacuum and gas- 
filled lamps. They are of the form 

y» -J- C 

The equations express the relation of volt¬ 
age to lumens output, to current, to watts 
input, and to the ^ciency. In these equa¬ 
tions the variable x is the logarithm of the 
ratio of any voltage to that voltage at which 
a lamp operates when it emits light at an 
assumed "normal” efiBiciency. The vari¬ 
able is the logarithm of the ratios of cur¬ 
rents, lumen outputs, or watts at these volt¬ 
ages. A, B, and C are constants. 

These equations have proved to be quite 
accurate, but are cumbersome to use. 
Professor Parry Moon (“The Scientific 
Basis of Illuminating Engineering,” Mc¬ 
Graw-Hill Book Company, Inc.) has re¬ 
duced these equations to a simpler form, for 
use where great accuracy is not required. 
However, by calculation, the errdrs do not 
exceed 5 per cent, even though the voltage 
varies from 80 per cent to 130 per cent 
normal. These equations, in part, are as 
follows: 

P/Pa = (V/Vo)^^ luminous flux (1) 

P/Po = (V/Voy^ power (2) 

L/Lo = (V/Vo)-'^^ life (3) 

where Fo is the rated voltage of the lamp 
and Po, Pa, and La are the values at rated 
voltage. The constants are obtained from 
table I. 

With the ratio of socket voltage to lamp 
voltage as the independent variable. Profes¬ 
sor Moon has set up another equation giving 
the cost per lumen-hour. Differentiating, 

a minimum voltage ratio is found, which is 
the most economical operating point. The 
proof will not be given here, but the general 
equation arrived at giving the voltage ratio 
for most economical operation is 

/V\ pPaBu-^l -±- 

\Vo/fn L c Bt — BaJ * ’ 

where 

c equals cost of one lamp plus installation 
charge (cents) 

b equals cost of power in cents per kilowatt- 
hour 

V equals actual operating voltage 
Va equals rated voltage of lamp 
Po equals rated power of lamp 
Constants are taken from table I. 

For each division of lamps in table I the 
writer has reduced equation 4 so that curves 
may be plotted, making it easier to deter¬ 
mine the most economical Voltage. These 
curves are shown in figure 1. As an ex¬ 
ample, consider a residence where h equals 
6 cents per kilowatt-hour, Po equals 60 
watts, and c equals 16 cents. 


From figure 1 the corresponding value of 
V/ Va equals 1.126. If the circuit fe operat¬ 
ing at V * 116 volts, the lamp rating for 
most economical operation sl^ould not be 
116 volts, but 

Va - » 102 volts (approximately) 

1.126 

As the cost of power becomes lower. To 
and V become more nearly equal. As a 


Gas-Filled Lamps 


Symbol 

40-S0 

60-150 

200 Watts 

Watts 

Watts 

and np 

a.... 

...3.686... 

_3.61S... 


Ba. ... 

...1.623... 

....1.623.!. 


Ba.... 

..13.6 ... 

...13.6 ... 

,... 13.1 


general rule, it is more economical to oper¬ 
ate lamps above rather than below their 
rated voltage. It is of iuterest to note from 
the curves that when hPa/c = 4.6 or less, 
then V/Va becomes le^ than unity, and in 
that case, lamps should be operated below 
their rated voltage. 

After determining from figure 1 what volt¬ 
age lamp to buy, one can compute the sav¬ 
ings to be made by using equations 1, 2, 
and 3. If it is desired to make a comparison 
on the basis of cost per 1,000 lumen-hour 
hours, the additional formula may be used. 


Cost per 1,000 lumen-hours =* 


Ci -f- c 
Lt/i,m 


where 

C equals cost of power in cents per hour 
t equals life of lamp in hours 
L equals average lumens output of lamp 
A very interesting example met with in 
actual practice, involving all of the fore¬ 
going formulas, is as follows: A certain 
firm was using 200-watt lamps for general 
illumination, which was considered suffix 
dent. The cost of dectridty was approxi¬ 
mately 2 Vj cents per kilowatt-hour. The 
average operating voltage was dose to 113 
volts. Lamps rated 120 volts were bought 
at a 20 per cent discount, and the labor cost 
for installation was estimated at 8 cents per 
lamp. 

bPg 2.6X200 
c ~ 48+ 8 “ 

Front figure 1, V/Vg equals 1.063. Thwe- 
fpre, the lamp rating for most economical 
operation is 


Va = = 107 volts (approximatdy) 

l,05o 


I: 8 bbbbs 8 ss:bp^i 
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so 110-volt lamps should be used. But it 
has been stated that the illumination was 
considered suffident, and using 200-watt 
lamps of this voltage rating would increase 
the illumination, the number of bum outs, 
and the power. 

A comparison may now be made with 160- 
watt lamps. Using equations 1, 2, and 3 
for the 200-watt 120-volt lamp, and obtain¬ 
ing the value of Fg from the manufacturer’s 
table. 

Lumens output at 113 volts 
Luminous flux = F = 

_ /F\** /113\3»< 

P.[yJ - 3.400 (j^) - 

2,770 lumens. 

Life of lamp = i = 

/ 113 \-i»i 

-'•'>“( 120 ) - 

2,190 hours 

Power = P = 

/I 13 \i-s« 

182.5 wattSi 

Similarly, for the 160-watt 110-volt lamp, 
on a 113-volt circuit, the following values, 
are obtained: 

F equals 2,660 lumens 
L equals 698 hours 
P equals 156.2 watts 

Using equation 5 for the 200-watt 120-volt- 
lamp, 

Cost per 1,000 lumen-hours == 

182.6 


2,770 X 2,190 + 1,000 


= 0.174 cents. 
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For the 150-watt 110-volt lamp, 

Cost per 1,000 lumen-hours = 

156.2 

2.6 X X 698 +40 

---= 0.168 cents 

2,660 X 698 1.000 

Now since the 160-watt lamp in this case- 
has a lumen output almost equal to that of' 
the 200-watt lamp, and the cost per lumen- 
hour is less for the 150-watt lamp, then the- 
latter is the one to use. 

However, the most interesting part is. 
that there was another dectric rate which^ 
the firm wanted to get on. The cost for- 
power on this more favorable rate would 
amount to about 2 cents per kilowatt-hour, 
while the firm was paying around 2Vi ceiitsr. 
per kilowatt-hour on the rate which it was. 
on. In the availability clause of this better 
rate was this requirement, "the lighting; 
loa,d shall not exceed 10 per cent of the total., 
connected load." This requirement made- 
the firm ineligible for the better rate, al¬ 
though their percentage of lighting load did 
not exceed 10, per cent by a great margin. 
However, it so happened that changing - 
over to the 160-watt 110-volt lamps made it 
possible to get more liunens per kflpwatt-- 
hour, practically the same amoimt of il¬ 
lumination, and at the same time, to reduce-^ 
the lighting load so as to get on this more- 
favorable rate and net a sa,vings of almost 
$2,000 a year. 

Very truly yours, : 

'Campbell McCord 

Engineer, The Bhioxville^ v 
; News-Senttnal, Knoxville, Tenp. 
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S. P. MacFaddbn (A’19, M’30) vice- 
president of the Puget Sound Power & 
Light Company, Seattle, Wash., has as¬ 
sumed new duties as executive vice-presi¬ 
dent of the company. Mr. MacFadden 
was bom June 17, 1894, at Laredo, Texas 
and received the degree of bachelor of sci¬ 
ence in electrical engineering at the Texas 
Agricultural and Mechanical College in 
1916. Following his graduation, he entered 
the student engineering course of the West- 
inghouse Electric & Manufacturing Com¬ 
pany, East Pittsburgh, Pa., and upon com¬ 
pletion of the course in 1917 became affili¬ 
ated with the Eastern Texas Electric Com¬ 
pany, Beamnont. In the same year, how¬ 
ever, he received a commission as lieutenant 
in the Coast AjrtUlery Corps of the United 
States Army, and served with the American 
Expeditionary Force in France until 1919. 
At the end of the World War, Mr. Mac¬ 
Fadden returned to the employ of the East¬ 
ern Texas Electric Company, but remained 
there only briefly before being designated 
assistant to the district manager of the 
southwestern district of Stone and Webster, 
Inc., with offices at Houston, in 1920. 
From 1924 until 1930 he was associated 
with several companies, including the 
Eastern Texas Electric Company, Port 
Arthur; Western Public Service Company, 
Scottsbluff, Nebr.; and Stone and Webster 
Service Corporation, Boston, Mass. Mr. 
MacFadden has been vice-presiderit of the 
Pugent Sound Power & Light Company 
since 1930. 


F. B. Corey (A’93, F’12, m^ber for life) 
plant engineer, Pittsburgh Valve and Fit¬ 
tings Division, The Pitcairn Company, 
Barberton, Ohio, has retired from active 
service. Mr. Corey was bom September 
28, 1869, at Homer, N. Y., and was gradu¬ 
ated from Cornell University with the de¬ 
gree of mechanical engineer in 1892, follow¬ 
ing which he entered the employ of the 
Elektron Manufacturing Company as a 
sales engineer in the Boston, Mass., offices. 
After several otha: brief afl^ations he be¬ 
came a designing engineer in the railway 
engineer department of the General Electric 
Company in 1900. Mr. Corey remained 
with that company until 1911 before be¬ 
coming engineer of iMpection and tests for 
the Union Switch and Signaling Company 
Swissvale, Pa. In 1914 he established his 
own consulting-engineering offices in Pitts¬ 
burgh, Pa., but in 1916 was appointed effi¬ 
ciency engineer for the Pittsburgh Valve 
and Fittings Company, Barberton. He 
was employed by that company in various 
capacities for more than 20 years before his 
retirement. 


B. T. Anderson (A’35) who has been 
director of the bureau of railway signaling 
economics of the Union Switch & Signal 
Company, New York, N. Y., has been 
appointed: general sales manager of the 
company. Mr. Anderson, a native. (1884) 
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of Alexis, Ill., received the degree of bache¬ 
lor of science in electrical engineering at 
the University of Illinois in 1907, and upon 
graduation entered an apprenticeship course 
in railway signaling in the Union Switch 
and Signaling Company, Swissvale, Pa. 
In 1910 he became a draftsman for the 
Atchison, Topeka, and Santa Fe Railway 
Company, Topeka, Elans., but later was 
made construction foreman and assistant 
signal engineer Rnd remained with that 
company until 1914. In that year he was 
appointed assistant signal engineer with the 
Delaware, Lackawanna, and Western Rail¬ 
way Company, Hoboken, N. J., where he 
remained until 1923. For 4 years (1923-27) 
Mr. Anderson was superintendent of signals 
for the Chesapeake and Ohio Railway Com¬ 
pany, with offices at Richmond, Va., and 
during that period became, active in the 
work of the American Railway Association. 
Since 1927 he has been affiliated with the 
Union Switch and Signaling Company as 
assistant to the vice-pre»dent, assistant to 
the president, publicity representative, and 
director of the bureau of railway signaling 
economics. 


M. M. Ejbnneally (M’29) for the last 7 
years manager of the power utilities depart¬ 
ment of the Ohio Brass Co., Mansfield, has 
been appointed sales manager of the Porce¬ 
lain Insulator Corporation, Lima, N. Y. 
Mr. Kenneally was bom March 16, 1894, 
at Qelwein, Iowa, and received the degrees 
of bachelor of science in electrical engineer¬ 
ing (1915) and electrical engineer (1920) at 
Iowa State College. Following bri^ associa¬ 
tions with several public utility com¬ 
panies, he was appointed electrical engineer 
on opera.tion and construction for the Iowa 
Public Service Company, at Humboldt, in 
1924. In 1926 Mr. Kenneally became 
assistant to the electrical engineer of the 


United Gas Improvement Company, Phila¬ 
delphia, Pa., in which capacity he assisted 
in designing and supervising the constmc- 
tion of transmission equipment for that 
system. In the following year he became 
affiliated with the Ohio Brass Co. in its high- 
voltage laboratory, and after a few months’ 
tr aining there, was transferred to the New 
York, N. Y., offices of the company. In 
1928 he was named district sales manager 
in the New York area, and in 1930 was re¬ 
turned to the Mansfield offices as manager 
of the power utilities department, in charge 
of sales, advertising, and engineering. 


H. F. Bob (M’30) eastern district man¬ 
ager, Westinghouse Electric & Manufactur¬ 
ing Company, New York, N. Y., has as¬ 
sumed additional duties as commercial 
manager of the company. Mr. Boe, a 
native (1884) of Mansfield, Ohio, attended 
Carnegie Institute of Technology, and has 
been associated with the Westinghouse 
company since 1900, continuously except 
for one year (1916-17) as chief engineer and 
manager of the Vaile Kimes Company, 
Dayton, Ohio. Until 1916 Mr. Boe’s 
work was in general engineering and sales 
in the East Pittsburgh offices of the West¬ 
inghouse company; in 1918 he was trans¬ 
ferred to the Rochester, N. Y., offices as a 
sales engineer, and in 1922 he went to Buf¬ 
falo, N. Y., as district industrial division 
manager. Later he was made manager of 
that office, and in 1935 was transferred to 
New York, N, Y., where in 1936 he became 
eastern district manager. 


H. W. Tbnnby (M’36) section engineer 
in the materials and process engineering 
department of the Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa., has been appointed engineering man¬ 
ager of the recently created new products 
division of the company. Mr. Teimey, a 
native (1899) of Leominster, Mass., re¬ 
ceived the degrees of bachelor of science in 
electrical engineering (1920) and electrical 
engineer (1922) at Worcester Polsrtechnic 
Institute, and has been associated with the 



An aerial view of the Nela Park Plaiit of the General Electric Company^ Cleveland, Ohio 
which may be visited by those attending the Middle Eastern District meeting, Akron, Ohio, 

October 13-15 

Ntnvs Electrical ENGmEBRrNG 








Westinghouse company continuously ginoA 
his graduation in 1920. He entered the 
employ of the company as a laboratory 
assistant, but later became successively 
oscillograph specialist, foreman in charge 
of the engineering laboratory, assistant sec¬ 
tion engineer in the materials and process 
engineering section, and section engineer. 


S. L, Nicholson (A’OO, F’13, member for 
life) assistant to vice-president, Westing- 
house Electric & Manufacturing Company, 
New York, N. Y., has relinquished his 
duties in that organization, and is retiring 
from active business. Mr. Nicholson was 
bom November 10, 1870, at Germantown, 
Pa., and received his formal education in 
private schools in Philadelphia. After hav¬ 
ing held several engineering positions in 
Philadelphia and New York, he was en¬ 
gaged by the Westinghouse company as a 
sales engineer in 1898. In 1909 Mr. 
Nicholson was made sales manager, and in 
1917 became assistant to the vice-president. 
He has been active in the affairs of the 
National Electrical Manufacturers Associa¬ 
tion and the American Standards Associa¬ 
tion. 


Vannbvar Bush (A’15, F’24 Lamme 
Medalist ’36, director) vice-president and 
dean of engineering, Massachusetts Insti¬ 
tute of Technology, Cambridge, has been 
appointed a member of a special committee 
of the National Research Council to make a 
comprehensive survey of the applications of 
radio, sound recording and reproduction, 
motion pictmes, photography, and other 
scientific achievements in the field of educa¬ 
tion. 


C. L. CoLLENS (A’07) president of the 
Reliance Electric and Engineering Company 
of Cleveland, Ohio, has been elected to 
membership on the board of directors of 
the American Standards Association, on 
nomination of the National Electrical 
Manufacturers Association. Mr. Collens 
is a past member of the ASA board (1929- 
32) and a past-president bf NEMA in 
various activities of which he long has been 
active. 


P. B. Jewett (A’03, F’12, E^son Medal¬ 
ist ’28, past-president) vice-president 
American Telephone and Telegraph Com¬ 
pany, New York, N. Y., has beto appointed 
a member of a special committee of the 
National Research Council to make a com¬ 
prehensive survey of how radio, sound 
recording and reproduction, motion pic¬ 
tures, photography, and other scientific 
achievements may be applied to learning. 


W. R. Van Bokkblbn (A’12, M’26) has 
been appointed chief of the division of elec¬ 
tricity for the 1939 Golden G^te IntCT- 
natibnal Exposition at San Prandsco, Calif. 
Mr. Van Bokkelen was electrical engineer 
and chief engineer of the Coast Counties 
Gas and Electric Company, San Frauds^, 
for 18 years; has been in cpnsulting practice 
for the past few yeaxs. 
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G. V. Hasrap (A’34) assistant engineer 
in the power station of the Hull (England) 
Corporation Electridty Department, has 
been awarded a premium by the Institution 
of Electrical Engineers (Great Britain) for 
his paper "Taxation of Electridty Under¬ 
takings,’’ recently presented before a session 
of the Institution. 

O. A. Becklund (Enrolled Student) has 
received the AIEE Great Lakes District 
prize for branch paper for his paper “An 
Artifidal Ear for Sound Measurements.’’ 
Mr. Becklund is a native (1915) of St. Paul, 
Minn., and received the degree of bachelor 
of engineering iu June 1937, at the Uni¬ 
versity of Minnesota. 

R. E. Lyle (A’32) who has been an elec¬ 
trical engineer in ^e engineering experi¬ 
ment station of Washington State College, 
Pullman, recently joined the engineering 
division of the Westinghouse Electric & 
Manufacturing Company, Seattle. 

Frank Walsh (A’26, M’30) district 
manager, Puget Sound Power and Light 
Company, BeUingham, Wash., has been 
elected a vice-president of the Northwest 
Electric Light and Power Association for 
the state of Washington. 

P. J. Ambrose (A’36) who has been a 
radio-engineering instructor at Indiana 
Technical College, Fort Wayne, now is 
employed in the power distribution depart¬ 
ment of the Consumers Power Company, 
Jackson, Mich. 

E. A. Ricker (A’36) formerly a demon¬ 
strator on the faculty of applied science 
of the University of Toronto (Qnt., Canada), 
now is a draftsman for the Canadian West¬ 
inghouse Company, Hamilton, Out. 

W. H. McGrath {A’02, M’20) has retired 
from active duty as ex«mtive vice-president 
of the Puget &und Power & Light Com¬ 
pany, Seattle, Wash. He will continue as a 
director of the company. 

F. L. West (A’37) assistant engineer, 
Niagara, Lockport, and Ontario Power 
Company, Buffalo, N. Y., has been trans¬ 
ferred to the Avon, N. Y., office of that 
company in the capacity of superintendent. 

H. E. Pearson (A’26, M’32) formerly 
district power msuntainer for the Board of 
Transportation of the City of New York, 
N. Y., now is employed by the Roller-Smith 
Company, Bethlehem, Pa. 
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John White Howell (A’87, M’88, F’12, 
Edison Medalist ’ 24 , member for life, past 
manager) retired chief engines: of the lamp 
wOrite of the General Electric Company, 
died July 28, 1937. Mr. Howell was bom 
at New Brunswick, N. J., December 22, 
1857. In 1881, he finished a special course 
in dectrical engineering at Stevens Institute 
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of Technology, and received the honorary 
degree of electrical engineer in 1899. He 
became identified with the Edison Lamp 
Company as an electrician in 1881, and 
became technical adviser to the manager of 
works in 1890; in 1912, when the company 
became a part of the General Electric Com¬ 
pany, he was engineer and assistant man¬ 
ager of the lamp works. He retired in 1931 
as chief engineer. He was recognized as 
one of the most distinguished of electrical 
pioneers in the production of incandescent 
lamps. Among his important achievements 
were the development of a successful port¬ 
able voltmeter, a Wheatstone bridge type of 
potential indicator, and the comparative 
indicator. He determined for the first 
time the relation between the life and candle 
power of an incandescent lamp (1886); 
introduced a carbonaceous clamp that de¬ 
creased clamping and filament costs and 
increased the quality of the lamp (1887); 
and later made changes to effect an increase 
in the speed of exhausting the envelope. 
He improved the Thomson-Houston method 
of treating carbon filaments, and devised a 
machine that made great advances in the 
treating process. He assisted in the design 
of the first stem-making machine and in the 
derivation of metalized filaments. Mr. 
Howell was a manager of the Institute, 
1888-90, and a member of The American 
Society of Mechanical Engineers, Franklin 
Institute, and other technical societies. 
He was a member of the Edison Medal 
Committee from 1926 to 1931. 


Charles Brossman (M’28) consulting 
engineer, Indianapolis, Ind., died June 30, 
1937. Mr. Brossmann was bom January 
17, 1877, at Philadelphia, Pa., and received 
his formal technical education at the Phila¬ 
delphia Manual Training High School. In 
1896 he became a draftsman and designer 
for the Baldwin Locomotive Works at 
Philadelphia, were he remained until 1898, 
when he served in the Spanish-American 
War. In 1900, he was engaged by the 
Indianapolis Water Company for some 
special design work, and in 1904 he estab¬ 
lished the consulting-engineering company 
of Brossman and King, with offices at 
Indianapolis. Mr. Brossman maintained 
his consulting practice continuously for 
more than 32 years, and was active in the 
affairs of the Indiana Engineering Society. 
He was a member of The American So¬ 
ciety of Mechamcal Engineers, American 
Society of Civil Engineers, and .^erican 
Water Works Association. 


Frank Benjamin Rae (A’84, M’20, 
member for life) retired consulting en^eer, 
Berkeley, Calif., and a charter member of 
the Institute, died July 28, 1937. 1^. 
Rae was'bom July 25, 1854, at Elmira, 
N. Y., and was self-educated. From 1870 
until 1881 hie was engaged in the telegraph 
business, first as messenger and opwator, 
mid later as manager of the Atlantic and 
Pacific Telegraph Company and the West¬ 
ern Union Telegraph Company, In 1881, 
he resided the position of electridan at 
San J^ncisco for the Western Union com-, 
pany and became engineer for the Boish 
Electric Light Company, San Francisco, 




and manager of the San Jose (Calif.) Brush 
Electric Company. In 1883 he became 
engineer for the Commercial Telegram 
Company, an organization devoted to dis> 
patching stock quotations, at New York, 
N. Y. From 1885 to 18^ he was a con¬ 
sulting engineer in New York, as a member 
of the firm of Mailloux and Eae. In 1887 
Mr. Rae was consulting engineer for the 
Barker Syndicate in China, and from 1887 
until 1892 was engineer for the Detroit 
(Mich.) Electrical Works, engaged on the 
Rae Electric Railway S]rstem. Since 1892 
he had been a consulting electrical engineer 
in various cities throughout the United 
States. In 1923 he became electrical engi¬ 
neer for the city of Berkeley, Calif., but 
resigned and retired from active service in 
1930. Mr. Rae was the holder of about 100 
patents on various electrical devices and 
systems. 


William Godfrey Hbptinstall (A’26) 
manager of Waikato Carbonisation, Ltd., 
Rotowaro, New Zealand, died October 1, 
1936, according to word just received at 
Institute headquarters. Mr. Heptinstall 
was bom July 2, 1883, at Yorkshire, Eng¬ 


land, and attended London (England) 
University. Following a period of service 
with the Royal (Briti^) Naval Volunteer 
Reserve he went to Canada, where he took 
charge of the operation of a small municipal 
gas and electric plant for the town of 
Minnedosa, Man. In 1920 he became plant 
superintendent of the Lignite Utilization 
Board, Bienfait, Sask., and remained there 
for almost 10 3 rears before going to New 
Zealand to become manager of Waikato 
Carbonisation, Ltd. 


Robert King (A’35) electrical engineer 
in the port department. City of Oakland, 
Calif., died.recently, li^. King was bom 
March 4, 1885, in Alaska, and received his 
technical education by serving an appren¬ 
ticeship in an electrical shop. In 1901 he 
established an electrical-contracting busi¬ 
ness, which he maintained until 1925, when 
he started a wholesale electrical-supply 
business. From 1927 until 1929 he served 
as a consulting enipneer during the con¬ 
struction of several public schools in or near 
Oakland. He was appointed electrical 
engineer in the port department of that 
city in 1929. 
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Foreign 

Das Gupta, S. C., c/o J. K. Oil Mills & Ice Factory 
Caviare, India 

Larard, F. J. (Member), Malayan Electrical 
Service Kuala, Lumpur, Federated Malay 
States. 

Mackie, E. O. (Member), Punjab Public Works. 
Dept., Joginder Naggar, Maud! State, India. 

Milward, F. A. (Member), 59 Windermere Park, 
Rangoon, Burma, India. 

Mundkur, B. S., 27 Bungalow Tatapuram, Cochin 
State, India. 

Reid, J. H. (Member), Trinidad Electric Company, 
Ltd., Port-of-Spain, Trinidad, B. W. I. 

Schuepp, R.. H. (Member), Volkart Brothers, 
Lfdiore, India. 

Souza, B< R., Compania Cubana de Electriddad 
Havana, Cuba. 

Thirivengadam, M., Guntur Power & Light Ltd., 
Tenali, Madras, S. India. 

9 Foreign 
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New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Library, New York, recently 
are the following which have been selected be¬ 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 


Addresses 

Wanted 

A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the Institute 
record. Any member knowing of corrections to 
these addresses will Idndly communicate them at 
once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 

Charlton, H. C., 4827 'Wilson Avenue, Montreal, 
Qne., Canada. 

Evans, Maldwyn F., Canadian Comstock Com¬ 
pany, Ltd., Toronto, Out., Canada. 

Gregory, G. A., 1217 Jefferson Street, Olympia, 
Wadi. 

Hardy, John E., 1741 Pennsylvania Avenue, 

Denver, Colo. 

Jone^ R, B., Trumbull Electric Manufaettuing 
Company, Ihc., Ludlow, Ky. 

Roberts, Ftm A., 2010 West Michigan Street, 
Indianapolis, Ind. 

Schaefer, Philip E., S154 St. Paul Avenue, Chicago, 

Sikofsky, George L., 1206 East New York Avenue, 
Brooklyn, N. Y. 

•8 Addresses Wanted 


Applications 
for Election . 

■ Applications have been received at headquarters 
from the following candidates for election to mem- 
bmhip in ^e Institute. If the applicant has ap¬ 
plied for direct admission to a grade higher than 
Associate, the grade follows immediately after the 
name. Any member objecting to the election of 
any of these candidates should so inform the- na¬ 
tional secretanr before S^tember 30, 1937 or 
November 30, 1987, if the applicant resides outside 
tif the Umted States or Can^a. 

Barb^, J. E., Humble Idpe Line Company, 
Houston, Texas. 

Barnett, H. E., Cindnnati Suburban Bell Telephone 
. Compai^, Cincmnati, Ohio. 

BeckV R..^ (Membti:), 121 City Light Bldg., 
, Seattle, Wash. 

T. S., Alabama Power Co., Birmingham, 
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Casselman, C. H., Buffalo Niagara Electric Corp., 
Tonawanda, N. Y. 

Conklin, 'W. A., Commonwealth and Southern Cor¬ 
poration, Jackson, Mich. 

Curtis, C. E, (Member), University of Texas, 
Austin, Texas. 

Dau^erty, W. W., Bethlehem Steel Corporation, 
Cornwall, Pa. 

Davis, R. L., General' Electric Company. New 
York, N. Y. 

Ue Arman, C. R., The Bristol Company, Water¬ 
bary, Conn. 

DeVaugbn, W., Forty Wall Street Corp., New 
, York, N. Y. 

Ellis, H. W. G., Ferranti Electric, Limited, Toronto, 
Ont., Canada. 

Hall, E. S., Kansas Gas and Electric Company, 
Newton. 

Harris, C. A., Southwestern Bell Telephone Co., 
St. Louis, Mo. 

Hay, J. "V., Southern Bell Telephone and Telegraph 
Company, New Orleans, La. 

Johnson, L. C., WasMngton Water Power Com¬ 
pany, Spokane. 

Riffht, M. B., Bureau of Reclamation, Denver, 
Colo. 

Knight, N. (Member), Bell Telephone Co. of 
Canada, Toronto 2, Out., Can. 

Masso, A., Hertner Electric Company, Cleveland, 
Ohio. 

MacGregor, D. M., Phoenix Engineering. Coro.. 
NewYork, N. Y. s k- 

Nannini, F., 448 Sierra Street, Reno, Nev. 

Neuhardt, F. H., General Electric Oompany, New 
York, N. Y. 

Pahl, J. G., K-P-F Electric Company, San Fran¬ 
cisco, Calif. 

Parri, I. W., Perfex Controls Co„ Milwaukee, Wis. 

Rose, A. M., American Telephone and Telegraph 
Compai^, Cleveland, Ohio. 

Rotlmchild, H., Cline Electrical Mfg. Co., Chicago, 

Sigman, F. I., McCarthy Brothers and Ford.- 
Buffalo, N. Y. 

Sie|:el, R., 393 Belmont Ave., Newark, N. J. 

Smith, L. L., Pacific Tel. & TeL Co., Portland, Ore. 

Taylor, J. J., Ohio Brass Go.j Barberton, Ohio. 

Titus, C. F, (Member) Florida Power and Light 
Company, Dajrtona Beach. . 

Turner, J. T., Jr., National Ught & Power Co. 
Ltd.^MooseJaw, Saskatchewan, Canada. 

Walker, R. J.. General Motors Corooration, De- . 
troit, Mich, 

Wilson, Si E., National Geophysical Company, 
Jennings, La. 

34 Domestic - 
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ALIGNING PHILCO RECEIVERS. By J. F. 
Rider. New York, John F. Ryder, 1440 Broad¬ 
way, 1987. 186 pages, diagrams, 8x6 inches, cloth, 
$1.00. A practical manual for the repairman, 
containing diagrams and tables for every model of 
Philco receiver from the earliest to those for 1937. 

FUNDAMENTALS of ENGINEERING 
ELECTRONICS. By W. G. Dow. New York. 
John 'Wiley, 1937. 604 pages, illustrate, 10x6 
inches,^ cloth, $6.00. Emphasizes chiefly internal 
operating pnndples. A large part of the text is 
devoted to a study of the use of various geometries 
and materials in dectronic devices, and a relatively 
small part to circuit studies. The point of view^is 
that of the engineer. 

SOUND. By A. T. Jones. New York, D. Van 
Nosirond Company, 1937. 460 pages, illustrated, 
9x6 inches, cloth, $3.76. An elementary book on 
sound. Sound production and transmission, free 
and forced vibrations, musical scales and instru¬ 
ments, speech and hearing are considered with their 
modern technical applications. 


Engineerins Societies Library 

29 West 39th Streely New York/ N. Y. 

M aintained as a public reference library 
of engineering and the. allied sciences, this 
library is a co-operative activity of the national 
societies of civil, electrical, mechanical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit it irt person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtilned upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modern techniul books is 
available to any member residing in North Amer¬ 
ica at a rental rate of live cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerniitgi^em. 
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Officers and Committees for 1937-38 


Officers 


W. H. HARRISON New York, N. Y. 

(.Term expires July 31,1033) 

Junior Past-Presidents 

J. B. WHITEHEAD Baltimore, Md. 

(Term expires July 31, 1038) 

A. M. MacCUTCHEON Cleveland, Ohio 

(Term expires July 31,1030) 

Vice-Presidents 


General Committees 


1 A. C. vSTBVENS 
3 O. B. BLACKWELL 
5 C. F. HARDING 
7 L. T. BLAISDELL 
9 C. B. ROGERS 


Schenectady, N. Y. 
New York, N. Y. 
Lafayette, Ind. 

Dallas, Tex. 
Seattle, Wash. 


(Terms expire July 31, 1038) 

2 I. MELVILLE STEIN Philadelphia, Pa. 
4 B. D. WOOD Louisville, Ky. 

0 L. N. McClellan Denver, Colo. 

8 J. P. JOLLYMAN San Francisco, Calif. 
10 M. J. McHENRY Toronto, Ont. 

(Terms expire July 31, 1030) 


Directors 

F. M. FARMER New York, N. Y. 

N. E. FUNK Philadelphia, Pa. 

H. B. GEAR Chicago, Ill. 

(2'erms expire July 31,1038) 

F. BLLIS JOHNSON Columbia, Mo. 

C. R. JONES New York, N. Y. 

W. B. KOUWBNHOVEN Baltimore, Md. 

(Terms expire July 31, 1030) 

K. B. McEACHRON Pittsfield, Mass. 

C. A. POWEL East Pittsburgh, Pa. 

R. W. SORENSEN Pasadena, Calif. 

(Terms expire July 31,1040) 

C. R. BEARDSLEY Brooklyn, N. Y. 

VANNEVAR BUSH Cambridge, Mass. 

F. H. LANE Chicago, III. 


Brooklyn, N. Y. 
Cambridge, Mass. 
Chicago, Ill. 
(Terms expire July 31, 1041) 


National Treasurer 
W. I. SLICHTBR 


New York* N. Y. 
(Term expires July 31, 1038) 


National Secretary 

H, H. HENLINE New York, N. Y. 

■ (Term expires July 31.1038) 

General Counsel 

Parker & Aaron -^r v u ta v 

20 Exchange Place, New York, N. Y. 

Local Honorary Secretaries 

Austraua — V. J. F- 

Local Govt., Bridge St., Sydney, N. S. W. 

Brazil—F. M. Servos, Bio de Janeiro Tr^ways 
Light & Power Co,, Rio de Janeirp, Brazil, S- A- 
ENOT.AND—A. P. M. Fleming, ^etropoU^ Vickers 

Elec. Co., Trafford Park, Manchester. 

Fkahcb—A S. Garfield, 173 Boulevard HawsmaM, 

'Pans, oB« 

ITALY— Renzo Norsa, Piazza Irnerio 8* Milano. 

N.™ K POW..1, 


SiBrTSMBBR 1937 


EzecutiTe 

W. H. Harrison, Chm., 195 Broadway, New York, 

N. Y. 

O. B. Blackwell A. M. MacCutcheon 

F. M. Farmer W. I. Slichter 

C. R. Jones A. C. Stevens 


Board of Examiners 

F. V. Magalhaes, Chm., Consolidated Edison Co. 
of New York, Inc., 4 Irving Place, New York, N. Y. 
H. E. Farrer, Secy., AIEE., 83 W. 89th St., New 

York, N. Y. 

F. E. D’Humy A. E. Knowlton 

F. M. Farmer R. H. Marriott 

Harold Goodwin, Jr. A. O. Oehler 

C. D. Gray A. L. Powell 

H. A. Kidder S. D. Sprong H. E. Shreeve 


Code of Principles of Professional Conduct 

H. Vi Carpenter, Chm., State College of Washing¬ 
ton, Pullman, Wash. 

L. W. Chubb H. T. Plumb 

D. C. Jackson C. E. Stephens 

F. B. Jewett J. B. Whitehead 


Columbia University Scholarships 

W. I. Slichter, Chm., Columbia University, New 

York, N. y. 

Brands Blossom H. C. Ca^enter 


Constitution and By-Laws 

L. W. W. Morrow, Chm., Corning Glass Works, 

Corning, N. Y, 

C. O. Bickelhaupt H. A. Kidder 

R, N. Conwell W. I. Slichter Everett S. Lee 


Co-ordination of Institute Activities 

Vannevar Bush, Chm., Massachusetts Institute of 
Technology, Cambridge, Mass. 
H. H. Henline H. S. Osborne 

C. R. Jones I. Melville Stein 

L. W. W. Morrow W. H. Timbie 


Economic Status of the Engineer 

R. W. Sorensen, Chm., California Institute of Tech¬ 
nology, Pasadena, Calif. 
T. F. Barton F. M. Fdker 

C. O, Bickelhaupt A. H. Lovell 

Edison Medal 

Appointed by the President for term of 5 years 
V. Biish H. P. Charlesworth, Chm. K. S. Wyatt 
(Terms expire July 31,1038) 
H. B. Gear L. W. W. Morrow J. B. Whitehe^ 
(Terms expire July 31,1030) 

F. T. Mieyer R. A. Millikan Marion Penp 

(Terms expire July 31,1040) 

G. L. Knight H, W. Osgood W. S. Rodman 

(Termsexpire July 31,1041) 
C R. Jones Everett S. Lee H, S. Osbprne 

(Terms expire. July 31,1042) 

Appointed by the Board of Directors from its own 

membership for term of 2 years 


C. R. Jones, Chm., Westinghouse Elec., & Mfg. Co., 
150 Broadway, New York, N. Y. 
O. B. Blackwell N. E. Funk 


Headquarters 

F. M. Farmer, Chm., Electrical Testing Labora¬ 
tories, 80th St. & Bast End Ave., New York, N. Y. 

H. H. Henline C. R. Jones 


Institute Poli^ 

A. M. MacCutcheon, Chm., 1088 Ivanhoe Rd., 
Cleveland, Ohio 

H. P. Charlesworth C. F. Harding 

Mark Eldredge R. H. Tapscott 

F. M. Farmer J. B. Whitehead 


Iwadare Foundation 

F. B. Jewett, Chm., 195 Broadway, New York, 

N. Y. 

J. W. Barker H. H. Barnes, Jr. 


Lamme Medal 

L. W. Chubb N. E. Funk, Chm. W. H. Harrison 
(Terms expire July 31, 1038) 
V. Bush C. R Jones D. C. Prince 

(Terms expire July 31, 1030) 
F. J. Chesterman A. H. Kehoe 

a F. mrshfeld 

(Terms expire July 31, 1040) 


Legislation Affecting the Engineering Profession 

J. B. Thomas, Chm., Texas Electric Service Co., 
Electric Building, Fort Worth. Tex. 
J. P. Alexander F. M. Gunby 

T. F. Barton D. C. Jackson 

C. R. Beardsley L. S. Ready 

B. M. Brigman C. E. Rogers 

D. T. Canfield M. R. Scharff 

O. J. Ferguson R. L. Thomas 

N. B. Funk W. K. Vanderpoel 


Membership 

G, A. Kositzky, Cbm., The Ohio Bell Telephone 
Co., 750 Huron Rd., Cleveland, Ohio. 
R. L. Webb, Asst. Chm., Consolidated Edison Co. 
of New York, Inc., 4 Irving PI., New York, N. Y. 
T. F. Ball P, O. Edwards 

W. E. Crawford F. Ellis Johnson 

E. A, CrelUn Everett S. Lee 

C. L. Dawes J. R. MacGregor C. A. Loveless 


District Vice Chairman 

C. M. Foust (1) 

M. W. Smith (2) 

J. E. McCormack (3) 
A. S. Anderson (4) 

C. A. Cora (5) 


Nelson R. Love (6) 

E. T. Gunthw (7)- 

F. B; Doolittle (8) 
John Bankus (9) 

A. B. Cooper (10) 


F. M. Farmer C. E. Rogers _ 

(Terms expire July 31,1038) 

C. R. Beardsley K. B. McEachron 

A. M. MacCutcheon 

(Terms expire July 31,1030) 

EX’Officio , 

W. H. Harrison, President 
W. I. Slichter, National Treasurer 
H. H. Henline, National Secretary _ . 

• (Terms expire July 31,1038) 


Oficers and Cofninitt^—1937~38 


Ex-officio 

Chairman of membership comnuttees of all Sections 
Prizes, Award of Institute 

H. S. Osbbme. Chm., American TeL & TeL Co., 
195 Broadway, New York, N. Y. 
J. W. Barker I- MelvUle Stein 

W. B. Kouwenhoven 

publication 

I Melville Stein, Chm., Leeds & Northrop Co;, 
4901 Stenton Ave., Philadelphia, Pa. 

F. A. Lewis, Secy,. AIBB. 33 W. 39th St,. New 

York, N. Y; 

J.W.Baricer 

O.W.Eshbach 

H.H. Henline ^ w 

L. W. W. Morrow 

aI g. Oehler W. H.'Dmbie. 







GENERAL COMMITTEES—Continued 


Instruments and Measurements 


Safety 

Wills Maclachlan, 

L. F. Adams 
A. W. Berresford 
G. S. DieU 
J. E. Goodale 
F. D. Enight 
W. B. Eouwenhoven 


Chm;, 60 Oakwood Ave., 
Toronto) Ont. 

M. G. Lloyd 

H. N. Pye 

A. R. Small 
Frank Thornton, Jr. 
W. C. Wagner 
H. S. Warren 


H. H. Weber 


Sections 


W. H. Timbie, 

M. 8. Coover 
W. M. Dann 
O. W, Holden 


Chm.) Massachusetts Institute of 
Techuology, Cambridge, Mass. 

B. T. Mahood 
H. H. Race 

C. S. Thorn I. Melville Stein 


Ex-officio 

Chairmen of all Institute Sections 


Standards 


V. M. Montsinger, Chm., General Electric Co., 

Pittsfield, Mass. 

H. E. Farrer, Secy., AIEB, 33 W. 39th St., New 

York, N. V. 


Q. B. Blackwell 
L. E. Fogg 

C. R. Harte 

R. E. Hellmund 
R. T. Henry 


A. H. Eehoe 
J. Franklin Meyer 
E. L. Moreland 
S. L. Mortensen 
H. W. Price B. B. Paxton 


Bx-officio 

Chairmen of Working Committees 
Chairmen of AIEB delegations on other standardiz¬ 
ing bodies or sole representative thereon. 
President of U.S. National Committee of Interna¬ 
tional Electrotechnical Commission. 


Student Branches 

University of Missouri, 
Columbia, Mo. 
T. W. Fitzgerald 

E. A. Loew 
Charles F. Scott 
R. W. Sorensen 

Ex-officio 

Student Branch counselors 


F. Ellis Johnson, Chm., 

Edward Bennett 
B. £. Dreese 
O. B. Edison 
O. W. Eshbach 


Technical Program 

H. S. Osborne, Chm., American Tel. & Tel. Co., 
196 Broadway, New York, N. Y. 

C. S. Rich, Secy., AIEE, 33 W. 39th St., New York, 

N. Y. 

C. R. Beardsley L. W. W. Morrow 

H. S. Bennion M. W. Smith 

R. N. Conwell 1. Melville Stein 

V. M. Montanger W. B. Wickenden 

T. A. Worcester 

Bx-officio 

Vannevar Bush, Chairman, Committee on Co-ordi¬ 
nation of Institute Activities 
Wills Maclachlan, Chairman, Committee on Safety 
Chairmen of all Technical Committees 


Tranafera 

Everett S. Lee, Chm., General Electric Co., Sche¬ 
nectady, N. Y. 

P. M. Craft Harold Goodwin, Jr. 

H. C. Don Carlos C. F. Harding 

P. O. McMillan 


Technical Committees 

Automatic Stations 

O. J. Rotty, Chm., Umon Electric Liglit & Power 
Company, 316 N. 12th Boulevard; St. Louis. Mo. 


F. F. Ambuhl 

A. £. Anderson 
R. B. Arthur ' 
H. W. Codding 

A. M. de Beilis 

F. S. Douglass 
W. W. Edson 
Joseph Hellentiial 

F. H. Lane 
J. T, Logan 
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L. N. McClellan 
G. B.Northup 
N. C. Pearcy 
A. Perry Peterson 
C. F. Publow 
M. E. Reagan 
Garland Stamper 
L. J. Turley 
Chester Wallace 
W. C; Whitman 


Basic Sciences 

B. B. Dreese, Chm., Ohio State University, Colum¬ 
bus, Ohio 

S. S. Attwood M. G. Malti 

A. Boyajian E. B. McEachron 

W. F. Davidson E. W. Miller 

L. O. Grondahl G. W. Penney 

V. Earapetoff H. H. Race 

M. J. Eelly J. Slepian 

H. P. Lawther, Jr. J. D. Tebo 

F. C. Lindvall Ernst Weber A. Von Hippel 


Communication 

W. L. Bveritt, Chm., Ohio State University, 

Columbus, Ohio 

B. J. O’Connell, Secy., American Tel. & Tel. Co., 
196 Broadway, New York, N. Y. 


C. B. Aiken 

A. L. Albert 
W. C. Ballard. Jr. 

H. H. Beverage 

B. L. Bowles 
L. W. Chubb 

A. B. Clark 
John L. Clarke 
J. B. Coleman 
H. J. Dible 
Melville Bastham 

E. B. George 

G. H. Gray 
W. F. Grimes 

C. B. Jolliffe 

H. B. Eent 

J. R. MacGregor 

F. R. McBerty 

V. E. Zworykin 


H. J. Pierce 
H. Pratt 

C. B. Rogers 
M. A. Sawyer 

B. R. Shute 
Arthur Bessey Snfith 
Burke Smith 

D. F. Smith 
H. W. Sundius 

A. H. Taylor 
C. H. Taylor 
F. B. Terman 
J. R. Tolmie 
H. M. Turner 
M. P. Weinbach 
W. C. White 
F. A. Wolff 
F. C. Young 


Education 

J. W. Barker, Chm., Columbia 


Robin Beach 
H. W. Bibber 
P. C. Bolton 
H. V. Carpenter 
M. S. Coover 
J. A. Correll 
E. B. Dreese 
A. M. Dudley 
O. W. Eshbach 
C. Francis Harding 


University, New 
York, N. Y. 
F. Ellis Johnson 
A. S. Langsdorf 

A. D. Moore 
E. L. Moreland 

R. C. Putnam 

B. M. Strong 
F. B. Terman 

Norman L. Towle 
H. N. Walker 
R. I. Wilkinson 


Electric Welding 
W. B. Cravriord, Chm. 

C. A. Adams 

J. H. Blankenbuehler 
A. M. Candy 
J. W. Dawson 
Saul Dushman 

D. D. Ewing 

E. L. Hansen 
H. M. Hobart 
C. J. Holslag 


A. O. Smith Corp., Mil¬ 
waukee, Wis. 

G. G. Landis 
Hermann Lemp 

J. C. Lincoln 
C. L. Pfeiffer 
C. A. Powel 
C. Stansbury 
H. E. Stoddard 
Malcolm Thomson 

H. A. Winne 


Electrical Machinery 

J. L. Hamilton, Chm., Century Electric Co., St. 

Louis, Mo. 

P. L; Alger, Vice-Chm., General Electric Co., 
Schenectady, N. Y. 
C. M. Gilt, Secy., Consolidated Edison Co. of N. Y., 
Inc., 4 Irving PU, New York, N. Y. 

O. E. Marti 


P. H. Adams 

E. S. Bundy 
J. B. Clem 
W. M. Dann 
M. 8. Hancock 

F. E. Harrell 

C. A. Hanington 

B, W. Henderson 
F. B. Hynes 

C. B. Johnson 
F. Ellis Johnson 
Charles Eingsley, Jr. 

C. M. Laffoon 

F. C. Lindvall 

W. L. Winter 


V. M. Montsinger 
T. H. Morgan 
S. H. Mortensen 
P. L. Moser 
J. R. North 

E. B. Paxton 

F. D. Phillips 
P. H. Rutherford 

W. I. Slichter 
J. B. Severing 
B. R. Teare 
C. G. Veinott 

G. A. Waters 


Electrochemistry and Electrometallurgy 

F. O. Schnure, Chm., Bethlehem Steel Co., Sparrows 

Point. Ld[d. 

F. V. Andreae C. C. Levy 

B. L. Bailey Allan Monkhouse 

G. H. Clamer J. D. Noyes 

C. Dantsizen E. M. Richards 

C. L. Dudley W. R. Schofield 

F, W. Godsey, Jr. M. F. Skinker 

W. C. Ealb N. R. Stansel 

W, B. Eouwenhoven C. P. Yoder 


Officers and Committees—-'19$7‘-38 


H. C. Eoenig, Chm., 
tories 80th St. & Bast 
C. B. Bathe 
T. M. Blakeslee 
P. A. Borden 
H. B. Brooks 
A. L. Brownlee 

E. D. Doyle 

W. N. Goodwin, Jr. 

C. H. G. Gray 
T. S. Gray 
S. S. Green 

H. C. Hamilton 
N. S. Hibshmah 

F. C. Holtz 

I. F. Einnard 
A. B. Enowlton 


Electrical Testing Labora- 
Bnd Ave., New York, N. Y, 
W. B. Eouwmihoven 
Everett S. Lee 
Paul MacGahan 

H. W. Price 
H. C. Rankin 
E. J. Rutan 
A. C. Seletzky 
W. J. Shackelton 

G. M. L. Sommer man 

H. L. Thomson 
H. M. Turner 
H. N. Walker 
Joseph Weil 
R. J. Wseman 

D. A. Young 


Iron and Steel Production, Applications to 
Wray Dudley, Chm., National Tube Co., McEees- 


F. B. Crosby 

A. C. Cummins 
James Dixon 
R. S. Fleshiem 

B. Gordon Pox 
R. W. Graham 
F. E. Harrell 


port. Pa. 

D. M. Petty 
F. O. Schnure 
A. C. Stevens 
L. A. Umansky 
H. A. Winne 
Wm. J. Wooldridge 
R. H. Wright 


Light, Production and Application of 

Robin Beach, Chm., The Polsrtechnic Institute of 
Brooklyn, 99 Livingston Street, Brooklyn, N. Y. 


D. W. Atwater 
J. W. Barker 
W. T. Blackwell 
L. T. Blaisdell 
H. B. Dates 

B. E. Dorting 

C. L. Dows 

L. A. Hawkins 
H. H. Higbie 


W. C. Ealb 
R. D. Mailey 
P. S, Millar 
F. H. Murphy 
A. L. Powell 
F. A. Rogers 
E. M. Strong 
I. A. Yost 


Marine Work, Applications to 


A. Eennedy, Jr., Chm., 

E. C. Alger 
R A. Beekman 
H. C. Coleman 

H. F. Harvey, Jr. 

C. J. Henschel 

I. H. Osborne 
C, A. Powel 
Wm. H. Reed 


General Electric Co., 
Schenectady, N. Y. 
H. M. Southgate 
W. B. Thau 
A. E. Waller 
O. A, Wilde 
J. L. Wilson 
R. J. Wiseman 
R. L. Witham 
W. N. Zippier 


Mining Work, Ap^ications to 

R. L. Eingsland, Chm., Consolidation Coal Co., Inc., 
Fairmont, W. Va. 
W. A. Buchanan H. P. Musser 

J. H. Edwards F. C. Nicholson 

C. A. Faust D. B. Renshaw 

A. A. Hall G. W. Swenson 

L. C. Ilsley W. A. Thomas 

G, M. Eennedy J. F. Wiggert 

L. N. McClellan C. D. Woodward 


ProtectiTe Devices 

J. P. McEearin, Chm., Western Massachusetts 
Companies 73 State St, Springfield, Mass. 

E. B. McEachron, Vice-Chm., General Electric 


F. R. Longley, Secy., 

B. H. Bancker 
H, D. Braley 
W. R. Brownlee 
J. O’R. Coleman 

H. W. Collins 
M. T. Crawford 
L. N. Crichton 
J. M. Flanigen 

F. R. Ford 

G. W. Gerell 

I. W. Gross 
Herman Halperin 

C. F. Harding 
R. T. Henry 
B. M. Jones 
A. V. JosUn 
R. A. Lamer 
T. G. LeCiair 
W. A. Lewis 


Co., Pittsfield, Mass. 
73 State St, Springfield, 
Mass. 

H. J. Lingal 
J. T. Logan 
J. B. MacNeill 
J. R. McFarlin 
J. W, Milnor 

C. A. Muller 
J. H. Neher 
J. R. North 

H. W. Osgood 

D. C. Prince 
A. H. Schirmer 

H. E. Sels 
H. P. Sleeper 
L. G. Smith 
R. M. Smith 
H. R. Summerhayes 
H. R. Stewart 
A. H. Sweetnam 
O, C. Traver 


J. D. Wood 


Bubctrical Engineerino 



'TECHNICAL COMMITTEES—Contintted 


Power Applications, General 
H. W. Rogers, Chm., General 

B. A. Armstrong 
R. F. Chamberlain 
L. K. Del Homme 

C. W. Drake 

J. F. Gaskin 

W. M. Harbaugh 
C. N. Johnson 

A. B. Knowlton 

F. T. Leilich 


Electric Company, 
Schenectady, N. V. 
H. A. McCrea 
M, J. McHenry 
F. J. Meyer 
J. J. Orr 
J. B. Thomas 
A. E. Waller 
R. L. Walsh 
C.J. White 
M. R. Woodward 


Power Generation 
O. M. Armbrust, C 


H. C. Albrecht 
F. A. Annett 
W. L. Cisler 
H. M. Cushing 
M. D. Engle 
J. H. Foote 
B. D. Freeman 

R. L. Frisby 
NT. B, Hinson 
F. H. Hollister 

S. J. Lisberger 


Chm., Commonwealth Edison Co., 
72 W. Adams St., Chicago, Ill. 

W. B. Lloyd, Jr. 

G. A. Mills 
E. F. Pearson 

G. G. Post 
C. A. Powel 

C. R. Reid 

H. R. Sills 

A. B. Silver 
Philip Spom 

B. C. M. Stahl 
E. D. Wood Robert Treat 


Power Transmission and Distribution 

R. D. Evans, Chm., Westinghouse Elec. & Mfg. 

Co., Bast Pittsburgh, Pa. 
Raymond Bailey, Vice-Chm., Philadelphia Blec. 

Co., 900 Sansom Philadelphia, Pa. 
L. G. Smith, Secy., Cons. Gas Blec. Lt. & Pr. Co., 
Lexington Bldg., Baltimore, Md. 


A. B. Bauhan 

W. W. Lewis 

D. K. Blake 

E. A. Loew 

M. O. Bolscr 

J. T. Lusignan, Jr. 

A. B. Campbell 

G. R. Milne 

J. S. Carroll 

B. W. Oesterreich 

C. V. Christie 

J, S. Parsons 

Harold Cole 

H. J. Scholz 

M. T. Crawford 

G. B. Shanklin 

A. E. Davison 

A. E. Silver 

C. E. Dean 

D. M. Simmons 

F. W, Deck 

C. T. Sineltdr 

Mark Bldredge 

Philip Spom 

D. D. Ewing 

P. B. Stewart 

F. M. Farmer 

Stanley Stokes 

B. D. Freeman 

J. J. Torok 

T. H. Haines 

W. K, Vanderpod 

Herman Halperin 

C. F. Wagner 

Edwin Hansson 

H. S. Warren 

K. A. Hawley 

L, F. Woodruff 

L. F. Hiekemell 

T. A. Worcester 

J. P. Jollyman 

H. E. Wulfing 


Research 

W. B. Kouwenhoven, 

F. W. Atkinson 
R.. W. Atkinson 
Leo J. Berberich 
O. B. Buckley 

L. W. Chubb 

M. S. Coover 

B. C. Crittenden 
O. G. C. Dahl 
W. F. Davidson 
F. M. Farmer 
Herman Halperin 
F. Hamburger, Jr. 

L. A. Hawkins 
H. M. Hobard 
D. C. Jackson, Jr. 


Chm., Johns Hopkins Um> 
versity, Baltimore, Md. 

V. Karapetoff 

A. B. Renneliy 

K. W. Miller 
T. D. Owens 
K. K. Paluev 
H. H. Race 
W. J. Seeley 
J. M. Smith 
V. G. Smith 
G. M. L. Sommerman 
T. Spooner 
Ernst Weber 
A. J. Hiniliams 

C. H. WtlUs 
R. J. Wiseman 

S. Wyatt 


Transportation 

G. I. Wright, Chm., Westinghouse Electric & Mfg. 

Co., Bast Pittsburgh, Pa. 
R. Beeuwkes A. J. Klatte 

C. M. Davis H. N. Latey 

B. G. Davis J. J. Linebaugh 

J. V. B. Duer P. A. McGee 

D. D. Ewing John Murphy 

B. B. Fitzgerald A. J. Nichol 

J. B. Gardner J. A. Noertker 

Selby Haar F. B. Powers 

W. S. H. Hamilton Dwight L. Smith 

C. R. Jones L. J. Turl^ 

L. C. Josephs W. M. Vandersluis 

Sidney Wlthington 


Institute Representatives 

(Where names are missing, appointments have not 
yet been made for 1937—38) 

Alfred Noble Prize Comndttee, ASCB 
H. S. Osborne 

Am. Assoc, for the Ady. of Science, Council 

C. C. Kidpmeyer R. E. Nyswander 

American Committee on Marking of ObstruetionB 
to Air Navigation 

G. E. Dean H. L. Huber 

American Engineering Council, Assembly 
C. O. Bickelhaupt Wiliam McClellan 

F. J. Chesterman C. E. Stephens 

W. H. Btarrison H. H. Henlim, Alternate 


American Marine Standards Committee 

American Standards Assoc., Standards Council 
A. M. MacCutcheon V. M. Montsinger 

E. L. Moreland 

Alternates 

R. B. Hellmund H. S. Osborne E. B. Paxton 

American Stds. Assoc., Bd. of Directors 
H. P. Charlesworth 


American Tear Book, Advisory Board 
H. H. Henline 


Charles A. Coffin Fellowship and Research Fond 

Committee 

W. H. Harrison 


Committee of Apparatus Makers and Users, NRC 


Committee on Heat Transmission, NRC 


Committee on Low Voltage Hazards, ASSB-Engg. 
Section, National Ssiety Coundl 


Electrical Standards Committee, ASA 
A. M. MacCutcheon E. L. Moreland 

H. S. Osborne 

AUemales 

H. E. Farrer R. B. Hellmund B. B. Paxton 

Engineering Foundation Board 

F. M. Farmer W. I. SUchter 

Fwgltiitering Societies Monographs Committee 
F. M. Farmer W. I. SUchter 

En^eers’ Coundl for Professional Development 
Charles F. Scott L. W. W. Morrow 

Hoover Medal Board of Award 

H. H. Barnes, Jr. Gano Dunn Wm- McClellan 

{Continued on page IZZO) 


Gcosraphical District Executive Committees 


No. 1—^Horth Eastern.. 
No. 2—Middle Eastern. 
No. 3—New York Caty. 


No. 4—Southern. 

No. 5—Great Lakes... 
No. 6—North Central. 


No. 7—Southwest. 
No. 8—Padfic.,... 


No. 9 —North west. 
No. 10—Canada..... 


Chairman (Vice-Preddent, AIBB) 

.A. C. Stevens, General Electric Co.,.. 
Schenectady, N. Y. 

.1. Melville Stdn, Leeds & Northrup Co.,.. 

4901 Stenton Ave., Philadelphia, Pa. 

,0. B. Blackwell, 463 West St., New York,. 
N. Y. 

.Edwin D. Wood, Louisville Gas & Blec-.. 
trie Co., 311 W. Chestnut St., Lom’s- 
ville, Ky. 

.C. F. Harding, Purdue University, La-.. 

fayette, Ind, , , 

.L. N. McClellan, U.S. Bureau of Reels-, 
mation, 440 Customhouse, Denver, 
Colo. 

.L. T. Blaisdell, General Electric Co.,. 

1801 N, Lamar St., Daliaa, Tex. 

J P. Jollyman, Pacific Gas & Electric. 

’ Co., 246 Market St., San Francisco, 
Calif. 

.C. E. Rogers, Pacific Td. & Tel. Co.,.. 
1203 Telephone Bldg., Seattle, Wash. 

M J. McHenry, Canadian General Blec-. 

trie Co. Ltd., 212 King St. W., Toronto, 
Ont. 


Secretary(District SecreUry) 


.R. G. Lorraine, General Electric Co. 

Schenectady, N. Y. 

H. A. Dambly, Philadelphia Electric Co. 

900 Sansom St., Philadelphia, Pa. 

J F. Fairman, ConsoUdated Edison Co.... 
'of New York, Inc., 4 Irving PI., New 
York, N. Y. 

Stanley Warth, Southern Bell Tel. & Td— 
Co, 621 W. Chestnut St., Lomsville, 

A G. Dewars, Northern States Power.. 

Co 16 S. 6th St., Minneapolis, Mmn. 
.W. ¥. McPhail, U. S. Bureau of Reels-.. 
mation. Customhouse, Denver, Colo. 

.L. C. Starbird, 820 Telephone Building,.. 

Dallas, Tex. „ « inna 

A. M. Bohnert, Ohio Brass Co., 100®.. 
’■ Matson Bldg., San Francisco, Calif. 

.^dney E. Caldwell, Pacific Pow« & Li^. 

Co., PubUc Service Bldg., Portland Ore. 

.. J. M. Thomson, Ferranti Electric Ltd., 

Mount Dennis, Toronto, Ont; 


Membership Committee. 


Chairman, District Committee on 

Student Activities 

.F. N. Tompkins, Brown Univerdty, 
Providence, R. !• 

.A. O. Ennis, George Washington Univer¬ 
sity, Washington, D. C. 

.H. N. Walker, N w York Univerdty, 
Univerdty Heights, New York, N. Y. 

.S. W. Anderson, Vir^a MiUtary Insti¬ 
tute, Lexington, Va. 

, .S. S. Attwood, Univeraty of Michigan, 
Ann Arbor, bfich. , 

.L. A. Bingiiam, UiUversity of Nebraska, 
Lincoln, Neb. 

.Chester Russell, Uniyerdty of New 
Menco, Albuquwque, N. M. 

..B. F. Peterson, University of SanU 
Clara, Santa Clara, Calif. 

Thaler, Montana State College, 
Bozeman, Mont. 
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INSTITUTE REPRESENTATIVES—Continued National Fire Waste CouncU 

John Fritz Medal Board of Award 

A. W. Berresford A. M. MacCutcheon Nat’l Research Council, Division of Engineering & 


United Engineering Trustees, Inc. 
H. P. Charlesworth 

H. R. Woodrow 


G. L. Knight 


J. B. Whitehead 


Industrial Research 
V. Bush Everett S. Lee J. B. Whitehead 
H. H. Henline, ex-oJUcio 


Library Board, United Engineering Trustees, Inc. 

W. 8. Barstow H. H. Henline Radio Advisory Committee, Bureau of Standards 


W. A. Del Mar 


W. I. Slichter 


National Bureau of Engineering Registration, Research Procedure Com., Engg. Foundation 

Advisory Board l, W. Chubb 

W. I. Slichter 

Thomas Alva Edison Foundation 

Nat’l Fire Protection Assoc., Electrical Committee jr. o.hariM p. Scott 

F. V. Magalhaes, AlUrncOe L. W. W. Morrow Clayton H. Sharp 


U.S. National Committee of the International 
Commission on Illumination 
Robin Beach A. E. Kennelly Clayton H. Sharp 


U.S. Nationa Committee of the International 
Electrotechnical Commission 
A. M. MacCutcheon E. L. Moreland 

H. S. Osborne 

Alternates 

H. B. Parrer R. E. Hellmund E. B. Paxton 

Commission of Washington Award 

H. B. Gear G. G. Post 


Student Branches of the Institute 


Name and Location 


Counselor 

District (Member of Faculty) 


Name and Location 


Counselor 

District (Member of Faculty) 


Alcron, Univ. of, Akron, Ohio..... 

Alabama Polytechnic Inst., Auburn, Ala. 

Alabama, Univ. of, Univernty, Ala.... 

Arizona, Univ. of, Tucson, Ariz.. 

Arkansas, Univ. of, Fayetteville, Ark. 


Brooklyn, Poly. Inst, of, Brooklyn, N. Y. 

Brown Univ., Providence, R. I. 

Bucknell Univ., Lewisburg, Pa. 

Calif. Inst, of Tech., Pasadena, Calif. 

Calif., Univ. of, Berkeley, Calif. 

Carnegie Inst, of Tech., INttsburgh, Pa........ 

Case School of Applied Science, Cleveland, Ohio 


Cincinnati, Univ. of, Cincinnati, Ohio. 

Clarkson College of Technology, Potsdam, N. Y. 

Clemson Agri. Col., Clemson S. C. 

Colorado State Col. of A. & M. Arts, Fort Collins, 
Colo..... 


Cooper Union, New York, N. Y...... 

Cornell Univ., Ithaca, N. Y... 

Denver, Univ. of, Denver, Colo. 

Detroit, Univ. of, Detroit, Mich. 

Drexel Inst, of Tech., Philadelphia, Pa. 

Duke Univ., Durham, N. C. 

Florida, Univ. of, Gainesville, Fla. 

George Washington Univ., Washington, D. C.. 
Georgia School of Tech, Atlanta, Ga...'.... 

Harvard Univ., Cambridge, Mass... 

Idaho, Univ. of, Moscow, Idaho. 

Illinois, Univ. of, Urbana, Ill.. 

Iowa State Col., Ames, Iowa... 

Iowa, Univ. of, Iowa Qty, Iowa...... 

Johns Hopkins Univ., Baltimore, Md,;.. 

Kansas State Col., Manhattan, Kansas. 

Kimsas, Univ. bf, Lawrence, Kansas... 

Kentucky, Univ. of, Lexington, Ky. 

Lafayette Col., Easton, Pa. 

.Lehigh Umv., Bethlehem, Pa,...,.,.;..,. 

Lewis Inst,, Chicago, Ill.___ 

Louisiana State Univ., Baton Rouge, La... 

Loirisyille, Univ. of, Louisville, Ky.. 

Maine, Univ. of, Orono, Me..... 

. Marquette Univ., Milwaukee, Wis.... 

Maryland, Univerrity of. College Park, Md.... 

Mass. Inst, of Tech., Cambridge, Mass.. 

Michigan Col. of Min. & Tech., Houghton, Mich. 
Michigan State Col., £(. Lanring, Mich........ i 

h£lchigan, Univ. of,-Ann Arbor, Mich.. . . . 

Milwaukee Scb. of Elngg., Milwaukee, WIs...... 

Minnesota, Univ. of, Minneapolis, Minn. ... 

Mississippi Stain Col., State College, Miss.,,.., 
Missouri Sch. of Mines and Met., Rolla, Mo.. 
Missouri, Univ. of, Columbia, Mo.............. 

Mbntaim Stute Col., Bozeman, Mont. 

M^raste, tlJiiv. of, lUncolh, Neb..'., 

Nevada, Univ. of,,Reno, Nev....,..i.,....,. ’ 
hfewark Q61. of Engg., Newark, N. J'_____ 



... 2. 

... J. T. Walther 

... 4. 

. .W. W. Hill 

... 4. 

. .Fred R. Maxwell, Jr. 

...8. 

..J. C. Clark 

...7. 

.. W. B. Stelzner 

...5. 

. .B. H. Freeman 

n..l0. 

. .W. B. Coulthard 

... 8. 

.. C. C. Whipple 

... 1. 

. .F. N. Tompkins 

...2. 

..G. A. Irland 

...8. 

.. F. C. Lindvall 

...8. 

. .Abe Tilles 

...2. 

.. G. R. Patterson 

... 2. 

. .A. C. Seletzky 

...2. 

. .T. J. MacKavanagh 

... 2. 

. .L. R. Culver 

... 1. 

. .A. R. Powers 

.,.4.. 

. .S. R. Rhodes 

...6. 

. .H. G. Jordan 

...6. 

.. H. B. Palmer 

... 3. 

. .G. T. Harness 

... 3.. 

. .F. H. Tallman 

... 1. 

..E.M. Strong 

... 6.. 

. .R. B. Nyswander 

... 5.. 

. .H. O. Warner 

.;. 2.. 

. .B. O. Lange 

... 4.. 

. .W. J. Seeley 

... 4.. 

..B. F. Smith 

... 2.. 

. .A. G. Ennis 

. .. 4.. 

. .T. W. Fitzgerald 

... I.. 

.. J. D. Cobine 

... 9.. 

. .J. H. Johnson . 

... 5.. 

..B. A. Reid 

...5,. 

..B. S. WUUs 

... 5.. 

. .G. F. Corcoran 

... 2., 

..J. H. Lampe 

... 7., 

. .R. G. KloeSler 

... 7.. 

. .B. W. Hamlin 

... 4.. 

.. B, A. Bureau 

... 2.. 

. .F. W. Smith 

... 2.. 

,. Wm. H. Formhaia 

... 6.. 

,.P. A. Rogers 

..4.. 

.. M. B. Voorhies 

... 4., 

.. ■.■ ■■ 

.. l.i 

;.W. H. Bliss 

.. 6.. 

.. E. W. Kane 

2.. 

. .L. J. Hodgins 

.. 1.. 

.. Gordon S. Brown 

.. 6.. 

.. G. W. Swenson 

.. 6.. 

. i L. S. Foltz 

.. 5.. 

. .S. S.' Attwood 

.. 5.. 


..5.. 

.. J.-H. Kuhlmann 

.. 4.. 

. .L. H. Fox 

.. 7. . 

,. I. H. Lbvett 

.. 7.. 

. ,C. M. Wallis 

.. 9.. 

..J, A. Thaler 

.. 0.. 

. .L. A. Bingham 

..8.. 

..S.G. Palmer 

..8.. 

. . C. H, Stephan 


New Hampshire, Univ. of, Durham, N. H. 1... .L. W. Hitchcock 

New Mexico, Univ. of, Albuquerque, N. Mex. 7... .Chester Russell, Jr. 

New York, Col. of the City of, New York, N. Y.., 8... .Harry Baum 

New York Univ., New York, N. Y. 3... .H. N. Walker 

North Carolina State Col., Raleigh, N. C.4... .R. S. Fouraker 

North Carolina, Univ. of, Chapel Hill, N. C.. 4.... 

North Dakota Agri. Col., Fargo, N. D.6... .H. S. Rush 

North Dakota, Univ. of. Grand Forks, N. D. 6... .H. F. Rice 

Northeastern Univ., Boston, Mass. 1... .R. G. Porter 

Northwestern Univ., Evanston, Ill.. 6.... 

Notre Dame, Univ. of, Notre Dame, Ind. 5.... J. A. Caparo 

Ohio Northern Univ., Ada, Ohio...... 2... .B. F. Wyandt 

Ohio State Univ., Columbus, Ohio. 2... .B. B. Kimberly 

Ohio Univ., Athens, Ohio.. 2... .W. M. Young 

Oklahoma A. 8e M. Col., Stillwater, Okla... 7... .Albrecht Naeter 

Oklahoma, Univ. of, Norman, Okla. 7... .C. T. Almquist 

Oregon State Col., Corvallis, Ore.. 0.... A. L. Albert 


Pennsylvania State Col., State College, Pa. 

Pennsylvania, Univ. of, Philadelphia, Pa. 

Pittsburgh, Univ. of, Httsbnfgh, Pa. 

Porto Rico, Univ. of, Mayaguez, P, R. 

Pratt Institute, Brooklyn, N. Y.... 

Princeton Univ., Princeton, N. J. 

Purdue Univ., Lafayette, Ind,.. 


Rensselaer Poly. Inst, Troy, N. Y. 

Rhode Island State CoL, Kingston, R. I. 

Rice Institute, Houston, Texas. 

Rose Poly. Inst., Terre Haute, Ind. 

Rutgers Univ., New Brunswick, N. J.... 

Santa Clara, Univ. of, Santa Clara, Calif..... 

South Carolina, Univ. of, Columbia, S. C... 

South Dakota State Col., Brookings, So. Dak.... 
So. Dak. State Sch. of Mines, Rapid City, So. Dak. 
Southern California, Univ. of, Los Angeles, Calif.. 

Southern Methodist Univ., Dallas, Texas.... 

Stanford Univ., Stanford University, Calif.. 

Stevens Inst, of Tech., Hoboken, N. J...... 

Swarthmore Col., Swarthmore, Pa.. 

Syracuse Univ., Syracuse, N. Y.. i..... 


.L. A, Doggett 
.C. D. Fawcett 
.H. B. Dyche 
.G. F. Anton 
.C. C. Carr 
.A. B. Vivell 
.J. H. Bowman 

.L. C. Holmes 
.W. B. Hall 
.J. S. Waters 
.C. C. Knipmeyer 
.P. S. Creager 

.E. F. Peterson 
.T. F. Ball 
. W. H. Gamble 
.J. O. Kammerman 
.W. G. Angermann 


Te nn essee, Univ. of^Elnoxville, Tenh........ 

Texas A. & M. Col., Coilege Station, Texas. 
Texas Technological Col., Lubbock,Texas.. 

Texas, Univ. of, Austin, Texas.... 

Tufts CoL, Tufts College, Mass...... 

Tularie Univerrity, New Orleans, La........ 


Union Col., Schenectady, Ni Y... 

Utah, Univ. of. Salt Lake City, Utah...... 

Vermont, Univ. of, Burlington, Vt....,.... 
Vtilanova Col., Villanova, Pa. 

'^^rginia Military Inst., Lexington, Va. 

Virginia Poly. Inst., Blacksburgi Va....... 

Virginia, Univ. of. University, Va......... 

Washington, State Col. of, Pullman, Wash. 
Washington, Univ. of, Seattle, Wash...,. i., 
Washington Univ., St, Loiiis, Mo......... 

West Virginia Univ.; Morgantown, W. Va.. 
Wisconsih, Uhiv. of, Madison, Wis,...,...; 
Worcester Poly. Inst., Wmcester, Mass.. . . 
Wyoming, Univ..of, Laramie, Wybi....... 

.•Yale Univ., New Haven, Conn...,.. . .....' 

. ■ . TotaiiVv 120 


...7.. 

. .E. H. Flath 

... 8.. 

. ,H. H. Skilling 

... 8 .. 

. .H. C, Roters 

... 2.. 

.. J. D. McCrumm 

... 1.. 

. C. W. Henderson 

... 4.. 

.. J. G. Tarboux 

...7.. 

. .N. F. Rode 

... 7.. 

. .W, F. Helwig 

... 7.. 

.. J. W. Ramsey 

... 1.. 

. ,E. A. Walker 

... 4.. 

..C.W. Ricker 

i.. 1.. 

...9.. 

. .A. L. Taylor 

... 1.. 

. .B. R. McKee 

... 2.. 

. .H. S. Bueche 

... 4.. 

. .S. W. Anderson . 

...4.. 

.. Claudius Lee 

. . . 4.. 

..J.S, Miller 

... 9.. 

..0. E. Osburn 


. R. B. Lindblom 
.R. S. Glasgow 
.A. H. Forman 
.G. F. Tracy 
.C. D. Knight 
. G, H. Sechrist 

.A, G. Conrad 


Officers and CQmm%4tees-^1937^8 
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Local Sections of the Institute 


Chairman 


Sacretary 


Secretary's Address 


Akron. 2.., 

Alabama. 4... 

Atlanta. 4.. 


.A. O. Austin... 
. L. M. Smith.,. 
• H. N. Pye. 


Baltimore. 2... 

Boston. 1... 


.L. S. Billau_ 

.H. A. McCrea. 


Central Indiana..... 

Chicago. 

Cincinnati. 

Cleveland. 

Columbus. 

Connecticut. 


Dallas. 7.. 

Denver. G.. 

Detroit-Ann Arbor. S.. 

Bast Tennessee. 4.. 

Brie. 2.. 

Florida...4.. 

Port Wayne. 5.. 

Houston. 7.. 

Iowa. 5.. 

Ithaca. 1.. 


.L. G. Anderson. 
. N. C. Pearcy... 
. L. R. Culver... 

. P. B. Harrell... 
.C. D. Price.... 
. J. A. French... 


.O. S. Hockaday. 
.N. R. Love..... 
. D. H. Baker.... 


. B. B. George... 
. L. S. Cooper... 

.A. P. Michaels. 
. C. S. Allen. 


•T. F. Brandt.Ohio Brass Co., Barberton, Ohio 

.F. R. Maxwell, Jr, ... .University of Alabama, University, Ala. 

. J. M. Flanigen.Georgia Power Co., Atlanta, Ga. 

.H. A. Frey.Locke Insulator Corp., Baltimore, Md. 

. J. M. Murray.66 Sidney St., Cambridge, Mass. 

.John M. Webb.740 So. Alabama St., Indianapolis, Ind. 

.A. J. Krupy.Commonwealth Bdison Co., 72 West Adams St.. Chicago, Ill. 

.R. F. Schierland.The Cincinnati Gas & Elec. Co., Cincinnati, Ohio 

.H. J. Dible..Ohio Bell Telephone Co., 750 Huron Rd., Cleveland, Ohio 

. W. L. Everitt.Ohio State University, Columbus, Ohio 

.H. W. Sundius.Southern New England Tel. Co., New Haven, Conn. 

.E. B. Robertson.P. O. Box 745, Dallas, Texas 

.R. H. Owen.1625 California St., Denver, Colo. 

.R. B. Greene.Detroit Edison Co., 2000 Second Ave., Detroit, Mich. 

. V. J. Cissna.In care T V A, Old Post Office Bldg., Chattanooga, Tenn. . 

. W. D. Bearce.4121 Sassafras St., Erie, Pa. 

.Joseph Weil..University of Florida, Gainesville, Fla. 

.N. L. Winter.General Electric Co., 1635 Broadway, Fort Wayne, Ind. 


.V. O. Clements.Seth Evans.Hughes Tool Co., Houston, Texas 


.0. A. Brown. 

.L. A. Burckmyer, Jr. 


Kansas City. 7. 

Lehigh Valley. 2. 

Los Angeles. 8. 

Louisville.....4. 

Lynn. 1. 


.M. M. Boggess. 


Madison.. 5. 

Memphis. 4. 

Mexico....3. 

Milwaukee. 5. 

Minnesota. G. 

Montana. 0. 


.E. F. DeTurk... 
.W. F. Grimes... 
.Stanley Warth... 
.R. M. Pfalzgraif. 

.B. D. Ayres. 

,J. H. Tole. 

.F. P. Teuscher.. 

.L. H. Hill. 

.A. Nelson. 

.R. 8. Stokan.... 


Nebraska. 0. 

New Orleans. 4. 

New York. 3. 

Niagara Frontier. 1. 

North Carolina. 4. 


.F. W. Norris. 

.F. G. Frost. 

.A. F. Dixon. 

.R. M. Darrin. 

.W. J. Seeley. 


Oklahoma City. 

Philadelphia... < 

Pittsburgh. 

Pittsfield....... 

Portland.. 

Providence. 


Rochester. 

St. Louis.,.... 
San Antonio... 
San Francisco. 
Saskatchewan. 
Schenectady... 

Seattle... 

Sharon... 

Spokane. 

Springfield.,.. 
Syracuse.. 

Toledo.... 

Toronto. 

Urbana.. 

Utah. 


Vancouver...... 

Virginia........ 

Washington. 

Worcester...... 

Total 62 


.B. H. Dinwiddie... 

. J. B. Harris, Jr.... 
.Paul Frederick.... 

.A. Boyajion. 

.C. C. Boozier. 

.B. Carlson, Jr. 

.B. M. Werly. 

.B. T. McCormick. 
.M. H. LOvelady... 
.R. O. Brosemer.... 

.F.E. Bstlin. 

.S. A. Holme. 

.C. H. Hoge....... 

.H. 8. Smith. 

.M. F. Hatch.. 

.F. R. Longley. 

;. W. H. Lawrence.. 

.W. M. Campbell.. 
.R. B. Jones. . 

.C. A. Keener..- 

.C. A. Woifrom.... 

. .C. Amott. 

,. W. F. Nimmo..... 

, .J. F, Meyer. 

, .V. Siegfried. 


.G. Charlesworth.Iowa Railway Commission, Des Moines, Iowa 

.W. W. Cotner.Cornell University, Ithaca, N. Y. 

.L. L. Davis.. .Kansas City Public Service Co., 728 Delaware St., Kansas City, Mo. 

.J. E. Treweek.Pennsylvania Pwr. & Lt. Co., Hazleton, Pa. 

.M. A. Sawyer.Southern Calif. Tel. Co., Box 5300 Met. Sta., Los Angeles, Calif. 

.F. W. Russell.119 No. Third St., Louisville, Ky. 

.C. F. Savage.General Electric Co., West Lynn. Mass. 

. W. A. Kuehlthau.441 West Johnson St., Madison, Wis. 

,M. J. Mallery.Power Equipment Co., 1352 Madison Ave., Memphis, Tenn. 

.E. M. Gonzalez.Apartado 8-Bis, Mexico, D. F., Mexico 

.R. R. Ranson.Cutler Hammer, Inc., Milwaukee, Wis. 

.1. B. Garthus.Northern States Power Co., Minneapolis, Minn. 

. J. A. Thaler.Montana State College, Bozeman, Mont. 

.Ray Blain.Signal Corps, U. S. Army, Omaha, Neb. 

.F. E. Johnson.317 Baronne St., New Orleans, La. 

. .J. F. Fairman.Consolidated Edison Co. of N. Y., lnc.,4 Irving PI., New York, N. Y. 

.N. E. Brown.Buffalo General Elec. Co., 429 Electric Bldg., Buffalo, N. Y. 

.Otto Meier, Jr.Duke University, Dept, of Elec. Bngg., Durham, N. C. 

.J. L. Jones.1006 Telephone Bldg., 403 No. Broadway, Oklahoma City, Okla. 

.H. S. Phelps.Philadelphia Elec. Co., 2301 Market St., Philadelphia, Pa. 

,. W. A. Furst.Westinghouse Elec. & Mfg. Co., B. Pittsburgh, Pa. 

. .J. L. Cantwell.General Electric Co., Pittsfield, Mass. 

, .C. B. Carpenter.Padfic Tel. & Tel. Co., Portland, Ore. 

. .0. E. Sawyer.. . .59 Lawrence St., Cranston, R. I. 

. .C. L. Smith.Rochester Gas & Elec. Co., 89 Bast Ave., Rochester, N. Y. 

. .L. L. Crump.James R. Kearney Cprp., 4236 Clayton Ave., St. Louis, Mo. 

!! Louis Thein.St. Mary’s University, San Antonio, Texas „ „ . _ 

C A Andrews.Westinghouse E. & M. Co., 1 Montgomery St., San Francisco, Calif. 

'. ’. James Smith.Canada Wire & Cable Co. Ltd., P. O. Box 426, Regina, Sask. 

B M. Hunter.General Electric Co., Schenectady, N. Y. . . 

. .R. E. lindblom.University of Washington, 208 Engg. Hall, Seattle, Wash. 

F L Snyder.Westinghouse B. & M. Co., Sharon, Pa. 

"NealEaden.East 303 Glass Ave., Spokane, Wash. 

.R. B. Curtis.Western Massachusetts Compames, Spnngfield, Mass. 

. .e! j. Gibbons.206 Elizabeth St., Syracuse, N. Y. 

.H. R. Daykin.3701 Lairchmont Parkway, Toledo * 

Q Titus. . Wire & Cable Co. Ltd., Box 340, Toronto, Ont. 


. J. T. Tykociner. 
.A. C. Kelm. 


.J. H. Steede.. 
.J. S. Miller... 


.N. B. Ames.... 
.W. W. Locke.,. 


University of Illinois, Elec. Bngg. Dept., Urbana, Ill, 

.Utah Power & Light Co., Salt Lake City, Utah 

.B. C. Electric RaUway Co. Ltd., 423 Carrall St., Vancouver, B. C 

.University of Virginia, University, Va. 

.George Washington Univerdty, Washington, D. C. . 

..Worcester Polytechific Institute, Elec. Engg. Dept., Worcester, Mass. 
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Pittsburgh Flood Prevention. Project—^The 
first major flood prevention project to reach 
the construction stage in the Pittsburgh 
district will protect the Turtle Creek Valley 
in which lies the huge works of the Westing* 
house Elec. & Mfg. Co. and other major 
industries. In the future when high water 
from the Monongahela river threatens the 
valley, two huge gates will be lowered, form¬ 
ing a barrier against rising waters and the 
normal flow of Turtle Creek will be con¬ 
tinued by means of powerful pumps. The 
project announced by Westinghouse vice- 
president Ralph Elelly, will cost $500,000. 
Installation of the gates will be made just 
below the main Westinghouse works. One 
of the steel gates, 80 feet long by 30 feet 
high will form a dam in Turtle Creek; the 
other,. 40 feet long and 20 feet high will 
dose the street. When not in use the gates 
will be held approximately 20 feet above the 
street level to accommodate traffic. The 
three pumps, of the vertical t 3 rpe, were de¬ 
signed by the Westinghouse condenser engi¬ 
neering department at South Philadelphia, 
and will have a combined capacity of 6000 
to 7600 cubic feet per second. Each will be 
11 feet 11 inches in diameter and will be 
driven at 112 rpm by 6000 hp dectric 
motors. Each of the tnotors will be 23 fed 
in diameter. 

Progress in Building Construction.—^With 
the July record, once again construction has 
established a new high level for the re¬ 
covery. According to figures of F. W. 
Dodge Corp., the July total for all dasses of 
construction amounted to $321,602,700 in 
the 87 eastern states, topping the previous 
high figure of the recovery reported in June 
of this year in the amount of $317,842,100 
and representing an increase of 8 per cent 
over the total of $294,734,500 reported in 
July 1936. Of die July 1937 volume, 
$81,046,000 was for residential building, 
$138,063,600 for non-residential building, 
and $102,493,200 for dvil engineering proj¬ 
ects, i.e., imblic works and public utilities. 


American Rolling Mill Appointment— 
Marvin Marsh, special Armco sales repre¬ 
sentative in the Kansas City territory, has 
been named manager of the company’s 
newly created district office at 7100 Roberts 
St., Kansas City, Mo., according to W. W. 
Sebald, vice-president in charge of com¬ 
mercial activities of The American Rolling 
Mill, Middletown, O. 

Absorbs E-M Capacitor Division.—The 
Comdl-Dubilier Electric Corp., South 
Plainfield, N. J., has taken over the con¬ 
denser manufacturing equipment and sales 
staff of the Electric Machinery Mfg. Co., 
Co., Inc., Minneapolis. According to 
Octave Blake, president of Comell-Dubilier, 
the additional equipment supplements the 
modem machinery already housed in the 
company’s 11 buildings covering more than 
33 acres. 


Literalure 


Transformers.—^Bulletin 2259, 4 pp. De¬ 
scribes industrial substation service trans¬ 
formers. AUis-Chalmers Mfg. Co., Mil¬ 
waukee, Wis. 

Motors.—^Bulletin OEA 1196B, 4 pp. De¬ 
scribes large synchronous motors for driving 
metal-rolling mills. General Electric Co., 
Schenectady, N. Y. 

Switchgear.—^Bulletin 1187, 8 pp. De¬ 
scribes indoor type cubicle switchgear, list¬ 
ing outstanding advantages, applications, 
and details of construction as well as com¬ 
plete dimensions. AUis-Chalmers Mfg. 
Co., Milwaukee, Wis. 


Recommended practises for machinery, gear 
tooth data and tables on horsepower rating 
per inch of face are included. Continental- 
Diamond Fibre Co., Newark, Del. 

Arc Welder.—^BuUetin GEA 2447C, 10 pp. 
Describes new Mutator arc welder (elec¬ 
tronic rectifier) spedaUy designed to pro¬ 
vide direct current at the low values re¬ 
quired for welding of light-gauge metal. 
General Electric Co., Sdhenectady, N. Y. 

Booster Regulators.—Catalog, Sec. 47-230, 
8 pp. Describes application, operation, con¬ 
struction and ratings of the four step feeder- 
voltage booster-regulator, designed for use 
on rural lines or distribution circuits where 
the load changes over a wide range. West¬ 
inghouse Elec. & Mfg. Co., E. Pittsburgh, Pa. 

Cable Testing Equipment.—Catalog E-54 
(3), 8 pp. Describes apparatus for power 
factor measurements by the phase defect 
compensation method for high voltage pro¬ 
duction tests of power cables. Leeds & 
Northrup Co., 4962 Stenton Ave., Phila¬ 
delphia, Pa. 

Porcelain in Wiring.—^Bulletin, "The Fact 
Manual of Standard Electrical Porcelain,” 
second edition, rearranged and revised to 
iUustrate the 1937 National Electric Code 
Revisions. Includes wall chart depicting 
proper use of porcelain knobs, tubes and 
cleats, as well as the newly developed aU 
porcelain outlet, switch and receptacle 
boxes. Standard Electrical Porcelain Manu¬ 
facturers, 201 No, Wells St., Chicago, Ill. 

Diesel Generating Sets.—^Bulletin 3600-A2, 
16 pp. Describes the constmction and 
application of model 36-A Diesel generating 
sets in industrial plants, either as indepen¬ 
dent units carrying the entire load or for 
parallel or auxiliary operation in conjunc¬ 
tion with other electrical service. Alter¬ 
nating-current sets are offered in ratings 
from 6.3 to 100 kva and direct current sets 
from 6 to 80 kw. Fairbanks, Morse & Co., 
900 So. Wabash Ave., Chicago, Ill. 

Condensers.—Catalog, 32 pp. Lists a 
large and diversified Iffie of condensers, to¬ 
gether with essential resistors, in a manner 
which permits of finding any required con¬ 
denser in minimum time. Condensers are 
grouped first under their general type classi¬ 
fication, and then under working voltage, 
and finally by'^^pacity. Eight pages of 
exact duplicate replacement condensers are 
included, covering practically all standard 
set requirements. Aerovox Corp., 70 
Washington St., Brooklyn, N. Y. 

Distribution System.—Catalog, 40 pp. 
Describes Universal type "Trol-IB-Duct,” a 
mobile electrical distribution system de¬ 
signed for general lighting and light duty 
power applications. This innovation con¬ 
sists essentially of section lengths of formed 
steel duct enclosing copper bus bars partially 
wrapped in insulatiag material. Movable 
current-carrying trolleys and stationary 
twistout plugs to which lights, tools and 
appliances can be wired are inserted in a 
narrow continuous slot extending along one 
side of the duct. The new system supple¬ 
ments Industrial "Trol-E-Duct,” for heavy 
duty power applications. Bull Dog Elec¬ 
tric Products Co., 7610 Jos. Campau Ave., 
Detroit, Mich. 
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New Coil Winding Company.—^Electrical 
Windings, Inc., 16 No. May St., Chicago, 
has been organized to specialize in the de¬ 
sign and manufacture of all types of trans¬ 
formers, solenoids, chokes, magnets, etc. 
The new company is set up to design coils 
and mountings for any specific purpose, or 
to work from manufacturers’ specifications. 
Orland Murphy, president, was formerly 
assockted vdth Utah Radio Products and 
Standard Tran^ormer Corp. and was re- 
cieaitly dbief engineer for Robextson-Davis. 

Empire Sheet Appointment—^Joseph B. 
Montgomery, Jr. became associated with 
Empire §heet & Tin Plate Company’s or- 
S^inization August 1st and assumed charge 
of salc^. At a meeting of the Board of 
Directors held on Monday, August 9, he was 
elected vice-presid^t in <fliarge of sales, 
according to an announc^ent made by 
J. M. BOH, president, Mr. Montgomery 
was preyidudy employed in the, sales or¬ 
ganization: of ^e Bethlehem Steel Corp,, in 
the sheet shid strip sales department. 
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Aircraft Wires and Oibles.—^Bulletin A-832, 
28 pp. Describes mechanical control cords 
and aircraft strand, g^alvanized wire and 
fittings; also electrical cables for use m air¬ 
plane construction. John A. Roebling’s 
Sons Co., Trenton, N. J. 

Switchboards.—^Bulletin GEA 2617, 8 pp. 
Describes safety enclosed, air circuit breaker 
switchboards, with trip-free air circuit 
breakers rated at 260 volts d-c, 600 volts 
a-c; up to 10,000 amperes, manually or 
electrically operated. Gener^ Electric Co., 
Schenectady, N. Y. 

Lift Magnet Controller.—^Bulletin, 4 pp. 
Describes a new automatic-discharge type 
controller enabling hi^ii speed lifting mag¬ 
net operation, as well as quick release of the 
load. The Electric Controller & Mfg. Co., 
Cleveland, O. 

Silent Gears.—^Bulletin, 8 pp. Describes 
Celeron (laminated pl^tic) silent gears. 
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Spinning Atoms and Electrons. In the 
construction of the physical world, 
charge fulfiU the r61e of raw materials, and 
laws of angular momentum furnish the 
principles of the architecture thereof, ac¬ 
cording to a noted authority who recently 
discussed the subject at a meeting of the 
Institute’s New York Section lipages 1228- 


Out-of-Step Protection. Relay require¬ 
ments for the protection of 
operating out of step may be determined by 
geometric treatment, which reveals that the 
common method of assuming a system to be 
pure reactance leads to errors in low-fre¬ 
quency systems that have low reactance 
(pages 1261-7), 


Radio Interference. Radiobroadcast lis¬ 
teners today demand reception free from 
interfering noises, while the variety of de¬ 
vices that may produce noise increases con¬ 
tinually; co-operation between mantifac- 
turers and service men, radiobroadcast 
interests, and public utilities may bring in¬ 
terference under control (pages 1248—52). 


Alternator Currents. By the application 
of symmetrical components, armature and 
field currents of an alternator under un- 
symmetrical short-circuit conditions may be 
obtained that agree well with oscillograms; 
the method aids in the determination of the 
effect of resistance in armature and field 
circuits (pages 1268-76), 


Llt^tning. Laboratory tests with the 
lightning-stroke generator and field ob¬ 
servations have given information on the 
lightning-stroke channel; the results sug¬ 
gest a pressure in the "core” some 40 to 60 
times atmospheric pressure and a corre¬ 
sponding gas temperature in the range of 
11.000 to 17,000 degrees Kelvin (pages 
1253-60). 


Protective Multiple Earthing. Investiga¬ 
tion in England shows that the present 
methods of earthing (or grounding) rural 
electric circuits are not wholly adequate 
for all circuits; recommcindations for im¬ 
proving the situation have been made (pages 
1245-7). 

Letters to (he Editor. Subjects discus^d 
in the "Letters” colunms of this issue in¬ 
clude: AIEE Student Branch activities; 
Institute programs and publications ; char¬ 
acteristics of human nature; electric-range 
units, and solution of impedances in multiple 


Specialization in Education. "Get the 
humanities and foundations of science, but 
don’t get technology,” say industrial leaders 
when asked what type of education they 
want in the engineers they hire (pages 1238- 
40). 

Engineering Profession. The method of 
engineers rather than their occupation is the 
characteristic of the engineering profession 
that distingui^es it from other learned 
professions, according to a well-known past- 
president of the Institute (pages 1235-8). 


Adding With tiie Slide Rule. By combining 
the ability of the dide rule to perform addi¬ 
tion with its more usual functions as a multi- 
pl 3 ring device and a set of tables, the useful¬ 
ness of this familiar device may be greatly 
extended (pages 1243-4). 


Engineers and Economics. A noted engi¬ 
neer and educator, past-president of the 
Institute, has suggested some ways in which 
engineers may secure greater influence 
in guiding economic affairs that have an im¬ 
pact on engineering (pages 1225-7). 


Induction Motor Performance. A method 
of predicting the performance of single¬ 
phase induction motors from design data 
has been developed which is said to be 
shorter and more direct than some other 
methods in common use (pages 1277-84). 


Pacific Coast Convention. Activities at the 
Institute’s 1937 Pacific Coast Convention 
held recently at Spokane, Wash., are re¬ 
ported in the news section of this issue; 
a total of 266 members and guests registered 
(pages 1320-2). 


New Photometric Unit. A new unit of 
candlepower has been adopted by the 
International Committee on Weights and 
'Measures which it is hoped will be put into 
use in 1940 (pages 1323-4), 


New Committee Qiairmen. Begiiming writh 
this issue, newly appointed chairmen of 
AIEE committees are being introduced to 
the membership through the "Personals” 
columns (pages 1330-1). 

D-C Machine Tests. Recently developed 
methods of measuring the stray load loss of 
d-c machines with consistent results permit 
more accurate determination of the losses 
and efficiency (pages 1285-9). 


Physics in Engineering Education. Ac¬ 
cording to one authority, effective instmc- 
tion in physics determines the quality and 
tempo of engineering teaching (pages 


Government Reorganization. Comments on 
this subject were included in the current 
"News Letter” of American Engineering 
Council (pages 1325-6). 
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Engineers and Economics ~ II 


By DUGALD C JACKSON 

PAST-PRESIDENTAIEE 


What is the appropriate attitude for engineers to 
take toward economic problems, as individuals 
and through the AIEE? In response to a request 
from the Institute's publication committee, a noted 
engineer and educator here gives his answer to 
that question. 


AT THE 1937 AIEE sum- 
mer convention held 
^ ^ in Milwaukee, Wis., an 

informal session was held to 
discuss, among other subjects, 
what the Institute might do 
to aid the thinking of members 
regarding the engineer and his 

relation to economics, over which session I was asked to 
preside. The circumstances lead me to take that session 
as an example and as text for this article. The session 
was attended by perhaps 35 of the younger members of 
the Institute, including those who were in and out. The 
discussion was lively. It mostly related to what the 
Institute and its individual members can do to aid in 
economic controls. Extreme diversity was exhibited in 
the views individually expressed with full sincerity, which 
is common in such forums when economic and social 
problems are discussed. Also several aspects of any 
problem were likely to be entangled together in confusion 
by any speaker, which also is usual in such forums. 
'V^en I speak of “such forums,” I mean groups of able 
and sincere men who have lived through widely different 
social and economic experiences and who therefore have 
diverse (and often contradictory) intellectual outlooks 
which have arisen from their diverse experiences. 

In their primary vocations, engineers have a dis¬ 
tinguished habit of stud 3 ring aU the facts of a problem in 
band, analyzing the problem into its component elements, 
filling in incomplete premises by judgment founded on 
experience with previous problems, then solving the 
problem by logical reasoning from the premises, but 
always remembering that the synthesis is only an ap¬ 
proximation to exact truth because some of the analyzed 
premises were incomplete as to facts and were filled in 
through the application of judgment. 

Here we have the age-old, sound process of guiding our 
thinking by our learning. The Chinese philosopher Con¬ 
fucius, nearly2,500 years ago, admonished his disciples that 
thinking without learning is dangerous. We engineers 
habitually avoid the danger in connection with our techni¬ 
cal problems by learning all we can rdating to analysis 

and synthesis of each problem and guiding our thinking 

thereby. Under these conditions, different engineers of 
broadly competent ej^erifences readily agree upon ^e 
rdative merits of different solutions for an engineering 
problem. Sentiment and prejudice have litb® place for 
expression in such situations, and wishful taking with¬ 
out a factual foundation no place whatever. Examples 
in which associations of engineers have become of 
nized influence as yoluntary advis^ in engineering 

matters relating to municipal affa,irs, such ^ the situation 

in Milwaukee which was referred to in the Session at the 
AIEE Milwaukee Convmtion, are instances wh^e the facts 


have been sedulously studied 
for each problem and recom¬ 
mendations made after careful 
analysis to assure that the facts 
are understood, followed by 
synthesis of the results into a 
clear solution. Recommenda¬ 
tions based on such a foun¬ 
dation are always persuasive and are likely to be con¬ 
vincing to any unprejudiced mind. 

It is difficult, however, to secure facts for such a solution 
in social affairs which play so large a part in political 
economy. I use the phrase political economy as a S 3 monym 
for economics, in the sense of that branch of learning which 
comprises the physicsil and financial, i.e., the material, 
aspects of social organization, as distinguished from the 
moral and sentimental aspects of human relations which 
are peculiarly comprised within the Adds of rdigion and 
philosophy. We thus have for political economy (of 
which phrase, the word economics is a synonym) a field 
which is modified by the state of science and invention 
and by the modes of living which change from generation 
to generation as a consequence of experience guided by 
changes of science and invention. It is a big field which 
includes concretdy the various problenis discussed at the 
informal session in Milwaukee, besides many other im¬ 
portant problems. 

Economists are likdy to leave us considerably in the 
dark regarding the economic aspects of our problems. 
Moreover much of economic writing is not directly 
applicable to engineering affairs. Engineering is a branch 
of learning and practice which bridges the gulf between 
the physical sdences and political economy. Therefore, 
it is natural that only a part of the structure of political 
economy should at present directly affect our engineering 
affairs, just ^ only a part of the structure of sdence 
directly affects engineering at present. We, therefore, 
must hdp oursdves toward understanding the impact of 
political economy on our engineering affairs, while enlisting 
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the aid of economists in our effort to gain that under¬ 
standing. This may be carried out in a way that is 
analogous to the manner in which we have come to 
understand the impact of science on engineering. As 
engineers, we continue our intimacy of thought regarding 
science, and we mutually discuss our problems in the 
light of science. Our situation calls for a like mental 
attitude toward political economy. 

Those economists who call themselves sociologists are 
sincerely endeavoring to assemble a factual basis which 
ultimately may be helpful to our understanding of the 
relations of engineering to the betterment of life, but the 
basis is yet so meager that the forward visions of the 
sociologists are mostly hope, guided by sentiment. As 
highly as we all regard those 2 qualities (hope and senti¬ 
ment), we must dismiss the combination from considera¬ 
tion as an adequate foundation for engineering works. 
Hope guided by science or experience, accompanied by 
great industry, has led to many great inventions in our 
field; but this combination of hope guided by science or 
experience commands infinitely greater reliance than hope 
guided by sentiment. 

The sociologists have produced writings from which we 
can glean an understanding of the reason why certain types 
of organizations in the field of engineering are objects of «) 
much popular suspicion and even resentment. For ex¬ 
ample, the recently published book entitled “American 
City, a Rank and File History,” by Charles R. Walker, 
with its sordid but unhappily true tale of illegalities and 
tricky practices exercised or condoned by those least to be 
justified by standing and education, discloses some of the 
grounds. However, we must make our interpretations for 
omselves rather than accept, second-hand, the interpreta¬ 
tions of disciples. 

Of this last point, I may be permitted to elaborate an 
illustration. Karl Marx, of widespread note, author of 
“Das Kapital” and other widely quoted writings, was a 
genius in investigating and expounding the philosophy of 
history, but when dealing with man’s daily interests his 
writings are sometimes contradictory and, it seems to me, 
are frequently inaccurate. His numerous disciples have 
interpreted his writings into a structure of the utmost un¬ 
soundness, so that such truth as exists in .Marx’s own 
philosophy can be grasped only by reading his own pro¬ 
ductions and considering the groundwork from which his 
philosophy springs. 

There is thus at large much loose talking and much 
wishful thinking about affairs in the realm of economics 
which affect us as engineers. Considerable American 
legislation and some business activities follow the dictates 
of wishful thinking. We engineers are not altogether 
without blame. In this realm of economics, which is not 
a specific part of our own field, we (ourselves) are likdy to 
do thinking and talking without first securing a competent 
degree of learning regarding the realm and its various 
features. We go contrary to our usual practice in our 
^gineering specialties. We sometimes take our opinions 
second-hand, without such critical examination as will as¬ 
sure us that the opinions are founded upon a broad base of 
facts, and we reach mental decisions without adequate 
facts for a basis. Leisure is not available for; engine^s 
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actively employed in their absorbing vocational specialties 
to follow this collateral path with will and concentration. 
The results are not in keeping with our repute in the realm 
of scientific matters. We become imbued with ideas 
which are only partially supportable. We may come to 
believe that these ideas are sound “principle,” which leads 
to such reluctance toward modifications that our colleagues 
with other views may cry “prejudice.” 

Here again, I may be permitted to illustrate. For some 
25 years I lectured on the organization and administra¬ 
tion of public service companies as part of my duties 
as head of the' department of electrical engineering 
at Massachusetts Institute of Technology. This imposed 
the necessity of discussing corporation forms of organiza¬ 
tion for such Companies. Year by year the students in 
the group were 15 to 20 graduates of MIT and other engi¬ 
neering schools, and were fairly mature. All had preceded 
their engineering school undergraduate career by one of 
the usual forms of preparation for college admission. 
They were drawn from all parts of the country and many 
walks of life. They came from the homes of mechanics, 
industrial managers, bankers, merchants, merchants’ 
clerks, farmers, and so on. 

The corporate form of organization (i.e., a corporation) 
for doing business, established in conformity with specific 
laws of our several states, is so widely used as an instru¬ 
mentality of legitimate businesses (large and small) in so 
wide a range of business activities that obviously it has 
been accepted by e:q)erienced and honest business men 
as a fair and useful instrument in our social setting. In¬ 
deed some who have studied and. reflected on the mat¬ 
ter believe the corporate form in business to be one of the 
most serviceable evolutions which have occurred for ad¬ 
vancing general welfare. It makes practicable the carry¬ 
ing on of large enterprises which otherwise could not be 
carried on with equal advantage to the public. It is 
serviceable in large and small businesses. It operates 
under legal limitations which can prevent abuses. I con¬ 
fess to being one of those who bdieve in the desirability 
of corporations; but I am ready to recognize abuses which 
arise from the application of defective laws. These abuses 
can be eradicated on public demand arising for modifica¬ 
tion of the applicable laws. 

In opening the discussion of corporate forms to this 
group of graduate students I usually asked a few questions 
to bring out the knowledge which they already possessed 
respecting corporations and the opinions of the individuals 
in regard to the corporation as an instrumentality for 
carrying on business. Year after year without exception 
a considerable proportion expressed opinions adverse to 
corporations and often inferred that they were instru¬ 
mentalities for legalized extortion from customers or other 
unfair practices. “One sided,” do you readers mentally 
exclaim? But read farther! Now and then there would 
be in this category of corporation detractors the son 
of a merchant or of a merchant’s employee, proud 
of the business in which his father was engaged and 
proud of his father’s pride in it, but unknowing that 
this business, w-orthy Of honest pride, yras carried on 
as a corporation. One sided? I agree; but more—rit 
is an'illustration (perhaps somewhat extreme, though true) 
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of our frequent manner when dealing with economic mat- are sought out and the adequacy of the foundation for 
ters of thinking (and talking) without associating the each view is frankly discussed, while rancor is sup- 
thoughts with proper learning, contrary to Confucius’ pressed. By such discussions, the causes of divergence 
ancient but excellent admonition and equally contrary to of views may often be exposed and correct vie^ mutu- 
our own habit when dealing with technical affairs. ally reached. Some who enter such discussions may 

To show that observation of such an attitude is not an profit by reading the little book by John Morley (the 
isolated experience of my own, I will quote from a test by distinguished British Liberal) entitled “On Compromise, ^ 
the distinguished psychologist E. L. Thorndike. Profes- which was published many years ago. The Engineers 
sor Thorndike in 1934 made a test of the extent of informa- Council for Professional Development (which is a mutual 
tion and quality of reasoning on business and economic instrument of 7 great national societies in the en^eering 
issues exhibited by a group of 76 unemployed persons (44 field) has as one of its objectives the aim to give aid to ^e 
men and 32 women). He says that the group was “mu^ younger engineers in arranging their continuing self-edu- 
above the average for the United States’ ’ in general intdli- cation. Through its headquarters at 33 West 39th Str^t 
gence and education. Over half this group alleged that no in New York City advice may be secured regarding the 
trade can possibly benefit both parties to the trade. Ex- co-operation of sections of other enginee^g societi^ in 
cept that such unsound thinking is injurious to our na- discussion sessions and collateral educational activities, 
tional society, we might view it with the same humorous It is important for the welfare of such discussion sessions 
tolerance as we view the schoolboy’s reputed definition of that the general topic for consideration diaJl be clearly 
the word “husbandry” to mean “male dominance.” announced in advance and that the chairman shall hold 
Unfortunately the tragedy lying in the wake of economic each speaker to limits within range of the topic. Aside 
errors strips them of all humor. from this, and the rule that each speaker shall assume the 

Some of the responses to certain of his test questions sincerity of all other speakers, no discussion rules are needed. 

appeared to Thorndike “to be symptomatic of a tendency Second: Sections may invite influential men of the 
to regard owners of business concerns and traders as being community who are men of experience in business affairs 
paid too highly for the services which they and their to make addresses in exposition of their own views on 
property render.” He worked out such things into what questions about which differences have arisen in the in- 
he calls a “prejudice score” for the individuals of his formal sessions, if such sessions have been hdd. To gain 
group, a high score meaning high prejudice. He sums up any effectiveness from this, any guest invited to give ^e 
by saying that the abler minds in the group have sHghtly address on a controversial subject should understand that 
lower prejudice scores, but the differences can be accounted on some other date an equally distinguished man kno\m to 
for by the fact that they make fewer errors of all sorts; have opposing views will be (or has been) heard. Such 
fhat the younger individuals show higher prejudices than bilateral exposition in controversial fields by expenenced 
the older ones and the women show less than the men; and honest men of diverse views is the only means of ^in- 
also that abiUty in an academic examination in economics ing real learning in controversial matters where lectures 
involves but slight decrease in the prejudice. This preju- are relied on. For real learning, however, the discussion 
dice (regarding business affairs) is of a peculiar character sessions are preferable. Professional lectures deahng 

“being immune to inteUigence of the individual and almost with this realm should be viewed mth caution because 
immune to academic knowledge of economics.” Of they often me either over-dogmatic or superficial in 
course, Thorndike’s group was not composed of engineers; their expressions. 

but, are we engineers immune from the same typical Third; An informal session at each national convention, 
prejudices? The informal session at Milwaukee showed of character similar to the Milwaukee discussion session 
that in economic affairs we manifestly arrive at diverse and programmed in advance, would bring toge^er views 
conclusions (which we individually stick to as though they from all parts of the country if there is as mu^ m 

represent abstract, right “principle”), all drawn from al- economic questions among the memb^ under 50 years 
leged similar premises. Is not this definite evidence that of age as was alleged in Milwaukee. Catch-as-catch-can 
in economic affairs people (even engineers) are Hkely to do rules for debate are appropriate for such sessions provided 
their thinking without first accumulating adequate learn- each speaker wiU reject the sincenty df every other one, 
ing? Also, may it not demonstrate that emphatic rehance and the presiding officer possesses a fund of common sense 
on bur individual inferences leads us to forget that the in- in restraining the speakers from straying too f^ from tfie 
ferences of no tingle purely human being ever approximated objective topic which was programmed. After several 
to “abstract principle,” and therefore such inferences should such occasions we might find (at least in some of our 
be open to criticism and argument without acrimony? problems) such unity of views founded on adequate 
The circumstances being as thus outiined, what can we grounds that our mutual influence m the mtion would be- 
do to r^cue oursdlves from so false a situation and thereby come large in relation to economic affairs affecting our 
secinrb more iiifluence in guiding economic affairs which particular branch of engmewing. At present we ^ ave no 
have an impact on engineering? Obviously we must sudi joint influtiace because we do not agree 
improve our thinking, which we may accomplish in several other. We have not as yet mutu^y acc^ulated the 
waysi including among others the following procedure: learning sufficient to support and gmde that soundness 
First: Members of oiir Sections can promote infonnal and unity of thinking in economic affairs which is essen- 

discussiOn sessions directed toward economic affairs, in tial for securing an influence in them that is comparaW^^^^ 

which ail points of view regarding the particular affairs witii our influence in specific technical affairs. 
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Spinning Atoms and Spinning Electrons 

An address* describing how it is known that atoms, electrons 
and other fundamental particles are continually spinning 

ByK.K.DARROW 

ASSOaATE AIEE 


N O DOUBT you are all accustomed to thinking of 
atoms as objects—^very small objects, of course— 
which are endowed with weight. I can say that with 
perfect safety to an audience of engineers and physicists; 
but indeed it can be said with safety to any audience— 
I mean, of course, any audience literate enough to attach 
any meaning at all to such a word as “atom.” It may be 
that philosophers of the past have imagined weightless 
atoms—I am not historian enough to deny that, nor to 
aflSrm it; but if such have ever been invented, they have 
remained quite outside the currents of modern thought. 
For us, weight is a property which we attribute to the 
atom. Since this is, after all, a professional audience, I 
will now change over to that other word which many 
people have such diflSlculty in distinguishing from 
“weight” : I will say that mass is a property which we at¬ 
tribute to the atom. In a way, that is a negative state¬ 
ment. It means that we do not hope to explain mass in 
terms of something more fundamental; it means that we 
accept mass as being itself so fundamental that even the 
elementary particles have it. When I say “elementary 
particles,” I am stiU referring in part to the atoms, though 
it is a somewhat careless usage to do so; but I am referring 
also to electrons both positive and negative, to protons, to 
alpha-particles, to nuclei—^to all the particles, in effect, of 
which the atoms are built up. Also I ought to include the 
corpuscles of light, but this lecture will be quite long 
enough if I leave them almost unmentioned. All of these 
particles, then, are endowed with mass; each of them has 
a characteristic mass of its own, which we do not attempt 
to explain, but which we do try to measure as closely as we 
can. 

There is another property, familiar to you though not to 
everyone, which we accept as equally fundamental and 
equally unexplainable with mass: it is electric charge. 
We attribute it also to the elementary particles, though 
Uot, it is true, to all of them. We assign it to the electrons, 
of course, and to protons and alpha-particles and all of the 
hundreds of nuclei which distinguish the elements and the 
isotopes thereof from each other. When I say that we 
‘assigfn” it, I do not for a moment mean that we are doing 
something arbitrary or untestable. We know that these 
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elementary particles are charged, and indeed we have 
measured their charges. Atoms do normally appear to us 
uncharged, but we know that that is because the elemen¬ 
tary particles of which they in their turn are made up are 
some of them positive, some of them negative, and the 
balance normally happening to be perfect. Some par¬ 
ticles, the neutrons and the corpuscles of light, seem per¬ 
manently chargeless; but perhaps some day we shall find 
it expedient to regard them as groups of smaller particles 
having charges which balance one another. Apart from 
these 2 cases, we may say with assurance that whenever 
we penetrate as far into the fine structure of substance as 
we are able to go, we find the elementary particles invested 
with mass and with charge. 

And now I arrive at the subject of this talk, the third 
property of the elementary particles: the property which 
is called ‘ ‘angular momentum, ” or ‘ ‘spin’ ’ for short. Now 
of course I am speaking as to an audience of physicists, 
for if this were an audience of la 3 unen it would certainly 
be frightened by such a term as “angular momentum.” 
This is a misfortune, and perhaps a defect of general educa¬ 
tion; for ang^ular momentum is about as important as 
mass or charge, not only on the scale of the elementary 
particles but also on the scale of the visible world. Think 
what it would mean if there were no such thing as 
conservation of angular momentum! The earth might cease 
from turmng, it might cease from providing us with the 
regular alternation of day and night, and with our stand¬ 
ard of the flow of time; it might even cease from.travers¬ 
ing its regular orbit, and fly off into space or fall into the 
sun. Well, I do not wish to scare you with any such dire 
imaginings—I only want to remark on the fact that the 
human race has been acquainted for a very long timo indeed 
with angular momentum as something which is unvarying, 
imperturbable, incessant; for of all the unvar 3 dng and 
imperturbable and incessant things in the world, the 
rotation of the earth is the most obvious and the most 
striking. So striking it is, that you might reasonably 
expect that all the philosophers and all the physidsts of the 
past would have conferred the property of spin on all the 
atoms which they have invented. Well, iey did not; 
the notions of the spinning atom, the spinning electron, the 
spinning nudeus are among the newest in physics. I 
think that some of the reasons for the dday will be evident 
later on in this talk, but it remains partly mysterious, at 
least to me. Ix)oking back on the situation with the wdl- 
known advantages of hindsight, I do feel a good deal of 
surprise that the spinning atom did hot make an e^lier 
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entry upon the scientific stage. Perhaps some of you will 
remember hearing the words “vortex atom” and “vortex 
theory” which used to be so prominent in physics, and 
will take the spinning atom of today for a lineal descendant 
of those vortices of old. If this were correct, we could 
trace back the ancestry of the spinning atom for about 
300 years; but I think that it is not correct. The vortices 
of which Descartes and Malebranche were dreaming 3 
centuries ago were more like whirlpools of streaming 
particles, and the vortices which were imagined by Helm¬ 
holtz and Lord Kelvin some 50 years ago were also whirl¬ 
pools, but they were whirls in an idealized continuous fric¬ 
tionless fluid. Let us pause for a moment to notice how 
the attitude of physicists has altered in these 50 years! 
Kelvin and Helmholtz began with the idea of an ethereal 
fluid pervading the whole of space, and valiantly tried to 
represent the atoms as whirlpools in that fluid; but we 
have long since discarded that ether, and our spinning 


I divided Amp&re’s achievement into three parts; simi¬ 
larly I wish now to divide the discovery of the electron 
into three. Those who isolated and identified and meas¬ 
ured the electron were proving three things: first, that 
negative electricity consists of corpuscles of a definite 
charge, e; second, that these corpuscles have a mass, m; 
and following from these two, the principle which I have 
called the third part of the discovery, namely, that an 
electron revolving in an orbit has an angular momentum. 

I will designate angular momentum in general by the 
letter p, and now I will show you a formula for the ratio of 
M to ^ in an atom in which an electron is running around 
in an orbit and constituting an Amperian whirl. The 
formula, like this other one, for ju, is valid for an orbit of 
any shape, but to get it quickly I will simplify by postu¬ 
lating a circular orbit. The radius of the circle being r, 
the area A is irr®; the current around it is equal to the 
electron-charge e, multiplied by the number of times per 


atoms and other elementary particles are small delimited 
rotating bodies voyaging in a void. 

It is not therefore the vortex which I will introduce to 
you as the ancestor of the spinning atom, but rather the 
“Amperian whirl” as it still is sometimes called. You 
remember, of course, how Ampere in 1820 made a very 
great achievement which for the purposes of this talk I 
will divide into three. First, he discovered the fact that 
an electric current flowing in a circuit is equivalent to a 
magnet. Next, he worked out the mathematical laws 
whereby, given a current and the circuit in which that 
current is flowing, we may calculate the strength or the 
moment of the equivalent magnet. I will write down the 
formula for the case of a current i, flowing in a plane loop 
of area A: the magnetic moment of the equivalent mag¬ 
net, fi, is given thus: 

ft => iAIc 

Here c is a factor of transformation which we are now 
obliged to employ because we habitually use, in atomic 


second that the dectron runs around the orbit; if I denote 
the vdocity of the dectron by v, this number is vjTnrr; 
hence the product iA/c is equal to eorl2c. Now the 
angular momentum p of the dectron, as you all know, is 
mvr; and hence for the ratio I derive: 


which is one of the most important formulas in the whole 
of atomic physics. You notice that it does not involve in 
any way the size or shape of the orbit or the frequency 
with which the dectron travds around it. It is the same 
for any or all of the revolving dectrons of any atom of any 
kind. 

Now let us see how this formula may be tested. Im- 
ag;ine a rod of some highly magnetizable metal, iron for 
instance, and imagine it to be unmagnetized at the start. 
This means, that at the start the little atomic magnets 
are pointing at random in all directions; that is to say, the 
vectors which represent their magnetic moments are 
pointing every way, and so are the vectors which represent 


vhYsics especiaUy, a unit-system different from Ampdre’s. their angular momenta, the latter being paralld to the 
The third part of the great achievement was this: Ampere former. Since these atomic vectors of 
founded what remains to this day the theory of magnetism, turn are pointing every way at random, they add up ^ 
by presuming that the indmdml atoms of any magneHzahle zero, and the rod as a whole poss^es 
UMe that iHe 


are magnets because they have Uttle whirls of current in them. 

This notion--the notion that atoms are magnets, and 
that they are magnets because they have internal circu¬ 
lating currents—is the true forerunner of our present con¬ 
ception of the spinning atom. It is, however, only a very 
primitive form of the modem conception, and there is 
much to be added to it. First of all and above all, there is 
the question of angular momentum. Is angular momen¬ 
tum an attribute of these whirling intra-atomic currents, 

or is it not? You may think that the answer to this ques¬ 
tion is sdf-evidently “yes!” But remember that for m^y 
generations of our forefathers electricity was an %mpond^- 
fluid, Weber, however, did consider the affirmative 
answer, and Maxwell even attempted to ask the question 
of Natnre by meperiment—vainly, as it turned out. Not 
tfll the electron was discovered did the mass of electncity 
become a prominent part of experience. A moment ago 


surroimded with a solenoid, and by means of a current in 
the solenoid let it be magnetized to saturation. Now all 
the arrows representing magnetic moments are pointmg 
paralld to the axis of the rod. But so are all the arrows 
representing atomic angular mommta! Thdr resultant 
is no longer zero—suddenly there has arisen a resultant 
angular momentum, bdonging to the totality of all the 
atomic magnets, and quite large enough to be detected, 
instead of being tiny like the angular momentum of ^ 
individual atom. Unless our theory is fundamentally 
wrong somewhere, we should be able to observe this re¬ 
sultant angular niomentum. ^ 11 

The esperiment is done by hanging the rod vertically 
from a fine suspension, and sending the magnetizing cur¬ 
rent through the solenoid. At the instant of t^e magneti¬ 
zation, the rod turns sharply on its axis, twisting the jis- 
pending fiber. Thus it manifests the angidar momentum 
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of which I have just been speaking—^though I ought to say 
that what we observe is of the nature of a recoil, or back- 
kick: when the totality of the little atomic magnets sud¬ 
denly acquires its resultant angular momentum, the sub¬ 
stance of the rod as a whole acquire an equal and opposite 
amount (so as to keep constant the total amoimt of angu¬ 
lar momentum in the universe) and it is the latter which 
we detect. The e3q)eriment is quite a delicate one, but its 
technique has be^ developed to a remarkable degree 
since it was first attempted twenty years ago by Einstein 
and de Haas. What we measure is the ratio of the mag¬ 
netization of the rod-as-a-whole to the angular momentum 
of the rod-as-a-whole; and this is just the same as the 
ratio of M to p for the elementary atomic magnets. There 
are not many properties of matter of which we can say that 
the value measured on a large piece of matter is the same 
as the value for the individual atom; but there are a few, 
and this is one of them. 

Now in giving you the result, let me first emphasize the 
general principle that here we have evidence of the spinning 
of elementary particles, and of the interrelation between 
spinning and magneti^. Next, I give you the numerical 
result itself. For iron and nearly all of the other ferro¬ 
magnetic miaterials, we find: 

v-lP “ 


or Inmce the theoretical value which I quoted a moment 


ago. 

This cannot be explained by assuming any peculiarity 
of size or shape or frequency of the electron-orbits in the 
atoms, for as I just said the theoretical formula is inde¬ 
pendent of all these things. We are obliged to make some 
more drastic assumption. If I had unlimited time before 
me, I might sketch the history of our assumption; but as 
I don’t, I will come straight to the present situation. We 
assume first, that in the iron atoms in the rod the electron- 
orbits are so oriented with respect to each other that their 
magnetic moments kill one another off completely. We 
then assume that every electron has a magnetic moment 
and an angular momentum of its own, intrinsic to it and 
inherent in it, and altogether independent of whether or 
not die electron is revolving in an orbit. Just as the earth 
has a rotation of its own in addition to its elliptical course 
around the sun, so we imagine that the electron has a 
rotation of its own; this rotation has an angular momen¬ 
tum, and with it there is connected a magnetic moment. 
(You will remember doubtless that the earth also has a 
magnetic moment, but this is one of . the analogies which 
it is better not to force too far.) When we magnetize the 
iron rod, it is the dectrcms which we are turning; the 
vectors which we cause to point all in the same direction 
are the magnetic moments and the angular momenta 
which ^e inherent in’the electrons, and the value of their 


ratio is the value which is characteristic of the “spuming 
dectron,’’ as we call it. Thdrefore, amplifying the nota¬ 


tion a little, 


I write: 




■s 1 for electron-orbits 
B 2 for spinning electron 



and now I leave the spinning electron for a few minutes, in 


order to turn again to the theory of dectrone revolving 
in their orbits. 

You all realized, of course, that when I converted the 
Amperian whirl of current into an dectron running around 
an orbit, I was adopting the atom-model known by the 
names of Rutherford and Bohr; for these were the original 
thinkers who impelled all the rest of us, following in their 
footsteps, to think of the atom as a positively charged 
nudeus around which electrons are revolving like planets 
around the sun. This is an atom-modd in which mag¬ 
netism is inherent —a Rutherford-Bohr atom is intrinsically 
a magnet. Anyone who did not know the history of the 
modd might well assume that it was designed expressly to 
account for magnetism, and any such person might also 
quite reasonably assume that all the physicists of the 
early nineteenth century thought of it simultaneously as 
soon as the dectron was discovered. Well, it was not 
designed expressly to account for magnetism, and most of 
the physidsts of the early nineteenth did not think of it— 
or if they did, they thought of it only to reject it. At that 
time, the atom-model with the orbital dectrons seemed 
to be disqualified by a very potent reason; for according to 
the classical electromagnetic theory, an electron revolving 
in an orbit ought to radiate all of its energy in a very short 
time and fall into the nucleus. Bohr was the man who 
overrode this objection. He overrode it, not in order to 
construct a theory of magnetism in defiance of it, but in 
order to construct a theory of spectra in defiance of it. 
This theory has been extraordinarily successful. Our 
theory of magnetism is hardly more than a by-product of 
that theory of spectra; and this, in an odd sort of way, 
enhances its credit. A theory devised expressly for a cer¬ 
tain purpose is always less impressive than one which fol¬ 
lows incidentally from a successful theory devised for quite 
another purpose; and the contemporary theory of mag¬ 
netism is a wonderful example of this latter and more im¬ 
pressive t 3 q)e. 

The main element of Bohr’s theory of spectra—-if one can 
speak of one element as the main one, which is really not 
quite proper—^is an assumption about the angular momen¬ 
tum of the electron in its orbit or, let me say, the angular 
momentum p of the electron-orbit. It was assumed that 
the electron may revolve, without radiating its energy, in 
any orbit of which the angular momentum is an integer 
multiple of h/2Tr, —h now standing, of course, for the 
famous quantum-constant of Planck which is the emblem 
of modem physics. I write this down as follows: 

p-(l,2,3,4,...)(W 

Bohr was thinking at first about the hydrogen atom; but 
hydrogen is an inconvenient example to use in talking 
about magnetism, and iron is a very complicated case 
indeed, so I will talk entirely about ^e sodium atom. 

The sodium atom has a nucleus with a diargebf -f- lie, 
and 11 electrons circulating in orbits around it. This \ 
certainly sounds formidably complex, but it happens—and 
I shall later ranind you of this fact—that the orbits aiid 
also the spins of 10 of the dectrons are so oridited wth 
respect to one another that their angular momdita and 
their ma^etic moments completdy neutralize each other. 
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I shall therefore ask you to imagine these 10 inner electrons 
as a sort of cloud. The eleventh electron of the sodium 
atom—known technically as the “valence” electron— 
cruises around this system; sometimes it is traveling in an 
orbit completely outside the cloud, sometimes in an orbit 
which cuts across the doud, but never in an orbit whic^ is 
entirely or even mainly inside the doud. The 10 inner 
electrons which constitute the cloud neutralize a part of the 
force with which the nudeus acts upon the valence-dec- 
tron; but they make—I repeat—^not the slightest con¬ 
tribution to the angular momentum or to the magnetic 
moment of the atom. 

I have given above, the permitted values of the angular 
momentum of this orbit of the valence-electron. Now I 
point out that to each of these permitted values of p cor- 
resjponds a permitted value of the magnetic moment m. 
which 1 obtain by multiplying the former with ef2mc: 

/X = (1,2,3,4, . . . )(«V4irwc) 

However, only one (at most) of these values can be ap¬ 
propriate to the normal state of the sodiuah atom; aU the 
rest must correspond to abnormal, unusual, or “exdted” 
states. We are going to be interested primarily in the 
normal state, so we must identify the right one. In the 
early days of the Bohr theory, the right one was supposed 
to be the first which I have written down. However, the 
theory has been greatly remodded and bettered since 
those days, with the aid of what is known as “quantum 
mechanics”; and it now seems quite certain that these 
lists of the permitted values of p and m for electron-orbits 
are both incomplete. I must add to each of them the 
value z&ro, so that the 2 lists become 

3 ^ => ( 0 , 1 , 2 , 8 , 4 ,... 
n = ( 0 , 1 , 2 , 3 , 4 ,... )ehl4aKmc 

Moreover, it is precisely this new value zero which bdongs 
to the normal state of the sodium atom. So the th^ry, in 
this stage, quite definitely prescribes that the sodium atom 
in its normal state should have no magnetic moment and 
no ang^ular momentum. But now let us look at the data. 

It would do no good in this connection to m^e measure¬ 
ments on solid or liquid sodium, for in those condensed 
phases” the atoms are crowded so closely together as to be 
badly distorted. We can, however, experiment on free 
atoms of sodium, in their normal state, in the way illus¬ 
trated by figure 1, In the upper portion, A represents 
an “oven” consisting of a small box heated dectrically and 
containing some liquid sodium which is steadily being 
vaporized. There is a hole in the wall of the box through 
which free sodium atoms are steadily shooting in aU direc¬ 
tions, with the distfibution-in-speed which we know from 


having no trouble with molecules of air as it shoots along, 
for the whole of this apparatus is enclosed in a highly 
evacuated tube. It may seem natural to visualize these 
magnet-poles as the 2 broad flat extremeties of a horseshoe 
magnet, with a uniform magnetic field pervading all the 
space between them. Such an arrangement, however, 
would make the experiment futile. Nothing would 
happen to any of the atoms, for in the uniform field the 
north pole of each atomic magnet would be pressed down¬ 
ward just as hard as and no harder than the south pole is 
drawn upward, and the net force would be zero. The beam 
would go on unbroadened and undeflected, and make a 
small spot on the screen 5, the spot being just opposite the 
slits in the diaphragms. Something else must be tried; 
and what we do—or rather, what Gerlach and Stem did 
in Hamburg some 14 years ago—^is, to shape one of the 
magnet-poles in the form of a wedge and hollow out the 
other, so that the field between the two shall no longer be 
uniform. The lower part of figure 1 represents the cross 
section of such a pair of pole-pieces. The field-strength 
is now much greater near the wedge than near the opposite 
pole-piece, and there is a vertical gradient of fidd-strength 
which may be made fairly constant over most of the inter- 
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Fisure 1. Lons'itudinal section and cross section of apparatus 
for the Gerlach-Stern experiment 


space. Rabi at Columbia achieves the sarne result more 
efficiently by peculiar arrangements of citrrent-carrying 
wires instead of iron magnets. . 

Now consider (thinking classically!) a faw of the ato^c 
magnets as they shoot across this nonuniform field. Think 
of one which originally is oriented vertically, yfith north 


5m 4eory of thermd agitation;: 

sequence of diaphragms „art of the field than its mate; it will te dram 


. beam of these fa^mo^g ato^ “^rn;^ ^iTJ i;u:;rdom;^^ 

Disregarding what the theory has just smd, let us supp . P a parabolic arc upward. Thinkol 


that each of these atoms is a magnet—a bar magnet, wi^ 
a north pole and a south pole. As they emerge from the 
ovdi, these atoms inust surely be oriented at random m 
all direction^ ^ V i. 

Continning to look at the upper part of figure 1, we have 

2 large magnet-poles, and the beam travels between them, 


pole up and south pole down-it will be swept m apar^ 
hone arc downward. Think of another which or^^y 
has its axis pointing horizontally—it will dioot m a straight 
line across the field, as though the pole-pieces were pot 
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there. ^ Now think of all those which are oblique to the 
vertical; they will describe parabolic arcs of intermediate 
curvatures, upward or downward as the case may be. 
One infers that the beam must be spread out into a con¬ 
tinuous fan, making a continuous vertical band upon the 
photographic plate. 

Moreover, from the upper edge or from the lower edge of 
this continuous band, it should be possible to determine 
the magnetic moment n of the atoms. For let us consider 
one of the vertically oriented atoms, and call its pole- 
strength M and the length of its magnet r. The upward 
force on the north pole is MH, —H standing for the field 
strength at the point where the north pole is. The down¬ 
ward force on the south pole is M{H -1- dH/dz^r). The 
net force is Mr-dH/dz, which is ii(dH/dz), because Mr is 
the magnetic moment fi of the magnet by definition. The 
accderation of the little atom is equal to this force divided 
by nta, the mass of the sodium atom. The deflection is 
equal to half the acceleration by the square of the time 
during which the atom is exposed to the force. This time 
is equal to the distance D which the atoms traverse across 
the field, divided by v the speed which they have when 
they come out of the furnace. So finally, we have: 

Deflection >= —*- 

2 

We ascertain the deflection by looking at the end of the 
band on the photographic plate, and we can ascertain all 
the other things in the equation excepting /x, —o is the 
hardest to estimate accurately—and so we can solve the 
equation for /u. 

When the experiment is done there appears, however, a 
very remarkable thing. Instead of there being a long band 
upon the plate, there are just 2 spots. Instead of the 
beam having been broadened out into a continuous fan, it 
has evidently been split into 2 separate pencils. It looks 
as though the field had acted first of all upon the magnets, 
by setting them all vertical—^half of them with north pole 
up, and half with north pole down. Not this phenomenon 
alone, but many others in nature show us that this is just 
what happens. You may perhaps feel for the moment 
that it is intelligible, after all; the compass-needle turns 
to the north—^why should not the little atomic magnets, 
as soon as they enter the field, turn their south poles 
toward the north pole of the magnet which attracts them? 
Well this would not account for the magnets which con¬ 
stitute the beam which bends away from the wedge- 
shaped north pole, instead of toward it; and indeed it does 
not even account for the beam which bends toward the 
wedge-shaped pole. Classically the field should have no 
orienting effect whatsoever upon the atoms, and yet it 
evidently does.*^ This is one of the phenomena of the 
atomic world which we cannot properly visualize in terms 
of the behavior of objects large enough to be tangible and 
visible. All that I can do is to assert it, and to say that 
it justifies us in using this formula to calculate m. When 

^ WhMi thiiiking: classically, we tnust not expect the atomic magnets to turn 
thOT axes Wward the field-direction as they shoot across the field; the gyroscopic 
quality of these magnets, due to their aihgular momentum, inhibits this. 
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we use it, the value which we find for the magnetic mo¬ 
ment of the sodium atom in its normal state is 

eh/iTcmc 

which happens to be one of the values in the sequence 
wlfiph I just wrote down. 

I repeat that according to the theory in its present stage 
the electron-orbits in the normal sodium atom have a net 
magnetic moment of zero. This value ehl^rmc is, there¬ 
fore, the magnetic moment due to the spin of the valence- 
electron—^it is the magnetic moment of the spinning elec¬ 
tron. I write it in the appropriate place, and then with 
the aid of the g-value derived from the gyromagnetic effect 
I write down the value of angular momentum which we 
assign to the spinning electron: 

p = V*(V2ir) 

To this roster of 3 statements about the spinning electron 
I now make a final addition. The Gerlach-Stern experi¬ 
ment on sodium shows that a beam of sodium atoms— 
which for this purpose is the eqtdvalent of a beam of 
spinning electrons—^is divided into two by a magnetic 
field. I write down “2” to indicate this number of sepa¬ 
rated beams; but I will call it by preference the “number 
of orientations in the field,” because that is the funda¬ 
mental point. The spinning electron always sets itself in 
one or the other of 2 orientations, with respect to what¬ 
ever field it happens to be traversing. We call them the 
“parallel” and the “antiparaUel” orientations, though 
accor(hng to quantum mechanics these terms are a little 
too strong. Here then is the list of the properties of the 
electron-spin: g equal to 2—angular momentum equal to 
V 2 (V 2 T)magnetic moment equal to ehl^imc—% permitted 
orientations in any field. 

It has doubtless struck you as rather odd that I began 
by talking about the angular momenta and the magnetic 
moments of electron-orbits, and then carefully picked out 
a couple of special cases in which these neutralized each 
other altogether and there was nothing left over except 
what I ascribed to the electron-spin. Is there no point 
at all, then, in talking about the electron-orbits? Oh, 
very much sol Indeed there are cases in which the elec- 
Ixon-spins neutralize each other altogether, and we have 
nothing left over except what is attributed to the orbits. 
To do this I may choose an atom like magnesium, which 
has a nuclear charge of 4-12e, a doud of 10 inner dectrons 
which neutralize one another completdy as to angular 
momentum and magnetic moment (just as in sodium), 
and 2 valence dectrons instead of one. In some of the 
states of the magnesium atom—^not in all of its states, 
but in some of them—^the spins of the 2 valence dectrons 
are oriented opposite to each other in the atom, and caned 
each other out. When the atom is in a state of this kind, 
then nothing is left over except the angular momdita and 
the magnetic moments of the orbits of the 2 valence-^ 
dectrons; and then, all the statements of the orbital 
theory (page 1230) are applicable —g iS equal to unity, the 
angular momentum takes one of the values nh/2v and 
the magnetic moment takes one Of the values iv{ehf4^Knu^). 
Moreover, there is another theorem derived from quan- 
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turn mechanics which turns out to be valid: The num¬ 
ber of orientations of such an atom in a field, the number 
of separated beams which appear in the Gerlach-Stem 
experiments, is chosen from among the members of 
this sequence: 1, 3, 5, 7. . . . (It is a most interesting 
historical fact, that Gerlach and Stern were moved to 
undertake their difficult experiment by the wish to test 
this remarkable assertion of quanta! theory.) You notice 
that the number 2 does not appear in the sequence; were 
it not for the electron-spin, we never could obtain it; it is 
distinctive of the spinning electron. 

I must, however, admit that all these cases of which I 
have been speaking are special, and comparatively rare. 
Both the cases in which the spins neutralize each other 
perfectly, and the cases in which the orbital moments 
neutralize each other perfectly—^both types are unusual. 
Still more unusual, and yet occurring here and there, is the 
most special of all cases—^that in which all of the moments 
and all the momenta, both those of the spins and those of 
the orbits, balance one another perfectly so that the sums 
are zero. An atom in such a state is completely devoid 
both of magnetism and of spin; such atoms are those of 
helium, of neon, of argon and the other noble gases, when 
in their normal states. Usually, however, we find our- 


Third—and now comes a surprise, for you will probably 
expect me to say of the magnetic moment that it is 
ehJAnne multiplied either by an interger or a half-integer; 
but this is not so. The actual state of affairs is described 
by a formula which is called the g-formula, because it 
gives g in terms of the moments, both spin and orbit, of 
the individual dectrons. It was discovered by Land4 and 
interpreted in terms of the spinning electron by Goudsmit. 
The g-formula gives unity, as of course it must, in the 
special cases where the electron-spins cancel each other 
and only the orbital moments are left over, and it gives 
2 in the special cases where the orbital moments are neu¬ 
tralized with only the spins left over. In the other cases 
it may give any one of a large variety of values: mostly 
one gets simple-looking fractions such as */» 

Ve- The magnetic moments are then computed by 
multiplying the appropriate g-values times ej2mc, into the 
existing values of angular momentum.® 

I now turn to that component of the atom of which the 
spin remains to be discussed—^to the nucleus. 

As I have already intimated, the values of p and n and 
H for the electron-family of any atom are mostly ascer¬ 
tained by analyzing their spectra and utilizing the great 
general theory of spectra. Such magnetic experiments as 


selves confronted with some example of the general case, 
in which neither the spins nor the orbits are completely 
neutralized. The atom has an angular momentum which 
is a sort of composite or resultant of the angular momenta 
of the spins and the orbits, and it has a magnetic moment 
which also is a sort of composite or resultiant. 

If I were to embark on the description of the general 
case this lecture might go on interminably, and at its end 
you would probably not remember anything except what 
you had already known at its beginning. The laws of the 
composition of spins and orbits are so foreign to our cus¬ 
tomary ways of thinking, and the formulas which express 
them are so curiously built, that to work once only through 
them is not sufficient: One has to memorize the deriva¬ 
tions and the results alike, and go over them incessantl^y 
until they are imprinted on the brain. I think you will 
agree to this readily enough, when I remind you that this 
theory is none other than the general theory of spectra; 
for even quite outside the ranks of physicists, the theory 
of spectra is beginning to be notorious for its complexity. 

I shall not venture even to give the formulas, much less 
their derivations; it must suffice to fill out the 2 lists of 
;^-values and /*-values on which I have already begun, and 
the list of »-values or numbers-of-permitted-orientations. 

The spinning atom is a congeries of electrons, all of thm 
always possessing spin, most of them usually possessmg 
orbital motions; and these motions are compounded with 
each other in such ways, that: 

First, the angular momentum of the spinning atom has 

one of the values, 
p =« (0, V*. 1 . *A. 2. »A. 3 ... ) V2*- 

Second, the number of beams in the Gerlach-Stem ex¬ 
periment, or the number of permitted orientations of the 

atom in the field, has one of the values, 

n *= 1 , 2 , 3 , 4 ,... 
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1 used for my examples are relatively few, and feasible for 
relatively few substances. The reason for making this 
remark at this late moment is, that by analyzing spectra 
we may also learn something about the spins of nuclei; 
for nuclei also are invested with these properties of angular 
momentum and of magnetic moment. I take in particular 
the case of the proton—"Goat lightest of all nuclei, the 
nucleus of the lightest known kind of atom which is 
ordinary hydrogen, so called to distinguish it from “heavy* 
hydrogen. Analysis of the spectrum of hydrogen shows 
us that the proton is capable of taking 2 permitted orien¬ 
tations in a field; thus, our first piece of information 
about the proton-spin is conveyed by writing n = 2. 

Now that we have this piece of information, we deduce 
that as the spinning electron has an «-value of 2 and an 
angular momentum of ^/ 2 {h/ 2 T), so the proton with its n- 
value of 2 must have an angular momentum of ^/ 2 {h/ 2 ir). 
Continuing along this line of thought, we are further 
tempted to infer that the proton should have a g-value of 

2 and a magnetic moment of {ehJAnne). But what ^all 
we suppose about m? Formerly it represented the mass of 
the electron; now we are dealing with a different sort of 
particle, having a mass which (as many other kinds of 
experiments show us) is about 1,835 times as great as the 
electron-mass. I denote this mass by M. It seems natu¬ 
ral, then, to expect for the magnetic moment of the 
proton the value ehlAvM.c, or about Vi.836 of that of the 

spinning electron. t. 4 . 

This is a formidably small magnetic moment to hope to 
measure, nay even to detect! Yet Stem and his pupils 
undertook to measu re it, and they succeeded. Of course, 

., j - nroceed from this article to a thorough study of 

2. Should any reader mt^d^ro^a tm according to the latest form 

atomic theory, he should be values here given are the values of the 

of quantal theo^, ®*^®J^'^'““^rt^firfd.direction, lie magmtudes of the vec- 
projections of these vectors up^ ^ Jld-du^n^^^^ to this in “Con- 
tors themselvw hemgMmewtotgr^t^ „ ^ ^ ^ Technical Journal, 

temporary Advances in Physics, XX-i*., ... j' 

volume 14,1935, paye.293. 
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modifications had to be made in the technique which 
worked so well for sodium. Hydrogen being a gas at 
room-temperature, no heated oven was required; never¬ 
theless they used an “oven,” but it was refrigerated instead 
of being heated—a sort of super-ice-box; this was in order 
to obtain slow-moving atoms, for the slower the atoms 
traverse the field, the more accurately the experiment can 
be made. I just said “atoms”; but as most people know, 
the particles of gaseous hydrogen are not atoms, but 
diatomic molecules—systems composed of 2 protons and 
2 electrons apiece. This is a circumstance which in many 
desirable tests of modem theoretical physics is a great in¬ 
convenience, for usually our simplest theoretical affirma¬ 
tions refer to hydrogen atoms and we should like to be 
able to experiment on them directly. Here, however, it 
turns out to be a great convenience, indeed perhaps the 
only thing that makes the experiment possible. For if 
we had an isolated hydrogen atom, the magnetic moment 
of its electron would so far exceed that of its proton that 
the latter would be indetectable. (Perhaps it is not super¬ 
fluous to mention that bare protons could not be used in 
the experiment either, as the magnetic field would exert 
so large a force upon their moving charges that the forces 
upon their magnetic poles would be insignificant by com¬ 
parison.) 

But if in a single hydrogen atom the magnetic moment of 
the electron swamps that of the proton, how shall this fate 
be avoided for a system composed of 2 electrons and 2 
protons? Here enters in> and in a very important and 
significant way, that law of the permitted orientations. 
Just as a spinning particle of angular momentum 
can take only 2 permitted orientations in a field, so it can 
take only 2 with respect to another particle of its kind— 
the parallel and the antiparallel. It chances—or rather 
it does not chance, it follows from the underlying laws of 
nature—that in the hydrogen molecule the 2 electrons are 
oriented antiparallel to each other. Their magnetic mo¬ 
ments cancel each other, and do not trouble the experi¬ 
menter. 

May not, however, the same thing happen in respect to 
the 2 protons, so rendering the experiment hopeless? It 
turns out that for these the spins are antiparallel in some 
molecules but parallel in others. Molecules of the former 
type, which is called para-hydrogen, are indeed useless for 
the experiment; but molecules of the latter type, which is 
called ortho-hydrogen, are available, and in them the 
magnetic moments of the 2 protons collaborate so that 
the mag;netic moment of the molecule-as-a-whole is tfrice 
as great as that of the single proton, a welcome assistance! 
In ordinary gaseous hydrogen at room temperature, about 
•/4 of the molecules are ortho-hydrogen. 

When the experiment was at last achieved by the school 
of Stem, it was found tiiat the foregoing inference as to the 
/*-value of the proton is roughly but not exactly correct! 
The latest information is, that the magnetic moment of the 
proton is dose to 2^2 times 6}iI4!kMc, Measurements 
yrith another rnethod by Rabi and his school have con¬ 
firmed th^e results; and we are definitively debarred from 
beUevtog that for the proton and the dectron, the inagnetic 
moments stand in the inverse ratio of the masses. Per- 
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haps this signifies that the proton is itself a composite 
particle, a notion for which there is some support from 
other sources. 

I mention briefly the characteristics of a few other 
nudei. After the proton, the next simplest is the deuteron 
or nucleus of the heavy-hydrogen atom. It is composed 
of a proton and a neutron, the latter being a neutral par- 
tide of about the same mass as the proton. We can ob¬ 
serve free neutrons wandering about in space, but we can - 
not determine their spins nor their magnetic moments. 
Ttie deuteron, however, has 3 permitted orientations (this 
we discern from the spectrum of heavy hydrogen) and 
consequently an angular momentum of (h/2T). It is 
inferred that the neutron has VaCV^v) for its angular 
momentum, and that in the deuteron these 2 constituent 
particles—^proton and neutron—are oriented with thdr 
equal spins paralld to one another. The magnetic mo¬ 
ment of the deuteron is less than that of the proton, and 
accordingly the neutron must have its magnetic moment 
oppositely directed to that of its companion in the system, 
even though their angular momenta be similarly directed 
—a strange complication! 

After the deuteron, the next simplest among the nudei 
(except 2 which are much too rare for investigation) is the 
alpha-particle or helium nucleus. It is composed of 2 
neutrons and 2 protons. We find that its angular mo¬ 
mentum and its magnetic moment are zero, a clear indica¬ 
tion that the 4 spins of its components are cancdling each 
other 2 by 2, and the 4 magnetic moments likewise. Next 
comes a nudeus composed of 3 protons and 3 neutrons, 
bdonging to the dement lithium. It is found that in 
angular momentum as in magnetic moment it is practically 
a duplicate of the deuteron, its 6 components having dis¬ 
posed themsdves into a nearly normal deuteron attached 
to a nearly normal alpha-particle. I might proceed some 
distance farther along the list of the known nuclei after 
this fashion, were there space; but it is best to close this 
section with a general rule: nuclei with an even number of 
constituent particles (protons and neutrons) have even spins, 
nuclei with an odd number of particles have odd spins. 
“Even” and “odd” in this formulation mean that the 
angular momentum is an even or an odd integer multiple 
of V2(V2 v), respectivdy. One sees that if any 2 spins of 
magmtude VsC^/^ir) are allowed to choose only between 
paralld and antiparalld orientations, the rule follows in¬ 
evitably; reversdy, from the rule (which is based on ex¬ 
perience with some 50 or 60 kinds of atom), we derive 
extra strength for that theorem about orientations. 

Now to come to the condusion and the climax. Al¬ 
though this property of angular momentum, of bdng al¬ 
lowed to take only a limited number of permitted orienta¬ 
tions—although this strange and wonderful property of 
angular momentum was introduced in this lecture as 
though it pertained only to atoms subjected to applied 
external fidds, yet it manifests itsdf far more broadly. 
Indeed, it manifests itself universally, and the stability 
and the dharacter of the world are due to it. I have al¬ 
ready mentioned in half-a-dozen places hbw it manifests 
itself within die molecule and within the atom: how in 
the atom, it is responsible for those laws of compodtion 
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which determine the angular momentuni and the magnetic commonly said that each element is rligtingiiigViPfl by its 
moment of the electron-family ^how in the hydrogen nuclear charge and the number of electrons in its electron- 
molecule, it establishes a difference between ortho-hydro- family, this is not adequate. It is the law governing 
gen and para-hydrogen ^how in the nucleus it fixes the angular momentum which imprints upon these electron- 
angular momenta and the magnetic moments of composite families the characters which we recognize as the proper- 
nuclei as sharply as those of their constituents the proton ties distinctive of the elements. It gp^-mg strange indeed 
and the neutron. Perhaps these seem to be remote and that character should depend upon motion, and fixity 
unimportant qualities; but what has just been said of upon the laws of whirling things; but however strange it 
them may be said with equal truth and equal force of all may seem, there is no doubt about it. In the construction 
the chemical and physical properties of aU the elements, of houses the builder requires raw material in the form of 
mass alone excepted (and even mass not fully excepted), brick and stone and wood and steel; but he requires also 
If this feature of angular momentum did not prevail, there principles of architecture, whereby the raw materials may 
could not be the fixity of properties which characterizes be parceled off and integrated into the general design. In 
each element by itself and the variety of properties which the construction of the physical world, mass and charge 
characterizes the totality of the elements. Gold would fulfill the r61e of raw materials, and the laws of angular 
not be gold, lead would not be lead, oxygen would not be momentum furnish the principles of the architecture 
oxygen, helium would not be helium; for though it is thereof. 
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Not what the engineer does, but how he does it differ¬ 
entiates engineering from the other learned professions 


By GANG DUNN 

PAST-PRESIDENT AIEE 


T he advent of the scientific method and the rapid 
spread of its use in connection with practical things, 
which began not much more than 150 years ago, 
called forth the ministrations of many specialists in the 
application of science to social purposes. There always 
had been military engineers who made roads, bridges, 
catapults, and petards; but in the sense we are now con¬ 
sidering it, they did not constitute a profession. 

To distinguish the new men from these time honored 
military engineers, they were called civil engineers. In 
those days civil engineers busied themselves in the whole 
field of then known science instead of in the narrower field 
which civil engineering now embraces. James Watt, for 
instance, was a civil engineer. These civil eng^ineers, as 
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distinguished from military engineers, began to constitute 
a new class in the community; this class has grown in 
geometrical ratios as to its numbers and as to the varieties 
of its occupation, until it has spread its activities into 
every tna fpriftl department of life. The very foundations 
of society would be diattered if the class should today 
cease to exist. 

Specialization in this great and growing class has created 
over 50 branches of engineering sufficiently distinct to be 
recognized'in library catalogs. Because of this growth in 
scope and subdivision into widdy different specialties, 
occupations in the various engineering branches have be¬ 
come so differentiated that the extremes bear almost no 
resemblance to each other. Even the grand division of 
the engineering profession represented by the national 
societies of civil, mining, mechanical, electrical, and 
chemical engineers, give little more than a hint as to occu¬ 
pation. An electrical engineer may spend his days on the 
macrocosmic problems of corona in the long-distance 
transmission of vast amounts of power, or he may wrestle 
with the mi fTocosmic subtleties of the multiplex modula¬ 
tion of carrier waves. As an indication not only of t^ 
diversity of occupation but of the rapidity wi^ which 
change of subject matt^ has tak^ pl^e, I will give a f^w 
■ "■examples.'I" . ■■": 

’ It is within my time that power transniission did not 
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exist. The electrical engfineer of that day, in one group 
was' concerned wi'th the intricacies of direct-current com¬ 
mutation or with the then still unsuccessful endea'vor to 
produce an electric motor that would run on alternating 
current, which was at that time a novelty limited to the 
field of electric illumination. In another group he was 
estimating the economic barrier represented by the cost of 
2-wire metalhc circui'ts for telephones, and cogitating 
whether the priority which telephones shared with the 
telegraph in the exclusive use of circuits of a single wire 
with increasingly noisy ground returns was worth the 
expensive legal fight its preservation was forcing upon 
him. In another field the coherer was unconscious of 
vacuum tube that was to follow. 

Mechanical engineers in their sphere burned midnight 
oil developing a reciprocating steam engine that would 
run at a speed high enough for the direct driving of electric 
generators, in order to make possible the elimination of the 
grave disadvantages of the ubiquitous leather belt. The 
successful internal combustion engine and a useful steam 
turbine had not been bom. 

I could go on, but tmst that I have indicated that the 
progress of the engineering art in the past already has 
demonstrated the folly of attempting to forecast in the 
electrical field alone what will occupy the electrical engi¬ 
neer of 150 years hence. 

It is possible that I already have gone far enough to 
have suggested what it actually is that constitutes the 
practice of the engineering profession and sets it apart 
from the other learned professions. The answer is: it is 
not what the engineer does, but how he does it! Not 
what the engineer’s occupation is, but the intellectual 
processes by which he attacks that occupation. 

In other words the method of engineers rather tliati then- 
occupation is the characteristic of the engineering profes¬ 
sion. Method is the common denominator of all engi¬ 
neers. While the subject matter of engineering unquestion¬ 
ably will continue to change in the future, not so with the 
method of engineering. It is certain that the engineer of 
the future will be using the present method 150 years 
hence, even if no prescience is capable of forecasting to 

what occupations that method will be applied. 

What is this remarkable method that has changed the 
nature of the world? As is well known, it is the method of 
science—that process of reasoning based upon observed 
data and working hypothesis which, by inductive and 
deductive procedure and experiment, arrives at new 
knowledge. 

It must be pointed out that, except where their qualities 
are combined, the engineer and the scientist are not the 
same person, however much they use the same method. 
Their objectives are different. Many attempts have been 
made to define engineering, and engineers do not agree on 
any one definition; but a definition I worked out some 
yearsngo seems to stand the test of criticism and of per¬ 
spective. It is as follows: Engineering is the art of the 

economic application of science to social purposes. 

Being an art, engineering thrives on repetition. It de¬ 
velops skill and it develops style. The second and third 
power plants that an engineer builds are likely to be better 


than the first, although there may not have been intro¬ 
duced a single new principle. The scientist, however, 
shuts his mind as far as possible to all human prejudice 
and influence of feeling, save only for the divine fire of 
that imagination which creates the working hypothesis; 
and he learns how to discern truth and new knowledge in a 
study of the order of nature. 

The engineer, by the same intellectual processes as the 
scientist, applies that new knowledge to social service. 
The essential difference between the scientist and the 
engineer lies in the economic involvement of the engineer’s 
work. In this hot crucible of the economic test all that 
an engineer does must be tried. To repeat an old saying, 
an engineer is a man who can do ■with one dollar what 
any fool can do with two; and it is in his economic involve¬ 
ment 'that the engineer can rise to some of his greatest 
powers. 

Economics is a sodal, not a physical, science. It em¬ 
braces problems of the human spirit and the behavior of 
man as man; and because the engineer’s art deals with 
dollars and economic relations, he is bound into the great 
business structure of society in a way that the scientist is 
not. Being bound into this structure, he must be a rnan 
among men. He must be able to make his "views prevail. 
He must be able to persuade and to contend. He must 
be able to give blows and to take them. These activities 
do not devolve upon the scientist in his laboratory. To 
the engineer, they are everyday life. 

If an engineer’s training neglects the great human mir¬ 
rors of history and languages, particularly his own lan¬ 
guage; if his mind and heart are not sensible to the great 
social forces of his day and of his community; if he but 
feebly develops the subtle qualities of character that 
make for personality, his career as an engineer is limited, 
no matter how much science he may know. 

If the key to the scientist is thought, the key to the 
engineer is action. Value and utilily are the engineer’s 
criteria, rather than truth, which is thfe criterion of science. 

For "these reasons, as the engineering profession 
developed, the center of education for engineers has been 
shifting more toward the humanities. This is one reason 
for the greater part engineers constantly are playing today 
in the g;reat r61es of life. But while the humanities are of 
profound and increasingly recognized importance in the 
arch of an engineer s education, its keystone always will 
bescience. 

Not all men with an engineering education take up the 
practice of engineering. It is significant how many are 
drawn off into the field of organization and other fields, 
where the engineering method of approach to problems 
and the engineering point of view introduce fermenting 
leaven into many of the processes of traditional business 
procedure. Partly for this and for other re^ons, engi¬ 
neering h^ become the cornerstone of industry. In the 
precipitations of relationships brought about by big 
business and mass production, the function of manage¬ 
ment has fallen very largely to the mgine^. 

In the field of managemmit, involving the play of the 
human spirit at its best and at its worst, where, particu¬ 
larly in labor relations, generosity, loyalty, and independ- 
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ence are manifest as well as passion, ignorance, and vanity, 
the engineer s capacity for organization, leadership, anA 
S3^^p9-thy has rare opportunities. Even in these days 
which we often think to be so far advanced, the sway of 
prejudice and of certain kinds of superstition is still pro¬ 
found. It awaits the light of reason and human under¬ 
standing. 

Executions for witchcraft were once a common part of 
everyday life. At the time when Salem shocked the colo¬ 
nies by a series of 19 such executions, literally thousands 
of witchcraft executions every year were carried out in 
Europe. Over a period of 40 years there were 8,000 such 
executions in intelligent Scotland alone. The least un¬ 
usual circumstance or unexplained phenomenon was liable 
to be charged to occult and demoniac causes, and con¬ 
stantly brought the penalty of death by flames upon up¬ 
right and innocent persons or upon individuals who were 
unpopular or politically inconvenient, or who were merely 
intellectually independent. This madness, which had 
spread over most of the civilized world, was dissipated by 
the same great light that founded the engineering pro¬ 
fession. About that time the dawn of the scientific 
method began to shed its beams of intelligence into the 
darkness of human prejudice. The results it accomp¬ 
lished in the social sphere through the dissipation of super¬ 
stition, although overshadowed by the results in the sphere 
of the material world, have been of unmeasurable im¬ 
portance. 

The social sphere today is still a field that needs the 
light, a field in which the engineer with his training and 
point of view has open to him doors of rare opportunity. 
While not as sinister as the witchcraft problems, there are 
problems of prejudice in our social field that are, like 
witchcraft, based upon distrust and ignorance—^problems 
that act as a brake on industry and separate man from 
man. 

While I have dwelt upon the essentially economic char¬ 
acter of the engineer’s field and the social service rendered 
by him in the cultivation of that field, such social service 
is an indirect one, effected by his function rather than by 
a disinterested will to serve. For performing his function 
he receives compensation, and therefore it often is urged 
that he is not entitled to personal credit for social service, 
since he is paid for it. In the case of certain engineers, 
there is much weight in this criticism. It also is urged 
that much of an engineer’s work comes under the head of 
business for which the professional status cannot be 
claimed, and that the only really professional engineer is 
the consulting engineer; who, it must be admitted, is 
usually an ornament to the profession and perhaps more 
m -nftrinns of a professional responsibility than many of 
his fellow engineers. 

Similar questions have beset the older professions; and 
they have been worked out in a tolerably satisfactory way. 
No lawyer considers it a reflection, especially an am¬ 
bitious young la’svyer in a country district, to be referred 
to as conducting a law business; nor does a lawyer con¬ 
sider that he is not a member of the legal profession if he 
accepts an a nnual salary from a corporation for continuous 
service. Equally unaffected as to his professional status 
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is the physician who works for a salary as 
from fees for general practice. 

The essence of the professional status lies in the moral 
obligation involved in the act of professing. This act is 
always personal; and it is in the engineer’s personal rela¬ 
tions to his fellows and to society and the obligations therein 
involved, wholly over and beyond obligations for which 
he fe compensated, that his professional status resides. 

These moral obligations are the reasons why such 
particular weight is put upon character and integrity by 
the boards of examiners of the great national engineering 
societies before admitting to membership, and why viola¬ 
tions of professional ethics rather than failures in profes¬ 
sional competence have been practically the only grounds 
on which expulsions from these societies have been 
based. 

Turning to the older professions for our models, we find 
that questions of person^ obligation to fellows and to 
society constitute the very foundation of the professional 
conception. In these older professions the engineering 
profession has noble examples of the practice of obliga¬ 
tions that are self-assumed and disinterested. The 
medical profession has its Hippocratic oath peculiarly 
pledging its novitiates to the service of mankind, irrespec¬ 
tive of compensation. The legal profession, in its defense 
of penniless drfendants and the vast amount of uncom¬ 
pensated service it renders to the courts and to the public 
as an arm of the law, illustrates its conception of profes¬ 
sional service outside the field of compensation. As to 
the clergy, its objective is exclusively social, and its devo¬ 
tion is unmeasured by compensation. 

Engineers themselves have been the first to recognize 
obligations that inhere in a growing consciousness of the 
professional status. Their great societies have been cre¬ 
ated not merely for self-education and intellectual de¬ 
velopment, but to give expression, in their rdations with 
each other, with other professions, and with the public, to 
a desire for a standard of phonal relations and for the 
recognition of obligations, beyond those which are pecuni¬ 
ary. Just as the peculiar equipment of the clergyman, the 
lawyer, and the physician gives him a peculiar power and 
authority when disinterestedly devoted to social better¬ 
ment, so does the equipment of the engineer. 

The engineer today finds himself in a pivotal position in 
industry, intermediate between capital and labor, with the 
problems of both of which he deals intimately and is in a 
position to understand, interpret, and judge. In conse¬ 
quence, there is offered to him entirely in addition to the 
service he performs through his engineering function, an 
opportunity for social service through his professional and 
personal status whichy if he rightly conceives and seizes it, 
gives Tiitn a strategic advantage to render social service, 
which at this moment, the representatives of the older 
professions do not possess. 

Is it too much to hope that with an enlightened method 
of approach and the habit of factual investigation which 
are the intellectual birthrights of the engineer, his increas¬ 
ing participation in management may bring to the solution 
of some of the social problems of industry a prejudice¬ 
dissolving light ? Such a light is capable of showing the 
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path to a new happiness in work, in which there is a recom¬ 
pense greater than all wages—^joy in the act of creation. 
If there could come about a spirit of reciprocal confidence 
on the part of all elements, we could not fail to see in¬ 
creased production and increased leisure go hand in hand, 
securing those satisfactions deep in the consciousness of 
all Americans, which the immortal Declaration of Inde¬ 
pendence describes as the inalienable rights of life, liberty, 
and the pmsuit of happiness. 


To seize these opportunities for social service necessarily 
involves a demand upon the souls of engineers as well as 
upon their minds, which will be a test of their love of their 
fdlow man. It is a case of noblesse oblige. Every engi¬ 
neer certaintly will have some occasion for meeting this 
test. When and as often as the test shall come, may none 
ever ask, in the words of Cain, '‘Am I my brother’s 
keeper?” unless he already has resolved in his heart the in¬ 
tention to answer ‘T am.” 


Our Sons Specialize 

But most scholars and industrial leaders consider a foundation in science and 
the humanities more valuable to the engineer than specialized technical training 

By GILBERT E. DOAN 


T he engineer’s influence in modern society may be 
pictured by considering him as an energetic sur¬ 
geon operating in a large and effective way upon 
the social organism. He is skilled in the use of instru¬ 
ments, but generally quite ignorant and unconcerned about 
the nerves and endurance of his suffering patient. His 
one-sided interest in tools and techniques begins in the 
engineering college where his teachers are content if he 
learns technology. Later, when he comes to apply the 
knife of modem science to the vitals of society, does he 
inflict needless pain? Does he suffer too? But can it 
truly be said that the average ^gineering graduate is un¬ 
educated? The academic-minded scholars may say he is, 
but that proves nothing. These scholars have forced a 
liberal education upon our physicians and lawyers. After 
all, the captains of industry employ the engineers. They 
might tell what training leads to long-range success. What 
do they say about our modem engmeering education? 

These leaders are keenly aware of the many strong fea¬ 
tures of engineering, but they condemn the narrowness of 
the present system in no uncertain terms. As men of 
vision as well as men of practical affairs they preach the 
same doctrine as the scholars: “Get the humanities and 
the foundations of science, but don’t get technology. 
Industry will teach the man its technologic methods 
quickly enough. But industry cannot undertake to give 
him a liberal education or a soimd scientific background if 
he comes yritiiout these.” 

What is this ii^o w traming that the ^gineering schools 


give their students? A survey of representative engineer¬ 
ing schools, conducted several years ago by the Society 
for the Promotion of Engineering Education, shows that 
the student in these schools received 30 per cent of his 
credits in basic science, 60 per cent in technology, and 10 
to 16 per cent in subjects that can be called broadening 
or cultural—a little English, a taste of a foreign language, 
a bit of economics. A report published by the SPEE 
this year shows that the situation remains essentially un¬ 
changed. Evidently the student gets a good foundation 
in science and technology, but very little else. This evi¬ 
dence does not contradict the indtxstralist’s charge.’” 

But the 10 to 16 per cent of liberalism may be mis¬ 
leading. Perhaps the spirU of the engineering school is 
broad and liberal as it was in Germany before Hitler. It 
could be, but 20 years of experience in and out of such in¬ 
stitutions both here and abroad seems to indicate that the 
American curriculum is not misleading. It tmly repre¬ 
sent the student’s preparation for life. In spirit as in 
subject matter the typical engineering education offered 
in this country, possibly with a few exceptions, is essen¬ 
tially the same narrowly specialized schooling, iuvolving 
for many fine boys the same spirit-stifling ordeal, the 
same growth-stunting regime today that it did wh^ these 
industrialists were students. In fact, with the rapid ad¬ 
vance of technology into new fields less room is left in the 
curriculum for the humanities than there was 36 years ago. 
The social upheaval of the thuties resulted in a measure of 
soul-searching on the part of engineering faculties, but so 
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far it has led to little effective action. 

Fresh out of high school the boy comes to college eager 
as boys are for a deeper understanding of the big things of 
life. He trusts his college to know what industry wants 
him to learn and to steer him wisely—a sacred trust if ever 
there was one. Enrolled as a freshman engineer he faces 
a stiff schedule of chemistry, physics, mathematics, and 
drawing. From 3 to 5 afternoons a week in the laboratory 
accompany them. He sees that he must shut out every¬ 
thing but science from his serious attention or fail his 
courses. In his sophomore year the intensity of specializa¬ 
tion increases. The humanism encouraged in him at high 
school is effectively submerged. His budding intellect 
passes through a desiccating desert of abstract science— 
science which furthermore, so far as he can see at the time, 
has little significance for his chosen special field of engineer¬ 
ing. For his vacations he gets practical experience by 
working in an industrial plant, and in his junior or senior 
year a little economics. That is all. His course contains 
60 per cent of technology, including much semivocational 
training. Rapidly his broader interests atrophy under 
this pressure. Human problems become extraneous to his 
chief concerns, pale into unreality and vanish from his ken. 
If you want to see the result try reading a college magazine 
published by engineering students or talking to them about 
social security. The student is so busy learning new 
techniques that he has no leisure left for contemplating the 
significance of an 3 rthing in college or out of it. He has no 
contact with history, biology, or philosophy. 

As a result of this diet the most stimulating intellectual 
adventure that many a boy can remember at college is the 
fraternity “bull-session” prolonged into the wee hours of 
the morning. Here such vital topics as success, religion, 
morals, and marriage are discussed. If one boy in such a 
group were soundly informed on these subjects the dis¬ 
cussion might be enlightening, but the engineering student 
must rely on casual heresay for the answers to humanistic 
problems, and the interests which such sessions stir in him 
are next day stifled. 

Is this sacrifice of breadth in the bo}^’ education justi¬ 
fied? Fifteen years after these students have left their 
attrin mater we expect to find them practicing engineering. 
Actually, less than 50 per cent of them are. Even the 
more successful of the engineering, group are in positions 
where the managerial and administrative problems com¬ 
pletely overshadow the technical. The farther these en¬ 
gineers advance, the less is the relative value of their tech¬ 
nical training and the greater would be the benefit of a 
liberal education. Is the sacrifice justified for the boys of 
either group? 

We have always believed that the “mental discipline” 
acquired in engineering studies will make men keener 
analysts in all the other problems they will meet. Many 
engineering educators still preach that doctrine. They 
don’t realize, that p^chologists long since have shown that 
“mental discipline” is at best only partially transferable 
from one field of knowledge to another. Does your train¬ 
ing in calculus, for ex^ple, enable you to grasp the roots 
of a labor situation one whit more surely than you could 
without it? No. We am compdled to accept what the 
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scholars have long maintained: The engineer’s schooling 
is of minor value in the advanced stages of his career and 
of even less value in his private life. Engineers we cer¬ 
tainly must have, but must there be a lack of cultural 
balance in their preparation? If they are uneducated, ha -s 
the college kept faith with the boys? 

Even in the truly professional group a chfimirgl engi¬ 
neer will find himself employed in the production of electric 
power, while a civil engineer manages a group of metal¬ 
lurgical furnaces. The conclusion will not down: The in¬ 
vestment of undergraduate time in specialization is unwise. 

Thus it is not the study of science that prevents our 
engineering students from getting a balanced preparation 
for life. It is the crowding out of an education by semi¬ 
vocational training. This overemphasis goes on in spite 
of the fact that industries can and do give vocational 
training to the graduates they select and do it better than 
the colleges. 

Why, then, is the student given courses of this kind at 
college? In the first place the student gets them because 
his parents want him equipped to earn a better living, and 
they believe specialization is the best preparation. Hav¬ 
ing, in the majority of cases, no college esqperience of their 
own, they seek out the shortcuts offered by schools giving 
the earliest and most intensive specialization. In the 
second place the director of a student’s curriculum is 
usually an engineering graduate and his own training was 
largely of this specialized kind. Specialties seem to the 
director essential to an engineering curriculum. They 
give it distinction, differentiate it from the indefinite 
“arts” curriculum. If it were too much Hke other cur¬ 
ricula it might indicate lack of faith in the value of the 
special field. Certainly it would attract fewer students. 
Finally, the student gets the specialized course because he 
wants it. He can see what it did for the professor. It 
promises to prepare him for a definite career, which is 
more than “philosophy” promises. He hears there are 
good jobs open in that field. He likes the label, too. It 
has a ring of modernity that history and biology lack. 
Look at the e:!q)ensive laboratory equipmait used in the 
cousel That is what his high tuition buys. He should 
get all of it he can while the opportunity lasts. The en¬ 
rollment for the course will be large, the students pleased 
with their opportunity and eager. What attitude could 
more surely warm the heart of a professor? 

But don’t the boy and his parents know that industrial 
leaders as well as sdiolars disapprove of specialized courses 
for undergraduates, that they consider a foundation in 
science and the humanities far more valuable than tech¬ 
nical training? The answer is “no.” They think that at 
least industrial leaders would strongly approve. Don’t 
they know that at graduation the boy will take the best job 
offered, whether it is in his specially chosen field or not, 
and that the chances are several to one that it will not be? 

When the subject of engineering sdiool curricula is 
studied broadly, as was done in 1926—29 by the Society for 
the Promotion of Engineering Education, the need for 
liberalization is unanimously acknowledged. The so¬ 
ciety recouimends that the proportion of liberal subjects 
be increased from 13 to 17 per cent. What have the eri^- 
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neering educators done about this recommendation, in¬ 
adequate as it is? The report was read, no doubt, by the 
president of each institution and passed on to the cur¬ 
riculum directors with recommendation that it be perused 
thoughtfully. Each director will agree half-heartedly 
that liberalization probably is desirable, but always in 
another department, not in his own. The director of civil 
ragineering will feel strongly that the electrical-engineer¬ 
ing curriculum should be liberalized by dropping special¬ 
ized courses, but that with civil engineering it is different. 
Perhaps as a concession to appearance a course in “rail¬ 
roads and terminals” would be moved from the “required” 
list and made “optional” with one in economics. He 
dosen’t think “arts” courses are worth much anyway. 
He never felt the lack of them. The report gets as much 
action as the 1923 Carnegie report on professionalism in 
college football, although for a different reason. Our 
question “Why does the student not get the kind of educa¬ 
tion the industrial leaders and the scholars say he should 
have?” has now been answered; parents seek speculative 
shortcuts. The engineering educators are steeped in 
their own tradition, and that tradition is not liberal. 
Perennially the scholars have said engineering education 
was wrong from the idealistic standpoint. The industrial 
leaders now find it wrong from a practical standpoint. 

The teachers of engineering are a group of sincere and 
capable men. Many have made noteworthy contributions 
to the technical aspects of engineering. But the price 
they paid was a life of narrow devotion. Only the ex¬ 
ceptional man escapes the restricted outlook thus entailed. 
Their chief fault, ff it be one, is this intense devotion to 
tteir own field and their undeveloped vision, often amount¬ 
ing to partial blindness in other fields. Usually they are 
not concerned with the broader problems of industry. 

In many cases it is their sincere belief that industry 
prefers men with a maximum of technical training, whether 
they are sotmdly educated or not. Thus even the changes 
that the farsighted leaders of engineering education agree 
upon in tins direction do not receive very wide adoption. 

Do the alumni who invested in these technical special¬ 
ties at college later criticize their alma mater or feel re¬ 
sentment at the faculties which trained them so narrowly? 
Gerierally not. The alumnus enjoyed the prospect of an 
engfineering career and the sincere enthusiasm of his 
teachers for their subjects. He saw the practical useful¬ 
ness of the studies he pursued—even if they never were 
useful to hirn. When he left engineering he did so of his 
own free will. He had bettered himself by so doing 
Anyway, college had been fun. “If I had it to do again I 
would take the same course” says the engineering graduate 
who has become a nontechnical executive. But you must 
note that the liberal-arts graduate who holds a simiTgf job 
says exactly the same thing. One cannot expect him veiy 
ardently to long for what he doesn’t understand. Few 
men regret what they did in a period of life which on the 
whole they enjoyed; few will bewail a defiaency they 
have later partly overcome. Most of the highly success¬ 
ful graduate are too busy and too tolerant to try to in- 
fiuence the educational policies of their alma maters. 

This unsound state of affairs in the education of 50,000 
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bright boys a year should not continue. The preparation 
of engineering students should attain the standard agreed 
upon by both scholars and leaders of industry. And I 
believe it will. An adequate grounding can be achieved 
in 4 years. Most of the engineering specialties will have 
to be eliminated. To those who want them, specialties 
will be available in a fifth year. 

Equally important, the attitude of engineering educators 
toward liberal education must change, for they hold the 
boy’s complete confidence. What they tell him in these 
matters he accepts and will continue to accept as final 
truth. There is some evidence recently that their atti¬ 
tude may change but new and attractive fields of special 
technology are constantly being developed and parents 
and their sons will for some time continue to seek them as 
speculative shortcuts to success. So long as they are 
willing to pay the price the temptation to meet their 
wishes, however unwise, is great. The scientific founda¬ 
tion of the student’s education will be preserved and aug¬ 
mented. But the capable graduate of the new type will 
have been prepared to act wisely in a broader sphere of 
affairs. When a labor crisis arises out of the use of one of 
his labor-saving machines, for example, his background of 
history, and perhaps psychology, will enable him to see 
the industrial situation in a clearer perspective. When a 
social security program is proposed, perhaps by thought¬ 
less politicians, he will be able to understand at least the 
basic biological significance as well as the fundamental 
economic implications bound up in it for the future of the 
human race. He will have a right conception of the ends 
of life. Such vital questions as women in industry, the 
liberty of the individual in society, and crime will present 
themselves to him not as simple problems, it is true, but 
as matters resolvable into their component parts in the 
broad light of the great fundamentals of biology, eco¬ 
nomics, and history. He will be competent to see his 
engineering activities in their proper background and 
perspective, that is, he will be an educated man and not 
merely a technician. 

Certain superiorities inherent in engineering education 
itill certainly be preserved in the new version. Engineer¬ 
ing education is professional education; it is puiposeful 
and definite. In its liberalized form it will continue to 
supply dyn^ic and purposeful motivation to the student. 
Though this focus of his mind he will integrate the liberal¬ 
izing and humanistic studies which must accompany pro¬ 
fessional training. 

The fa^ts of the present engineering education are not 
inherent in it. They can be eliminated without sacrifice 
and with great gain. Let one first-class college cut 
though the meshes of its illiberal traditions and the inertia 
of Its vested int^ests. Let it frankly and wholeheartedly 
abandon the training of technicians in behalf of the educa¬ 
tion of engineers. Such a college need not fear for its 
future. To it will inevitably be attracted both a faculty to 
provide sympa-thetic administration of its program and a 
student body capable of profiting thereby. They will 
come from the better backgrounds where engineering 
education is now increasingly condemned. But the first 

step must be to set up a sound and attractive program. 
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Physics and the Engineering Curriculum 

^^Instruction in physics has been not only the mother oF engineering/ but For the 
Future must be the heart oF its instruction—its guide, philosopher, and Friend^^ 


By O. W. ESHBACH 

FELLOW AIEE 


E ngineering was originally the despised child of 
science. At the time of its birth, which occurred 
in a period of invention, it was not very welcome. 
In the second stage of its development, that of curriculum 
building which followed through a concurrent period of 
commercialization of inventions, many mistakes were 
made; and now since the beginning of the twentieth cen¬ 
tury, when it has been accepted the tremendous develop¬ 
ment of new ideas brought about by research in both col¬ 
leges and industry have so swamped the all-inclusive ef¬ 
forts of curriculum builders that there is a threat of filial 
ingratitude. No matter how great the pressures are to 
limit time devoted to this instruction, it seems to be a 
false step to subordinate the importance of instruction in 
physics and likewise its financial support. 

In recent literature on engineering education 3 ideas 
predominate as possible ways out. The first is, instruc¬ 
tion should be more fundamental; second, the curriculum 
should be longer; and third, graduate study must be de¬ 
veloped. All are in progress. This contribution, if it may 
be so graced, is a plea for the effective use of time, and it 
is in this relationship that instruction in physics is dis¬ 
cussed. The simile for this thesis is taken from the field of 
electric traction, the speed-time curve. The principle is 
physical, common, and simple—^the speed at which one 
travels determines the distance one can go in a given time 
and also the time to go a given distance. 

Effective instruction in physics determines the quality 
and tempo of engineering teac hin g. Two of the important 
portions of a speed-time curve are the periods of accelera¬ 
tion and the portion when, after the ma x imu m accelerat¬ 
ing force has been applied, the motor operates in accord 
with its own characteristic. The peak velocity it will 
reach in a given time, operating on this characteristic, 
is affected by its rate of acceleration. Likewise, the stimu¬ 
lation given during the first 2 years of an engineering cur¬ 
riculum win be the determining factor in the speed of 
comprehension and effectiveness of learning of students 
during the latter part of their courses when, to a large 
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extent, tbeir own characteristics should determine the 
dim ensions of their education. 

This truth is axiomatic, but what most educators would 
IjVe to kn ow is how to do it. Some have attempted, with 
success, to crowd the maxi mum of mathematics into the 
freshman year, thus forming the background for a more 
effective study of physics in the second year. Those who 
have tried to introduce physics during the first year have 
found the necessity of continuing the instruction through 
the sophomore year. In either case it becomes perfectly 
obvious that a knowledge of mathematics and how to get 
it soon enough are 2 of the principal problems involved. 
The solution would seem to lie in an effort at integrating 
the early instruction in both physics and mathematics, 
limiting the instruction in early years to those new con¬ 
cepts in each field which are basic to the imderstanding, 
and early introduction of instruction in the several pro¬ 
fessional branches of engineering. To stop with the mere 
organization of instruction along these lines is insufiGLcient. 
It is just as important that a procedure be made for stimu¬ 
lating teaching through a stimulating environmeilt of 
adequate physical facilities. And to stop there is insuf¬ 
ficient, because it would merely relegate physics to a sub¬ 
ordinate influence in the professional thinking of students 
in later years. It would seem necessary to continue more 
advanced instruction through the junior and senior years. 

This probably would mean the elimination of some of 
the specialized courses or options in the professional 
branches. The loss would not be serious, however, if time 
were saved by allocating everything that properly belongs 
in physics to that department. If such a procedure were 
attempted, it could only be accomplished through a cot 
operative effort on the part of the teachers of physics, 
mathematics, and engineering, which I believe would 
have to result in the scrapping of much of our standard 
text material, the development of a new technique of 
teaching, and a more advanced approach to the applica¬ 
tions of science to engineering practice. An attempt in 
this direction would bring about an early development of 
intellectual capacity, a much greater speed of learning, 
the acquisition of more knowledge in the present 4-year 
period, and ultimately a more competent and better- 
educated professional body. 

There are many weaknesses in our present sitnation. 
First, there is a failure to capitalize the interest which has 
led the most promising freshmen to select engine.ering as 

a career. This could be accomplished by an early mtrp- 

duction to physical concepts through the familiar types of 
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engineering apparatus, giving both exactness of concept 
and quantitative approach. Because of large numbers of 
freshmen and inadequate facilities both in laboratories 
and teaching staffs there is not the personal contact with 
individual students which could be used for guidance and 
stimulation in a period now one of the most discouraging 
in a college student’s career. In short, the physics de¬ 
partment may be the first vocational guidance agency of 
the college. 

Second, as instruction in engineering is now organized, 
it too often lacks co-ordination with physics, which often 
results in duplication of effort; While repetition is a good 
thing, it does not seem reasonable to a student that a 
curriculum frequently should require instruction in exactly 
the same subjects at exactly the same time, in 2 different 
departments. Co-ordination can be accomplished only by 
sympathetic understanding and willingness on the part of 
the faculties of both groups, not only to get together 
occasionally, but through faculty meetings of each group 
to meet regularly. 

The problem of the physics department of engineering 
schools may be regarded as embracing 3 general objectives: 

1. To instruct undergraduates in those principles of physical 
science which are essential to an understanding of 
practice, and develop an appreciation of the relationships in these 
fields which will encourage the further development of their applica¬ 
tion. 

2. To develop physicists, in addition to engineers, who will be able 
to carry on the future work in education and research which this 
important branch of science demands. 

8. To develop in all students, technical or nontechnical, an ap¬ 
preciation of the scope, place, and importance of physical science 
in the modem world. 

Considering the question from the limited view of a 
service function of the physics department should not 
be construed as a lack of appreciation or resentment 
toward glorifying the study of exact science as a plane of 
higher intellectual leamiag, but rather facing the fact that 
much of engineering is synthetic in character and must 
meet compromising and temporizing reactions of economic 
and human forces. Putting it in another way the engineer 
takes a utilitarian or practical attitude toward the study 
and application of physical principles. This fact does not 
alter the selection or determination of what should be 
taught, but is a vital factor in the stimulation derived from 
the way it is taught. 

For example, if one were to examine good textbooks in 
eadi of the several engineering courses and list the physical 
principles involved in the understanding of them, by sum¬ 
marizing the results one would still say, teach mechanics, 
heat, light, sound, and electricity to freshmen and sopho¬ 
mores. These are basic physical phenomena from which 
applications have arisen through innumerable combina¬ 
tions of principles. Further investigation together with 
consultation with the facully of the engineering college 
should hold promise of advantageous adjustments in time 
and emphasis given to the several basic courses, but the 
greatest values are to be obtained from understanding the 
body of en^neering knowledge with a thoroughness that 
makes possible the selection of projects and problems to 


vitalize instruction in fundamental principles. Bluntly 
put, teachers of physics to engineers need to study engi¬ 
neering. 

Another phase of the topic may be emphasized by rather 
sketchy illustrations. Progress in engineering is not sta¬ 
tionary; in fact, it is one of the most swiftly advancing 
professions. With it the body of scientific and engineering 
knowledge has grown to proportions where serious con¬ 
sideration must be given to the time element in under¬ 
graduate education. Whether the situation will result in 
an extension of time or a modification of curricula, with 
greater emphasis on subjects in the field of mathematics 
and pure science, remains to be seen. In the meantime, 
teachers who are preparing engineers for careers 10 or 15 
years hence cannot overlook the changes going on in 
practice and must attempt to anticipate the relative im¬ 
portance of new developments and viewpoints in the field 
of science. This refers more to instruction beyond the 
scope of what in the past has been regarded as the mini¬ 
mum fundamentals. 

For example, in electrical engineering the last student 
generation has been giving increasing attention to the de¬ 
velopment of electronics with accompanjdng interest in the 
understanding of the physical nature of matter. Atomic 
physics, radiation, and high-frequency current phenomena 
are, as a consequence, edging into every curricula; 
in mechanical engineering the orthodox instruction in 
thermodynamic principles and applications is under pres¬ 
sure, and involves better understanding of the phenomena 
of internal energy, heat, and heat transfer and insulation; 
the industry of heating and ventilating and air condition¬ 
ing is in a state of change; design is affected by the de¬ 
velopment of the art of welding; in civil engineering build¬ 
ing materials are changing—the theoretical approach to 
stress analysis and fluid mechanics are viewed with a 
broader technical approach, in which the subjects of di¬ 
mensional analysis and model structures are of increasing 
importance; in aeronautical engineering there is the most 
complicated application of mechanics to structures and 
fluids. All this seems to point to the necessity of greater 
exactness in physical concepts and the importance of 
perspective in dealing with related fields of practice. 

It would seem, therefore, that the objectives of service 
functions of the physics department to the engineers 
should be: first, to teach thoroughly the minimum funda- 
m^tals necessary or prerequisite to beginning engineering 
subjects; and second, to organize the advanced courses 
so as to anticipate future requirements. The balance 
or emphasis given the subject matter must come from a 
knowledge of engineering practice and trends, in which co¬ 
operation with the engineering faculty is essential. 

In closing, there are 2 aspects of the human side of the 
problem which are a part of the service. The first has to 
do with levels of ability and interest and the second with 
flexibility of occupational opportunity. Many students 
would profit by an engineering education; only a portion 
of them, however, will make successful engineers in a 
professional sense, and some never should study ^^neer- 
ing because they have less tiian the niinimum of ability 
required to profit by it. Can physics teachers in their 
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instruction help the engineering division to solve these 
problems? 

Regarding flexibility of opportimity, many engineer 
seem to be restricted in possibility of accomplishment by 
too early specialization, a good deal of which comes from 
a failure to appreciate the scope of application and co¬ 
ordination of technical knowledge in practice. Is it pos¬ 
sible to bring under the influence of an independent de¬ 
partment those subjects of engineering which are elemen¬ 
tary, the co-ordination of which will broaden a student’s 
viewpoint and stimulate his interest and curiosity? If 
there is any justification for such an attempt it would 


sAPm to be in the fact that industry is both a crucible and 
a catalyst for science, where personal opportunity easily 
can be hampered by prematme decisions and prejudices. 
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Use of the Slide Rule for Adding 

By combining its ability to perform addition with its other func¬ 
tions, the usefulness of the slide rule may be greatly increased 

By E. B. FERRELL 


JL S IT commonly is used, the slide rule serves as a set 
XL of tables and as a multiplying device. As the latter 
t \it also is used in performing the inverse operation 
division. By combining the 2 functions one may perform 
such operatioris as division by a sine, or multiplication by 
the square of a tangent. For many users the technique of 
slide rule operation goes no farther than such simple com¬ 
binations. 

By the inclusion of one more concept, however, the 
technique can be extended to include many addition prob¬ 
lems, and a whole new field of usefulness may be opened 
up. The idea may be illustrated by a simple example. 
Suppose 18 and 45 are to be added; this may be written 

18 + 46 » 18 (1-i-46/18) 

This reduces a general addition problem to one involving 
division, multiplication, and a very special addition. 
The division and multiplication can be performed on the 
simple slide rule. The special addition can be performed 
mentally. The only thing remaining is to arrange the 
work conveniently. 

It is hdpful to look upon the problem as a continued 
proportion. A series, 1, n, n -j- 1, is set up such that its 
third term is the sum of the first two. Next any othty 
series is set irp whose terms are proportional to those of the 
first series. Then the second series also satisfies the con¬ 
dition that its third term is the sum of the first two. The 
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setting up of such a continued proportion is one of the 
easiest things to be done on the slide rule. In the num¬ 
bers of the example. 


18 


46 “ 63 


This ability of the slide mle to serve as an adding de¬ 
vice may be combined with its ability to serve as a set of 
tables. Squares and reciprocals may be added. To the 
communication engineer this immediately suggests the 
combining of impedances, either in series or in parallel. 

Suppose the value of the impedance resulting from con¬ 
necting 5 ohms in parallel with ohms is to be computed. 
Since this is a parallel combination, reciprocals are in¬ 
volved. Since it is a vector combination, squares also 
are involved. In particular, a series of 3 numbers, 5, 4, 
and Z, are to be set up such that the squares of their 
reciprocals will form one of those series whose third term 
is the sum of the first two, Npw on the ordinary poly¬ 
phase slide rule, the numbers on the J5-scale are the squares 


Figure 1. Setting 
of the slide rule 
for computing the 
absolute value of 
the combination: 
5 ohms in parallel 
with j4 ohms 
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of the reciprocals of numbers on the C/-scaJe. And num¬ 
bers on the A-scale are proportional to numbers on the J?- 
scale. Therefore, the problem may be solved by reading 
the ni^bem 5,4, and ^ on the CZ-scale so that the squares 
of their reciprocals, on the 5-scale, lie opposite the series 
I, n,n+ 1, on the ^-scale. The face of the sKde rule as 
set up to perfora the required operations is shown dia- 
grammatically in figure 1. The letters at the left of the 
figure are the names of the scales involved. A vertical 
line indicates the alignment of 2 numbers on different 
scales, as may be done with the aid of the runner. The 

(p n ».n + l I Sinnpie 

^ a-►b s ^=a+i> = a( 1 -f- Jb/a) 



Figure 3. Woric sheet showing computations made with a 
slide rule 

voltase V is computed from the constants siven in the circuit 
diasram. Arrows are used to indicate equivalences, and show the 
order in which the operations are performed. The symbol ||, an 
adaptation from elementary geometry, indicates “in parallel with" 

Zi =» 6.00 s 6.00 Z0“ 



II. Resistances in Parallel 

(p n b 


(p 


a -f h 1 + /)/a 
I III. Vectors In Series 

Z = = ^Vl + X*/R^ 


Ba I 
fii 
O 

A 
6 
O 

A 

8 
C 

A 
B 
Cl 


9 


;n-i-| IV. Vectors in Parallel 
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+ -V* “ VT -I- xyR» 

V. Series-Parallel Transformation 

RiRp ~ XgXj) = 2 ^ 

Find Z by III or IV. 

Find Rp and Xp or R, and X^ by V. 

VI. Vector Approximation 
Z= V> + X» = /?-|-A 

A — XV2/? if /? > 3;^ 

VII. Resonance 
0.0253 

L “ 1/f* 


Figure 2. Diagrams showing some of the operations that 
may be performed with a slide rule 


circle encloses the number first used and the arrows lead 
to tlie various numbers of the problem in the order in 

whi^ they are used. No explicit use is made of the num¬ 
ber /s on the C-scale, or the number (Vs)** on the 5-scale 
In undertaking to apply this extended technique to 
various problems, there are several possible ways of per- 
orming the actual operations—^just as there are several 
ways of performing a simple multipHcation. The particu¬ 
lar arrangement chosen for. the last example, while good 
for purposes of illustrating the principle, has 2 disad- 
yaritag^ from the operating viewpoint. The result ap¬ 
peared on the slide, where it could not be used directly 
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Z, = 6.00 + /5.00 — 7.81 Z-1-39.8“ 10.171 -f/12.20 

_ - / 4.00 

Z, = 2.59 - /4.43 5.14 Z -59.6“ 10.17 | - / 5.95 

2.00 -I- / 3.00 

Z 4 - 4.59 — J 1,43 -*• 4.81 Z —17.3“ 

„ 1 X 5.14 X 6.00 

^ -^0“ - (-17.3“) -f (-59.6“) - 


4.81 X 7.81 
= 0.820 Z -82.1 


(-1-39.8“) + O' 


for subsequent operations. The arrangement involves the 
use of the C7-scale which does not appear on the simple 
Mannheim rule. 

The set of diagrams in figure 2 shows convenient meth¬ 
ods of performing a few of the operations that may be of 
interest to the communication engineer. In some of these 
operations the slide, instead of the runner, is shifted. 
Successive positions of the movable scale are indicated by 
subscripts. It may be noted that only a single shift of 
either the runner or the slide, but not of both, is required 
to complete most of the operations indicated. 

Nothing has been said about the location of the 
point. Rigorous rules for this are both compHcated and 
unnecess^. In vector work more help will be obtained 
from a visualization of the vector triangle. 

No mention h^ been made of the phase angle. Un¬ 
fortunately the trigonometric scales of the Mannheim rule 
am not located conveniently for inclusion in the technique 
described. Fortunately the angle itself is often not of 
great importance. When needed it can be found by a 
mp^ate simple operation. But it may be noted that the 
“w” in either of the vector operations is the reciprocal of 
the tangent of the angle. If at the start the index always 
IS set over the smaller of the 2 vectors, then only the addi¬ 
tion of an inverted tangent scale on the face of the slide 
is required to make a full-fledged vector slide rule out of the 
simple Mannheim rule. The first decade of this scale is 
sufficient for most purposes. 

In preparing this discussion the objective has been not 
the presentation of a new formula or a, new trick, to be 
forgotten as easily as learned, but the encouragement' of a 
viewpoint that would lead to wdder and more satisfactory 
use of the simple slide rule. 
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Protective Multiple Earthing in England 

From the results of an investigation conducted in 4 typical villages 
in England, recommendations for improving the protective earthing 
(grounding) of rural electric circuits in that country have been made 


I NVESTIGATIONS to ascertain to what extent con¬ 
sumers of electricity in rural areas of England are 
protected from risk of shock with methods of earthing 
at present in use, and what changes in practice might be 
desirable, with special reference to “protective multiple 
earthing," were reported in a paper by H. G. Taylor en¬ 
titled “The Use of Protective Multiple Earthing and 
Earth-Leakage Circuit Breakers in Rural Areas" which 
was read before The (British) Institution of Electrical 
Engineers, April 14, 1937. The term “protective mul¬ 
tiple earthing" as used here means the connection to earth 
of the neutral conductor at some or aU consumers’ prem¬ 
ises and the connection of metal frameworks to the neu¬ 
tral, using a separate insulated earth-continuity conduc¬ 
tor that is run through the house and connected to all 
metal-work of appliances, to a separate earth, and to the 
neutral service conductor on the service side of the fuses 
at the meter board. 

The investigations show that present safeguards are 
inadequate. Recommendations are made which it is 
believed will lead to material improvement, but further 
experience and experiment are said to be necessary be¬ 
fore the matter can be put on an entirely satisfactory 
footing. Figures 1 to 4, reproduced from figures 1, 2, 3, 
and 10, respectively, of the paper, give some of the prin¬ 
cipal results. 

It has been realized for some time that in rural areas 
fed by overhead lines where no water mains exist the pro¬ 


tection afforded by “ordinary earthing" is not entirely 
satisfactory. With this in mind an investigation was 
undertaken by the British Electrical and Allied Indus¬ 
tries Research Association with a view to finding means 
for improving the situation. Alternative methods of 
protection are provided by earth-leakage circuit breakers, 
or the use of the neutral to carry the fault current. This 
latter method, known throughout the paper as “protective 
multiple earthing" is subject to the disadvantage that the 
frameworks of apparatus connected to the neutral rise 
to the same voltage above earth as the neutral conductor. 
It was found from fidd tests, however, that the voltage 
rise of the neutral did not exceed a value dangerous to 
human beings under normal operation, and that even 
animals would be protected if the statutory voltage drop 
were not exceeded. No interference with the satisfactory 
working of the tdephone system was observed dining any 
of the tests. 

Other possible sources of trouble due to the use of the 
protective multiple earthing system were considered in 
some detail. An investigation also was made to find the 
tripping voltage of earth-leakage circuit breakers that 
have been in use for a period of about 2 years. 

Conclusions and Recommendations 

The paper condudes with the following major deduc¬ 
tions reaped from the practical tests, condusions re- 


Figure 1. Resistance of earth elec¬ 
trodes at consumers' premises 

In none of the vlllases does a seneral 
system of water mains exist, thoush In 
many cases it was found that consumers 
had a pump which drew water from a 
well in the garden, and these were gen¬ 
erally used for earthing. The value 
was always 10 ohms or less, and the 
figure shows a clear discontinuity in the 
curve at 10 to 15 ohms, between the re¬ 
sistance of pumps, water systems, etc., 
and that of earth rods or plates 
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Figure 2. Percentage of consumers at each of the villages 
where fuses of various sizes cannot be blown 


specting protective multiple earthing in general, and 
recommendations respecting existing and new installations 
and certain proposed conditions which should be com¬ 
plied with before protective multiple earthing is per¬ 
mitted : 

Conclusions ON THE Practical Tests 

1. If the results of measurements made at 4 villages in different 
parts of the country may be regarded as typical, in Vs of the installa¬ 
tions in rural areas fed by overhead networks, where no water mains 
exist, fuses could not clear an earth fault due to an insulation break¬ 
down on electrical appliances. 

2. Tests in an area where the earth resistivity is high have shown 
that earth-leakage circuit breakers, while not in all cases functioning 
at a voltage below the danger limit (ws., 30 volts), have contributed 
materially toward eliminating the risks of electric shock. More¬ 
over, many of the tests were conducted on early types of circuit 
breakers, and with the improved types now available and the de¬ 
velopment of technique there is good reason to expect better results 
in the future. 


village, as the earth for the neutral, instead of attempting to provide 
an earth of low resistance at the substation. 

(c) Making greatm: use of a protective earth wire for interconnect¬ 
ing the metal-work in a group of houses, and joining it to earth at a 
house where a low earth resistance exists. 

8. The effect of multiple earthing of the neutral is to reduce the 
voltage drop in the neutral and earth in parallel to a greater extent 
than would be expected from the change in resistance; at the same 
time the voltage-drop in the phase wire is increased. 

9. Multiple earthing of the neutral does not appreciably improve 
the voltage regulation. 

Conclusions on Protective Multiple Earthing in General 

1. If the connection between the protected metal-work and the 
(insulated) neutral is made only at the meter board, a fracture of the 
neutral wire inside the installation does not represent a hazardous 
condition—^the appliance merely ceases to function. If a fault to 
frame exists, current returns through the neutral wire and the earth- 
continuity conductor in parallel, and entirely through the latter if a 
break in the neutral occurs. As this may constitute a fire hazard if it 
continues fpr any length of time, it is essential that no fuses or 
switches should exist in the neutral. 

2. The voltage rise of protected metal-work in the event of a 
fracture of a neutral service conductor, without the phase wire, is 
determined by the connected load and the earth resistance at the 
consumer's premises. For example, on a 240-volt supply, if the 
resistance is 10 ohms and the load switched on is 1 kw the voltage 
rise is 36; if the resistance is 100 ohms the value is 162 volts. The 
voltage rise is in no case equal to the full supply voltage, which is 
the voltage which may occur on metal-work ineffectively earthed 
m the ordinary way, unless there is no earth at all on the consumer’s 
installation. 

3. In the event of a break in a neutral distributor without the 
phase wire all the metal-work on the system rises to a certain voltage 
with respect to earth, which is determined by the connected load on 
the remote side of the break from the substation, and the resistance 
to earth of the neutral on either side; if the break is near the sub¬ 
station the voltage on the frameworks of appliances connected to 
the sound section of the neutral is higher than that on those connec¬ 
ted to the disconnected section; if the break is nearer the end of the 
distributor than the substation the reverse is the case. From the 
point of vieVr of general danger the worst position for the break if the 
system possesses only a single distributor is at 30 to 40 per cent of the 
distance from the substation to the end of the distributor with a 


3. Tests on protective multiple earthing have shown that the volt- 
age-rise of the neutral with respect to earth under quite abnormal 
conditions of loading does not exceed 30 volts and is therefore not 

dangerous to human beings, though it may be dangerous to animals. 

4. When using protective multiple earthing, immediately prior to 
the blowing of fuses the voltage rise of the neutral at the end of dis¬ 
tributors and near the substation may be 60 volts to earth for a short 
period. 

5. If the statutory limits of voltage variation are adhered to, the 

voltage riM of the neutral will not be dangerous to either Tuitnan 
beings or animals. 

6. The voltages picked up on pilot lines to test earths adjacent to 
power earths were smaller than would be required to produce false 

ringit^ of telephone bells in the e.B.S. No. 1 type of exchange, and 
listening tests on the telephcme lines did not reveal any disturlMmce 

7. Substantial unproyement could be effected in existing installa¬ 
tions using Ihe present method of earthing by— 

(а) Ensuring that an electrode not less than 6 feet long and not less Figure 3. Diagram 

than inch in diameter is always used, and that, if necessary, 2 of connections 
. : :pf earth.|*al«s« 

(б) Making use pi a small water-pipe system; if one exists in the Circuit breaker 
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uniformly loaded and symmetrically earth system. The lower the 
general resistance to earth of the neutral, the less the voltage rise. 

4. Comparing the system of protection by earthing which is at 
present used, with protective multiple earthing, from the point of 
view of shock risk, it is estimated that the latter system is several 
times as safe as the former. 

5. With protective multiple earthing, a line-to-neutral fault on the 
distributor of a 240-volt system would not result in a greater voltage 
than 60 volts on protected raetal-work, provided precautions were 
taken in effecting the earth comiections to ensure that the true neu- 
t ral point is near the load center of the system. 

6. A disadvantage of protective multiple earthing of the neutral 
is that current returning from an earth fault on the phase wire can¬ 
not be distinguished from normal neutral return current. 

7. Existing installations may readily be converted to the protec¬ 
tive multiple earthing system by connecting the earth-continuity 
conductor to the neutral at the meter board and linking across all 
neutral fuses. 

RECOMMEN D.\TION S 

1. That protective multiple earthing be permitted, subject to 
compliance with the conditions laid down below. 

2. That farm installations where animals may come into contact 
with protective metal-work should be treated differently from house 
installation, in view of the greater sensitivity of animals to shock than 
human beings. 

3. Since small water systems frequently occur at farms it is sug¬ 
gested that such installations only continue to be earthed in the 
usual way, provided that the total resistance in the earth circuit at 
any time of the year is low enough to pass 2 Vj times the current 
normally carried by the largest fuse on the installation. If this is 
not possible then earth-leakage circuit breakers should be used on 
each distinct piece of apparatus and all frameworks and metal-work 
in the installations, liable to become aUve, should be protected, 
where there is danger of animals making contact with the metal-work. 
The trip-coils should operate at not more than 16 volts. 

4. If undertakings decide to continue to rely on ordinary earth¬ 
ing, the resistance in the total earth circuit should be such that the 
earth current which wUl flow at any time of the year, in the event 
of an earth fault, wiU be 2 V 2 times the current normally earned by 
the largest fuse in the installation. If this cannot be ensured then 
ordinary earthing should not be relied upon, and protective mul¬ 
tiple earthing or earth-leakage switches should be used. 

5. If earth-leakage circuit breakers are used, care should be tek^ 
to ensure that all metal-work throughout the installation which is 

liable to become alive is protected. 

6. That a British Standard Specification be prepared for earth-leak- 



Flgure 4. Voltage above earth of protected frameworks 
for various values of earth resistance and installed capacity 
when a break occurs in a neutral service conductor 


the substation. Including the substation the ratio of any 2 of these 
resistances should not exceed 4, and the greatest should not exceed 
10 ohms,* and should preferably be considerably less. 

4. Water mai-tic should not be used for earthing at the substation. 

5 An ejuth-continuity conductor should be used throughout each 
installation, and should be connected to the neutral conductor and 
earthing lead at the meter board. ^ 

6 No switch or fuse should be used in the neutral throughout the 
installation, but removable links may be provided for test purposes 
where required. 

7. The resistance of the earth continuity conductor from any ap¬ 
pliance to the meter board should not exceed 0.6 ohm, and ^s 
should be verified in each installation by means of a current of at 
least 10 amperes flowing for 5 minutes, before protective multiple 

earthing is used. 


age circuit breakers. 

7 That greater attention be given, in the construction of all dec- 
trical appliances, to the provision of a higher standard of insulation. 

Proposed Conditions Which Should Be Complied With 
Where Protectivb Multiple Earthing Is Used 

1 The size of the neutral distributor should not be 1^ than ttot 
of the phase wire, and both conductors should preferably not be less 
than 0.06 square inch. 

2 The neutral should be connected to earth at aU consurn^’ ter- 
^linSlSe^h electrode consisting of any water pipes fiat are 

or ^le 6-foot mild-steel rod of not less than ‘A 
diameter or a pipe of 1 inch diameter. The pipe or 
driven as nearly vertically as possible, and the conn^^on to the 
dectrode diould be made above the ground surface so that it may be 

inspected. 

3 The neutral distributors should be connected to earth ^ tte 

L. rf X « 4 per roateepBe, in addition to the earth at 


8. Two separate electrodes should be provided for earthing: (a) 
the high-voltage system neutral point and/or any metd-work re¬ 
lated to the high-voltage system and electneaUy ^arate from lie 
metal-work of the low-voltage system, e.g., the earth wne; ^d (6) 
the low-voltage system neutral point and the metal-work of the low- 
voltage system. These should be so situated that the low-voltage 
earth^^electrode is not within the resistance area of the high-voltage 
earth electrode. If this precaution were not taken, thm a t)re^- 
down on the high-voltage system, causing current to flow though the 
hXvXge ^ electrode, would result in the potential nse o 
Sfugh-vrftBSe earti electrode being connmmcated to 

St^ow-«atage system end aUapptnatus francs ooimectedW 
9 Thedistributionaystemsliotddbesoprotectedtlmtintbeey^^ 

rf c^^tween a plmse rrire mtd neutral at any ^mt n^o^ 

consumer’s terminals the supply would be automatically cut off from 

the defective section. ' ^ ^ . 
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A Review of Radio Interference Investisation 


By F. E. SANFORD 

member aiee 

Development of radiobroadcastine and .. 

been paralleled by development afd ^teW* ^ 
devices that may cause interference with reception Thf 
purpose of this paper is to review several factors Af 

“tflities, who supply sei^e 
to both the radio and many of the interference sourcT^A 
relatively new form of interference effect—eirt*ri^=T ^ 
modulation-is described. In conclusion, a 
drawn to the familiar co-ordination actiitities 
communication lines and electric power systems. 


R adio has advanced from a Httle tnown hobby of IS 
years ago to a pubBely accepted source of entertain- 
merit, news, and education today. Modem re 

hSh frequency coverage and 

fr?i “ elmost phenomenal development 

from toe batteiy-operated sets of 10 years ago, and toe 
crystal sets of a few years previous. 

Self-contained, compact receivers, capable of beinv 
operated without special antenna and ground connections 
have replaced the older sets which required a large cabinet 
miscell^eous connections, and an outside antenna. A 
short piece of wire along the floor or wall for an antenna 
and no connection to a ground post, are features of mini¬ 
mum installation trouble. A connection to the nearest 
electric outlet has replaced the batteries and eliminators. 

Expectancy on the part of listeners for absolutely noise- 
free reception has increased the level of freedom from 
interference expected. In contrast to the thrill of hearing 
a distant station, even if only faintly and between crack- 
hug noises, is today’s immediate annoyance at any snap, 

• ^ reception. This attitude is, 

in itself, highly complimentary to those who have made it 
possible. 


WILLARD WEISE 

nonmember 

tt^ostats, control contactors, etc., which may con- 
tnbute to radio-frequency disturbances. 

High-fi:equency equipment, such as X-ray and toera- 
^ntio apparatus, formerly confined to hospitals, is now 
located m doctors’ and dentists’ offices in every commercial 

Flashing commercial neon signs are common and 

rfatnc precipitators and other industrial devices may con- 
tnbnte to radi^frequency disturbances over a wide area. 

In me majority of cases, interference from these sources 
IS coined to the same building or room, but in other cases 
tte distmbance may be severe enough to carry over elec- 
nc service lines which are common to several buildings 

and reach receivers in the neighborhood. In particular^ 

severe cases, the high frequency has been known to spread 
tti-ough space and over distribution circuits and cause 
mterference ovct an area of several miles radius. 

These conditions summarized briefly are: 

(a) Sensitive, compact a-c receivers with short inside antennas. 

0) A wide band of frequencies to be received and an increasinir 
interest m short-wave foreign broadcasts. 

(c) A more discriminating and widespread g:roup of listeners. 

^ “d in me 

Utility Interest in Interference 


Increase of Interference Sources 

In mis same period, development and increase in use of 
electrical appliances has paralleled radio development. 
Along with lights mere are now in the same homes wim 
radio receivers, one or more of me new appliances—elec¬ 
tric refrigerators, mixers, cleaners, blowers on heating and 
coohng systems, oil igi] iters, stokers on furnaces, and now 
even electric razors. These devices employ motors, 

**** committee on com- 

August 17, *1037. ^ submitted July 23, 1937; released for publication 

piny; CiSSSti® engineer for the Cincinnati Gas & Electric Com¬ 

pany, Mncinnab, Ohio; WitLAnoWBiSB is employed by the same company. 

w**t*^*^ 5***'* JE® acknowledge the assistance given by W T Wuest and 

n«lio WbUoim, saperviror. of CincliiBati 

co-operation which has Crosley Radio Corporation, for 

operation which has led to a practical application of the co-ordination idea. 
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ElecMc distribution equipment of the utilities was 
ongmaUy one of me principal causes of radio interference 
Loose connections at cutouts, taps and terminals, and 
aremg at msulators and to grounds, were me principal 
caus^ ^countered. Tests, inspections, laboratory re- 
search, d^ipi changes, and maintenance have, in general, 
removed this source as a widespread cause, but cases of 
loose and corroded connections and faulty equipment still 
occur oftm enough to require investigation of complaints. 
Inv^tiga.tion on me lines has now been largely reduced to 
locating mdividual cases of breakdown and repairing or 
replacing of defective parts. * 

mterference carried by distribution lines, service wires 
and mside wiring, is of more importance now, partly be¬ 
cause It IS not so easfly eliminated. Some of me inter- 
^ence from appliances is directly transmitted, but in 
om^ cases electric circuits serve to cany it. The prin- 
apal rdle of me electric circuits is shifted from that of 
dir-ect influence or cause to me field of carrier or coupling 

Investigation of radio interference complaints has gen- 

^^y been taken care of by me pubHc utiUties, in me 
United Stat^. This ramer Uberal poHcy has been a 
gradual development and may be considered as promoting 
customer good wiU. The utility cannot say mat its equip¬ 
ment IS not causing trouble, without an investigation, be¬ 
cause sum cases still occur. The utiKty’s inspector can 

Electrical Engineering 



usually trace down the real cause at a moderate additional 
cost. 

A less tangible result of public acceptance of radio is of 
inestimable value to the rest of the electrical industry. 
Radio has contributed to the public’s knowledge and inti¬ 
mate familiarity with electrical apparatus. This must 
inevitably help to stimulate an interest in all electrical 
development. 

Portable radio receivers have been used by a number of 
companies in line patrol work, to locate trouble in its initial 
stages. Investigation of radio interference complaints, 
which lead to the location of defective distribution and 
transmission line parts and loose connections before they 
develop far enough to result in line outages, may in itself 
go far to balance the cost of such investigation. 

Where the utility’s policy is to investigate all complaints 
received, an average of about 20 per cent justified com- 
plainls from power causes has been found during the past 
few years by The Cincinnati Gas & Electric Company. 
The number of power causes is only about 25 per cent of 
what it was in the first years of this investigation work. 
The frequency rate of complaints averages one complaint 
per year per 300-400 residential customers. The cost of 
these investigations to the utility, in general, approximate 
only about 1 or 2 per cent of the revenue derived from 
radio. Incidentally, Edison Electric Institute statistics 
show radio receivers as a consumer of total kilowatt-hours 
second only to electric refrigerators, among domestic ap¬ 
pliances. 

Causes of Interference 

Radio receivers respond to impulses of minute quantity, 
in the range of frequency for which they are designed and 
adjusted. Whether these impulses come entirely from a 
desired broadcast station, or partly from other nearby 
sources, determines the degree of freedom from inter¬ 
ference. The ratio of signal strength to noise level is im¬ 
portant. Radio interference is a purely relative situation. 
Many of the causes of interference today would have been 
entirely unnoticed with the old-type receivers and antenna 
installations. 

Excluding natural or atmospheric static and set troubles, 
there are 2 common classes of interference, and a third 
class that is less known. The most common causes are 
those associated with load current passing through poor 

Fisure 1. Flexl- 


The loose connec¬ 
tion of these clamps 
to ground the static 
wire is sufficient for 
lightning surges but 
not as a drain for 
radio-frequency en- 
ergy picked up by 
the static acting as an 
antenna 


ble jumper on 
swivel static clamp 




Figure 2. Radio-frequency choke applied to an industrial 
precipitator 

Before this source of interference was located, interference had been 
found as far as 2 miles distant 


or loose connections in circuits or equipment and generat- • 
ing radio-frequency energy. 

Somewhat less common are the cases of static discharges 
to ground, from electrical conductors or charged bodies, 
but not associated directly with load current. External 
cross modulation is a relatively new class of interference, 
somewhat similar to static discharges but with other fac¬ 
tors associated with broadcast energy. 

Some of the more common causes associated with 
sparking or loose contact are: connections in the house 
wiring; at the appliance or outlet receptacle; in the en¬ 
trance connections or outside in the service connections; 
secondary lines; or transformer installation equipment. 
Other causes include slip-ring and commutator sparking 
in motors; thermostatically controlled loads of aU types, 
from the household aquariiun heater of a few watts to the 
industrial electrical heaters of many kilowatts capacity; 
S 3 mchronous rectifiers of X-ray equipment and industrial 
precipitators; therapeutic devices; elevator controls; 
dial telephones; electric railway equipment, trolley and 
motors; and a,host of others. 

A few of the common causes of the static discharge t 3 q)e 
of interference are the alternate charging and discharging 
of household refrigerators by belt static; worn extension 
cords touching metallic frames; armored cable loosely 
touching against grounded piping and discharging when¬ 
ever vibration causes contact. Primary distribution line 
causes include insulated conductor arcing to hardware; 
line wires arcing to guys or trees; street lighting fixture 
troubles; loose tie wires at insulators; and loose ground 
connections on overhead ground or static wires. 

Fortunately, the majority of the more common causes of 
arcing type of troubles are fairly easy to locate and elimi¬ 
nate. Remedy may vary from tightening of connections 
to the application of chokes or condensers. Many elec¬ 
trical devices now have built-in capacitors which are very 
effective. Static discharge causes are eliminated by in- 
creiasing clearances, by bonding, or solid grounding. 

There is. no "cure-all” type of corrective or mitigative 
measure, nor does there appear to be any general rule for 
the elimination of interference. Some of the commercial 
so-called interference eliminators have been nothihg more, 
than small condensers. Other "eliminators” ground the 
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receiver antenna terminal and use the house wiring for an 
antenna. 

The conclusion may be stated that in most 
elimination of severe interference requires location and 
correction at the source. Since, however, the absolute 
dimination of all sources does not appear feasible or prac¬ 
tical, it is essential that receiver antennas should be 
properly mstalled, and free from, or shielded from, sur¬ 
rounding wires. Short inside antennas, which pick up the 
broadcast energy by reradiation from the house wiring, 
y^l naturally be much more susceptible to even slight 
influences. 

External Cross Modulation 

This is a relatively new term in the field of interference 
investigation. The explanation is at present more theo- 
• retical than proven, although the evidence of it is definite 
enough. To the radio listener the effect is that one station 
is heard in the background when the receiver is tuned to 
another. In extreme cases, the background station may 
actually predominate. This form of interference must be 
differentiated from cross modulation within the receiving 
set itself. 

Gxtemal cross modulation is a field strength modulation 
produced by a strong signal in conjunction with another 
signal, where both act upon a system of wires or metallic 
structures in which there is a variable impedance element 
affected by the radio-frequency-current pulsations. This 
metallic system then reradiates the desired signal which, 
due to the variable impedance, contains the modulation of 
the other signal. 

If the receiver antenna is in the field of the reradiated 
signal, there will be both direct radiated and reradiated 
energy entering the receiver. The severity of cross talk or 
cross modulation depends on the ratio of these 2 energies. 

Rectification at a poor connection will also result in the 
generation of harmonics of the actuating frequencies, as 
well as heterodyne frequencies obtained by the addition 
and subtraction of fundamental frequencies and combina¬ 
tion of fundamental and harmonic frequencies. 

E limin ation of this type interference requires properly 
installed antennas, solid grounding of neutral service wires, 
and clearing of loose cormections in surrounding piping, 
plumbing, and metallic surfaces. Contact between any 
metal bodies of sufficient size, if the contact is oxidized, 
will cause rectification and hence cross talk or cross 
modulation. 

Investigation of Complaints 

In the interest of service and good wiU, it is necessary 
that the electric utility investigate radio-interference com- 
plmhts made by its customers. Considerable variation in 
the: company policy is possible—from one of investigating 
every complaiht, tracing the trouble to its source and cor¬ 
recting the condition regardless of its nature, to investi¬ 
gating only those assigned definitdy to the utility by a 
competent radio service man. Efforts to curtail the fidd 
work involved have included letters listing several ques¬ 


tions to be answered by the complainant before t t in\ csti- 
gation is made, as well as, in a few cases, a ciargc for 
investigations made that do not disclose a utility source of 
interference. 

In some cases, an extremely liberal attitude has resulted 
in the utility becoming almost the first point of call for all 
sorts of radio trouble. This is, perhaps, as undesirable, 
as the opposite extreme of having customers feel that the 


Figure 3. Elimi¬ 
nating belt static 
in a domestic 
refrigerator 

A small copper-wire 
jumper is used to 
bond the motor and 
compressor 




utility is barely willing to clear its own trouble to correct 
interference. 

A moderate policy seems to be that the utility should 
have an inspector make personal contact as promptly as 
possible, identify the interference, classify its intensity, 
and locate the cause of trouble. If interference h found 
to be caused by utility equipment, the condition should be 
corrected, or mitigative measures applied. If the inter¬ 
ference is found to be caused by appliances or devices 
owned and operated by utility consumers, an attempt 
should be made to either apply or suggest corrective or 
mitigative measures. • 

Cases of radio-receiver trouble should be referred to the 
customer’s radio repairman. Many, and perhaps a large 
percentage of complaints will lead to trips by the inspector 
only to find that the interference was only on a short time 
and has disappeared, or that the complainant has found 
the trouble, or also called a service man to check the re¬ 
ceiver. Here, as in cases of actual interference, tact and 
an attitude of personal interest on the part of the inspector, 
are a definite asset to the utility in maintaining consumer 
good will. 

The most useful tool of the mspectorm following this 
policy of investigation, is a standard receiver. Use of 
this set isolates the cases of receiver trouble The pro¬ 
cedure is then to follow back and by elimination of ^s- 
sibilities finally isolate the source of trouble. During this 
part of the investigation, the inspector should also check 
the antenna. 

In most cases, it is penhissible to open the entrance 
switch in residences, and a test made here with the test 
receiver connected on the line side of the switch will 
d^nitely show whether the trouble is within the preiiiises 
If it is, the branch circuit can be located iii asimilarmanner* 

These ^ steps are made on the supposition that the 
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trouble is on the premises of the complainant. The refuse to co-operate in application of necessary remedial 
average experience under the moderate policy outlined measures, are rare. 

above, is that two-thirds of the total complaints received A highly effective approach to the inductive inter¬ 
will be cleared or isolated at this point, including the cases ference problem caused by proximity of telephone com- 
of receiver trouble, unfounded complaints, and disappeared munication circuits and power circuits, has been through 
interference. recognition of 3 subdivisions of the factors involved: (1) 

The next step in the remaining one-thkd of investiga- inductive influence of the power circuit, (2) inductive sus- 
tions, is outside the complainant’s premises. Here the ceptiveness of the telephone circuit, and (3) inductive 
investigation becomes more technical in nature and follows coupling between the 2 t 5 rpes of circuits, 
along the lines of experience in the past. The principal A similar approach to the radio-interference factors is 
point of difference under conditions of the last few years, practical. The approach is much more complicated in its 
compared to the earlier years of radio, is the very large broad aspects, however. In the one case, it involved a 
proportion of complaints that can be eliminated without telephone utility and electric utility working together, or 
the use of special investigation equipment for use in the national committees representing the 2 interests, working 

out a program for investigation and research. In the 
It is important that a record be kept of each complaint present problem, equivalent interests are widely scattered 
received and the investigation made. It is helpful to have and following widely divergent lines. 

a method of classifying the complaints on this record, so ^ Rdiable manufacturers of appliances have given attention to 
that summaries may be made and the work reviewed, radio-interference effects of their products. In other cases, the same 
Instriunents are available for technically classifying inter- care has not, evidently, been given, A thermostatically controlled 
ference levels, but a practical method that is easily applied 
on the first investigation is to compare the signal to noise 

ratio, at various points on the dial. The essential informa- Table I. Classification of Interference Sources 

tion is field strength or intensity of the interference and its ^ ^ i r nc 

Found by Cincinnati Gas & Electric Company Investigation (1^ 
duration. ==-=-==-====^^ 

A notation ABC F\ on the complaint report, repre- 

sentiiig an interference that is equal in interference to __________ 

station ABC at the location of the test with the antenna ..;.js.o 

system on the premises, and that the interference is con- — 

tiniious. firives a helpful record. ... 

With this method of notation, i?o IS used to represent hoard . 

inaudible interference and the grading is up to Ki wnere jt^frigerator connection or static .. 

the interference blankets the signal. For time frequency 

notation, F. represents very infrequent. F. minutes per .. .. 

day, Up to representing continuous. ^ Note: */»<»» complainant's premises, */• m neighborhood. 

This method is being used to replace exact data ob- street railway equipment... 

tained from field-strength instruments and the notations Industrial equipment . q i 

are more easily understood in this form than in terms of gg— 

microvolts per meter. This does not predu e, outside sources other than electnc .. 

the necessity of accurate instruments for more tecnnica ^^^^tions of primary ... 

field strength and interference investigations. 3. 


Table I. Classification of Interference Sources 

Found by Cincinnati Gas & Electric Company Investigation (1936) 


Radio Co-ordination 

Radio-interference elimination is essentiaUy to ^ 
ordinate this use of electricity with its oth« Wor 
heat, power, and transportation, m order ^t the groi^ 
of e^h may not be restricted by the requirements of the 

"‘^e complete elimination of all radio interferen« w^d 
involve an enormous snm of money. A re^mble lev^ 
which is economically feasible, is the best that can be 
honed for. Ratio of broadcast field strength to noise level 
fidd s«»gtb. both natural static aud man-made mter- 
ference, is an important part of the problem. _ 

' Legislation has. in a few instances, 

.t^and cities in the United States. Serious ^orce- 

^!?ofmich laws and ordinances would be cumb^me 

„ent of such ^ knowingly and 


Cleared on call or check at receiver. 

Loose connection at meter board.... **3 

Refrigerator connection or static conditions. ^ 

.. 3*5 

Miscellaneous appliances.. 

Secondary customers' equipment........... • • • • • *;• .. 

Note: */* on complainant’s premises, ‘/i m neighborhood. 

, . . .. 

Street railway eqmpment . 20 

Commercial signs. 10 

Industrial equipment. 0.5 

High-frequency equipment.. g o 

Miscellaneous ... - 

Outside sources other than electric utility.. 

Loose connections of primary ... • • ” 

Secondary connections and grounds. g g 

Loose static wire connections.* j_o 

Defective equipment... . 

Electric distribution lines and equipment.. • 




Miscellaneous. 


been found to cause < if ygt universal. 

Freedom from radio interference is a general, if not yet im 

indication of merit. . , * 

While tbe primary 

i25r 
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lilies are most important in the influence field, both in inductive co¬ 
ordination and where electric lines cause radio interference, the 
secondary circuits are usually most important in the coupling effect. 
It is important to note that secondary circuits include house wiring. 
Even in cases of exceptionally strong hafiuences, the radio frequency 
waves do not pass through the impedance of transformers to the 
primary. 

A very important possibility for co-operation in this 
field includes a workable understanding among the 3 
groups in any particular locality, most interested in good 
radio reception, namely: 

(n) Radio and appliance commercial group and repairmen. 

(i) Radiobroadcast technical group. 

(c) Utility distribution engineers and inspectors. 

In Cincinnati, where there are 5 broadcast stations, 
joint efforts of this group and the utility group has led to a 
procedure for the elimination or alleviation of individual 


cases of external cross modulation. This information has 
been put in the hands of all radio service men. Con¬ 
siderable research and field inspection work has been car¬ 
ried on by both groups. 

Care is exercised by inspectors on the general and out¬ 
side influence end, not to step into the field of the service 
men, whose proper sphere includes correction of any 
faults in the receiver installation as well as other efforts on 
the complainant’s equipment. On the other hand, there 
is no attempt to avoid the responsibility of interference 
elim in ation when it is caused by outside influences. 

There can hardly be a question of the value of joint 
efforts toward co-ordination of: (1) influence, (2) sus¬ 
ceptiveness, and (3) coupling, in the field of electric ap¬ 
pliances, radiobroadcast and reception, and electric service.. 
Continued co-operation will lead to control of interference 
and lessen the need for mitigation and individual correc¬ 
tive measures. 



Minnesota Hydraulic Laboratory Being Constructed 


^EAR the headwaters of the Mississippi River, 90 
miles from its Lake Itasca source, the United States 
Works Progress Administration is constructing at St. 
Anthony’s Falls a large-scale hydraulic laboratory for the 
college of engineering of the University of Minnesota. 
Located on Hennepin Island, in the heart of Miimeapolis 
and near the center of the city’s famous milling district, 
the laboratory will be primarily an experimental and re¬ 
search institution. Its function will be to proniote greater 
knowledge of the use of water power, together with the im¬ 
provement of hydroelectric machinery, and its facilities 
win be used by all students studying hydraulics at the 
Univwsity of Minnesota. Reproduced from an artist’s 
drawing of the laboratory as it is expected to be when com¬ 
pleted, the figure on this page shows: (2) the intake to the 
laboratory and the gate-control house; (3) main experi- 
meUtal laboratory for open-channd experiments and river 
hydraulics; ^ (4) hjrdrauKc madunery and turbine labora^ 
tory;^ (5) discharge measuring basin; (6) wasteway; and 
(7) t£ul-water pool. 

^ Because a head of 48 feet is available at the site at sdl 
tiines the location is unu^ally good for a hydraulics labo¬ 


ratory. A long horseshoe-shaped weir constructed above 
the falls provides dose regulation of head, and fadlities 
are being provided to handle discharges of more tTian 
300 cubic feet of water per second. 

The building has been designed to utilize approximately 
half of the available head for modd rivers and other ex¬ 
periments on flow in open channels, the levd of the tnain 
experimental floor being 20 feet below the main head¬ 
water levd. The remainder of the drop in the experi¬ 
mental plant permits large-scale volumetric measurements 
of flow, for which twin basins suppUed with pneumatically 
operated cylinder valves are to be constructed. 

The Hennepin Island laboratory is said to be the only 
one in the United States in which the testing of a full-size 
turbine will be possible. Its possibilities already have 
attracted national attention in the Add of hydraulics, and 
experimental work is bdng planned in co-operation with 
federal, state, and commerdal interests. Much of the 
research on sediment transportation by rivers beii^ con¬ 
ducted in the University’s existing hydraulic laboratory 
will be transferred to the new quarters when they are 
completed. ; ; 
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Lightnins Strokes in Field and Laboratory—II 


By P. L BELLASCHI 

MEMBER AIEE 


T he LIGHTNING-STROKE generator has made 
possible the investigation of lightning-stroke phe¬ 
nomena in the laboratory.^^ This paper deals with 
the fundamental aspect of the problem, particularly with 
the characteristics of the lightning-stroke channel. The 
data and findings here presented reveal further the nature 
of the channel core and of the resulting column.* Field 
observations are also indicated for comparison, to enhance 
the value of the laboratory investigation. 

Test Method 

The lightning-stroke generator consists of a high-voltage 
generator, a heavy-current generator, and a “microsecond 
switch.” A steep-fronted high-voltage impulse from the 
voltage generator initiates flashover or dielectric break¬ 
down of the test object. Then, within a time measured in 
microseconds the current generator is switched on thus 
supplying to the test object a current of lightning-stroke 
intensity and duration. 

A lightning-stroke test is illustrated in figure 2. The 
voltage generator first breaks down the 36-inch rod-to- 
plate gap, this occurring on the front which rises at some¬ 
what more than 3,000 kv per microsecond (figure IP). 
Then, as oscillogram A shows, the “microsecond switch” 
operates and in 6 microseconds the current generator 
begins discharging across the gap a current which reaches 
67,000 amperes and of a total duration of 100 microseconds 
or more. More rapid and slower follow-up of the cu^nt 
occurs, respectively, for oscillograms J5 and C. A hght- 
ning-stroke to a distribution-line wood pole appears in 
figure 9 in which case the voltage to break the pole down 
rises to 2,500,000 volts, followed by the current of light¬ 
ning-stroke intensity and duration. These tests are typical 
of the lightning-stroke testing in this investigation. 

Characteristics of Lightning Channel 

Tests on Paper and Similar Materials 
The results from tests on paper and similar materials 
are summarized in table I. In these tests a large sh^t 
would be mounted on an insulated wood frame and in- 
serted in the path of the discharge as in figure 2. Test 

A paper recommended for pubUcation by the MBB Sd 

and distribution. Manuscript subnutted March 24, 1937, releasea 

for publication July 30, 1987. 

P L. is section engineer in traMformer engin^g, Westing- 

house Bjectric and Manufacturing Company, Sharon, Pa. 


samples indicating the area “blown” are shown in figure 3. 

For rather strong, yet quite thin, white paper (first 8 
samples), the average area “blown” for a current of 53,000 
amperes (average) is close to 0.15 square inch. One test 
at 23,500 amperes gives an area of 0.07 square inch. On 
thicker paper (samples 12, 13, and 21) the area is 0.16 
square inch for 55,000 amperes. At higher currents, tests 
on the heavier paper only were possible because of tearing. 
An area of 0.24 square inch is obtained with 74,000 am¬ 
peres (samples 15 and 16). The areas “blown” in the 
paper for currents of 24,000, 54,000, and 74,000 amperes 
are then, respectivdy, 0.07 square inch, 0.15 square inch, 
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Figure 1. Voltage and current oscillograms of lightning- 
stroke tests 

0.24 square inch, that is, the area is proportional to 

the current of the discharge. 

A blast effect is also present on the specimens. It is m 
the nature of a surface “erosion” resulting from the 
combined action of the blast and the associated high tem¬ 
perature. This blast effect extends out rafially from the 
area “blown” and can be seen best on the photograph of 
the glassine-paper (sampleHof figure 3), where it assumes 
a l»/ 4 -inch diameter at the outer edge. The blast action 
appears also on the photograph of the discharge in figure 2; 
. _ rtf incandescent column 


p L. Bbixaschi is section engineer in traMformer engineering, Westing- PP riiameter of the incandeSCent ColumU 

toi^BiSri^d Manufacturing Company. ^ ^ Trtf Om arnne^^ 


high-voltage laboratory for carrying out the tests. 

1. For all numbered references, see list at end of paper- 
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dotH as a base and a filler material soHdly ffldosn* afl 
7estinghouse i-tp-stices between threads. In these tests a dozen small 

witlnn a drde of apprommatdy ■/. mdr 
diameter (sample Gin figure 3). "Burning’'at the surface 
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Figure 2. Light- “outer core” V 2 - to “/g-iuch on the outside and finally the 
ning-strohe dis- region of the column extending outward to the total width 
charge through of IV 4 to 2 inches. The explosive action of the “core” 
paper sheet into the column is evidenced from the indications appear¬ 
ing on the surface (figure 6 ) as well as on the photograph 
of a similar test in figure 5. On the photograph the 
intense part of the channel is approximately 2 inches; 
however, the incandescent gases extend out a total width 
of some 5 to 6 inches. The current in these tests was close 
to 60,000 amperes. 

The “records” in figures 6 and 4, though primarily the 
result of temperature and bombardment effects on the 
surface layer, suggest nevertheless that the “core” is 
apparently a complex of parts and processes. The current 
varying with time complicates somewhat further the 
is concentrated within this circle, which indicates that the mechanism and structure of the lightning discharge, 
“core” is maintained here during part of or the whole Even then, without entering into the complex formulation 
current discharge then expanding abruptly into the of the detail phenomena which may occur, an estimate of 
column (figure 2). This explosive expansion of the core the pressure and temperature in the “core” of the lightning 
into the column is also evidenced from the paper specimens channel should be possible from relatively simple con- 
and from the radial tearing of the paper out from the area siderations of the experimental findings presented hereto, 
“blown.” It should be noted from the small area “blown” xhe expansion of the “core” from Vs-jncb diameter or 
that the current is restricted in its passage through the even less to the resulting channel of 3 to 4 inches diameter 
tracing cloth to some 5 per cent of the area indicated for or more suggests a pressure in the “core” some 40 to 60 
the core (table I). times the atmospheric. The corresponding gas tempera- 

The area “blown” in the specimens is generally circular ture in the “core” would then be in the range of 11,000 
in form, this configuration being even more prevalent for degrees to 17,000 degrees Kelvin (absolute). These are 
the resulting column. The area “blown” is not always a estimates; for a closer determination, account should be 
single hole; at times it would be the combination of a large taken in the gas formula of the process of expansion such 
hole and smaller holes all closely huddled together. The as the turbulent interaction of incandescent gas and air 
path or paths of breakdown are estabhshed by the voltage (see photographs), the recombination into molecular form 
^scharge. The current associated with it, as can be seen of the atomic elements, the positive and negative ions, 
from the area “blown” in sample E (figure 3), is relatively besides other effects. 

sm^ compared to the cutreut of lightning-stroke intensity prom a consideration of the electromagnetic force on 
which follows the voltage breakdown (samples D and F). 

In 2 cases distinct paths were established, about 10 inches 
apart, as evidenced from the large “twin” holes of equal 
size on the specimen (samples h and /a). 

Tests on Soeface op Insulation 

In these tests the sample was inclined so the discharge 
would hug the surface (figure 5) leaving thereon a “record.” 

On porcelain the “burning” of the thin glaze, as in figure 4, 
comprises the record. From table II, the width of the 
“burning” is IV 4 inch for a discharge of 60,000 amperes 
(average). On photographs the incandescent column 
measured approximately 4 inches in width. At the center 
part of the burning in figure 4 the glaze is fiaked, this 
effect indicates that the highest temperature has been 
maintained there. Away from the center the “burning” 
becomes progressively less. Upon rabbing the hand along 
the length of the “burned” surface the flakes are removed 
leaving a Vi-hich “core.” In this “core” region the more 
intense “burning” appears to have been concentrated at . 
the center part within a Vs-inch band. 

The tests on Micarta gave records on the glossy layer 
of the surface such as in figure 6. The parts of the record 
where the discharge hugged the surface are particularly 
p^tinent Th^ indicate an “inner core” ¥ 3. Area “Wown** in paper and similar materials 

wide and a thinner sh^ enclosing it, then a sheath or . ^ (see table IX ^ 
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the current elements (the electrons comprise the bulk of 
the current flow), a further approach may be obtained on 
the internal pressure and whether this compression force 
accounts in part or aU for the balancing of the gas pressure 
in the core. Both the circular form of the core and its 
abrupt expansion as the current ceases to flow are con¬ 
sistent with the r61e of the electromagnetic force balancing 
the gas pressure in the core during the current flow. 
Considering a current I (abamperes) uniformly distributed 
in a core R centimeters in radius, the “dectromagnetic 
pressure” at x centimeters from the center is (see appen¬ 
dix) 

/* / \ 

P = - I 1 — -r* I dynes per square centimeter (1) 

irP» \ P*/ 

The deduction of interest from equation 1 is that the 
electromagnetic force can account for a pressure on the 
current dements (dectrons) in the order of the estimated 
gas pressure and thus appears as a major factor in balanc¬ 
ing the gas pressure in the core. The “dectromagnetic 
pressure” is applied directly to the dectrons as these com¬ 
prise the bulk of the current flow. Furthermore, the 
“dectromagnetic pressure” decreases with increasing dis¬ 
tance from the core center so other processes both in¬ 
ternally and at the surface of the core play a part in the 
general equilibrium of forces, charges, and matter. At¬ 
tempts to analyze rigorously these processes have been 
made^ and in this connection the experimental data pre¬ 
sented in the paper should be a guide to such theoretical 
analyses. 

From a consideration of the large force acting on a 
rdativdy small mass, the time for the core to expand into 
the column estimates to be in the order of microseconds. 
The large impact resulting from this expansion explauu 
the concussion experienced by persons that have been hit 
or were within a few feet of the lightning discharge. 
This explosive action likewise explains the detonation or 
thunder produced by lightning, either in the Add or in the 
laboratory. 

Negatives of Photographs 

The lightning discharge, when analyzed from the photo¬ 
graph negatives, appears as a white streak (the core) 
surrounded by a dark sheath (the resulting column), such 


as shown in a measure in figures 
7 and 8. These are, respectivdy, 
photographs of the negatives of 
figures 2 and 5. The white streak 
is about one inch wide, the more 
intense part is indi or less. 

This intense part comprises the 
core proper where the temperature 
is highest and maintained longer. 

The negatives indicate some 
expansion of the core proper, 
partly perhaps due to the varia¬ 
tion of the current during the dis¬ 
charge, besides a natural expan¬ 
sion, and in part possibly due to 
the apparent photographic effect 
of the high temperature of the 
core. The abrupt or explosive 
expansion of the core into the 
column is also indicated on the 
negatives. The temperature of 
the gases appear to suffer a con¬ 
siderable reduction with this ex- Figure 5. Lightning- 
pansion. A determination of the stroke discharge on 
rdative or absolute temperature in Micarta surface 
the core and in the resulting parts 
of the channd may be possible 
from further study of the effects appearing on negatives 




Figure 4. “Rec¬ 
ord" on glaze of 
porcelain (see 

table II) 


Tests on Wood Poles and With the Rotating 
Camera; Deionization of Lightning Channel 

Not all poles struck by lightning are damaged, for as 
inng as the discharge is external of the pole, relatively 
jam all splintering results. When the discharge is internal, 
as in a seasoned crack (figure 9), then the pole is generally 
badly damaged (figure 10) due to the explosive force of 
the core. In the photograph of figure 9 the source of 
%ht for the exposure came from the ^sh of the core 
anH from the incandescent column which persists for 
some time after the discharge. Figure 10 was taken after 
the test and shows fully the resulting damage to the pole. 
From these and similar other photographs it is amply 
apparent that the mechanical effects produced by light¬ 
ning are impulsive in character. 

In the process of the riiattering of the pole, a force F is 
applied to the wood mass m for a time t. A part of the 
momentum 
fFdt 

isconsumedto “blow out” the wood mass; the remain¬ 
ing momentum mv imparts motion v to the woo 
mass. Considering the relative magnitude of force 
F and considering the time t with mass m of toe 
wood blown as indicated in figure 10, even though the 
momentum 

■ f 

were consumed largely in imparting motion 

hundredths of a second appear necessary 

mass of wood blown a few centimeters away from the 


October 1937 


Bdlaschi^Idehtniftk 








Figure 6. Surface effect on Micarta indicating character of 
lightning channel (see table II) 


Figure 7. The 
lightning channel 
from negative of 
figure 2 


pole proper as shown in fi^re 9. It can be seen then 
from the relatively small displacement of the wood blown 
during the time the column is incandescent (figure 9 ) that 
the lightning channel remains ionized for some hundredths 
of a second and more. 

To establish more fully the deionization process of the 
light^g discharge, photographs were recorded with a 
rotating camera. The camera employed consists of a 
fixed lens and a 10 - in ch diameter curcular film rotating one 
revolution in 0.02 second. A photograph of the discharge 
betwe^ the rod and plate (figure 2 ) is shown in figure llA. 
In this test the lens is approximately 7 feet from the 
^scharge. The voltage discharge appears first, followed 
in 15 to 20 microseconds by the indication of heavy current 
The column is particularly intense during the first 50 
microseconds due to the heavy current discharge (figure 1 ). 
It remains relatively intense for some 300 microseconds, 
diminishing continuously to a much reduced intensity at 


0.002 second. Only a faint trace remains on the negative 
at 0.005 second. Incandescence at the electrode ends 
persists longer but all traces of incandescence in the 
column completely disappears in 0.01 second. 

Two other photographs are shown in figure IIjB and C. 
In these tests the camera was moved closer to the arc and 
the lens was opened wider, so natiurally these records are 
more intense throughout than the first one. All 3 records 
indicate essentially the same process of deionization. The 
combined results of 8 records establish that incandescence 
of the channel completely disappears in 0.01 to 0.02 second 
after the lightning-current discharge. Therefore, the 
path of the lightning discharge reaches an advanced stage 
of deionization in this order of time. 

Tests on Fiber Tubes aitd Metal Surfaces 

Tests on fiber tubes were briefly reported in the first 
paper.* The tubes were from 2 to 3 feet in length and 
V 4 to IV 4 inches inside diameter. Wall thicknesses 
ranged from 0.2 to 0.6 inch. Lightning currents from 
100,000 to 130,000 amperes and of some 200 microseconds 
duration to one-half value were discharged through the. 
tubes. In these tests the discharge was initiated with a 
fine copper wire. It was found that the tubes would 
discharge these severe lightning currents without shatter¬ 
ing when the internal diameter of the tube exceeded 
approximately */4 inch. For the smaller diameter tubes 
shattering would result but even then the ends of the 
thicker tubes remained intact for several inches. These 
tests suggested the relatively small size of the core and 
the explosive action produced from its e3q)ansion. 

Tests comprised of discharging a current by a fine 
copper wire (0.08 in diameter) 
to the center of smooth copper 
plates were then conducted. A 
very small hole was bored at the 
center of the plate to carry the fine 
wire straight through. The aver- 
ages from 10 tests are summarized 
in table III. These tests indicate 
that the area of the surface 

“fused” by the discharge is pro- 
poftional to the current. A core 
of 0.60 inch in diameter is indi- 
cated in figure 12 for current 
discharge of 134,000 amperes. 

The column resulting from the 
explosion of the core measured 
from 4 to 6 inches in diameter on 
photographs. A close examina- 
tion of the fusion in figure 12 
indicates that the fused metal on 
the surface is beaded quite uni- 
formly with some grading on 
approaching the edge of the circle. 

The beads covering the center 

part of the circle are somewhere 

in the order of a hun(fredth of ^ Figure 8. The light- 

inch. The surface fusion termi- ning channel from 

nates quite abruptly at the edge negative of figure 5 
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of the circle. These observations confirm further that 
the core is sustained for the greater part of the whole 
duration of the current discharge and they also indicate 
some expansion or variation in the size of the core. A 
series of concentric regions appear just beyond the core 
circle. These apparently indicate a uniformly circular 
expansion of the gases in the initial stages and they suggest 
from the graded colors of the copper oxide the relative 


in one case 4 centimeters and in the other 2 centimeters 
approximately. In a report on airplanes hit by lightning,® 
holes the size of a penny, or larger ones where the fabric 
would be tom, were found. Fulgurites in dry sand are 
described® that take “the shape of vertical tubes which 
may be nearly half an inch in diameter and several feet 
long. Externally they are rough somewhat whiter than 
the surrounding sand; inside they are enamel-like, from 


Sample 

Number 


9, 10, and 11 


Table I. Effects Produced by Lightning Discharging Through Paper and Similar Materials* 


Material 


Lightning Area “Blown" in 

Current** Sample by Discharge 
(Amperes)' (Square Inches) 


Diameter of Blast 
Visibly Indicated 
on Surface of Sample (Inches) 


White paper 
0.0025 inch thick 


Light brown paper 
0.0075 inch thick 


Tracing cloth 
0.0035 inch 


Glassine paper 
0.0016 inch thick 


Wrapping paper 
0.007 inch thick 
Cotton cloth 
0.005 inch 
(light brown) 


47.000....0.18.IV*. See figure 3A 

66,000.0.16.IV*.See figure SB 

KA non 0 18 1‘/*. .Two large holes and few smaller ones grouped 

’ . together within l-inch-diameter circle 

gQ QQQ.Q _14 . \t/^ ....One large hole and 2 smaller ones adjacent 

23*500.0.07.1...See figure 3C 

53 000 .....!.0.11.1*/*..large hole and smaller one adjMent 

55',000.0.13.1 (approximately) corresponding to... .Two groups of holes 9 inches apart 

each group ... ^ 

ce rtnn 0 12 l »/4 ....Two large holes and few smaller ones grouped 

. together within l-inch-diameter circle. 

See figure 2 

67,000, 69,000, ... .Samples tom_IV*. I’A. and 2.Samples torn 1 to 3 inches radially out from 

and 82,000 „ 

54,000.0.16.IV*.See figure SD 

QQQ .Q 13 .H/,.One large hole and small one adjacent 

’ .* ] 1 !!...** .Voltage only applied. See figure 3£ 

75,o66.‘.'.’.‘.V.‘.!’.’.'.o‘.24..'.'.’.'!!.!iv*..SeefigureSB ^ . 

73 000. .0.23.'. .1V».smaller one adjacent 

54*000.0.01.IV* (center part within V«"iuch... . A dozen small holes within •/*'‘**®^'^*ameter 

circle heavily burned) circle. See figure 3G » . i. 

64,000.0.01.Center part of each group heavily... .Two groups of 6 and 10 small holes IV*™ches 

* burned within V*"^®®^ circle apart 

Ka nnn ft na 1 */, .J.. Group of 7 holes within l-inch-diameter circle 

.. .. and 8 (smaller) holes further out. See 

figure 8fl 

gg 000.0.09.1*A.. .Sample torn 1 to 3 inches radially out from 

. area “blown’’ 

.67,000.0.14.1-inch diameter (approximately)-Two large holes 10 inches opart. See figure 

corresponding to each hole 3 (/i and 7*) 

... 66 000...Fidnt indication of singeing 


56,000.0.08. 


*’^”). Wave ^rm of current for tests on samples 1, 2, 8,4, 6, 7, 8,12,18,^ 17,18,19, 20, 21, and 22 given in figure lA. 

(b't Wave form of ciirrent for tests on samples 9, 10, 11, 16, and 16 given in figure IB. „ . . nn • j 

L) Wave form of current for test on sample 6 is aperiodic, rising to crest in some 7 microseconds and receding close to zmo in 60 micwMO^. . ■ 

(<n In the tests on samples indicated in (o) and (c) the spacing between the rod and plate (see figure 2) wm 86 inchw mth the sample 14 to 17 ‘“hes from the 
In the tests on samples indicated in (6) and for sample 14 the spacing between rod and plate was 18 inches with the sample 10 inches from the Plate. 

(«), In the test on sample 14 the voltage generator alone discharged. The current associated with the voltage generator discharge is relatively small in amphtude 
and duration compared to the lightning currents (column 8). 

(/). The voltage initiating breakdown of the 86-inch gap is shown in figure ID. 


temperature drop. The irregular “blotches” of oxidized 
surface beyond these concentric regions confirm that in the 
later stages of the abrupt expansion of the core into the 
column, the expansion process is of a turbulent character. 

Field Records Compared With Laboratory Data 

Considerable field data on lightning“-*^ are now avail¬ 
able but observations bearing on the lightning stroke 
channel are rather limited yet. A few typical instances 
ydll be considered for comparison with the laboratory 
data. , 

Holes have been “blown” in windows by lightning. In 
one the hole was in the order of a couple centuneters. 

The edges of the hole were mefted. Two interesting 
observa,tions have been reported recently to the writer by 
M. Ch. Morel (see also references 6 and 7). In these 2 
jTffff-ai-ippg the holes “pierced” in window panes measured 


the glassy surface of fused silicon.” Rock blasted by 
lightning indicates a fusion streak some one-half inch wide 
marking the path of discharge. These experiences alone 
show good agreement on the size and general character¬ 
istics of the core of the lightning strokes in the fidd with 
the corresponding though more complete measurements 
in the laboratory. 

The explosive character and damaging effects of light¬ 
ning discharges are well known. Wood poles splin¬ 
tered by lightning evidence the same character of damage 
and explosive effects as have been found from the labora¬ 
tory tests. 

The size of the lightning-stroke channd has been 
measured from photographs or estimated from visual 
observation. Considering the heaviest lightning flash, 
Walter estimates® by photographs the breadth of the 
channd to be only 10 centimeters. In one case recently 
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Figure 9. Lightning stroke Figure 10. Resulting damage 
to distribution-line wood ol wood pole from test in 
pole figure 9 


called to the writer’s attention, the observer was at about 
50 feet in direct line of vision from a tree struck by light¬ 
ning, Number 18 copper wire was hanging from midway 
of the tree to several feet above ground. Lightning 
splintered the top of the tree, following tlie copper wire 
then to ground. The current in this stroke is estimated 
to not exceed 50,000 amperes, since the copper wire was 
fused in segments but not completely volatilized,’® The 
size of the channel by comparison to the trunk of the 
tree was estimated at 15 to 20 centimeters. Even 
these few cases are quite indicative tliat the dimensions 
of the lightning channel observed in the field are 


comparable to those measured in the laboratory. 

-A- recent contribution by Doctor B. F. J. Schonland 
has coirie to the author’s attention entitled: “The Diam¬ 
eter of tbe Lightning Channel,” Philosophical Magazine, 
*7 , page 503, March 1937. A photograph of a light¬ 
ning flasb consisting of 11 discharges is discussed therein 
which, shows the first and last separate strokes of the 
discha,rge to have had their channels shifted a distance 
exceeding 3.7 meters by the wind. It is found that the 
average diameter of the lightning stroke channel is about 
16 centimeters. The heaviest stroke gave a diameter of 
23 centimeters and the weakest branch one of 11 
centimeters. 

SuEtiixiary 

L The lightning-stroke effects on paper, tracing cloth, 
porcelain, Micarta, and photograph negatives indicate an 
area Ccircular) for the core proportional to the current in 
the lightning discharge. This apparent area is, respectively, 
0.08, 0.16, and 0.24 square inch for currents of 25,000, 
50,000, and 75,000 amperes. Tests on fiber tubes at 
140,000 amperes indicate an area of 0.44 square inch. 

2. The surface fusion on copper plates, the photograph 
negatives, the glaze burning on porcelain, the record on 
Micarta, and other effects all show that the core is sus¬ 
tained. the greater part of or the whole duration of the 
lightixing-current discharge. The center part, some two- 
tliirds or one-half, of the above-mentioned area comprise 
the core proper where the temperature is highest and 
maintained longer. Some expansion or variation in the 
core proper takes place during the discharge apparently 
resulting in the larger area. The actual current in the 
discharge (electrons for the greater part) naturally occu¬ 
pies but a fractional part of the core. The above records 
and observation suggest that the core structure is a 
complex of parts and processes. 

3. "Wlien or as the current ceases the core then expands 
abmptly or explodes into the column. The expansion 
appears from the records relatively uniform (circular), the 
gases strffering a corresponding temperature drop with 
expansion. The later stages of the expansion process be- 


Table II. Effects Produced by Lightning Discharging ^^long Surface of Insulation Materials’” 





Diameter of Center I*art 

Diameter of 




Lightning 

Indicative of Concentration 

Blast Visibly Indicated 


Sample 


Currents** 

of Discharge 

on Surface of Sample 


Number 

Material 

(Amperes) 

(Inches) 

(Inches) 

Comments 


.68,000.V». 


Porcelain tube 0V« inches 
high, 0>/a inches diameter, ■ 

24 V> inch thick (see figure 4) .57,000...*/».-. 

25 . 08,000... 

26 . 60,000...Ivt 

27 .Pullerboard 0 by 17 inches.64,000....Center part not otie-.2‘/* (average). 

»/»inch thick standing 

28 .Micarta panel 12 by 30 inches,.51,000.Inner “core” ........ 1 v 4 (average) 

*/< inch thick diameter. Outer 

“core” */s-incb-dia.«i- 

___ _ 

* Typical test set-up shown in figure 6. 

(o). Wave form of currant for testa on samples 23, 24, 28, 26, and 27 given in figure 
(5). Wave form of current for test on sample 28 similar to figure 1C except period is 20 per cent longer. 


. Length of discharge along the glazed 
sturface along height — 5 inches. 
See figure.4 which shows effect of 
discharge , 


.Length of discharge » 10 inches 

.Length of discharge 20 inches. 
See figure 6 for effects of disclmrge 
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come turbulent iu character. 
Thus for a current discharge 
of 50,000 amperes, uniform 
expati.sion apparently extends 
some one to 2 indies in di¬ 
ameter. Turbulent action 
then follows and the totally 
expanded incandescent colinmi 
(measured on photograidus) ufi- 
pr(»ximutes a S-inch iliameter. 
h'or a ciUTent discharge of I H>,- 
000 amperes the incandescent 
column measures on iihoto- 
graphsdtoOinches in tliumeter. 

4. The expansion of the 
core into the size of the eluuuiel 
sugge.sts a pressure in the core 
some 40 tr» 00 times the at 
mospherie and a correspond¬ 
ing gas temiHTuture in the 
range of n,tHK) <!egrces to 17.- 
000 degrees Kelvin (absolute). 
A more rigorous detenuiuation 
would require that account be 
taken of the turbulent inter¬ 
action of the expanding in 
candescent gas with the sur 
rounding air, the recombina¬ 
tion of disrupted elements and 
ion.s (positive ions and elec¬ 
trons) into molecular form, 
liesides a coiisifleratitm of the 
complex core structure and 
other effects. 


Fisurc 11. Photosraphs of lishtning flash with the rotating camera to determine 
duration of incandescence (deionliatlon of lightning path) 


r». 'rhe electromagnetic 
force produced l>y the current 

can aeeount for u pressure on the current olcmtMits (elec- 
tron.s) in the order of the estimated gas pressure deduced 
from the expansion. '11ms the' ‘electromagnetic pressure’’ 
(directed centrally inward) apjjears as a major factor in 
balancing the gas pressure in the. core (directed outward). 
Other jwieesses fioth internally and at the surface of the 
core play a part in the general equilibrium. Ihe experi¬ 
mental data ami f«riHng.s presented in the paper offer the 
basi.s for more extensive theoretical analysis. 

d. From a consideration of the large force acting on the 
relatively small mass of the core, the time for the core to 
e.xpand into the column is estimated to be in the order of 
microseconds. The experimental findings confirm the 
estimate. The large impact re.stdting from the expansion 
accounts for the concussion experienced by persons that 
have been hit by or were within a few feet of the lightning 
discharge. This explosive action likewise explains the 
detonation or thunder produced by lightning. 

7. The shattering of wood poles and similar destructive 
effects show that the mechanical forces and impact pro¬ 
duced by lightning are impulsive in character. It can be 
deduced from these tests and the corresponding photo¬ 
graphs that the lightning channel remains incandescent 
(ioniz^) for some hundredths of a second. 


8. Records of the lightning flash with a rotating camera 
establish that the Ughtning path is particularly intense 
during the current discharge (50 to 100 microseconds). 
The established channel remains relatively intense for 
some 300 to 500 microseconds, diminishing continuously to 
a much reduced intensity in about 0.002 second. The 
results of 8 records establish that incandescence of the 
channel completely disappears in 0.01 to 0.02 second after 
the lightning-current discharge. Therefore, the path of 
tlie lightning stroke reaches a stage of. advanced deioniza¬ 
tion in this order of time, a finding weU in accord with the 
field data on the time interval between repetitive strokes. 

9. The field records and data on the core and chaunel 
of the lightning stroke, though relatively few, indicate 
general accord with the more extensive laboratory findings 
here presented. 


Appendix 

The derivation of equation 1 is based on the foUowinx fundamental 
consideration: To be in equiHbrium the pressure gradient 

bat 
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(1) 



Figure 12. Surface "fusion" on copper plates indicating 
nature of core and resulting channel of lightning stroke 
(see table III) 


Table ill. Surface Fusion Produced by Lightning Discharge 
to Polished Copper Plates 


Diameter of Blast 

Number of L i gh t nin g Diameter of Coro Indicated on Surface 

Sample Current anches) (Jnchos) 


Four.184,000 .0.61.. IVt 

Two.106,000.0.61. 

Two. 79,000.0.46.;.1 


at any point x must balance the volume forces acting on the gas. 
The equation is derived elementarily by considering a shpll of the 
core of radius x centimeters and thickness dx. The current I 
(abamperes) is considered uniformly distributed in the core of R 
centimeters in radius. 

The magnetic force (volume force) on the shell per centimeter 
length is the product of the magnetic field at x and the current in 
the shell, i.e., 

2Atx ' A2irxdx 

where 



is the current density. 

The force on the shell due to variation in gas pressure balances 
the magnetic force, so 

bP 

2irxdx “ 2Arx- A2irxdx 


bP 

— ~ = 2AV* 
bx 

i.e., pressure gradient equals volume force. Then, 

P — A®gr»* + constant 

From the boundary conditions p ^ 0 when x => R, thus mairitig p 
merely excess over atmospheric pressure at the outer boundary of 
the core. 


P = A*jrjR* 


Atac = 0 


('-%) 

R® = J,) 

(-*) 


or since vAR^ — I, equation 1 is obtained: 


dynes per square centimeter 


P(n>ax) = /A 

Substituting the experimental data of a core section 0.15 square inch 
for 64,000 amperes, then 


5400 X 5400 

P(max) = ■ - ■ = 30 X 10* dynes per square centimeter 

0.46 X 0.16 

or about 30 atmospheres. 


X 

Even at — =» 0.9, p = 30 (1-0.81) ^ 6 atmospheres. 
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A System Out of Step and Its Relay Requirements 

By LESLIE N. CRICHTON 

MEMBER AIEE 


Synopsis 

This is a study of the current, voltage, and power values 
throughout a simple transmission system when machines 
are operating out of step. The investigation was made to 
determine the proper relay protection for some large fre¬ 
quency changers which supply power to an electrified rail¬ 
road. The object was to find means for protecting ma¬ 
chines that had already fallen out of step or, if possible, to 
prevent them from falling out due to overload. 

The treatment of the problem is geometric, probably the 
easiest method to compr^end. The assumed conditions 
have been kept as simple as possible, but it is hoped that 
the method of treatment is complete enough to permit 
anyone interested in the subject easily to apply it to more 
complex problems. It is to be particularly observed that 
the common method of assuming that a system consists 
of pure reactance leads to errors that are noticeable on 
2r)-cycle systems where the reactance is low. 

As a by-product of the study of machine protection, it 
was discovered that the behavior of different types of line- 
sectionalizing relays under out-of-step conditions can be 
easily predetermined and proper adjustments made to ob¬ 
tain a more desirable performance of such relays. 

Two Machines Fall Out of Step 


not the motor will slip another pair of poles in the same 
manner depends upon the conditions existing in the sys¬ 
tem. The resultant voltage, as shown in figure ID, in¬ 
creases from a zero value when the poles are exactly in 
step to its maviTTinTn when they are 180 degrees out of 
step and back to zero again following a circle as a locus. 
As will be observed, the shift in phase angle of this re¬ 
sultant does not go through a 360-degree cycle but only 
through 180 degrees. Also at the start and at the finish 
position the voltage value is zero. Since a complete slip 



W HEN A GENERATOR and a motor are con¬ 
nected together and the motor is loaded, the gen¬ 
erator poles advance and the motor poles retard, 
the angular difference being a measure of the power transfer. 
This a n gi daf difference produces a flow of current which 
tends to keep the 2 machines in step. The accompanying 
series of small sketches show what happens as the motor 
pole lags farther and farther until it is definitely out of step 
and until it comes back into step again after completing 
one full revolution, that is, after it has sUpped 2 poles. 
The sketches shown in figures lA to 1/ form a sort of 
primer on the elementary conditions wWch wh^ 

2 machines are out of step. Figure U shows ^t if the 
motor poles lag behind the generator poles, the voltage 
which induces interchange of current between the 2 ma¬ 
chines is Ea — These voltages are generated volt- 

ages and are not the quantities which are 
,„ed at machine terminals. Figure IB that t^ 

voltage difference between the 2 madunes is the grea^ 
when «ie poles are 180 degrees out trf phare but as 
continues to lag behind the gen^tor. 

step with the next pole as shown m figure 1C. Whetheror 
A p.p« iw 

device. Manuscript submitted August 2, 1937. reieasea 

August 27,1937. nikter eugiueering departiuent ^ 

c»,»r. K.™-. X- 



4 


Figure 1. Two machines out of step 

A—As the motor lasS; the voltage difference increases until— 

S-l. r«.che5 . n««taun, when the pol« ere 180 desree. out of phete 

G-As the lesslns pole continues .round the circle, the difference 
approaches zero again 

D-The voltage (£« - £•») "oves .round this circle through . complete 

cycle of 180 degrees 

E-The current that flows between the S oai^ines is at right angles to 
the voltage (resistance neglected; 

/r_Reslstance in the circuit decreases the current and tilts the axis of the 

circle 

Q_7he combined diagram 

H—The current surges if the machines have equal excitation 

J—If the excitations are unequal 
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Figure 2. Analysis of the current through the system and the 
voltage difference between the generated voltages at each end 
of the line 

A—A current or voltage vector oscillating through 180 degrees may be 
resolved Into 2 components/ one fixed and the other rotating through 
360 degrees in step with the slipping pole 

This is another way of representing figure 16 . « Em 

C—If the generator and motor voltages are not equal/ the current will 
never become zero. Here the motor voltage is higher 

O—Here the motor voltage is lower and the difference greater/ hence 
the minimum current is greater 

cycle of 360 degrees of the poles results in a shift in phase 
in the resultant voltage of only ISO degrees, confusion will 
be avoided by applying the angle in degrees always to the 
slip of the poles. In the figures the pole slip is also shown 
in positions, 1, 2, etc,, so that simultaneous current and 
voltage vectors can be readily compared. 

The behavior of the current is the same as that of the 
voltage except tliat the current lags behind the resultant 
voltage by an angle determined by the natural power 
factor of the system. This angle is the same as the angle 
which the current lags behind the generated voltage under 
short-circuit conditions. In figure lE the current is shown 
lagging 90 degrees behind the voltage. This, of course, 
caimot exist in practice, altliough there are some genera¬ 
tors where the short-circuit current can lag as much as 
88 degrees. In figure li?' is shown the conditions in a sys¬ 
tem having an angle of 60 degrees. It will be convenient 
to use these 2 angles, namely, 60 and 90 degrees, for 

purposes of illustration throughout this discussion. 

The current locus and the voltage locus for a 60-degree 
system are combined in figure IG to show that the angle 
between the current and the voltage is the same, through¬ 
out all points of the slip cycle, although their values vary 
from zero to zero. The current surge, which occurs in the 
systan under out-of^step conditions, is shown in figure 

Crichto'tfir-^SysU 


IJT. These are the values shown in figures 1^, \F^ and 
IG and is a similar picture to that given by the ordinary 
oscillogram taken on a system which is out of step. This 
is also the shape of the voltage pulsation through the sys¬ 
tem, but does not represent the voltage between wires 
or across the terminals of any machine, h'or purposes of 
comparison, a current surge in figure 1/ is given to show 
what happens if the excitation of the 2 machines is unequal 
This will be explained later. 

In order to analyze more thoroughly the conditions 
throughout a system consisting of 2 machines at each end 
of a transmission line, it is convenient to separate the cur¬ 
rent and voltage vectors into 2 components. For ex¬ 
ample, jB(totai) — Eg — JSjf. Here Eg is a fixed quan¬ 
tity and Em is a rotating vector. It will, therefore, be 
convenient at other places on the system to refer tt) the 
voltage between wires as .S(totttt) ^ Ey — Eg where is 
a fixed and Eg is a rotating vector. Similarly, the cur¬ 
rent vector, as shown in figure 2A, can be resolved into 2 
components and /(total) ==/;• + /«. It will be observed 
that the voltage vector is a difference of 2 components and 
the current vector a sum of 2 components. As will be 
shown later, this means that at any particular point on a 


, GENERATOR 
I^IMPEDANCE—> 

-LINE IMPEDANCE-- 

MOTOR 

IMPEDANCE *^ 

ZERO LINE 

nr * ‘ 

1 w ^ ^ 

^VOLTAG?” SENERATOlf 
VOLTAGE terminals 

f - 1 

po\ To To 

SAME VOLTAGE THROUGH THE SYSTEM 

_ t *T-i 

0 \ 

MOTOR 

TERMINALS VOLTAGE 

0 1 0 0 0 

GENERATOR 1 

' 0 

MOTOR 


Figure 3 (top). Machines In step—no load—equal excitation 

Figure 4 (bottom). Motor without excitation/ showing the 
impedance drop in the system 


system the current value is a maximum when the voltage 
between conductors is a minimum. In figure 23 the 
the quantities that were previously shown in figure IG 
have been broken up into their 2 components. There are, 
therefore, 2 voltage vectors and 2 current vectors or a 
total of 4 quantities instead of a total of 2 quantities. A 
reason for doing this becomes immediately apparent in the 
next figure. 

In studying out-of-step conditions the effect of changes 
in field strength is usually of primaiy importance. In 
figure 2C the generator and motor voltages have been 
laid out, and corresponding values of If and /« have been 
added to the diagram. The value of these vectors 
been determined from the equations given in figure 2^4. It 
will be observed that the locus of the current does not go 
through the zero point. This is because the 2 generated 
voltages are unequal. The interpretation of this k easily 
made—the machine having the greater field strength (in 
this figure, the motor) supplies a constant magnetizing 
current to the other machine. This is probably more 
easily understood in figure 2D where the motor voltage is 
less than the generated voltage and consequently Ihe ro- 

n Out of Step Ei^sctrical ENomBKamo 







Figure 5. 


The voltage, eumsnt, end power .urge, on . .yslen. where Ure generelOr end motor voltage, ere equal 


tattoecuirent vector IMS than the fixed vector. The con¬ 
ditions shown in both figures 2C and 2D produce a current 

surge such as that shown in figure IX 

A study of figures 1 and 2 has shown the following con- 
ditions to exist; 

1 The flow of current between the machines is not a^^usoidal 

pldsadon but it varies from zero to zero through only 180 degrees. 
2. The same thing is true of the voltage difference between the 2 
machines. 


3. Each of these variables can be resolved by geometric methods 
into a fixed component and a rotating component. The fixed cur¬ 
rent component is dependent on the fixed voltage component Md 
likewise the rotating current component is determined by the rotatmg 
voltage, 

4 If there is assumed to be no resistance in the circuit the currmt 
vectors wiU be 90 degrees behind their respective voltages. 
sistance in the circuit will decrease this angle and also decrease the 

magnitude of both the current componente. 

6. A change in generated voltage of either of the machines affects 
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the value of the fixed or the rotating current and voltage vectors. 
This is the factor which must be given particular consideration 
when studying the protection of machinery because it is most likely 
to affect some of the protective methods which have been considered 
In the past. 

It should be bonie in mind that the voltages shown in 
this series of sketches (figures 1 and 2 ) are internal gener¬ 
ated voltages. These will differ from terminal voltages or 
voltage values available out on the line in the manner 
shown in the second series of diagrams. 

Two Machines With a 
Transmission Line Between Them 

The series of vector diagrams, figures 3 to 6 , showing 
what happens on this simple system is useful because it 
can be applied in different ways. By w 4 y of illustration, 
some of the figures represent the machine terminals to be 
at a point y 4 of the distance from each end of the system. 
In practice, however, other points may be readily assumed 
to be mac hin e te r m in a l s. Also, a number of machines 
may be grouped together to represent the “generator” of 
this simple system. In these figures the neutral of the 
generator has been taken as the zero pouit and all distances 
measured from that point to the neutral of the motor, and 
the complete distance being assumed to be one unit. Any 


measurement of distance will, therefore, be given as a 
fraction, P. 

The figures previously discussed dealt only with internal 
generated voltages—quantitieswhicharenotordinarily read 
by switchboard instruments. The zero line may be con¬ 
sidered to be the neutral point of the entire system or it 
may be considered merely the reference point from which 
voltage is measured at any one location. It applies just 
as well to a delta voltage as to a star voltage measurement, 
but in these illustrations the star voltage is represented in 
its proper relation to the current. 

In figure 3 is illustrated a simple system having the ma¬ 
chines equally excited and carrying no load. The volt¬ 
age will, therefore, be equal throughout the system and 
will ever 3 rwhere be the same as the generated voltage. If 
one of these machines has no field, the conditions shown 
in figure 4 will exist. If all the different parts of the sys¬ 
tem have the same relative resistance and reactance, the 
voltage between wires will decrease uniformly along the 
line from the center of the generator to the center of the 
motor and will have the same phase relation throughout. 
The reason for showing the conditions in figure 4 becomes 
apparent in the next figure where, to- the condition first 
shown are added the rotating vector conditions of the 
second machine. Here circles are drawn at 3 different 
points on the system for V 4 , V 2 , and Vi of the distance 









Figure 7. Variation in voltage throughout 
the system for 6 different angles of motor 
pole lag 


between the generator neutral and the motor neutral. 

Below each of these points is shown a cycle of the volt¬ 
age oscillation at that point. It will be observed that the 
voltage oscillates to zero only at one point on the system 
which will be the center of the line if the 2 generated volt¬ 
ages are equal. If the voltages are unequal, as shown in 
figure 6 , the point of zero voltage occurs in some other lo¬ 
cation on the system. Another way of showing this is by 
the curves in figures 7 and 8 . These 2 figures will be of 
importance in studying the performance of line section- 
alizing relays, particularly those of the distance-measuring 
type. Since minimum voltage and maximum curr^t 
occur at the same time, it will be possible from these figures 
to determine what line relays are in danger of tripping 
during out-of-step conditions. 

This system, with generator and motor voltages equal, 
is symmetrical and at first sight it seems strange that the 
vectors where P = V 4 appear to be so different from those 
where P = ’A* However, closer inspection will show that 
the resultant vectors are the same. It will be observed 
that although the swing of the vectors is different in the 
2 positions, their absolute values are equal at any given 
time of reference. When they are plotted as scalar 
values they will be equal, as is shown in the voltage wave 
plotted bdow each point. 

This is a good time to again emphasize that these are 
not vectors of instantaneous values. For example, in 
figure 5 the vector OF is the sum of the vector OX and 
X Y and this sum never reaches zero. This is shown in the 
voltage waves below the diagrams. The following addi¬ 
tional facts concerning the current and voltage surges may 
be summarized: 


6. In this latter case there is no point outside of the marhiTieg 
where the voltage between wires will drop to zero during out-of-step 
conditions. 

Determining Power Surges 

The most interesting part of this study is the analysis 
of the power flow. It has been generally recognized that 
the power oscillations are not the same throughout the 
^stem, but the way in which the oscillations vary at differ¬ 
ent points has been hard to understand. 

The current is, of course, the same throughout the sys¬ 
tem, but the voltage is different at every point. As men¬ 
tioned previously, the current vector consists of an im- 
changing quantity plus a rotating component which ro¬ 
tates with the slipping pole. The same thing is true of 
the voltage vectors. The flow of power between the cen¬ 
ters of the 2 machines at any point is the product of the 
current and voltage vectors and the cosine of the angle 
between them. These vector diagrams for several points 
on the system are shown in figures 5 and 6 . Below each 
of the vectors showing the voltage variations is plotted the 
envelope of the voltage pulsation at that point. Below this 
is plotted the average value of the power surge. This has 
been obtained by multiplying the current and voltage val¬ 
ues by the cosine oi the angle between them for various 
positions. Corresponding points on the current and the 
voltage reference circles have been marked 1, 2, 3, etc. 
The angles between corre^onding voltage and current 
values are not shown, but they can easily be determined 
from the various figures by simple manipulations of a 
straight-edge and a triangle. 

When plotting a power surge, a table should be prepared 
having the following headings: 

I E Angle Between B and I Cosine Angle Watts 

This is about as easy a method as any. A trigonometric 
formula for the power surge at any point has been derived, 
but the final quantity that is obtained consists of the sum 
of a numerical term, a cosine term, and a sine term. The 
addition of these 3 quantities, if they are to be plotted, is 
usually more laborious than the method outlined above. 

The formula mentioned is: 

Watts = ^ (E< 7 “ -PEo^ - PEm*) + 4 (Si* - l)EgEM cos ^ -I- 

-^EaEatsmift 


1. When 2 machines are out of step there is only one point on the 
system where the effective voltage between wires drops to zero. 

2 . The po'Htinn of zero voltage depends upon the relative excita¬ 
tion of the 2 machines. 

3. The currmt will not become zero unless the excitation of the 2 
irtachines is equal. 

4 . The system can be assumed to be symmetrical even though the 

may have different reactance values. Under such condi¬ 
tions, the tenninals of the 2 machines are assumed to be at different 

distances from their centers. 

5. Similarly, in considering a large generator or a group of genera¬ 
tors cdnnected to a small motor, the center of the system may be. 
■within the motor windings. 


where: 

R = resistance, X =» reactance, Z = impedance of the conductor 
from the neutral of one machine to the neutral of the other 
jEo =» internal voltage of the generator 
Em ^ internal voltage of the motor 

4 = the ari gle of Separation between the poles of the 2 madiines 

P =s point where the watts are being measured 

The meaning of the symbols is shown in figure 5. If the 
system is sssum^i to have no resistance, the first 2 ferms 

vanish, leaving only the egression: 


Watts 


EqEm 

X. 
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This is the only condition where the flow of power is 
equal in each direction. Its value is also the same 
throughout the system because there is no resistance to 
consume power. 

The value of the watts depends upon the product of the 
2 voltages. If one of the voltages is decreased to Va» the 
power interchange is decreased by the same amount. If 
one of the voltages is decreased to zero, the power inter¬ 
change becomes zero. 

As to the actual angle of a real system, there are prob¬ 
ably none having a natural angle of more than 85 degrees. 
Many have an angle of around 80 degrees and more of 75 
degrees, ^sterns of 60 degrees or even 45 degrees do 
cjcist. On such a system the power surges are not equal in 
the positive and negative direction, except at its center. 

By reference to figures 5 and 6, it will be observed how 
this value varies at diflerent points on the system under 
different conditions of excitation. The assumed angle in 
all these diagrams is 60 degrees. 

Several different power curves are shown in figure 6. 
First, are the 3 normal curves for a 60-degree system having 
its motor excited to half voltage. Second, there is shown 
the S3rmmetrical power wave which exists on a similar line 
having no resistance. The 2 sets of current vectors for 
these 2 different cases are shown on the diagram for com¬ 
parison. Third, a set of compensated power curves is 
shown. 

These compensated curves have particular application 
to the relay problem of protecting synchronous machiuery. 
It has previously been shown that the voltage surges at a 


Figure 9. Pro¬ 
tecting frequency 
changers from op¬ 
erating out of step 


FREQUENCY CHANGER 




POSITION 


Figure 8. Variation of the voltage when the motor voltage 
is 50 per cent of the generator voltage 

definite point cannot be predetermined if the excitation 
of the 2 mac hin es vanes in an unknown manner. The 
same is true of the current surges. But the power waves 
can be compensated so they are symmetrical. The rea¬ 
son for the syrmmetrical wave on the ideal system having 
no resistance is ^t the axes of the voltage diagram and 
of the currait diagram are at right angles to each other. 
On a system where the current lags less than 90 degrees, 
the same effect can be obtained by compensating the watt¬ 
meter or the watt relay so that it has its zero torque at the 
natural angle of the system. On a 60-degree system this 
can be easily done by connecting the watt relay to utilize 
tte star current and the delta voltage of the phase which 
is leading by 30 degrees. This differs from the usual ar¬ 
rangement of watt relays for line protection in that such 


rday^ are connected to the star current and the voltage 
that lags by 30 degrees. 

It is of interest to observe that the power wave has the 
same frequency as the voltage and current surges—^not 
double frequency, as would be the case, if it were the 
product of 2 sine waves. 

Constants Used in the Calculations 

The resistance and reactance of the transmission lines 
can be obtained from standard transmission line tables. 
The per cent resistance of the windings of machines and 
transformers may be assumed to be one per cent at their 
rated kilovolt-amperes. S3nichronous machines have 
several ^erent reactance values. The one that should 
be used in these calculations is the one now knowi> as the 
transient reactance (X/), The following table of typical 
60-cycle values is copied from the “Relay Handbook." 

Turbine generator (2 pole): 12-22 per cent 
Turbine generator (4 pole): 20-29 per cent 
Salient-pole xneichines: 21-60 per cent 
Condensers: 30-60 per cent 
Power transformers: up to 66 kv 5-7 per cent 
88 to 110 kv 6—9 per cent 
132 to 154 kv 8—10 per cent 
187 to 220 kv 10—14 per cent 

Thcare are, of course, ihany factors which cannot be 
easily evaluated such as the effect of the load on the sys¬ 
tem and the proper method of grouping separated ma¬ 
chines in order to simplify the setup. There is also an 
imcertain factor in the induction motor effect of the start¬ 
ing windings of the motors. Presumably, this will throw 
the power curve off the zero line. 

Another variable is the effect of short circuits—the 
most common cause of out-of-step conditions. An un¬ 
balanced short circuit may cause machines to fall out of 
step before it is cleared. A 3-phase short circuit may, in 
effect, separate the machines during the time that it exists 
and, when the trouble is cleared by the proper breakers, 
the machines will be out of step. Somietimes they will 
pull back into step but often they will not. 

Out-pf-Step Relay Protectioa^^ 

A synchronous machine can run out of step indefinitdy 
^d damage has been done to several machines of various 
types from thfe cause. One result of out-of-step operation 
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is overheating of the damper or starting windings. An¬ 
other possible trouble with frequency changers and tur¬ 
bine generators is mechanical resonance of the rotor and 
the shaft, which form a torsion pendulum, with the out-of¬ 
step surges. Because of the rapidity with which danger¬ 
ous resonant forces might conceivably be built up, some 
machines have been protected by out-of-step relays that 
will quickly disconnect a machine after it has slipped a 
definite number of poles, say 3 or 4 pairs. 

The few installations of out-of-step protection with 
which the writer is familiar all use an out-of-step relay 
which actuates a notching relay. The notching r^y in 
turn trips the breaker after the set number of notches 
been registered. 

Several forms of out-of-step relays have been used. On 
one system where it is desired to open sectionalizing break¬ 
ers near the center of the system and at the lower capacity 
generating points, a low-voltage relay is used—a so-called 
“dip counter.'* This device can be applied when the out- 
of-step conditions, for which it must operate, are accom¬ 
panied by dips in voltage below normal by a sufficient 
amount for operation of the actuating voltage relay once 
during each slip cycle. 

Notching relays operated by current impulses are more 
common but it is probable that they will not fit all op¬ 
erating conditions. Such a current relay must be set high 
enough so that it will not operate if the machine is hunt¬ 
ing—^particularly after a short circuit has cleared. This 
high setting may be too high to allow operation under all 
values of field strength. Conditions may be such that the 
current relay will pick up and stay up because the current 
does not drop to a low enough value; or if the field is weak, 
the relay may not pick up at all. 

An out-of-step relay that satisfies all of the conditions 
so far raised consists of a duodirectional watt relay and an 
overcurrent relay with their contacts in series. The watt 
relay can be compensated to have its zero-torque position 
agree with the angle of the line. This is done in the de¬ 
sign of the relay itself when the angle to be compensated 
for is small. Such a relay will follow the power oscilla¬ 
tions and make contact alternately in the positive and 
negative direction and step up the notching relay on each 
impulse. 

The overcurrent relay should be set low, possibly below 
full load current. Its object is to insure that the watt 
relay will riot operate when the machine is hunting. . If 
the motor is lightly loaded the watt element may oscillate 
each side of zero but the current element contacts will be 
open. If, however, the motor is loaded so heavily that 
the current contacts are closed, the effect of hunting will 
be to cause the power to surge up and down without cross¬ 
ing over the zero line and becoming negative. Al schematic 
diagram of the relay combination is shown in figure 9. 

The notching relay may be a mechanical device or it 
may be constructed from a counting chain of auxiliary re¬ 
lays arranged so that each link will notch up in succession 
as successive impulses are given to it by the out-pf-step 
relay. Any notching relay will be given a single ener¬ 
gizing impulse whenever a short circuit occurs on the sys-p 
tem. It is, therefore, necessary to reset the device after 


every short circuit on the system and it will also be con¬ 
venient to reset it after every disturbance where it has 
stepped up a few notches but not enough to trip the 
breaker. This frmction may be performed automatically 
by means of a timing device which is set in motion by the 
first notch and will reset the relay, if the notching sequence 
is not completed' within a specified time. In one com¬ 
mercial design of notching relay this timer can be ad¬ 
justed for any value between zero and 10 seconds. 

Line Sectionalizing Relays Under 
Out-of-Step Conditions 

The analysis given in this paper will be particularly 
useful in the study of transmission line rela 3 rs where it is 
desired to prevent them from operating when the system is 
out of step. The factors involved are numerous and spe¬ 
cial attention must be given to every different type of relay 
installation. It is possible to determine the p^ormance 
of the directional elements of the relays at every point 
taking into account the phase connection of the voltage 
terminals of the relay. The performance of impedance and 
reactance relays can likewise be determined for each lo¬ 
cation. From such a study it should be possible to pre¬ 
vent undesirable performance during out-of-step opera¬ 
tion or to arrange the relays so that the line can be sec- 
tionalized at any desired point when out-of-step condi¬ 
tions exist. Although the principles herein outlined have 
been presented in a simple manner, they are fundamental 
and should serve as a useful guide in the study of any re¬ 
lay problems where out-of-step conditions are encoun¬ 
tered. 


Use o( Electricity to Treat Disease 
Fulfills Half-Century-Old Prophecy 

A PROPHECY made over half a century ago, that 
electricity would be used in treating disease, has come 
true, and the scientist who made it is stiU alive to see his 
then rash statement justified. 

The scientist is the 86-year-old Professor A. D’Arsonval, 
of Paris, whose galvanometer is familiar to every high 
sdiool physics student. He recalled his early statement 
in a message to the first International Conference on 
Fever Therapy recently held in New York. Professor 
D'ArsonVal is honorary president of the French co mmit tee 
of the conference: 

“I am forgiven today,” Professor D’Arsonval concludes 
his message, “for the phrase which I am proud of having 
written in 1882 and to which, at the time, I owed the ani¬ 
mosity of doctors and pharmaceutical chemists. 

“ ‘I am persuaded,’ I said, ‘that the therapeutic of the 
future will employ, as a curative means, the physical 
modificators, heat, light, electricity, and other agents stih 
unknown . .. and that the most poisonous drugs of dbem- 
istry will have to give place to these imponderable that 
have the advantage of introducing no poison into the or¬ 
ganism,’-” 
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Alternator Short-Circuit Currents 
Under Unsymmetrical Terminal Conditions 


By A. R. MILLER 

ASSOCIATE AIEE 


General Introduction 


I N A PREVIOUS PAPERS the solution for the ideal 
alternator under S3mimetrical terminal conditions was 
developed. In this paper the application of the equa¬ 
tions developed in this previous paper are used, together 
with s}anmetrical components of currents, to obtain the 
solution of currents in tibe armature and field circuits of 
an alternator imder uns)ntnmetrical fault conditions. 
These equations and solutions are applied to a 3-phase 
alternator having a line-to-ground and a line-to-line fault 
condition, under various conditions. Oscillograms and 
calculated graphs are compared to check the method used 
in this solution, and excellent results are obtained. Due 
to the inclusion of resistance simultaneously in the arma¬ 
ture and field circuits, the frequency of the harmoniOs in 
the circuits are seen to be somewhat different than usually 
given under less approximate assumptions. Also, the 
effect of resistance is more closely determined by this 
method of solution. 

Application of Symmetrical Components 

The rigorous solutipn of the polyphase alternator as¬ 
sumes symmetrical terminal conditions of current. That 
is, the current in each phase was the same as that in every 
other phase, except for the difference in phase relationship. 

This symmetrical terminal solution is extended to the 
solution of unsymmetrical fault conditions by aMuming 
that the customary qrmmetrical components of positive-, 
negative-, and zero-sequence currents are simultaneously 
applied in such a fashion of phase and magnitude as will 
give the terminal conditions as actually exist. It is pos¬ 
sible to so arrange these sets of sequence currents to dupli¬ 
cate any terminal condition chosen. Thus in a line-to-line 
fault, these currents (including the so-called “steady-state” 
and “transient” components of the solution) when added 
together in the open phase must give no current in that 
phase. Lfirewise, in a line-to-ground fault, the 2 open 
phases will have no current when the sequence currents 
obtained for these phases are added. The first case will 
require only positive- and negative-sequence components 
of current, while the latter will require positive-, negative-, 
and zero-sequence components. These statements refer 
not only to the fundamental component of current, but to 
harmonic components as well. 
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Using these component symmetrical currents, the 
equivalent impedance of the alternator will need to be 
known for each. In general, in case harmonic armature 
and field currents are set up, the impedance to the funda¬ 
mental and all related harmonics must be known, when 
flowing simultaneously. 

Limiting the discussion to a line-to-line and line-to- 
ground fault, it would in general be expected that the im¬ 
pedance to the negative-sequence set of symmetrical cur¬ 
rents would be different for the 2 cases. In the line-to-line 
fault the positive and negative fundamental components 
of current must cancel each other in the open phase; how¬ 
ever, the negative-phase-sequence currents give rise to 
third harmonic currents, which in turn will require posi¬ 
tive- and negative-sequence components that cancel each 
other in the open phase and so on. Since positive- and 
negative-sequence components of currents are involved, 
the impedance to the fundamental negative-sequence cur¬ 
rent will be dependent on these only. In the case of a line- 
to-ground fault, harmonics of positive, negative, and zero- 
sequence are set up by the fundamental negative-sequence 
component current. Because of this difference in the 
harmonics, depending upon the type of fault, different 
harmonics encountered require a different value of nega¬ 
tive-sequence impedance. For the cases calculated in this 
paper, these impedances are discussed at some length in 
appendix A, 

Review of 3-Phase Short-Circuit Solution 

In a previous paper by the authors^ there were developed 
equations for finding the armature and field currents upon 
the application of a 3-phase short circuit to an alternator. 
There were also developed a number of equations for a 3- 
phase machine that could be applied for various conditions. 
These equations are important and will be repeated here 
although no derivation will be given. 

«(i = —P'I'a — pQ ipB) — 

Cj = —ppq + Pa {pe) — igR ( 2 ) 

Efa * ppfa + IfaRfd 

Pfd — + Xfudg'd (4) 

Pd — Xafolfd + (5) 

Pg = Xqiq ( 6 ) 

These equations have been set up assuming that there is 
only the main field winding in the dire<k-axis rotor circuit 
and no windings on the quadrature-axis rotor circuit. 

In order to solve for a 3-phase short circuit the 6 equa¬ 
tions above are combined into the foUowing 3 equations. 
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(-K "1“ pXa')id Xqiq P^afdlfA (7) 

«9 = Xdia - (,R + pXq)iq + Xajdifd (8) 

•2/d = P^fadd H" (-R/ii + pXffd)Ifd (9) 

These equations solved simultaneously by means of 
determinants give the following equations for the un¬ 
known currents. 

“ \.^t{xqRfd + pXqXffd) — ddip^XqXffd + pxqRfd + ^ 

P^m + 222/i) — EfdXafdip^Xq + pR + Xq) ]/D(p) j 

*'« “ i^diPXafd^/dd ~ pXdXffd — XdRfd) + Efd(RXafd) ~ f 

SqiP^XdXffd P^Xafd^fad + pRXffd + pRfdXd + / (W) 

^fd)]/D(p) ( 

Ifd = [Efdip^XdXq -1- pRxq -H pRxd + 2?* + XdX^ — I 

^diPXflidXq) + edipHqXfad + PRXfad) ]/D(p) ) 

where 

•^C^) “ P^XdXqXffd ~ ^ofd^faAX^ + pKXfXdRfd + RXdXffd + 
RxqXfjd — Xafd^fadR) + piRRfdXd + RRfdXq + 

+ XdXqXffd — XafdXfadXq) + (R^Rfd + XdXqRfd) 

The currents in the various phases are found from the 
following equations. 

*'« = id cos d + iq sin 6 ( 11 ) 

*6 = id cos (0 — 120) -|- 4 sin (0 — 120) - :' v,;'(1?) 

»e, =* id cos (0 + 120) -f iq sin (0 + 120) (13) 

where 

0 t + 00 (14) 


«d = 'T’l^a cos 0 + Cb cos (0 — 120) + Ce COS (0 + 120)] 

O 


• ffia sin 0 + db sin (0 — 120) + de sin (0 + -120) ] 


xd = Xd — 


XgfdXfad 


!'?i 0^ 


§4i "4^ 




Theory of Single-Phase Solution 

In order to satisfy terminal conditions in a line-to-ground 
fault, it is necessary to have positive-, negative-, and zero- 
sequence currents equal to each other and in-phs^e, in 
phase a. The value of positive-sequence current is found 


Figure 1. Oscillogram of line-to-ground short circuit 

A —Phase a voltage; B — ^Armature current; C — Field curreot ’ 


Figure 2. Calculated values of line-to-ground short circuit 

(a) Aniiature current 

. ^ 0.396 sin (<»< H- 242°380 + 0.733f-° p»“<sin Qd -|- 242°380 
** 1.224 - 0.946 cos (2«/ H- 288°) 

0.061(1.991t.rf +132°310 

1.224 - 0.946 cos (2«<-1-288°) 

1.109e-«-^°8ft,fsin (Q.QQpa,/ + 59°400 

1.224 - 0.946 cos (2«/-1- 288°) > . 

(fc) Field current 

//d = 1 -I- 1.846-»•«»"< + 1.846sin (0.991 W + 269°15') - 

0.946 sin (2a>i-|-201 °60-|-0.447 

1.224 -0.946 cos (2«i-|-288°) 

[1.757 sin (2to<-1-201 °60-|- 0.830]e-»-««^< 

1.224 - 0.946 cos (2«« -|- 288°) 

[(0.875 sin (2.991 arf-H8°470]6-«>^»»"< 

1.224-0.946 cos (2«/+288°) 

[1.82 sin (1 .009 c9<-|-22°11 

1.224 - 0.946 cos (2&rf -h 288°) 

[1.271 sin (0.991 -|- 87°260]e-»-“»“< 

1.224 - 0.946 cos (2a>/ 4-288°) 

by applying the voltage to a circuit consisting of positive-, 
negative-, and zero-^sequence reactances in series. The 
sum of these reactances in the direct and quadrature axes 
will be XdT und Xq,, referred to as totalized reactances. 
The value of Xi to be used is discussed in appendix A, 
These totalized values of direct- and quadrature-axis re¬ 
actances are now used in equations 10 for the solution of a 
3-phase short circuit and solutions will be obtained for 
ij, and//tf. J 

The armature currents that are-found by this solution 
are only the fundamental-frequency positive-phase- 
sequence currents flowing in the armature, so that the value 
of 4 obtained from the above values of 4 and 4 is i4i* 
For a line-to-groimd short circuit the total short-circuit 
current in phase a is equal to 3 times the sequence current 
due to the fact that positive-, negative-, and zero-sequence 
currents are equal so that the true value of i4 is equal to 
3 times ligi- 

The fact that there is negative-sequence current flowing 
in the armature produces currents of frequency 2 higher 
fTinn the fundamental solution, and gives rise to several 
series of terms of higher frequencies. These series^^i^ he 
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referred to as harmonic series throughout this paper al¬ 
though it will be seen that the series are not made up of 
harmonics but of a series of tmns each of frequency 2 
higher than the term that preceded it. In order to obtain 
the solution for the actual armature currents, the har¬ 
monics that go with must be found and added to it. 
The actual process of obtaining the total short-circuit 
current, including these harmonics, is given in appendix B. 

The solution of as found from equation 10 is, in a 
manner similar to the solution for armature current, only a 


Appendix A 

NEGATIVB-SBSXmNCB REACTANCE 

By applying the constant-flux-linkage theorem to a line-to-ground 
fault, Doherty* has shown that the initial value of the fundamental 
component of current is 

2so 

*- 7 = (la) 

Xd' -f- V Xui’Xq* 

By the principle of symmetrical components, this is also equal to 



Figure 3. Oscillogram of line-to-line short circuit 

—Phase a voltage; B —Phase b current; C—Field current 


part of the total current. The harmonics in the field 
current arise from the harmonic currents flowing in the 
armature. Therefore the harmonics in the field are 
calculated from the total flowing in the armature by 
solving equation 9 for 
Letting = 0 


. Sso 

t s» - 

Therefore 


(2a) 


3 2 
Xd' + Xt Xa Xd' - 1 - ^Xd'Xq' 

Park* has shown that the following relations exist between the 
single-phase static constants and the 3-phase constants. 

aro + 2xd' 


, »o + 2xg' 

V “ —^— 

Substituting and solving for xg 

Xi = V(*go + 2xu')(xo H- 2x^ _ ^ 
2 2 


(3a) 


Park has shown that for a line-to-line fault the relation between 
single-phase and 3-phase constants differ from the line-to-groimd 
relations. 


xj}' =» 2xd' 
Xq' = 2Xg' 


Ifd 


PXfadd 
•K/d + pXffd 


The series are geometric in form so that once 2 terms 
have been found the rest of the series is determined. 

The same process is used to obtain the solution for a 
line-to-line short circuit. In this case there are no zero- 
sequence currents and the equation for will be different 
than that used in the line-to-ground solution. 

Conclusions 

By the application of ^munetrical components of cur¬ 
rents to polyphase-alternator short-circuit solutions it has 
been possible to include the resistance in both the arma¬ 
ture and field circuits in a much more satisfactory manner 
th^an is usually found in unsymmetrical alternator short- 
circuit solutions. In order to shorten the numerical 
calculations, some approximations have been made in the 
inclusion of the resistances of the machine circuits, but 
these approximations have only a negligible effect. More¬ 
over, these solutions are similar to the general 2-reaCtion 
theory as developed for synUnetrical/short-circuit solu¬ 
tions, and give solutions whi(^ agree experimentally. 
The oscillograms included in the paper were takm on a 
small laboratory machine; even closer r^ults could be 
obtain^ed on larger commercial ^ machines, in which the 
constants were known. 
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Thus the initial value of the fundamental current during a line- 
to-line fault as given by Doherty becomes 

2\/3so -y/ 3co 

+ "^/xd'xq* Xi’ -f ’n/ Xd’xq 

But by symmetrical components this current is also 

+ ** 

Now equation the 2 expressions and solving for Xg 
Xg = 'y/xa'xg' 


(48) 


Thus it is seen that xg varies with the kind of fault. 

For a line-to-ground fault the external reactances of Uie sequer 
network are xg and xg in series. 

Therefore 

XdT ^ Xi + Xg -{■ Xg 

Xgf = *0 

Similarly 

■Xir’ xi’ -{• Xg 

X(it' Xq' -{• Xg Xg 

For a line-to-line fault, tlie external reactance is only the negath 

^quence reactence and the t6taliz(^ impedance are 

Xd t ^ Xi Xg 

“■% + *» 

XfiT^’^Xi’n^Xg 
Xf'^ Xg 
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Armature current 


. ^ 0.208 sin + 345^10 + 0.599<-«-»»“^sin (sd + 345°10 ^ 

” 1.342 - 1.170 cos (2cof + 132**) 

0.064«-o-ioi«-»< sin (1.991tof + 248 "220 , 

1.342 ~ 1.170 cos (2w/ +132“) 

0.798«-o»^«»i«< sin (0.009fof + 161 “IQ 

1.342 — 1.170 cos (2«/ + 132“) 

(b) Field current 

l/a «« 1.0 + 2.88«-«-i*»“<+2.884«-«'“^<sin(0.991w« +271 “26') - 
1.17sinC2<df+44“23')+0.681 
1.342 -1.170 cos (2wf+132 “) "^ 

[3.37 s}n(2caf + 44“230 + 1.96]«-«-^»«“< _ 

1.342 - 1.170 cos (2orf + 132“) 

[1.68 sin (2.991 +224 “35 

1.342-1.170 cos (2«i+132“) 

[2.87 sin (1 ♦009«f + 224°260]6-»-»^< 

1.342 - 1.170 cos(2«i + 132“) 

12.657 sin (0.991arf + 89“25')]<~**-^”“^ 

1.342 - 1.170 cos C2<d + 132“) 


But using the totalized reactances 
'I'd — XaT**d 

'I'g ~ Xqt'^Q 


With p8 ’=> 1 and neglecting 72 

ea = sin (» + l)i = —p 

eg = -cos (» + l)t = -pxgr'^a + 

Solving for id and ig 
cos (» + 1)/ 

u “ -;— 

n XdT 

. sin (n + 1)/ 

*« “ ' 't 

n XgT 


Then from equation 11 the value of 4 becomes 



cos {n + 2)t 
(7a) 


From equation 7o the formation of higher frequencies can readily 
be seen. A negative-sequence current of frequency » will produce 
a positive-sequence current of frequency (n + 2). That this is a 
positive-sequence current can readily be checked by finding the 
currents 4 and ig similar to equation 7o. The important part of 
this equation is the relation of the magnitude of the 2 currents. 
This ratio is 


XgT / ^ «aT - xgT*^ (8a) 

/ 1 _ Xgr' + XdT’' 

\XdT' Xgr'J 

Therefore if a negative-sequence current of frequency n is flowing 
there will also be flowing a positive-.sequence current of frequency 
in + 2) whose amplitude bears tlie ratio to the first current as given 
by equation 8o. 
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If any impedance external to the machine is present, it must be 
added to Xa, Xg, and xg, etc. Thus for an external impedance of 
.Ve* in a line-to-ground fault 

xar *• + *4 + *» + 3x«; (5^) 

Similar equations must be Written for x^t, and for the transient 

reactances and 

An external impedance in a line-to-line fault is taken into ac¬ 
count similarly except that Xg is not present; therefore only 

must be added. 

xar ■“ <*<* +4^ + 2 *«t, etc. (6a) 

In order to see the formation of higher frequency currents, let a 
negative-sequence voltage of frequency n be impressed. 


ea 

«c 


sin nt 

sin (w/ 120) 

sin (»/ + 120) 


And then from equations 16 and 16 


eg 


sin in + 1)< 

— cos (n + 1)< 


JTrom equations 1 9xid 2 


ea 

eg 


-^ppa -r Ptip9) ^ idR 
—+ pdiP^) ~ 


From the theory of symmetrical coinponeuta, the current tliat 
will be found by dividing the voltage by the network impedance for 
a line-to-ground fault is only the po.sitive-.sequence current. 


*ai 


*1 + Xg + Xg 


However there is also flowing a negative- and zero-.sequcnce current 
equal to this value of 4i. It is a known fact that harmonics exist 
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Figure 5. Oscillogram of line-to-groundl short circuit with 
external reactance 

A Phase a voltage/ B Avrmature current; C—Field current 
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Figure 6. Gilculated values of line-to-ground short circuit 
with external reactance 

(a) Armature current 

. ^ 0.333 sin (a + 280°180 + 0.201 (<d + 280^180 

*“ 1.053 - 0.462 cos (26»< + 10") 

0.022e-«-«^‘to< sin (1.999ttf< + 180") 

1.053 - 0.462 cos (Q<d + 10") 

0.525e-» «^S“< sin (O.OOW + 98°) 

1.053 - 0.462 cos (2td + 10") 

(5) Field current 

Ifd = 1.0 + 0.60e-«-«*i"' + 0.60«-*-«»*“< sin (0.999<d + 268 "370 - 

0.46 sin (2<a^ + 283 "190 + 0.106 _ 

1.053 - 0.462 cos (2«/ + 10") 

[0.277 sin (2orf + 283 "190 + 0.064 ^ 

1.053 - 0.462 cos (2arf + 10") 

[0.137 sin (2.999«f + 107°50]e-o-«»“< _ 

1.053 - 0.462 cos (2«r + 10") 

[0.60 sin (1.001+102 "510]«-».oTfa< 

1.053 - 0.462 cos (2wi + 10") 

[0.170 sin (0.999ai< + 89"240]«-»-w» “< 

1.053 - 0.462 cos (2arf + 10") 


in the armature so the current as found above shall be referred to as 
fundamental positive-sequence current in phase a, or, i*ai. 

j*<n »» A sin {at + + a) = A sin {6 + a) 

where 9o is the angle between phase a and the direct axis at the instant 
of short circuit and a is the angle of lag of the armature drcuit. 
This angle a is only slightly less than —90 degree. 

It was shown in appendix A, equation 8a, that if a negative- 
sequence current is flowing in the armature, there is set up a posi¬ 
tive-sequence current of frequency 2 units higher and bearing a 

ratio to the original current of ^xViis ratio will be 

XffT + «dr' 

called b for convenience. 

Now 

i*ai = .4 sin (tf + a) 

1*0* = 4 sin (9 + a) 

1*00 * 4 sin (ff + a) 


1*0 - 3 4 sin (d + Of) (lb) 

but i*oj sets Up a positive-sequence third harmonic cturent, .*oi, 
^ch that 

j*oi = 1*0* = i 4 sin (3fl + a) ^ : ‘ ‘' 

and since v -i i . 

a*oi “ »*a* “ j*oo 

8*0 * 3J 4 sin (35 + a) . 


Now if 

5*02 = 6 4 sin (35 + ot) 

5*01 = 6* 4 siu (65 + Of) 

In sitnilfl-r mann er there must be tiao and 5*00 and thus 
tia = 36*4 sin (55 + ot) 


4 = 34 [sin (5 + Of) + 6 sin (35 + «)+&* sin (65 + ot) + etc-] 

(2b) 

Field Current 
From equation 9 ^ 

_ Bfd ~ P Xfaa ig 
Rfd + pXffd 

Efd has the same value before and after the instant of short 
circuit so that in calculating any additional field current Efd is 
neglected. 


r _ _ y Td 

Rfd+pXffa 

Neglecting Rfa 

Ifd - — 1^4 (3b) 

Xffd 

Therefore, in order to find the series of terms in Ifd, the series of 
terms in 4 must be found. 

2 

id ® — [4 cos 5 + it, cos (5 — 120) + ig cos (5 + 120) ] 
o 

*6 =*6 = 0 
therefore 
2 . 

= - *a cos 5 (4b) 

Putting in the value of *o term by term as found above gives for 
the first term 


i*(j = — X 3 4 sin (5 + a) cos 5 
3 

= 4 sin (25 + a) + 4 sin or 
In similar maimer 

**tf = 6 4 sin (45 + <^ + 6 4 sin (25 + a) 
and 

tid “ 6* 4 sin (65 + a) + 6® 4 sin (45 + a) 


id = A sin a + (1 + 6) 4 [sin (25 + a) + 6 sin (45 + <*) + 

6*sin (65 + «) + ...] (5b) 

To find the total armature current the harmonics due to negative- 
sequence current were found and added to the solution of i*o as 
found from equation 16, Therefore only the harmonics in the field 
current that come from the negative-sequence f un damental current 
must be added to the solution of Ifd from equation 10. 

i4i = 4 sin (5 + a) 

. 2 , . 

i»di = — U»ai cos 5 + 1*61 cos (5. - 120) +1*01 cos (5 + 120) ] 

■ = 4 sin a ■■ ■ ' •' / 

2 ■. 

iHi = — btoacos 5 +1*62 cos (5 - 120) + i»<a Cos (5+ 120)] 


— 4 sin (25 + a) 


V-i.S- 


Miller, WeiUe^Shori~CircuU iCur3t0!ftjts 


ELE<:rrau[c^”P>jGmBE^ 



Thus It IS seen that m the equation for id the first term ^ sin a types of faults on a small laboratory machine, the constants of which 
comes from the fundamental positive-sequence current and is not are given below, 
part of the additional harmonics. Therefore in order to get //<j 

only the terms in the bracket are applied to equation 36. Theaddi- =1.0 xd == Xq = 2.80 norm. «« = 63.5 V 2 

tional terms of I/a are then ^afd = 1-0 = 81.7 = 10 \/5 

R = 0.073 Xffd = 31.5 Efd = 1.68 

^fd = - (1 -I- 6) .4 [sin(2fl H- a) -1- 6 sin(44 + a) -H ** ~ 

•^ffd X X 

6* sin (6tf -t- a) -f . ..] (6b) - 

■^ffd 

To obtain the total solution of 7/a, equation 66 must be added to _ o o _ o cq _ n oi 
the solution of J/a from equation 10. 

'\/2*a' + xo){2xq' + *o) *0 . 

Harmonic Sbribs *2 - — — (3a) 


= 2.8 - 2.59 = 0.21 
_ '\/2«a* + xn){2xq ^ 

2 “2 


It is very inconvenient to plot the series term by term. For that 1 _ _ 

reason the development of an expression for the sum of each series ” 2 ^(0*^ "I" 0.34)(5.6 -1- 0.34) — 0.17 = 0.89 
is now given. 

The series that occur in the armature and field currents are both The totalized reactances are then 
of the following general form where X equals the sum. 

Xqr' = 2.80 + 0.34 -1- 0.89 = 4.03 

X = sin (nd + a) -{-b sin [(» + 2)0 -j- «] -f 6* sin [(» 4)0 + <*] + xar' = 0.21 -f 0.34 -|- 0.89 = 1.44 

6* sin [(jj + &)0 -f" <*] -f* . . . 


Let b and multiply both sides by a*. 

(i^X = o” sin (nO •+•«)-!- a”^* sin [(« -|- 2)0 + «]-!- 
a**'*’* sin [(« 4)0 -|- a] -f- . . , 


sin (nO -|- or) = 


JndJa _ -jne.-jet 


Writing the series with a summation sign 
fe—w 


'V'«(**■"*> = —— 

1 - a* 

^ " 2j Ll - a* 6^*" 1 - a* J 




_ 1 f- 
" 2 jL 


n/ja jnd _ -ja 


1 - O* +a* 


“2jL 1 -^aV*' + +a* J 

«V o” .sin (ng -Ha) - sin [(w — 2)0 + «1 
® “ 1 - 2a* cos 20 + a* 

_ sin (nO -H a) — a* sin [(» — 2) g -h «] 

"" 1 -h a* — 2a* cos 20 

but a* = 6, therefore 

_ sin (nO -H ot) - 6 sin [jn - 2)0 -h oe] 

~ 1 -h 6* — 26 cos 20 

where sin (nO -h a) is the first term of the series. Remembering 
that 0 => at Oo 

sin [n ijiat 4- ^ 0 ) + «] ~ 6 sin [(» — 2)(<o/ -h flp) + a] . . 
“ 1 -1- 6* - 26 cos 2(w/ -t- Oo) 


, 4.03 - 1.44 2.59 ^ , 

6 = - = —— = 0.473 

4.03 -1- 1.44 5.47 

Assuming that the 3 sequence resistances are equal 

1? = ifi -h i?2 + i?o = 3 X 0.073 = 0.22 

Now, using XiT “ 4.03 instead of Xa = 2.80 and R — 0.22 in the 
equations for a 3-phase short circuit, 

tdi = -0.248 - 0.4596-® °®"' + 0.7056-® “®"'cos(0.991o)<-2“34') 
iqi = 0.0135 + 0.02486-®-®®"'-1-0.2506-®“®"'cos(0.991a./-98“460 
7/4 = 1.0 + 1.84 6-® ®®"< + 1846-®-“®"' sin (0.991a>/ + 269" 150 
From the oscillogram Oo = 324® 

*01 = *di cos (at + Oo) + ifi sin (at + Oo) 
and the fundamental value of ia becomes 
lia “• 3 iai 

,ia = 0.746 sin (at + 237"60 + 1.38 e"®-®®"* sin (at + 237"60 + 

0.6876-®-“®"' sin (1.991 at + 64"470 + 

1.43e-®-“®"' sin (0.009«/ + 58"110 

Each of these 4 terms is followed by a series of hannonics but the 
term (at + Oo) must be factored out of (at + 237®60i etc. Thus 
for the first term of lia 

0.746 sin (at + 237"60 = 0.745 sin [(w^ + 324") - 86"54'] 

The series of harmonics following the first term is 

0.745 (sin l(at + 324") - 86"64'] + 6 sin [3(coi + 324") - 86"54']+ 
6* sin [5(w/ + 324") - 86"64'] + etc.) 

The first term is in the form sin {n(at + Oo) + «] and the equation 
developed in appendix B can be used to get the sum. 

sin \n(at + ®o) + «] — 6 sin [(n — 2)(at + gp) + a] ... 
“ 1 + 6* - 26 cos 2(at + O 0 ) 


For the series following the first term of lU 
6 = 0.473 » = 1 (wi + Oo) = (at + 324") = 0 


6 = 0.473 
a = -86"64' 


sum = 0.745 

= 0.745 


Appendix C - 0.746 -^ 

1.224 

Line-to-Ground Sbcort Circuit 

Appendices C, P, and E illustrate the method of calculating various 
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» = 1 (at + Oo) = (w^ + 324 ) — 0 

[sin (0 - 86°540 - 0.473 sin (-g-86°5401 
1.224 0.946 cos (2al + 288") 

[0.632 sin (0 - 81 "22')] ^ 

1.224 ^ 0.946 cos (2£oi + 288") “ 

0.396 sin (ttf^ + 242"380 
1.224 - 0.946 cos (2«f + 288") 





In a .Qiniilar mannpr the sum of the series following the second term 
is 


The value of ia can be found from each term of ia by using the 
following equation. 




[0.532 sin (g -81°220] 

1.224 - 0.946 cos (2a)/ + 288“) 

0.7336~Q °^“^sin jut + 242°380 
1.224 - 0.946 cos (2a)/ + 288“) 


id — ~ ia cos (o)/ + go) 
8 


- X 0.745 sin (g - 86“540 cos g 
3 


(4b) 


The same denominator will appear in all of the terms and for 
convenience it will be replaced by a s 3 rmbol J5(l), where 

P(l) = 1.224 - 0.946 cos (2a)/ + 288“) 

In order to use the equation for the sum developed in appendix J5, 
it is necessary to get the first term of each series in the form of 

sin [»(a)/ + go) + a] 

The third term of i«a can be written 

0.687e-0-i03«< sin(1.991a)/+.54“470 = 

0.6876-0 “3«< sin [1.991(a>/ + 324“) + 129“42'1 

where 

a = ^ - «(go) = 64“47' - 1.991 (324“) = 129“42' 

In similar manner for the fourth term 
a = 58“11' - 0.009 (324“) = 65“16' 
and 


= 0.248 sin (2g - 86“540 - 0.248 

Using equation 56, the id resulting from the first term of ia and 
its series is 

id » -0.248 + 0.248(1 +6) [sin(2g-86“540+ 

6 sin (4g - 86“540 + 6*sin (6g - 86“540 + etc.] 

1,1 ~ W 

Xffd 

Ijd “ —2.69 id 

As was shown in appendix B, the harmonics in Jfd are found by 
using only the bracketed terms of id. 

The first term of the series is in the form 

sin [^^(a)/ + go) + Of] 

where 

« = 2 Of = -86“34' 6 = 0.473 


1 43g0.l03«f sin (0.009a,/ + 68“110 = sum « 

1 43j 0.103«/ sin [0.009 (a,/ + 324“) + 55“160 

The third and fourth term series become respectively ^ 

' 0 . 687 «- 010 "‘ 

Third = - ^ - X 


-2.59 X0.248 X1.473 [sin(2g -86“640 -0.473sin( -80“540 ] 
i?(l) 

-0.946 sin (2a)/ + 201“60 - 0.447 

2>(1) 


D(l) 

[sin (1.991g +129“420 - 0.473 sin (-O.OOQg + 129°420] 
Dil) 


In similar manner the sum of the next series becomes 
1 

-2.59 X X 1.4736-0 0®"' 


Fourth = 

1.436-0-^Q^'[sin(0.009g + 55“160 - 0.473 sin (-1.991g + 55“160] = -[sin(2g-86“540-0.473 sin (-86“640] 


i?(l) 

These two can be combined in the following manner. 

0.687 Z129“42' + 0.473 X 1.43 Z-65“16' = 0.061 Z207“26' 

1.43 / 66“16' +0.473 X 0.887 Z-129“42' = 1.109 Z56“45' 

and the combination of the third and fourth term series gives 

^1.-I r .t. 0.06l6-0-i03«<sijj(i 9910 _|. 207026') 

Third + fourth -^^-- —~ -l- 

^ Z)(l) ^ 


1.1096-0-^03"' sin (0.009g + 56“45') 
i>(l) 


Substituting g =» a,/ + go 


^ 0.06l6-0-103«<sin (i 99i„^ ^ 132031,) 

Third + fourth = ——-^- — - - 


D{1) 


+ 


. 1.1096-0-^0^"' sin (0.009a)/ + 69“40') 
D(X) 

Then tiie Complete expression for the armature current becomes 

^ ■ 0.396 ein («/ + 242“38') + 0.7336-0 0®"' sin (a,/ + 242° 38') 

® 1.224 - 0.946 cos (2a)/ + 288“) ~~~ ^ 

O.06l6^0-^00"' sin (1.991a,/ + 132“31') 

1,224 - 0.^6 cos (2a)/+ 288“) 

1.1096-°-^0^'sin (0.009a,/ + 59°40') 

: 1.224 - 0.946 cos (2a,/ + 288“) 


^(1) 

^ -1.757e-0 0®"' sin (2a,/ + 201“6') - 0.8306-0-0®"' 

2?(1) 

For the third sum 

n = 2.991 6 = 0.473 a = 129“42' 

0 087 

-2.69 X X 1.4736-0-W3«/ [sin(2.991g + 129“42') - 

sum >« -^----- 

J3(l) 

0.473 sin (0.991g - 129“42')] 

m 

For the fourth sum 

n = 1.009 6 = 0.473 « = 66“16' 

1.43 

-2.69 X X 1.473e-'>-«»"< [sin(1.009g +66“16') - 

sum = -^^---:___ 

0.473 sin (-0;99lg + 66“16') ] 

m 


+ 


Third sum = [“•0-875 sin (2.991a,/ + 18“47')]6-"®-“*«< 

m 


+ 
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[0.413 sin (0.991a,/ + 9O“470]e'"®-i®««< 
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, [-1.82 sin (1.009«t + 22“ll0l€"*-i“*“< 

Fourth sum — --- 

D(l) 


But for a line-to-line fault 


0.413 Z90“47' - 0.861 Z265"49^ = 1.271 /87‘‘26' 


lit « -j 1.732 liai » 1.732 i4i -^270" 

r0881sln(0 991»i + 2e6«4M1.--i*»l i*'* “ 0.494 sin (..i + 388”23')+1.426.--«>“5in(<rf + 3S8'23') + 

LU.iiM sm i0.991..i + 265 49 - 0.707.»-‘“-sin(1.99<ri +168»36') + 

1.2106-®-«i"' sin (0.009 «f + 158“ 26') 

165“49' = 1.271 /87“26' The angl^ 6a — 166 degrees was reckoned on the basis of current 

in phase a and as the short circuit has been assumed to occur in 
phases & atiH c it is necessary to convert 6o over to phase b in order to 
obtain the correct series for tj. Since it lags by 90 degrees, it 
is necessary to subtract 90 degrees from 6 o to get the correct value 
7') —1.82 sin (1.009wi-f*22“ll0 to use forts. 

I>(1) 

correct 6 o =* 156® — 90® = 66 ® 

1.271 sin (0.99lMf + 87°2601<-o-»«“« 

Z)(l) Now in a similar manner as was done in the line-to-ground case 

the summation of each series is found. Thus for the first term 

added the 3 terms obtained from the 

„t.l fidd ^irrent bddomes 0.494 rin M + 338"23') = 0.494 sin [(»( + 66 *) + 272"23'1 


Therefore phase 

obtau 

Third •+• fourth sums = is nec 

[-0.875sin (2.991wi + 18®47') - 1.82sin (1.009wi-[-22®llO to us( 

D(l) 

correi 

1.271 sin (0.99lMf + 87°2601e-o-»«“« 

m) No 

the SI 

To these series must be added the 3 terms obtained from the 
original equations and the total field current becomes 0.494 

lya ^ 1 + 1.84e-«-«®"< + i.84e-«-i«*«< sin (0.991«/ +269®150 - sum 

_ 0 494 

0.946 sin (2al + 201 ®60 + 0.447 
1.224 - 0.946 cos (2tot +288°) 

[1.757sin(2tof-h201°60 +0.830]6-o»”“< __ 

1.224 — 0.946 cos (2ei)t 288®) 

[(0.875sin(2.991<of+18®470+1.82sin(1.009«f+22®llO]6-«-^»»<-’* ^ 

1.224 -0.946 cos (2wi + 288®) ^ 

[1.271 sin (0.991«f + 87®260]6-°-»»“< *6 = 

1.224 - 0.946 cos (2«< + 288“) 

Figure 1 is an osciUogram of a line-to-ground fault on a small 
wound-rotor induction motor, the rotor of which was exmted by 
direct current. The calculated curve of armature current is shown 
as figure 2 o, the calculated curve of field current is figiure 26. 


sin[(a)^-h66®)+272®23'1-0.675 sin [-(o>/-h66®)-t-272®23'} 


1.342 - 1.170 cos (2o)t -1- 132®) 

0.420 sin [(6)^-^66®)-80®69'] ^ 

” 1.342-1.170cos (2toi-l-132®) “ 

0.208 sin (Mf+345®10 
1.342-1.170 cos (2«/-l-132®) 

and the total short-circuit current in phase 6 becomes 

0.208 sin (tof -|- 345®10 + 0 . 599 e-°-»*«« <sin (wf + 346®10 
“ 1.342 - 1.170 cos (2cit 4-132®) 

0.0646-»-»^< sin (1.991a>^ + 248®220 

1.342 - 1.170 cos i2ut + 132®) 

0.7986-o-»^“*sin (O.OOOwf + 161®!') 

1.342 - 1.170 cos (2ut -|- 132®) 


Appendix D 

Likb-to-Linb Short CiRctiiT 

*. V»<t'V 

« \/2.8 X 0.21 = 0.76 
x.t' *“ 2.80 + 0.76 «= 3.65 

0,21 + 0.76 = 0.96 . 

3.66 - 0.96 _2j9^^^,,, 

° “ 3.66 -1- 0.96 4.61 

R « Ri + Ri » 2 X 0.073 = 0.140 

The constants for use in equations 10 are 


Care must be taken in calculating the value of id. 

^ 1 cos 6 - 1 - H cos {0 - 120 ®) + ic cos (9 + 120 ®)) 

3 

*= 0 and ic =* 

cos (6 — 120®) = cos (at -h 00 — 120®) 

where the 0 o here refers to the current in phase a, but the 9o in the 

series must be the one with reference to phase 6 . 

(at + 00 - 120®) = (at -h 156® - 120®) = (at + 66 ° - 30°) 

^ =(«^ + 9o-30®)-(9-30®) 


In order to use the value of 
becomes 


degrees, the equation for 


R/a «= 1.0 
Xa/a<^L0 
R P= 0.146 


xar ^ 

“81.7 
Xm “31.5 


The voltage shown on the osciUogram is that of phase 6 and smee 
the equations require the angle between the direct axis and the axis 

of phase B 

9o « (36® + 120®) = 166® 

The solution obtained in a m«mef staJlar to^ to^ 

r , n + 2 ^«"’-‘'**^ e*o(0.991a<+ 271°26') 

^ + 684 ') :+ 6 «"^’) +- 


id = [»6 cos (0 - 30®) *6 cos (0 4 ^ 210®)] 

.3 

For the first term of ii& 

I X0,4941rfn(.-87"370coe(.-89-)-sin(e-8^^^ 

_ 2 X — X — [sin C2» - 87-37') - 11 

3 . .-2 ■ 

As was seen in the case of a line-to-ground circuit, only the part 
containing (sin 29) goes into making up the senes. 

■'■Where', 


dn (h99W^W + _ 1.170 cos (2-( + 132-) 
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in a similar manner the sum of the first term’s series for the fidd 
current is, 

sum = 

0 494 

X \/3 X2.69X 1.576[sin(2«-87'’370 -0.575sin( -87‘’370 ] 

W) 


Ifd = 1 + 0.60e“®-®«®^ + 0.606-® «’‘^<sin (0.999w/ + 268‘’37') — 

0.46sin(2a)/+283°190 +0.106 
1.063 -0.462 cos (2MiH-10“) 

[0.277sin(2Mf+283°190 +0.064J<-®-®®^“< 

1.063 - 0.462 cos (2wi + 10“) ~ 


_ 1.17 sin {2o)t + 44°230 - 0.681 

Z?(2) 

And likewise in a manner simi ar to the line-to-ground case, adding 
on the part found from the 3-phase solution, the total expression for 
fidd current is found. 


[0.137sin(2.999w/+107“50 +0.60sin(1.001<tff+102“5lO]6~»-®^®“< 

1.063 - 0.462 cos (2«/ + 10“) *" 

[0.170 sin (0.999W + 89°240]e~®-®^»“^ 
1.063 - 0.462 cos (2to/ + 10°) 


Ifi — 1.0 + 2.88e“®‘i*®"< + 2.8846“®-*®i«<sin(0,99l6)/+ 271°260 — 5 is an oscillogram of a line-to-ground fault with an external 

impedance in the armature circuit. Figures 6a and 66 show the 
1.17sin(2co/ +44“230 +0.681 calculated curves of armature and field current. 

1.342-1.170 cos (20^+132°) 

[3.37sin(2cij/+44°230+1 96]6~®*‘»*"' 

1.342 - 1.170 cos (2w/ + 132°) “ Appendix F 


[1.68sin(2.99l6>/+224°350+2.87sin(1.0096)^+224°260 

1.342 - 1.170 cos (2«/ + 132°) 

[2.657 sin (0.991<of + 89°250]«-®-i®»«-» < 

1.342 — 1.170 cos (2<ij< + 132°) 

An oscillogram of a Ime-to-hne fault on this same machine is 
shown in figure 3. The calculated values of armature 
currents are shown in figures 4a and 46, respectivdy. 


Appendix E 

Like-to-Grox7nd Short Circuit With Reactance in Armature 


Notation 

In general Uie s3mibolic, notation used in this paper is the same as 
was used in the previous paper by the authors. 

paper there is added, however, a sequence and harmonic 
notation. It seemed advisable to maintain the sequence notation 
usually used. A subscript letter after a current desig[nates the 
phase, a number after that designates the sequence. If there is no 
number after the letter it designates the total current in that phase. 

The harmonic notation is quite similar to the sequence notation 
except that the subscript is placed before the current. The number 
designates the frequency of the harmonic and if no number is used, 
it designates the total current including aU of the harmonics. 


It was shown in appendix A that if there is any external reactance 
in the armature circuit, it must be added to %, xt, and xo 
For an external impedance of 0.96 units the values of x,,/ become 

= 2.80 + 0.34 + 0.89 + 3(0.96) = 4.03 + 2.88 - 6.91 
Xir' = 0.21 + 0.34 + 0.89 + 3(0.96) — 1.44 + 2.88 = 4.32 
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The resistance of the added reactance was 0.061 units but 3 times 
this resistance must be added in the same manne r as 3 tiirme the 
reactance was used. 

R - 0.22 + 3(0.061) « 0.22 + 0.18 =*0.40 
The constants for use in the equations are then 

Rfd “1.0 XdT “X,a. »6.91 

.3:,^ - 1.0 ATyag = 81.7 

R —0.40 “31.6 do = 6° 

The solution obtained is 

i*« = 0.432 sin {at - 81 °410 + 0 . 261 «-«-«»i«/ gin («< - 81 °410 + 

0.129«-®-®»M sin (1.99«/ + 102°260 + 

0.664«“®*®’f*“< sin (O.OOlwi + 97°21') 

Ifd “ 1.0 + O.60Oe“®-®®i«< + 0.600<~®*®^*«tsin(0.999wi+268°370 

^ Using the value of 6 as found above to calculate the additional 

harmomes, the complete solution becomes 
_ 0.333sin((oi{+280°180 + 0 . 2016 ~®- ®®^ sin {at +280° 18 0 
1.063 — 0.462 cos (2«^ + 10 °) 

. 0.022t-®-°y<tot sin (1.999&>f + 180°) 

1,063 — 0.462 cos (2ci»/-4-10°) 

0.6256~®-®’^»w< sin(0.00lMj -[- 98°) 

1.053 — 0.462 cos {2at + 10°) 
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Single-Phase Induction-Motor Performance 


By A. F. PUCHSTEIN 

MEMBER AIEE 


T. C. LLOYD 
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A COMMQN procedure in the design of single-phase 
inductiion motors involves the determination of a 
^ stator winding to yield a desired maximum torque, 
followed by a check on motor performance. Yet in spite 
of the importance of the maximum torque value, little can 
be found in the technical literature concerning methods of 
predicting its magnitude, outside of those wherein the slip 
at which mflYimuTn torque occurs is substituted in the 
motor equations and the resulting maximum torque deter¬ 
mined.^ Inspection and trial from motor equations or the 
circle diagram are possible, but tedious, methods of 
approach. 

A shorter and more direct method is given in this paper, 
offering the additional advantage of being largely in terms 
of the ratios of stator and rotor winding resistances to 
total leakage reactance. As such ratios are independent 
of the number of conductors used in the winding, ^alyses 
based on their use enable the designer to predict the wind¬ 
ing necessary to yield a prescribed pull-out torque. 

The equation for maximum torque will be derived here 
and its application and accuracy indicated. 

With the winding fixed and the machine constants de¬ 
termined, it is frequently necessary to make a number of 
on the motor performance before it is constructed. 
Usually these checks involve only the calculation of no- 
load current and losses. Yet it is sometimes necessary to 
have performance curves (or several points thereon) while 
the machine is still in the design stage. Various analyses 
have been developed whereby the performance can be 
calculated from the machine constants. These analyses, 
whether based on the double-revolving-field theory, or the 
cross-field theory, take the form of circle or vector dia¬ 
grams, equivalent networks, or analytical solutions. In 
any case they suffer the disadvantage of requiring tedious 
calculations, although improvements in simplifying the 
processes have been made by Branson, West,® Veinott 

and others, with their tabulated procedures. 

A process will be shown here which will enable the per¬ 
formance to be predicted readily, without compUcated 
equations and with a precision grater than that of 
resistance and reactance calculations. It is b^eved that 
a distinct need exists for this type of information. 

It is possible to modify the cross-field equations for 
motor performance obtaining them in terms of ratios of 
machine constants. By assuming a series of values, the 
equations can be solved, the results plotted and h^ce 
made available for the analysis of any single-phase mduc- 
tibn motor whose ratios of constants fall within the range 


prepared. Then for any speed, the primary current, 
power factor, watts input, output and efficiency, as well 
as less important values of counter electromotive force, 
rotor currents in each axis, and the rotor copper losses, 
can all be calculated by a comparatively simple process. 
Two methods of utilizing these curves will be shown, the 
first, being slightly more involved, requires one complex 
algebra calculation and is theoretically accurate except for 
the treatment of iron losses. (These cannot be covered 
with mathematical accuracy anyway.) The second 
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Figure 1. Circle diagram of the single-phase Induction 
motor, based on the cross-field theory 


method is shorter and easier to apply but with less theo¬ 
retical accuracy. Calculations contrasting the 2 methods 
with test results and with standard anal 3 rses indicate that 
the shorter method is accurate enough for most routine 

work. . 

Curve sheets will be shown here for 3 per cent shp only. 
Tabulated values suitable for preparing similar curves are 
given for other slips. 

Derivation of Maximum Torque Equation 

The Branson® application of the La Tour type of circle 
diagram is represented in figure 1. On this diagram it 
can be shown that the maximum input to the rotor occurs 
when the point T bisects the arc VL, the rotor input 

being 

(QE) X (n?) 

(OE) represents the voltage E,s, less than the appliedvolt- 
aae by the stator-winding resistance drop. ^ 

The maximum rotor input is not ,^ctly the pomt at 
which the maximum torque bebura, but the difference is 
neglimble in the single-^ihase induction mo^r and the 

equations will be derived on such an assumption. 
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To derive an expression for TR: 

TR * CiH sin a, + 0.6 MV ^ (1) 

Let 

--P 
X ^ 

The center C* is above the base by the distance 0.6 
MVr^/X 

Kt ^ E«(l - Kr)Kr 
2 -Kr^ .Y(2 - Kr) 

Then 


(11) 


MV = O'Jlf 


( 2 ) 


0.6 » i. ^ I - 

X 2 X 2 -Kr 
CiH^ ViCiC)* + (C'H)* 


X 2- Kr 




sin atj 


at 


cos at 


Kr 


2 + 1 Vl + ^*(1 - .ffO* 

Then from equations 2, 6, 7, and 8: 
Kr 


(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 


TR « ^ 


JT 2(2 - r:,) 


M l + ^2(1 _ fi _ - KtY _1 

J L (#•* + 1)[1 + ^*(1 - i:r)*]J 

P(X - ^r) j 


+ 


(9) 


Define tf such that TR — (Eg/X)tr. Values of tr for 
various ratios of r^/X and values of Kr are plotted in 
figure 2. 

In order to apply the correction for the stator resistance 
drop it is necessary to determine the ratio of B, to the 
applied voltage V. To do this it is necessary to know the 
magnitude and position of the current OT, This depends 
obviously upon O'R as weU as TR and an expre^ion for 
O'J? will be obtained, applicable when the point T bisects 
the arc VL. Under this condition: 


( 10 ) 


■ > 1 
X |_ 2 2 — Kr 2 \/l + p*J 

O'p is the current component supplying the core losses; 
this can be neglected with little error, as it will make but 
sKght modification in the magnitude of the current at the 
point of maximum torque, and still less modification in'the 
ratio of voltages for whidi this value is to be used 
Deto a'f such that O'ie = (E^Xyr. Valii^ are 
plotted m figure 2. 

J^t rj/X =: qiien, accounting for the stator winding 

resistance drop; 

Fr*s Kell /i" Pi(ir — jo'r)] 


MV ^ fOEy _1_ 

V vj \0zJ " [(1 + Pttry + (Pto'rn 

Let the expression in brackets be Q'. Then the final 
eiqiression for maximum secondary input is 

\OzJ X QX 


( 12 ) 


As the last step it is necessary to fix the relationship 
between secondary input, secondary output, and torque. 

Secondary input - output + F + Fe {C) Secondary Cu (JIf) + 
Secondary Cu (C) 

Where {C) and {M) represent cross and main axes, respec¬ 
tively. 

Let 

Total secondary copper losses 


Output + F-\- Fe (C) 


Then 


_ ^ ^ Secondary input 

-a + a) - (OJ 


(13) 


It has been shown by Veinott® that the ratio a used above 
is equal to 


1 - 


+ 


2(rj/Xo)* 


•5* [(1 - 5*) - ( rt / Xo )^] S » 

This can also be written; 


1 - 


+ 


2[pil - Kr)]* 


s* [(1 - 5*) - p*il - Kr )*] S * 


(14) 


(15) 


Where 5 is the ratio of actual revolutions per minute to 
synchronous revolutions per minute. A value for S at 
the point of maximum torque, as a function of rz/X is 
plotted in figure 3. This is slightly modified from Vei- 
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nott’s curve, which he obtained from the Branson cirde 
diagram. Sumec^ also gives a formula for this relation¬ 
ship but it applies to greatly restricted conditions. 

Values of 1/(1 + a) (denoted as Q) are shown in figure 3. 
As the final expression for maximmn torque in ounce-feet: 


P. O. T. 


112.6 
Syn. rpm 


Spo IX Q' 


(F -1- Fe (O) 


Figure 4. Fric¬ 
tion and windage 
losses classilled 
by outside di¬ 
ameter ol stator. 
Sleeve bearings. 


The above equation is applicable when the windings are 
fixed and the constants are known. When the winding is 
to be determined in order to give a prescribed maximum 
torque, it should be such as to give the value of total 
leakage reactance calculated below. Then: 

__ iLLm _— (17) 

r P. O. T. X Syn. rpm X Spp . j, . J 

(_ 112.6 J 

In using the above equation to design a single-phase 
motor of the required maximum torque, it is necessary to 
estimate the friction and windage losses as well as the 
iron loss of the cross axis. In making such estimates, 
data on similar machines are useful, but in the absence 
of such data table I is of value for iron-loss assumptions. 



200a 2500 
RPM 


where = the equivalent permeance of the leakage flux 
paths (slot, zig-zag and end connection) corrected for 
winding pitch and distribution. Methods for determining 
it are well known, but a recent collection of data combining 
the work of various investigators has been prepared by the 
present writers,® along with processes for calculating 
fi/X, YifX and Kr from machine dimensions. 

The development given above involves no approxi¬ 
mations aside from (1) those inherent in this type* of the 
circle diagram, (2) tiie neglect of iron-loss component in 
locating the position of the stator current, and (3) the 
slight error in the assiunptions from which the speed 

Table II. Contrasted Test and Calculated Values 

Pull-out torque In ounce-feet 

Motor P.O.T. Test P.O.T, Calculated 


»/ 4 -liorsepower 4-pole 60-cycle. 

*/«-l»or8epower 4-pole 60-cycle. 4S;60. 

Vi-horsepower 4-pole 60-cycle....:. 

V 4 -horsepower 4-pole 60-cycle... 37.2 . 

>/ 4 -horsepo-wer 2-pole 26-cycle.... 30.0 . 

Vw-horsepower 4-pole 40-cycle.. 26.5 . 

V»-horsepower 2-pole 28-cycle..23.0 . 

.. . ' 


Table I. Approximate Value of Cross-Axis Iron Losses 

,60 cycles: Below 0 5 ho„epow^^^^^^^ (g - 100 X J^epow« 


Probable friction and windage losses as a function of ^eed 
and outside stator diameter, are shown in figure 4. 

It will be noted that tr, Q, and Q' are functions 
of fi/X, fi/X, and Kr, each of which is independent of ^e 
actual number of conductors used in the stator winding 
as long as the saturation factor rem^s the same. A 

high^ saturation factor reduces iC,. _ 

Then since the total leakage reactance X can be calcu¬ 
lated from equation 17 in order for the motor to yield the 
designed pnll-out torque, the number of series conductors 
^ necessary are: 
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relationship was obtained.® That these errors are not 
serious can be seen from the contrasted results given in 
table II. Values were obtained from routine tests and 
were subject to uncorrected temperature effects and slight 
errors in constants. 

As seen, the test and calculated results agree well within 
commercial requiremoits, particularly if X can be calcu¬ 
lated to Sufficient precision. 

An example of calculation is given in appendix J. 

Basis for Performance Calculations: 

Cross Field Theory 

No attempt will be made to give toe derivation of toe 
cross-field theory on which the analysis is based, but smce 
some differences exist betlveen the work of (Merent writers 
it will be necessary to idtotify toe view-point taken 

The r^der is referred to a paper by H. R. West,* in 
which he shows 3 fundamental equations for primaiy and 


Motor 
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Figure 5. Current If the effect of the cross-axis core loss, which is considered 
constants for per- as a rotor load (equal to slightly less than hglf of the total 
formance core loss) is taken into account, these equations would 
become (based on Arnold®) r 






[(1 - S^XZo + Z,) + r2S^] 
(Zo -f Za)(Zi —jS^X2) +jr2XaS^ 


(Zo -f- Zs)(Zi — JS^) -i-jraXiS^ 


Where 


r* -I- jxi 


secondary voltage relationships in the single-phase motor. 
These are based on the assumptions: 

1. Sine-wave distributions of magnetomotive force, and uniform 
air-i^p permeances. 

2: Angle of h 3 rsteretic lag between flux and magnetomotive force is 
neglected. (An approximate method of overcoming the gmaH error 
caused by this assumption will be shown.) 

3. The rotor conductors, in generating a speed electromotive force, 
are considered to cut not only the mutual flux but the rotor leakage 
flux as well. This assumption follows Arnold as against that of 
Steimnet 2 .» The evidence available indicates that the former Kncic 
is the more accurate, as signified by West. 

4. The leakage reactance of stator and rotor will be to be 

equal when in equivalent terms. The errors due to this are in 
general negligible. 

Equations 

The detennination of main and cross-axis rotor currents, 
as well as the stetor current, is always complicated because 
the necessary simultaneous equations are three in number, 
and contain constants and variables as complex numbers. 
As a practical method of attack the local primary drop is 


rf 


That is, the cross-axis core losses take place in an equiva¬ 
lent resistance, ty; magnetizing reactance and core-loss re¬ 
sistance being represented by a series impedance Z©. The 
use of these latter equations involving the ad^tional vari- 


Tabie III. Contrasted Calculateipl and Test Results 

Motor used as example In appendix 


Method I 


Method n 


. . 0.03. 0.O3 

■'J. 3.16. 8 03 

Power factor.. 0.S96. .’.V.’.V 0*610 

f . 90.6. 91.0 

f*'. 2.04. 2.046 

. . 0.168 horsepower.... 0.169 

EfSciency. 0.566. 0 678 

Revolations per minute_1,164 .1,164 


206.2 . 209.0 

91.0 

2.046 

1.15 

0.169..- 0.1686 

0;678. 0.666 

164 .1,160 


able ff would too greatly complicate the set of 


curves 


neglected and a solution for the rotor values, which depend given here and will be neglected. Then Z© becomes equal 
upon the counter electromotive force, in obtain^ This 

also ^es the primary current, and the stator drop correc- Regardless of the magnitudes of the various constants in 
tion IS apphed later in a manner to be shown. ^ese equations, the values of I„ and can always be 

The 3 equations as given by West (several, symbols oi^tained as functions of E/X for all possible combinations 


changed) are: 

V = hri + jl2Xi +jX„iIa -l^) 

^ Ip) ^(Xfn -f- *j)J* -f- ly (fj 

0 = j{Xm + Xa)Ix — SXmih — ly) -(. Sxsiy nig 

It follows then that: 


of motor constants. Once such data are plotted they can 
then be used for practically aU designs. 

Detennination of CuTv-e Data 

By substituting the values r© == pX andXo == X/(l-^K) 
m equations 22 and 23, they become: . 


h-It, 


the counter electromotive force, E 


Solving equations 20 and 21 for the 2 rotor currents* 
Main axis, . ’ 


1 - 

2(1 - Kr) 


. 1 - £2 
^l-Kr 


;Y£ + -£_V 


/« = £ 


Cross axis, 


>*8 + jXo(i - s*) ’v : 
2^fi “ j (nXo -f- nxa) 


E 

= jp(A -jB) 


E - ^ ■ .v: -. 

^8* .— ?^C1; “ »S®)y5iO. 


2(1 -Kr)~^^\2 


1 -Xrj 
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The values of the “current constants” -4, J3, and G, are 
functions of r 2 /X, K„ and speed. For any value of speed, 
curves can be drawn as shown in figfures 5 and 6. These 
curves were prepared by assuming values of p and Kr for 
various slips and plotting the resultant current constants. 

Calculation of Performance, First Method 

The fundamental equations neglect the effect of any 
iron loss in the cross axis. This will be considered here 


Table IV. Calculation Methods Contrasted 

1/4 horsepower. 4-pole. dO-cycle. 110-volts 


Double Revolving Field Cross Field Theory _ 

Equiva- Curves* Modified^ Equiva- Branson’s 
lent of Arnold lent Circle* 

j Circuit Method n Method Circuit Diagram 


Speed. 

h ... 

Power factor. 

Input. 

Output. 

Efficiency. 

Losses... 

Synchronous watts, 


1,700 ..1,700 ..1,700 ..1,700 ..1,700 

3.04 .. 3.63 .. 3.825.. 3.83 .. 4.0S 

0.734.. 0.762.. 0.737.. 0.722.. 0.745 

318.0 ,. 306.7 .. 310.0 .. 305.0 .. 320 

197.0 .. 203.3 .. 199.0 .. 203.2 .. 198 

0.620.. 0.66 .. 0.642.. 0.665.. 0.630 

121 .. 103.4 ..111 .. 101.8 .. 122 

208.4 ..215 ..211 .. 215 .. 210 


* A, JB, and C were read for this speed from curves plotted against slip, rather 
than the set of curves given here, for which this slip is not included. 


by adding an iron-loss current component to the in-phase 
part of the stator current. 

■S . I 

In-phase current ^ ^ 

= I MO 8« 


where 


A' = A + 


FeX 


Figure 6. Current 
constants for per¬ 
formance 



Second Method 


In nearly all cases of normal design, it was found that 
little error is introduced in the vicinity of rated-load 
values, by assuming that the counter electromotive force 
differs from the applied voltage by the stator impedance 
drop considered algebraically. The in-phase component 
of stator current caused by considering the iron loss, will 
be neglected (as was done by West). Then: 

hZx = eV{A^ + + 0 - 25 ) < 28 ) 


and 

V y/A^ IP _ 

“ X [1 + + 0.25)(/I* -H IP)\ 


(29) 


Procedure: For the motor values of r^/X and K„ at the 
slip for which performance is desired, A., B, and G are 
calculated or read from the curves. 

Calculate 


U ^ B + 1 - Kr 


Similarly the magnetizing current should be added to 
the out-of-phase component, then: 

E E 

Out-of-phase current = ^ (5 -|- 1 — Kr) “ ^ ^ 

Then the primary current is 


a = V/l® + 

D = 1 -h C' y/pi* + 0.^ 
Then 


%(.A'-jlf)^h ( 27 ) 

Stator impedance = -1- jxi => X{pi -|- j 0.5) 

Applied voltage V* = JS[1 •+• {A' —jU)(Pi +j0.6)] 

As this voltage will likely be different from the applied, 
a ratio Frated to V' is used to correct the assumed value 
of counter electromotive force. 

With the counter electromotive force known, equations 
24,25, and 27 can be used to obtain the respective currents; 
input, ou1q)ut, efficiency, and power factor being figured in 
the usual manner as shown in appendix II. It will be 
seen that this process has been based simply upon the use 
of plotted solutions of rotor current. 

October 1937 


Power factor = —; (See appendix III for correction based on iron loss) 
C 

Power input = V Xh-pr, (See appendix III for correction based on 
iron loss) 

V _ 

Counter electromotive force ** p “ 

A 

Rotor input E* — 


ly - + B* 
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Rotor losses = r* ( 4 * + /,*) + {FBcW) + Fe 

The iron loss Fe can be treated differently and need not be 
included above. 

Rotor output - luput — losses 

By this process all significant performance items can be 
obtained at any speed for which curves are prepared. 
Simple arithmetical ratios are used, complex numbers 
being completely avoided. 

Some comment should be made upon the treatment of 
core loss. Theoretically the cross-axis core loss (slightly 

Table V. Gilculated Values of 


not exact, agreement between predicted motor constants 
and the values as measured. Under these conditions 
discrepancies between final test performance and predicted 
performance include the results of small design-sheet 
errors. Examples are available in which better agreement 
exists between predictions and tests but those included 
here were selected as about representative. 

Designers are well aware that in dealing with small 
single-phase induction motors, predictions of performance 
cannot be made with the consistent accuracy possible, say, 
with large polyphase machines. This is true regardless 
of the theoretical accuracy of the method employed; the 
discrepancies arise largely from the nonconstant nature 


r»/X 

- 

0.2 

0.25 

0.30 

0.40 

0.50 

0.60 

0.80 

1.00 

1.40 

Slip - 0.02 










Kr - 

0.05. 

. .0.190. 

. .0.154, 

..0.128 

..0.096. 

,.0.076. 

..0.065 

..0.049 

..0.041 

. .0.030 


0.90 

. .0.182. 

..0.148. 

..0.123 

..0.095. 

..0.077. 

. .0.067. 

..0.053 

. .0.044 

. .0.038 


0.85. 

, .0.177, 

..0.144. 

..0.122 

..0.095. 

..0.080. 

..0.071, 

. .0.060 

..0.053. 

. .0.050 


0.80. 

.0.173. 

.0.141. 

.0.122, 

.0.096. 

.0.084. 

.0.077. 

.0,070. 

.0.066. 

.0.065 


0.75. 

.0.169. 

.0.141. 

.0.122. 

.0.099. 

.0.089. 

.0.084. 

.0.080. 

.0.079. 

.0.084 


0.70. 

.0.167. 

.0.141. 

.0.123. 

,0.103. 

.0.094. 

.0.091. 

.0.091. 

.0.094. 

.0.104 

SUp - 

0.04 










Kr - 

0.95. 

.0.870. 

.0.296. 

.0.255. 

.0.193. 

.0.150. 

.0.129. 

.0.100. 

.0.080. 

.0.059 


0.90. 

.0.349. 

.0.278. 

.0.238. 

.0.180. 

.0.143. 

.0.121, 

.0.097. 

.0.078. 

.0.061 


0.85. 

.0.335. 

.0.270. 

.0.230. 

.0.177, 

.0.145. 

.0.125. 

.0.102. 

.0.085. 

.0.078 


0.80. 

.0.327. 

.0.265. 

.0.229. 

,0.178, 

.0.149. 

.0.130. 

.0,112, 

.0.100. 

.0.090 


0.75. 

.0.320. 

.0.262. 

.0.228. 

.0.179, 

.0.153. 

.0.135. 

.0.124. 

.0,114. 

.0.108 


0.70, 

.0.310. 

.0.267. 

.0.225. 

.0.179, 

.0.158. 

.0.140. 

.0.133. 

.0.127. 

.0.124 

SUp - 

0.05 










Kr - 

0.95. 

.0.454. 

.0.375,, 

.0.314. 

.0.234. 

.0.190. 

.0.160. 

.0.122. 

,0.097. 

.0.066 


0.90. 

.0.435. 

.0.359. 

.0.801. 

.0.228. 

.0.183. 

.0.165. 

.0.122. 

.0.100. 

.0.076 


0.86. 

.0,420. 

.0.345. 

.0.292. 

.0.221, 

.0.180. 

.0.157, 

.0.125. 

.0,105. 

.0.088 


0.80. 

.0.405. 

.0.335. 

.0.285. 

.0.216. 

.0.181.. 

.0.160. 

.0.182, 

.0.114. 

.0.100 


0.76.. 

.0.392. 

.0.330. 

.0.283. 

.0.217., 

.0.181.. 

.0.161., 

.0.140. 

.0.126.. 

.0.116 


0.70,, 

.0.383.. 

,0.326.. 

.0.283.. 

.0.220.. 

.0.183.. 

.0.165.. 

.0.149.. 

,0,187.. 

.0.135 


less than half of the total) should appear as rotor load and 
be subtracted from the output. The subtraction of the 
total core loss (assumed constant at all loads), from the 
rotor output is not theoretically justified but produces 
fair results except in extreme cases. The reduction of 
core loss with load increase, due to a reduction in counter 
electromotive force, can be made in either method shown 
above; inasmuch as the counter electromotive force is 
known. Then since rotor currents and hence rotor input, 
were calculated with the assumption of no core loss, the 
addition of a reduced core loss to the stator input would 
appear to be a more consistent treatment than subtraction 
from the rotor output. 

The neglect of this core loss results in calculated power 
factors that are inclined to be low, and more accurate 
results can be obtained by multipl 3 ring power factor, as 
calculated, by the ratio. 

Stator input with core loss 
Stator input without core loss 

Illustrative examples and comparative results are given 
in appendix III. 


Table VI. Calculated Values of B 


r»/X 

- 

0.2 

0.8 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

SUp 

- 0.02 









Er-O.OS.. 

.0.066. 

. .0.058. 

..0.051. 

..0.048. 

,.0.047, 

..0.046. 

..0.046. 

. .0.046 


0.90., 

.0.109. 

..0.101. 

. .0.096. 

..0.092. 

..0.090. 

..0.090. 

..0.089. 

. .0.088 


0.85,, 

.0.150. 

..0.144. 

..0.141. 

..0.137. 

..0.133. 

..0.132. 

..0.131. 

..0.130 


0.80.. 

.0.191. 

..0.184. 

. .0.180. 

..0.176. 

..0.174. 

..0.171. 

..0.170. 

. .0.167 


0.75.. 

.0.288. 

. .0.226. 

. .0.220. 

..0.214. 

..0.210. 

..0.207. 

..0.203. 

..0.109 


0.70.. 

.0.270. 

..0.261. 

..0.265. 

..0.248. 

. .0.244. 

..0.240.. 

..0.233. 

..0.225. 

SUp > 

- 0.04 









Kr- 

' 0.95.. 

.0.118., 

..0.080.. 

.0.060.. 

..0.048.. 

..0.048.. 

,.0.047., 

,.0.047., 

. .0.040. 


0.90.. 

.0.160. 

. .0.120.. 

.0.105.. 

. .0.094.. 

. .0.092., 

.0.091.. 

.0.090.. 

.0.089 


0*8b. • 

.0.190. 

..0.156.. 

.0.146.. 

. .0.136., 

.0.132., 

.0.130.. 

.0.129., 

.0.127 


0.80.. 

.0.225.. 

..0.195.. 

.0.186.. 

.0.176., 

.0.171.. 

.0.170.. 

.0.170.. 

.0.164 


0.75.. 

.0.255.. 

.0.236.. 

.0.222.. 

.0.213.. 

.0.210.. 

.0.209.. 

.0.205., 

.0.197 


0.70.. 

.0.295.. 

, .0.278.. 

.0.260.. 

.0.249.. 

.0.245.. 

.0.243.. 

.0.238.. 

.0.225 

SUp - 0.05 









Kr- 

0.95.. 

.0.145.. 

.0.097.. 

.0.076.. 

.0.058.. 

.0.061., 

.0.048.. 

.0.047., 

.0.045 


0.90.. 

.0.188.. 

.0.185,. 

.0.114.. 

.0.098.. 

.0.094.. 

.0.092.. 

.0.090.. 

.0.088 


0.86.. 

.0.224.. 

.0.175., 

.0.155.. 

.0.188.. 

.0.133.. 

.0.131.. 

.0.130.. 

.0.129 


0.80... 

.0.257.. 

.0.207.. 

.0.186.. 

.0.177.. 

.0.178.. 

.0.170.., 

.0.167.. 

JL163 


0.76.., 

.0.286.. 

.0.245.. 

.0.224.. 

.0.210.. 

.0.207.. 

.0.200.. 

.0.198.. 



0.70... 

.0.323.. 

.0.281.. 

.0.263.. 

.0.245.. 

.0.239.. 

.0.232., 

.0.227.. 

.0.217 


of the so-called constants. For this reason the accuracy 
of the calculation methods given here can best be investi¬ 
gated by comparison with other estabUshed analysis. 
Such data are given in table IV. 

Symbols and Factors 

V = applied voltage 

n = stator-winding resistance 

ft = rotor resistance in stator terms 

xt = stator-winding leakage reactance 

xt = rotor leakage reactance in stator terms 

Xfn “ mutual or magnetizing reactance in stator terms 

•X’o = Xm, -f 



X -f Xi 


^Xi + V^rXi 

F = watts, friction and windage 
Fe «=» watts, core loss 


Conclusion 

Calculations shown in tables III and IV are taken from 
design-sheet data in which lat» tests indicated a fair, but 


“ F — Jjn (as vectors) . 

E «=» counter electromotive force 
Ii ■» primary current 

ly “ rotor cuwent of the main axis in stator terms 

It “ cross-axis rotor current m stator terms 
S per cent of synchronous speed 
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^vo per cent of synchronous speed at which maximum torque 
occurs 
P = ri/X 
Pi ^ri/X 
. Kr 

^ ■ 2(2 - Kr) ^ 


Table Vil. Approximate Values of G 


1 + PKl 


fl P^(^-Kr)^ 1 . 




This is plotted in figure 2. 

y » i 1 - 0.6 • - 

° 2-Kr 2-\ 


P 

2 ‘\/l + i>* 


This is plotted in figure 2. 

Q' - 1(1 + Pi try + (Pi o'ry] 


Total secondary copper losses 
^ output F + Fe (C) 

This is plotted in figure 3. 

C *> series conductors of the stator winding 

Pit **' equivalent permeance of the leakage flux paths 

ji ess in-phase portion of the “current constant” 




Kr - 0.95. 
0.90. 
0.85. 
0.80. 
0.75. 
0.70. 


0.02 

0.04 

0.05 

0.049. 

.0.049. 


0.093. 

.0.091. 

.0.090 

0.135. 

.0.131. 

.0.180 

0.175. 

.0.171. 

.0.168 

ft.215. 

.0.210. 

.0.205 

0.250. 

.0.245. 

.0.240 


This is plotted in figures 5 and 6. 

( _ -Jps _ 

2(1 - Kr) "^1 

This is plotted in figure 6. 

A' => A + 

U sse {B + l - Kr) 

C » •\/.4® -h 

= 1 + C”s/py + 0.25 


Appendix 

J, Example of Maximum Torque Calculations. Machine data 
*re* taken from the example given by Veinott* for a single-phase 
induction motor, 110 volts, 4 poles, 60 cycles. 

-s 3.8 fa “ 4.66 X — 8.3 Kr — Kp* “ 0.929 
F + Fs (C) * 19 watts 
fi/X “ i>i =• 0-468 rt/X ^ p - 0.56 

From curves: 


112.6 rilO* X 0.392 X 0.65 
1800 X 0.817 L 8-3 X 1.411 J 

“ 18.6 ounce-feet. This result is the same as that of 

Vdnott. 

11. Performance Calculations, First Method. Single-phase induc¬ 
tion motor, V**torsepower, 110 volts, 6 poles, 60 cycles. 

fl = 3.96 ohms X = 9.72 ohms rJX “ “ 0.406 

fa = 3.07 ohms Kr “ 0.862 r^/X = ^ = 0.316 

Friction windage (F and W) “ 9 watts; iron loss (Fe) “ 29.4 
watts; from curves, for a slip of 0.03, A “ 0.170, B — 0.138, G “ 
0.123 

B + 1 - Zr - “ 0.276 

Va* + i* “ 0.219 

Assume a counter electromotive force of 100 volts. 


V = 100[1 + (0.196 -i 0.276)(0.406 +i0.6)1 
121.78 -il.68 “ 121.8 


AAV ^ 

Correction = or 0.905 


r ^ 52:2(0.196 -i 0.276) - 1.82 -i 2.58 or 3.16 
9.72 


I 0.219 “ 2.04 
• 0.123 - 1.145 


I„Va “ 12.72 watts 


I**f8 “ 4.02 watts 


Rotor input = EJp cos fla “ 90.6 X 2.04 X 143.6 watts. 

Rotor output “ 143.5 - rotor losses “ 143.5 — (12.72 -i-4.02 + 
9.0) 

= 117.8 watts or 0.158 horsepower 

counter electromotive force , 

-appUed voltage 

^ OOJS 29 4 or 24.3 watts. 

no 

Stator input “ Rotor input + Core loss + Stator copper loss 

“ 143.5 + 24.3 -h 39.4 or 207.2 watts. 

207.2 

iaelTiio “ 

Alternate method, neglecting small angle between applied volts and 

counter electromotive force 

'1'82'' 

Power factor “ or 0.676 _ 


ir “ 0.392, 0 + “ 0.342, Q “ 0.66, Spo “ 0.817, (1 + pi tr)* “ ^ 11^ q ggg 

1.387 (Pi ory “ 0.0246 Q' “ 1-387 + 0.0246 or 1.4116 207.2 
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Performance CaXcuUitwns, Second Method. Same .motor 
used in II with a slip of 0.03. 

A = 0.17 B =» 0.138 G = 0.123 U = 0.276 
C = + IP = 0.324 


■0 = 1 + + 0.26 = 1.209 

, V a 

/, = -- = 3.03 

y 

Counter electromotive force = — = 91 0 

D 

A 

Rotor input = « 144.7 ^tts 

X + -B® = 2.046 = 12.86 watts 

_ ^ 

~ ^ ^ 1*15 /x*r 2 = 4.06 watts 

Rotor output = Input - rotor losses 

= 144.7 - (12.86 + 4.06 + 9.0) 

= 118.8 watts or 0.169 horsepower 

Core loss, corrected as before =» 24.3 watts 

Stator input » Rotor input + Core loss + Stator copper loss 
= 205.2 watts 

Efficiency = or 0.578 
«UD*2 

„ 205.2 

Power factor -—— or 0 filQ 

3.03 X no ^ ^ 

Alternate calculation method for input and power factor: 

Input, neglecting core loss = 7/j or 175 watts 
Corrected by adding core loss = 199.3 watts 
Power factor, core loss neglected = — = 0.626 

Power factor corrected for core loss = — ^th core loss 

C* Input without core loss 


= 0.626 ^ or 0.60 
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Tfie Engineer's English 

IN AN ARTICLE entitled “The Importance of English to 
• an Engineer,” appearing in The Electric Journal for 
February 1937, pages 81-2, W. W. Palmer challenged 
eng^ineers to assume as an obligation to themselves and to 
society, in which they are playing a rdle of increasing 
importance, the aim of becoming fluent speakers, more 
convincing writers, to the end of becoming better sales¬ 
men of the ideas constantly being created by their inven¬ 
tive minds. 

Mr. Palmer believes that the engineer’s inability to ex¬ 
press h i m self forcefully is not an inherent characteristic, 
but a product of the environment and tradition in which 
he has received his professional training; and to strengtlien 
that contention he traces the various stages in the evolu¬ 
tion of an engineer, showing the factors at each stage con¬ 
tributing to the inarticulateness of the technical man. 
Quoting from the article, “. . . there is no objection to an 
engineer being given a cultural education, but the old idea 
that he must learn to write and speak a couple of dead 
languages and study the lives, characteristics, and vapor- 
ing of poets and writers of all ages has been overstressed.” 

Continuing, the author execrates the manT i pr in which 
tie engineering graduate attempts to obtain employment: 
L^e einplo 3 rment manager, knowing engineers, expects 
th^ written applications to be evasive on their weak 
points and exaggerated on what they consider their 
strong ones. The general attempt is to prove that they 

can m any position.No specific and sound reasons 

are given as to why the writer’s services will pay dividends. 
The writer does not intentionaUy evade, but he is simply 

incapable of properly presenting his case in writing.. 

Few engineers sell their services. They are hired. The* 
distinction is reflected in their salaries.” 

After the young engineer has been hired “lack of prac¬ 
tical experience necessitates that at first he work among 
^ose whose educational advantages have been inferior to 
his own. From them he frequently acquires the use of 
profamty for emphasis and superlatives for impressive¬ 
ness. Enunciation and precision are forgotten. This 
loss is reflected in his work.” 

Years later we find this engineer writing important 
purchwe specifications that will be misinterpreted; 
dicta^g letters m which the ideas to be conveyed are 
smotoed beneath an avalanche of words. To him punc¬ 
tuation is a stenographic function. At this age the 
engineer’s work has become so specialized that few in, or 
outside of, his group of associates are capable of coirectinff 
or OTticizing. . . He speaks a highly technical language 
at normally isolates him from general conversations He 
b^omes a lone thinker but at the same time he must be 
able to interpret th^ results of his thoughts to less technical 
thinkers, such as his executives.” 

^ engineers have been, and always 

1 of civilization. On 

the oUxer hand, we know that those who lead best are 

often misunderstood, inadequately appreciated, and poorly 

compensated. The blame is our own when we do not 
make ourselves understood.” 
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D-C Machine Stray-Load-Loss Tests 

By ViaOR SIEGFRIED 

ASSOQATE AIEE 


Synopsis 

Two test methods for the determination of stray load 
losses in d-c machines are described. Application of the 
loading-back principle permits measurements to a high 
degree of accuracy. A technique is developed for stabi¬ 
lizing no-load losses so that consistency of results is im¬ 
proved. Results of tests of several machines are pre¬ 
sented, together with an analysis of the relation of loss to 
operating conditions of the machine. 

I N THE MEASUREMENT of efl&ciency of d-c ma¬ 
chinery, stray load loss is generally receiving insuffi¬ 
cient consideration. Its omission from conventional 
efficiency tests has resulted principally from the difficulty 
experienced in measuring it accurately. Variability in 
performance of the commutator apparently is the factor 
which has caused failure to obtain consistent results in 
previous attempts to measure stray load loss.^~® Gmse- 
quently t.hp accurate determination of d-c machine losses 
and efficiency has lagged behind that of other lypes of ma¬ 
chinery. 

Methods of controlling the performance were devised 
and applied to d-c machines in the course of work on stray 


loading machines and conducting heat runs. Two ma¬ 
chines are direct-connected and operated from a common 
source with current circulating between them, one ma¬ 
chine actin g as a motor to drive the other as a generator. 
Slight adaptations which are necessary for applying it to 
the measurement of stray load loss are discussed. Two 
types of load-back test which are most practicable and 
easily performed commercially are described, together with 
the technique which should permit obtaining consistent 
results. The variation of stray load loss with some of the 
operating conditions is investigated, and curves are pre¬ 
sented to show these effects graphically. 

Summary 

This investigation of stray load loss in d-c machines 
outlines methods whereby that loss may be measured, and 
presents the results of application of some of those meth¬ 
ods to several groups of machines as described in table I. 
Several definite conclusions may be drawn from this work: 

1. Stray load loss is not a negligible factor in d-c machine per¬ 
formance and efficiency. It is in the order of magnitude of other 
losses and must receive due consideration. 

2. Stray load loss can be measured, and should be measured in 
preference to the assignment of a value from an empirical formula.*** 


ARMATURE SUPPLY 


1 D-C 
GENERATOR 


fieldI [supply 


Figure 1. Pie- 
gram of connec¬ 
tions for load- 
back tests 


load loss of induction machines,® in which it was found 
possible to repeat conditions and measurements almost at 
will. The present investigation was undertaken to ex¬ 
tend this experience and information to the testing of other 
machines, and to demonstrate the applicability of the 
loading-back type of test to d-c machines. 

The load-back test is a familiar tool used extensively for 
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3. Stray load loss was found by test to range from 0.8 to 1.8 per 
cent of full-load input in several ^oups of machines. 

4. Controlling factors of the amount of stray load loss are armature 
current, magnetic field strength, and machine speed. 

6. The familiar load-back test can be adapted to the measure¬ 
ment of stray load losses in d-c machines. It can be made with the 
assurance of reasonably consistent results if proper tedhmque be 
employed to eliminate variations in no-load losses during the test. 

6. Two methods of loading-back appear to be the most practicable 
for commercial tests, from the standpoint of accuracy, convenience, 
and amount of equipment involved. The choice of test to be used 
will depend upon the equipment available to the tester. 

7. The "dectrical loss supply” method with a booster (Hutchin¬ 
son method^ has the desiifable feature of keeping armature cur¬ 
rents nearly equal in both machines and of permitting loading of 
machines under the same conditions of excitation. It has the dis¬ 
advantage of requiring an additional generator to serve as a booster. 
It involves input to the system from 2 electrical sources, thus 
doubling the chance for error in measurements. 

8. The ‘‘dectrical loss supply” (KappO method has the simplwt 
circuit available for the measurement of stray load loss. It can be 
performed with a minimum of equipment, although greater con¬ 
venience may be achieved with 2 independent sources of voltage for 
armature and fidd circuits respectivdy. 

9. Having only one source of supply for the losses, the Kapp method 
has the advantage of high accuracy and sensitivity. 

10 Load-back methods ustwlly require idditical machine, but^if 
one machine is available which has been caHbrated previoiwly for 
stray load loss, any other machine of similar rating may be loaded- 
back upon it. 
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Nature of Stray Load Loss 

By definition, stray load loss is a residual loss that can¬ 
not be determined from “conventional performance” data 
taken at no load. It is the increase in loss that results 
from loading of the machine by increase in armature cur¬ 
rent. The fiux distortion accompanying increases in 
armature current gives rise to this loss through far-reach¬ 
ing effects. The iron loss is changed; eddy currents occur 

Table I. Machines Tested for Stray Load Loss 


stray Load 
Loss (Per 

Currant Speed Cent of Full- 
Machines Rating Voltage (Amperes) (RPM) Load Input) 


1 

and 2... 

...IS 

hp... 

...230... 

...55.6... 

...1,750... 

. ..1.2 

3 

and 4... 

...10 

hp... 

...no... 

...79 ... 

...1,700... 

. ..1.0 

5 

and 6_ 

...10 

hp... 

...220... 

...38.2... 

...1,750... 

...0.95 

7 

. . . 

...10 

hp... 

...230... 

...38 ... 

...1,750... 

...0.85 

8 

and 9... 

... 7. 

5 lew... 

...160... 

...47 ... 

...1,800... 

...1.8 


in the conductors due to transverse fluxes and to tooth 
saturations; tooth-frequency losses are changed to some 
extent; and short-circuit loss in the coils undergoing 
commutation is changed. These effects are dependent in 
turn upon the amount of armature current; the frequency 
of flux pulsations and hence the speed of the machine; 
and upon the saturation of the iron at no load. 

Information as to the manner in which these factors in¬ 
fluence the loss is helpful in devising test methods. It is 
desirable and usually necessary to include measurements 
of the loss at other than only normal operating speed, 
armature current, or excitation. This investigation there¬ 
fore attempts to determine some of these relationships in 
order to bring out the significance of certain procedures re¬ 
quired in some of the tests available. 


of botli machines plus the additional losses occasioned by 
the assumption of load. The machine acting as a motor 
thus supplies all of the losses through its circuit, and hence 
has the larger armature current. The difference between 
machine currents, however, decreases as the size of the 
units increases. 

This metliod, attributed to Kapp and also called the 
“electrical loss supply” method uses the circuit shown in 
figure 1 when the switch in the motor circuit is in the A 
position. The total losses are determined from readings of 
the line ammeter, which indicates automatically the dif¬ 
ference in machine currents. This test provides for 
measurements of high accuracy and considerable sensi¬ 
tivity to small changes in loss. Its principal disadvantage 
is that the 2 machines cannot be operated at the same 
magnetic saturation. 

Hutchinson Method 

If a booster generator be placed in series with the arma¬ 
ture of one machine, the loading-back of the .sy.stetn may 
be accomplished through adjustment of the booster voltage 
in such a way as to cause different voltages to e.xist at the 
terminals of the 2 machines. The connection for thi.s is 
shown in figure 1 with the switch at B, Current thus will 
circulate without the necessity for adjustment of the in¬ 
ternal generated voltage of either machine. The power 
input to the system from the booster will be approximately 
equal to the copper losses in the 2 machines. Mechanical 
losses will be supplied substantially as in the Kapp test, 
from the common voltage source. Thus the annature 
currents under load conditions will be nearly e<jual, and the 
field excitations will be exactly the same in both machines. 
Only one additional instrument is needed, a voltmeter in¬ 
dicating the booster voltage where it is impre.sscd on the 
load-back system. 

This type of test is known as the Hutchinson method. 


Load-Back Tests 

The load-back test has long been used for loading ma¬ 
chines in heat runs and to a certain extent for efficiency 
measurements. It was originated as early as 1886,® and 
several variations have been proposed since then. A 
brief discussion will serve to identify some of the methods 
and their salient features. More Complete descriptions 
are to be found m the engineering literature.^ 

Kapp Method 



Fisure 2, Stray 
load loM ma*' 
chlnet 1 and 2 

/1—Loss as measured 
by load-back tesU 

8*"“Los$ for one 
machine 

Excitation normal 
Speed -1,800 rpm 


In their simplest form, load-back tests are made with 
rotors of 2 machines coupled or belted together. Both 
armatures are connected to a common source of power, the 
machines being loaded-back upon each other by means of 
current circulating between them. The loading is con¬ 
trolled by adjustment of the internal generated voltage of 
either or both machines, the one with the lower excitation 
becoming the motor. Assuming for purposes of this dis¬ 
cussion that the field circuits are separately excited, the 
entire loss in this combination of machines is supplied 
electrically from the line, and includes the no-load losses 


It operates the machines under quite desirable conditions, 
but does require an additional generator in the testing 
equipment. The total loss input from which stray load 
loss IS calculated comes from 2 sources, however, which 
necessitates additional care in the reading of all instru¬ 
ments. 

Other Methods 

'There other types of load-back test which could be 
used, ff the greater complication of circuits and possible 
loss of accuracy did not make them unsatisfactory for 


1^6 
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commercial stray-load-loss measurements. The Blondel 
opposition method, in which an auxiliary motor connected 
to the set is used to supply the rotation losses and a booster 
to supply the electrical losses, does operate both machines 
under identical conditions. It is better suited to labora- 
toiy use than to commercial tests. Another method, 
called the “mechanical loss supply'* method, uses the 
auxiliary motor coupled to the machines to supply all 
losses, the machines being operated independently of any 
common source. The adjustment of loading must be 
made entirely by manipulation of field current, thus mak¬ 
ing it undesirable as a test for stray load loss. The same 
objection applied to the Potier method, in which all the 
losses are supplied by a booster generator in series with 
both machines. 

Load-Back Test Procedure 

In order to adapt the load-back test to the measure¬ 
ments of stray load loss, certain simplifications can be 
made in the usual test procedure employed. The re¬ 
quirements as to conditions to be maintained are different. 
Values of the loss are desired over the ordinary working 
range of armature current, speed, and excitation. It is 
therefore unnecessary to operate the machine with rated 
terminal voltage. Thus speed control may be had by 
variation of the armature voltage, and independently of 


cate those for ordinary working conditions, but merely 
that they be held constant dining measurements of other 
quantities. Control of this brush-friction loss may be had 
by stabilizing surface conditions of the commutator. 
This is done through a judicious application of paraffin to 
the commutator to form a thin lubricating film. Paraffin 
is applied in quantities only sufficient to reduce the friction 
loss and consequently the no-load loss to a min im u m , as 
indicated by input to the machines for a particular speed 
and excitation. For short periods of time, the no-load 
loss wiU then remain practically constant, but will gradu¬ 
ally increase as the film of paraffin wears off. Frequent 



Figure 3. Varia¬ 
tion of stray load 
loss with excita¬ 
tion, machines 1 
and 2 
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Speed—^1,800 rpm 
Excitation: 

A — ^129 per cent normal 
B — ^114 per cent normal 


lO 20 
ARMATURE CURRENT —AMPERES 


C—Normal 
D—86 per cent normal 


E — ^28 per cent normal 

field current adjustments. As loss in the field circuit is 
not included in the calculations for stray load loss, it is 
possible for it to be supplied from an independent source 

at constant voltage. ^ \ • 

The control of all losses during a load-back test is 
very important to the success of the test. Since the stray 
load loss results from the difference between total meas¬ 
ured loss and the known losses, variation of ^y of these 
during a run may cause considerable error in the final 

The most important item requiring control is the bru^ 
friction loss. This loss ordinarily is quite erratic, and 
causes the no-load loss of which it is a part to be unsteble. 
In these tests it is not necessary that no-load losses duph- 


checks of the no-load loss are quite essential to consistrat 
results in all tests. Where curves of no-load losses with 
various field currents and speed will be necessary as in 
tests conducted according to the Elapp method, they wiU 
be useful only so long as the original conditions are re¬ 
peated. . . 11 

The use of paraffin on the commutator is practically 

indispensable for stray load loss testing. It is doubtful 
whether this treatment should be recommended for gen¬ 
eral practice, however. As to the effect on brush-contact 
resistance, paraffining does not make it abnormally large. 
Apparently carbon particles become imbedded in the thin 
film and assist in maintaining good commutation. 

Accurate determination of copper loss in the machines 
is also very important to the stray-load-loss test. Actual 
values of terminal-to-terminal drop must be measured in¬ 
stead of being calculated on the basis of assumed constant 
values of brush-contact drop. Care must be taken to in¬ 
clude the drops in aU parts of the machine circuits back to 
the junction where applied voltage is measured. ^ 

Proper specification of the magnetic saturation also is 
necessary, particularly where machines have compomd 
fidd windings. Total ampere-turns determine the field 
strength; so it is better for purposes of this test to omit ffie 
series windings and retain only the shunt and co^utatog 
windings. More stable operation of machines is obtamed 
as a result of this procedure. Brushes must be set car^ 
fully in the neutral position to eliminate undue loss m the 
commutated coils. 
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Test of Machines 


Measurements were made for the stray load loss of 
several sets of machines as described in table I. All ma¬ 
chines are stock models of their type. Machines 3, 4, and 
7 are of the same type as 5 and 6 except older and of dif¬ 
ferent voltage ratings. Number 7 was loaded back on 
number 5. All machines were mounted on a solid base, 
carefully aligned and direct-connected through flexible 
couplings. 

Electrical connections were made as shown in figure 1. 
A variable voltage supply was provided for the armatures, 
and a fixed voltage supply for the shunt fields. The 
booster, used in all tests except on machines 8 and 9, was a 
variable voltage machine of suitable capacity. Instru¬ 
ments were calibrated against primary standards. Speeds 
were measured by stroboscope where feasible, otherwise by 
tachometer, so that it was convenient to consider 1,800 
rpm as the normal speed of all 
As a preliminary to the testing of each pair of 
the brushes were set in the neutral position as found by 
running the machines successively under full load in op¬ 
posite directions at the same speed. The brushes were 
worn in and the commutator was lubricated with paraffin 
until a stable value of no-load loss was reached. Curves 
of no-load loss were then taken for various speeds and 
excitations. 

The sequence of operations in the Hutchinson test was 
first to warm the machines by running them under load. 
Then both were motored and a setting made so that cur¬ 
rents were equal in both machines with excitation ad¬ 
justed to a specified value. The value of the no-load loss 
was read, the switch in figure 1 thrown to the.B position, and 
me booster voltage increased in gradual steps to increase 
the loadmg, speed being maintained at a desired value by 
adjustrnent of the supply voltage. A final reading wi 
tten taken of the no-load loss and the machines were shut 
down quickly to obtain the tenninal-to-terminal drop. 
On some sets of machines, other data were taken for 
loa^g the machines by the Kapp method, with the 
motor switch always in the A position. 


ference between the reconstruction and the esqperimental 
curve is used as a correction by which to find the true 
curve of J5. Actually, in all of the tests performed the 
armature currents were sufficiently close in value, and 
such was the nature of the variation of the loss that very 
little correction was necessary. 

The change of stray load loss with armature current, 
other conditions being constant, follows a smooth pro¬ 
gression, with the loss increasing at a greater rate for 
larger currents. This is what might be expected, but it is 
interesting to note that it does not increase with the square 
of the current, as might first be supposed. 


Results of Tests 

-me date obtained in these tests were reduced to stray 
oa ora y subtracting ail of the known losses from the 
power mput of the line, and of the booster when used. 

^ of machines 1 

^d 2 by.the booster (Hutchinson) method and are typical 

tests on aB machines. Figure 2 shows the 
conditions of speed and excitation. 

k^rlottT V® points, which give the 

S actmg together, plotted as a func- 

eurve R t of “““tore currents. The 

for one machine by itself, is obtained by a 

^ptecal separation method.* Briefly, the first appraxi- 

ord^teof one-half the 

U-gtheactual 

~ct a curvesteit 


^ Variation With Excitation 

In figm-e 3 are shown curves for the loss of one machine 
s alone with various field currents. These curves are 
7 simil^ to curve B of figure 2, and are those derived from 
3 ejqperimental points by graphical separation. . From them, 
it is apparent that stray load loss increases as the excita- 
, tion or magnetic saturation is reduced. This effect was 
r observed to differing degrees in all machines tested. The 
• explanation 's probably that flux distortion has farther- 
b reaching effects in producing stray load loss as the initial 
L satmation of the iron is reduced. For small variations in 
> excitation around normal conditions, the changes in loss 
seem to be nearly proportional. Curves A-D show re¬ 
sults lypical of all machines. 

This relationship makes it advisable to manipulate 
field currents, when required in the conduct of the stray- 
load-loss test by the Kapp method, in such a way that as 
the excitation of one machine is reduced to make it assume 
load as a motor, that of the other is increased in like pro¬ 
portion. In this way, the error introduced by changing 
the saturation as machines are loaded is minimized. 

Attempts were made in tests of machines 1 and 2 to 
me^ure the loss for extremely low excitations, in the order 
of 25 per cent of normal field current. Under such condi¬ 
tions, however, one factor which affects the measurement 
becomes more apparent, and machines are operating so low 
on the saturation curve that an exact specification of the 
degree of excitation is not possible. The loss itself can be 
measured with the same accuracy as at normal conditions, 
but the imtid total magnetization conditions are de- 
pmdent not alone upon field ampere-turns but also upon 
magnetism or hysteresis of the iron as a 
annature flux. Thus, for the same 

I will be ob- 

depenitog upon whether annature currants a« 

effect is present at all 
to some extent, but becomes of smaller impor- 
toee as the exatahon approaches normal. It does con- 
to^te to the diflieulty of manipulation in the ^,rd 
may account for mconsistendes in results which have not 

beenexplainableheretofora. Curve £ in figurafsSwstte 

loss for approximately 30 per cent of nonS[ exdteL . 

Variation With Speed 

is shown in 

fig^ 4 fm several values of machine ci^t .Son 
bemg held eonstent for all cases. The loss is sTS 
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crease rapidly with speed. This is to be expected from 
the fact that the frequency at which the stray load losses 
occur is proportional to speed, and that the loss should 
therefore be a fimction of speed to some power between 1 
and 2. For the curves shown in figure 4, the exponent is 
approximately 1.9. Other machines showed exponents 
from 1.2 to 1.6. 

Summary of Results 

To sum up the results of the tests, values are given in 
table I of the stray load loss for each machine under nor¬ 
mal conditions of load, excitation, and speed, expressed in 
per cent of input at full load. These figures show that 
stray load loss differs with the type of machine. 

For some of the machines, tests for stray load losses 
were conducted by both the Kapp and Hutchinson 
methods. Good agreement was shown in the results,* and 
final figures are given as an average value of the 2 tests. 
The methods are fundamentally the same, although by 
means of the booster it is possible to keep field currents 
constant at all times. In the Kapp test, manipulation of 
the field current is necessary to make the machines take 
load, with the result that the 2 machines will be operating 
under somewhat different saturation conditions. The 
error caused by this effect can be minimized by following 
the procedure suggested above. This offers no serious 
handicap to the measurement of stray load loss by this 


method and results will be well within any tolerance for 
accuracy in the final value of stray load loss. 

Emphasis should be made here that it is not alwa 3 rs 
necessary to have 2 identical machines for a load-back test 
if one machine has previously been subjected to a test for 
its stray load losses. The requirement of 2 identical ma¬ 
chines is only necessary for the purpose of making proper 
division of the stray load loss between them. 
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Central-Station Voltages for Lighting 


O F THE POPULATION in the United States re¬ 
ceiving central-station service, 98 per cent is now sup¬ 
plied at a nominal standard voltage of 115 or 120, accord¬ 
ing to an article by G. S. Merrill (A’08, MT2) head of 
the section of lighting economics of the incandescent 
lamp department, General Electric Company, Clevel^d, 
Ohio, appearing in the August 1937 issue of the Edison 
Electric Institute BuUetiti, pages 327—8. The trend has 
been slowly toward the adoption of the higher voltages. 
In 1923, 36.3 per cent of the population using central- 
station service obtained power at 110 volts, 46,9 per 
cent used 115 volts, and 19.4 per cent used 120 volts. 
In 1937 only 1.8 per cent of this population is supplied by 
110-volt circuits, but 52.1 per cent of the users obtain 
power at 115 volts, and 46.0 per cent at 120 volts. From 
1923 until 1933 the use of 115-volt service increased, but 
since 1933 its use has declined and 120-volt service has 
gained in favor at the expense of both of the other stand¬ 
ard voltages. This trend is attributed to the increasing 
use of light, heat, and power on residential circuits and the 
use of 3-phase 4-wire 120/208-volt networks in commer¬ 
cial areas. . .i- xir*, 

In the interest of good fighting service, pubhc utility 

companies and lamp manufacturers in general are trying 
to encourage the use of lamps of which the ladled voltage 
corresponds to the average voltage at which they are 
operated. Although the amount spent by customers 
for electric energy and for lamps decreases if the lamps are 


operated at lower voltage, the light output diminishes more 
rapidly tVian the operating expense, and the customer pays 
more per unit of fight. 

In areas where part or all of the busmess section is sup¬ 
plied at 120 volts and the residential section at 115, the 
problem of keeping properly rated lamps in use through¬ 
out the community is very difficult, and the re-establish¬ 
ment of a single standard voltage for the whole community 
is presumed to be best accomplished by increasing the 
voltage on the existing 115-volt circuits to 120. Poor 
voltage regulation throughout an area also contributes to 
undervoltage operation of lamps, because lamps properly 
rated for operation along the high-voltage branches of the 
network must be provided, and experience has indicated 
that these high-voltage lamps find their way into many 
low-voltage sockets. The same difficulty is experienced 
g loti g the boundary line between systems operating at 

different voltages. „ • t 

The author suggests that the establishment of a smgle 
standard utilization voltage of 120 throughout the United 
States not only would remove a great obstacle to the opera¬ 
tion of lamps at correct voltage, but also would contribute 
to improvements in the design, production, distribution, 
and use of appliances on central-station circuits. The 
article contains a comprehensive statistical survey of the 
utilization voltages employed in various states in conve¬ 
nient tabular form, and one figure delineating the upward 

trend of these voltages during the last 14 years. 
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Discus^tsiionsi 


Of AIEE Papers)—as RecomnnenJeJf for Pul^IficatSon ILy Tecitnical CjommStlees 


QN THIS and the following 29 pages appear discussions submitted for 
publication, and approved by the technical committees, on papers 
presented at the sessions on communication and research, insulation co- 
or^nation, general power applications, power generation and electrical ma¬ 
chinery, power transmission, and vibration and balance at the 1937 AIEE 
summer convention, Milwaukee, Wis., June 21-25. Authors’ closures, where 
they have been submitted, will Idc found at the end of the discussion on their 
respective papers. Other discussion of summer convention papers will be 
published as it is made available. 

Members anywhere are encouraged to submit written discussion of any 
paper published in Electrical Engineering, which discussion will be re¬ 
viewed by the proper committee and considered for possible publication in a 
subsequent issue. Discussions of papers scheduled for presentation at any 
AIEE meeting or convention will be closed 2 weeks after presentation. Dis¬ 
cussions should be (1) concise; (2) restricted to the subject of the paper or 
papers under consideration; and (3) typewritten and submitted in triplicate 
to AIEE headquarters 33 West 39th Street, New York, N. Y. 


Application of Spill Gaps and 
Selection of Insulation Levels 

Discussion of a paper by H. L. Melvin and 
R. E. Pierce published in the June 1937 
issue,, pages 689--94, and presented for oral 
discussion at the insulation co-ordination 
session of the summer convention, Milwaukee, 
Wis., June 25,1937. 


J. H. Foote and J. R. North (Common¬ 
wealth & Southern Corporation, Jackson, 
Mich.); This paper gives an excellent pres¬ 
entation of the application of gaps as pro¬ 
tective devices co-ordinated with insulation 
levels, 

The authors point out that the protected 
level varies with the time of incidence of the 
surge, the protected level or surge voltage 
allowed on apparatus being higher with de¬ 
crease in time, i.e., with increased steepness 
of wave front, higher voltages are impressed. 
With this in mind, the statement of page 
689 that, "A spill gap provides a definite 
voltage discharge level . . may be mis¬ 
leading. Should not the word “curve” or 
"characteristic” be substituted for the 
word "level” which ordinarily brings to 
mind one numerical value remaining uni¬ 
form under varying conditions; 

Fipre 1 is clear and should be widely 
studied by the users of gapped equipment. 
Much misunderstanding might thereby 
be eliminated relative to the protection af¬ 
forded by gaps. 

We cannot agree with item 1 under con¬ 
clusions, "Spill gaps , . . afford dependable 
protection to equipment and insulation 
agaiMt failure from lightning” nnli^s g 
qualified. Gaps are particularly adapted 
for the protection of insulation in air, such as 
busings and insulators, rather tTian for 
solid or laminated forms of insulation. The 
authors point out the necessity of extremely 
close gap spacing when used for the pro¬ 
tection of solid insulation against fast 
waves. 
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Data as to allowable .spacings from the 
operating standpoint are interesting and 
valuable. Evaluation of service interrup¬ 
tions occasioned by the operation of gaps 
must be made by each operator to suit 
existing conditions. In view of the wide 
range of gap settings used at the .same op¬ 
erating voltage in different locations, we 
would like to ask the authors to give corre¬ 
lating data regarding apparatus insulation 
strengths and neutral grounding conditions 
in order that these gap settings may be 
further studied. It would be very helpful 
if this explanatory data could include the 
following information for each of the loca¬ 
tions cited: 

Original insulation test.4 specified for apparatus 
protected. 

System neutral clTcctively grounded or ungrounded. 

Ratio of zero sequence impedance to positive se¬ 
quence impedance under maximum fault condi¬ 
tions. 


M. H. Lovelady (Central Power and Light 
Company, vSan Antonio, Texas): Melvin 
and Pierce are to be commended for the 
abundance of information contained in 
their paper "Application of Spill Gups and 
Selection of Insulation Levels.” 

The table I in the paper tabulates the 
operating record of spill gaps in Texas. 
Although not stated, these apparently are 
mostly straight grounded gaps without fuses 
or expulsion tubes. The table shows a re¬ 
markably small percentage of gap operations 
and it would be of interest to know whether 
means were used definitely to determine 
whether or not the gaps operated. 

A south Texas company has perhaps more 
repeater type fused gaps in operation than 
any of those companies to which the authors 
had access to operating records and a con¬ 
densed report covering the operating record 
of these gaps is of interest. 

A total of 186 repeater-type fu.sed gaps 
have been installed to date and 200 more 
will be installed this year, however only 103 
single-phase installations were in operation 
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during the entire lightning sciison of 
and the Labulation is conlined to these ID.*! 
installations. 

The authors conclusions with resi>t?et to 
niiniinum permissible gap settings are of 
iniere.st and bear out operating experience 
of the south Texas company, lixcessive 
operations due to switching surges have not 
been experienced with gttp setling.s of a 
lower ratio than those mentioned in the 
paper. The settings at all in.stallution.s have 
a ratio of normal line to netitral voltage 
approximately as follows; for 6U-kv sy.s- 
tems 1..35, for 38-kv .systems 1,H7, for 22-kv 
.sy.stems 2.2, and for 12-kv systems 2.86 
All of the installation.s are on }it»li(lly 
grounded-neutral systems. 

More information regarding the fre¬ 
quency of operation of close-set gaps wouhl 
be of interest. The table in this di.scu.ssion 
.shows the number of operation.s that took 
place between imspections. All installations 
were inspected after each lightning dis¬ 
turbance. 

Thirty of the installations arc at at¬ 
tended stations and it is I'f interest to note 
that operators have on .several occasions re¬ 
ported that the gaps spilled over without 
.system follow up current, iudienting that 
the surge was di.ssiputed during the instant 
of very low or zero .system voltage. 


... t|- |i r il 1 


Line 

Volt¬ 

age 

(Kilo¬ 

volts) 

Gap 

Sot¬ 

ting 

(Inches) 

Oporstions Between 
Number Inspections 

-"fill-"' 'No: o( TubM 
stalla- ““— -- opera¬ 
tions 1 2 3 4 tlons 

0«. 

..fl , 

.. fiO... 

. 80,23. 8. 8...1H2 

38. 

..4 . 

.. IB... 

. 30.15. 2. 2... H« 

23. 

..2 . 

«... 

. 10. 4. 2. 0... :i3 

13, 

..1.25. 

.. 18... 

. 17. 7. 2. 0... 37 

Total, 

• • 

103... 

.140.40 14.10...341 


All of the fused gaps except 9, are in¬ 
stalled on traiKsformers directly at the bush¬ 
ing and in series with the traiuiformc^r fn.se. 
The other 9are installed on the line side of the 
oil circuit breakers at the bushing, at a 
station where 3 6l)-kv liue.s enter the station. 
The station being located at a point where 
lightning is particularly severe. This sta¬ 
tion also has fu.scd gaps located at the 
transformer bushings. The station is pro¬ 
tected by overhead ground wires over the 
the station and extending one mile out on 
each of the 69-kv circuits. 

It is interesting to note that on 2 oeemsions 
the gaps at the transformers operated when 
none of the line gaps operated and that there 
were 10 operations of the line gaps when the 
transformer gaps did not operate. On no 
occasion did both sets of gaps operate 
simultaneously and on no occasion did more 
than one gap operate on the same phase. 
Of the^ 10 line gap operations, 8 were on the 
same line, the remaining 2 operations taking 
place one on each line. 
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Only 2 of ihc 341 operations were ac¬ 
companied by blowing of transfonner fuses 
and those were probably due to faulty fuses 
as a number of operations have taken place 
at the same locations without fuse failures. 

During the entire period there were no 
tube failures on the fuse gaps and no tube 
flashovers. There were several failures of 
devices to trip the next tube into operating 
position. These failures however were due 
to mechanical didiculties and the trouble 
has now been remedied. 

Nine of the operations were caused by 
birds shorting out the gaps, a condition not 
considered serious as the operations caused 
no system disturbance and the loss of one 
1 111 )e ou t of 4 is not serious. 

Only 2 of the operations occured during 
periods when there was no visible lightning 
and these arc the only 2 operations that 
may be attributed to switching surges. 

It is of iutei*est to note from the tabula¬ 
tion that of the 10 reports of all 4 fuses 
operating between inspections, 9 of these 
occurred at end of the line stations. It is 
also interesting to note that average opera¬ 
tions per unit per year for the system is 3.4, 
while average operations per unit per year 
for end of the line iustullatious is 6.5. 

Hased upon the above record, the com¬ 
pany now plans to cliange all of the end of 
the line installations to 8 fuse repeaters in¬ 
stead of 4. 

Although the repeater-type fuse gaps 
have only been in operation on the Texas 
system for a little more than a year, 
sitiglu-.shop fuse gaps have been used for 
.several yeiu's. The transfonner failure 
record at points where the single-shop fu.se 
gaps had been installed lead to the installa¬ 
tion of the repeater type. A comparison of 
transformer failure records at some of these 
points is of interest. 

At one 38-kv station 3 transformers failed 
in 1930 and one more in 1931. Fused gaps 
were installed in 1932 and there have been 
no more failures. 

At a 69-kv station, 2 transformers failed 
in 1931 and 2 more in 1932. Fused gaps 
were installed after the 1932 failure and 
there have been no more failures. 

At another 69-kv station, 2 transformers 
failed in 1932, 2 in 1936, and 2 more in the 
early part of 1936. After the 1936 failure, 
fused gaps were installed and there have 
been no more failures. 


i H. L. Rorden (Ohio Bra.ss Company, 

Barberton, Ohio): It is unfortunate that 
j the volt-time characteristics of insulation 

i failures are not susceptible to mathematical 

I analysis. The problem of insulation co- 

j ordination depends upon volt-time char¬ 

acteristics, which must be determined 
empirically. Because of this and the vast 
amount of data that has been accumulated 
from a great number of sources, it is dif¬ 
ficult to draw reasonable conclusions. 

I Differences of opinion also complicate the 

! problem, so that the absolute performance 

I of dielectrics under high-voltage surges is 

still not completely understood. Since 
I volt-time performance plays such a promi- 

i nent part in the general scheme of co-ordina¬ 

tion, it seems timely to point out some 
cliaracteristics which may not be generally 
understood and which may lead to eiToueous 
conclusions if overlooked. 

It should be of interest to all working in 

October 1937 


this field to know that the volt-time charac¬ 
teristics of insulation failures in general, 
are not as definite or precise as we may like 
to have them. As an illustration, it is fre¬ 
quently possible to obtain time lags at 
minimum impulse flashovers which differ by 
100 per cent or more in time without a 
measurable difference in voltage. In flash- 
over tests of a simple rod gap for in stgnf'p, 
successive flashovers may range from about 
8 microseconds to more than 20 micro¬ 
seconds with identically the same voltage 
applied. It is apparent that the phenome¬ 
non that produces such flashovers is very 
unstable and cannot be measured as an 
exact time. It would seem more logical 
that these data be plotted as a band. This 
band becomes narrow rapidly with in¬ 
creasing overvoltages, but is still measurable 
in the very short time range. In this short 
time range the curve may be very steep 
with respect to voltage, so that in spite of the 
narrow band a considerable range of voltage 
may obtain at exactly the same time to 
flashover. The band, therefore, is broad 
as a function of time at minimum flashovers 
and is broad as a function of voltage at the 
high overvoltages. In some instances it is 
found that a variation of 100 per cent in 
voltage may obtain at identically the same 
time to fla.shover. This range is not com¬ 
mon, but in some tests it does obtain. It is 
apparent that to assume an average and 
plot a line to represent such volt-time 
characteristics, may be misleading and re¬ 
sult in the adoption of margins which may 
be in-suffleieht. 

Another point of interest is in connection 
with so-called “flat” volt-time characteris¬ 
tics such as are illustrated in figure 1 of the 
transformer subcommittee report, figure 3 
of the arrester levels paper by Messrs. 
Foote and North, and figure 1 of the spill 
gap paper by Messrs. Melvin and Pierce. 
Flashovers which are not dependent upon 
the formation of corona to complete the 
breakdown, are usually said to have a flat 
volt-time characteristic. An example of 
this is the .sphere gap. In nonuniform di¬ 
electric fields such as in the rod gap where 
long times to flashover may obtain, the 
curve is said to be sloping. A little further 
clarification on these phenomena is in order. 
It would seem probable that the conception 
of a flat curve originated from the fact that 
analytically no flashover may be considered 
as a flashover at infinity. Therefore, once a 
minimum voltage was reached, the curve 
was continued without change in voltage to 
infinity. This is a misnomer, since it is im¬ 
possible to obtain long time lags in sphere- 
gap flashovers. The flashover of spheres, 
being almost independent of corona, wUl 
occur very quickly or not at all. Thus the 
volt-time curve of a sphere-gap tested with 
the 1^/s X 40 wave ceases to exist as soon 
as it becomes flat. Ordinarily it is not pos¬ 
sible to obtain flashovers of a sphere-gap 
with this test wave in more than 3 micro¬ 
seconds. Therefore, the entire curve is that 
part which curves upward in timra less than 
3 microseconds. This point is of interest be¬ 
cause it has been assumed in some instances 
that lower flashovers of gaps, irr^pective of 
time, indicates better protection. It is 
apparent that if a gap or insulation having 
a “flat” characteristic is to be protected 
by another gap, it would be u.seless to pro¬ 
vide protection that might flashover in 10 
or 16 microseconds when a failure would 
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occur in less than 3 microseconds or not at 
all. Thus the minimum flashover alone 
not only may offer no protection, but may be 
a definite hazard to the system, since it may 
result in an outage which would offer no 
protection in any event. 

If the curves in the 3 papers mentioned 
are intended to illustrate general charac¬ 
teristics of surge tests irrespective of wave 
shape, .then it might be said that the flat 
part of the curves exist as illustrated. The 
flat portion may be true for slow waves 
where flashover occurs on the wave front or 
at the crest. In that event, the flat part of 
the curves exist and the short time to flash- 
over does not. Therefore, while the curves 
may illustrate a general principle, they 
must be used with care, since the complete 
curves as illustrated do not represent all 
possible wave shapes and must be limited 
when one wave only is considered. A com¬ 
plete family of curves would be necessary to . 
represent relative volt-time curves for all 
waves. 

It is significant that the authors of all 3 
papers (excepting the committee reports) 
in this group, have expressed some un¬ 
favorable comment on bushing gaps. Labo¬ 
ratory tests indicate that busUng gaps 
have several undesirable features, which 
makes them a hazard rather than a 
help. The one point in favor of bushing 
gaps is, that it is possible with these gaps 
in general to obtain the same flashover for 
both polarities at minimum voltages. 
Power arcs frequently whip in any direction 
and the use of bushing gaps encourages an 
arc to form near the surface of porcelain 
where it can do considerable damage. The 
impulse characteristics of bushing gaps are 
very similar to rod gaps arid, therefore, 
their usefulness for surge voltages is limi¬ 
ted to mi nimum flashovers with slow waves. 
They are useless for fast waves, as pre¬ 
viously mentioned in the discussion of “flat” 
curves. They are also useless at the high 
overvoltages where they are most needed, 
unless an unusually low gap spacing is 
adopted. If a parallel rod gap is desirable 
to protect the bushing, a spacing consider¬ 
ably less than the usually recommended 
gap spacings for bushings must be adopted 
if overvoltage protection of the bushing is 
expected. This low gap spacing is necessary 
because an overvoltage arc tends to follow a 
surface, where at minimum voltage an arc 
may strike dear. This phenomenon is ob¬ 
served also in strings of suspension insula¬ 
tors. For example, in an insulator string 
equipped with arcing horns, the horns may 
be so adjusted that the arc will strike dear 
between the horns at minimum flashover, 
but unless an unusually low spacing between 
the arcing electrodes is adopted the arc 
may ca s c ad e- the insulators on high oyer- 
voltages exactly as though the horns were 
not present. Bushing gaps arid rod ^ps 
are paralld cases to the insulator string. 

These gaps adjusted to the so-called test 
gap spadhg, may flashover at minimum 
impulses, and at the high overvoltages, the 
arc may follow the surface of a paralld 
bushing exactly as though the gap were not 

present. , . « 

I should , like to ask the authors of the 3 
papers, if their experience indicat^ whether 
most insulation failures are associated with 
a single severe surge such as direct strokes or 
if therri are a fair percentage of failures that 
occur with strokes of lesser magnitude arid 
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current,', such' as traveling waves. Recent 
publications; have shown that a large per¬ 
centage of direct strokes are above 10,000 
amperes, and up to 60,000 amperes. It 
would seem probable that if many failures 
are due to surges of low current such as 
arresters are capable of dissipating, that 
there must be some breakdowns which occur 
during surges of low magnitude on systems 
not equipped with arresters. That is, if 
progressive deterioration weakens insula¬ 
tion, so that failure becomes imminent, such 
failures, would not necessarily be assoicated 
with direct strokes. However, if most fail¬ 
ures are associated with direct strokes, it 
would seem that more attention should be 
given to the higher current and energy 
surges than to those of lesser magnitude. 


K. B. McEachron (General Electric Com¬ 
pany, Pittsfield, Mass.): The proper solu¬ 
tion of the problem of insulation co-ordina¬ 
tion depends upon a knowledge of the 
flashover or failtme characteristics of the 
apparatus to be protected, as compared with 
the protective level allowed by the protec¬ 
tive devices used. If all apparatus had the 
same shape volt-time curves of failure or 
performance, the problem would be rela¬ 
tively simple. Thus, if the volt-time flash- 
over characteristics of the line insulator, bus 
and switch support, bushing, and the 
puncture of solid insulation as used in the 
transformer, were all similar in shape, and 
if the rod gap or lightning arrester were 
entirely independent of the effects of wave 
front and current magnitude, it would be 
possible to maintain any desired levels with- 
out knowledge of what sort of impulses 
must be con^dered when lightning strikes 
the line or station. 

Actually, however, although the volt¬ 
time curves for the lightning arrester and 
transformer insulation are similar in shape, 
the bushing, line and bus insulators, and the 
rod gap, aU have volt-time curves which 
increase very rapidly as the time to flash- 
over becomes short. This characteristic 
does no harm, and in fact, is an advantage 
in a device being protected, but is not a de¬ 
sirable characteristic for a protective de¬ 
vice. This is especially true when the fre¬ 
quency of occurrence of any particular wave 
of lightning front is not known. The varia¬ 
tion in the rod-gap spark potential from 60 
cycles wet to flashover on a 1,000 kv per 
microsecond front will be of the order of 6 
to 1, while the same ratio for the lightning 
arrester will not in general be more than 
2 to 1, the arrester being unaffected by 
weather conditions. 

These considerations lead to the conclu- 
Mon that, if close and dependable protection 
is to be expected, one should make use of the 
lightning arrester installed close to the 
transformer, with adequate direct stroke 
protection over the station and for a short 
distance out, so that wayes of known mag¬ 
nitude and steepness can arrive only through 
the surge impedance of the line, giving rise 
to voltages across the arrester which can be 
predicted reasonably well in advance. This 
allows one to operate with a known margin 
between the arrestef potential and the tested 
strength of the transfonner. 

The ideal arrester protection, which has 
been long recognized as such, would be to 
have the arrester potential unaffected by 
either the rate of voltage rise or the amount 
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of current in the discharge. It is true that 
considerable progress has been made in this 
direction in the last few years, which pro¬ 
vides more definite protective levels than 
possible heretofore, and yet for the best 
results and to maintain dependable mar¬ 
gins, a knowledge of the maximum magni¬ 
tudes of the incoming waves is essential, 
both as to rate of rise and magnitude of 
current. 

These considerations indicate that the 
greatest lack of knowledge concerning 
lightning is in relation to the wave shapes 
and magnitudes which may result from 
direct strokes at the point where the stroke 
occurs. This is especially important in con¬ 
nection with distribution systems where 
direct stroke protection cannot be readily 
installed at transformer. Knowledge of 
such wave shapes is very difficult to secure 
at reasonable expense, and although some 
data are available much still remains to be 
done. 

Fortunately, waves which travel over 
conductors, even relatively short distances, 
are subject to calculation, and are so modified 
that an exact knowledge of the original 
lightning stroke is not necessary. This 
method is conservative, but until more is 
known of the wave shapes of lightning and 
the frequency of occurrence of those wave 
shapes, it appears to be the safest policy to 
pursue. 

Messrs. Sporn and Gross are to be com¬ 
plimented, particularly on the co-ordination 
chart, which I am sure will be very useful. 

With reference to the MeMn-Pierce 
paper, what was the ampere rating of the 
fuses used on the 110-kv system discussed 
on page 691? With the type of repeator 
fuse used, how quickly does another fuse 
become available, and is protection lost in 
the interval ? Multiple strokes involve time 
intervals as short as 0.0006 seconds and 
successive discharges may be as far apart in 
time as 0.6 seconds, which makes the an¬ 
swers to these questions of interest. 


J. T. Ltisignan, Jr. (Ohio Brass Company, 
Mansfield, Ohio): All 3 papers on insula¬ 
tion co-ordination or sdection of infat i^t ion 
levels bring out quite well the factors in¬ 
volved and the advantages to be gained. 
Messrs. Spom and Gross very aptly sum¬ 
marize the advantages when they term 
them "economy.” In other words it is 
merely a case of saving equipment cost and 
watching the weakest link of the 
That is, all equipment should be reasonably 
high enough so as to have small chance of 
f^ing, but none should be abnormally 
higher than others as this usually involves 
high costs with no particular gain in the net 
performance of the system. 

All of the papers have to do with choosing 
protective levels and arranging the equip¬ 
ment above them. The question that prob¬ 
ably arises in the minds of most readers is 
how the individual equipment pieces should 
be arranged relative to one another. 
Messrs. Foote and North seem to feel that 
the only care necessary is that all equip¬ 
ment be above the protective level, 
no recommendations as to which should be 
highest or lowest. Messrs. Spom and 
Gross seem to favor having the bus insula¬ 
tion the highest in the station. 

Whatever procedure is used, care must be 
taken not to choose insulation levels on too 
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close hair lines. In this regard I would like 
to emphasize a few points as to the porcelain 
members involved, that is the bushings and 
bus insulators. Besides the atmospheric 
factors which cause the flashover voltages of 
such insulation to vary, each of these devices 
has individual characteristics which affect 
flashover. 

Bushings seem to be the most variable 
in this respect, probably because they have 
the more involved electrostatic field. This 
field is that of a rod and torus, with a mass 
of solid and/or liquid insulation as a princi¬ 
pal dielectric between them. It is this mass 
of insulation which is supposed to support 
all applied potentials, any relief from high 
overvoltages being gained by flashover of 
the air along the outer porcelain shell. The 
inside insulation has an appreciable effect 
upon the outside flux of the air, and there¬ 
fore the flashover characteristics of the 
bushing. Since some bushings nowadays 
are made entirely of porcelain or paper, 
some of porcelain and oil and some of paper 
and oil, it can be appreciated that each will 
have the outside air paths affected differ¬ 
ently. Also the temperature and condi¬ 
tion of the inside insulation has some affect 
upon the outside electrostatic field. All of 
these factors combine to make very difficult 
the problem of standardizing bushing flash- 
over values ■within narrow bands. There is 
also the question of using the flashover 
values secured in a laboratory on a smooth 
testing tank, with those whieh will occur 
when the bushings are mounted on breaker 
or transformer tanks having protru ding 
metal parts in different arrangements 
around the base of the bushings. 

The question of standardizing bus insula¬ 
tor flashover values is a little less compli¬ 
cated, since the dimensions, materials, and 
shapes of many of these insulators are 
rather well standardized today. However, 
tol^ances must be allowed on each side of 
the flashover values, established under 
standard conditions in laboratories, since 
these insulators are not always mounted 
alike in stations. In other words, some arc 
base-mounted and some cap-mounted, while 
others are arranged in double as well as 
single stacks, and with widely different 
hardware fittings at the line ends. 

In those cases where suspension insula¬ 
tors are used in stations, it must be remem¬ 
bered that the established, suspension 
flashover values are based on simple hanging 
strings in laboratories, and not the horizon¬ 
tal tension strings, with and without jump¬ 
ers, as is frequently used in some bus 
structures. 

In dl of the above papers the need is 
recognized for putting the "protective 
level” above the expected switching surge 
level. The question that I would like to 
raise is as to what should constitute the 
switching surge level. Messrs. Melvin and 
Pierce introduce new data which I feel 
should change the idea of many of us as to 
the proper switching surge level. In their 
conclusions they state: 

"The minunum permissible spill-gap set¬ 
tings, for transmission voltages, wthout 
adverse effects on service, are less than 
those previously considered possible. 

0 . The lower Umit generally applicable is the 
equivalent of approximately 3.0 times the normal 
phase-to-netural voltage, in terms of 00-cycIe 
flashover. 
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Figure i . Perform- 

f». When extremely low protective levels are ncces- ancc of station-type 
iiury or desirable aiul iireferably where fused Raps arresters 
may be applied, the miiuinuin permissible limit 

may be approximately 2.0 times normal." Date from tabic I of paper 

by Foote and North 
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Figure 2. Typical insulation co-ordination showing relative effects of 
arrester secondary rise and back-up protection of rod gaps and control gap 


iri» to now I belit^vc that most of ns have 
felt that a .switching surge had the same 
flashowr characteristics as the power fre¬ 
quency wave. Recent work in our labo¬ 
ratory has led ns to believe that a switch¬ 
ing surge, with its short duraliouand rapid 
uttemialion, ermipared to a long 00-cycle 
wave, might have llashover cliuraelcristics 
higher than the latter and closer to those 
of impulse surges than originally supposed. 

Accordingly, our engineers feel that it is 
wiser to design a protect ivc device to handle 
expected lightning surges, overlooking pure 
(JO-cycle overvoltages, on the assumption 
that (he latter is the result 4if generator 
overspee<ling but not switching. Appre- 
cialde <lata have lieeu gathered showing the 
crest values (»f switching surges. We believe 
that it, would be most helpftd if more were 
gathered telling of the wave shapes of 
.switching surges. We feel that this might 
reveal wave .shapes which will permit devices 
being set appreciably lower than is felt to be 
safe on the present power frequency basis. 


P. M. Ross (Ohio Ura.ss Company, Barber¬ 
ton, Ohio): The operating experience of 
Messrs. Melvin and Pierce, is of valuable 
assistance, in arriving at protective gap 
levels which are stiflioiently low to protect 
expensive insulation, yet of such magnitude 
that they can be "lived with" on the .system 
under operating condition.s. 

The authors mention various switching 
surge tests conducted to determine the 
minimum spill-gap settings which arc per¬ 
missible from an outage .standpoint. I 
.should like to ask the authors if they can 
give any information relative to the switch¬ 
ing surge wave shapes. 

Emphasis has been placed on establishing 
basic protection levels by means of spill 
gaps. Such gaps are not subject to de¬ 
terioration, and remain unchanged by time. 
There still remains the important problem 
of determining the time deterioration of 
major imsulation so that a change in basic 
insulation levels may be adopted to com- 
pen8al;e for such reduced levels. I would 
like to inquire if the experience of the au¬ 
thors of all 3 papers indicates a relative 
destruction effect of switching surges, in¬ 
duced surges, and direct strokes. 

Table I of Messrs. Foote and North’s 


paper illustrates arrester characteristics 
up to 5,000 amperes. Thus it is .shown that 
for the usual surge or traveling waves arrest¬ 
ers arc capable of maintaining the surge 
potential to a safe value. 

The authors state in a footnote under 
table I that station-type arresters can with¬ 
stand 10,000-atiipere crest surge currents. 
In recent publications statistical data in¬ 
dicate that approximately 70 per cent of 
stroke cre.st currents will be ni the neigh¬ 
borhood of 26,000 amperes ("The Light- 
ning-vStrokc Mechanism of Discharge," 
McEachron and McMorris, October 1936, 
General Electric Review). The data as pre- 
.sented by the authors in table I have been 
plotted oJi a serailogarithmic basis, figure 1. 
Since the data plotted in this manner are 
found to He on a straight line, extrapolation 
into the regions in which the greater per¬ 
centage of direct strokas actually obtain 
seems reasonable. It is thereby found that 
the secondary rise crest kilovolts across the 
arrester at 10,000 amperes has risen to 460 
kv and to approximately 600 kv at 50,000 
amperes (if the arrester will thermally 
withstand these currents). 

It is interesting to consider these figures 
when they are plotted with typical tmns- 
former insulation in view of the authors’ 
statement that "Arresters generally have 
the following characteristics which are of 
value in this connection: .... (c) The per- 
fomiance characteristics are such as to 
approximate the volt-time characteristics 
of transfoi-mer in.sulation." In figure 2 is 
plotted a typical transformer imulation 
band with a 20-inch negative-impulse rod- 
gap characteristic (95 p,er cent lightning 
strokes on transmission lines are negative 
polarity), negative-impulse characteristics 
of a 115-kv control gap set with wet .switch¬ 
ing surge flashover of 3 times line to neutral 
voltage and a 97-kv arrester as recom¬ 
mended by the authors for an effectively 
grounded neutral 3-phase system. The 
arrester gap breakdown or cut-off point is 
shown at 330-kv at the ordinate. 

The secondary rise crest kilovolts are 
plotted horizontally. They have been ter¬ 
minated at the 20-inch rod gap, the 60- 
cycle flashover of which is also 3 times line to 
neutral voltage. It is to be noted that if 


surge currents exceed approximately 5,000 
amperes the 20-inch back-tip gap having a 
negative minimum flashover of 395 kv 
will flashover due to the secondary ri.se 
acro.ss the arrester. Carrying this amdysis 
.still farther it is to be seen that the extrapo¬ 
lated value for 10,000 amperes falls at 
approximately 5 times line to neutrul volt¬ 
age. Currents ns high as 50,000 amperes 
would cau.se a secondary rise voltage ap¬ 
proaching the breakdown of new trans¬ 
former in.siilation. I would like to ask the 
authors if they have any additional data to 
extend the .secondary rise kilovolts crest 
into the region from 5,000 amperes to 50,- 
000 amperes, also if they have availalile the 
total time to crest of the secondary rises for 
the various discharge currents? *Such an 
analysis as .shown in figure 2 indicates that 
the cut-off point is of minor importance 
when surge currents of 3,f)O0 amperes and 
up are encountered as insulation failures are 
caused by crest voltage.s, the values of 
which are determined or permitted by the 
secondary rise crc.st of the arrester. 


Application of Arresters and the 
Selection of Insulation Levels 

Discussion of a paper by Foote and 

J. R. North published in the June 1937 
issue, pages 677"'82, and presented for oral 
discussion at the insulation co-ordination 
session of the summer convention, Milwaukee, 
Wis., June 25,1937. 


H. L. Rorden: See discussion, page 1291. 


P. M, Ross: See discussion, this page. 


J. T. Lusignan, Jr.: See discussion, page 
1292. 


Herman Halperin (Commonwealth Edison 
Company, Chicago, Ill.): The authors 
state on page 680 that "The arrester voltage 
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rating must be at least 10 per cent above 
the calculated maximum sound phase volt¬ 
age to ground.” As we have not followed 
this practice in Chicago, I should like to dis¬ 
cuss it. 

The manufacturers state that for modem 
arresters the 60-cycle breakdown is at least 
150 per cent of the arrester rating. This 
factor alone usually provides a safe margin 
to justify the use of an arrester rated equal 
or less than the maximum phase-to-ground 
voltage during abnormal conditions. 

We have been using 3-kv arresters on the 
4,000-volt distribution system, which is 
grounded at the substations through 3/4- 
ohm reactors. During unusually heavy 
fault currents, the fuse that normally short- 
circuits the reactor blows. In general, the 
ratio Zo/Zi is over 2 when the fuse has 
blown, and is less than 2 when it has not 
blown. For faults near the substations our 
information shows definitely that the maxi¬ 
mum line to neutral voltage may reach 
3,500 to 3,800 volts, and this condition ap¬ 
plies when the fuse across the reactor blows. 
The fuse blows in about 15 cases a year, or 
about once every 3 years for each substa¬ 
tion, For most faults, the maximum volt¬ 
age is 3,000 volts or less. 

Arresters rated at 3 kv have been used for 
25 years on this system with satisfactory re¬ 
sults. The rate of arrester failures due to all 
causes is about 0.3 per cent per year and the 
rate for the modem type of arrester but a 
small fraction of this percentage. These 
failures include, of course, those due to cor¬ 
rosion of the gaps and other deterioration. 

For the year 1936, 69 arresters failed in 
service incidental to lightning. The average 
distance to these arresters from the substa¬ 
tion bus was 7,500 feet. There were also 40 
failures of arresters due to unknown causes, 
and for these cases the average distance 
from the arresters to the substations was 
6,300 feet. The average distance for all ar¬ 
resters on the system from the substation 
busses was 6,000 feet. The voltages during 
faults are highest on the line wires nearest 
substations, and yet this characteristic did 
not cause a large proportion of the arresters 
near substations to f^. 

Table III of the paper shows a margin of 
arrester performance in the basic insulation 
level which includes a circuit gradient of one 
kv per foot. This value may not be suf¬ 
ficiently high to insure an adequate safety 
factor under severe conditions. Hodnette 
and Ludwig reported in their June 1937 
paper voltage drops in arrester leads as high 
as 10 kv per foot in laboratory tests. 
Lightning investigations on the Chicago 
distribution system as reported by Halperin 
and Grosser in the January 1936 issue of 
Electrical Engineering indicated values 
of circuit gradient as high as 1.0 to 1.7 kv 
per foot. In our measurements no cases of 
transformer failure and only one fuse blow¬ 
ing occurred, although a large number of 
measurements were made. It appears 
quite possible that, with li ghtning condi¬ 
tions severe enough to cause actual equip¬ 
ment damage, higher values of circuit gradi¬ 
ent might have been encountered. At 
least until more definite data are available, 
particularly for transmission systems, values 
higher than one kv per foot should in some 
cases be used in designing and in analyzing 
equipment performance. 

The use of higher gradients reduces or 
eliminates the selectivity marg ins given in 
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the paper. Some compensation, however, 
exists in the 5 per cent or greater differen¬ 
tial between the basic impulse level and the 
transformer bushing flashover. Perhaps the 
selectivity margin could properly be deter¬ 
mined on the basis of actual flashover volt¬ 
age of the equipment to be protected rather 
than on the basic impulse insulation level. 

These remarks emphasize the authors’ 
recommendation to place arresters as close 
as possible to transformers or other equip¬ 
ment to be protected. 


E. Piepho (Detroit Edison Company, De¬ 
troit, Mich.): Foote and North have con¬ 
densed the great body of available material 
relating to lightning protection of electrical 
apparatus, and presented it in a form im¬ 
mediately usable to the operating engineer. 
Data which they give have passed through 
the controversial stage and are now widely 
accepted. Interpretation and use of this 
material, however, may warrant some com¬ 
ment. 

To the section on marginal requirements, 
the authors might have added a statement 
concerning the effect of deteriorated light¬ 
ning arresters, or arresters of earlier manu¬ 
facture than the more improved types whose 
performance is shown in table I. Such ar¬ 
resters would give higher voltage drops 
during discharge than the values shown in 
the paper. The surge impedance of ground 
connections is also of great importance 
since the voltage drop across this impedance 
adds to the voltage across the arrester dur¬ 
ing discharge, giving proportionally higher 
impressed voltages on the protected equip¬ 
ment. For example, on distribution sys¬ 
tems groimd-connection impedance has so 
much effect that considerable improvement 
in protection of transformers has been 
realized by interconnection at the trans¬ 
former of the secondary neutral wire and 
the arrester ground lead. 

The selectivity margins shown in table 
III appear to be comfortable for all voltage 
classes, yet the operating engineer using 



these data should bear in mind that th6se 
margins can easily be wiped out by any one 
or more of the marginal requirements having 
greater weight than assigned by the au¬ 
thors. This has the effect of making each 
arrester installation almost an individual 
matter. It also suggests that operating 
companies using a great number of light¬ 
ning arresters will find it profitable to 
undertake a program of testing a certain 
percentage of new, and all reclaimed, ar¬ 
resters before placing them in service. 
Furthermore, now that basic insulation 
levels are being established, operating com¬ 
panies can proceed to test the various kinds 
of old equipment in service to determine 
their fitness to operate in their voltage class. 

It is regrettable that the authors were 
unable to present data on lightning arrester 
performance beyond 5,000 amperes. The 
majority of lightning surges passed by ar¬ 
resters appear to be less than 5,000 amperes, 
nevertheless surges of greater magnitude 
are not uncommon. Records of surge cur¬ 
rents through arresters have been obtained 
on the Detroit Edison system for several 
years, using surge recorders in the ground 
connections of various 24,000-volt arresters, 
and surge-crest ammeters in the ground 
leads of arresters on 4,800-volt distribution 
transformers. H. W. Collins reported the 
first year results of this investigration on 
24,000-volt lines in the May 12, 1934, issue 
of Electrical World. This work has been 
continued and considerable additional data 
obtained. The accompanying curves show 
the per cent discharges at different current 
values obtained from these records. About 
9 per cent of the surges recorded on 24,000- 
volt lines were over 5,000 amperes, and 
about 30 per cent were over 5,000 amperes 
on the 4,800-volt lines. The greater per¬ 
centage of high current surges on the dis¬ 
tribution lines in probably due to greater 
exposure, since all the 4,800-volt line re¬ 
corders are located on farm lines, whereas 
many of the 24,000-volt recorders are in the 
urban area. These records have also demon¬ 
strated that lightning arresters of present 
manufacture can pass surge currents in 
excess of 20,000 amperes without damage. 
Consequently, it seems the time has come 
for manufacturers to extend the data on 
voltage across arresters during discharge 
considerably beyond the present 5,000- 
ampere limit. 

This paper should focus attention of all 
operating men on co-ordination of equip¬ 
ment insulation which is important because 
better protection can thereby be secured at 
less cost. It should also enable manu¬ 
facturers to standardize somewhat on 
lightning-arrester characteristics, which 
should lead to lower costs and consequent 
broader application of arresters. 


Hollis K. Sels (Public Service Electric 
& Gas Company, Newark, N. J.): Messrs. 
Foote and North, in their paper on "Ap¬ 
plication of Arresters and the Selection of 
Insulation Levels” and Messrs. Spom and 
Gross in their paper on "Insulation Co¬ 
ordination” bring out valuable comparisons 
between the protection afforded by light¬ 
ning arresters and the basic ingiilgt io n 
levds of other equipnient. While a great 
deal of information has been gathered on the 
characteristics of insulated equipment and 
protective devices, a great deal of informa- 
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tion is still needed on the impulse strength 
of equipment in service and on new equip¬ 
ment being manufactured by those who are 
not equipped with complete testing facili¬ 
ties or, if equipped, may not have complete 
information on equipment being built. 

The opinion expressed in both these 
papers .seems to be to rate the bus insula¬ 
tion strongest, with bushings, transformer 
insulation, and lightning arresters following 
with suitable margin requirements pro¬ 
vided in each step. There are 2 major fac¬ 
tors which api)ear to us to need further con¬ 
sideration before they can be standardized 
on as a general policy. First, while it is 
theoretically possible to maintain a mar¬ 
ginal requirement between steps of only 10 
per cent, we believe that in practice it will be 
impossible to maintain less than 20 per cent 
between barrier-type insulation level inside 
transformers and circuit breakers and the 
protection level bccau.se of the deterioration 
which is bound to take place in insulation 
and the variation in protective ability of 
equipment. The company with which I am 
associated has purchased plenty of equip¬ 
ment which, at the time of purcha.se was 
properly co-ordinated, but now, liccause 
of its depreciation, is almost as unco¬ 
ordinated as if no co-or<linatiou had been 
made originally. Messrs. Melvin and 
Pierce have made some allowances for 
deterioration in their application of spillway 
gaps. Second, every station design natu¬ 
rally falls into at lca.st 4 levels, that is, line en¬ 
trance insulation, the disconnecting switch 
and bus insulation, which are usually the 
.same, the circuit breaker and transformer 
bushings, which are usually interchangeable 
but may be gapped dilTerently, and the 
internal transformer and breaker insulation 
levels. 

Considering the relative cost to repair, 
and the fact that most busses arc scctional- 
ized if not properly protected, it would ap¬ 
pear that bus and disconnect supports 
.should not necessarily he the strongest in¬ 
sulation in the station. In our own designs 
we have tried to adopt the following order 
of strength: 

1. Trunsforiner und circuit-breoker internal insula¬ 
tion. 

2. Transformer and circuit-breaker bushings and 
bus insulation, 

8, Co-ordination gap and line insulation. 

4. Lightning arresters. 

We feel that a minimum margin of 10 per 
cent between each of these groups, allowing 
30 per cent between the transformers and 
the arrester and 10 per cent between porce¬ 
lain insulation and the arrester, should give 
a rea.sonable degree of protection, both in 
service and dollars. 

We note that Messrs. Foote and North, 
in setting up their marginal requirements to 
take care of the distance and potential 
gradient between the equipment and pro¬ 
tective device, have based their calculations 
on an allowance of a potential gradient of 
only one kv per foot, which is equivalent to 
an incoming wave having a 500-kv-per- 
microsecoud front. In our calculations we 
have used corresponding values of 1.7 kv 
per foot, which is equivalent to 1,000 kv per 
microsecond wave front. 

While the values assigned in some of our 
basic assumptions may be debatable, I am 
presenting this discussion to show that there 
is considerable need for a further discussion 


and standardization on the various factors 
involved. We cannot simply say that here 
is a basic insulation level which is ade¬ 
quately protected by the protective char¬ 
acteristics of lightning arresters which you 
can buy today. 


L. G. Smith (Consolidated Gas, Electric 
Light & Power Company of Baltimore, 
Md.): This paper is an excellent step in the 
placing of the co-ordination of arresters and 
station insulation on an arithmetical basis. 
Until it is possible to accomplish this we 
are only guessing when lightning arresters 
are applied. Unfortunately even now we 
cannot place insulation co-ordination and 
arrester application on a basis of ready 
calculation since the data concerning actual 
lightning discharges are quite meager. 
However, we do know that 

1. Some wave fronts are very steep and apparently 
the closer the stroke to the substation the steeper 
the wave front, 

2. Stroke currents vary from small values to very 
high ones and these current values can be expressed 
on a probability basis. 

The data presented by the method fol¬ 
lowed by the authors are predicated upon 
wave fronts sufficiently low to permit the 
arrester gaps to break down before the 
solid insulation fails and upon surge cur¬ 
rents of 5,000 amperes or less. With the 
prc.sent information this is the nearest ap¬ 
proach that can be made to an arithmetical 
.solution. However, whether or not this 
solution represents the majority of the 
cases is questionable. With lines of the 
completely shielded or "lightning-proof” 
type connected to a station, the margin of 
safety given by the authors can probably be 
applied with some assurance of being ade¬ 
quate. 

However, in the case of stations connected 
to un.shieldcd lines other factors must be 
considered. Direct strokes near the station 
may result in very steep wave fronts being 
imposed upon the station insulation. As a 
matter of fact there are no published data 
giving volt-time characteristics of lightning 
arrester gaps. If such curves approach 
those of sphere gaps better assurance of co¬ 
ordination is obtained. From published 
data the probability is that 86 per cent of 
the strokes will be greater than 5,000 am¬ 
peres. On unshielded lines the limit of the 
surge currents carried to the stations will be 
the insulation level of the lines themselves. 
However, there will be strokes sufficiently 
close to the station so that lightning ar¬ 
resters will function before the line insula¬ 
tion has time to flashover, thus probably 
requiring the arresters to discharge more 
than 5,000 amperes. Records of lightning 
arrester and equipment failures justify this 
point. 

In cases where the stroke occurs suf¬ 
ficiently far from the station to permit the 
line insulation to flashover before imposing 
a high-voltage surge on tlie substation the 
6,000 amperes assumed by the authors 
should be ample for practically all operating 
voltages. However, in order adequately to 
handle steep-wave-front surges or surges 
originating close to the station, the ideal 
arrester is one which has a gap with a volt¬ 
time characteristic co-ordinated with the 
transformer insulation and has an imped¬ 
ance drop for currents up to the point where 


the arrester element flashes over lower than 
the impulse strength of the equipment pro¬ 
tected. 

Therefore, it is believed that, until further 
data are available, the safest practice in 
application of lightning arresters is the use 
of arresters with the lowest possible rating 
consistent with the dynamic potentials that 
exist on a given system. 


F. J. Vogel (Westinghouse Electric & 
Manufacturing Company, Sharon, Pa.): 
The report on "Basic Impulse Insulation 
Levels” gives a tabulation of voltage classes 
and impulse insulation levels in terms of 
crest kilovolts. This basic impulse insula¬ 
tion level is presumed to be the minimum 
insulation level of any apparatus in a station. 
It is supposed that transformers should 
have at least this impulse strength or higher 
and that protective devices would limit 
the voltages to a lower value to provide a 
factor of safety in service. 

I note that this is the beginning of a 
program to standardize the level of all the 
individual parts of a station. I believe this 
will lead to satisfactory results if it is recog¬ 
nized that considerable latitude must still 
be given to the designers of equipment. 
For example, the level of protective equip¬ 
ment should be the determining value for 
transformers and other equipment, and 
there exists at the present time no stand¬ 
ardization of these devices. Therefore, the 
basic impulse insulation level given is 
purely arbitrary since the foundation, 
which is the voltage level which can be 
maintained by protective equipment; is 
lacking. 

There is also a trend toward the use of 
unit equipment, that is to say transformers 
with either deion gaps or arresters built 
into the equipment. Since such devices are 
self-protecting and are a unit, there is little 
or no point in setting arbitrarily the impulse 
levels of any of the parts of such devices. 
The designer must know the performance 
of each part and provide sufficient factor of 
safety so that it is a serviceable piece of 
equipment. Such equipment might or 
might not adhere to present standards in so 
far as the performance of the individual 
parts is concerned. 

These points are also brought out in the 
paper by Messrs. Foote and North. They 
point out that it is essential, before de- 
sigpiing any structure, to determine the 
stresses which will be placed upon the 
structure. In this paper the insulation 
stresses on transformers and equipment are 
assumed to be limited by the performance of 
arresters only, and the limits in the appli¬ 
cation of arresters are important in con¬ 
sidering the insulation co-ordination prob¬ 
lem from this angle. The authors have 
made a very thorough study of the problem, 
and have arrived at sound conclusions. 

Arresters are often applied where, due to 
overhead ground wires and favorable con¬ 
ditions, it is considered that there is little 
chance of direct strokes. On the other hand, 
there are few, if any, locations where it can 
be stated that there is absolutely no pos¬ 
sibility of direct strokes, and many where it 
is not considered economically possible to 
guard against direct strokes. Therefore, 
the performance of arresters when subjected 
to extremely steep wave fronts and heavy 
surge currents are the important limits. 
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In design work, where the stresses are 
known, it is common to apply a “factor of 
safety.” In the paper, this has been done 
by the use of a “tolerance factor,” and a 
“selectivity margin.” The “gradient fac¬ 
tor” is really a factor not dependent on the 
arrester, but on the application. Let us 
briefly consider what these factors involve. 
The “tolerance factor” tells us that the 
arrester is a manufactured product, and as 
such is subject to variations when new, and 



Rgure 2. Discharge kilovolt-ampere curve for 
lightning arresters from table I of paper by 
Foote and North 


in service. The tolerance and selectivity 
factors also tell us that there are unknown 
factors, such as steepness of the front of the 
surge. The breakdown voltage of any 
gap is subject to increase when the wave 
front is steep enough. The question then is, 
what steepness may be expected, and in 
turn what will be the voltage and what 
effect will this voltage have on the insula¬ 
tion? The answer to these questions is not 
entirely available, and differs for low- and 
high-voltage classes. It is possibly safe to 
say that protection, regardless of wave- 
front steepness, can be guaranteed for the 
low-voltage classes, but not necessarily so 
for the high-voltage classes. Further data 
and discussion of this subject will im- 
doubtedly follow in the next few months. 

The very existence .of a distance or gradi¬ 
ent factor indicates the necessity of placing 
the arrester immediately adjacent to the 
transformer in so far as the trs^ormet only 
is concerned. The use of a value of one kv 
per foot may be a 'fair assumption, but it 
may be exceeded. In the laboratory, while 
making steep-wave-front tests on actual 
apparatus, values 2 or 3 times this high have 
been seen. There is no guarantee that 
natural lightning might not occasionally 
furnish similar results. The practice of 
locating the protective device, whether gap 
or arrester immediately adjacent to the 
transformer appears vdy desirable from the 
standpoint of transformer protection. 

The question of “surge current” is an 
important one, Again, surge currents ha-ve 
been assumed a,t the very nominal •value of 
6,000 amperes, but there are definite pos¬ 
sibilities of currents as high as 10,000 or 
15,000 amperes in many ewes, to say noth¬ 
ing of the rare cases when there may be from 
60,000 to 200,000 ampdres. The factors of 
“thermal ability” to discharge heavy cur¬ 
rents, as well as the resultant discharge 
voltage Imve not been completdy dis¬ 
posed of, ^ little data are: published. A 
possible extrapolation of the author’s data 
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from table I is shown on figure 2 of this 
discussion for 3 voltage classes. If this 
extrapolation be correct, the arrester might 
conceivably cease to protect transformers 
beyond the following limits: The full wave 
transformer strengths are 645 kv, 345 kv, 
and 153 kv for the 138-, 69-, and 25-kv 
classes, respectively. These voltages will be 
exceeded when arrester currents in excess of 
7,000, 9,000, and 26,000 amperes are en¬ 
countered. The lack of standardization of 
arresters is shown by the fact that there are 
arresters available which will protect these 
same transformers with discharge currents 
up to 40,000 amperes or more. . 

It is interesting to note that the use of the 
deion gap has been omitted for the low- 
voltage distribution transformers, in which 
case there is little or no increase in voltage 
due to discharge current and no “thermal 
limitations.” This application in certain 
transformers has had a nearly 100 per cent 
service record. 

The above discussion leads to the same 
general conclusions as drawn by the authors, 
and places additional emphasis on the de¬ 
sirability of recommending protective gaps 
in the station, located as described by the 
authors, since they pfo'vide a limited 
amount of free insurance against failure of 
the arrester, and might prevent the failure 
of a transformer when the surge current is 
beyond the discharge capacity of the ar¬ 
rester, resulting in too high a discharge 
voltage. 

Insulation 

Co-ordination 

Discussion of a paper by Philip Sporn and 
I. W. Gross published in the June 1937 issue, 
pages 715-20, and presented for oral dis¬ 
cussion at the insulation co-ordination session 
of the summer convention, Milwaukee, Wis., 
June 25,1937. 


E. B. McEachron: See discussion, page 
1292. 


J. T. Lusignan, Jr.: See discussion, page 
1292. 


P. M. Ross: See discussion, page 1293. 


J. H. Foote (Commonwealth & Southern 
Corporation, Jackson, Mich.): The au¬ 
thors in this paper have presented a most ex¬ 
cellent recapitulation of the important con¬ 
siderations involved in insulation co¬ 
ordination. They have pointed out that ' 
co-ordination has 2 main objectives, (1) 
protection of service and equipment, (2) 
economy, and to these we heartily sub¬ 
scribe.; 

Your attention is particularly called to 
their “in^ation co-ordination chart,” This 
presents, in graph form, for ready use, a 
vast amount of data pertaining to the insu¬ 
lation strength of apparatus, performance of 
protective deuces, etc. At first, it may 
appear compticated, but a little study will 
clearly demonstrate its value in solvihg 
insulatioh co-ordination problems. 

Discussions 


L. G. Smith (Consolidated Gas, Electric 
Light & Power Company of Baltimore, 
Md.): The authors’ classification of the 3 
types of overvoltage is quite complete. 
The first 2 t 3 T)es readily lend themselves 
either to calculation or to estimation, based 
upon operating data. However, the third 
classification, that is overvoltage due to 
li g h tning , is Still a somewhat indefinite fac¬ 
tor and at the same time is the one which is 
most likely to cause damage to equipment. 
The practice of the authors’ company to 
install transformers with reduced insulation 
is a very intriguing one in view of the eco¬ 
nomic savings resulting. The natural ques¬ 
tion is whether or not the present-day 
transformer insulation is too safe from an 
economic point of •view. 

In setting a level for transformer insula¬ 
tion, if sufficient information were available, 
it should be possible to place it on an eco¬ 
nomic basis, that is, obtaining a balance 
between capital cost and cost of trans¬ 
former failures and depreciation. However, 
to do this it would be necessary to have: 

1. Complete information as to probability of 
strokes of various magnitudes and wave front that 
could enter stations, in which transformer equip¬ 
ment is installed. 

2. Complete volt-time curves of lightning-arrester 
gaps would be necessary. 

3. Volt-ampere characteristics of arresters would 
be required up to very high surge currents. 

4. Volt-time curves of transformer insulation. 

6. The effect of repeated voltage strains on trans¬ 
former insulation, upon the volt-time breakdown 
characteristics, and upon the characteristics of 
transformer insulation would be necessary, in order 
to determine the deteriorating effects of repeated 
surges. 

The lower the margiu of safety between 
the transformer insulation and the voltages 
to which the lightning arresters will limit 
the incoming surges, the broader must be 
the knowledge of the probable types of 
surges that will be encountered. If the 
margins are too low, steep wave front surges 
may damage the transformer insulation 
before the arrester gap can discharge. 
Like'wise, with low margins, the higher 
values of surge currents may cause imped¬ 
ance drop in arresters sufficiently high to 
cause transformer failmre. 

In reference to the practice cited by the 
authors of installing the arresters, as close 
as possible, if not moutited directly on the 
transformers protected: This is unquestion¬ 
ably an ideal location froih the standpoint of 
lightning protection to the transformers. 
It is the practice which our company is 
following. However, it must be remem¬ 
bered that when arresters are installed at the 
transformers in a large outdoor substation, 
there may be oil circuit breakers or air- 
break switches, installed at locations remote 
from the arresters which might need some 
supplementary protection. Likewise, air- 
break svdtches in incoming lines may be 
open. As this would corxstitute a point of 
reflection, frequent flashovers may occur 
when su(^ switches are open. With the 
object of preventing such troubles it has 
been the practice of our company in 13.2-lcv 
substations to install statiou-type arresters 
as close as possible to the transformers, and 
to install line-t 3 q>e arresters at the ter¬ 
minals of the incon^g or outgoing lines. 
For the protection of such mr-break 
switches, lightning arrestos may not be 
necessary, in that an expulsion protective 
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gap may be used, due to the fact that the 
volt-tiiiie curves of tlic expulsion protective 
gap and the post insulator both have about 
the same shape. 


V. M. Montsinger (General Electric Com- 
pauy, Pittsfield, Mass.): In connection 
with the general problem of insulation co¬ 
ordination I wish to point out that so far 
as I am aware the insulation co-ordination 
iniivenient was started in the transformer 
subcommiltee in 15)27, although nothing 
was published until the 15Ki() summer con¬ 
vention at Toronto. 

This activity was initiated as the result 
of the failure in August 15)20 of .some 220-kv 
transformers having reduced insulation 
levels (that is, transformers given an in¬ 
duced voltage test, of 2.73 limes line to 
neutral voltage.) oiieraling on a highly in¬ 
sulated line and without any form of light¬ 
ning protection. 'Phis was the first 220-kv 
circuit built in the blast where lightning 
was severe and the failure of the trans¬ 
formers brought home the fact that con¬ 
sideration must be given not only to pro¬ 
tection against lightning l:ml to the pos¬ 
sibility of designs more highly resistant to 
lightning impulses. 

Under item 7 of the minutes of the May 
27, 15).'{7, meeting of the AIEE transformer 
subeoimnittce, tliere aiipears the following 
heading: "Relation Hetween Impulse 

Strength of Transformer Windings, High 
Voltage Rushings and Line Insulators Near 
the Transformer Bank." Under this item 
apijcars in part, the following: 

"The question of whether it was best to 
use the bushing or .some external arcing 
device as a protection to the transformer 
was discussed and it was the consensus of 
tipinion that it wottld he poor engineering 
to use the bushing us a protective device for 
the windings. It was agreed, therefore, 
tliat the coimnitlee draw up recommenda¬ 
tions on the length of in.sulator.s or number 
of dise.s which should be used next to the 
transformer banks of dilTcrent standard 
voltages. ..” 

The question of co-ordination of trans¬ 
formers was discussed at each subsequent 
meeting and at the May 1), 1928, meeting 
the following table for co-ordination was 
recomiTicnded: 


Maximum Value of Line Insu¬ 
lation Adjacent to Station in 
System Terms of 60-Cycle Root-Mean- 

Voltage Square Dry Flashover Kilo- 
(KilOTolts) volts 


60.250 

88.360 

no.400 

1J)2.450 

154.550 

J87.650 

220.760 


The 60-cycle flashover given in the above 
table corresponds to the number of line 
insulators given in the second column of 
table I of the report of the transformer 
subcommittee on "Insulation Strength of 
Transformers" being presented at this 
scission. 

The method of establishing protective 
levels by means of insulator disks was, of 

October 1937 


course, quite crude and was soon superseded 
by the use of the more flexible rod gap or 
“co-ordination gap." As soon as it was 
realized that the co-ordination gap did not 
necessarily co-ordinate, the spacings were 
increased 10 per cent and its name was 
changed to "test gap." 

This early consideration of transformer 
insulation co-ordination by the transformer 
subcommittee stirred up interest in the 
general problem of co-ordination and, as 
pointed out in the article on "Basic Impulse 
Insulation Levels," other committees be¬ 
came interested and this finally led to the 
formation of the EEI-NEMA joint com¬ 
mittee to act upon the broad subject of co¬ 
ordination. 

It is interesting to note that the test gap 
spacings given in the EEI-NEMA report 
and from which the basic impulse kilovolt 
levels were obtained are the same as those 
recommended by the transformer sub¬ 
committee in 1933, This shows that even 
though the method of selecting the insula¬ 
tion level was quite crude we arrived at the 
level eventually selected by the EEI-NEMA 
committee on a more rational basis; namely, 
the protective level that is available. 

The fact recognized in 1927, as mentioned 
before, that it would be poor engineering 
to dt;pend on the transformer bushing as a 
protective device has been fully justified by 
later developments. In fact, the latest 
propo.sal of expressing the insulation level 
by kilovolts instead of by test gap eliminates 
the bushing entirely a.s the yard stick for 
even impulse testing of transformers, much 
less using the bushing as a protective device. 

Wlxilc the industry has been feeling its 
way for the past 10 years on the problem of 
co-ordination, making u.se of the best in¬ 
formation available, I think we have finally 
reached the stage where a logical and practi¬ 
cal basis has been reached both for impulse 
testing of transfonners and for protecting 
transformers in service. This, of course, 
does not mean that further progress will 
not be made as many groups are still work¬ 
ing along these lines. 

Insulation Strength 
of Transformers 

Discussion of a paper by the transformer sub¬ 
committee of flie AiEE committee on elec¬ 
trical machinery publi^ed in the June 1937 
issue, pages 749-54, and presented for oral 
discussion at the insulation co-ordination 
session of the summer convention, Milwaukee, 
Wis., June 25,1937. 


H. L. Rorden: See discussion, page 1291. 


V. M. Montsinger (General Electric Com¬ 
pany, Pittsfield, Mass.); I wish to com¬ 
ment on 2 points which apparently are not 
clear in connection with this report. One 
of the points is the "minimum time to 
flashover" given in column 8, table II. 

The reason why a minimum time to flash- 
over is specified is to prevent the use of a, 
short rod-gap spacing for the chopped wave 
tests resulting in flashover in, say, 0.6 or 
1.0 microsecond, where the impulse strength 
of insulation is considerably in excess of the 
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strength for longer periods of time to flash- 
over. This increase in strength of insulation 
is shown in a general way in the volt-time 
curve for transformer insulation given in 
figure 1. 

The volt-time curve of insulation based on 
single shots has been fairly well established’" 
and the values are as follows: 


Time to Breakdown 
(Microseconds) 

Single-Shot Impulse 
Strength in Per Cent of 
Full-Wave Strength 

3 and longer... 

.100 

2 .. 

.105 

1.5 .. 

.112 

1.0 . 

.126 

0,6 . 

.150 

0.26. 

.190 


The shape of the volt-time curve of in¬ 
sulation based on repeated shots (i.e., 100 
shots or more at various time intervals) 
has not yet been definitely established. 
Some data are available and tests are now in 
progress. It is planned to give the results of 
the tests in a future paper. 

The question of how the chopped wave 
test (110 per cent of the basic level) and the 
full wave test (95 per cent of the basic level) 
were arrived at has been asked since this re¬ 
port was published, indicating that their 
derivation is not clear. As pointed out in 
the report, the standard bushing level for 
distribution transformers is 6 per cent above 
the test gap level which has been in use for 
some time. Also, the level of power-trans- 
former bushings above 69 kv is approxi¬ 
mately 6 per cent above the test gap level. 
The present impulse test code specifies that 
in test (6) the bushing be flashed over at 6 
per cent overvoltage. The maximum im¬ 
pulse voltage applied is, therefore, 10 per 
cent above the minimum full-wave flashover 
of the test gap. 

Since the basic insulation level given in 
the EEI-NEMA report corresponds to the 
minimum full-wave flashover of the test 
gaps, the chopped-wave test should be 110 
per cent of the basic insulation level. 

The present test code specifies that the 
full wave must be not less than 90 per cent 
of the standard minimum flashover voltage 
of the standard bushings. Snee the basic 
insulation level or test-gap level is 5 per cent 
over the standard-bushing level, the new 
full-wave test should be 96 per cent of the 
basic level. 

To agree with the recommendations made 
by the subcommittee since this report was 
written, the 100 kv and 115 kv given in 
columns 3 and 4 of table II should be 
changed to 96 kv and 110 kv, respectivdy- 
The 110 kv given in column 3 of table III 
riiould be changed to 106 kv. The reason 
for this change is that the EEI-NEMA re¬ 
port has a footnote to table I, page 711 of 
the June issue of Elbctrical Engikteering, 
to the effect that consideration should be 
given to increasing by approximately 10 per 
cent, the basic level of 10)0 kv. 

The 100-, 115-, and 110-kv values given 
in tables, II and HI, respectivdy (men¬ 
tioned above) were based on a basic 

♦Figure 1, page 480, April 1937 issue of Biac- 
. TRicAi, Bnoinbbriko, discussiou of paper ^entitled 
“Dielectric Strength of Transformer lusulation,” by 
P. L; Bellaschi and W. L. Teague, 
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impulse level of 105 kv instead of 100 kv in 
anticipating that the basic level would be 
increased later. It appears rather doubtful 
now that the 100-kv basic level will be 
changed. ' 

In connection with the question of gap¬ 
ping bushings on which the report requests 
comments, now that the impulse test level 
will soon be expressed in kilovolts and the 
bushing will no longer be used as a volt¬ 
meter during the impulse test, there is no 
need for gaps on bushings. 

However, as a protection to the bushing 
in those cases where other protective equip¬ 
ment is not provided, a gap may be used in 
the station to prevent flashover of the bush¬ 
ing and damage to the porcelain by follow 
current. 

Since the volt-time curves of gaps and 
bushings are similar in shape the spacing of 
the gap should be at least 10 to 16 per cent 
below the ungapped-bushing positive-wave 
flashover, but not low enough to cause undue 
outages by flashover of the gap. The gap 
will provide protection to the bushing over 
quite a wide range of impulse waves. It 
should be understood, however, that a gap 
of this spacing will serve only as a protec¬ 
tion to the bushing and cannot be depended 
upon to protect the vending from steep 
waves because the volt-time curve of insula¬ 
tion is relatively flat. 


J, R. North (Commonwealth & Southern 
Corporation, Jackson, Mich.): This re¬ 
port presents a most excellent summary, 
both historical and factual, of the insulation 
strength of transformers and will be highly 
appreciated by the industry. It will serve 
not only as a valuable reference report, but 
will also eliminate confusion in the minds of 
those who have not been able to follow 
closely the developments which have taken 
place during recent years. 

Discussion is invited regarding gaps on 
bushings. In our opinion, based upon ex¬ 
perience and analytical studies, the manu¬ 
facturers’ practice of furnishing short rod 
gaps mounted directly on bushings is very 
undesirable and should be discontinued for 
the following reasons: 

(a) These gaps tend to lead the arc directly along 
Ae porcelain and thus they represent a distinct 
hazard because of the possibility of damage to the 
porcelain and serious interruption in. case of arc- 
over. 

{b) These gaps give a false sense of security against 
lightning surges since the protection is limited to the 
gap flashover voltage and the volt-time characteris¬ 
tic of the gap may be widely different from that of 
the insulation to be protected. 

(c) It is hot always realized that care must be 
taken to insure that the low gap setting required 
to give some degree of protection does not cause 
unnecessary service interruptions during switching 
surges. 

We agree, of course, with the thought 
that suitable lightning protective devices 
should be installed at stations to protect ap¬ 
paratus from lightning surges. However, 
these devices should be installed in such a 
manner as to give proper protection with¬ 
out jeopardizing service or equipment. 

An interesting definition of a “directly 
grounded circuit” appears in the note at the 
bottom of page 749. We would like to in¬ 
quire as to the derivation of this statement 
and how it relates to the values of sequence 
impedances and sound phase voltages to 
ground. 
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Referring to table II, it is believed that 
the test levels for distribution tramformers 
should correctly be limited to ratings of 69 
kv and below. 

Basic Impulse 
Insulation Levels 

Discussion of a paper by the EEI-NEMA 
Joint Committee on System Insulation Co¬ 
ordination, published in the June 1937 issue, 
pages 711-12, and presented for oral dis¬ 
cussion at the insulation co-ordination ses¬ 
sion of the summer convention, Milwaukee, 
Wis., June 25,1937. 


V. M. Montsinger: See discussion, page 
1297. 

F. J. Vogel: See discussion, page 1295. 

J. H. Foote (Commonwealth & Southern 
Corporation, Jackson, Mich.): This re¬ 
port presents the basic insulation levels ex¬ 
pressed in terms of voltage which were 
agreed upon as the result of a thorough 
study by the joint EEI-NEMA committee 
of apparatus performance records, operating 
conditions, and the characteristics of avail¬ 
able lightning protective devices. The 
next step in the work of the committee is, 
as stated in the report, “specification of in¬ 
sulation strengths of all classes of equip¬ 
ment in the established insulation levels.” 
It will be noted that a change is necessary in 
the wording of the scope of the committee, 
item 2, on page 711. 

In presenting table I, “Basic Impulse 
Insulation Levels,” an important note has 
been omitted. The basic levels are in¬ 
tended to be reference levels. A statement 
should therefore be included with the table 
to the effect that apparatus to be suitable 
for operation in the voltage classifications 
must have insulation which has an im¬ 
pulse strength at least equal to and pre¬ 
sumably greater than the levels as expressed 
in kilovolts. Insulation strengths in excess 
of the levels are satisfactory. 

In our opinion, the basic insulation level 
of 100 kv for the 15-kv classification should 
be raised approximately 10 per cent to a 
value of 110 kv to line up with the other 
levels and to properly fit with available 
lightning protective devices. The basic 
level of the 34.5-kv classification should also 
be raised from 190 to 200 kv, to be consist¬ 
ent with the immediately adjacent levels. 

The first column of table I is entitled 
“Maximum Rated Voltage Classification.” 
These named voltage classes are intended 
chiefly as indexes and the column should 
better be labeled “Present Standard Volt¬ 
age Class” or some similar title. 

The voltage classifications are those at 
present generally associated with these 
values. Basic insulation levels a step 
higher or lower than shown as associated 
with the voltage classifications may often 
be used. For example, where lightning 
arresters of less than full voltage rating can 
be utilized on systems having the neutral 
effec^vely grounded, insulation levels one 
step'below the basic levels can generally be 
protected." 

Discussions 


Tests on 

Oil-Impregnated Paper—II 

Discussion and author's closure of a paper by 
Hubert H. Race published in the July 1937 
issue, pages 845—9, and presented for oral 
discussion at the communication and research 
session of the summer convention, Milwaukee, 
Wis., June 25,1937. 


Herman Halperin (Commonwealth Edison 
Company, Chicago, III): It was of con¬ 
siderable interest to learn that high power- 
factor oil does not seem to mean correspond¬ 
ingly high power factor for the impregnated- 
paper insulation. We have found some in¬ 
creases in the power factor of core oil in the 
oil-filled cables in service in Chicago. The 
typical value of power factor of the core oil 
in new cable was about 2 per cent at 100 
degrees centigrade. Since the lines have 
been in service, it has been found that typi¬ 
cal values are about 0.8 and 5 per cent at 60 
and 100 degrees centigrade, respectively. 
In some cases the power factors are higher; 
for example 15 per cent at 100 degrees 
centigrade. So far these power factors do 
not seem to be increasing after the changes 
occurring in the first few years of service, and 
there have been no indications of changes 
in the insulation from what tests have been 
made on short lines or from temperature 
measurements on other cable on longer 
lines. 

It is hoped that the author is correct in his 
deduction that oxidized oil docs not appreci¬ 
ably affect the life of samples which are gas- 
free. In tests on experimental oil-filled 
132^kv cables, we have found in one case 
that changes did not occur until after 3 
years of deterioration. Conclusions from 
this mcperience as well as from the observa¬ 
tions of others, especially the English cable 
makers on their tests of one year and more, 
are that unusual phenomena may take a 
matter of several months or more to develop 
and give evidence of their presence by means 
of power-factor tests. 

However, the quality of insulation should 
not be judged on the basis of life on voltage 
only. Doctor Race found that there is no 
apparent correlation between life and in¬ 
crease in power factor due to oxidation. 
In the practical operation of oil-filled cable, 
such excessive increases in dielectric losses 
and resultant decreases in carrying capacity 
can terminate the useful life of the cable 
without failures occurring. 

The conclusion of the author about the 
longer life of gas-free oil-impregnated paper 
at one atmosphere as compared to similar 
cable with gas at pressures up to 200 pounds 
per square inch is of vital interest in coimec- 
tion with the discussions and tests during 
the past several years on the various gas- 
pressure types of cable to operate at 180 or 
200 poimds per square inch. The implica¬ 
tion of the author’s conclusion is that oil- 
filled cables installed in the regular manner 
are preferable to these other types of cables 

In interpreting these results, it should be 
kept in mind, however, that the mipiature 
samples do not represent truly presstire-type 
cables. In the Hochstadter-Bowden-Vogel 
pressure cable and the Henley gas-cushion 
cable, and in some other types, the insula¬ 
tion is impregnated with a heavy, degasified 
coihpound, and the insulation is not in direct 
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contact with the gas. In Doctor Race’s 
samples the oil is thin and gas-saturated and 
is in contact with the gas space. Most of 
the samples tested under gas pressure were 
surrounded by a gas space whUe the degasi- 
fied samples were sturounded by a large oil 
volume. It appears that the difference in 
heat conductivity of the surrounding media 
might have influenced the test results. It 
should also be kept in mind that gaseous 
ionization is depending on both pressure 
and stress. While 200 pounds per square 
inch might not be sufficient at the stresses 
used in the accelerated life tests to prevent 
ionization, it might be quite sufficient at the 
lower stresses occurring in normal cable 
operation. 


O. M. L. Sonunennan (American Steel & 
Wire Company, Worcester, Mass.): In con¬ 
nection with the results for specimen 225, 
for which the saturant was a used oil from 
an oil-filled cable in service. Doctor Race 
states that high power factor of oil does not 
mean correspondingly high power factor of 
oil-impregnated paper. From figure 2 it is 
seen that the oil power factor when first 
measured at 100 degrees centigrade was 
0.15, but after heating to 115 degrees centi¬ 
grade the power factor at 100 degrees centi¬ 
grade was 0.12. This suggests that part of 
the high measured power factor of the used 
oil was due to the presence of moisture or 
other impurities which could be volatilized, 
and that the power factor of the oil was 
much less than that indicated, probably less 
than 0.05 at 100 degrees centigrade, after 
the vacuum treatment in the impregnation 
process. The writer reported (Electrical 
Engineering, 1937, page 572) a relation¬ 
ship between power factor of oil and power 
factor of impregnated paper, but it is neces¬ 
sary to consider the power factors of the 
vacuum-treated oils in order to obtain this 
correlation. 

The conclusion that high power factor of 
oil-impregnated paper does not necessarily 
mean short life as long as temperature 
equilibrium is maintained confirms a similar 
conclusion reached by Professor Whitehead 
(AIEE Transactions, 1933, page 1011). 
Also, in a previous discussion (Electrical 
Engineering, 1936, page 1141), the writer 
pointed out ttot dielectric loss has no bear¬ 
ing on cable insulation life, unless the insula¬ 
tion loss is comparable with the maximum 
allowable conductor loss. 

The comparison between the life of gas- 
free, oil-^ed cables and the life of com¬ 
pressed gas-filled impregnated cables is de¬ 
pendent on the test conditions, because the 
life of gas-fiUed cables is very markedly 
dependent on the electric stress for stresses 
• in excess of that necessary to initiate gaseous 
ionization. For the test specimens used by 
Doctor Race and a test voltage of 22 kv, the 
stress on a gas film at the conductor surface 
■would be about 1,100 volts per mil if the 
conductor were smooth; it is actually even 
greater due to the fact that the conductors 
are threaded. The breakdown strength of 
thin films of carbon dioxide or nitrogen 
imder 200 pounds per square inch pres.sure 
is about 800 volts per mil. It is tiiwefore 
indicated that considerable gaseous ionim- 
tion occurred in testing the specimens which 
■were drained and saturated with compressed 
gas. If the.se specimens were prepared 
with smooth conductors and tested at a 
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voltage of 13 kv (average stress of 200 volts 
per mil), they probably would last indefi¬ 
nitely. 


Hubert H. Race: The first sentence of the 
second paragraph of Mr. Halperin’s dis¬ 
cussion is a misstatement of the conclusions 
drawn from the data presented. While the 
oil used to impregnate specimen number 
202 had high power factor we have no evi¬ 
dence that it was oxidized, and precautions 
were taken using aa. evacuated reservoir so 
that the oil was not in contact with air at 
any time. Its high power factor was prob¬ 
ably caused by asphaltic varnish dissolved 
from the tape used in making the joint from 
which it was drawn. The interesting points 
learned from this specimen are that the 
power factor of the impregnated paper was 
much lower than that of the oil alone (see 
figure 2), and that its stability was good and 
its life relatively long (1.50 days at 22 kv 
and 123 days at 30 kv. See figure 1). 

On the other hand, specimens numbers 
201 and 202, which were gas free but were 
impregnated with preoxidized oil, showed 
less stable life histories and very much 
shorter life than any other specimens in this 
group (see figure 1). Also, table VIII 
shows that upon post-mortem examination, 
the oil-impregnated paper from specimen 
number 202, containing preoxidized oil, was 
much more nonuniform and had from 2 to 10 
times the dielectric loss of specimen number 
225, containing used oil. It seems to me 
that these data contradict Mr. Halperin’s 
statement. 

I agree with the first and last sentences of 
the third paragraph of Mr. Halperin’s 
comments—^that, from the point of view of 
the operator, high power factor with its 
attendant power losses and decrease in 
current carrying capacity is important. 
However, for our miniature tests the second 
sentence of this paragraph is misleading in 
that as far as is experimentally possible all 
specimens in the third group were oxygen 
free, being completely sealed after drying 
and evacuation to 0.1 micron pressure. 
Therefore, deterioration during life was not 
comparable to conditions which might exist 
in a cable in service if air is accidentally 
entrapped during installation. 

Regarding the last paragraphs of both 
Mr. Halperin’s and Mr. Sommerman’s com¬ 
ments, I doubt whether small differences in 
thermal conductivity had any appreciable 
effect on life since we have found little differ¬ 
ence between tests on gas-free specimens at 
60 degrees centigrade and 100 degrees 
centigrade. Gaseous ionization is certainly 
a function of both pressure and stresses and it 
is probable that for any pressure there is a 
gradient below which little ionization will 
occur. To say the least, it seems to me that 
our tests show that the gas-free, oil-filled 
systems have a higher factor of safety than 
an y gas Saturated system up to 200 pounds 
per square inch pressure, which is the limit 
of our experimental expo'ience. 

Regarding the first paragraph of Mr. 
Sommerman’s comments, I agree that the 
difference between heating and cooling 
points in figfure 2 was probably caused by 
the removal of moisture. The point illus¬ 
trated by this specimen is that the power 
factor of impregnated paper may be much 
lower than that of the oil with which it is 
impregnated. This depends upon the physi¬ 
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cal properties of the paper and upon the 
nature of the material in solution or in sus¬ 
pension in the oil causing its high conduc¬ 
tivity. In this case I believe the solute was 
asphaltic varnish, as already mentioned. 

The Dielectric Strength o\ 
Noninflammable Synthetic 
Insulating Oils 

Discussion and author's closure of a paper by 
F. M. Clark published in the June 1937 issuer 
pages 671-6, and presented for oral discussion 
at the communication and research session of 
the summer convention, Milwaukee, Wis., 
June 25,1937. 


E. J. Rutan (Consolidated Edison Company 
of New York, Inc., New York, N. Y.): It 
may be desirable to present data from an 
investigation being carried on as part of 
committee work in the ASTM on the break¬ 
down voltage test method for synthetic in¬ 
sulating liquids. The present procedure 
requires 5 breakdowns on each cup filling. 
For synthetic liquids this may lead to re¬ 
porting reduced values as seen from the 
accompanying figure. 

The author does not state the details of 
his test procedure. It might be well if he 
did so as regards the number of shots and 
number of fillings in arriving at values of 
dielectric strength. 



Figure 1. Dielectric-strength tests on 80 
fillings of new and used Pyranol, 1.934-35 

Relative breakdown voltage oF each of 5 succeedlns 
breakdowns on the same Riling oF the test cup 


Herman Halperin (Commonwealth Edison 
Company, Chicago, HI.): While this paper 
presents very interesting information, it 
leaves unanswered important questions re¬ 
garding power factor, thermal properties, 
and chemical characteristics. It is true 
that these properties are not within the 
scope of the paper, but in connection with 
oil-impregnated papM insulation these prop¬ 
erties may be of greater practical impor¬ 
tance in some instances than dielectric 
strength. 

It is stated that the Pyranol compoimds 
are mixtures prepared to give the desired 
physical characteristics for various pur¬ 
poses. No data are presented to show that 
the results of the one mixture covered in 
the paper are representative for the various 
Pyranol compounds, or to show the effect of 
composition on dielectric strength. 

the dielectric strength of mineral 
oil is largely dependent on treatment, the 
differences in dielectric strength ^ovm b^ 
tween Pyranol and transformer oil mi^t for 
some types of oil with proper treatmwit be 
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reduced to practically zero. The author’s 
informatioti, however, does indicate that the 
Pyranol will retain its dielectric strength 
better than mineral oil. 

The oxidation stability of Pyranol is em¬ 
phasized, however, on the basis of figure 2. 
It is known that, for at least mineral oils, 
dielectric strength is not a reliable criterion 
of oxidation, and more information on this 
matter for Pyranol would be of interest. 
For impregnated-paper insulation, it has 
been found that the short-time breakdown 
tests are not a reliable criterion of the per¬ 
formance of the insulation in service. Long¬ 
time data would be of interest and value. 


V. M. Montsinger (General Electric Com¬ 
pany, Pittsfield, Mass.): I wish to discuss 
this paper from the standpoint of using non- 
iufiammable synthetic liquid in power trans¬ 
formers. 

While up to the present time this syn¬ 
thetic liquid has been used mostly in distri¬ 
bution transformers, 500 kva and less, there 
is an increasing demand and application in 
power ■ transformers. Up to the present 
time the General Electric Company has 
built a total of approximately 60,000 kva 
of power transformers using the noninflam¬ 
mable synthetic liquid. Approximately 
80,000 kva more are under construction. 

One particularly suitable case is where 
transformers are used in electric cars and 
locomotives where light weight and small 
dimensions are essential and noninflamma¬ 
bility is important. In the past, locomo¬ 
tive transformers of the air-blast type have 
been used but they were not entirdy suc¬ 
cessful, as it is difficult to keep dirt and 
moisture out of the coils. Space limitations 
prevent using factors of safety high enough 
to take care of these impurities that get 
into air-cooled coils, and as a result these 
transformers have not been immune from 
failure. Since, for a given spacing, a S 3 m- 
thetic liquid (or oil) gives from 3 to 4 times 
the didectric strength of air it can readily 
be appreciated what a noninflammable 
liquid means in the way of improvement in 
the design of locomotive transformers. It 
not only enables one to build a transformer 
with greatly increased dielectric strength, 
but makes it possible to maintain this high 
strength during its entire life. Several 
such transformers are already in service 
and the indications are that their use will 
rapidly increase. 

There are also some other cases where a 
synthetic noninflammable liquid can be 
used to advantage in povrer transformers, 
namdy, where the use of an inflammable oil 
is impractical or forbidden and the voltage 
is too high for transformers of the air-blast 
type. In such cases on accoimt of the high 
cost of the liquid, great pains are taken in 
the design to reduce the amount of liquid 
required to a minimum. This minimum 
liquid space is obtained by the use of a de¬ 
sign of tank which reduces the amount of 
liquid to a minimum. The additional cost 
of the tank is more than offset by the sav¬ 
ing in the amount of the noninflammable 
liquid. 

There are, of course, means of using non- . 
absorbent high-dielectric-strength materials 
to displace some of the exjpensive liquid, 
provided sufficient clearance is left to allow 
the necessary flow of oil to carry the heat 
from the core and coils to the cooling tank 
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surface. Laboratory investigations have 
shovm that the amount of liquid necessary 
to dissipate the heat is very much less than 
the amount ordinarily required to fill the 
transformer. 

The broad use of this noninflammable 
liquid in power transformers for general 
purposes depends largely upon 2 important 
factors. 

1. Lower cost resulting from improved technique 
and skill in manufacture of the liquid and from its 
use in larger quantities. 

2. Means for making further reductions in the 
amount of liquid required in a given transformer. 

Both of these developments are being 
pushed aggressively. 

There is no question but that the time is 
coming when all power transformers will 
be built with a noninflammable synthetic 
liquid. 


L. J. N. Mothersill (Philco Products, Ltd., 
Toronto, Ont., Canada): Mr. Clark pub¬ 
lishes a comparison of ^ capacitor sections 
with mineral oil and with chlorinated hydro¬ 
carbon impregnant subjected to a stress of 
733 volts per mil. What percentage of the 
conservative working stress is this value in 
the application of these liquids to (a) trans¬ 
formers, (6) cable, (c) capacitors? In com¬ 
puting probable ^e of capacitors from ac¬ 
celerated life test at higher than rated volt¬ 
age it is customary to employ an inverse 
power relation which has been stated at 
anywhere from the inverse of the fourth 
to eighth power of the applied voltage. 
What exponent is suitable with these liquids 
and does the author favor direct current or 
altematiog current for such life testing? I 
would be interested in the (hying and im¬ 
pregnation times of the samples. 

In a paper published by Jackson, Proceed¬ 
ings of the Royal Society, volume 153, the 
temperature power-factor characteristic of 
chlorinated diphenyls is reviewed and the 
power factor shows a decided hump near 
the solidifying point of the compound and 
also a decrease in the dielectric constant. 
Is this general with this t 3 rpe of liquid di¬ 
electric? This would appear to affect op¬ 
eration of capacitors in cold Climates con¬ 
siderably. It would be of interest in the 
corona test procedure to know if the foils 
protrude from the ends of the section (i.e., 
if they are staggered to give the so-called 
noninductive winding)? Is the capacitor 
tissue employed of standard or of special 
quality and what is the relative value of su¬ 
per cal^dered and more porous papers? 
The writer has had some experience with 
the application of solid chlorinated com¬ 
pounds as capacitor impregnants and would 
be interested in comparison of the newer 
liquid impregnants with, say, chlorinated 
naphthalene. In matching paper and im¬ 
pregnant dielectric constants is it advisable 
to utilize a paper with high constant but 
also with accompanying high power factor? 
These points Of di^ussion apply to cable 
and to capacitors as well as to transformers 
in a lesser extent but in the capacitor the 
stress effect is more easily segregated from 
temperature effects and that is the reason 
for approaching the discti^ion from this 
angle.' - ■ 

In connection with the chemical stability, 
the writer has noticed that chlorinate<i 
naphthalene rise to serious ersrth^a 
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on skin exposed to vapor or solutions of the 
wax. Is this experienced with the Pyranol 
type of compound? 

E. W. Greenfield (Anaconda Wire and 
Cable Company, Hastings-on-Hudson, 
N. Y.): The dielectric properties of these 
chlorinated derivatives of cyclic organic 
hydrocarbons as reported by Mr. Clark are 
exceedingly interesting. Three characteris¬ 
tics are outstanding, namely, high initial 
dielectric strength, high chemical stability 
(as based on dielectric strength measure¬ 
ments), and high dielectric constant. 

Although we have occasionally noted di¬ 
electric strength of dean dry mineral trans¬ 
former oil as high as 40 kv (ASTM), there 
appears to be. little doubt from the figures 
reported by Mr. Clark that the synthetic 
didectric liquid possesses a consistently 
greater electrical strength. It is suggested 
that the basis of this difference lies in the 
relativdy greater spedfic gravity and ther¬ 
mal conductivity of the synthetic liquid 
rather than in a greater ionization potential 
of the molecule. The rconventional dielec¬ 
tric strength tests on oils involve both dec- 
tric and thermal effects so that impulse di¬ 
dectric strength testing would be highly 
desirable in determining the cause of the 
observed phenomena. 

Of the 2 synthetic didectric liquids 
studied, Mr. Clark de^ribes a "viscous” 
t 3 T)e which is indicated as being commer- 
dally available for use as a cable saturant. 
It is assumed from the nature of the data 
that this synthetic cable saturant is offered 
as a possible substitute for unsynthesized 
oils in high-voltage impregnated-paper 
cables and as such may present certain ad¬ 
vantages. Several remarks concerning this 
use of the new liquids are pertinent. 

Table I giving certain physical properties 
of the viscous synthetic liquid shows a vis¬ 
cosity at 210 degrees Fahrenheit of only 48 
seconds (S.U.). This would indicate that 
the liquid is much less viscous than those 
saturants normally associated with solid 
type cable which have viscosities in the 
neighborhood of 100 to 160 seconds (S.U.) 
at the same temperature. From the same 
table I, the pour point of the synthetic 
liquid is given as -hlO degrees centigrade 
(50 degrees Fahrenheit) which would im¬ 
mediately exclude its use from the field of 
oil-filled cables, the saturant of which must 
be limpid at all service temperatures. How¬ 
ever, the situation is not as incompatible as 
at ^t apparent. From the standpoint of 
the solid-type cable and its own particular 
problems, the flow diaracteristics of the 
synthetic liquid may be such as to provide 
a low impregnating viscosity and a high 
viscosity over the operating temperature of 
the cable. These features might be de¬ 
sirable, particularly in the so-called "Uon- 
migrating compound” cable applications. 
However, there is no indication from table 
I what the flow characteristics are and it is 
to be hoped that Mr. Clark, in his closure, 
will present a viscosity-temperature curve 
of the synthetic liquid under discussion. 
Data on surface temion and wetting char¬ 
acteristics would also be valuable. 

Oxidation stability of cable saturants is 
normally evaluated on the bai^ Of ac¬ 
celerated agpng in- the presence of air at high 
tempttature. Of all thedielectric prop¬ 
erties studied, didecitric strength is the 
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least sensitive to the chemical changes tak¬ 
ing place during aging whereas power factor 
is perhaps the most sensitive. This is also 
apparent from ligurc 1 for transformer- 
type oils at least over a period of the first 
20 days. It is to be regretted that power 
factor measurements were not made during 
this same period since any dilTerence in 
induction phenomena would have been 
easily apparent. 

Hy increasing the tlielectric constant of 
the saturant, the. synlhetic-liquid-impreg- 
naled papers {iresent a more cciuitalile dis- 
triljution of stress. I'lie increase in die¬ 
lectric strength of the lal)aratory samples 
w'hen impregnated with the synthetic liquid 
is probably a result of this tnore uniform 
stress distribution in combination with the 
higher dielectric strength of the saturant. 
However, it must be ])ointed out that, in 
the absence of any des(a-iplion of the test 
cell or lest conditions, n<j comparisons can 
be drawn from tliese re.sidts with actual 
thick-wall cal)le conditions. In long-life 
tests of cable suinjiles, dielectric energy loss 
and gaseous ionization are most important 
factors. In cases when; gaseotus ionization 
may he present, the iucrcjiscd dielectric 
constant of the saturant may place a heavier 
stress burden on t he vacuous or gas phases, 
thins lowering the initialing ionizing po¬ 
tential of the entire, cubic. This, in combi¬ 
nation with a high over-all dielectric con¬ 
stant (sind generally accompanying high 
power factor), may place the .synthetic 
liquid saturated cabU; in a disadvantageous 
ptwition. Although high dielectric strength 
of the impregnated patier material as such 
is dcsirtihle, it by no means can serve as a 
critcrimi for the. quality and stalulity of the 
power cable. 


P. M. Clark; In considering the charac¬ 
teristics and industrial application of new 
types of dielectric compounds, the attempt 
is frequently made to evaluate the new ma¬ 
terials from the standpoint of the experience 
accumulated in applying the older type of 
compounds which arc to be replaced. This 
frequently leads to confusion and error 
since many of the ideas developed from ex¬ 
perience with the older compounds apply 
only to such compounds but are often ac¬ 
cepted a.s generalizations of fundamental 
value. Such an evaluation is to be particu¬ 
larly avoided when the chemical type of 
compound is so radically changed as in the 
subject matter of the present paper, wherein 
the oxidizahle hydrocarbon molecules of 
mineral oil are considered in comparison 
with the nonoxidizable molecules of chlo- 
rinatetl aromatic hydrocarbons. It is par¬ 
ticularly unfortunate that space would not 
allow me to di.scu.ss the dielectric lo.ss 
characteristics of the compounds presented 
in this paper. To discuss adequately tlie 
dielectric properties of these compounds 
other than the dielectric strength is also im¬ 
possible in my closure. I prefer rather to 
present the data concerning the dielectric 
loss and dielectric constant characteristics 
of these materials in a separate paper at 
some future date. 

Mr. Rutan asks whether the dielectric 
strength data represent single-shot values 
or the average of a series of tests. All die¬ 
lectric strength data presented in the paper 
are the average of a series of 6 tests for each 
filing of the dielectric-strength test cup, 
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In each case, 3 distinct samples of the die¬ 
lectric liquid were tested and the total of 16 
dielectric test “shots” was averaged. The 
testing procedure is in accordance with the 
usual commercial and ASTM practice. 
In testing the dielectric strength of any 
liquid carbonization results with each arc- 
over, the amount of carbonization de¬ 
pending upon the period during which the 
electric arc is allowed to play. In the test 
setup used in the present paper, the arc 
duration is reduced sufficiently in time such 
that the tendency of a single sample to drop 
in dielectric strength from the first to the 
fifth “shot” has been eliminated. With 
longer time of arc duration, the tendency 
described by Mr. Rutan is recognized to 
exist. This drop, however, involves at¬ 
mospheric conditions of humidity and is 
most pronounced with increasing water 
content in the air in contact with the liquid 
under test. 

I appreciate the comments of Mr. V. M. 
Montsinger. His enthusiasm concerning 
the commercial possibilities in these liquids 
strengthens my own. Materials such as 
described, characterized by a high and 
permanent dielectric strength, nonoxidiz- 
ablc and of high dielectric constant, possess 
highly desirable dielectric characteristics. 

I'he 733 volts per mil used in the long¬ 
time tests referred to by Mr. Mothersill 
represent approximately twice the nonnal 
working stress of capacitors and a con¬ 
siderably higher ratio to the average work¬ 
ing stress of oil-filled cables. In the case 
of transformers, the usual working stress 
is considerably lower because of design 
dilfercnces. It is probably possible to 
predict more reliably the relationship be¬ 
tween commercial life and higher-than-rated- 
voltage short-time life test results under 
laboratory conditions, using the chlorinated- 
hydrocarbou-irapregnated insulation, than 
with mineral-oil-treated insulation. This 
follows because of the chemical stability of 
the chlorinated hydrocarbon as compared to 
the susceptibility of mineral oil to change. 
However, the value of such a relationship, 
especially for minerai-oil-treated insulation, 
may well be doubted. Sufficient data are 
not available in the ca.se of the chlorinated- 
hydrocarbon-treated insulation to warrant 
a statement at this time. Furthermore, it 
is to be observed as stated in the publication 
that the dielectric failures with the chlo- 
rinatcd-hydrocarbon-treated insidation are 
so infrequoat that no attempt is warranted 
to establish an empirical relationship be¬ 
tween the 733 volts per mil and commercial 
ratings. The dielectric assemblies referred 
to were dried at 100-106 degrees centigrade 
under a pressure of less than' 300 microns 
over a period of 48 hours, after which they 
were impregnated with the insulating liquid 
over a period of 24 hours, during which the 
whole assembly was kept under heat and 
vacuum after which the assemblies were 
cooled to room temperature under vacuum 
while immersed in the treating liquid. 

Mr. Mothersill refers to a publication by 
Jackson in which it is described that the 
power factor had “a decided hump near the 
solidifying point.” This change is not 
peculiar for the chlorinated hydrocarbons 
but occurs with all liquids undergoing a 
change in state. The actual temperature 
at which it occurs with mineral oil depends 
upon the physical characteristics of the 
oil. We have never found that the changes 
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as described by Jackson are at all effective 
in determining the dielectric strength and 
permanency of the chlorinated-hydrocar¬ 
bon-treated insulation. 

All tests for corona formation were made 
with electrode arrangements in which the 
edges of the electrodes were practically 
superimposed. The dielectrics in all cases 
were of standard commercial quality with 
no special preparation. It is impossible 
to compare the dielectric characteristics of 
chlorinated naphthalene with those of the 
newer liquid impregnants as requested by 
Mr. Mothersill. The chlorinated naph¬ 
thalenes of best dielectric characteristics 
are high-melting solids limited in their 
voltage application because of crystalline 
tendencies. The liquids have the advan¬ 
tage of being able to be operated at higher 
voltage stresses because of the absence of 
void formation, the usual accompanymg 
feature of crystalline formation in solids. 

Mr. Mothersill requests information 
concerning the relative toxicity of chlorin¬ 
ated naphthalenes and the chlorinated 
hydrocarbons described in the paper imder 
discussion. Conclusions concerning this 
point must be postponed until investiga¬ 
tions now in progress have been completed. 

In the work with which I am familiar, no 
serious erythema has been encountered. 

The present paper describes the dielectric 
characteristics of blends of chlorinated hy¬ 
drocarbons and sin£de component mixtures. 

It has been found that blends in general 
showthesamedielectric-strength characteris¬ 
tics as exhibited by the individual com¬ 
ponents. 

In the dielectric-strength data of the 
paper, no special treatment has been given 
either the mineral oil or the chlorinated hy¬ 
drocarbon aside from the usual commercial 
preparation. Mr. Halperin's speculation 
that the differences in dielectric strength 
between the chlorinated hydrocarbons and 
the transformer oil mixtures “might be re¬ 
duced to zero with proper treatment” does 
not appear to be substantiated in fact. 

Figure 2 referred to by Mr. Halperin was 
in no sense gjiven as an indication that die¬ 
lectric strength was a criterion of oxidation. 
Figure 2 was given to demonstrate the 
ability of the chlorinated hydrocarbon to 
retain its dielectric strength even under the 
most severe water-contaminating condi¬ 
tions. It is recognized that low dielectric- 
strength values are the inevitable result of 
water contamination in mineral oil. 

In answer to many of the comments of 
Mr. E. W. Greenfield, I refer him to an 
article entitled “Nonflammable Die¬ 
lectric Organic Compounds,” pubUshed in 
Industrial and Engineering Chemistry for 
June 1937, pages 698-702. The accumu¬ 
lated evidence tends to indicate that the 
dangers arising from the ionization of 
trapped gas pockets are materially reduced by 
the use of chlorinated-hydrocarbon liquids. 
Whether or not a gas pocket will form in 
^Tij MilfttinTi depends upon many factors in¬ 
volving the physical characteristics of the 
impregnating liquid and the solubility of 
gases therein. The characteristics of the 
chlorinated hydrocarbon liquids described 
in the present paper on the basis of ex¬ 
perience seem particularly well adapted to 
eliminate or reduce the ionization dangers 
which have been the subject of so much in¬ 
vestigation and concern in oil-treated die¬ 
lectrics. 
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Properties of Saturants 

for Paper-Insulated Cables 

Discussion and author’s closure o\ a paper by 
G. M. L Sommerman published in the May 
1937 issue/ pages 566-76/ and presented for 
oral discussion at the communication and 
research session of the summer convention, 
Milwaukee, Wis., June 25, 1937. 


Herman Halperin (Commonwealth Edison 
Company, Chicago, Ill.): This paper gives 
some excellent information on the proper¬ 
ties of cable saturants with and without 
resin added. The data show that the addi¬ 
tion of suitable resin to some oils improves 
the aging properties considerably without 
deleterious effects on other properties. I 
was particularly interested in noting that 
the resultant impregnated-paper insulation 
had low dielectric, losses. 

The author’s work has in general been 
carried up to the temperature of 86 degrees 
centigrade. We have established emergency 
ratings for cables operating at 4 kv to 33 kv 
in Chicago based on mawmum allowable 
temperatures ranging from 90 degrees to 105 
degrees centigrade, depending on the cable. 
Although such operation is not expected to 
occur in more than one day every year or 
every few years for a given line, yet it seems 
that the author’s work would have been of 
a little more interest if his temperatiures had 
been carried above 85 degrees centigrade. 

Mr. Sommerman found that the stability 
of naphthenic oils might be improved if 
better methods of refining them were used. 
Interest in insulating oils on the part of oil 
refimers has increased recently , and data of 
this kind should expedite the procurement 
of better oils. It is indicated that naph¬ 
thenic oils are more stable to gaseous ioniza¬ 
tion than paraffinic oils but are less stable to 
oxidation. In cable insulation of the ordi¬ 
nary or solid type, some void spaces are cer¬ 
tain to occur incidental to manufacture and 
to installation and operation, and stability 
to gaseous ionization in high-voltage cable 
is of great importance. The initial losses in 
cables now being manufacttired are low and 
slight increases due to oxidation, although 
not desirable, are less important than in¬ 
creases in losses due to ionization because 
the small amount of available oxygen can be 
consumed, but the changes due to ionization 
may be cumulative. At present, it appears, 
therefore, that long life and best over-all 
economy will be gained by emphasis on im¬ 
munity to effects of ioiiization at the ex¬ 
pense, if necessary, of some loss in oxidation 
stability. 

Win. A. Del Mar (Habirshaw Cable & Wire 
Corporation, Yonkers, N. Y.): Two types 
•of saturants are now in use in American 
paper-insulated cables one a naphthenic 
base oil of tacky consistency and the other 
a paraffin base oil mixed with rosin. 

Cable users naturally wish to know which 
is fihe better saturant £md why some manu¬ 
facturers use the pure mineral oil, while 
others use the rosin blend. 

I do not think that the time has come to 
make a final decision between the 2 tsrpes as 
there is not enough difference to permit a 
comiAetdy logical choice to be made. The 
prospeots d improvement are brighter while 
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the 2 types are both available, as this con¬ 
dition leaves open 2 avenues of develop¬ 
ment, rather than one. 

The case, as I see it, may be summarized 
as follows: 

Arouments for Naphtbrnb-Basr On. 

1. It does not leave deposits in the tanks wd 
pipes and thus saves expenave and time-consuming 
cleanings, which are necessary with rosin blends. 
However important this may be to the manu¬ 
facturer, it does not affect the cable user. 

2. It gives somewhat lower initial dielectric loss 
at high temperatures, i.e., above 60 degrees centi¬ 
grade. 

Aroukbnts for Parappin-Basb Oil Blend 

1. Ability to mmntmn a constant initial quality 
by blending oils from several sources of supply. 
This is not practicable with the tacky naphthene- 
base oil. 

2. Less susceptibility to oxidation, as shown by 
Doctor Sommerman. 

3. Less migration of saturant, due to greater 
viscosity. 

4. Somewhat greater stability when subjected to 
electrical discharge in vacuo. 

Our research laboratory has made a series 
of load-cycle life tests to compare cables 
mfl/fp with the 2 types of saturants and 
found little difference, such difference as 



Figure 1. Oil stability tester 


there was being consistently in favor of the 
rosin type. This finding is substantiated by 
data given by Halperin and Betzer, ElbCt 
TRicAL Engineering, October 1936. 

The laboratory also made tests of elec¬ 
trical stability in the presence of electrical 
discharges in vacuo, taking as starting point 
the work of Z. W. Nederbragt, referred to as 
number 10 in Doctor Sommerman’s bibliog¬ 
raphy. 

This test is based on the well-known fact 
that insulating oils may give off gas, chiefly 
hydrogen, under the influence of electric 
discharge. To determine how various com¬ 
pounds compare with each other in this re¬ 
spect, we have arranged a test set wherein a 
sample of a given oil is degassed to a con¬ 
stant pressure (1.0 millimeter mercury ab¬ 
solute) in a discharge tube, and then sub¬ 
jected to a glow discharge. The amount of 
gassing is then measured by the pressure 
rise in the tube, as indicated by a mercury 
manometer. The sample is tested for power 
factor and resistivity before and after ex¬ 
posure to-the electric^ discharge. 

Figure 1 shows the oil stability tester or 
discharge tube. It is similar to Neder¬ 
bragt’s discharge tube but has added the 
funnel, stop-cock, and nozzle, shown to the 
right. These make possible a closer control 
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in the preparation of the oil sample to be 
tested, it having been found that the rate 
of gas evolution is greatly affected by the 
degree of degassification of the oil, as well as 
by the initial vacuum. The electrodes con¬ 
sist of tin foil wrapped around the outside of 
tube at each end. Quoting Nederbragt: 

"On its way from one tin-foil coating to 
the other, the current passes through the 
glass as a displacement current, then as an 
electron, and ion current through the gas 
space, and finally again through the glass. 
A small portion of the current passes 
through the glass where this is covered with 
oil and therefore also passes through the oil 
as a displacement current.” 

The electrical circuit is shown in figure 2. 

A current of slightly under a milliampere 
is passed through the apparatus with a volt¬ 
age of about 15,000. We used 60-cycle 
voltage as being nearer to practical condi¬ 
tions than Nederbragt’s 7,600 cycles. The 
oil becomes agitated and foams, evolving 
gas and depositing a filmy residue of cable 
wax. 

Typical results are shown by figure 3 in 
which curve A represents a paraffin base oil 
with 15 per cent rosin. Curve C represents 
the same oil without rosin. Naphthene 
base oil, as used in solid type cables, gave 
curves that coincided substantially with 
curve C except that there was less down¬ 
ward tendency at the right-hand side. In 
other words, the. 2 pure oils were substan¬ 
tially equal. The addition of rosin improved 
the paraffin oil. 

Oil-filled-cable oil shows less than half the 
gas evolution of oil A. The oil now used by 
all the oil-filled-cable makers is the same and 
has proved to be the best, from the stand¬ 
point of gas evolution, of any oil so far 
tested. There are, however, prospects of 
improvement. 

The different types of failure which occur 
on load-cycle life test have been puzzling, as 
have the irregularity of results on appar¬ 
ently identical cables. It is hoped that these 
oil tests will throw some light on this prob¬ 
lem. The apparent irregularities may turn 
out to be the results of a race between gas 
evolution and rising power factor. The 
stability of power factor and resistivity 
promises to be as significant as gas evolution 
but we are not yet prepared” to make any 
report on it. 

This work is in active progress and it is 
impossible to predict what will come out of 
it. We hope, however, to be able to publish 
more details in the course of a few months. 


L. J. Berberich (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): In the last 10 years there has been 
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i:«)nsi(kTal)lc controversy over the use of 
rosin in cable saluranls. The proponents 
ami opponents of rosin arc about equally 
diviiled. The reason for this division of 
opinion is perhaps twofold: (1) Whatever 
investigations of the effects of rosin that 
have l)een made were sketchy and did not 
cover the action of various types of rosins 
in various types of oils, and (2) the effects 
of rosin in terms of cable life have not been 
conclusively shown. Thus, it is encourag- 
ing to see DcKtor Sornnierinan’s paper, 
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Figure 3. OH stability tests 

Temperoture 35 desrees centigrade 
Initial pressure ■■ 1.0 mlllinieter pf air 


which reports for the first time the results of 
u careful, wide-range investigation covering 
various types of oils and ro.sins. Although 
the results indicate that a purified rosin 
compounded with the proper type of oil 
shouUl result in better cable performance, 
yet definite proof of this is still lacking. 

The addition of rosin to cable oils in the 
past by some manufacturers was encouraged 
perhaps because it was found that rosin in¬ 
creased the viscosity of the saturant and 
thus reduced migration, arfd that it showed 
some oxidation inhibition. This was done, 
however, at the expense of increasing the 
saturant power factor. More recently, 
however, purified forms of rosin have be¬ 
come available and, as Doctor Sommerman 
shows, these can be added to mineral oils 
with little or no increase in saturant power 
factor 

Rosin is believed to be active as an oxida¬ 
tion inhibitor because it itself is easily 
oxidized, that is, it consumes the oxygen 
dissolved in the saturant through the phe¬ 
nomenon of antoxidation. Apparently, how- 
■ ever, its oxidation products have less effect 
on the cable power factor than those of 
mineral oil. The results of Piper, Thomas, 
and Smith* may provide an explanation for 
this. These investigators have shown that 
only low molecular weight oxidation prod¬ 
ucts increase the power factor of impreg¬ 
nated paper to a significant extent, appar¬ 
ently because such products are selectively 
sorbed by the paper. Mineral oil appears to 
form more low molecular weight oxidation 
products than rosin does. Rosin itself is a 
mono-carboxylic acid and because of the 
peculiar nature of the compound and its 
high molecular weight, it does not contrib¬ 


ute to the saturant power factor when freed 
of impurities. 

Doctor Sommerman also shows that rosin 
decreases the wax formation for all types of 
oils studied when they were subjected to 
gaseous ionization. The writer has found 
in studying the gas evolution from oils in a 
low-pressure gaseous discharge that rosin 
actually increased the gas evolution from 
low-viscosity-index oils, while for oils of 
higher viscosity index, the gns evolution was 
decreased. It was also found that oils of 
low viscosity index formed considerable 
quantities of wax and very .small amounts of 
gas and the reverse was true of oils of high 
viscosity index. This is corroborated by the 
work of Linder* who showed that for pure 
organic compounds the wax formed de¬ 
creased as the hydrogen to carbon ratio of 
the compound increased. In other words, 
he found that the aromatic type of com¬ 
pound tended to poljrmerize to a waxy 
solid with little gas evolution while the 
paraffins formed little wax and considerable 
amounts of gas. This does not agree with 
figure 13 of Doctor Sommerman’s paper. 
Thus it is suggested that in evaluating .sta¬ 
bility to gaseous ionization, both gas evolu¬ 
tion and wax formation should be deter¬ 
mined. In the writer’s opinion, gas evolution 
is perhaps more dangerous than wax forma¬ 
tion. The wax formed is a fair insulator and 
results in no serious harm, but the gas may 
spread throughout the cable and initiate 
more gaseous ionization which may become 
cumulative. 

In analyzing the oils studied, Doctor 
Sommerman has listed 3 basic constituents; 
namely, "paraffinic,’’ "naphthenic,” and "re¬ 
sidual.” Although used in petroleum tech¬ 
nology, the term "paraffinic” as related to 
molecular structure is a misnomer. All oils 
in the lubricating oil range which have been 
freed of wax contain no straight chain 
paraffins. Paraffins having molecular 
weights equivalent to those of cable oils or 
even transformer oils, would be solid at 
room temperature. Petroleum chemists 
now have evidence that the major portion of 
the heavier petroleum fractions are poly¬ 
cyclic naphthenes or cycoparaffins with 
varying lengths and numbers of paraffin side 
chains. In oils of high viscosity index, the 
side chains are numerous and long enough 
to dominate and in the low-viscosity-index 
oils, the naphthenic nucleus dominates 
since the side chains are probably small. 
Oils of very low viscosity index (below 0) 
contain considerable percentages of aro¬ 
matic or benzenoid tsrpe of hydrocarbons 
again modified by side chains. This ac¬ 
counts for the steep slope of the viscosity- 
temperature curve of such oils. The prob¬ 
lem of determining the structure of petro¬ 
leum is exceedingly difficult because the 
various constituents lie so close to each other 
in physical and chemical properties that 
even the most refined methods of separation 
have failed to result in the isolation of in¬ 
dividual compounds. 

The data given by Doctor Sommerman 
should be of assistance to both the refiner 
and to the cable manufacturer. 

Rbfbrbncbs 

1. J. D. Piper D. E. F. Thomas, and C. C. Smith, 
Industrial and Engineering Chemistry, volume 28, 
1936, page 843. 

2. E. G. Linder and A, P. Davis, Jour. Phys. 
Chem., volume 36,1031, page 3649. 


G. M. L. Sommerman: Mr. Halperin 
raises the question of the relative impor¬ 
tance of oxidation stability and stability to 
gaseous ionization for cable saturants. The 
importance attached to oxidation stability 
varies greatly among different cable engi¬ 
neers and it has also fluctuated up and 
down, during the past 10 years. Only 2 
or 3 years ago, the importance attached to 
oxidation stability was very high as evi¬ 
denced by the number of researches started, 
and patents applied for on this subject. 
Just recently it has dropped to a rather low 
value. The true value is probably some¬ 
where in between, especially when the cable 
manufacturing requirements are included 
in the consideration. Some oils possessing 
excellent stability to gaseous ionization are 
so poor in oxidation stability that it is im¬ 
practicable for a cable manufacturer to use 
them as straight oils. The addition of 16 
per cent improved resin to these oils in¬ 
creases the oxidation stability to a value 
exceeding that of the oils most stable to 
oxidation; at the same time the stability 
to gaseous ionization is increased to a value 
exceeding that of the oils most stable to 
gaseous ionization. 

It may be noted that the increased oxida¬ 
tion stability imparted by resin additions 
which was observed in the tests of saturants 
alone is also evident in aging tests of im¬ 
pregnated paper. 

Mr. Halperin states that for reasons in¬ 
volving emergency loadings on cables he is 
interested in power factor values at tem¬ 
peratures as high as 90 to 106 degrees centi¬ 
grade (these temperatures are 20 degrees 
centigrade higher than maximum cable oper¬ 
ating temperatures). Data at these higher 
temperatures were obtained on a number of 
samples, and these indicate that the power 
factor-temperature curves in figures 4, 6, 
and 6 may be extrapolated reliably to 
105 degrees centigrade. If a measuring 
temperature somewhat above 86 degrees 
centigrade had been employed in the aging 
tests reported in figures 8 to 11, all the 
power factors would have been larger in 
nearly the same proportion, and the same 
comparisons and conclusions would have 
been obtained. 

The writer is glad to note Mr. Del Mar’s 
confirmatory evidence that the addition of 
rosin to a paraffin base oil reduces the gas 
evolution in gaseous ioni 2 Mition tests. The 
publication of his results on power factor 
stability in such tests will be awaited with 
interest. 

Relative to the importance of wax forma¬ 
tion of saturants exposed to gaseous ioniza¬ 
tion, mentioned by Doctor Berberich, it may 
be said that excessive wax formation must 
be avoided because the wax would interfere 
with the free radial movement of the satu¬ 
rant in the cable caused by load cycles. 
This radial movement is necessary for 
proper operation of cables. 

Concerning the form of the wax forma¬ 
tion versus viscosity index curve of oils 
(figure 13), it was recognized in the paper 
that the wax test results were not conclusive 
for the 2 oils of lowest viscosity index, and. 
that the wax formation for these oils might 
actually be higher than that for oils of 
intermediate viscosity index. For oils 
in the lower viscosity index range, the be¬ 
havior would be in accordance with Ber- 
berich’s suggestion. For oils in the higher 
viscosity index range, however, the writer 
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observed that the wax formation as well as 
the'gas evolution increased with increasing 
viscosity index. For these oils, the per¬ 
centage of aromatic constituents is small in 
all cases, and the observed behavior may 
be due to a dependence on the degree of 
predominance of open chain groups or ring 
groups in the oil molecules, as suggested in 
the paper at the beginning of page 675. 

Oxidation in 
Insulating Oil 

Discussion and authors' closure of a paper by 
J. B. Whitehead and F. E. Mauritz published 
in the April 1937 issue, pages 465-74, and 
presented for oral discussion at the com¬ 
munication and research session of the summer 
convention, Milwaukee, Wis., June 25,1937. 


E. J. Rutan (Consolidated Edison Company 
of New York, Inc., New York, N. Y.): In 
this paper the authors have attacked a 
problem which it seems has waited too long 
W definite data. Particularly interesting 
are the frequent straight-line relationships 
which their results develop. Kyamifiatinn 
of the data on acidity and saponification and 
its relation to power factor does disclose that 
the results depend on but a limited range. 
This is noticeable on figure 11 where one 
point seems to be used to determine a 
fiattening of the curve. In figures 8 and 10 
data are given for acidity munber at 0.8 and 
1.1 which when computed gives 2 additional 
points for figure 11 showing the curve to be 
flat when extended to higher acidity num¬ 
bers. 

In view of the fact that the authors state 
a change in the ratio of the type of acids is 
shown by figure 11 it is unfortunate that 
they did not measme power factor on sam¬ 
ples having 0.8 and 1.1 acid number. This 
would have extended the curves in figures 
12 and 13 and made the results more con¬ 
clusive. 

The writer would also like to inquire re¬ 
garding the reliability of the electrometric 
acidity determinations. The authors dis¬ 
cuss the method in considerable detail giving 
data on sensitivity and blank determina¬ 
tions but they do not state the limit of ac¬ 
curacy based on several checks of the same 
oxidation condition. This point is raised 
becaitte in the ASTM a section has beoi 
wor^g for several years on electrometric 
acidity methods but has been unable to 
recommend any method as yet as reliable 
although many methods have been investi¬ 
gated. It would be desirable to discuss 
this method because this paper will no doubt 
be referred to by many and the acidity 
method may be accepted without the neces¬ 
sary investigations. 

To this writer the authors’ conclusion 
mimber 6 does not seem reasonable. Usual 
cxperience^with dielectric stroigth measure¬ 
ments on insulating oil in accordance vrith 
ASTM methods shows variations between 
s^ples of 3 kv which might be 10 per cent 
average. It does not seem reasonable 
therefore, to attempt to draw a curve 
through points of less than 1 per cent dif¬ 
ference. In my opinion the authors shoiild 
have plotted the measured values of break¬ 
down voltage giving due consideratiou to 


the accuracy of the method. Thus their 
conclusion would have been that there is no 
noticeable effect of oxidation on break¬ 
down voltage over the range investigated. 
It would also have been desirable if data 
for figure 16 had been carried to the higher 
acidity numbers. Comparison might be 
made between figure 16 and the mineral 
transformer oil results in figure 1 of the 
paper by F. M. Clark on “The Dielectric 
Strength of Noninflammable Ssmthetic 
Insulating Oils’’ (Electrical Enoinberino, 
June 1937), which seem also to contradict 
the authors’ conclusion number 5. 


Herman fialperin (Commonwealth Edison 
Company, Chicago, Ill.): This paper is 
another stimulating addition to our knowl¬ 
edge of insulation as developed by White- 
head and his assistants. 

It is remarkable and interesting to find 
that in most cases the authors show practi¬ 
cally straight-line relations between the 
electrical and chemical properties. Several 
other investigators have failed to get such 
good agreement. It was especially re¬ 
markable that the power factor is propor¬ 
tional as well to the acid number as to the 
saponification number. It would be of in¬ 
terest to learn whether or not this propor¬ 
tionality still holds if the oil is allowed to 
form soaps. Our data and the data of some 
others indicate that the various oxidation 
products are quite different in their effect 
on the power factor. 

Conclusion 2 is based on an inhibition 
period during which no carbon dinvide is 
formed and on figure 11. This inhibition 
period is in accord with some test results of 
R. W. Domte (Industrial and Engineering 
Chemistry, volume 28, page 26, January 
1936). Probably the high ratio of saponi¬ 
fication number to acid number shown in 
figure 11 at low acid manbers is due to la ck 
of sensitivity of the test for low acid num¬ 
bers. This is suggested by the data shown 
in figure 10 indicating zero acid number 
initially. A slight change in the position 
of the line in figure 10 could flatten the 
curve of figure 11 toward a horizontal line. 


W. M, Goodhue (Harvard University, 
Cambridge, Mass.): The paper raised a 
question in my mind concerning the com¬ 
parison of oils from different sources. In 
the paper, a correlation between pfipTniral 
and electrical properties is given for one oil 
and, as suggested by the authors, a similar 
correlation would probably be found if an¬ 
other oil were substituted. But this is not 
the same as saying that 2 oils froin diffm-ent 
sources can be directly compared electrically 
if the independent variable is not time but a 
chemical variable such as Oxygen absorbed. 
The diflSculty is that oil is not a pTiomipn] 
individual or even a single series of chemi¬ 
cal compounds. The correlation between 
specific chemical and electrical properties 
would certainly depend on the proportion 
of compounds present among the different 
chemical series, and on the proportion of 
compounds jpresent within a given series, 
as well as catalytic impurities. Therefore 
we have the likelihood of 2 dissimilar oils 
behaving with stability in reverse order 
compared to their electrical draracteristics 
if a chemical independent variable such as 
oxygen absorption is used instead of time. 


For example, in equation form, if 

oxygen absorption = ait for oil number 1 
= ait for oil number 2 

where 

t =s time 

power factor = ft/ for oil number 1 
s ft/ for oil number 2 

Then, on combining equations, 

power factor =» — X oxygen absorption, for 
«! 

oil number 1 
02 

“ — X oxygen absorption, for 
oil number 2 

Now witl; 2 dissimilar oils there is no 
assurance that ft/on and ft/oes are in the 
same order as ft and ft; therefore the 
change of variable in the power factor from 
time to oxygen absorption is unsafe, for the 
purpose of comparing the 2 oils concerning 
stability, that is in this case the increase of 
power factor with time. 

Therefore I wish to insist that the chemi¬ 
cal variables be used only for studying the 
performance of a single oil throughout its 
history. When comparing 2 oils, the fun¬ 
damental variable of time must be used. 
The excellent curves employing time ob¬ 
tained by the authors themselves show that 
accuracy can be obtained in an oxidizing 
apparatus of specified surface areas and 
other dimensions. This is less empirical 
than employing a chemical variable instead 
of time, since with a chemical variable dis¬ 
similar oils are not even comparable. 

The authors’ contributions, however, are 
valuable, namely (1) a reliable test method 
for studying electrical properties versus 
time, imder standardized conditions of ex¬ 
posure to oxidization and (2) methods of 
studjdng the chemical variables. Con¬ 
tribution 1 is suitable for comparing 2 
dissimilar oils and contribution 2 is suitable 
for studying the improvement in manu¬ 
facture of a single oil. Therefore what has 
been said in tins discussion does not detract 
in any way from the value of the authors' 
work and, furthermore, may supplement 
it when applied to the question of standard 
testing methods for oils of unspecified origin. 


P. M. Clark (General Electric Company, 
Pittsfield, Mass.);, The paper by White- 
head and Mauritz describes a series of 
oxidation test results obtained with what is 
described as a .“highly refined insulating 
oil as used in: ofl-fiUed cables.” Data such 
as these suffer from the diflBlculty of inter¬ 
pretation and practical application. How¬ 
ever, the continued accumiilation of such 
data nmyev^tually lead to the reoignition 
of worthwhile relationships between the. 
chemistry and the dielectric properties of 
mineral oils! 

There is, however, an underlying thought 
in the paper which from my own expdience 
demands further consideration because of 
the attempts which may be made to extend 
the idea beyond that specifically stated by 
the autto. This is the thought which is 
summarked in conclusion number 7. 

Expei^^ts in my own laboratory ex¬ 
tending over, a period Of years tend to show 
that, when bn oil of the type Used in cables 
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and transformers is oxidized in the manner 
similar to that described by the authors, 
substantially the same results are obtained 
with regard to the linear relationships de¬ 
scribed. However, there are distinct ex¬ 
ceptions to the linear relationship which ap¬ 
pear unexpectedly as different oils are in- 
vestig^ated or as the oxidation conditions 
are changed. Furthermore, even when 
the linear relations obtained by the authors 
are observed in a variety of oils, they are 
not of the same character. Although a 
linear relation between power factor and 
acid number or saponification may be ob¬ 
tained for 2 oils, the slope angle of the linear 
relation is rarely the same, indicating a 
different chemical value for the same power 
factor. It is because of such variations, 
which trace back to chemical differences 
in the oils tested, that but slow progress has 
been made in attempts to correlate chemical 
and electrical oil characteristics. 

The usual, method of estimating the 
.suitability of consecutive shipments of im¬ 
pregnating oil from a definite source of 
supply is to study the physical and chemical 
properties of the oil, including an oxidation 
test and the effect of oxidation on the elec¬ 
trical properties of the oil. In such work, 
data such as that presented by the authors 
have been recognized as being of value in 
the detection of variations from the normal. 
Too often, however, .such laboratory con- 
trol-of-oil-shipment tests have assumed an 
importance out of all proportion to their 
original significance. Instead of being con¬ 
sidered as tests to determine continuity of 
properties from one shipment to the next, 
they have come to be considered as of fun¬ 
damental importance. This has led to 
widespread discussion of oxidation tests of 
all sorts. While it is true that no oil with 
abnormally low oxidation resistance would 
be looked upon favorably by a cable engi¬ 
neer, still the mere fact that an oil may 
have excellent resistance to oxidation, as 
measured by tests similar to those of the 
present paper, is no indication of its suita¬ 
bility for impregnation use. Many in¬ 
terested in the problem believe that just as 
the lubricating properties of an oil are to be 
evaluated best by actual test in contact 
with the bearing metal, so the suitability 
of an impregnating oil is to be determined 
best by examination under voltage and in a 
paper-impregnated as.sembly. I therefore 
caution against attempts to extend the 
conclusions of the authors, especially con¬ 
clusion number 7, to the extent that such 
studies are to be interpreted as providing a 
ba.sis for the determination of the suitability 
of the oil for hnpregnation use. 

Among the oxidation products of mineral 
oil £U-e acids of low volatility and water. 
In addition, at the higher test temperatures, 
oil distillation will occur. I ask whether 
the authors prevented the removal of such 
materials by distillation during the oxida¬ 
tion run. One of the major objections to 
oxidation nms of the present type is the 
volatilization and loss of those materials of 
greatest importance in the oxidation studies. 

I also request data concerning the iodine 
value of the oU tested. 

The dielectric strength data appear to 
lose significance because of the dehydration 
treatment and the removal of oxidation- 
formed moisture and possibly the more 

volatile oxidation products before the die¬ 
lectric test was made. 
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J. B. Whitehead and F. E. Mauritz: The 
linear relationships which Mr. Clark has 
found are interesting; there should be some 
significance to the slope of the power factor 
versus acid number characteristic. It may 
be possible to determine the relative pro¬ 
portions of organic acids to other compounds 
which are capable of dissociating. 

We doubt that the withdrawal of the 
volatile products of oxidation has an im¬ 
portant influence on the inherent power 
factor. Evacuation also removes absorbed 
oxygen and thus stops the oxidation process. 
Recently we have found evidence that the 
oxidation process itself is attended by ioni¬ 
zation or dissociation, and that the lowering 
of power factor on evacuation is due to the 
cessation of the oxidation process rather 
than to the removal of oxidation products. 

No iodine determinations were made on 
the oils studied. 

In reply to Mr. W. M. Goodhue, obvi¬ 
ously it remains to be shown how other 
oils behave as related to time, and also as 
to the correlations here studied, and whether 
there are other correlations with chemical 
structure. We do emphasize however the 
striking linear relations we have shown. 

In reply to Mr. Herman Halperin, other 
workers who have thus far reported linear 
relationships are Clark in this discussion 
and Sommerman at the National Research 
Council meeting this past November. 
Sommerman's paper appears in Electrical 
Engineering for May 1937. 

It would be interesting to determine the 
effect of metallic soaps. However, under 
experimental conditions, it would be diffi¬ 
cult to determine the relative contributions 
of the metal acting as a catalyst or inhibitor 
for further deterioration and that caused by 
the metallic salt or soap formed. 

The ratios in figure 11 were not deter¬ 
mined from data taken from figure 10, as Hal¬ 
perin may believe, but from the individual 
readings of acid number and saponification 
number on tlie oil at a given state of deterio¬ 
ration. This method is, of course, much 
more accurate. 

In reply to E. J. Rutan, the reproduci¬ 
bility of acidity results taken on different 
oil samples depends almost entirely on the 
cleanliness of sampling and, more particu¬ 
larly, on the preparation of the titration 
cell. With due care different samples of 
the same oil would have a maximum devia¬ 
tion from the average of 0.009 in acid num¬ 
ber. This value should be considered as a 
residual due to impurities introduced and 
not as directly proportional to the acidity 
of the oil being measured. It is also im¬ 
perative to ttse clear, nonturbid titer and 
to check its acidity before each oil deter¬ 
mination. Great care and labor are nec¬ 
essary in preparing the titration cell, es¬ 
pecially for low values of acidity. The 
agar-ag;ar bridge should be changed after 
every determination, and for simplicity 
and speed in routine laboratory measure¬ 
ments we would ask Mr. Rutan to consider 
also the titration cell developed at Massa¬ 
chusetts Institute of Technology, which 
involves a glass electrode and which seems 
much easier to clean. 

The oil samples used in the breakdown 
tests were degassed and dehydrated. Each 
point on the curves is the average of 16 
breakdowns, 6 each on 3 identical samples. 
While the spread of values was of the same 
order as the observed average, we feel the 


latter to be a reliable figure. Slight in¬ 
creases of dielectric strength with increasing 
acidity in the low range have been reported 
by others. 

Vibration-Measuring 

Instruments 

C. D. Greentree 

Dynamic Balancing of 
Small Gyroscope Rotors 

O. E. Esval and C A. Frische 

Discussion of papers published in the June 
1937 issue, pages 70^10 and 729-34, and 
presented for oral discussion at the vibra¬ 
tion and balance session of the summer con¬ 
vention, Milwaukee, Wis., June 25,1937. 


P. L. Alger (General Electric Company, 
Schenectady, N. Y.): These papers give 
evidence of the rapid progress being made 
in measuring and describing the various 
sorts of vibration which give rise to noise 
and other undesirable effects of machine 
operation. The need for absolutely smooth 
operation of mptors driving grinding ma¬ 
chines and other machine tools, as well as 
the need for quieter operation of all types of 
machines, make it important that adequate 
measuring devices be more generally used, 
and that methods of describing these meas¬ 
urements be agreed upon by industry as a 
whole. Difficulties frequently arise now 
because of customers specifying that motors 
be furnished with a defiboitely limited 
amount of vibration, without saying whether 
the vibration of tbe shaft or the bear¬ 
ings is to be measured, and whether the 
motor is to be mounted on a rigid base, on 
rubber pads, or in some other way. A re¬ 
vision of the test code for polyphase induc¬ 
tion machines has recently been approved, I 
believe, which includes a provision for 
measuring the unbalance of small motors in 
terms of the amplitude of motion of the 
bearings, when the motor is freely sup¬ 
ported on elastic pads. I believe this is a 
very sensible provision, that will do much 
toward clarifying understanding on the 
refinements of design and manufacture 
necessary to meet industry’s requirements. 

The next step is to bnug into, use more 
adequate instruments for measuring the 
motion, so that the restdts obtained by 
different observers at different times will be 
in agreement. This evidently requires bet¬ 
ter instruments than have heretofore been 
used, and so I believe Mr. Greentree’s 
paper, outlining the requirements for ^it- 
able instruments, is an important contribu¬ 
tion. As he points out, it may be desir¬ 
able to measure the velocity of the motion 
or its acceleration rather than to either 
measure amplitude directly or to attempt to 
obtain the amplitude from calculations 
based on the measured vdodty or accelera¬ 
tion of the vibration. If, as is usu^y the 
case, the vibration is not sinusoidal in char¬ 
acter, there wifi be no simple relationdup 
between the aceddation, the velocity, and 
the amplitude of the motion as measured; 
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and, if, as Mr. Greentree suggests, the meas¬ 
urement of the velocity of the vibration is 
the most convenient and accurate means of 
testing, then we ought to be thinking about 
specifications and industry standards in 
terms of vibration velocity, rather than am¬ 
plitude. 

The AIEE subcommittee on sound has 
completed a draft of a test code for appara¬ 
tus noise measurement, which when pub¬ 
lished will make available general recom¬ 
mendations on means of measuring noise 
or any piece of apparatus, based upon the 
American Standards recently published by 
the ASA. With the 2 fields of vibration and 
noise measurement both clarified by these 
proposed test methods, there appears to be 
left one further task in this vibration meas¬ 
urement field to be undertaken. That is 
the question of evaluating the performance 
of various types of elastic mountings in¬ 
tended to isolate the vibration of a machine 
from its foundation. 

There are a great many varieties of elas¬ 
tic supports now in use and proposed for 
motors and other machines. Many differ¬ 
ent types of such supports are, of course, 
desirable for different applications, so that 
no general agreement on what type is best 
can or should be reached. However, it 
does seem desirable to develop acceptable 
means of comparing the performance of 
different t 3 ipes of support by some method, 
for example, of measuring the vibration 
transmitted to a foundation, with and with¬ 
out the use of an elastic tsase. Probably 
it is too early to take the question up in 
any formal way, but I shall appreciate hear¬ 
ing from any one interested as to the desira¬ 
bility of such measurements of elastic 
base performance being included in any of 
the I^titute test codes. 


Vibration Isolation 
oi Machinery 

Discussion of a paper by L. H. Hansel pub¬ 
lished in the June 1937 issue, pages 735-8, 
and presented for oral discussion at the vi¬ 
bration and balance session of the summer 
convention, Milwaukee, Wis., June 25, 
1937. 


Frederick C. Lindvall (CaUfomia Institute 
of Technology, Pasadena): Relating to 
the paper, “Vibration Isolation of Ma¬ 
chinery,” by Mr. Hansel, one or 2 points 


STATIC DEFLECTION-INCHES 



FREQUENCY IN CYCIJES PER SECOND 

Figure 1, Transmissibility—sinusoidal mo¬ 
tion, no damping, one degree of freedom 
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have suggested themselves to me as being 
worthy of inclusion in this general discus¬ 
sion of vibrations. 

In the first place, electrical engineers 
should find the general problem of vibra¬ 
tion isolation to be one which is of consider¬ 
able interest inasmuch as through the elec¬ 
tromechanical analogy the problem becomes 
a simple one of electrical-circuit elements 
and sinusoidal a-c quantities which lend 
themselves at once to the symbolic or com¬ 
plex method of solution. 

A second point which should be empha¬ 
sized is the convenient form in which the 
natural frequency of an elastic system as 
discussed may be expressed: 

f “ 'l/— "'cycles per second 

g =“ gravity acceleration 

Stt = static deflection in umts of g 

Thus it is apparent that if the static de¬ 
flection of the system is known the natural 
frequency is also known; from the static 
deflection, in turn, the spring constant of 
the elastic support may be deduced when 
the desirable static deflection has been 
determined. 

A general calculation chart or nomogram 
which I have found very convenient in 
vibration studies is one expressing trans¬ 
missibility of an isolation system directly 
in terms of the parameters static deflection 
and frequency of vibration. The mathe¬ 
matical expression on which .the chart is 
based is given by a form similar to equation 
1 of Mr. Hansel’s paper. 

The chart is constructed on log-log paper 
by laying out the transmissibility curve in 
terms of the ratio of appUed frequency to 
natural frequency of the system; then 
through the middle of the chart a hori¬ 
zontal line is drawn which serves as a refer¬ 
ence line A'A, for entering this trans¬ 
missibility ciurve. The horizontal lines 
B-B and C-C are suitably scaled in terms 
of frequency and static deflection, respec¬ 
tively, their positions relative to each other 
being indicated by the obvious tie that a 
straight line connecting any particular 
static deflection on C-C with the corre¬ 
sponding resonant frequency on B-B should 
pass through the point O on the reference 
line A-A, Then for any desired trans¬ 
missibility the corresponding abscissa is 
noted on A-A at some point, say P. 
Through P and the frequency to be iso¬ 
lated to the extent of the selected trans¬ 
missibility, a straight edge is laid giving at 
once the necessary static deflection of the 
elastic support. This static deflection and 
the weight at the supports jpve at once the 
spring constant. It is, of course, obvious 
that straight lines through the point O re¬ 
late at once the static deflection with the 
corresponding resonant frequency. This 
chart may have a family of resonance 
curves corresponding to different degrees of 
damping in the elastic system, the most 
convenient parameter to be used being the 
ratio of selected damping to critical damp¬ 
ing of the system. 

And now a word of caution, or perhaps it 
should be called “sales, resistance,” which 


Note: / •* cydes/per second 
ift « static deflection in inches 
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Mr. Hansel has suggested but which I be¬ 
lieve should receive further emphasis. 
There is no magic in vibration pads or iso¬ 
lation materials. This belief in magic 
seems, in the minds of naany engineers, to 
be intimately associated with certain mate¬ 
rials—one in particular being rubber. In 
the first place, the term “rubber” is in¬ 
definite since we all know the tremendous 
range of rubber compounds in both elas¬ 
ticity and internal damping, and any rubber 
or similar material which is to be used as an 
elastic support should be regarded simply 
for what it is; namely, a spring which may 
have either a high or low degree of internal 
damping. This spring, in turn, is useful as 
an isolation device to the extent indicated 
by the transmissibility of the system. 

One further point: The engineer em¬ 
ploying vibration isolation material should 
have the 2 basic problems, transmission of 
vibration and transmission of noise, in mind, 
because an elastic support of metallic 
nature which may give an adequately low 
factor of transmissibility will be capable of 
transmitting noise to an extent that may be 
objectionable; whereas some other mate¬ 
rial, such as felt, or rubber, with the same 
static deflection will achieve the same de¬ 
sirable transmissibility and minimize noise 
transmission through elimination of direct 
metallic connection. 


P. L. Alger: discussion, page 1305. 

A-C Motor 
Protection 

Discussion and author's closure of a paper by 
C W. Kuhn published in the May 1937 issue, 
pages 589-93, and presented for oral discus¬ 
sion at the general power applications session 
of the summer convention, Milwaukee, Wis., 
June 22,1937. 


E. Herzog (U.S. Army Air Corps, Wright 
Field, Dayton, Ohio): The author claims 
adequate protection by means of thermal 
overload relays even in case of longer start¬ 
ing periods. As pointed out in the previous 
discussion present long-time thermal-over¬ 
load relays do not offer enough protection 
in starting high-inertia load. In the start¬ 
ing of blowers where air loading increases 
rapidly as the blower comes up to speed, the 
condition becomes most serious. The 
writer has been able to obtain satisfactory 
protection only in one way, i.e., by separate 
protection during the starting and the run¬ 
ning periods even with across-line-starting 
motors. This naturally increases the cost 
greatiy. 


C. W. Kuhn: It has not been possible to 
obtain motor protection with general- 
purpose thermal-overload relays when start¬ 
ing high-inertia load. Sudi overload relays 
must be designed to protect many different 
classes and designs of a-c motors. Their 
tripping time must, therefore, be suffi¬ 
ciently short to protect those motors having 
limited capacity for starting conditions; 

The use of special “slow tripping” ther¬ 
mal overloads permits starting high-inertia 
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loads without unnecessary tripping of the 
overload. Consequently, smaller over¬ 
load heaters can be used than would be 
possible with the faster-tripping standard- 
type thermal overload. These slow-trip¬ 
ping overloads of lower current rating can 
be made such as to completely protect 
motors with high-inertia starting load. 

Coincidental 
Electric Drives 

Discussion and author’s closure of a paper by 
L. E. Miller published in the May 1937 issue, 
pages 578-82, and presented for oral discus¬ 
sion at the general power applications session 
of the summer convention, Milwaukee, Wis., 
June 22,1937. 


L. M. Nowacki (General Electric Company, 
Schenectady, N. Y.): Mr. Miller described 
a very interesting application of a coinci¬ 
dental electric drive, namely, the winding of 
strip material on a reel. A requisite of the 
drive is the maintenance of approximately 
constant tension. The d-c motor is most 
adaptable for the application. Neverthe¬ 
less, the question arises, can the same result 
be obtained with an a-c motor? 

Exact coincidence can be obtained with 2 
wound-rotor motors used as power Selsyn 
units or Synchrolocks. The reel drive re¬ 
quires a continually decreasing speed of ro¬ 
tation and an increasing torque. The 
change in the Selsyn motor speed may then 
be accomplished by a differential Selssm 
unit placed in the rotor circuit between the 
transmitter and receiver Selsyn, or it may 
be accomplished by the use of a variable 
speed transmission interposed between the 
main drive and the Selsyn generator. As 
in the case Mr. Miller described, a regulator 
would be required with the function to con¬ 
trol the speed of the differential Selsyn unit 
or the pulley ratio of the mechanical trans¬ 
mission. If the regulator is to operate on a 
constant-current principle, it will be neces¬ 
sary to vary the input voltage to the Selsyn 
units in order to maintain constant rotor 
current with increasing torque. 

The application of an a-c motor to the 
coincidental reel drive does not appear im¬ 
possible. A suitable regulator, if developed 
may provide an a-c drive as flexible as the 
d-c drive described by Mr. Miller. 


E Herzog (U.S. Army Air Corps, Wright 
Field, Dayton, Ohio): The double-winding 
motor controlling the field rheostat appears 
to be the heart of the entire control scheme 
proposed. A torque motor with spring re- 
sti-aint and a single winding should be able 
to accomplish the same purpose. The 
author states that the double winding was 
used to give the characteristics of an in¬ 
finitely long spring. A more detailed ex¬ 
planation of this point would be welcome 
to the writer. 


L. E. MiUer: Mr. NowacH has suggested 
a very intriguing problem in the use of a-c 
with Selsyns or Ss^chrolocks driving a reel 
on which material is being wound. There 
is considerable question as to whether the 
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amount of apparatus required could be 
reduced materially in using a-c as suggested. 
Like many problems of this sort considerable 
thought, experimentation, and actual trial 
will be necessary before any. definite con¬ 
clusions can be drawn on the subject. 

Mr. Herzog has brought up the point 
that a spring might be used instead of the 
spring or reference winding on the control 
motor. This is absolutely correct only in 
case a spring of infinite length is used and 
deals with finite torque. 

Otherwise a greater torque is required of 
the torque winding as the reeled material 
approaches full diameter and slowest speed. 
This greater torque requires a larger cur¬ 
rent in the torque winding and therefore 
in the armature of the motor driving the 
reel and this in turn gives a greater pull or 
tension on the material as the diameter of 
the reeled material increases. In other 
words a spring could be used only where the 
conditions were such that a varying tension 
could be permitted on the material. 

In closing, attention should be called to 
3 errors which occurred on page 681 of the 
paper. First, in figure 4 the rheostat in 
series with the spring winding should be 
marked 1 instead of 2; second, in figure 4 
the legend D should be "regulator field 
contactor"; third, the first sentence of the 
second paragraph starting on page 581 
should start, "the torque winding T of the 
regulator. . . ’’ instead of "the torque wind¬ 
ing R of the regulator... .” 

New Oil-Filled 
Cable Lines in Chicago 

Discussion and authors’ closure of a paper by 
Herman Halperin and G. B. Shanklln pub¬ 
lished in the June 1937 issue, pages 739-48, 
and presented for oral discussion at the power 
transmission session of tire summer convention, 
Milwaukee, Wis., June 22,1937. 


Wm, A. Del Mar (Habirshaw Cable & 
Wire Corporation, Yonkers, N. Y.): In 
summarizing the paper by Halperin and 
Shanklin, the former said tha.t there is 
nothing mysterious about the installation 
and operation of oil-filled cable; that it can 
be handled without difficulty by crews 
trained in work on cables of the solid type. 
This inspires me to add that there is 
nothing mysterious about its manufacture. 
On the contrary, the manufacturing proc¬ 
esses are based on better-understood 
principles than in the case of solid-type 
cables. The mobility of the oil makes it 
possible to ascertain the condition of the 
oil and the perfection of impregnation along 
the entire length by simple tests made at the 
ends, not only when new, but at all times in 
its life. This is not the case with solid- 
type cable, the condition of which must at 
all times be taken more or less on faith. 

The perfect electrical record of oil-filled 
cables has enabled manufacturers’ engineCTS 
to devote their attention to improving 
economy, whereas in the case of solid-t;^e 
cable the main effort is directed toward im¬ 
proving reliability. This drive toward 
economy has resulted in simplified acces¬ 
sories, thinner insulation, and cheaper lead, 
as described in the paper. 

Discussions 


Herman Halperin: It is gratifying to have 
a public statement from a manufacturer of 
the efforts of manufacturers to improve the 
economy of oil-filled cable. 

Although considerable effort has been and 
still is being directed toward improving the 
reliability of the solid type of cable, con¬ 
siderable effort has been and still is being 
given toward improving the economy of such 
cables. 

The essential consideration from the 
standpoint of a utility engineer is over-all 
economy, that is, total annual charges per 
kilovolt-ampere of canying capacity. In 
some cases special considerations, such 
as limitations of diameters of existing ducts 
or limitations of the persoimel of a utility, 
swing a decision to one or the other type of 
cable, although the initial installed cost of 
the cable and accessories is somewhat 
higher than would have been the case if a 
type of cable were used other than the 
type actually selected. 

Impulse Operation of 
Magnetic Contactors 

Discussion and author’s closure of a paper by 
Carroll Stansbury published in the May 1937 
issue, pages 583—8, and presented for oral 
discussion at the general power applications 
session of the summer convention, Milwaukee, 
Wis., June 22,1937. 


E. Herzog (U.S. Army Air Corps, Wright 
Field, Dayton, Ohio): The author de¬ 
scribes a very ingenious solution for the 
short time operation of magnetic contac¬ 
tors. The process is clearly designed to be 
used in the resistance weld^ of nonferrom 
metals where now vaeuxun-tube control is 
used. The writer having used these in the 
past would like to have the author furnish 
more detailed information on several points. 
What is the accuracy of timing of the new 
process? How is a change in timing ac¬ 
complished? Are there any chance varia¬ 
tions of large amounts as the operation is 
repeated? How would the life of the con¬ 
tactor compare with the life of the tubes in 
the 2 types of equipment? A rough com¬ 
parison of first cost and maintenance of the 
2 types would be of interest. 


Carroll Stansbury: The questions asked by 
Mr. Herzog are the essential ones which 
must be satisfactorily answered before con¬ 
trol of the type described can be seriously 
considered for short-time welding of non- 
ferrous metals. 

Accxjracy 

It will be clear from the paper that the 
major causes of inaccuracy in contactor con¬ 
trol are eliminated by the method. Refer¬ 
ence to figure 3 will show that anything 
which affects the speed of motion of the 
magnet armature at the instant the contacts 
touch will affect the closed period slightly 
by causing the motion to be in accordance 
with a different one of the family of curves. 
About the only thing which may cause this 
type of variation in practice to ^y serious 
extent is a considerable variation in line 
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voltage. On the other hand, a reasonably 
constant line voltage is an essential require¬ 
ment for this type of welding to obtain con¬ 
stant energy input into the weld for a given 
welding period. 

There remains the question of variation 
in the number of cycles passed by the con¬ 
tactor due to possible variation in the arc on 
the contacts. We have found it possible 
on a number of practical installations to 
control this factor so that such arcing as is 
obtained is quite uniform and that there is 
no perceptible variation in the welding re¬ 
sults throughout a large number of opera¬ 
tions. One particular installation, which is 
operating at Vs cycle on current on the order 
of 250 amperes at 440 volts, has continued 
to give welds with this timing over a period 
of several months without perceptible varia¬ 
tion. Only occasional phase adjustment is 
necessary. 

Time Adjustment 

This question is covered under the above 
heading in the paper. The amount of ca¬ 
pacity in circuit is varied by cutting in or 
out individual electrolytic capacitors in 
parallel. 

Chance Variations op Large Amount 

Neither our laboratory nor field experi¬ 
ence with this control indicates occurrences 
of this sort. 

Contactor Life 

As brought out in the paper, when operat¬ 
ing on the true impulse basis in which the 
magnet does not seal, the conditions nor¬ 
mally producing magnet wear are absent 
and a contactor should last for several years 
even on frequent operation. The magnet 
life on contactors of the best grade used in 
resistance welding work where the contac¬ 
tors seal in operation is on the order of 20 
million operations. This life should be 
multiplied many fold when the magnet 
does not seal. So far no contactor operated 
by the impulse method has shown appreci¬ 
able wear except on the contacts. Tt wUl 
be evident that with the arcing held to a 
minimum by this method of control the 
contact life should also be increased many 
fold and our experience indicates that this is 
the case. 

First Cost and Maintenance 

It is difficult to give any data regarding 
first cost of control of this type relative to 
control of all-electronic type which would 
be applicable throughout the full range of 
ratings which might be required. Actually, 
most of this controller is electronic and it is 
probably correct to say that the essential 
difference is that the 2 power tubes are re¬ 
placed by contactors. Taking the material 
involved apart from the poww tubes or the 
contactors as roughly about the same, the 
question really reduces to a comparison of 
first cost and maintenance of the contactor 
versus the power tubes. It has been 
pointed out above that the contactor 
should last indefinitely mth only occasional 
replacement of contacts, whereas it is the 
writer’s understanding that the power tubes 
either have to be replaced periodically or 
are of th«5 conlinuoudy-pumped variety 
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which doubtless involve mruntenance of the 
pumps and associated parts. 

Actually, the necessary apparatus asso¬ 
ciated with the contactor in this type of con¬ 
trol appears to be somewhat simpler than 
that associated with the power tubes in 
thos** types of all-electronic control with 
which the writer is familiar. The present 
form represents a considerable simplifica¬ 
tion in comparison with the earlier forms of 
this control, and it is probable that further 
developments will bring out the possibility 
of still further simplification. 

System Recovery Voltage 
Determination by Analytical and 
A-C Calculating Board Methods 

Discussion and authon* closure of a paper by 
R. D. Evans and A. C> Monteith published in 
the June 1937 issue, pages 695-705, and 
presented for oral discussion at the power 
transmission session of the summer convention, 
Milwaukee, Wis., June 22,1937. 


W. F. Skeats (General Electric Company, 
Philadelphia, Pa.): The authors have de¬ 
veloped 2 major ideas which will undoubt¬ 
edly be of value in certain fields in the de¬ 
termination of recovery rates. The intro¬ 
duction of symmetrical components is 
helpful particularly in the calculation of the 
recovery characteristic of line-to-ground 
faults and the use of the calculating board 
promises a reduction of labor especially in 
the determination of the slower voltage- 
recovery curves. 

In the introductory discussion, the sug¬ 
gestion is made that recovery characteristics 
be specified by stating both co-ordinates of 
one point on the curve instead of merely the 
slope of the steepest tangent passing through 
the origin. This information is somewhat 
more specific; however, the authors them- 
sdves point out that one point on the curve 
may be the important one for one inter¬ 
rupting device and a different point for 
some other device, so that there may often 
be some question as to which point to 
specify. To ^ve all the information, the 
complete curve should pf course be shown. 
Comparison of curves of different shape is 
likely to involve uncertainties, however, 
and to overcome this, the suggestion , was 
made 2 or 3 years ago that the basis of com¬ 
parison be the rate of rise based only on 
points on the recovery ciuve whose magni¬ 
tude is at least 80 per cent of the normal 
voltage peak, with special consideration 
given to lower points on the curve which 
correspond to a higher rate where it is a 
question of breaker application rather than 
evaluation of test results. 

There are one or 2 points with reference 
to the use of symmetrical components which 
will bear comment. 

1. The paper states that the method of 
connecting the phase-sequence networks for 
recovery rate determination is the same as 
for the steady-state concHtioh, with the ap¬ 
parent implication, supported by the ex¬ 
ample given in ;^e case of the double^ine- 
to-ground fault, that the proper coimection 
is the same as that used to determine the 
current fiowing iu the case; under considera¬ 
tion. Except for line-to-line or line-to- 
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ground faults, this is incorrect for, while the 
calculation of steady-state current correctly 
i gno res the interval during which less than 
the full number of phases are faulted,^ this 
interval must be considered in determining 
voltage recovery phenomena. The arrange¬ 
ment to be used for the first phase to clear 
of a double-line-to-groimd fault is therefore 
that of the impedance encountered by cur¬ 
rent passing from one terminal of the 3- 
phase circuit to ground with a second ter¬ 
minal grounded. 

2. Barring asymmetrical circuit condi¬ 
tions apart from the fault, the difference 
between positive- and negative-phase-se¬ 
quence impedances exists only in rotating 
machinery and arises from the fact that 
while one is associated with a flux path that 
is stationary with respect to the field struc¬ 
ture and therefore does not change through¬ 
out the cycles, the other is associated with 
a flux path which rotates with respect to the 
field structure and may therefore be subject 
to cyclic variation. In the course of 600 
microseconds the motion of the rotor has 
negligible effect, so that the use of the same 
value for positive- and negative-phase- 
sequence impedances is justified. It is sug¬ 
gested, however, that inasmuch as with the 
current zero occurring at the crest of the 
voltage wave, the flux path in the rotor is 
that of the quadrature axis, the quadrature- 
axis subtransient reactance be used in place 
of the negative-phase-sequence reactance. 
This is of importance particularly in lami¬ 
nated-rotor machines without amortisseur 
windings. 

3. For very careful calculations it is 
occasionally desirable to take into account 
the fact that the capacitance is not the same 
for the 3 phases in the interval between 
clearings on the various poles of the breaker. 
This greatly increase the diflSculty of the 
solution by symmetrical components and is 
often easily taken care of in the "single 
phase" solution, so that in such cases the 
single-phase solution becomes the simpler 
even neglecting the labor of changing the 
constants over from one system to the other. 

With reference to the use of the calcu¬ 
lating board, I should like to make the 
following comments. 

1. From the standpoint of circuit 
breaker performance, the cases in which re¬ 
covery rate should be investigated are in 
genei^ those in which the capacitance on 
the one hand is small and can usually be 
Itunped so as to make the calculation rela¬ 
tively simple, but on the other hand con¬ 
sists of a number of minor elemenits so that 
considerable labor and possibility of error 
are involved in determining it. Thus the 
use of a calculating board eliminates only a 
minor part of the total labor. 

2. Moreover, unless the calculating 
board is specially designed and very care¬ 
fully used, it seems likely that it would 
introduce stray capacitances sufficient to 
cause appreciable errors in such cases. 

Except in cases where a recorded re¬ 
covery transient is to be compared with a 
calculated curve for the purpose of analyz¬ 
ing effects introduced by the breaker, great 
precision is not required for circuit-breaker 
work, errors up to 26 per cent being toier- 
able. This being the case, the determina¬ 
tion is not so much a precise calculation of 
complex circuits, as a matter of good 
judgment in making simplifying assump¬ 
tions. It would seem, therefore, that per- 
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haps the greatest use of the calculating 
board, from the standpoint of circuit- 
breaker application, may be in the investi¬ 
gation of such assumptions and the formula¬ 
tion of rules for making them sotmd. 

In applications of expulsion protective 
gaps, on the other hand, the calculating 
board offers an appreciable saving in effort. 


H. P. St. Clair (American Gas & Electric 
Company, New York, N. Y.): In this 
paper Messrs. Evans and Monteith have 
presented an interesting and helpful con¬ 
tribution to the literature on voltage- 
recovery transients, and the proposed 
method of direct measurements of tran¬ 
sients by means of the a-c calculating board 
may prove to be very useful. For instance, 
if it is necessary to determine the recovery- 
voltage characteristics in connection with 
the operation of flashover tubes at various 
points on the transmission network, this 
method would simplify the problem since 
determination by analytical methods would 
become extremely complicated. 

However, it should be pointed out that 
regardless of the difficulty of calculating 
recovery transients at various points on 
transmission lines, the actual severity of 
such transients is inherently much less than 
the .severity of recovery transients obtain¬ 
able on station busses with no transmission 
lines connected and with only the capaci¬ 
tance-to-ground of the busses, transformers, 
or generators themselves. Therefore, in 
determining the severity of recovery voltage 
transients which must be handled by circuit 
breakers, we are concerned chiefly with the 
station type of circuit, where it is possible to 
encounter the higher voltage-recovery 
rates. 

For this general type of problem, there¬ 
fore, it is questioned whether the authors’ 
proposed method will actually provide much 
help. 

In the first place, these circuits giving 
the most severe recovery transients are 
usually of a fairly simple nature and can be 
calculated fairly readily after the constants 
are known. In such cases where we ^e 
■ interested primarily in the worst condition 
which the given circuit can offer, the most 
difficult part of the problem is an accurate 
determination of the small values of capaci¬ 
tance involved in the station bus and in the 
transformer or generator windings. The 
authors have referred briefly to this problem 
in the paper, and it is obvious that the a-c 
calculating board cannot be of any assis¬ 
tance in connection with this part of the 
problem. It is doubtful, therrfore, whether 
its use in such cases would be justified. 

In the second place, it is doubtful whether 
the equipment described by the authors 
would be adequate to record very severe 
voltage-recovery transients since such tran¬ 
sients frequently involve a time duration of 
only a fractional part of those which the 
authors discuss. AU of the typical records 
reproduced by the authors both from ana¬ 
lytical determinations as well as from direct 
measurements are of comparatively slow 
transients which would not be of particular 
interest in the circuit-breaker problem- 
For Sample, in figure 22 the recovery 
transient for a line-to-ground fault on a 132 
kv line is shown with approximately 130 
volts per microsecond. All of the othw 
trtmM^ts shown are more or less of ^ 
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order. Actually, circuit breakers have been 
called upon to handle recovery rates at least 
as high as 4,000 or 5,000 volts per micro¬ 
second, and for such transients, it is believed 
that the rotating tsrpe of recording device 
as used by the au^ors could not possibly 
be operated at sufi&cient speed to give the 
necessary time scale. 

As stated above, the most difficult part 
of the problem in connection with ex¬ 
tremely high rates of recovery voltage is the 
determination of small values* of capaci¬ 
tances involved in more or less simple 
setups. For this problem it is likely that a 
greater contribution would be some device 
either for directly measuring transients in 
the circuit itself or of measuring the capaci¬ 
tance of the circuit directly. For example, 
the high-frequency generator or oscillator 
may be used for determining the natural 
frequency of the circuit and thereby arriving 
at the capacitance since the inductances in¬ 
volved are generally known. 

The authors are to be congratulated, how¬ 
ever, for having worked out a very interest¬ 
ing application of the a-c calculating board 
and one that may prove of great value in its 
field. 


J. R. North (Commonwealth & Southern 
Corporation, Jackson, Mich,): Experiences 
which we have had with arc-interrupting 
devices have time and again brought to our 
attention the need for more information 
and data concerning recovery voltage. 
The methods of analysis described in this 
paper by Messrs. Evans and Monteith will 
be of considerable assistance to power sys¬ 
tem engineers in applying interrupting 
equipment. 

The question of recovery voltage is im¬ 
portant not only in the application of ^- 
cuit breakers, but in all arc-interrupting 
devices such as fuses, lightning arresters, and 
protector tubes which may be located at 
stations or out on lines. Also, the problem 
is not confined to fault conditions. For 
example, circuit breakers used for normal 
switching of synchronous condensers, and 
linff oliarging reactors, have at times shown 
considerable distress due to a high rate- of 
rise of recovery voltage. Certain lightning 
arrester troubles have also been encountered 
which could be traced to rapid recovery 
voltage of the system. 

Fuses usually clear faults in a relatively 
short time. The curves shown in figure 26 
show that the voltage rise during the first 
200 microseconds is much steeper for a 
fault having a duration of one-half cycle 
fhan for a fault of one cycle duration. This 
would seem to indicate that fuse and pro¬ 
tector tube applications require particular 
attention from the standpoint of recovery 
voltage. 

The reduction of a power system of any 
size to a simple equivalent network system 
such as is shown in figure 11 involves con¬ 
siderable work. It would be desirable to 
have a more detailed explanation as to just 
how this is accomplished, and with particu¬ 
lar regard to obtaining the proper vdues of 
equivalent system constants to give the 
correct values for both normal system fre¬ 
quency and for the natural frequency of the 
system. It would also be interesting to 
know how this is taken care of on the a-c 
c a lcula ting board, which is designed for 440 
cycle operation. 

Discussions 


In the caption for figure 27, it is believed 
that reference should be made to figure 18 
rather than figure 19. 

The check between the values obtained 
by the authors using the analytical method 
and the a-c calculating board with the field 
tests is indeed interesting. With more test 
data available, it would appear that the 
burdensome analytical studies could be 
confined to special problems involving only 
a few elements of a system. It is, therefore, 
urged that measurements be made of re¬ 
covery voltage whenever the opportunity 
presents itself in connection vdth other sys¬ 
tem tests. These data will facilitate the ap¬ 
plication of the methods outlined in the 
paper to general system studies. 


S. B. Crary (General Electric Company 
Schenectady, N. Y.): The authors are to 
be congratulated for the presentation of a 
paper which ^ould prove to be of real 
benefit in studying the effect of various 
factors on the recovery voltage chaiacteris- 
tics. 

In using a minature system or model, it 
is well to view rather critically the assump¬ 
tions required in order that the model may 
be used to predict or explain actual system 
performance. Unfortunately, the most im¬ 
portant cases of arc suppression which re¬ 
sult in extreme or high recovery voltage are 
the ones which do not permit of easy repre¬ 
sentation by a miniature setup. As shown 
by the authors, high peak values of recovery 
voltage may be obtained when the current 
is interrupted off of normal current zero. 
The amount and manner in which the cir¬ 
cuit is interrupted off normal current zero 
is a function both of the actual arc charac¬ 
teristic of the interrupting device itself and 
the circuit to which it is coimected. For 
those cases when the arc characteristic is 
not influenced appreciably by the connected 
electrical circuit and the characteristics of 
the interruptor are known, then a device 
can be made which will duplicate the per¬ 
formance of the actual device. However, 
for those cases when the interruption 
phenomena are dependent upon the electrical 
circuit as well as the interruptor, it becomes 
exceedingly difficult to build a model which 
will duplicate actual performance, this case 
may well be most easily obtained by test of 
the actual circuit and interruptor. 

Another source of high recovery voltage, 
as shown in the paper “Circuit Breaker 
Recovery Voltages” by R. H: Park and 
W. F. Skeats (AIEE TRANSAcnoNS, 
March 1931, pages 204-239) , is that due to 
the saliency of rotating machines, which 
cannot be easily reproduced in a static setup. 


E. M. Hunter (General Electric Company, 
Schenectady, N. Y.): Messrs. Evans and 
Monteith have given a very interesting 
discussion on using the a-c calculating 
board for estimating system recovery volt¬ 
ages. The procedure which they describe 
should be very useful to those interested in 
making a large number of independent re¬ 
covery voltage calculations on a system. 

Interest in recovery voltages centers 
mainly around the application of oil circuit 
breakers and expulsion protective gaps to 
different electrical systems. In modem oil- 
circifit-breaker applications only the very 
fast recovery rates of the order of,several 

1309 




thousand volts per microsecond need to be 
considered. These very fast recovery rat^ 
usually result from circuits which contain 
only small amounts of capacitance, such as 
is found, for example, in transformers and 
bus work. It is often difficult to reproduce 
a miniature of this type of circuit and the 
authors’ comments on the suitability of 
their a-c board for studying th^ fast 
transients would be of considerable interest. 

The recovery voltages associated with the 
application of expulsion protective gaps 
usually are not in excess of several hundred 
volts per microsecond and accordingly, are 
of a much lower rate than those encountered 
in oil-circuit-breaker applications. Usually 
the mathematics governing the circuits to be 
analysed are not too involved, and the re¬ 
covery voltages can be calculated provided 
the system constants are known. The 
biggest obstacle in making any analysis of 
recovery rates today is the determination of 
the system constants. A big step toward 
the solution of the recovery rate problem 
with the development of a practical 
3-element cathode-ray oscillograph, such as 
is described in Messrs. Rudge and Wade’s 
paper on "Expulsion Protective Gaps’’ 
presented at tWs convention. With this 
measuring instrument it is now possible to 
make field tests and actually determine the 
recovery rates. With system constants 
unpredictable, there is a need for more field 
tests. Once system constants are known, 
the a-c calculating board will be a useful 
tool for extending the study of ssrstem re¬ 
covery voltages. 


h, R. Ludwig (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The problem of a-c circuit interrup¬ 
tion has long been a very important one, 
both as far as circuit breakers of high in¬ 
terrupting capacity and smaller apparatus 
are concerned. However, even until 1928, 
the notions of the phenomena involved in 
a-c interruption were vague and incomplete. 
Comparatively recent papers on the subject 
glibly discuss the "quenching” effect of oil 
on an arc, and bemoan the necessity of 
interrupting a circuit by means of a "burn¬ 
ing” arc at all. 

In 1923, Doctor Slepian began to visualize 
the true physics of a-c circuit opening, as a 
result of research with grids and a vacutun 
arc. By 1925 his "deion” ideas were formu¬ 
lated, and in 1928 in Denver, he presented a 
paper entitled "Extinction of an A-C Arc” 
which for the first time called attention to 
the facts that the arc space between the 
separated electrodes of a breaker had to 
ddonize before any appreciable voltage 
could be applied without restriking, that 
the time available for this deionization was 
a function of the circuit, and that interrupt 
tion depended on the relative progress of 
deionization and voltage recovery. 

This paper, mildly discussed at the time, 
has become the source-book from which our 
present accepted knowledge has been de¬ 
rived. As appreciation of Doctor Slepian’s 
work grew, there was a rush to the labora¬ 
tory to test circuit interruptions tinder 
actual system voltage recovery conditions. 
But what were these actual conditions? 
How to set the laboratory was the problem. 
The theory was dear enough, but determina¬ 
tion of time to crest and recovery voltage 
under operating conditions was not simple. 
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The circuits were analyzed mathemati¬ 
cally, but several approximations were 
needed. For several years there has been 
no completdy practical and simple method 
for determining voltage recoveries. ^ 

Now Mr. Evans and Mr. Monteith have 
devised a tool for the determination of 
recovery voltage which is suxurate, prac¬ 
tical, and complete. Their idea of using 
the calculating board for this purpose is 
simple, but considerable ingenuity was re¬ 
quired in carrying it out. For example, 
their use of repeated faults in order to get 
oscillographic records is a dever means of 
surmounting a mean obstacle. 

The methods they have described are 
simple, check beautifully with fidd tests m 
well as calculation, and permit the study in 
the laboratory of field conditions which can¬ 
not be satisfactorily resolved by mathemat¬ 
ics alone. We have been given a new yard¬ 
stick for gauging circuit-interrupter re¬ 
quirements, and the added certainty of 
testing will prove beneficial to the develop¬ 
ment and application of breakers and deion 
protector tubes particularly. 

An excellent example of the utility of the 
Evans-Monteith method is illustrated in 
their figure 3. It has often been customary 
in dealing with recovery voltages to speak 
only of the rate of rise of voltage, and its 
crest value. Such a description of the facts 
lacks generality; it is appUcable only when 
testing a device having a recovery curve 
gimilfl-r to D in the figure. Mr. Evans and 
Mr. Monteith have been able to study sys¬ 
tem recovery curves so much more accu- 
ratdy with the calculating board method 
that earlier discrepancies become very ap¬ 
parent. We can now begin to deal with the 
entire recovery curve, rather than with one 
or 2 points on the curve which are presumed 
to be critical values but may not be. We 
cannot easily enjoy the certainty of dealing 
with the complete facts. 


H. G. Biinton (General Electric Company, 
Pittsfield, Mass.): The Evans-Monteith 
paper considers the recovery voltage as the 
sum of 2 components, (a) the steady-state 
component and (6) the natural-frequency 
component. 

The first component is sometimes called 
the restored voltage and is the generated 
voltage that is suddenly impressed when the 
60-cycle inductive drop in generators, trans¬ 
formers, etc., is suddenly removed by the 
60-cydle current stopping at zero. 

The second component usually rises so 
rapidly that the first component can be con¬ 
sidered as h constant or continuous voltage 
during the brief period in question. It is 
the transient voltage appearing on the 
capacitance in shunt with the circuit opening 
device when the restored voltage is sud¬ 
denly impressed on the circuit. In the 
worst case this circuit is oscillatory and the 
recovery voltage rises rapidly at the natural 
frequency of the circuit. 

In a 3-phsise circuit the first component is 
sometimes impressed on a rather compli¬ 
cated network. In calculating the recovery 
voltage conservative assumptions are made 
so that the actual recovery voltage will not 
exceed the estimated value which is used in 
making the application of expulsion gaps or 
similar devices. 

Oscillographic tests may be made on 
actual service setups and also on miniature 
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laboratory setups. The 2 methods are com¬ 
plementary to each other rather than com¬ 
petitive. The field tests deal not only wth 
recovery voltages under various conditions 
but also with the life and characteristics of 
the circuit-opening device and its effect on 
the system. These field tests are a neces¬ 
sary part of the development and improve¬ 
ment of the circuit-opening device. 

Field tests cannot be carried on continu¬ 
ously and miniature laboratory setups 
afford a valuable means of obtaining a 
greater amount of data and of broadening 
out the test program. 

A number of field tests on the operation 
of expulsion gaps and the resultant re¬ 
covery voltages have been made recently. 
In general, it has been found that the calcu¬ 
lations have been conservative and satis¬ 
factory in placing an upper liniit on the ex¬ 
pected value of recovery voltage. These 
tests are very valuable in supplying data on 
the effect of circuit conditions and of varia¬ 
tions in the device tested. 

In general the factors which tend to in¬ 
crease the recovery voltage are (a) limita¬ 
tion of the short-circuit current by induc¬ 
tance principally rather than by resistance 
so that the generated restored voltage is 
near a maximum when the current goes out 
at zero; (b) an oscillatory circuit on which 
the restored voltage is impressed so that the 
recovery voltage may rise to about twice 
the restored voltage; (c) a small value of the 
product of inductance and capacitance in 
the oscillatory circuit so that the natural fre¬ 
quency is high and the recovery voltage 
rise is steep. 


H. M. Tmeblood (Bell Telephone Labora¬ 
tories, Inc., New York, N. Y.): This paper 
takes a valuable further step in the ad¬ 
vance of our means of understanding 
phenomena which are not only important 
from an engineering standpoint, but also 
of great interest in themselves. In some 
of the studies* that have been carried on 
by the joint subcommittee on development 
and research of the Edison Electric Insti¬ 
tute and the Bell Telephone System, an 
important feature has been the matter of 
overvoltages on power systems at times of 
ground faults, and the relation of these 
overvoltages to the use of devices for 
limiting fault currents. Such investigations 
make contact at several points with the 
subject of this paper, and the methods 
described by the authors should be helpful 
in them, particularly in the study of 
specific situations. 

The main object of the paper is evidently 
to present practical working methods, applic¬ 
able over an enlarged range of practical 
conditions, and with no more appeal to 
theoretical considerations than is needed to 
justify the expectation that the methods 
described will be accurate enough for engi¬ 
neering purposes. I do not wish to depart 
from this point of view in discussing the 
paper, particularly since the involved nature 
of the subject makes it impossible for theory 
to go far without clinging to the hand of 
experiment. The checks that the authors 


* Engineering Reports of the Joint Subcommittee 
on Development and Research, volume. IV, pages 
106-137 (1937); ^Ikeson and Jeanne, "Over¬ 
voltages on Transmisnon Lines,” Elbctsicai. 
Enoinbbkino (AIEB Transactions), yolume 63, 
September 1934, pages 1301-09. • 
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give of results from both methods against 
measurements on actual systems are grati- 
fyingly good, although they seem rather 
limited in extent. Additional data from 
further field work shotild serve to indicate 
what modifications may be necessary to in¬ 
sure results within engineering precision, as 
well as to define the limitations of the new 
methods as the latter now stand. In view 
of the rather high frequencies that seem to 
be important in these phenomena, one 
matter that may offer difficulty is the de¬ 
termination of the degree of refinement 
necessary in the equivalent networks. This 
would be involved in both the analytical 
method and the use of the calculating board. 
In the former, in fact, one might run up 
against another obstacle, arising from the 
fact that actual power systems are not al¬ 
together symmetrical, so that the decompo¬ 
sition into the usual sequence networks is 
not strictly justified. Unbalances among 
the 3 networks, unimportant from some 
points of view at low frequencies, acquire 
increased significance at higher frequencies. 
If this sort of difficulty should prove impor¬ 
tant, it could presumably be taken care of, 
up to a certain point, in the calculating 
board setup, at the cost of some complica¬ 
tion, The question, of course, is purely one 
of how much practical difference it would 
make. 

As I understand, the calculating board 
used is ordinarily operated at 440 cycles and 
with impedance elements differing by a con¬ 
version factor from the elements of the 
actual network. I think some further detail 
about how the board is set up and used in 
this new application would be of interest, 
since the results sought go rather beyond 
the usual range. 


R. D. Evans and A. C. Monteiths The dis¬ 
cussions indicate that the methods presented 
in the paper have application to a variety 
of problems of interest and importance to 
the industry. The authors are appreciative 
of these discussions and are encouraged to 
continue their general study of system re¬ 
covery voltage and to develop further the 
methods and their applications. 

When a paper describing new anal 3 rtic^ 
methods is presented the discussion is 
usually concerned with the proper field of 
application. In the present case the dis¬ 
cussion follows these lines. The paper pre¬ 
sents 2 general methods of solution and 
much of the discussion is concerned with the 
choice. It is the authors’ opinion that the 
simpler circuit problems should be studied 
by the jmalytical methods while the more 
complicated circuit problems and general 
investigations should be studied by the a-c 
calculating-board method. The 2 methods 
/» ^ti be used to advantage in complementing 
each other. For the particular problem of 
opening the last circuit breakers on a bus, 
we believe that the analytical methods are 
adequate and not too cumbersome. For 
such calculation we believe the symmetrical 
component method of solution described in 
the paper provides a simplification over 
previous methods and at the same lime 
gives a better visualization of the various 
factors entering into the problem. 

Severid of the discussers have raised a 
question as to the applicability of a-c cal¬ 
culating-board method for problems in¬ 
volving the higher rates of recovery voltage, 
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basing their view on the limitations of re¬ 
cording apparatus and relative importance 
of stray capacitance. In this connection it 
may be observed that the equipment de¬ 
scribed in the paper for the a-c calculating- 
board method is suitable for recording much 
higher natural frequencies than those shown 
in the few examples. This range can be ex¬ 
tended by the use of equivalent circuits of 
lower natural frequencies, when used with 
appropriate corrections for the change in the 
fundamental frequency. By this method 
difficulties in recording and the effect of 
stray capacitance are minimized. The 
limitations of the polar form of recording 
can of course be overcome by the use of a 
cathode-ray oscillograph which incidentally 
was originally developed for surge testing. 
Thus, for the study of high-speed transients, 
the a-c calculating-board method is more 
flexible than would be indicated by some 
of the discussions. Several discussions have 
dwelt on the limitation of the a-c calcu¬ 
lating-board method in arriving at the re¬ 
covery voltage for the opening of the last 
circuit breakers on a bus section. It should 
be appreciated that there is a large number 
of other problems in connection with cir¬ 
cuit breakers, as well as with other pieces of 
apparatus on the system for which the a-c 
calculating-board method is applicable. 

Two of the discussers have raised the 
question as to the frequency used with the 
a-c calculating-board method. While the 
board was designed for 440-cycles supply, 
practically all of the transient studies have 
been made with a separate 60-cycle supply 
although some studies have been made with 
other lower frequencies such as 25 cycles. 

Doctor Trueblood’s discussion is valuable 
in bringing out the multiplicity of factors 
entering into the recovery voltage problem 
and the technical difficulties involved in the 
circuit problem. He has ably summarized 
the authors’ approach to the problem which 
has been to provide a practical method 
giving engineering accuracy. We are in 
hearty agreement with Doctor Trueblood, 
Mr. North, Mr. Brinton, and others, on the 
desirability of obtaining further system 
tests to establish benchmarks which are 
themselves valuable and which will provide 
a sound basis for broader analyses by the 
methods presented. 

Mr. North’s discussion is valuable in that 
it emphasizes the fact that there are a num¬ 
ber of pieces of apparatus whose perform¬ 
ance is vitally affected by recovery voltage 
characteristics. He has also rais^ the 
question of the method for reducing an 
extensive power network to a relatively 
simple equivalent. It is difficult to foOTU- 
late a general procedure since to a consider¬ 
able extent each network must be considered 
as a specM case. In general, the compli¬ 
cated system may be set tip on the a-c 
calculating board in a manner similar to 
that used for load studies when line capaci¬ 
tances are taken into account, with the 
additional complication of setting up the 
network on a 3-phase basis and making the 
zero-sequence circuit of proper value in a 
manner similar to that shown in figure 16. 
In the case of very large networks it may 
be necessary to set up at one time only a 
part of the system and to obtain an equiva¬ 
lent network for this part. 

We agree with Mr. North that the ref^- 
ence in figure 27 should be to figure 18 in¬ 
stead of figure 19. 
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Mr. Skeats has suggested that recovery- 
voltage characteristics for circuits and ap¬ 
paratus be defined in terms of the rate of 
rise to certain points on the recovery voltage, 
wave. The authors are of the opinion that 
a better and more complete picture of the 
voltage recovery problem both from the 
standpoint of the system and of the appa¬ 
ratus will be obtained by the method used 
in the paper which defines the recovery 
voltage in terms of a curve plotting magni¬ 
tude and time. Having such a curve in 
mind it is convenient to express particular 
points of interest in terms of magnitude and! 
time to crest. The phenomenon of arc inter¬ 
ruption reviewed by Mr. Ludwig is a sub¬ 
ject which must be thoroughly understood 
in order to broadly consider the recovery- 
voltage problem. 

Mr. Skeats’ point concerning the connec¬ 
tion of the sequence networks is not dear. 

It is assumed that he refers to the fact that 
a switching operation is required for chang¬ 
ing the connection of sequence networks 
when representing the opening of one pole of 
a breaker on a double-line-to-ground fault. 
This is a complication with the sequence 
network method of representation but it fe 
of course not encountered with the 3- 
phase method which has been more gener¬ 
ally used by the authors. The sequence net¬ 
work, however, does assfet in separating the 
components of the total recovery voltage 
and thus gives a better visualization of the 
phenomena taking place. 

Mr. Skeats suggests that the machine re¬ 
actance used in recovery studies should be 
based on the quadrature subtransient re¬ 
actance on the basis that the current is 
interrupted at the crest of the voltage wave 
at which time the flux path in the rotor is in 
the quadrature axis. However, the re¬ 
covery phenomenon generally of interest is 
that corresponding to the clearing of some 
unbalanced fault on the transmission sys¬ 
tem and for such conditions the flux path in 
the rotor will not be wholly in the quadra¬ 
ture axis. Hence some combination of the 
reactances corresponding to both direct and 
quadrature axes should be used. The nega¬ 
tive-sequence reactance is an average of 
these reactances and was suggested in the 
paper as the value to be used in recovery 
voltage investigations. A more important 
correction than the cyclic variation in re¬ 
actance may be due to the harmonic dis¬ 
tortion which occurs with imbalanced faults 
on salient-pole machines without dampers. 
This point, mentioned by Mr. Crary, has 
been recognized by the authors* The effects 
of harmonic distortion are admittedly diffi¬ 
cult to include in setup but cjm be compen¬ 
sated for by separate correction. The use 
of such a procedure for this very special case 
is believed to constitute only a minor limi¬ 
tation to the general value of the method. 

Mr. Crary has also raised a question of the 
fault representation for the interruption of 
an arc at other than its normal current zero. 
If the arc characteristics are known, a fault 
representation device may be devised wd 
its effect introduced into a calculati^- 
board study. One such arc representation 
device is described by the authors in connec¬ 
tion with figure 18. The a-c calctdating- 
board method permits interruption at any 
desired point. As pointed out by the 
authors, interruption of an arc on a system 
will ordinarily take place at or close to the 
normal current zero because of the fact that 
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the recovery voltages for interruption on 
either side of this point are higher than at 
the normal current zero. 

In connection vrith Mr. Hunter’s dis¬ 
cussion, we do not understand the difficul¬ 
ties which he anticipates in the determina¬ 
tion of circuit constants for sjrstems on 
which flashover protector gaps are to be 
applied. It is our opinion that if the physi¬ 
cal layout of the system is known the dec- 
trical constants may readily be calculated 
with engineering accuracy . 


Characteristic Constants of 
Single-Phase Induction Motors 

Discussion and author's closure of a paper by 
Wayne J. Morrill published in the March 
1937 issue, pages 33-38, and presented for 
oral discussion at the power generation and 
electrical machinery session of the summer 
convention, Milwaukee, Wis., June 24,1937. 


P. L. Alger: See discussion, page 1312. 

P. H. Trickey (Diehl Manufacturing Com¬ 
pany, Elizabethport, N. J.): I was very 
much interested in Mr. Morrill’s paper 
partly because of its usefulness and partly 
becaime he has used a similar method of 
attack to that used in my paper on shaded- 
pole motors. 

In checidng the 2 papers against each 
other, I find several points of interest. In 
the first place in my own paper the first sen¬ 
tence of the paragraph on harmonic reac¬ 
tance should read "The above reactance 
Xm is here defined as the magnetizing or 
mutual reactance.” In the second place, 
after taking the differences of the total and 
magnetizing reactances, the terms were 
rearranged, and the term sin* p/i was in¬ 
advertantly omitted from the denominator 
of the constant Cn whidi should read 

_ 1.232 a — Sin* dA 

* “ Sin* dA 

Having made this correction and putting 
the constant 3.19 in Mr. Morrill’s equation 
for permeance, it can be shown that the 2 
equations became identical for the special 
case of one coil per pole with a pitch equal 
to the pole area of the salient-pole motor. 

In developing these formtxlas, I feel that 
Mr. Morrill has very definitely contributed 
to the more accurate calculation of motor 
constants. The formulas which my as¬ 
sociates were using when I first began to cal¬ 
culate motors, were the origmal formulas 
of G. A. Adams, published in 1904. How¬ 
ever, to partly compensate for a wide diver¬ 
gence between calculation and test, they 
were using Adams’ "belt leakage” even 
on squiird-cage motors. After Mr. Vei- 
nott developed the formulas for skew leak¬ 
age, and after I had worked up some curves 
for the reactance of closed-slot rotors, we 
attempted to drop the fallacious use of the 
belt leakage. We found that we were al¬ 
ways low if we omitted it and high if we used 
it. So for a number of years now we have 
been arbitrarily using *A of the calculated 
belt leakage; and have had very satisfac¬ 
tory results. We have justified it, as p^y 
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compensating for some differential leakage 
not covered by the :ngzag. 

I have lately checked 4 repulsion-start 
induction motors, comparing the present 
method of zigzag plus Vs 
rill’s stator and rotca: harmonic leakage. 

In all the cases; the present method, Mr. 
MorriU’s method and test values were very 
close together, but in every case Mr. Mor¬ 
rill’s method was closer to test than the pres¬ 
ent method. 

Mr. Morrill has given us some very use¬ 
ful formulas which can be applied directly 
to repulsion-start induction motors. Would 
it be out of place to ask him if similar for¬ 
mulas are available for the rotor reactance 
of the squirrel-cage rotor? 

Rbfbrbkces 

1. An Analysis of thb Shaded Pole Motor, 
P. H. Trickey. Elbctrical Enoinbbrino (AIBE 
Transactions), 1986, page 1007. 

2. Thb Lbaeaob Rbactancb of Induction 
Motors, C. A. Adams. International Electric 
rfttigr ooa , St. Louis 1904 Transactions, pages 706- 
24. 

Wayne J. Morrill: I am pleased to receive 
the discussion from Mr. P. H. Trickey, an¬ 
nouncing close agreement between calcu¬ 
lation and test which had been obtained by 
bim using the method of my paper. 

Mr. Trickey asked whether similar for¬ 
mulas are available for the rotor reactance 
of squirrel-cage rotors. It was my inten¬ 
tion to point out in the paper that the de¬ 
veloped formula for rotor-air-gap reactance 
applies equally well to squirrel-cage rotors 
and wound rotors. 


End-Windins Inductance 
of a Synchronous Machine 

Discussion and author's closure of a paper by 
B. H. Caldwell, Jr., published in the April 
1937 issue, pages 455-61 and 474-5, and 
presented for oral discussion at the power 
generation and electrical machinery session 
of the summer convention, Milwaukee, Wis,, 
June 24,1937. 


G. W. Hampe: See discussion, page 1318. 


P. L. Alger (General Electric Company, 
Schenectady, N. Y.): The appearance of the 
4 papers by Beckwith, Caldwell, Douglas, 
and MorriU, carrying further the analytical 
study of leakage reactance, and the recent 
appearance of an article on ‘induction Mo¬ 
tor Leakage” by Mr. L. H. Carr (Metro¬ 
politan Vickers Gazette, volume 16, May 
1937, pages 426-^1) inchcate that there is 
stiU much to be done in making the knowl¬ 
edge of this important subject adequate for 
design purposes. Professor Douglas' sug¬ 
gestion of procedure for end-cormection 
reactance calculation, and Mr. Caldwell’s 
actual carrying out of such a process for the 
end leakage reactance of S}nichronous ma¬ 
chines, are particularly important con¬ 
tributions, I bdieve that Mr. Caldwell’s 
results are more exact and give a more satis¬ 
factory understanding of the variations of 
end leakage reactance with design propor- 
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tions tVian any methods heretofore published. 
Further work in this field is still desirable, 
however, first to verify the practical appli¬ 
cation of his results over a wide range of 
machines, second to add methods of allow¬ 
ance for Ae additional reactance due to the 
presence of magnetic retaining rings, such 
as are used with high-speed machines, and 
third to determine the end reactance when 
the secondary currents flow in a distributed 
armature winding or a squirrel cage, in¬ 
stead of in a salient-pole field winding. 

I also believe that Mr. Morrill’s contri¬ 
bution in presenting a method of more ac¬ 
curately calculating the air-gap reactance of 
single-phase motors is important. The 
results in some ways conflict with those 
obtained by Mr. Carr in the paper men¬ 
tioned above, Mr. Carr preferring the 
method of calculating the average overlap 
of the teeth to obtain the permeance of the 
combined zigzag leakage flux paths, instead 
of the difference between the total air 
gap flux and the fundamental component 
for rotor and stator separately, as used by 
Mr. Chapman and Mr. Morrill. Also, 
Mr. Carr suggests that the variations in the 
air gap fringing coefficients for the funda¬ 
mental and the tooth harmonic fluxes intro¬ 
duce an error when Mr. Morrill’s method 
is used. While further work should be 
done to reconcile these different views, my 
own belief is that Mr. Morrill’s method is 
substantially correct. 

Another problem to be solved in this re¬ 
actance calculation field is that of deter¬ 
mining the leakage reactance for various 
types of irregular or multiple windings, such 
as are used in part-winding starting of mo¬ 
tors and double-winding operation of alter¬ 
nators. These windings have relatively 
large air-gap leakage reactance components 
due to the large harmonics in the field form, 
and they also have additional slot reac¬ 
tance, depending upon the arrangements 
used, as discussed in the paper presented 
before the Institute in 1929, entitled 
"Double Windings for Turbine Alterna¬ 
tors (P. L. Alger, E. H. Freiburghouse, and 
D. D. Chase, AIEE Transactions, vol¬ 
ume 49, January 1930, pages 226-44). I 
believe that the orderly system of notation 
and the use of coimection tensors, sugges¬ 
ted by Mr. Kron, are helpful in analyzing 
these problems of irregular windings, and I 
hope that a paper can be presented before 
the Institute dealing with this aspect of the 
subject in the near future. 


J. F. H. Douglas (Marquette University, 
Milwaukee, Wis.): CaldweH’s fourth as¬ 
sumption, namely that there is 100 per cent 
eddy-current shielding in the end lamina¬ 
tions, is equivalent to the use of a Rayleigh 
insulating surface, and is a conservative 
assumption. Thus his values of inductance 
are smaller than the true values, but if they 
are, as indicated by the discussion, higher 
than previous published values they are 
nearer the truth. 

With regard to the factor (2) which dis¬ 
appears between Caldwell’s equations 12 
and 16 I believe that this is the point he 
chooses to introduce the effect of both end 
windings, and that his equation 16 is sub¬ 
stantially correct. 

It should be pointed out next that the 
writer has carefully checked the various 
formulae as far as equation 26 and suggests 
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a slight modification only in equations 13 
and 23. Thus the work appears to be sub¬ 
stantially accurate and in accordance with 
the postulates. The method is, moreover, 
•of considerable power, and leads to conver¬ 
gent series and a workable formula for in¬ 
ductance. 

The capabilities of the method, transcend 
the postulates, Caldwell’s third postulate 
is equivalent to placing a Rayleigh con¬ 
ducting plane tangent to the ends of the 
winding and increases the inductance per¬ 
haps 6-10 per cent. By moving the plane 
away from the poles and using a double 
harmonic series as is used in the theory of 
the square drum head this error may be re¬ 
duced [“Fourier Series, Surface, Zonal, and 
Spherical Harmonics” (a book), Byerly]. 

Caldwell’s fourth postulate, namely that 
of 100 per cent eddy-current shielding may 
be replaced by its opposite 0 per cent shield¬ 
ing and the method would still be appli¬ 
cable. In figure 1 is shown a wave of mag- 



!Figure 1. Magnetomotive-force wave with 
no shielding 


•netomotive force varying in the y direction, 
the right-hand wave and the left-hand 
dotted wave are in accord with Caldwell’s 
fourth postulate, the solid curve indicates 
tb<» needed change to make the polar and 
armature iron an equipotential surface. 
P represents the poles, A the armature, 
PC the fictitious conductor closing the gap, 
and jRC represent Rayleigh conducting 
planes. The series of harmonics is now a 
double series, contains terms of double 
frequency only in. y and converges more 
slowly than before. Thus Caldwell’s method 
should be capable of considerable further 
development. 

Comment should be made on the ingen¬ 
ious experimental technique shown in figure 
10. This is believed to be a very useful 
contribution. In this figure it appears as 
if the long side of the triangular test coils 
returns on the outside of the end connec¬ 
tions. It is believed that this mis^ con¬ 
siderable flux, and that the correct loca¬ 
tion of the return conductor should be on 
the air-gap side of the end connections and 
adjacent to the tips of the teeth. 

One important consequence of Caldwell’s 

anal 3 rds, and equally true even when differ¬ 
ent postulates we used, is that the field is 
essentially a cosine function of x. This 
means that the fidd in the end zone is sub¬ 
stantially a revolving field for either posi- 
tive-of negative-sequence components, and 
a pulsating field for zero-sequence currents. 

I wish here to record my reasons for be¬ 
lieving that Caldwdl’sfourli posttfiate of 

100 per cent eddy-current shieldii^ is need¬ 
lessly conservative, This is an important 
point, since a particular case showed de¬ 
cidedly greater inductance with 0 per cent 
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shielding. The largest difference is made 
by flux leaving ends of stator teeth and 
reaching the pole shoe. Here there is no 
shielding in the rotor as it moves s 3 mchro- 
nously with the flux (positive sequence as¬ 
sumed) and little shielding is offered by the 
teeth as they are too constricted for eddy 
currents. In the second place the flux 
leaving the side of stator laminations is un¬ 
doubtedly cut down somewhat by eddy cur¬ 
rents, but it is suggested that flux pene¬ 
trating only 2 or 3 laminations would find 
an easy return path, and the shielding 
should not be large. There is enough evi¬ 
dence available from the loss caused by 
lapped-over butt transformer joints, and 
in the reactance of core-type transformers 
to estimate the probable shielding of eddy 
cxirrents. Caldwell’s assumption is nearer 
correct for cross-magnetizing flux than di¬ 
rect, nearer for negative and zero phase 
sequences than for positive. It is sugges¬ 
ted that further experiments are very much 
needed. 

In commenting on Caldwell’s figure 11 the 
solution of a particular case indicated the 
plane aa' to be nearer the end connection 
the pole core, I conclude that Cald¬ 
well’s fringing is an important factor, and 
as pointed out it could be calculated as 
part of the eUd-zone flux. 

In place of the author’s equation 13 for 
pitch other than 100 per cent I get the mag- 
netoWotive force as a double summation of 
surface harmonics of the type 


M 


n»>l ZmUri 


cos {ynxPjD) sin {nky) (1) 


where the value of Amn is given by 


A 


mn 


32 (»t) ip) cos (1.57 mp) 
(3.14) (w) («* — w*/>*) 


sin (1.57«) 
( 2 ) 


This reduces to the form of Caldwell when 
there is 100 per cent pitch. We request 
Caldwell to give more details in his dis¬ 
cussion. 

In attempting to check Caldwell’s equa¬ 
tion 23 I get a slightly different result. 
PglliTig jfe the ratio of slot width to tooth 
pitch, 

/ 3 

Kra - Kj,r„.Knvi ^3 ^ 4 ^ 

sin(few30%) \ .j. 

k sin {m 30°/^)/ 

It is believed that the neglect of the last term 
in equation 3 introduces an error less than 
10 per cent with the postulates adopted by 
Caldwell, but with 0 per cent shielding, 
and a less rapidly converging series the term 
may be of consequence. 




'Ernst Weber (Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y.): The general 
outline for the computation of the reactance 
of end connections as given by J. F. H. 
Douglas, is extremdy interesting and cer¬ 
tainly opens a wide field for experimental as 
well as mathematical rerearch. The spe¬ 
cific application of mathematics to this par¬ 
ticular problem eaqpored in the paper by 
B. H, Caldwell illustrates the power of the 
judicious combination of theory and experi¬ 
ment. There are, however, a number of 
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points to be considered in a more thorough 
study of this leakage problem. The Four¬ 
ier series employed by Caldwell presupposes 
an infinite grid system of square loops. In 
reality, taking into account the magnetic 
image of the end coils one would have a 
single infinite line of diamond-shaped coils 
and the Fourier-integral method should be 
employed to obtain the proper field distribu¬ 
tion perpendicular to the magnetic mirror. 
The apparent agreement between measured 
and computed values might be essentially due 
to the simple geometric form used. This 
agreement fails immediately when meas¬ 
urements are made on completed machines 
as evidenced in table II of the paper, where 
the error in the mutual inductance is 29 per 
cent and the error in the self-inductance 13 
per cent. 

On account of the simplifications intro¬ 
duced by Caldwell, one cannot possibly ex¬ 
pect his formulas to hold in actual ma¬ 
chines. I should like to call attention to a 
very thorough study of this problem extend¬ 
ing over a period of almost 15 years, which 
leads to formulas taking into accotmt all the 
details of actual madiinery. The. mutual 
linkage, for example, between field coil and 
stator winding is taken into account there 
and not ignored. I am referring to the ret 
of volumes "Elektrische Maschinen” by 
R. Richter, successor to E. Arnold, at the 
Technical University "Fridericiana” in 
Rarlsruhe, Germany. Four volumes have 
appeared, published by J. Springer, Ber¬ 
lin, Germany. The first volume, dea li ng 
with the general elements of electrical ma¬ 
chines, published in 1924 (price approxi¬ 
mately $11.00), gives on page 281 an expo¬ 
sition of the general problem of end-con¬ 
nection leakage. Some of the salient points 
of Richter’s presentation are: distinction 
of the useful flux (linked with stator winding 
and field coil or rotor winding in general) 
and true leakage bux; computation of the 
leakage inductances by means of Biot- 
Savart’s law in its form modified by J. C. 
Maxwell; distinction between self- and 
mutual inductances of the stator coils taking 
into accoimt the relative position for the 
various types of windings used in electrical 
machinery, and finally a general form for 
the specific end-connection leakage whereby 
factors are introduced obtained by ex¬ 
perimental research on a larg;e variety of 
coil models, executed in the laboratories 
of the Technical University of Karlsruhe 
under the supervision of R. Richter. 

Volume 2, dealing with the synchronous 
and synchronous converters, pub¬ 
lished in 1930 (price approximately $12.60), 
gdves on page 91 a general formtda for the 
specific end-coimretion leakage, introducing 
correction factors taking into account , the 
shape of the rotor, the combination of the 
coils into coil groups and the pitch of the 
individual coils. Curves are given for 
those correction factors which were deter¬ 
mined experimentally. 

Volume 4, dealing with s 3 mchronous ma¬ 
chines, published in 1936 (price approx¬ 
imately $12.60), gives on page 161 the ap¬ 
plication of the general formula for the end- 
cojinection leakage to the types of windings 
used in asynchronous machines, and takes 
into special consideration squirrel-cage 
rotors and dip-ring rotors of various num¬ 
bers of phases. Again, distinction is drawn 
between useful flux and indi^dual leakage 
flux of the opposing windings and correc- 
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tion factors are given in table and graph 
form. 

Since the formulas published in the set of 
volumes mentioned above have been checked 
carefully in the course of many years, and 
since the resources of the Technical Uni¬ 
versity of Karlsruhe are of world-wide re¬ 
pute, it might be very valuable to compare 
the results there obtained with the pro¬ 
cedure suggested in the papers before us. 


Leroy CofSn (Allis-Chalmers Manufactur¬ 
ing Company, Milwaukee, Wis.): The sub¬ 
ject of end-winding leakage reactance is of 
particular importance to designers of ro¬ 
tating electrical machinery because it forms 
an elusive part of the more important re¬ 
actances. It may be a considerable part 
of the transient and subtransient reactances, 
particularly in machines with short cores, 
and for that reason the determination of 
these reactances may depend largely upon 
how closely the end-winding leakage re¬ 
actance may be estimated. 

Mr. Caldwell has made a very ingenious 
mathematical analysis of the end leakage 
field and it appears that with some modi¬ 
fication to cover particular cases that we are 
now nearer a solution of this problem. 

A flux map of this end-winding region 
shows a portion of useful flux extending well 
out into the space occupied by the coil ends 
and entering the stator teeth and core. 
The existence of this flux may be verified by 
means of iron shavings placed in a glass test 
tube. While this component of useful flux 
may be small in comparison with the flux 
in the air gap it is not necessarily small in 
relation to the total flux existing in the end 
zone. Each end conductor is also linked 
with flux which does no useful work. This 
we term leakage flux. We attempt to cal¬ 
culate the amount of this leakage flux but 
there is no way of readily measuring it. 
Exploring coils may fail to link all the leak¬ 
age flux and are usually cut by useful flux. 
We thus measure the total flux, cutting the 
exploring coil but have failed to divide it 
into its respective components. 

Most machines have masses of iron in this 
end zone, such as core end heads or finger 
plates, coil shields or end bells, and pole end 
plates or rotor-coil support rings. These, 
of course, change the reactance and their 
presence will require correction factors 
which will necessarily be empirical. 

Caldwell’s equation 16 gives values higher 


than those calculated by the usual meth¬ 
ods. Calculations were made on a num¬ 
ber of 3-phase machines, varying from 4 to 
88 poles and in no case did the mutual leak¬ 
age exceed 3 per cent to 4 per cent. A 
great many salient-pole machines have 
rotor pole end plates extending well out into 
this end zone. It would not seem that any 
appreciable amount of mutual leakage flux 
could exist between the 2 windings with this 
magnetic material between them. 

In order to compare the various methods 
of calculating this end-winding leakage a 
hypothetical case was considered. It was 
assumed that we had a core which could be 
wound for 4 to 20 poles. The air-gap flux 
density, effective ampere conductors, and 
the output factor were arbitrarily kept con¬ 
stant in order to make the results compa¬ 
rable. Low-voltage insulation was assumed. 
Figure 2 shows the calculated per unit val¬ 
ues of end-winding leakage reactance for a 
full pitch windmg. The calculations were 
made by Caldwell’s method and previously 
published methods.^"* No allowance was 
made for mutual leakage. No multiplying 
factor has been applied to the values ob¬ 
tained by Still’s method. He recommends 
a figure of 1.7 to 3.6, depending upon the 
type of machine. Figure 3 shows calcu- 


to estimate this end-winding leakage reac¬ 
tance with reasonable accuracy. 

Repbrbncbs 

1. Thb Calcxjlation op thb Armature React¬ 
ance OF SvNCHRONOus MACHINES, P. L. Alger. 
AIEE Transactions, volume 47. page 493. 

2. End Connection Reactance of Synchronous 
Machines, Alfred Still. AIEE Journal, July 
1930. 

3. Calculation op Synchronous Machine Con¬ 
stants, L. A. Elilgore. AIEE Transactions, 
volume 50, page 1201. 


B. H. Caldwell, Jr.: The appearance of the 
factor 2 in equation 15, which has been 
questioned by Mr. Coflfin, has been care¬ 
fully checked both by Mr. Douglas and the 
writer, and the conclusion is that with the 
stated assumptions (16) is correct as it ap¬ 
pears in the paper. In proceeding from 
(12) to (16) a multiplier of 2 does appear 
to account of both ends of the 

end winding. 

There may be some confusion regarding 
the definition of ». Perhaps a clearer defi¬ 
nition would be to define n as the number 
of V-shaped end-winding conductors per 
phase per pole. Throughout the paper the 



ated values for the same machines wound 
with Vs pitch. This shows the influence of 
short pitch on the various methods. This 
example does not mean that the variation 
by* different methods will always be as 
shown here. The results depend upon the 
amovmt of insulation on the coil, the ratio 
of slot to tooth width, the angle of the V 
part of the coil, and various other factors. 
However, with the various methods now 
available, used in conjunction with tests on 
actual machines, the designer should be able 


V-shaped conductor has been used as the 
tmit. This corresponds to the number of 
series connected turns of the armature 
winding as a whole."' 

There happens to be an easy way of com¬ 
paring the result gflven by (15) with Mr. 
Alger’s result (reference 1 of the paper). 
His equation 13 for the peripheral com¬ 
ponent of end-winding leakage flux, when 
expressed in the nomenclature of this paper, 
is 

Xbp 12 9rPtana„ 

— 'f' — " 



Equation 16 differs from (33) only in that 
the tan a is replaced by sec ot. For a =* 60 
degrees the ratio of (16) to (33) is 1.156. 
Now Mr. Alger adds the axi^ component 
of end-winding leakage to Xbp to obtain 
the final expression for the total leakage, 
while the mutual linkage is subtracted from 
(16) to obtain the final expression for the 
leakage inductance, hence it appears logi¬ 
cal to expect the 2 methods to agree with 
fair accuracy. 

Mr. Douglas calls attention in his (1) 
and (2) to an approximation not specificadly 
mentioned in the paper. The approximation 
involved is equivalent to assuming curve 
1 of figure 4 instead of curve 2 as the mag¬ 
nitude of the space fundamental of flux 
density along the y-axis. Curve 2 which is 
theoretically correct has its maximum at 
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y =‘ d, while the assumed curve 1 has its 
maximum beyond y = d. Only the region 
between 0<y<d is involved, and the sim¬ 
plification of the expression for the pitch 
factor warrants the approximation. For 

pitch this introduces an error of about 
3.5 per cent. 

The approximation pointed out by Mr. 
Douglas in his equation 3 is specifically 
noted in the paper. Space limitation pre¬ 
vented discussing it in detail. As he points 
out, it may lead to considerable error in 
some cases, particularly where the ratio of 
slot to tooth pitch is large. However, Mr. 
Douglas apparently overlooks the fact that, 
because of the angle of the end connections, 
the ratio of the peripheral dimension of the 
conductor in the end zone to the tooth pitch 
is much closer to unity than it is in the core 
length, which makes the approximation 
quite good for the fundamental. In cases 
where the series of equation 22 converges 
slowly equation 21 instead of 23 should be 
■used to compute Km. 

Both Mr. Coffin and Mr. Douglas have 
pointed out the importance of fringing flux 
across the air gap. Measurements with 
exploring coils as well as flux plots indicate 
that they are correct. I would like to re¬ 
fer to the discussion of this under 

^‘conclusions” in ray paper. What I have 
jattempted to calculate and measure is end 
winding leakage inductance. It seems ob¬ 
vious that practically all of the flux lines 
which enter either the pole directly or the 
rotor pole end plates will thread the pole 
coil, appear as fringing flux at an adjacent 
pole, and complete their paths by return¬ 
ing through the stator iron. There is, of 
course, some flux which passes from a tooth 
side to the adjacent tooth side. This is 
truly leakage flux and F. W. Carter in a dis¬ 
cussion of a paper, “The Reluctance of Some 
Irregular Magnetic Fields,” J. F. H. Doug¬ 
las, AIEE Transactions, volume 34, 1915, 
pages 1067-1134, has calculated this a 
correction for the slot leakage flux. T^ 
seems to be a logical way to handle the oAer 
components of fringing flux. Thus this flux 
would contribute components to the flux of 
armature reaction and differential leakage 
as well as the slot leakage, Except^for 
machines with a very short Stacking tl^ese 
fringing: components would probably be a 
very small correction. On this basis I have 
chosen to ignore the fringing fliK in calcu¬ 
lating the end-winding leakage inductaime, 
and it ■ enters ^e problem only in that 
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it distorts the end-winding leakage field. 

In the exploring-coil method of measur¬ 
ing the end-winding leakage inductance this 
question of fringing flux agmn appears. As 
Mr. Douglas points out, the exploring coils 
are not linked by all of this fringing flux. 
However, they were in the same positions 
for both the measurement of the self and the 
mutual flux, hence the omitted part would 
add to each of these values in the same way 
and cancel in the final result. 

It is not my purpose to minimize the im¬ 
portance of calculating the fringing flux. 
Although it does not, according to the pos¬ 
tulates of my paper, constitute a part of the 
end-winding leakage flux and except in rare 
cases the corrections of slot leakage, differ¬ 
ential leakage, and inductance of armature 
reaction to account for it are probably small, 
it is very important in calculating lo^es. 
Most of this flux enters unlaminated sec¬ 
tions of iron, hence it is probably respon¬ 
sible for a large part of the magnetic losses 
of machines. 

For this reason, further work along the 
lines suggested by Mr. Douglas is very de¬ 
sirable. Also, as Mr. Alger points out, the 
method outlined should be useful in calcu¬ 
lating the inductance of a larger class of 
machines. The discussion of this group of 
papers has revealed many useful suggestions 
and it is to be hoped that these suggestions 
will be the subject of further theoretical 
nnH experimental study by the various 
authors. 

Reactance oi 
End Connections 

Discussion and author's closure of a paper by 
J. F. H. Douglas published in the February 
1937 issue, pages 257-9, and presented for 
oral discussion at the power generation and 
electrical machinery session of the summer 
convention, Milwaukee, Wis., June 24,1937. 


P. L. Alger: See discussion, page 1312. 


G. W. Hampe: See discussion, page 1318. 
Ernst Weber: See discussion, page 1313. 


L. T. Rosenbeiig (Allis-Chalmers M^u- 
facturing Company, Milwaukee, Wis.): 
The designer is always eager to adopt re¬ 
finements in methods of calculation of per¬ 
formance that will consistently yield more 
accurate values. Heretofore, end-connec¬ 
tion reactance has been computed on the 
basis of certain assumptions which gave 
reasonably good results in most cases. 
When test values of reactance showed poor 
agreement with calculation, it was not al¬ 
ways easy to determine the exact source of 
the error, although it was only natural to 
suspect those pkces where approximations 
had been used. 

In synchronous machines having mag¬ 
netic rotor pole end plates with axially 
overhanging pole piece to support the rotor 
coil ends, and in turbogenerators not 
equipped with nonmagnetic rotor-coil re¬ 
taining rings, the proximity of the mag- 
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netic material evidently had its effect upon 
the end-winding reactance. Since these 
effects are most pronounced in the imme¬ 
diate vicinity of the core and pole ends, and 
since in machines of moderate to large rat¬ 
ings the stator coils usually project straight 
out of the slots for a distance of from 2 to 6 
inches and then bend radially outward at 
an angle, it would seem reasonable that 
end-connection reactance might well be di¬ 
vided into 2 distinct parts; that part cor¬ 
responding to the straight stickout with the 
proximity of iron accotmted for in accord¬ 
ance with Doctor Douglas' paper, and the 
remainder corresponding to the V-shaped 
ends considered to be far enough away from 
the iron to be unaffected as treated by B. H. 
Caldwell in a companion paper. A rigid 
solution on this basis may prove to be less 
difficult and thus permit taking account 
of the conical shape of the end winding plane. 

The application of the Schwarz-Chris- 
toffel transformation to the solution of mag¬ 
netic fields as described in the paper will 
generally lend itself to the expression of per¬ 
meances as a function of the physical di¬ 
mensions in the form of curves, thus facili¬ 
tating practical use of the results. End- 
cormection reactance might then be com¬ 
puted in very much the same maimer in 
which we now use the Carter coefficient to 
calculate the effective air gap of a slotted 
armature surface. 


J. F. Calvert and E. K. Rohr (Iowa State 
College, Ames): We have several items 
which we wish to discuss in coimectionwith 
Professor Douglas’ paper and will intro¬ 
duce these approximately in the order in 
which he has presented them. 

1. In his discussion of figure 2 of the 
paper, he describes how ampere turns ap¬ 
plied across the air gap may be replaced by 
current-carrying conductors of proper 
strength. However, for his figure 1 and 
the lower view shown in figure 5, where 
imaging is proposed, we would like to ask 
why the air gap magnetomotive force has 
not been replaced by a current sheet (or 
Rayleigh insulating surface for magnetic 
flux)? 

2. Referring now to the right-hand 
drawing in figure 2 of Professor Douglas’ 
paper, we do not believe that this presents 
a strictly correct treatment of the problem. 
Either it must be assumed that other con¬ 
ductors exist such that there will be the 
sjttnp magnitude of magnetomotive force for 
the air gap over each coil, or else, if only oiie 
coil is to be assumed in the air gap, as is 
shown in his figure 2, the return current at 
the air gap for the single coil end must di¬ 
vide and travel along the air gap in 2 paths. 
This is illustrated further in figures 1 and 
2 of this discussion. If only one coil is to be 
assumed in the machine and it spans one- 
fourth of the air gap periphe^, figure lo 
of the discussion shows the air gap mag¬ 
netomotive force to be replaced, and figure 
16 shows how this should be accomplished. 
If 4 coils, each of one-fourth pitch, are to 
be assumed and are so disposed that the 
magnetomotive force on the air g^p is 
symmetrical, figures 2a and 26 of this dis¬ 
cussion show how tire air gap magneto¬ 
motive force should be replaced by current- 
carrying conductors. We assume that for 
the right-hand drawing of figure 2 in the 
paper. Professor Douglas is assuming that 
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FIGURE la 


FIGURE 2a 
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Rgure 4. End-winding and air-gap magnetomotive forces 

Three phase, 4 pole, 48 slots, coil span » 10 slot pitches 


Figure la. Only one full pitch coil excited 

Solid lines show the flux. Dotted lines show the ampere 
turns, and also the directions and relative densities For the 
current when the air space in this plane is replaced by a 
current sheet or Rayleigh insulating surface for magnetic 
flux 

Figure 1c. Approximate flux and magneto- 
motive-force distribution on the radial plane 
through the pole center line with only one 
full pitch coil excited in a 4-poie machine 

Note the map is only 2-dimensional. Also note that the 
stator flnger-plate and end-plate and also the overhang on 
the pole end-plate are neglected to give a plane surface 
and thereby permit imaging. This has been done to be 
most nearly in conformity with the paper 


Rgure 2a. Same as figure la except with one 
full-pitch coil per pole excited as shown 


Rgure 2c. Same as figure 1c except for one 
full-pitch coil per pole 


an even number of coils are disposed 
around the machine in a manner similar to 
that indicated by figures 2a and 2& of this 
discussion. Figfures Ic and 2c of this dis¬ 
cussion show the end zone flux mapped on 
the assumption of a 2-dimensional field. It 
must be recognized that a 2-dimensional 
analysis here is only approximate, but it 
does give the general direction of the mag¬ 
netic flux, and the orthogonal surfaces. 



3. In his discussion of figures 6 and 6 of 
the paper Professor Douglas assumes a Ray¬ 
leigh itifl ulatin g surface to be located in a 
plane parallel to the edge of the field pol^. 
It would appear that Professor Douj^as in¬ 
tends to neglect the pole ov^hang or pole- 
shoe. However, we would like to ask first 
whether this Rayleigh insulating plane is 
to be assumed at 0-e or at d-d as designated in 
figure 3 of this discussion, or at some in¬ 
termediate location, and second on what 
basis a Rayleigh hisulating surface in this 
zone between s-s and d-d can be assumed 
to be a plane? We fed that this assump¬ 
tion is an ingenious devdopment, and if it 
can be adequatdy justified may prove to 
be a useful artifice, but we also fed that 
further justification for the assumption of a 
piauft for this surface should be presented. 

4. The pole and sunnatufe present Ray- 
conducting surfaces for magnetic fl^ 

in the end zone. However, the interpolar 
space may be considered m^y as a widen¬ 
ing out of the air gap in the radial direction. 
Therefore, in the polar zone as defined in the 
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paper, the pole and armature do not form a 
continuous Rayleigh conducting surface, 
but must have a Rayleigh insulating sur¬ 
face between them to represent the air gap 
as illustrated in figure 3 of this discussion. 
That this must be done, is not made dear 
in that part of the paper in which figure 5 
of the paper is discussed. 

5. The use of the Rayleigh conducting 
surface RCi in the lower right-hand corner 
of figure 5 of the paper would seem to be a 
reasonable assumption for those machines 
in which the frame and end bracket overhang 
the coils, and do present such a conducting 
surface for magnetic flux over both the 
polar and interpolar zones. However, the 
assumed plane should be so located as to 
most nearly represent these magnetic parts. 
It may need to be dosed in on machines 
with bracket-t 3 rpe bearings making reason¬ 
able allowance for the space between bracket 
arms. (See figures Ic and 2c of this discussion 
which are for a machine where the actual 
bracket arms came outward on diagonal 
lines from near the frame to the bearing.) 

6. To be in conformity with the paper, 
we have confined our discussion to the case 
of one full-pitch armature coil per pole. 
We wish now to discuss the actual cases of 
distributed windings. Exploring coils will 
show that the flux lines pass through the 
armature end winding in directions rea¬ 
sonably nearly perpendicular to the conical 
surface between the 2 layers of the end 
winding.. Reasons for this can be offered. 

If no iron were present at all and the coil 
span was not a great percentage (one-fourth 
or less) of the armature bore, then the re¬ 
luctance inside and outside the coil would 
not be greatly different and the flux fidd 
near the conical surface of the end winding 
would be almost symmetrical with respect 
to this conical surface. This would m^ 
that the flux would pass nearly perpendicu¬ 
larly through this surface between 2 layers 
of coils in the end winding. The introduc¬ 
tion of iron into the problem produces tre¬ 
mendous effects where it is near the coils. 
However, it is not near the conical surface 
of the end winding and will not produce great 
effects here just as the imaged conductors 
with the iron removed would not produce 
great effects on densities near the coil which 
is imaged—^provided the spadngs between 
coil surface and iron are relatively great as 
is the case for most of the armature end 
winding. 

It might be desirable to make use of the 
magnetomotive forces through this surf^e 
at various points as mentioned before. The 
end zone like the air gap and interpolar zone 
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is merely part of the air space between the 
rotor and stator. On the basis of these 2 
remarks, it might seem desirable to extend 
the usual magnetomOtive-force diagram for 
the ^ gap to the end zone as is illustrated 
in figure 4 of this discussion. This view¬ 
point has been discussed in more detail in 
the paper “Additional Losses in Ssoichro- 
nous Machines," AIEE Transactions, 
volmne 46, 1927, pages 84-97, by C. M. 
Laffoon and J. F. Calvert. We offer this 
merely as a possible treatment. We wish 
to point out that oiu: figure 4 of this 
discussion merely gives the approximate 
magnetomotive force distribution and not 
the reluctance for paths through the wind¬ 
ing. The effects here might be considered 
anal 3 rtically by assuming the magnetomo¬ 
tive-force distribution mentioned above and 
f«r>rigiHf>riTig the iron boundary conditions 
as they exist in the end zone. Another 
possible attack would be to excite the arma¬ 
ture coils with direct current, and explore 
the directions of flux with a compass. The 
discussers are of the opinion that the experi¬ 
menter would then deduce that exploring 
coils placed within the conical end winding 
would show practically the total linkage in 
thig zone under a-c conditions. The flux dis¬ 
tribution under these d-c conditions wUl be 
practically the same as under normal a-c 
conditions because sufficient eddy cmrents 
cannot flow in the armature end plates and 
frame to alter greatly the flux distribution 
under normal load. That this must be 
true can be reasoned as follows: The arma¬ 
ture winding carries the full armature mag¬ 
netomotive force in the end winding. If 
the flux is to be kept out of the end plates, 
frame, etc., damping currents of practically 
equal magnetomotive force would have to 
flow in these parts. When one considers 
the depth of current penetration in the iron 
which is normal at the commercial frequen¬ 
cies, the loss densities are many times higher 
t>ian can actually exist without greatly over¬ 
heating the machine. Another method of 
attack here is to neglect saturation and cal¬ 
culate by means of 2-dimensional flux maps 
what the flux entering the iron parts will be. 
Then calculate the saturation produced 
making due allowance for proper flux pene¬ 
tration in solid parts. Then by use of 
Rosenberg’s formula consider the ampere 
turns present in eddy currents. These 
eddy currents will be found smaE enough 
to have little effect on the. general shape of 
the end zone flux. 

We hope that Professor Douglas will give 
a detailed discussion of how he intends to 
consider the various phase groups in the end 
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zone either with or without the use of the 
Rayleigh insulating plane to divide the space 
into polar and interpolar spaces when he 
proceeds to the cases of actual armature 
windings. 

7. In addition to the use of Rayleigh 
fticnlgtitig and conducting planes as Pro¬ 
fessor Douglas describes them, we wish to 
suggest that any surface in a magnetized 
space may be replaced by combinations of 
current and magnetic sheets for use in elec¬ 
trical machine calculations. This has been 
illustrated in the paper "Forces in Turbine 
Generator Stator Windings,” by J. F. 
Calvert, AIEE Transactions, March 1931, 
pages 178-94, and the scheme might have 
some value in this work of Professor Doug¬ 
las’ as well as in that for which it was used 
where the forces exerted on armature end 
windings were to be calculated. 


J. F. H. Douglas: I quite agree with Mr. 
Alger’s remark that considerable work is 
yet to be done. My paper is really more of 
a program for research, than anything else. 
It is gratifying to know that it seems to be a 
sound procedure. 

Mr. Rosenberg’s suggestion is interesting 
and of value. It is equivalent to assump¬ 
tion of a Rayleigh insulating plane perpen¬ 
dicular to the shaft at some point approxi¬ 
mately 2-6 inches from the pole. Cald¬ 
well’s method would be rigorously appli¬ 
cable outside this surface, my method could 
could be applied inside this surface. How¬ 
ever no advantage is gained as yet. If im¬ 
mediate results are wanted Caldwell’s for¬ 
mula is apparently the best to date. If 
greater accuracy is wished for the future 
why asume this plane at all? The assump¬ 
tion of a Rayleigh plane always decreases 
the answer, we would not know at present 
where to place it for best results, and we 
would stUl lack a usable formula for im¬ 
mediate use. The chief merit of this sug¬ 
gestion seems to me as a means of adapting 
theory to fit test results at some later date 
if it prove that Caldwell’s formula is lower 
than te^, and that my mesthod gives re¬ 
actances larger than test values. 

Referring now to the careful analysis of 
Messrs. Calvert and Rohr, in the sequence 
of their numbered points. 

1. Their suggestion ol a cm tent sheet 
appears decidedly superior to my rather 
crude semicircular fictitious conductor. It 
meets boundary conditions theoretically, 

• apd'leads to an added item of pe^eance qf 
pi7 line per ^pere:'twn,,foCvCajck of 
pole width (0.27 per centimeter). Their 
hgpres are particularly elegant and instruc- 
^ tive;/. 

; 2. Thw point that the current sheet 
should divide in the ratio of 76 per cent and 
26 p^ cent ; in a 4-pole machine is perhaps 
theoretically right for an isolated coil. 
However the simplest unit from which to 
build up inductance, is, perhaps, one coil 
for ea(^ pole, and for this case the distinc¬ 
tion is unimportant. 

3. I believe that the radial Rayleigh 
insulating planes should be intermediate 
between the pole-shoe tip and the edge of 
the pole core: (1) not much error is caused 
by assuming the outer end of the pole tip as 
insulating , (2) not much error is caused by 
assuming the naiTOW Strip between this 
plane and the pole edge as conducting, (3) 
these errors compensate. 
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Their second i>oint is whether a plane 
Rayleigh surface can be assumed with pro¬ 
priety at all. A Rayleigh surface always 
causes some error, but this error is small 
when in regions of highest density the linK 
are nearly parallel to the surface. In this 
rase near the dr gap the actual lines are 
parallel to this plane. Near the trace of the 
conductor they meet it at 40 degrees, It 
is believed therefore that some error is made 
but less than that of other methods pro¬ 
posed. By moving the Rayleigh plane 
toward the interpolar axis we eventudly ar¬ 
rive at a point where it is obvious that the 
permeance is too large. 

I conclude that by assuming the Ray¬ 
leigh plane intermediate between the pole 
tip and the pole edge, but nearer the pole tip, 
we will get a bdance between cdculations 
and experiment. 

4. In figure 6 the dr gap should have 
been shown perhaps. However, if we 
assume armature ampere turns and bd- 
aufiug field ampere turns, we do not need 
any current sheet in the air gap, and have 
a for computing that part of the flux 
in the end zone, for 2 important cases, 
namely Potier reactance, and the induct- 
‘ ance of commutation. 

6. I believe the^ comments to be well 
founded, and helpful where housing iron 
needs to be considered. 

6. The suggestions should be considered 
by future investigators. I believe them as 
more helpful m guiding tests than as an aid 
to cdculations. 

Hopes are expressed for a detdled dis¬ 
cussion of how I propose to consider vari¬ 
ous phase groups in the end zone. A clos¬ 
ing discussion is hardly the place for much 
detail and, to be frank, the writer is not 
going to take up the detailed solution at 
this time. Enough has been done since the 
paper was published, however, to show that 
Laplace’s equation is easily integrable for 
coils that are 46-degree isosceles triangles 
both for self-induction, and for mutud in¬ 
duction between coils in the same and ad¬ 
joining phase belts. The coil is the first unit, 
the phase belt is naturdly the second, 
and the mutud inductance between phases 
and adjoining pole pitches naturdly follow. 

Approximating 
Potier Reactance 

'biseui^oirintd''Cttiitor'«'>ciloMiw i>f 'a'P«pcr by 
Sterling Beckwith presented at the power 
generation and el^hical machinery levion 
of the summer convention, Milwaukee, Wis., 
June 24, 1937, and published in the July 
1937 Issue, pages 813-18. 

P. L. Alger: See discussion, page 1312. 

S. B. Craiy (General Electric Company, 
Schenectady, N. Y.): Mr. Beckwith’s paper 
presents interesting data in regard to Potto 
reactance and methods of approximating it, 
which check with good accuracy a large 
number of test results. This information is 
valuable in that it increases our knowledge 
of machine reactances. 

It is well to keep id mind that Potier. re¬ 
actance has only a limited field of usefulness, 
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namely the approximate determination of 
fial d excitation for normd conditions of 
voltage and power factor. For any unusud 
conditions such as high termind voltage or 
^ paHing power fsctor or for the determina¬ 
tion of the load angle and stability char¬ 
acteristics, the use of Potier reactance de¬ 
termined at normd voltage may give re¬ 
sults which are too approximate. There 
appears to be no red reason for using Potier 
reactance for design computations as in 
such work dl the machine quantities are 
avdlable and the field excitation can be 
cdculated by more accurate methods. For 
those cases other than for design computa¬ 
tions Potier reactance can usually be de¬ 
termined by test. 

The method which Beckwith has used for 
determining the pole saturation, by adding 
the transient reactance drop to termind 
voltage to obtain the pole flux, can only be 
used for the condition of zero power factor, 
which is the condition for determining 
Potier reactance. For other power factors, 
if the approach is made from the armature, 
it would be necessary to add to the direct- 
axis component of termind voltage the 
direct-axis component of transient react¬ 
ance voltage drop. In order to determine 
these direct-axis cornponents, it is necessary 
to know that component of saturation- 
magnetomotive force which is a function 
of the quadrature-axis flux, as saturation 
in the quadrature axis affects the machine 
ftTi gulftr displacement. These complica¬ 
tions are to a considerable extent the rea¬ 
son for the use of Potier reactance for ex¬ 
citation cdculations, as it provides a method 
which has been found to give approximately 
the correct excitation by a comparatively 
simple cdculatibn. However, the use of 
Potier reactance does not give the proper 
load angle of the machine and in some cases 
does not give the correct excitation. The 
greatest disadvantage for its use is that it 
tends to conced the true physicd picture. 

G. W. Hampe (Commonwedth Edison 
Company, Chicago, Ill.): The writer is 
pleased to see that the constants of syn¬ 
chronous machines are being subjected to 
carefd andysis, both in regard to furnish¬ 
ing sound concepts and in development of 
methods of computation and test. As one 
who makes computations for systems con¬ 
taining synchronous machines, the writer 
can say that such studies are needed, and 
that the results should be made available 
to all who can make effective use of them. 

If it is granted, for the present, that the 
primary concepts have been defined and 
methods of computation and test have been 
made available, what is the resulting ad¬ 
vantage to the operating engineer? Manu¬ 
facturing companies have dways willingly 
furnished data on their machines, both old 
and new. Likewise, power companies have 
fireely given information to their intercon¬ 
nected associates. Unfortunately, however, 
these communications have been haphazard 
and occasionally repetitive. 

The writer suggests that a standard form 
or set of forms be developed so that dl data 
pertinent to the electricd properties of a 
given machine can be recorded on one sheet. 
Part of the data for such a form, such as the 
reactances, would usually be supplied by the 
manufacturer, and the balance, referring to 
external reactors, field rheostats, etc., would 
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be ruled in by the operating company. The 
writer would like to call this matter to the 
attention of the AIEE committee on syn¬ 
chronous machinery. 

Snell ti form should not be made up with a 
view of obliging each manufacturer to com¬ 
pile all the data for every machine, large 
and small. When data are furnished, how¬ 
ever, they should follow the standard defini¬ 
tions accepted, at that time, and the use of 
a standard form would systematize com- 
mmiications. 

The papers, particularly the one by Mr. 
llcckwith, added to the rather scanty stock of 
published test data. More data are needed 
in regard to machine constants in general, 
particularly for large machines. As an ex¬ 
ample of this need, Mr. Beckwith offered an 
approximate formula relating Poiicr react¬ 
ance to unsuturated transient reactance, 
which brings up the que.stion of saturation. 
In the AIEK summer convention in 
llWl, Mr. S. H. Wright stated that the 
saturated transient reactuu e was re¬ 
lated to the unsaturated value by the for¬ 
mula; 

Xd (sat.) “ 0.88 x,i (unsat.) 

'riiis formula was questioned, but to date 
the writer has not .seen a satisfaclriry allcr- 
nut i ve. In some l ypes of power system coni- 
pmations both the .saturated and unsatu- 
raled values are needed, and usually one 
must be tlerivcd from the other by a for¬ 
mula of some sort. 


The test methods known at present are 
not applied for several reasons. The manu¬ 
facturer seldom has facilities for testing a 
large machine before shipment. The op¬ 
erating company could make the test, but 
it means trouble and expense, not only for 
the testing setup itself but because the ma¬ 
chine may be badly needed on the system. 
A large part of the cost is hidden and in¬ 
direct. Furthermore the operating com¬ 
pany probably has only one machine of that 
class, and a refinement in data means little 
because of its limited applicability. The 
same expenditure for a test of system sta¬ 
bility or relay performance yields data of 
greater value. 

The manufacturer can profit by tests on 
individual machines, because he is con¬ 
cerned with a number of machines of the 
same class, and, furthermore, there should 
be occasional checks on general methods of 
computation and design. It would seem 
then that the manufacturer should co-oper¬ 
ate more frequently with the operating 
company in securing test data, and it would 
seem that the manufacturer should share 
the costs. 


Sterling Beckwith; Mr. Crary’s comment 
that the use of Potier reactance tends to 
obscure the exact picture is quite correct, 
and should be borne in mind when using the 
reactance. However, a clearer picture of 
the magnitude and range of the reactance 
and its relation to other reactances should 


have the opposite effect. Mr. Crary limits 
the use of Potier reactance to the calculation 
of field currents, but a further use is for de¬ 
termining the effects of saturation on sta¬ 
bility. 

Although Potier reactance varies with 
current and voltage, it should be pointed out 
that most synchronous-machine reactances 
are subject to the same variation. Further¬ 
more Potier reactance is subject to easier 
and more accurate test than are most re¬ 
actances. 

Mr. Hampe r^es the question of satura¬ 
tion of transient reactance. The curve 
mentioned showing an average value of 
saturated reactance equal to 88 per cent of 
the uTi s aturated value does not take ter¬ 
minal voltage into accoimt. Thus when the 
internal voltage is above normal the satura¬ 
tion factor may be much lower than 88 per 
cent. Tests with which the writer is fa¬ 
miliar indicate that an average value is 
83 per cent to 88 per cent for a dead short 
circuit at rated voltage, but that it may 
vary very greatly in different machines. 

Perhaps Mr. Hampe’s suggestion of a 
standard form for machine characteristics 
might be filled to some extent by references 
to the "Proposed Test Code for Synchronous 
Machines.” One advantage of references 
to such a test code is that definitions are 
usually definite and unambiguous, whereas 
any abbreviated form might lack this ad¬ 
vantage. A summary sheet added to the 
test code might make it more suitable for 
the purpose. 
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Pacific Coast Holds 

Successful Convention at 

XwO hundred and sixty-six members 
gnH guests enjoyed the 25th Pacific Coast 
convention^ which was held at Spokane, 
Wash., with headquarters in the Hotel 
Davenport, from Tuesday morning through 
Friday, August 31-September 3, 1937. 
On the part of those in attendance full 
advantage was taken of the technical ses¬ 
sions, student sessions, entertainment, sports, 
and inspection trips, which had been well 
arranged by the convention committee, and 
many were afforded the opportunity of meet¬ 
ing old acquaintances. 

The opening session on Tuesday morning 
was called to order by Dean H. V. Carpen¬ 
ter, convention chairman, who introduced 
Arthur W. Burch, mayor of Spokane. The 
mayor welcomed to the city those attend¬ 
ing the convention and he advised that 
Frank G. Sutherlin, commissioner of public 
utilities, would be ddighted to have mem¬ 
bers inspect the electric plant up the nver. 

President Harrison expressed appreciation 
on behalf of the Institute of the welcome 
extended by Mayor Burch, who had been ill 
but came down to greet the assemblage on 
his second day out. He complimented the 
District and Section officers upon the favor¬ 
able manner in which the conventions, 
student activities, and student prizes have 
been conducted on the Pacific Coast. At 
the conclusion of the opening of the con¬ 
vention R. W. Sorensen proceeded with the 
conduct of the selected subjects session. 

Technical Sessions 

A keen interest on the part of those who 
attended the 6 technical sessions and 2 stu¬ 
dent sessions was maintained throughout the 
duration of eaiitii session. One of the 6 
sessions, which dealt informally 
itith the subject of electric house heating, 
was held on Wednesday evening with Pro¬ 
fessor F. O. McMillan presiding. Doctor 
C. E. Magnusson, director of the Engineering 
Experiment Station, University of Wash¬ 
ington, presented a summary and recom¬ 
mendations of the mvestigatioU; on the 
dectric heating of homes in the Mont Lake 
district of Seattle. The work was originally 
done for the State Planning Council; The 
complete report of this work, with results 
and conclusions, is available in Bulletin No. 
93, "Electric Power Markets in Washington 
—Part I, Electric Heating of Residences,” 

• recently published by the Engineermg 
E3i)erimdit Station, Univerrity of Washing¬ 
ton. Dean H. V. Carpenter of the State 
CoUege of Washhigton, presented a paper 
on the same subject, which reported the 
results of experiments oh different methods 
of heat storage for electrically heating the 
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Spokane 

specially constructed and i nsulated houses 
at Mason City. These papers wwe dis¬ 
cussed by several well-known executives and 
engineers of operating companies in the 
Pacific northwest, who found the studies to 
be most valuable but not in agreement with 
the practical problems of power distribu¬ 
tion, as experienced in operating company 
work. Another sesrion, on the subject of 
communication, which was held jointly with 
the members attending the Institute of 
Radio Engineers’ meeting, was well attended 
atiH considerable interest was manifested in 
the 6 papers which were presented. 

Most of the convention papers were 
personally presented by their respective 
authors, and, in cases where the authors were 
iitiahip to attend, comprehensive and effec¬ 
tive presentations were made by F. C. 
Lindvall, California Institute of Technology, 
P. B. Garrett, Westinghouse Electric & 
Manufacturing Company, H. H. Skilling, 
Stanford University, W. C. Smith, General 
Electric Company, and S. B. Wright, Bell 
Telephone Laboratories, Inc. 

Student Technical Sessions 

In accordance with the-practice followed 
for a considerable number of years, 2 stu¬ 
dent technical sessions were held as parts of 
the convention technical program. Eleven 
papers, as listed below, were presented: 

Wednesday Afternoon 

J. S. Mascovich, diairman, University of Santa 
Clara Branch, presiding. 

Balakcbd Fbbd-Back Ampufibks, Edward L. 
Ointzton, Univerdty of California 
A Mbthod of MBAauaiKO Lossbs . .nr Smatx 
Tkan’sfokmbks, Bruce Morgan, Califoima. Insti¬ 
tute of Technology 

Laboratory Eqotfmbnt for Construction of 
Expbrimbntai. B1.BCTRON Tubbs, H. P. Blanchard, 
Stanford University (presented by Leonard M. 
Jeffers, Jr., chairman, Stanford University Branch) 
Magnbtic Focusing of thb Electron, Gun, 
L. Dale Harris, Univcraty of Utah (presented by 
William R. Wilson, chairman. University of Utah 
Branch) 

iNFLxnsNCB OF Utbnsdls ON Hbat Tilsnskbr prom 
Electric Ranob Elements, William O. Sihort, 
Oregon State College 

Thursday Afternoon 

Gordon B. Allan,-chairman, Montana State College- 
Branch, presiding. 

A ,Higk ImpbdaNce Detector Circwt With a 
Diode, John W, Stoker, Jr., Montana State College 
ToRflUB in Induction Disk Instruments, G. 1, 
Goumeniouk, Univertity of British Columbia 
VariaElb Gain Ahfufibr and Its Application, 
J. ' F. Elalbach, Univertity of Washington (pre¬ 
sented by Rush Ctase, University of Washington 

" ' 37 ).■ ' ■ 

. Electrostatic Air Purification, W. D. Arms, 
University of Idaho (presented by W. T. Coimely, 
University of Idaho, February *37) 


Mbasurbmbnt of the Field Strength of Radio 
Station KWSC, William Lean, State College of 
Washington 

Charactbristtcs of A-C Wbldino, O. C. Bixler, 
University of Southern California (presented by 
A. B. Harrald, chairman. University of Southern 
California Branch) 

The quality of the presentations was high 
despite the facts that several authors were 
absent and their papers were presented by 
students and recent graduates not directly 
connected with the work discussed. The 
subject matter of all maintained a high 
degree of interest throughout the 2 sessions 
and some of the papers were discussed by 
students and others. 

Conference ON Student AcrivmES 

A joint conference on student activities 
for representatives of the student Branches 
in Districts 8 and 9, and the University of 
British Columbia Branch, as well as Dis¬ 
trict officers and others interested, was hdd 
at a tiin-ner meeting on Wednesday evening, 
with an attendance of 38, as reported in 
more detail bdow: 

Branch Chairmen 

John Draper, University of Arizona, Tucson 
Bruce Morgan, California Institute of Technology, 
Pasadena 

Peter Duyan, University of California, Berkeley 
Gordon B. Allan, Montana State College, Bozeman 
Guy K. Patterson, University of Nevada, Reno 
Victor S. Carson, Oregon State College, Corvallis 
J. S. Mascovich, University of Santa Clara, Santa 
Clara, Calif. 

Leonard M. Jeffers, Jr., Stanford University, Calif. 
William R. Wilson, University of Utah, Salt Lake 
City 

Counselors 

W. B. Coulthard, Univertity of British Columbia, 
Vancouver 

F. C. Lindvall, California Institute of Technology, 
Pasadena 

Abe Tilles, University of California, Berkeley 
J. H. Johnson, University of Idaho, Moscow 

A. L. Albert, Oregon State College, Corvallis 

W. G. Angermann, University of Southern Cali¬ 
fornia, Los Angela , 

B. F. Peterson, University of Santa Clara, Santa 
Clara, Calif., and chairman, committee on Stu- 

. dent activitieSi District 8 

H. H. Skilling, Stanford University, Stanford 
University, Calif. 

A. LeRoy Taylor, University of Utah, Salt Lake 
City 

O. E. Qsburn, State CoUege of Washington, Pullman 

R, B. Lindblom, University of Washington, Seattle 

: ■ , ■ •• ■ 

others Present 

J. P. Jollynmn, vice-pretident. District s 

A. M. Bohnert, secretary. District 8 

. C. B. Rogers; vice-president. District 9 
8. E. Caldwell, secretary. District 9 
F. Ellis Johhimn, director, and chairnian; cbmnuttee 
on student Branches : ' 

B. A. LoeW, member, committee on student 
Branches 

R. W> Aorensen, director, and member, committee 
on student Branch^ 

H. y. Carpenter, chairman. Pacific Coast conven- 
. tioh committee 

R. H. Hull, chairman, student activiti^ subcom¬ 
mittee, Pacific Coast convention committee 
H. BL H^line, national secretary, and several 
. professors, students, and; Mothers as guests—- 
'-totalSS 
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Analysis of Attendance at 1937 Pacific 
Coast Convention 



Spo- 

Dist. 

Dist. 

Dist. 


Classification 

■kane 

9* 

8 

10 

Misc. 

Totals 

Members. 

...28. 

..35. 

..25. 

,.5. 

..15., 

. .108 

Men Guests.... 

...22. 

..43. 

..23. 

..2. 

..7. 

.. 97 

Women Guests. 

...20. 

..20. 

..16. 

..1. 

.. 4. 

.. 61 

Tutuis. 

. ..70. 

..98. 

..64. 

. .8. 

..26., 
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* Outside of Spokane Section territory. 


Professor E. F. Peterson of the University 
of Santa Clara, chairman of the committee 
on student activities in District 8, presided, 
and presented as the first item for considera¬ 
tion a list of suggestions for the guidance of 
coumselors in Districts 8 and 9 which had 
been prepared by a committee including all 
coun.selor.s in Districts 8 and 9, with Pro- 
fe.ssor Peterson as chairman. After an 
extensive disciussion of the individual sug¬ 
gestions, the committee was given a vote of 
thanks and requested to continue the work 
and report again at the next conference. 

It was voted to recommend that the board 
of directors consider the possibility of re- 
eslahlishing the cash prize of $100 for the 
best Branch paper prize. 

Many of those present expressed strong 
hope that such a joint conference, with 
traveling expense allowance to ofiicial repre- 
.sentatives, may be provided for regularly 
so it will not he necessary to request special 
action each year. There was some discus¬ 
sion of t he best time for such conference from 
the standpoint of attendance by students. 

Vice-presidents Jollyman and Rogers, 
Directors Johnson and Sorensen, chairman 
and member, respectively, of committee on 
student Branches, Professor E. A. Loew, 
niendter of that committee, and National 
Secretary Henlinc were called upon for brief 
remarks, and all responded, giving informa¬ 
tion and opinions regarding various phases 
of student activities in the Institute. 


After the adjournment of the conference, 
the counselors of the 2 Districts met in 
separate groups and elected as chairmen of 
the District committees on student activi¬ 
ties: 

Pacific District (Number 8)—^Professor H. H. 

Skilling, Stanford University 
North West District (Number 0)—Professor A. 

LeRoy Taylor, Univeraty of Utah 

Entertainment 

On Tuesday evening a number of mem¬ 
bers and guests enjoyed an informal recep¬ 
tion and dancing held in the Marie Antoi¬ 
nette Room of the Davenport Hotel. The 
entertainment concluded with the banquet 
and presentation of sports prizes, which 
took place on Thursday evening and which 
was well attended. Splendid entert^- 
ment in the form of aesthetic dancing, sing¬ 
ing, and music rendered by the Mann 
Brothers orchestra was furnished. Toast¬ 
master J. E. E. Royer, vice-president and 
general manag er of the Washington Water 
Power Company, conducted the banquet in 
true social fashion by admonishing those in 
attendance “to forget their kilowatt words” 
and enjoy themselves. President W. H. 
Harrison of the AIEE and President H. H. 
Beverage of the IRE greeted the guests. 

Presentation of Sports Prizes 

The sports prizes were presented in person 
by the well-known pioneer in hydroelectric 
developments in the northwest, John B. 
Fisken. The competition for the Fisken 
cup resulted in a tie between C. E. Boozier, 
Portland, C. H. Cutter, Seattle, and R. H. 
Dearborn, Corvallis, winch was decided by 
the rolling of dice. Dean Dearborn won the 
trophy with C. C. Boozier runner-up. W. E. 
Wallace, Sektle, won the guests’ competi¬ 
tion with J. F. Gogins, Spokane, runner-up. 
Prizes were presented for the remain¬ 
ing events open to both members and guests: 
low gross, J. C. Henkle, Portland; longest 


Membership”" 

Mr. Institute Member: 

AIEE meetinss and other activities set under way about this !time 
of the year in many Sections. 

I hope you will plan to set the most out of your Institute connections 
this season by attending what conventions, Section meetingSi, and 
other affairs you can, and by taking an active part in them in some way. 

You may also be able to assist a nonmember friend by taking him 
with you and by introducing him to other members. If he becomes 
interested and is eligible for membership your membership committee 
will help him in making his application. Just write to your Section 
membership chairman or to headquarters. 
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drive at hole number 3, M. P. Buswell, 
Seattle; approach nearest pin at holes 
numbers 9 and 17, J. C. Henkel and H. A. 
Boring, Seattle; kickers handicap, L. R. 
Elder, Portland; and high gross, C. B. 
Carpenter, Portland. Birdies were scored 
by J. E. E. Royer, J. W. Butler, Schenectady, 

J. C. Henkle, M. P. Buswell, and J. W. Fer¬ 
guson, Seattle. The women’s putting con¬ 
test was won by Mrs. W. H. Ude, Spokane, 
with Mrs. Chet Reis, runner-up. First 
prize for approach was won by Mrs. M. M. 
Phegley, Glendale, Calif., and second prize 
was won by Mrs. H. B. Hodgins, Spokane. 
The winners of consecutive flights were 
respectively as follows: Mrs. J. H. Siegfried, 
Kennewick, Mrs. C. E. Rogers, Seattle, 
Mrs. M. M. Phegley, Mrs. S. B. Wright, 
South Orange, N. J., Mrs. J. C. Bird, Seattle, 
Mrs. A. C. Schwager, San Francisco, Calif. 
Mrs. R. W. Sorensen, Pasadena, and Mrs. 

A. H. Beckwith, Spokane. Excellent prizes 
consisting of leather luggage, golf clubs, a 
silver platter, golf balls, and favors were 
made possible through the courtesy and 
finanriftl support of several manufacturing 
and operating companies in the Pacific 
Coast region. 

Women’s Entertainment 

Under the guidance of Mrs. L. R. Cianible, 
Seattle, chairman, women’s entertainment 
committee, a pleasant series of events was 
arranged. Tuesday morning the women got 
together for the purpose of becoming ac¬ 
quainted with one another, after which the 
group divided; one group took a drive about 
the city and gardens, while the other at¬ 
tended the “movies” at the Fox Theater. 
Luncheon was held in the Elizabeth Rooms 
of the Hotel Davenport. On Wednesday 
morning shopping tours were conducted and 
a bridge-luncheon was held at Glen Tana. 
Winners of prizes were Mrs. J. F. Spease, 
Portland, Mrs. C. C. Boozier, Portland, 
Mrs. Charles North, Kamloops, B. C., 
Canada, and Mrs. J. H. Neher, Philadelphia, 
Pa. Mrs. J. C. Bird of Seattle won the 
auction. One of the prizes consisted of a jar 
of herbs obtained from the beautiful gardens 
at Glen Tana. Thursday the principal 
event consisted of a scenic drive through the 
residential districts and civic gardens of 
Spokane, which was followed by a putting 
tournament and tea at the Spokane Country 
C^lub and a musical hour with selections 
rendered on the harp and cello. 

Trips 

The principal trip was held on Friday, 
when over 250 members and guests of the 
AIEE and the IRE left the Hotel Davenport 
by bus and private c^ at 8:00 a.m. to see 
the Grand Coulee Dam, now in process of 
construction. Addresses on the features of 
the project were given by A. F, Darland, 
C. D. Riddle, and Mr. Banks, and a model 
of the was seen in the West Vista 
House. Luncheon was served in the con¬ 
tractor’s mess hall on the east side of the 
river. The return to Spokane was made 
via Grand Coulee, and Dry Falls where the 
River once outrivalled the Ni¬ 
agara, 

During the convention, trips were taken 
in private cars to various points of interest 
in Spokane and vicinity. Among the places 
visited were the Up-Rivm: Hydroelectric 
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Station of the water department, the Ray 
and Hartson Pumping Plant, the radio tower 
of KHQ-KGA, and the Inland Paper Com¬ 
pany mill, as well as the beautiful residential 
section and gardens in the city. 

The personnel of the committee and the 
subcpmmittee chairmen which made all of 
the foregoing events possible is as follows: 
H. V. Carpenter, chairman; R. D. Sloan, 
vice chairman; M. F. Hatch, secretary; 
Reinier Beeuwkes, S. E. Caldwell, J. B. 
Fisken, L. R. Gamble, J. C. Gaylord, C. R. 


THE regular meeting of the AIEE board of 
directors was held at Institute headquar¬ 
ters, New York, August 3, 1937. 

I^esent: President — W. H. Harrison, 
New York, N. Y. Past-President —^A. M. 
MacCutfeheon, Cleveland, Ohio. Vice- 
Presidents —0. B. Blackwell, New York, 
N. Y.; C. Francis Harding, Lafayette, Ind.; 
I. Melville Stein, Philadelphia, Pa.; A. C. 
Stevens, Schenectady, N. Y. Directors — 

C. R. Beardsley, Brooklsm, N. Y.; F. M. 
Farmer, New York, N. Y.; F, EUis Johnson, 
Columbia, Mo.; C. R. Jones, New York, 
N. Y.; W. B. Kouwenhoven, Baltimore, Md.; 
K. B. McEachron, Pittsfield, Mass. National 
Treasurer—^. I. Slichter, New York, N. Y, 
National Secretary —H. H. Henline, New 
York, N. Y. 

Minutes of the meeting of the board of 
directors held June 24,1937, were approved. 

Report was presented and approved of 
recommendations adopted by the board of 
examiners at its meeting held July 21, 1937. 
Upon the recommendation of the board of 
examiners, the following actions were taken: 
3 applicants were transferred to the grade of 
Fellow; 29 applicants were elected and 35 
were transferred to the grade of Member; 
124 applicants were elected to the grade of 
Associate; 20 Students were enrolled. 

Disbursements in July amotmting to 
$27,618.84 were reported by the finance com¬ 
mittee and approved. 

Approval was given to a proposed meeting 
of the Southern District in Miami, Fla., in 
November 1938. 

Announcement was made of the appoint¬ 
ment by the president of Institute commit¬ 
tees for the new administrative year, be- 
gitming August 1, 1937. (A list of commit¬ 
tee members was published in Electrical 
Engineering for September, pages 1217- 
21 .) 

The bomrd confirmed the appointment by 
the president of H. P. Charlesworth as 
chairman of the Edison Medal committee 
for the year beginning August 1, 1937, and 
of C. R. Jones, Everett S, Lee, and H. S. Os¬ 
borne as members of the committee for 
terms of 5 years each beginning August 1, 
1937, and of L. W. W. Morrow to serve for 
the unexpired term, ending July 31,1939, of 
L. C. Nichols, deceased. From its own 
membership, the board elected C. R. Beards¬ 
ley, A. M. K. B. Mc¬ 

Eachron to serve on the committee for terms 
of 2 years each, beginning August 1, 1937. 

The board confirmed the appointment by 
the president of F. J. Chesterman, C. F. 


Higson, N. B. Hinson, R. H. Hull, H- S. 
Lane, F. O. McMillan, H. L. Melvin, H. S. 
Osborne, George Quinan, C. E. Rogers, R. 
W. Sorensen, and A. Vilstrup: L. R. Gamble, 
meetings and papem; J. S. McNair-, fi¬ 
nance; L. A. Traub, transportation; H. W. 
Webbe, housing; J. R. Murphy, entert^- 
ment; J. B. Fisken, sports; H. B. Hodgins, 
publicity; R. H. Hull, student activities; 

D. H. Olney, registration; Earl Baughn, 
inspection trips; and Mrs. L. R. Gamble, 
women’s entertainment. 


Hirshfeld, and A. H. Kehoe as members of 
the Lamme Medal committee for terms of 
3 years each, beginning August 1,1937. 

It was decided to discontinue the Ad¬ 
visory Committee to the New York Museum 
of Science and Industry, as there appeared 
to be no further need for this committee, 
the museum having become well established 
on a definite basis. 

Representatives of the Institute on vari¬ 
ous bodies were appointed for the year be¬ 
ginning August 1, 1937, and the appoint¬ 
ment of certain representatives was deferred 
until further information could be obtained 
regarding the activities of the organizations, 
the necessity for continued representation 
thereon, or concerning suitable individuals 
for appointment. 

W. I. Slichter was reappointed a repre¬ 
sentative of the Institute on the Library 
Board of the United Engineering Trustees, 
Inc., for the 4-year term beginning in Octo¬ 
ber 1937; and L. W. Chubb was nominated 
for reappointment by The Engineering 
Foundation board to the research procedure 
committee of Foundation, for the term of 
one year beginning in October 1937. J. B. 
Whitehead, past-president of the Institute, 
was appointed to fill the unexpired term, 
ending in October 1939, of E. B. Meyer, de¬ 
ceased, on the John Fritz Medal Board of 
Award. 

Local honorary secretaries were reap¬ 
pointed for the terra of 2 years, beginning 
August 1, 1937, as follows: Frederick M. 
Servos, for Brazil; A. P. M. Fleming, for 
England; Renzo Norsa, for Italy; P. H. 
Powell, for New Zealand; A. F. Enstrom, 
for Sweden. 

The following amendments to the by¬ 
laws were adopted: 

Section 32, to include the District vice- 
chairmen of the membership committee, 
amended to read as follows: 

Sec. 32. To facilitate co-operation among the Sec¬ 
tions there shall be aif executive committee in each 
geographical district, including in its membership 
the -vice-president representing the District on the 
board of directors, as chairman, a District secretary 
to be appointed by the vice-president, as seCTetary, 
the vice-chairman of the national membership com¬ 
mittee, who may be a member of the District ex¬ 
ecutive committee in another capacity also, and 
the chairmen and secretaries of the Sections within 
the District; also, in order to encourage co-opera¬ 
tion between Sections and Branches, the chairman 
of the District committee on student activities. 

Section 41 was.amended to read as follows, 
in order to define the boundaries of Sections, 
which were recently revised in accordance 
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with recommendations of the special com¬ 
mittee to revise Section territories: 

Sec. 41. Unless otherwise authorized by the board 
of directors and approved by the Sections and 
fi,inTir»i> committees, the territory of a Section shall 
be defined as follows: A Section shall include those 
counties lying wholly or partly within a cirde having 
i-ts center at the headquarters of the Section and a 
radius of 60 miles. With the additional approval of 
the -vice-president of the District involved, other 
ittigagigni^ counties, to be known as auxiliary 
Section territory, may be assigned to a Section. If, 
for the purpose of establishing a new Section, or for 
any other reason, it becomes desirable to reassign 
counties in auxiliary Section territory, this may^be 
done withou-t the approval of the Section to which 
such auxiliary territory is assigned, provided the 
change meets with the approval of the Sections 
committee and the -vice-president of the District. 
All other questions with regard to overlapping of 
Section territories shall, if possible, be dedded by 
agreement by the Sections concerned, otherwise 
by the Sections committee. Both ordinary and 
auxiliary Section territories shall be defined by 
county line boundaries. 

Section 66 was amended by the substitu¬ 
tion of the name "committee on basic 
sciences” for "committee on electroph 3 rsics.” 

Section 76 was amended to read as follows: 

Sec. 76. The membership committee shall con¬ 
sist of one -vice-chairman from each geographical 
district and a suitable number of other membera, 
all to be appointed by the president; also the chair¬ 
men of the membership committees of the Sections 
of the Institute, ex-ojStcio. 

This committee shall bring the advantage of mem¬ 
bership to the attention of desirable candidates for 
admission to the Institute, through such measures 
as it may consider advisable to interest prospective 
members who have the standing and qualifications 
specified for the various grades of membership. 
Under the general direction of the chairman, the 
vice-chairman may enlist the co-operation of the 
Sections and Branches within his District in such 
work. The committee shall have such other duties 
as may be delegated to it by the board of directors. 

The following appointments by the stand¬ 
ards committee of Institute representatives 
on subcommittees of the Sectional Com¬ 
mittee for Revision of National Electrical 
Safety Code were approved: W. R. Bullard— 
Grounding; C. A. Powel—^Part I; T. H. 
Haines—Part II; E. B. Paxton—^Part III; 
S. B. Graham—Part V. 

Upon the recommendation of the stand¬ 
ards committee, approval was given to (1) 
Revised Code for Protection Against Light¬ 
ning, developed by the sectional committee 
C-5 under ASA procedure, and (2) Revised 
Test Code for Polyphase Induction Ma¬ 
chines. 

An invitation to nominate an individual 
for the award of the 1938 Kelvin Medal was 
referred to a committee consisting of the 
president of the Institute and the chairmen 
of the Edison Medal and Lamme Medal 
committees to make a nomination. 

The report of the special committee on 
Institute activities, on which action was 
deferred at the June meeting of the board of 
directors, was considered. The committee 
reported that, in accordance with instruc¬ 
tions, it had prepared a general session at 
the 1938 summer convention of the Insti¬ 
tute, which consisted of an address by Ralph 

E. Flanders on “The Engineer in a Chang¬ 
ing World,” followed by questions from the 
floor, and, after intermission, a discussion 
by members of the Institute on the topic 
"How Can the Institute Programs be Made 
of Greatest Value to the Membership?” 
This discussion was opened by 6 prepared 
discussions which had been reviewed by the 
special committee, and which presented 
various points of view (published in August 
issue of Electrical Engineering, pages 
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1054-58). As a result of this session, the 
special committee recommended, in brief, 
that major emphasis should continue to be 
given to the technical programs substan¬ 
tially along the present lines; that the pro¬ 
grams of national conventions and District 
meetings of the Institute frequently include 
sessions at which subjects of general in¬ 
terest to all the membership are discussed, 
including broad technical subjects presented 
in such a form as to be of general interest to 
electrical eng^ineers, and also discussions of 
social and economic subjects closely related 
to engineering, which subjects should be 
presented by authorities in the fields dis¬ 
cussed, and, in many cases therefore, would 
take the form of addresses by men who are 
not members of the Institute; and that the 
inclusion or omission of such a general 
session in the case of each convention or 
meeting be decided by the committee in 
charge of the program of that convention or 
meeting. The board approved the report 
of the special committee on Institute activi¬ 
ties. 

Other matters were discussed, reference to 
which may be found in this or future issues 
of Electrical Engineering. 


Additional Awards for 
1936 Institute Papers 

In addition to the national and District 
prize awards for papers presented before the 
Institute during 1936 announced in Elec¬ 
trical Engineering for June 1937, page 
756, and September 1937, page 1208, 
additional awards for District 8 have now 
been announced. These awards are: 

District 8 

Prize for Branch paper awarded to James W. 
McRae for his paper “The Magnetic Vector 
Potential,’* presented at the summer convention, 
Pasadena, Calif., June 22-20, 1936. 

Prize for graduate student paper awarded to Ed¬ 
ward L. Ginzton for his paper "Balanced Feed 
Back Amplifiers,’’ presented at meeting of Univer¬ 
sity of California Branch, April 1937. 


New System oF 
Photometric Units 

The International Committee on Weights 
and Measures at its bieimial meeting in 
Paris, June 23-29,1937, adopted a new sys¬ 
tem of photometric units intended to re¬ 
place . both the “international’' and the 
Hefner units. The following report on this 
action has been made available by E. C. 
Crittenden (A’19, M’22) assistant director, 
National Bureau of Standards, Washington, 
D. C., who has been closely associated with 
the development. This action of the inter¬ 
national committee is expressed in a resolu¬ 
tion translated as follows: 

1. Beginning January 1, 1940, the tmit of lumin¬ 
ous intensity shall be such that the brightness of 
the black-body radiator at the temperature of so¬ 
lidification of platinum will be 60 candles per square 
centimeter. 

This unit will be called the "hew candle," (“bougie 
nouvelle”) with appropriate translation into the 
various languages. 


Sodium Lights (or Railroad Crossings 



The Ohio Public Utilities Commission has approved the use of sodium lights for railroad 
crossing illumination. In the accompansdng illustration is shown a typical installation 
of 2 sodium luminaires at the point where route 40 crosses the tracks of the Cleveland, 
Cincinnati, Chicago, and St. Louis Railroad. 


2a. The values for photometric magnitudes of 
sources of light differing in color from the primary 
standard shall be determined by a procedure con¬ 
sistent with the lumiaoaty (actors, formerly called 
"visibility factors," adopted by the International 
Committee on Weights and Measures. 

2h. To assure uniformity among the national 
laboratories of the different countries in passing 
from the new primary standard to secondary stand¬ 
ards of the incandescent-filament type operating at 
higher efficiency, the procedure adopted for the 
present is the use of blue filters which, interposed 
between the photometer and one of the standards to 
be compared, will make the colors in the 2 parts of 
the photometric field the same. 

The international bodies concerned had 
previously agreed, first, that the use of the 
lummosity or “visibility” factors adopted 
by the Illuminating Engineering Society 
and the AIEE was the only method of 
hetochromatic photometry which could be 
generally accepted; and, second, that the 


Future AIEE Meetings 

Middle Eastern District Meeting 
Akron, Ohio, Oct. 13-15, 1937 

Winter Convenrion 
New York, N. Y., January 24-28, 
1938 

North Eastern District Meeting 
Pittsfield, Mass., Spring 1938 

Summer Convention 
Washington, D. C., June 20-24, 1938 

Pacific Coast Convention 
Portland, Ore., date to be determined 


primary standard of light should be the 
black body at the platinum point. In order 
to fix the values of all the units, it remained 
only to agree upon a numerical value for 
the brightness of the primary black-body 
standard. 

The freezing point of platinum, 2,046 de¬ 
grees Kelvin, is only about 50 degprees below 
the color temperattire of the old carbon- 
filament standards; the black-body stand¬ 
ard therefore might have been considered 
simply as a reproducible means of represent¬ 
ing the international candle at that color. 
However, if this had been done, several very 
troublesome questions would have been left 
unsettled. 

While nominally only 2 units of candle- 
power are in use today, actually there are 
several units differing enough to cause an¬ 
noyance in the lamp industry. The ratings 
of timgsten-filament lamps, first of Vjacuum 
type and later gas-filled, have been estab¬ 
lished without any specific international 
agreement. Consequently there are slight, 
but systematic, differences between different 
countries which use "international” candles 
or lumens, and still greater discrepancies 
exist between the international and the 
Hefner units as established for the 3 general 
types of lamps. For carbon lamfis the ratio 
between the 2 units accepted in 1909 was 
1.11; for vacuum timgsten lamps at color 
temperatures near 2,360 degrees Kelvin it is 
1.45; for gas-filled lamps in the neighbor-, 
hood of 2,600 degrees Kelvin it is 1.17. 

Furthermore, if the old basic units were 
retained both international and Hefner 
ratings of tungsten lamps would have to be 
changed to bring them into accordance with 
recent agreements regarding photometric 
methods to be used in comparing lights of 
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different colors. Most of the present tung¬ 
sten standards were derived from the carbon- 
filament standards representing the inter¬ 
national candle of 1909 by measurements 
with the common Lummer-Brodhun pho¬ 
tometer, which has a fairly large field of 
view. For nearly all groups of observers 
this gives somewhat larger values for the 
bluer lights than are obtained with a small 
photometric field such as was used in de¬ 
termining the standard “visibility factors.” 

In brief, in order to get the ratings of tung¬ 
sten-filament lamps on a consistent and 
systematic basis, some readjustment is 
necessary in all countries. Such a basis is 
now urgently needed also for the precise 
rating of gaseous conductor lamps and other 
sources of colored light. Consequently, 
when a new standard was to be adopted as a 
means of defining the basic unit, the time 
seemed opportune to make an adjustment 
which might bring all countries into agree¬ 
ment. 

Determinations of the brightness of the 
black body at the platinum point in terms of 
the international candle had been made in 
several countries, and the value on this basis 
was about 58.9 candles per square centime¬ 
ter. The National Bureau of Standards 
proposed that the round number 60 be taken 
for the brightness, making the unit at this 
color 1.8 per cent smaller than the old unit. 

In preliminary discussions in 1935 and 
1936. it was indicated that, if the countries 
which used the international candle aban¬ 
doned it for the proposed new unit, Germany 
was ready also to accept the new unit in 
place of the Hefner. The plan therefore 
was put formally before the International 
Committee on Weights and Measures as a 
joint proposal of the national laboratories 
of France, Great Britain, and the United 
States, which have had the responsibility of 
maintaining the international candle. 

At the same time the plan was submitted 
to the International Commission on Illumi¬ 
nation, which asked the views of all its na¬ 
tional committees. In order to determine 
the opinion of American interests, Preston 
S. Millar, president of the United States 
national committee of the ICI, formed a 
special subcommittee including representa¬ 
tives of all the national organizations spe¬ 
cially concerned. 

At a meeting held February 5, 1937, this 
subcommittee unanimously favored the pro¬ 
posal, and consequently the United States 
national committee gave its approval. 
During June, meetings were held in Paris 
by the special committee on units and stand¬ 
ards of the ICI and by the advisory com¬ 
mittee on photometry established by the 
International Committee on Weights and 
Measures. These meetings settled ques¬ 
tions of detail and cleared the way for defi¬ 
nite action by the international committee. 

While the action of the international 
committee establishes the principle of the 
new system, the determination of precise 
values for standards of the various types 
will require considerable time. Determina¬ 
tions in different laboratories will be neces¬ 
sary, and standard lamps of various types 
must be exchanged between countries for 
comparisons so as to make sure that all the 
national standardizing laboratories are in 
satisfactory agreement. Standards on the 
new basis must then be provided for lamp 
factories and testing laboratories in each 
country. 


Some of this necessary laboratory work is 
already in progress, but it is hardly likely 
that all the measurements and all the for¬ 
malities of final agreement can be com¬ 
pleted in less than 2 years. The effective 
data of January 1, 1940, was set with this 
fact in mind. It also has the advantage of 
making the photometric changes coincide 
with a small adjustment of electrical units 
which is scheduled for the same date. 


NRC Insulation Committee 
to Meet in New York 

The fall meetng of the committee on 
electrical insulation of the division of engi¬ 
neering and industrial research of the Na¬ 
tional Research Council will be held in New 
York, N. Y., November 4-5, 1937, with the 
Consolidated Edison Company of New 
York, Inc., as host. W. F. Davidson (A*14, 
F’26) director of research and tests, of the 
Edison company, is chairman of the com¬ 
mittee on arrangements. 

A program including 16 papers to be pre¬ 
sented at 3 sessions has been arranged; 
fewer papers than usual have been scheduled 
this year in order to allow more time for dis¬ 
cussion. Morning and afternoon sessions 
will be held November 4, and a morning 
session November 5; all 3 sessions will be 
held in the auditorium of the Edison com¬ 
pany at 4 Irving Place. Inspection trips to 
nearby points of interest are being arranged 
for the afternoon of November 5. A dinner 
meeting is scheduled for the evening of 
November 4 at which Doctor A. von Hippel 
of the Massachusetts Institute of Tech¬ 
nology, Cambridge, will speak on the sub¬ 
ject “What Can Atom Physics Contribute 
to Insulation Research?” 


New ASTM Standards. At its recent an¬ 
nual meeting the American Society for 
Testing Materials accepted 51 new tenta¬ 
tive standards and revisions of 46 existing 
tentative specifications and methods of test. 
Among these were the following, covering 
methods of testing electrical insulating 
materials: 

1. Tbst fok Insulation Rbsistancb of Elbc- 
TiucAi. Insulating Materials (D 267-37 T ) (re¬ 
vision OF standard). Committee D-9 on elec¬ 
trical insulating materials. 

2. Testing Flexible Varnished Tubing Used 
for Electrical Insulation (D 350-37 T). 
Committee D-9. 


CofiSn Award for New York Company. 
The Consolidated Edison Company of New 
York, Inc., won the annual award for 1936 
of the Charles A. Cofi5n Foundation, es¬ 
tablished by the General Electric Company. 
Presentation of the award was made to J. C. 
Parker (A’04, F’12) vice-president of the 
company, during the recent annual conven¬ 
tion of the Edison Electric Institute. The 
award comprises the Charles A. Co£5n 
Gold Medal, a certHcate, and a check for 
$1,000 to be deposited in the treasury of the 
Consolidated Edison Employees Mutual 
Aid Society, Inc. Determination of the 
winner of the award was made by a commit- 
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tee of judges consisting of C. W. Kellogg 
(A’19, M’23) president of EEI; K. T. 
Compton (F’31) president of Massachusetts 
Institute of Technology; and L. H. Egan 
(A’08, M’16) president of the Union Elec¬ 
tric Light and Power Company of St. Louis, 
Mo. The committee was particularly im¬ 
pressed with the all-around progress made 
by the utility during recent years, cul¬ 
minating in its splendid accomplishments for 
the year 1936. Progress was r^ected in 
practically all fields of activity, including 
improvement o| relations with consumers, 
refunding of bonds, reorganization of units, 
and the development of greatly improved 
generating and distribution faci^ties. 

1939 Fairs 

to Have Electrified Farms 

Electrified farms, complete in all details 
according to recent announcements, are to 
be among the feature displays of the Golden 
Gate International Exposition and the New 
York World’s Fair in 1939. With an esti¬ 
mated 1,118,000 farms in the United States 
all served with electric power, these ex¬ 
hibits are expected to have wide significance 
in their demonstration of the possibilities 
of efficient and effective utilization of electric 
energy in house, bam, dairy, shop, and field. 

As announced, the demonstration farm at 
the New York Fair will comprise some 32,- 
400 square feet. To assure that the farm 
will be in full and effective operation when 
the Fair opens, it is expected that the 
building will be completed; that dairy 
cattle, poultry, and bees will be in their 
places; that crops will be growing and fruit 
trees will have been established before the 
Fair opens. 

The exhibit at the Golden Gate Exposi¬ 
tion will be in the Palace of Electricity, 
where a model farm, completely electrified 
for operations from dishwashing to forced 
crop production, will include demonstra¬ 
tions of protection against insect and walnut 
and prime dehydrators. 


ICI Conference 
Held in Paris 

On the occasion of the Paris Exposition 
and the attendant International Congress 
on Lighting Applications, a conference of 
delegates of International Commission on 
Illumination national committees was held 
June 22 and 23, 1937, to recommend plans 
for the forthcoming plenary session. 
Twenty-five delegates from 11 countries 
were in attendance, the United States being 
represented by C. H. Sharp (A’02, F’12, 
member for life), E. C. Crittenden, (A’19, 
M’22), and A. L. PoweU (A’13, F’26). 

The conference recommended that the 
program of the plenary session be expanded 
to include papers on latest lighting develop¬ 
ments, To facilitate this and allow a 
longer interval after the Paris Congress, it 
was recommended that the sesrions be 
postponed until 1939. The Nethdrlands 
committee, host of the^ sessions, announced 
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that they would probably be held at the 
attractive Scheveningen seashore resort in 
the outskirts of The Hague. 

In the event of postponement it was sug¬ 
gested that interim meetings be held on 
aviation and automobile lighting. In this 
connection it was reported that the Inter¬ 
national Standards Association had laid out 
an ^tensive program of automobile stand¬ 
ardization, including that of lighting equip¬ 
ment. 

It was expected that the Proceedings of 
the 1935 sessions, which have been delayed 


in publication, will be available early this 
fall. A pamphlet, in French, has been 
made available which gives the recommen¬ 
dations officially adopted by the Interna¬ 
tional Commission on Illumination in the 
1935 sessions in GennEuiy. A list of the 
technical committees with the work as¬ 
signed to each also is included. Requests 
for copies should be addressed to G. H. 
Stickney, secretary-treasurer of the United 
States National Committee of ICI, General 
Electric Company, Nela Park, Cleveland, 
Ohio. 


^imreiit Itemis Jrrom 


iVnmericeun En^neerin^ C]oiincil 


Government 

Reorganization 

Government reorganization, including all 
of the ideas advanced for a public works 
department, was left in the muchly tangled 
mass of unfinished business by the first 
session of the 75th Congress, according to a 
recent "news letter” from AEC. It had 
the President’s blessing, but the advantages 
to be gained by the elimination of duplica¬ 
tion of work and the improvements proposed 
for administrative procedure were handi¬ 
capped by moves to effect radical changes in 
fiscal and persoimel administration and 
discouraged by strong opposition from 
within the government agencies themselves. 

Council’s staff advised with the several 
committees on government reorganization 
and maintained close contact with those 
members of both houses of Congress who 
had to do with reorganization legislation. 
In spite of the very friendly relationship, 
however, the public works recommendation 
of the American Enginewing Council and 
the President’s Committee did not become 
an issue. No specific reason has been given 
for its omission from the general bills which 
were introduced, but it is believed to have 
been considered too provocative. 

Assuming that engineers generally agree 
that most public works are well designed, 
honestly executed wd administered without 
conscious or deliberate waste or extrava¬ 
gance, Council made the followring statement 
to the Select Committee on Government 
Reorganization of the United States Senate 
urging the establishment of a department of 
public works for the sake of economy in the 
conduct of government construction busi¬ 
ness. A public works department was also 
recommended as an ideal medium for the 
co-ordination of our engineering and con¬ 
struction resources during periods of eco¬ 
nomic depression and as a more effective 
means of mobilization for national defense. 

"Engineers believe that the President 
should have effective managerial authority 
over the executive branch of the Federal 
Government commensurate with his re¬ 
sponsibility under the Constitution of the 
United States, but they are not as con¬ 
cerned with strengthening the executive as 
they are with the larger aim of stren^hening 


the administrative man^ement system of 
the United States as a whole. They feel 
that the need for reorganization of the m^y 
agencies rests not only on the idea of sav¬ 
ings, as considerable as they may be, but 
upon a very real need fa: a more economical 
and effective organization which could be 
more easily understood and controlled by 
the people. It is realized the reorganiza¬ 
tion of the many units of the executive 
branch of the Federal Government is an 
enormous undertaking, but engineers urge 
reorganization under direction of the Chief 
Executive on the basis of standards set up 
by Congress to provide up-to-date manage¬ 
ment for whatever activities may be de¬ 
cided upon by the people. 

"Engineers have for many years favored 
the use of the merit system in personnel 
administration, and they now endorse the 
idea of expanding civil service to cover all 
nonpolicy-determining positions. They rec¬ 
ognize the civil service system as a valu¬ 
able part of government management under 
a nonpartisan Civil Service Commisjsion and 
urge salary adjustments throughout the 
service so that the Govemmwit may attract 
and hold in a career service men and women 
of the highest character and ability. Such 
a career is possible only when government 
service is concentrated and most of its posi¬ 
tions are filled through civil service. In 
that way, opportunities for advancement, 
open up to employees in the whole career 
system instead of the limited confines of a 
small service. Under sudi circumstances, 
engineers feel that direct appointments by 
the President should be reduced to a very 
small number of only the highest positions, 
and all other civilian positions should be 
filled by the heads of departments, without 
fixed term, through civil service with ade¬ 
quate tests to determine fitness. 

"Engineers, who have made enormous 
contributions to the social advancement and 
economic welfare of their coimtry and to 
civilization, feel that they are qualified 
by training and experience to advise their 
Government regarding engineering and 
public works activities. On that asstunp- 
tion, they recommend the creation of a 
public works department to which the Presi¬ 
dent should be authorized to transfer such 
major engineering and construction work for 
government agencies as may be practicable. 


Engineers believe that a public works de¬ 
partment should be authorized to co-ordi¬ 
nate the design, construction, operation and 
maintenance of all large-scale public works 
which are not incidental to the normal work 
of other departments, to act as an agent of 
other departments on engineering public 
works to administer federal grants to na¬ 
tional, state, and local agencies for con¬ 
struction purposes, and to gather informa¬ 
tion with regard to public works needs and 
standards throughout the nation. They 
believe that a relatively small staff could and 
should direct such work in the hands of 
engineers in private business throughout the 
United States, without confusion and waste 
or the loss of valuable time. 

"Such reorganization should promote 
efficient govermnent in all of its branches, 
because it is now extremely difficult even for 
persons charged with executive duties and 
legislative responsibilities to properly com¬ 
prehend many of the problems that arise 
among scores of scattered agencies. As 
related functions falling in the same field or 
having the same general purpose could be 
brought into organic connection and their 
operations made capable of consideration, as 
a whole, it should be easier for the Cffief 
Executive to formtilate programs for sub¬ 
mission to Congress; and the Congress 
should be able to give more intelligent con¬ 
sideration to legislation and reach less hur¬ 
ried decisions regarding appropriations. 
The service agencies could perform their 
work with more certainty, and the public 
could more readily comprehend the work of 
the government, more directly exercise that 
general control which should obtain under 
a popular government, and more easily trans¬ 
act business with the government’s agen¬ 
cies.” 

Excerpts were included from resolutions 
by the American Society of Civil Engineers 
and the American Engineering Council's 
assembly to the effect that both organiza¬ 
tions would support "the enactment of 
suitable legislation designed to create a 
federal department of public works, as pro¬ 
posed by the President of the United States, 
with definite provision for excluding the 
Army engineers and their river and harbor 
work from this department.” It was also 
stated that existing working organizations 
need not be disttirbed by the reorganization 
process, and that all questions involving 
the redistribution of duties should be sub¬ 
ject to decisions by proper authorities in 
the light of subsequent experience and in¬ 
vestigation. 


Scientific 

Research Legislation 

Engineers may find much to interest them 
in the provisions of bill H. R. 7939 insti¬ 
gated by Congressman Randolph of West 
Virginia, which is "to provide for the pro¬ 
motion of general welfare in relation to the 
economic efforts flowing from scientific and 
technological developments” in the United 
States. It is based on the premise that we 
must continue to create new "capital out¬ 
lets,” that the chief source of such outlets is 
the development of new industries, and that 
scientific research is the foundation of the 
greater portion of our modem industries. 
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The bill properly differentiates between 
social science and natural science and ad¬ 
vances a practical philosophy designed to 
unite the sciences in the application of 
scientific discoveries and inventions to hu¬ 
man needs. One of the principal objectives 
is the stimulation of pure science as a foun¬ 
dation for applied science which is recog¬ 
nized ^ the greatest factor in the develop¬ 
ment of the resources of the nation. 

Engineers who have studied the effects of 
the impacts of technological developments 


Lellersi to flae 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be condse and may deal with technical 
papers, artides published in previous issues, or other 
subjects of some general interest and professional 
importance. Elbctrical Enoinbbiuno will en¬ 
deavor to publish as many letters as possible, but of 
necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should be 
the original typewritten copy, double spaced. Any 
illustrations submitted should be in duplicate, 
one copy, to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly under 
stood to be made by the writers; publication here 
in no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Su90estiotis for 
AIEE Programs 

To the Editor: 

At the recent meeting of the Section dele¬ 
gates where Institute publication policies 
were discussed, the sentiment was almost 
unanimously expressed that Electrical 
Engineering should include a consider¬ 
able percentage of articles dealing with 
economic and social aspects of engineering 
problems, and with readable articles of a 
general nature. The publication committee 
will presumably make plans for publishing 
such general articles, and I infer that the 
membership at large would similarly like 
the technical program committee to arrange 
sessions dealing with general problems. 

In thus broadening the Institute field, it 
is important not to duplicate the programs 
of other organizations, nor to depart from 
the factual basis of all good engineering 
work. It also seems to me desirable to 
make this departure from our accustomed 
ways gradually, and especially not to allow 
controversial subjects of purely political or 
social nature to displace engineering dis¬ 
cussions. 

With this in mind, I should like to suggest 
3 specific types of articles or discussions for 
the Institute to add to its programs, or to- 
use more frequently. 

First, I thhik it very desirable to include 
articles dealing with economics or social 
problems, so long as these are written from 
an engineering viewpoint, or on the basis 
of facts, in, such a way that the ideas pre-; 
sented will fit into the framework of engi¬ 
neering knowledge. To me* it a,ppeafs that 
the laws of economics are quite analogous 
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upon civilization may not find much that is 
new to them in this legislation except that 
the usefulness of science, pure and applied, 
to our social and economic well being, as a 
nation, is appreciated by members qf Con¬ 
gress. Even though they may not agree 
with Congressman Randolph’s ideas, engi¬ 
neers have an opportunity to applaud his 
efforts to effect a national recognition of the 
true value of technology and to contribute 
criticisms as well as constructive sugges¬ 
tions to the advancement of that cause. 


EIu»r 


to the laws of physics. We have, for ex¬ 
ample, Hamilton’s “principle of least action” 
which says that in nature motions always 
occur in such a way as to make the total ac¬ 
tion of the system a minimum. In econom¬ 
ics it appears that society always endeav¬ 
ors to carry out its processes in such a way 
as to expend the least total effort. We 
seek to measure effort of every sort, past, 
present, and future in terms of a common 
unit, the dollar. 

Thus, it should be possible to explain the 
laws of prices, the development of new in¬ 
dustrial processes, and the displacement 
of old ones, on the basis of a principle of 
economy of effort as inexorable as the law of 
gravitation. Looked at in this way, we may 
think of the laws of economics as engineer¬ 
ing principles we are already quite familiar 
with. And, the task of the engineer may be 
outlined as that of obtaining a more correct 
measure of the effort involved in each de¬ 
ment of a process^ in terms of immediate 
dollars, and the expression of the laws of 
variation of effort with changes m the proc¬ 
ess. As long as only a few individuals or 
materials are concerned, the problem is 
simple. However, bringing in the large 
numbers of individuals, the diverse sources 
of material, and the long periods of time that 
must all be considered under modern con¬ 
ditions, makes the problem much more 
difficult. What the engineer must do is to 
visualize the laws of economy of effort in 
simple terms and then widen his vision to 
indude the increasingly large units of sodety 
that are involved in modern industry. 

I believe there is need for many artides 
and discussions of economic and sodal prob¬ 
lems prepared along the lines of such an 
engineering philosophy, and these should 
form a very desirable addition to the In¬ 
stitute’s program. On the other hand, I 
strongly oppose having the Institute be¬ 
come a forum for the di^mssion of economic 
and sodal subjects in the language and with 
the methods already used by expiefts in these 
fidds. We should not attempt to tell the 
economists of the experts in any other fidd 
how to do thdr job nor criticize them for the 
way in which they are doing it. We should 
simply tell men who are trained in engineer¬ 
ing how they can apply their engineering 
knowledge to deal mth the economic and 
sochd problems they meet in thdr engineer¬ 
ing work. 

Second, I think it desirable for the Insti¬ 
tute to have articles and discussions of a 
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general expository or descriptive nature, 
dealing with large-scale engineering proj¬ 
ects or application engineering. Engineers 
need to know what is going on in other fidds, 
to understand its purpose and its importance, 
and to know where they can find details if 
they need them. In every fidd of applica¬ 
tion engineering, methods and points of 
view change so rapidly, that nearly every 
purdy technical artide is out of date within 
5 years. There is, therefore, a large fidd 
for periodic articles reviewing the funda¬ 
mental prindples of each branch of engineer¬ 
ing and giving references to up-to-date 
somrces of detailed information. Such arti¬ 
cles and discussions might well take up as 
much as one-third of our Institute programs, 
in my opinion. 

Finally, I should like to suggest that the 
Institute also accept artides and hold dis¬ 
cussions on methods by which engineers 
can play a more important r61e in the world 
at large. I believe that the Institute can 
help engineers both by education and by 
inspiration to gain greater recognition, but 
such recognition must be the result of their 
individual actions rather than any prestige 
conferred upon them by the Institute. 
Programs should be designed to encourage 
individual actions by engineers in their own 
communities, and on no account planned to 
make the Institute take part as a whole in 
controversial questions of politics or govern¬ 
ment. The basis of all engineering progress 
is fact. Facts must be understood and pre¬ 
sented by individuals. They cannot be 
properly voted upon nor advocated by mass 
action. 

Specifically, I think that in this social 
field the best way to proceed is for papers to 
be presented telling just how particular 
engineers have acted to marshal facts and 
bring them to the attention of the proper 
authorities, and have so educated the public 
as to promote right decisions on affairs of 
public importance. For example, the 
method by which the engineers of Cincinnati 
have organized to interest the public in 
addresses on engineering subjects should be 
described before the Institute, thus inspir¬ 
ing engineers elsewhere similarly to bring 
their facts out in the open. Also, the pro¬ 
cedure should be discussed by which any 
individual engineer may by his interest in 
the problems of the community in which he 
lives and the judicial point of view given by 
his engineering training, bring together 
community organizations of wideiy different 
views and weld them into a force for united 
public action. Articles in this field which 
described things of public importance actu¬ 
ally done by engineers, or with an engi¬ 
neering—that is, a fact-finding—basis should 
be of great value and inspiration to the In¬ 
stitute membership. 

Summarizing, I believe the Institute ought 
to enlarge its program to include, first, 
articles and discussions dealing with eco¬ 
nomics and social problems described in 
engineering terms; second, expository or 
descriptive articles of a general nature show¬ 
ing the state of the eng^eerihg art in dif¬ 
ferent fields; and, third, articles describing 
actual achievements by en^eers in the 
social and governmental field. 

Very truly yours, 

P. L. Alger (AT7, F’30) 

Bu^needng Ocneral Department, General 

Electric Company, Schenectady, N; Y. 
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Branch Activities 
Are First-Page News 

To the Editor: 

The first page of the July 1937 issue 
Electrical Engineering contains a part¬ 
ing message from retiring President Mac- 
Cutcheon. It is entitled “Branch Activity.” 
When he became president there was no 
Institute work of which he knew less, and 
when he retired, there was “no phase in 
which I am more interested or which I feel 
is better conducted.” He gives 4 columns 
of observations, anecdotes, and concrete 
suggestions. 

The report of the board of directors in 
the same issue records the number of 
branches as 119 with a total of attendance of 
46,000. 

The number of Enrolled Students is 
4,500 and the number of applications of 
students for membership is 2,250. 

Electrical Engineering is publishing 
articles which give a fine presentation of the 
engineer in his nontechnical relations. In 
August, Dean Bush presents his “The 
Engineer and His Relation to Govern¬ 
ment.” Doctor Flanders, eminent engineer¬ 
ing economist, and past-president of the 
American Society of Mechanical Engi¬ 
neers, deals with “The Engineer in a 
Changing World.” Past-President Mac- 
Cutcheon visions the engineer of to¬ 
morrow. Mr. Blaker, an engineering stu¬ 
dent, speaks his mind on “The Engineer’s 
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Responsibility to Society.” Mr. Wilkinson 
describes an experiment in the recognition of 
engineers in which the careers and qualities 
of notable recent graduates are recorded. 
And, in the September issue. President 
Doherty of Carnegie Institute of Technol¬ 
ogy, noted industrial engineer and educator, 
deals with “Engineering Education and 
Democracy,” and indicates the qualities 
which the student should develop who aims 
to be a creative engineer. 

All this affords to the engineering student 
a wealth of information, suggestion, and 
guidance. 

This material might well afford the sub¬ 
ject matter for presentation and discussion 
at student Branch meetings. It presents 
various phases of the larger engineering 
career which the future opens to the engi¬ 
neering student of today. 

Very truly yours, 

C. F. Scott (A’92, F’25, HM’29, 
past-president, member for life) 

Professor of Electrical Bngineerins Emeritus, 
Yale University, New Haven, Conn. 


Graphical Solution of Similar 
Impedances in Multiple 

To the Editor: 

Figure 2 illustrates a simple method of 
determining the equivalent impedance of 
2 similar impedances in multiple, such as 
the pair illustrated in figure 1. It must be 
remembered that the ratio of reactance to 
resistance in each branch is the same. The 
construction is as follows: Choose any 
desired reference or base line as AB. 
Erect perpendiculars to this base line at any 
desired distance apart and of lengths, to 
any convenient common scale, equal to the 
impedances, as Zi = 8 and Z* = 5. With 
diagonals join the opposite ends of the per¬ 
pendiculars as shown by the dotted lines. 
Then, the equivalent impedance of the 
multiple combination is, to the common 
scale, the length of the perpendicular from 
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the intersection of the diagonals to the base 
line, as shown by Zn- 
For more than 2 similar impedances in 
multiple, ^ in figure 3, they may be grouped 
in pairs and the resultant of the pairs com¬ 
bined as in figure 4; or take the resultant of 
the first 2, work it with the third, then the 
resultant of this combination is worked with 
the fourth; etc. This is illustrated in 
figure 6. A comparison of figures 4 and 6 
will show that the resultant Zim is the same 
in either case. 

The equivalent resistance of a group of 
multiple resistances or the equivalent react¬ 
ance of a group of multiple reactances may 
be determined graphically in this way, they 
being special cases of similar impedances in 
multiple. 

Proof: From similar triangles in figme 6: 

Si/Z =» S/Zs, therefore Si » ZS/Za and 
SaZ = S/Zi, therefore Sa *=■ ZSJZi 

Therefore Si + 5s « Z5(l/Zi -1- l/Zs); but 
+ Ss = 5; 

therefore S « Z5(l/Zi -f 1/Zs), or 

1 = Z(l/Zi -1- l/Zs) or 1/Z « 1/Zi + 1/Za 
or 

^ ZiZa 

Z\ -|- Zs 

It will be noted that the expression is the 
w^-knowtt one for similar impedances in 
multiple. Also it is evident that the ex¬ 
pressions are independent of the distance, 
5, between perpendiculars. 

Very truly yours, 

E. C. Goodalb (A’27) 

Impector, Puget Sound Power and 
Light Company, Olympia, Wash. 


On the Characteristics 
of Human Nature 

To the Editor : 

Should it be required to state a term 
which, more uniquely than any other, sup¬ 
posedly characterizes western civilization 
the adjective “scientific” will not long fail 
to appear. It is commonly held that this 
term is peculiarly applicable in that other, 
pr preceding, social systems lack the same. 
Some itisp^rtion of the matter at a critical 
level discovers, however, a slight confusion. 

Presumably the uninitiated might gather 
ttiat society is employing scientific method 
in day-by-day effort toward improvement. 
Search; among popular Or discriminating 
opimon disdoses little such deliberated 
action as adniitted, as contemplated, or as 
reasonably possible. 
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The exceptional suitability of scientific 
method and engineering persons to cope 
with the present untidy state of human af¬ 
fairs is widely admitted. After consider¬ 
ing the method of action of engineers, it 
becomes plain there is no class of mortals 
less likely to be permitted undisguised use 
of its characteristic technique. 

This is all as it should be in a world 
where men speak of “better things*’ with 
wistful optimism and concurrently are 
capable mainly of invidious self-regard and 
of acting largely through evidenced demon¬ 
strations of force and chicane. 

But, regardless of such being the reality 
of the matter, there still remains an urge 
on technically biased persons to act for an 
improved social order. Admit the engineers 
to be as willing as the need is great; as yet 
there is little detailed information in the 
literature to aid the rank and file in its 
action on a creaking human polity. 

No small part of the engineer’s approach 
and method has been his insistence on the 
dimensions and behaviors of the material 
he must handle. If, therefore, he must 
now act on men in a society rather than 
supervise th^ in industrial pursuits, he 
might reasonably seek a chart of perform¬ 
ance of this substance with which he is to 
A quantity so varied and immense 
as the tuimati animal can never be precisely 
covered. Any attempt must necessarily 
be fragmentary, even tedious. Neverthe¬ 
less, the importance of having some basis 
for action, superficial and "practical” 
though it be in contrast to rigorous and 
theoretical, warrants almost any attempt 
at record. 

With these limitations in mind, and with 
some misgivings as to the form of the data, 
the following notes are presented. 

'« 

Some Characteristics of Human Nature 

Wi» hug deformities If they bear our nome—GUnville 

A. Human nature possesses but Uule con- 
structive imagination. 

Reasons 

Its pliilosophy is one of belief in pragmatic effective- 
ness, in results, in the value of experience, in cynical 
practicality. E.g., its exprestion “Nothing suc¬ 
ceeds like success.*' 

Consequences 

1. Learns slowly, if at all, and largely through 
action on its pocketbook. Therefore repetitions 
smd detaily; easily flustered by any unexpected 
response of man or machine. 

2. Unable to “see” much of anything through 
eyes or experiences of others. 

3. Able to concede experiences, knowledges or 
skills to others only if gained in its “presence.” 

4. Unable to see any personal repercussions of its 
instinctive social and economic indifferentism. 

5. ^ Lacks that capadty for intellectual indignation 
which was called to the attention of the ancient 
Greeks, and which is essential to the preservation 
of a democracy. (This in contrast to an urgent 
interest in sensationalism.) 

0. Capable of academic consideration of but few 
topics. Therefore (a) must be able to “take sides” 
on matters to become interested—must become 
personally identified. And this possible interest 
is 

I. In direct ratio to personal or financial concern 
with the matter. 

. II. Without much regard to the social or eco¬ 
nomic principles involved in an “isolated” 
event. 

III. Exploitable through sales efforts appealing to 
the more paltry emotions. 


7. Distrustful, both of itself and of others. But 
it is extremely vocal in its own defense. 

8. Amenable to power mther than to intellectual 
discipline. Therefore (a) responsive to the com¬ 
pulsions of organization rather than to the demands, 
■for responsibility in co-operative independence; 
(6) impressed by bigness—physical or financial. 

9. Subjective rather than objective. Therefore 

(a) pays little attention to what others say. (h) 
gives much consideration to the words put into 
other's mouths, (c) intrigued by labels,^ e.g., 
“smartness/* “excluMve import,” “Republican,” 
“New Deal.” 

10. distinction, while demanding to be just 
like everyone else. 

11. a naivc belief that mass emotional 
satisfaction is possible in a social order based on 
competitive gain. 

B. Human naJture is a gregarious one. 

Reasons 

1. Lacks self-reliance. 

2. Necessary that it act on people—competitively 
—if it is to sense "accomplishment.” 

Consequences 

1. Worst form of insult to it or by it is a considered 
removal of ph3rsical presence. 

2. Naturally urban (as regards population den- 

Aty). 

3. Prone to bother people by invasions of space, 
time, or thoughts. 

4. The “pleanng effrontery” of sailes techniques 
is acceptable to it. 

C. Human nature is emotional rather than 
raiional. 

Reasons 

1. It has “gotten by” in the mass, fairly acceptably 
up to now. 

2. Mental inertia, coupled to unfamiliarity with 
and distrust of reasoning processes. 

Consequences 

1. It avoids thinking processes by every means at 
its disposal. Therefore, it is prone to rely on its 
instincts when under stress. 

2. It is arrogant. 

(a) . Particularly in the sense that it must pursue 

personal vindication through any amount of 
conversational bramble patches. 

(b) . Seemingly it cannot consider itself as other 

than umque, thus can accept nothing less 
than— 

I. Instant, unquestioning obedience. 

II. Complete, enthusiastic agreement with its pre¬ 
judices, under the name, that is, of “judg¬ 
ments.” 

3. It is unctuous. Therefore: 

(a) . Prone to rely on symbolic action. 

(6). Smug. 

(c) . Apt to make virtues of necessities, that is, to 

rationalize its compelled behaviors. 

4. It is basically disagreeable. 

Reasons. 1. Mass emotional satisfaction based 
on competitive gain is a self-contradictory 
concept. 

RestiUs. (a) Impatient, irritable, spiteful, mali- 
dous; (fi) instinctively uses the argumentum 
ad hominem; (c) attempts extreme emphasis 
by becoming personally abusive; (d) stub¬ 
born, contrary, selfish, acrimonious, ran¬ 
corous; (e) exdtable and “nervous” par¬ 
ticularly in presence of recognized personal¬ 
ized challenges to its “rights.” 

5. Hypersensitive to any possibility of critical 
implication in words or actions of others. There¬ 
fore, (a) possessed of a bustling, impressive activity; 

(b) rashes spontaneously to its own verbal d^ense; 
that is, it is “touchy^’ so is prone to argue by begging 
the question; (c) easily becomes[ indignant over its 
assignments of professed rectitude to others; (d) 
bristles easily. 

6. Unable to carry .on true argumentation. 


7. Though “sporty” lacks many elements of true 
sportsmanship; hence (a) is unsuited to interde¬ 
pendent social and economic existence. 

8. Its standards are largely pecuniary as distin¬ 
guished from economic, intellectual, scientific, etc. 

9. Its philosophical bias can be put as: Bjus 
cogito igUur id esl, as opposed to Descartes’ state¬ 
ment Cogito ergo sum. 

References 

Note. The list of works given below serves 
somewhat the purpose of a bibliography. 
No claim whatsoever can be made as to 
completeness in the assembly. The litera¬ 
ture on this subject grows each day. What 
appears here will but offer the interested 
reader a slightly enlarged field of inquiry. 
Should he wish practical reference for 
day-by-day use in small compass, let him 
possess hims elf of an old-fashioned rhetoric 
book.. There he will come upon those 
methods making most appeal to the common 
run of mankind in afgumentation—^vicious 
circle and post hoc reasoning, begging the 
question, the argumentum ad hominem, etc. 
Superficial and fallacious though they be, 
their general applicability will be apparent. 
Then, let him add a copy of Rostand’s 
"Cyrano de Bergerac” to recognize the 
relish for gud geste and its fruits. 

The other works, as available, will as¬ 
sume their places in the perspective. 

Books 


Tbb Mind and Socibtv, Paxeto. 

Dvnamic SomoLOQV, Lester Ward. 

On thb Bioloqicai. Basis or Human Nature, 
Herbert Spencer Jennings. 

An Introduction to the Philosophy or Educa¬ 
tion, Demiaskevich. 

History or the Great American Fortunes, 
Meyers. 

Halsey's Handbook (particlarly the section on 
the metric system in editions of about 1915) 

Debt and Production \ 

Horses and Apples 1 Bassett Jones. 

The Theory of the Leisure Class \ 

The Place or Scibncb in Modern I 
Civilization > Veblen, 

The Engineers and the Price I 
System ' 

The Epic of America, Adams. 

The Rise or the New West ) Frederick 
SiONiriCANCB or the Frontier in f Jayson 
American History 1 Turner. 

The Condition or the Working Class in 
Britain, Etiett. (See also Engles’ treatise of the 
same title dated 1844.) 

PsychopathiaSexualis, Hrafft-Ebbing. 

Liberty, Everitt Dean Martin. 

Moral Man and Immoral Society, Niebuhr. 
Where Is Science Going? Max Planck. 


The Modern Corporation and Private Prop¬ 
erty, Berle and Means. 

Christian Fact and Modern Doubt, Buttrick. 
Monographs or the President’s (Hoover) Bh- 
SEARCH Committee on Social Trends in the 
U.S. 


Middletown % r. S. and H. M. 

Middletown in Transition ) Lynd 

The Symbols or Government, Thurman Arnold. 
Government or the People, Brogan. 

The Tragic Era, Bowers. 

Graft in Business, Fl3mn. 

The Insolence or Orrics, W. B. and J. B. Nor- 
thrup. 

The Folitician, Wallis. 

Wm. Randolph Hearst, an American Phenome¬ 
non, Winkler. , • 

Dynamitb, Louis Adamic. 

Democratic Despotism, Desveniine. 

PiPTY-FrvB Men, RodelL 
Deserts ON THE March, Sears: 
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Tools of Tomorrow, Leonard. 

Sticks and Stonbs, Louis Mumford. 

Thb Enoinbbr Sblls His Sbrvicbs, Hirst. 

How TO Win Fribnds and Influbncb Pboplb, 
Dale Carnepe. 

(There are some very pertinent remarks on these 
types of '‘success" books in the "Readers Guide" 
of New York Herald Tribune "book review section" 
of April 18. 1937.) 

Fictionalized Material 

Tono Bonoav, Wells. 

Oil for thb Lamps of China, Hobart. 

Lifb With Father, Day (and enthusiastic reviews 
of the same.) 

I Can Gbt It for Yotr Wholbsalb, Weldman. 
Thb Forty Days of Musa Dagr, WerfeL 
Thb Chbrry Orchard; Thb Trrbb Sistbrs, plays 
by Anton Tcheckhov. 

Periodical Literature 

Is Man an Absurdity, Bradley. HarperSt October 
1936. 

Trusting in Birins, Canby. Saturday Review of 
LiUrature, June 13, 1936. 

SciBNCB and thb Layman, SulUvan. AUanite 
i/fonthly, September 1934. 

Design for a Boor, Lippmann. AUantie Monthly, 
September 1936 (and subsequent essays by the 
same author in this magazine). 

Thb Success Fetish in Education, Steiner. Phi 
Della Kappan, December 1936. 

Thb Status Quo, Tindsley. Modern Language 
Journal, February 1937. 

Report of thb American Historical Society on 
Social Studies in Education (and, some pertinent 
remarks on the subject by L. E. Akeley, Journal cf 
Engineering Education, May 1935). 

SpeMh of Harold Urey at dedication of Mellon 
Institute, May 6, 1937. ("this is age of dissipation 
of natural materials of earth's crust," etc.) 

Eighth Steinmetz Lecture, Mees. Elbctrical 
Bnoinbbrino, March 1934. 

Very truly yours, 
Andrew Douglas (A’18, M’29) 

Physics and General Sdenee 
Teacher, Murphy High School, 
Mobile, Ala. 

AIEE 

Publications 

To the Editor: 

I have read with much interest Michel G. 
Malti’s letter in the September issue of 
Electrical Engineering, as it expresses 
not only a thought I have had for some 
years, but also a thought I have heard ex¬ 
pressed by many other engineers. I would 
go further than Mr. Malti and estimate that 
the number of engineers in class h would far 
exceed those in both classes a and c. 

I confess quite freely that the biggest pro¬ 
portion of the articles appearing in Elec¬ 
trical Engineering are so technical in 
nature that I am unable to follow them and, 
in fact, would have no interest in following 
them except in a few cases Where, for some 
reason or other, I have a personal interest in 
the subject under discussion^ I realize that 
due to the amount of specialization in the 
engineering field it wouldnot be possible to 
have many highly technical papers appli¬ 
cable to the various fields of ^ecialization, 
but I nevertheless feel that in a magazine 
which is for the whole membership the arti¬ 
cles should, if possible, be of interest to a 
majority of members. 

It is realized that as editor of a magazitig. 
for so diverse a group of people you have a 
most difficult job but, nevertheless, it may 
be of interest and perhaps of some help to 
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you to learn what a number of your readers 
t hink , and I know from personal contacts 
that 1 am speaking for a number rather than 
for myself alone when I endorse Mr. Malti’s 
program. 

Very truly yours, 

M. M. Brandon (A’34, M'36) 

Associate Electrical Ent^neer, Underwriters’ 
Laboratories, Inc., New York, N. Y. 


Heat Transfer Efficiency 
of Range Units 

To the Editor: 

The interesting article by W. James 
Walsh published in the August issue of 
Electrical Engineering has just come to 
my attention. It is certainly an excellent 
article. 

In the interest of bringing out the true 
values of the diverse designs of electrical 
range units, I would like to make the follow¬ 
ing comments and suggestions which may 
possibly help to guide future and more thor¬ 
ough studies of this subject with the idea of 
setting up modes of test and examination to 
bring out comparatively all the qualifica¬ 
tions of every type of unit. 

My first comment, of course, is that the 
tests on which this paper was based are 
tests only on the stated units in their brand 
new condition and are, of course, laboratory 
tests rather than cooking tests extending 
over a period of time sudi as will demon¬ 
strate what I term the quality of "stability 
of efficiency’’ and "cooking and heating effi¬ 
cacy over an extended time period.’’ 

We all know, of course, that the true value 
of a heating unit or an electrical range is not 
fully demonstrated by what might be termed 
an instantaneous test when the equipment 
is brand new. Such equipment does not 
stay brand new. 

It is subject to all kinds of use and abuse 
in practical household work and the buyer 
is naturally interested in the performance of 
the devices throughout the period of nor¬ 
mal life expectancies. 

Would it not be an excellent thing to have 
these tests repeated after each of the tmits 
has been in normal practical and identical 
cooking use approximating as nearly as pos¬ 
sible household use in a family of average 
size? 

Of course, there is always some little dif¬ 
ference in ohmic resistance of units when 
new and the cooking tests on the new units 
ought to be made at identical rated wattage 
regardless of the voltage required on the 
new imits. 

Better stiU would be to have selected new 
units of each make which would have iden¬ 
tical ohmic resistance or, in other words, 
which would possess identiced normal rated 
wattage when new and then let the units be 
operated as above stated and tested subse¬ 
quently at periods of 3,6, 9, and 12 months 
piRctical use at the voltage which originally 
gave the normal rated wattage when new. 
This test should include boiling speed tests 
and other practical cooking tests at the 
identical original voltaic. 

Then after havii^ made such tMts, the 
efficiency tests should be repeated at the 
same voltage, 

Th^ a third set of tests , should be made 
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under which condition the voltage applied 
to each unit might be increased so as to re¬ 
establish the original rated wattages on each 
unit and the efficiency test repeated. 

In this way it would take account of the 
"stability of efficiency’’ and of "operating 
efficacy" after various periods of elapsed 
time during which the units had all been in 
identical and practical cooking use. 

This wotdd really ^ow up what the mar¬ 
ket wants to know, which is not merely 
what a brand new article will do on a labora¬ 
tory test in the way of a technical expression 
of electrothermal efficiency, but it would 
demonstrate the stability of the various 
qualities of the various units and would also 
demonstrate efficacy of which the efficiency 
is only one component. 

I realize that the making of such tests 
under conditions that would be fairly iden¬ 
tical as between units and also fairly com¬ 
parative to practical use would involve some 
painstaking care and experience, but it would 
certainly be more nearly the proof of the 
pudding short of actual market experience 
on the part of the public. 

I hope that these suggestions may be of 
some value in assisting efforts along thi& 
line. 

Very truly yours, 

E. L. WlfidAisn) 

President, Edwin L. RHegand Company, 
Pittsburgh, Pa. 

To the Editor: 

Mr. Walsh’s paper in the August issue of 
Electrical Engineering should go a long 
way in awakening the range designers to 
the fact that the modem electric range is an 
outgrowth of the old-time wood and coal 
range rather than the result of good engineer¬ 
ing design. His efficiencies of heat transfer 
are suprismgly high, probably higher than 
one would find in the average kitchen. He 
used square-cornered utensils, whereas most 
range users use all types of round-coraered 
and odd-diametered utensils. His efficiencies 
would have been considerably lower had 
he used a random assortment of utensils 
such as one finds in the average kitchen. 

In the not-far-distant future a complete 
range will include the utensils which are to 
be used with it. These utensils will be of 
such diameter as to cover the unit com¬ 
pletely, and will have black bottoms and 
square comers (similar to those shown by 
Mr. Walsh), although square-cornered uten¬ 
sils are difficult to clean. A minimum of sur¬ 
face units will be built, into the range how¬ 
ever; most of them will be the well-type of 
unit, such as is now included in modem 
ranges as an "economy” unit. It is also 
likely that surface utensils and their covers 
win be insulated against heat radiation 
from their sides and tops. There is the 
possibility that some day immersion units 
will be adapted to boiling and ste’^g 
operations, thus raising the efficiency of heat 
transfer to the highest possible value. 

Mr. Walsh is to be highly commended for 
bringing to the attention of electrical engi¬ 
neers quantitative data bn a problem which 
has too long been subject to much specula¬ 
tion without factual basis. 

Very truly yours, 

Walter J. Seeley ,(A’19, M’28) 

Professor and Head of Department of Electrical 

Engineering, Duke University, Durham, N. C. 
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C. R. Jones (A’16, M’30, director) eastern 
transportation manager, Westinghouse Elec¬ 
tric & Manufacturing Company, New 
York, N. y., has been elected chairman of 
the Institute’s committee on finance for the 
year 1937-38. He was bom at Norristown, 
Pa., May 11, 1886. In 1907, he was gradu¬ 
ated from the University of Pennsylvania 
with the degree of bachelor of science in 
electrical engineering. Since 1907 he has 
been continuously with the Westinghouse 
Electric & Manufacturing Company. For 
the first 2 years, until 1909, he was on the 
engineering apprentice course of the com¬ 
pany at East Pittsburgh, specializing in 
railway work. For the next 2 years, until 
1911, he was in the engineering and railway 
department of the company, also at East 
Pittsburgh, being transferred in the latter 
year to the New York office where he was 
assistant to the manager of the railway di¬ 
vision until 1916. • From 1916 to 1926 he 
was sales engineer in the New York office 
of the Westinghouse company, representing 
the company on large contracts involving 
both engineering and commercial phases. 
This included work in connection with the 
electrification of steam railroads and power 
supply and car equipment for the local rapid 
transit company. From 1925 to 1930, he 
was section manager of the transportation 
division of the New York office, continuing 
the same work, but in a supervisory capac¬ 
ity. In the latter year he became assistant 
northeastern transportation manager, and 
in 1931 transportation manager of what is 
now the eastern district. Mr. Jones is at 
present a director of the Institute and has 
served as a member of the national mem¬ 
bership committee, 1928-31, and has en¬ 
gaged for a number of years in the activi¬ 
ties of the New York City District (num¬ 
ber 3). He has been active for several years 
in connection with the Institute’s winter 
conventions. He is a member of the New 
York Electrical Society, New York Engi¬ 
neers’ Qub, and other organizations. 


L. W. W. Morkow (A’13, F’25, past direc- 
; tor) general manager of the fiber products 
division of the Corning (N. Y.) Glass Works, 
has been appointed chairman of the Insti¬ 
tute’s committee on constitution and by¬ 
laws for the year 1937-38. Mr. Morrow is 
< a native (1888) of Hammond, W. Va., and 
was graduated from Marshall College in 
1907 and Cornell University in 1911. Dur- 
ixig the scholastic year following his gradua¬ 
tion in 1911 he served as an instructor at 
Cornell University, and in 1913 was ap¬ 
pointed f assistant professor of electrical 
engineering at the University of Oklahoma. 
During the year 1917-18 he served as pro¬ 
fessor of eleqtrical engineering and director 
of the school of dectrical engineering, before 
booming assistant director of the JJ^S, 
Signal Corps school at Yale Univdsity., 
He served concurrently u an assistant pro¬ 
fessor of electrical engineering on the faculty 
of Yale University, and, following the World 
War, was retained in that posiHon. tn 1922 
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Mr. Morrow accepted a position as associate 
editor of Electrical World; in 1929 he became 
editor of that publication, but resigned in 
1936 to become manager of the fiber prod¬ 
ucts division of the Coming Glass Works. 
He has been active in the committee work 
and other affairs of the Institute, is at 
present a member of the technical program 
committee and the committees on co-ordina¬ 
tion of Institute activities and publication. 
He is vice-president of the Thomas Alva 
Edison Foundation and the Institute’s repre¬ 
sentative on the Engineers’ Council for Pro¬ 
fessional Development. Mr. Morrow is a 
member of The American Society of Mech¬ 
anical Engineers, American Electrochemical 
Society, and Sigma Xi. 


J. W. Barker (M’26, F’30) dean of engi¬ 
neering, Columbia University, New York, 
N. Y., has been appointed chairman of the 
Institute’s committee on education for the 
year 1937-38. Dean Barker was bora June 
17, 1891, at Lawrence, Mass., and was 
graduated from Massachusetts Institute of 
Technology with the degree of bachelor of 
science in electrical engineering in 1916, and 
master of science in electrical engineering in 
1925. During the World War he served in 
the Coast Artillery Corps of the United 
States Army as artillery engineer and ad¬ 
jutant, and also as officer in charge of civil 
affairs of the American forces in Germany 
following the war. In 1925 he was appointed 
associate professor of electrical engineering 
at Lehigh University; 1929 he became pro¬ 
fessor and head of the department of elec¬ 
trical engineering, but in the following year 
was appointed professor and dean of the 
faculty of engineering at Columbia Uni¬ 
versity, where he has remained since. Dean 
Barker has been a member of the Institute’s 
committee on education since 1930, has 
served on the committee on production and 
application of light since 1929, and was 
chairman of that committee from 1933 to 
1935. He was a member of the technical 
program committee from 1932 until 1937, 
and is at present a member of the publica¬ 
tion committee and an Institute representa¬ 
tive on the Iwadare Foundation. He is a 
member of the American Association for 


the Advancement of Science, American So¬ 
ciety of Civil Engineers, The American 
Society of Mechanical Engineers, American 
Institute of Mining and Metallurgical Engi¬ 
neers, Society for the Promotion of Engi¬ 
neering Education, and has been active in 
the affairs of the division of engineering and 
research of the National Research Council. 


W. D. A. Pbaslee (A’10, F’27) consulting 
engineer, Indianapolis, Ind., has joined the 
staff of W. S. Dickey Clay Manufactiuing 
Company, Elansas City, Mo., as chief engi¬ 
neer. Mr. Peaslee was born at Grass Valley, 
Calif. He received the degree of bachelor 
of arts in electrical engineering from Leland 
Stanford, Jr., University in 1910, and that 
of electrical engineer in 1916 from Oregon 
Agricultural College, where he was an in¬ 
structor. Following service as a captain 
in the U.S. Army during 1917-19, he be¬ 
came electrical engineer and later general 
manager of the Jeffery Dewitt Insulator 
Company, Huntington, W. Va. From 1922 
to 1924 he was chief engineer of Belden 
Manufacturing Company, Chicago, and dur¬ 
ing 1924-25 was president and general mana¬ 
ger of Terlee Electric and Manufacturing 
Company, Chicago. In 1925 he became 
assistant to president and general manager 
of Daven Radio Corporation, Newark, N. J., 
and 2 years later accepted the position of 
assistant to president. Underwriters Labora¬ 
tories, Chicago, Ill., which he held for 8 
years. He is ffie author, of articles on a 
variety of subjects, and a member of The 
American Society of Mechanical Engineers, 
American Association for the Advance¬ 
ment of Science, Soci6t6 Frangaise des 
Electriciens, and others. 


0. J. Rotty (A’25, M’31) superintendent 
of substations, Union Electric Company of 
Missouri, St. Louis, has been appointed 
chairman of the Institute’s committee on 
automatic stations for the year 1937-38. 
Mr. Rotty was bora October 14,1898, at St. 
Louis and received the degree of bachelor of 
science in engineering at the University of 
Missouri in 1921. Immediately following 
his graduation he entered the employ of the 
Union Electric Light and Power Company, 
which later became the Union Electric Com¬ 
pany of Missouri. His first position with 
that company was concerned with the physi¬ 
cal inventory of the utility properties, but 
in 1923 he was appointed general substation 
engineer, in whidi capacity he worked on the 
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construction, testing, and operation of auto¬ 
matic substations. From 1926 until 1930 
Mr. Rotty was substation engineer in charge 
of design, construction, testing, and inspec¬ 
tion of automatic stations, and since 1930 he 
has been superintendent of substations. He 
has been a member of the committee on 
automatic stations since 1930, and has been 
an interested participant in the affairs of 
the Institute's St. Louis Section, having 
been Section secretary during 1929-30 and 
member or chairman of Section committees. 

♦ 

R. D. Evans (A’21, M’26) central station 
engineer, Westinghouse Electric & Manufac¬ 
turing Company, East Kttsburgh, Pa., has 
been appointed chairman of the Institute’s 
committee on power transmission and dis¬ 
tribution for the year 1937-38. Mr. Evans 
was bom October 14,1892, at Spring Water, 
Wis., and received the degree of bachelor of 
science in electrical engineering at the Uni¬ 
versity of Oklahoma in 1914, following which 
he entered the employ of the Westinghouse 
Electric & Manufacturing Company as a 
general engineer. He has been affiliated 
with that company continuously, and has 
done much original work in studies of power 
generation and transmission, a-c railway 
engineering, electric furnaces, and inductive 
co-ordination. Mr. Evans has served the 
Institute as a member of the power trans¬ 
mission and distribution committee since 
1924, and was a member of the committee 
on communication from 1924 until 1934; he 
was active also in the committee work of the 
former National Electric Light Association. 
He has presented several papers, principally 
on transmission-line calculations, power 
system stability, and network theory, before 
the Institute, and is co-author of a textbook 
on the theory of symmetrical components. 
In 1929 he was awarded the Triennial Mon- 
tefiore Prize jointly with C. F. Wagner 
(A’20, M’27) for contributions to the theory 
of power system stability. 


W. L. Evkritt (A'25, F’36) professor of 
electrical engineering at The Ohio State 
University, Columbus, has been appointed 
chairman of the Institute’s committee on 
communication for the year 1937-38. Doc¬ 
tor Everitt viras born April 14, 1900, at 
Baltimore, Md., and received the degrees of 
electrical engineer (1922), master of science 
(1926), and doctor of philosophy (1933), at 
Com^ University, the University of Michi¬ 
gan, and. The Ohio State University, re¬ 


spectively. Following his graduation in 
1922 he became affiliated with the North 
Electric Manufacturing Company, Galion, 
Ohio, as engineer in charge of the design 
and installation of relay-operated private 
automatic telephone exdianges. In 1924 
he viras appointed to the electrical-engineer¬ 
ing faculty of the University of Michigan, 
was placed in charge of the courses in com¬ 
munication, and remained at that institu¬ 
tion until 1926 when he was appointed 
assistant professor of electrical engineering 
at The Ohio State University; in 1929 he 
became associate professor; and in 1934, 
professor. Besides his regular teaching 
duties. Doctor Everitt has served as con¬ 
sulting engineer for several companies. He 
has been active in the local affairs of the 
Columbus Section of the Institute, having 
been Section chairman during 1931-32, and 
has served as a member of the committee 
on communication since 1932. He is author 
of a widely used textbook on communica¬ 
tion engineering. 


O. A. Knopp (A’09, M’34) chief of the 
bureau of tests and infection. Pacific Gas 
and Electric Company, San Francisco, 
Calif., has received the AIEE Pacific Dis¬ 
trict prize for initial paper for his paper 
"Some Applications of Instrument Trans¬ 
formers.” Mr. Elnopp was bom August 24, 
1877, in Berlin, Germany, and received his 
technical Mucation in ^at country. His 
first position in the electrical industry was 
as a testing engineer in the Bergmann Elec¬ 
trical Works, Berlin, in 1900. After several 
brief affiliations with companies in both 
Germany and the United States, he became 
superintmdent of the standardizing labora¬ 


tory and meter department of the Pacific 
Gas and Electric Company in 1908. In 
1916 Mr. Knopp was made superintendent 
of the laboratory department; and in 1920, 
chief of the bureau of tests and inspection. 
He is a member of the American Society for 
Testing Materials, and was a long-standing 
member of the former National Electric 
Ijight Association. He served as a member 
of the Institute’s committee on instruments 
and measurements from 1980 to 1934, and 
holds many patents on improvements in 
instruments and transformers. 


R. R. Whipplb (A’30, M’36) assis¬ 
tant professor of electrical engineering at 
the University of Iowa, Iowa City, has 
accepted the position of designing illumi¬ 
nating engineer with The Trippe Manufac¬ 
turing Company, Chicago, Ill. Mr. Whipple 
is a graduate of the University of Michigan, 
and had been a member of the faculty of 
the electrical engineering department at the 
University of lovsra since 1928. He has 
written several papers on illumination sub¬ 
jects, and is a member of the Illuminating 
Engineering Society. 


F. V. Magalhaes (A ’07, F’19) executive 
assistant to the president. Consolidated 
Edison Company of New York, Inc., New 
York, N. Y., has been appointed chairman 
of the Institute’s board of examiners for 
the year 1937-38. A biographical outline 
of Mr. Magalhaes’s technical career and* 
his activities in the Institute appeared in 
Electrical Engineering for August 1937, 
page 1064. 


Vannbvar Bush (A’15, F’24, director, 
Lamme Medalist *35) vice-president of 
Massachusetts Institute of Technology, 
Cambridge, has been appointed chairman 
of the Institute’s committee on co-ordina¬ 
tion of Institute activities for the year 1937- 
38. A biographical sketch of Doctor Bush 
appeared in the March 1937 issue of Elec¬ 
trical Engineering, pages 394-5. 


J. W. McRae (A’37) member of technical 
staff. Bell Telephone Laboratories, Deal, 
N. J., has received the AIEE .Pacific Dis¬ 
trict prize for Branch paper for his paper 
"The Magnetic Vector Potential,’’ which 
was published in Electrical Engineering 
for May 1936, pages 534-42, and presented 
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at the 1936 AIEE summer convention, Pasa¬ 
dena Cahf June 23, 1936. Doctor McRae 
was bora October 25, 1910, at Vancouver, 
u’ 3-Jid received the degree of 

bachelor of applied science at the Uni¬ 
versity of British Columbia in 1933, follow- 
®*^^®red California Institute 
ot lec^ology as a graduate student 

degrees of master of science 
U9d4; and doctor of philosophy (1936). He 
fjf ® 5®^ ^ member of the technical staff of 
the Bell Telephone l^aboratories since Janu¬ 
ary 1937. He is a member of Sigma Xi. 


J. A. Koontz, (A'll, M’20) hydro¬ 
electric and transmission engineer. Pacific 
and Electric Company, San Francisco, 
C^., co-author of the paper “Cable 
Vibration ^Methods of Measurement” with 
J. S. Carroll (A’24, M’37) has received the 
AIEE Pacific District prize for best paper. 
Mr. Koontz was bora ^August 27, 1883, at 
Aztec, N. M!., attended Xhroop Polytechnic 
Academy, received the degree of bachelor of 
arts at Stanford University in 1908 and the 
degree of electrical engineer at the same 



J. A. KOONTZ 


institution in 1912. Upon graduation in 
1909 he was employed by the General 
Electric Company for one year before he 
returned to Stanford as a graduate student 
and instructor, and after he received his 
engineering degree in 1912 he became associ¬ 
ated with the Great Western Power Com¬ 
pany, San Francisco, where he eventually 
became electric^ engineer and remained 
tmtil 1930. In Ibat year he assumed his 
present position with the Pacific Gas and 
Electric Company. He has served as a 
member of 2 of the Institute’s committees; 
power transmission and distribution, 1920- 
23; and memb^ship, 1931—33. 


H. J. McCrbarv (A’24, M’36) has re¬ 
signed as chief engineer of the Leich Electric 
Company, Genoa, Ill., to establish an office 
SU5 a consulting engineer at Chicago. A 
graduate oI the University of Nebra^, 
from which he received the degree of bache¬ 
lor of science in electrical engineering in 
1923, Mr. McCreary was employed by the 
Western Electric Company, Chicago, as in¬ 
spection methods and development engi¬ 
neer from 1923 to 1925, and by the Auto¬ 
matic Electric Company, Chicago,' as re¬ 
search engineer from 1925 to 1928. For one 
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year he was laboratory engineer with the 
Grigsby-Grunow Company, Chicago, and 
for 3 years was development engineer for 
the Railroad Supply Company. From 
1933 to 1935 he was chief engineer of the 
Chicago Televiaon and Research Labora¬ 
tories, and in 1936 became chief engineer of 
the Leich Electric Company. He has pat¬ 
ented several inventions,-and is a member 
of the Western Society of Engineers. 



J. S. CARROLL 


J. S. Carroll (A’24, M’37) associate 
professor of electric^ engineering, Stanford 
University, Calif., co-author of the paper 
“Cable Vibration—^Methods of Measure¬ 
ment” with J. A. Koontz (A’ll, M’20) has 
received the AIEE Pacific District prize for 
best paper. A biographical sketch of Doc¬ 
tor Carroll appeared in the August 1937 
issue of Electrical Enginbering, page 
1064, in announcement of his receipt of 
honorable mention in the AIEE national 
prize awards for best paper in theory and 
research. 


J. T. Robertson (A’06, M’13) recently 
at Muscle Shoals, Ala., is now connected 
with the firm of J. T. Robertson and Associ¬ 
ates at Birmingham. A graduate of Clem- 
son College in the class of 1903, he was 
electrical inspector for the Southeastern 
Underwriters’ Association, Atlanta, Ga., 
until 1911, when he becanie electrical engi¬ 
neer and inspector for the Mississippi In¬ 
spection and Advisory Rating Company at 
Vicksburg. Later he was made secretary 
as well as electrical engineer, a position 
which he hdd until 1925 when he became 
superintendent of the Abbeville (S. C.) 
Water and Electric Pkmt. In 1929 he 
became coimected with A. H. Turner, 
Atlanta, as special agent and engineer. 


E. L. Ginzton (Enrolled Student) has 
received the AIEE Pacific District prize for 
graduate student paper for his paper “Bal¬ 
anced Fefed-Back Amplifiers.” Mr. Ginzton 
is a native (1915) of Russia and an electrical¬ 
engineering graduate of the University of 
California in the class of 1936. Following 
his graduation he returned to that school 
to ptnsue graduate studies. 

A. L. Turner (M’29) chief engineer. 
Northwestern Bdl Telephone Company, 
OmsLha, Neb., has been appointed a member 
of the engineer^ and architects board author¬ 
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ized recently in a bill passed by the state 
legislature, which empowers the board to ad¬ 
minister an act calling for licensing of engi¬ 
neers and architects in the state. 

W. H. HtJLSWiT, Jr. (A’34) who has been 
a fellow at Northwestern University at 
Evanston, Ill., now is employed in the de¬ 
velopment department of United States 
Rubber Products, Inc., at Passaic, N. J. 

G. P. KInapp (a’30) former field engineer 
yith RCA Manufacturing Company, Inc., 
at Camden, N. J., is now service manager for 
the company at Baltimore, Md. 

F. E. Leggett (A’32) recently chief 
draftsman for an improvement project at 
the Urdversity of Florida, Gainesville, is 
now at Tallahassee as draftsman in a high¬ 
way planning survey division of the Florida 
State Road Department. 

K. J. Krach (A’37) who has been serving 
with the 34th Infantry, U.S. Army, at 
Fort George G. Mead, is now employed by 
the Pennsylvania Water and Power Com¬ 
pany at Baltimore, Md., as electrical engi¬ 
neer. 

L. M. Sorenson (A’34) who has been a 
draftsman for the Beloit Iron Works, Beloit, 
Wis., is now assistant electrical engineer in 
the inspection and development laboratory 
of the Western Electric Company at Chi¬ 
cago, Ill. 

C. H. Johnson (M’36) who has been elec¬ 
trical engineer for the Idaho Maryland 
Mines Corporation, Grass Valley, Calif., 
has accepted the position of electrical engi¬ 
neer with the General Electric Company, 
San Francisco. 

W. M. Gilman (A’27) engineer for the 
Waterbury Tool Company, Waterbury, 
Conn., now is employed as an engineer for 
the consulting engineering firm of Jackson 
and Moreland, Boston, Mass. 

W. F. Uffelman (A’34) has been trans¬ 
ferred from the sales engineering department 
of the Clark Controller Company, Cleve¬ 
land, Ohio, to the Detroit, Mich., offices of 
that company, as a district sales engineer. 

J. H. Persons (A’31) employed in the 
Industrie department of the General Elec¬ 
tric Company, Atlanta, Ga., has been trans¬ 
ferred to the Charleston, S. C., offices of that 
company. 

L. F. Pries (A’33) formerly development 
engineer for The Rudolph Wurlitzer Com¬ 
pany, DeKalb, Ill., now is employed in the 
engineering department of the American 
Steel & Wire Company, DeKalb. 

M. , D. Brane (A’28) formerly a teacher 

of applied electricity in the Haaren High 
School, New York, N. Y., now is ^ployed 
by the Duquesne Light Company, Pitts¬ 
burgh, Pa. , 

C; E. Gaonibr (A’34) formerly electrical 
foreman, Rots^ Electric Steel Company, 
Detroit, Mich., now is devtiopment engineer 
for The DeVilb^ Company, Toledo, Ohio. 
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^ F. S. Rothb (A’36) formerly a cadet en¬ 
gineer for the Metropolitan Edison Com¬ 
pany, Reading, Pa., now is employed in the 
test department of the General Electric 
Company, Pittsfield, Mass. 

W. S. Gifford (A’16) president, Ameri¬ 
can Telephone and Telegraph Company, 
New York, N. Y., has been appointed chair¬ 
man of the advisory committee on communi¬ 
cation of New York World’s Fair, 1939. 

S. V. Wadthbkar (A’34) formerly chief 
engineer of the Arrah (India) Electric 
Supply Co., Ltd., now is resident engineer 
and deputy manager of the Rewa (India) 
Electric Supply Co., Ltd. 

E. G. Hbmbnway (A’20) district manager. 
Western Electric Company, Inc., of Cuba, 
Bsilboa, Canal Zone, has been transferred to 
the New York, N. Y., oiSices of Electricsd 
Research Products, Inc. 

A. R. Nahroang (A’24) has been trans¬ 
ferred from the staff of Electrical Research 
Products, Inc., New York, N. Y., to the 
Kearny, N. J., plant of the Western Electric 
Company. 

N. S. Moorb (A’17, M'19) recently was 
appointed a member of the sales organiza¬ 
tion of The Porcelain Insulator Corpora¬ 
tion, Lima, N. Y., with offices at Riverside, 
Ill. 

R. J. Abramson (A’33) formerly elec¬ 
trical engineering draftsman with Joseph 
Weidenholl, Chicago, Ill., now is industrial 
engineer with Max Miller Company, Chi¬ 
cago. 

C. B. Smith (A’36) test man with the 
General Electric Company as Schenectady, 
N. Y., has been transferred to Fort Wayne, 
Ind., as fractional-horsepower-motor engi¬ 
neer. 

L. L. Lathrop (A'3fi) formerly with the 
Industrial Heater Company, New York, 
N. Y., now is employed by the New York 
Power and Light Company at Schenectady, 
N. y. 

L. A. Grbttdm (A’24) operating manager 
of the Eastern Oregon Light and Power 
Company, Baker, recently was elected vice- 
president of the Northwest Electric Light 
and Power Association. 

Nikola Tbsla (A'88, F’17, Edison 
Medalist ’16> member for life) recently 
received the Order of the White Lion of the 
Republic of Czechodovakia for his contri¬ 
butions to science and engineering. 

T. O. SwBATT (A’33) has resigned from 
the staff of Gibbs and Hill, consulting engi¬ 
neers, New York, N. Y., and now is em¬ 
ployed by the Public Service Electric and 
Gas Company, Newark, N. J. 

R. S. Taylor (A’36) division engineer, 
Oklahoma Gas and Electric Company, 
Oklahoma City, has been transferred to the 
Muskogee offices bf that compwy. 
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D. H. Andrews (A’36) who has been an 
experimenter in the Naval Research Labora¬ 
tory, Auacostia, D. C., now is an assistant 
electrical engineer with the General Cable 
Corporation, Buffalo, N. Y. 

J. W. Lindsey (A’33) formerly electrician 
with the U.S. Bureau of Reclamation at 
Boulder City, Nev., now is electrician with 
the Bethlehem Shipbuilding Corporation, 
Ltd., San Francisco, Calif. 

L. J. Richards (A’34) formerly cost ac¬ 
countant with the East Bay Municipal 
Utility District, Oakland, Calif., now is 
employed by the Southern Pacific Railway 
at San Jose as signalman. 

R. W. Drushell (A’25, M’36) distribu¬ 
tion engineer. The Ohio Public Service 
Company, Alliance, has been transferred to 
the Elyria, Ohio, offices of that company. 

Kenneth Lannbrt (A’35) formerly em¬ 
ployed by the Sunnen Products Company, 
St. Louis, Mo., now is associated with the 
Carter Carburetor Corporation, St. Louis. 

J. K. Whistler (A’35) recently was em¬ 
ployed as a junior engineer for Black, 
Sivalls, and Bryson, Oklahoma City, Okla. 

C. V. Barnhill (A’36) formerly an engi¬ 
neer with the Rural Electrification Admin¬ 
istration at Wichita, Kans., now is with 
The Research Service, Washington, D. C. 

T. H. Mawson (A’29) formerly with the 
Monsanto Chemical Companv at Anniston, 
Ala., now is with the Commonwealth and 
Sou^em Corporation at Birmingham. 

R. A. Scholl (A’34) formerly junior engi¬ 
neer with the Public Service Company of 
Indiana, Connersville, has been made power 
sales engineer at Indianapolis. 

Boyd Stevens (A’33) switchman for the 
Illinois Bell Telephone Company at Urbana, 
has been made transmission testing foreman 
at Danville. 

E. S. Henning (A’36) now is junior elM- 
trical engineer with the bureau of engineer¬ 
ing of the Navy Department, Washington, 
D. C. 




Clarence Linus Cory (A’92, M'03. 
F*13, member for life) professor emeritus 
of electrical engineering, and formerly dean 
of the coUege of mechanics. University of 
.Califomia, Berkeley, died in Berkeley, Au¬ 
gust 2, 1937. Bom September 4, 1872, at 
Lafayette, Ind., and graduated in mechani¬ 
cal engineering by Purdue University in 
1889, Professor Cory entered Cornell Uni¬ 

N^S 


versity for graduate work under the late 
Harris J. Ryan, and was awarded the de¬ 
gree of master of mechanical engineering by 
Cornell in 1891. After teaching electrical 
engineering at Highland Park College in 
Des Moines, Iowa, for a short time, he be¬ 
came a member of the faculty of the Univer¬ 
sity of Califomia, serving as assistant pro¬ 
fessor of electrical engineering from 1892 to 
1898, as associate professor firom 1898 to 
1901, and as professor of electrical engi¬ 
neering and dean of the college of mechanics 
from 1901 until his retirement from active 
teaching duties in 1930. In addition to his 
long service in the field of electrical engineer¬ 
ing education. Professor Cory early won a 
prominent standing on the Pacific Coast as a 
consulting engineer in connection with many 
of the early hydroelectric and other power 
developments in the state of Califomia. 
He also was identified with several of the 
early long-distance high-voltage transmis¬ 
sion-line projects. Professor Cory was the 
second chairman of the Institute’s San 
Francisco Section, serving a double term 
from 1905 to 1907. Later (1914-19) he 
was an active member of the Institute’s 
committee on economics of electric service. 


Harvey Lester Harris (A’18, M’30) 
president of the Automatic Electric Com¬ 
pany, Chicago, Ill., died August 10, 1937. 
Mr. Harris was bom at Presque Isle, Me., 
on Au£^t 21, 1879, and was continuously 
in the telephone constmeting, operating, and 
allied manufacturing business, starting as 
night operator for a telephone company in 
Ohio in 1894. In 1907 he joined the Dean 
Electric Company, Elyria, Ohio, as switch¬ 
board engineer, after being employed in 
various capacities by several telephone 
companies. He remained with this com¬ 
pany and its successors until 1917, by 
which time he was sales engineer for the 
Stromberg Carlson Telephone Manufactur¬ 
ing Company, Rochester, N. Y. In that 
year Mr. Harris became general manager of 
the Kansas City Telephone Company and 
later vice-president and general manager of 
the Consolidated Telephone Company, 
Elansas City, Mo., part of the interests of 
Theodore Gary and Company. Since 1924 
he had been executive in general charge of 
Theodore Gary and Company’s manufac¬ 
turing interests, which include Automatic 
Electric Company, American Electric Com¬ 
pany, Inc., and other companies in England, 
Belgium, Canada, Australia, and Japan as 
well as in the United States, serving as di¬ 
rector bf officer. Mr. Harris was the holder 
of several patents in telephony. He was a 
member of the board of governors of the 
National Electrical Manufacturers Associa¬ 
tion, and a member of the Western Society 
of Engineers. 


Frank DanielEurr (A’07, M’20) con¬ 
sulting power engineer, Los Angeles, Calif., 
was killed in an automobile accident in that 
city on June 30, 1937. He was bom at 
Frederica, Del., on February 28, 1872, and 
received Ihe degree of bachelor of science in 
el^trical engineering firom the University 
of Nebraska in 1902; -For a year he -was 
employed as electrician in coal mines at 
Red Lodge, Mont., and then from 1903 to 
1907 was employed by the Missouri River 
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Power Company. For the next 2 years 
Mr. Burr was with the Colorado Power 
Company, then during 1909-10 engaged in 
irrigation engineering work with the Arnold 
Company for the Denver Reservoir and 
Irrigation Company and the Southern Colo¬ 
rado Irrigation Company. In 1910 he be¬ 
came power salesman for the Denver Gas 
and Electric Light Company at Denver, 
Colo., and 2 years later was made power 
engineer. He was made commercial repre¬ 
sentative in 1920, a position which he held 
until 1927, when he became power sales en¬ 
gineer for the Southwestern Public Service 
Company at Amarillo, Texas. Two years 
later he joined the Southern California 
Edison Company at Ventura as power 
specialist. For the past several years he 
had conducted a consulting practice as 
power engineer. 


Samuel Ernest McMillan Henderson 
(A’09, M‘12, FT4, past vice-president) cen¬ 
tral station engineer, Canadian G^eral 
Electric Company, Ltd., Toronto, Ont., 
died September 2, 1937. Bom at London. 
Ont., September 28, 1879, Mr. Henderson 
received his technical education at Toronto 
University, graduating in 1900 with the de^ 
gree of bachelor of science in electrical en¬ 
gineering. Upon graduation he entered 
the drafting department in the switchboard 
division of the General Electric Company at 
Schenectady, N. Y., and shortly was pro¬ 
moted to the switchboard engineering de¬ 
partment. In 1906 he took charge of the 
estimating division, and 3 years later was 
given full responsibility for the design and 
manufacture of 110,000/13,200-volt switch¬ 
boards for the Hydro-Electric Power Com¬ 
mission of Ontario. In 1910 he joined the 
Canadian General Electric Company at 
Peterboro as engmeer in charge of estimat¬ 
ing, design, and manufacture of switch¬ 
boards and other apparatus, and later was 
transferred to Toronto as central station 
engineer. Mr. Henderson was a member of 
the AIEE committee on protective devices 
from, 1920 to 1926, and of the membership 
committee 1923-25 and 1933-34, and was 
vice-president representing District No. 10 
during 1923-25. He was a member and 
president of the Engineers’ Club of Toronto, 
and had been a mmber of several other or¬ 
ganizations.. 


Abram Hussey (A’06, M’i8) retired elec¬ 
trical engineer, Chester, N. J., died August 
19, 1937. He had been superintendent of 
d^tribution for the Brooklyn Edison Com¬ 
pany, Brooklyn, N. Y., for 21 years prior 
to his retirement in 1934. Bom May 9, 
1868, at Lathrop/Mo., Mr. Hussey entered 
electrical work as a wireman for the West¬ 
ern Electric Company at Chicago, Ill,, in 
1892. Two years later he went to Rutland, 
yt., as cluef electrician of the Marble City 
Electric Company, later the Rutland City 
Electric Company. In 1898 he entered the 
service Of the Cataract Power and Conduit 
Company at Buffalo, N. Y., and the foUow- 
tng year was made general foreman; during 
his service of 8 years with the company the 
phmt grew front a connected load of 2,000 
horsepower to 70,000 horsepower. From 
1906 to 1913 he was employed by the New 
York Central Railroad; first until 1909, 
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with charge of all transmission facilities in 
the electrified zone, and then in charge of 
construction and maintenance of all trans¬ 
mission facilities during extension of electri¬ 
fication to more than 150 miles of track. In 
1913 he accepted the position of superin¬ 
tendent of distribution with the Edison 
Electric Illuminating Company of Brooklyn 
(now the Brooklyn Edison Company), 
where he had charge of engineering, construc¬ 
tion, and operation of the transmission and 
distribution facilities. 


Luther Wilson Copeland (A*35) assis¬ 
tant manager, lubrication engineering de¬ 
partment, Wadhams Oil Company, Mil¬ 
waukee, Wis., died August 26, 1937. Mr. 
Copeland was bom at Huntington, Ark,, 
on Aug;ust 21,1901, and received the degree 
of bachelor of science in electrical engineer¬ 
ing from Georgia Institute of Technology in 
1926. For a few months following gradua¬ 
tion he was employed by the Fort Smith 
Light and Traction Company at Fort 
Smith, Ark., then for 4 years was employed 
by the Sinclair Refining Company at De¬ 
troit, Mich., and Atlanta, Ga., in various 
capacities. In 1930 he joined the Vacuum 
Oil Company, which later was merged with 
the Wadhams Oil Company, as assistant 
sales manager of the industrial oil depart¬ 
ment, which position he held at the time of 
his death. Mr. Copeland was an active 
member of the Milwaukee Section of the In¬ 
stitute, and at the last atmual meeting of the 
Section was elected a director for the term 
beginning August 1. He was chairman of 
the entertainment committee for the 1937 
summer convention held at Milwaukee in 
Jime. 


Edgar Davis Edmonston (A’02, M’07, 
member for life) general superintendent of 
the Consolidated Gas Electric Light and 
Power. Company of Baltimore, Baltimore, 
Md., died August 29, 1937. He was born 
at Washington, D. C., October 23,1876, and 
was graduated from Lehigh University in 
1898 with the degree of electrical engineer. 
He then obtained employment with the 
United States Electric Lighting Company, 
Washington, for a year, resigning to join the 
Westinghouse Electric & Manufacturing 
Company at East Pittsburgh, Pa. In 1900, 
Idr. Edmonston became electrical engineer 
for the Lackawaima Steel Company, which 
was building a large el^trically eqtiipped 
plant at Buffalo, N. Y„ and directed the 
electrical engineering and construction 
work until he resigned in 1904. In 1905 he 
accepted the position of diief engineer of the 
American Construction Company at New 
Orleans, La., building a complete commer¬ 
cial power and lighting system in that city. 
Since 1908 he had been with the Consoli¬ 
dated Electric Light and Power Company of 
Baltimore, which he joined as superinten¬ 
dent of construction, and of which he had 
been general superintendent since 1911. 


Maurice Coster (A’95, M’96, FT2, 
member for life) retired vice-president of the 
Westinghouse Electric International Com¬ 
pany died at his residence in Magog, Que., 
Can,, On August 31,1937. Mr. Coster was 
bom in the Netherlands on August 4, 1856, 
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and was graduated from Stevens Institute 
of Technology, Hoboken, N. J., in 1877 with 
the degree of mechanical engineer. For a 
time he was in British Guiana, S. A., as a 
consulting mechandal engineer, and in 1888 
he became associated with the Westinghouse 
Electric & Manufacturing Company as an 
engineer, later being transferred to the com¬ 
mercial department. He was sent to Paris, 
France, as manager of the Societe Anonsone 
Westinghouse, and returned to the United 
States in 1905. In 1919, with the forma¬ 
tion of the Westinghouse Electric Interna¬ 
tional Company, Mr. Coster became vice- 
president, and was appointed senior vice- 
president in 1922, a position which he held 
until his retirement in 1930. He served 
on the Institute’s board of examiners during 
1914-15. Mr. Coster was one of the original 
8 founders of the American Manufacturers 
Export Association, one of the first 50 mem¬ 
bers of the National Foreign Trade Council, 
and one of the 24 incorporators of India 
House. 


Arthur Townsend (A’05, M:’31) chief in¬ 
spector, Saskatchewan Power Commission, 
Regina, Sask., Canada, died on Au^t 18, 
1937. Mr. Townsend was born January 7, 
1875, at Southampton, England, and at¬ 
tended Goldsmith Tet^nical Institute in 
London. Between 1891 and 1901 he was 
employed by various companies in England, 
and then he entered the electrical testing de¬ 
partment of the British Thomson Houston 
Company at Lnndon. He was transferred 
to the technical staff at Rugby in 1903, and 
left the company 3 3 rears later to move to 
Canada, where he installed, owned, and 
operated the town plant at Milestone, Sask., 
until 1927. In 1928 he designed and built 
radio station CHWC at Pilot Butte, and 
since 1929 had been chief inspector for the 
Saskatchewan Power Commission. 


Paul A. Callis (A’34) estimating engi¬ 
neer, Louisville Gas & Electric Company, 
Louisville, Ky., died May 11, 1937. He 
was bom at Rosedale, Ind., December 14, 
1900, and had been employed by the com¬ 
pany since he was graduated from Purdue 
University in 1923 with the degree of bache¬ 
lor of science in electrical engineering. He 
began as an estimator in the electric distri¬ 
bution and constmction department, and 
since 1930 had been in charge of es timat ing 
in a supervisory capacity. During this 
time ho aided in the development of a “unit 
cost” system of estimating, and in compiling 
drawings used as standard construction by 
the company. 


Maurice Barrerb (A’24) consul ting 
engineer, Schneider and Company, Paris, 
France, died early in August 1937. He was 
bora at Lourdes, France, July 28,1891, and 
received his technical education at Ecole 
Centrale de Paris and Edole Superieure d’ 
Electricite. Since 1919 he had been an in¬ 
structor in electrical^ ^gineering at Ecole 
Centrale de Paris, snd in 1921 had become 
connected vrith Schneider and Company. 
He was a chevalier of the Legion of Honor, 
and ha:d ,received the Croix de Guerre and 
the Military Cross of England, 
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Recommended 
for Transfer 

The Board of Rxamtners, at its meeting on 
September 10, 1037. recommended the following 
members for transfer to the grade of membership 
indicated. Any objection to these transfers should 
be tiled at once with the national secretary. 

To'Grade of Fellow 

Hitchcock, H. W., chief engineer, Southern Cali¬ 
fornia Telephone Company, Los Angeles, 
Calif, 

McISachron, K. B., research engineer, General 
ICIectric Company, Pittsfield, Mass. 

2 to Grade of Fellow 

To Grade of Member 

Allen. C. S., design engineer. General Electric 
Company, Fort Wayne, Ind. 

Banes, C. Raymond, electrical research engineer. 
Long Island Lighting Company, New York, 
N. V. 

Bryant,. W. L., electrical engineer. Imperial Irri¬ 
gation District, Imperial, Calif. 


tion of America, Washington, D. C. 
lihrenspcrger, C., engineer. Brown Boveri Com¬ 
pany, Inc., Baden, Bwitxcriand. 

Fowler, C, V., toll transmission engineer. The 
Pacific Telephone _ and Telegraph Company, 
San Francisco, Calif. 

Gear, H. H., field engineer. Commonwealth Edison 
Company, Chicago, III. 

Gootlrich, J. electrical engineer, in care of 
Thomns H. Allen, Memphis, Tenn. 

Ilnllar, K. K, V., assistant operating and mmn- 
teimnce engineer, Husqvama Vapeufabriks, 
Ilttskvarna, Sweden. , _ . , 

Hanson, D. H.. section engineer. General Electric 
Company, l^ort Wayne, Ind. , 

Huntsherger, J. D., buttery service engineer, Pliuco 
Radio and Television Corporation, Philadel¬ 
phia, Ptt. . . , « , 

Kilbourne, C. K., designing engmew, General 
Electric Company, Bcheuectady, N. Y. 
Kilgore, L. A., design engineer, Wcstmghmwe 
Electric «e Manufacturing Company, East Pitts¬ 
burgh, Pu. . , , . , 

Knoticrer, C. 1.., technical employee, American 
Telephone and Telegraph Company, New 
York, N. y. . , ^ _ 

Larasou, G. K., extension engineer, Oklahoma Gas 
and Electric Company, Oklahoma City. 
Mason, R. C., research engineer Westinghonse 
lilcctric & Manufacturing Company, East 
Pittsburgh, Pa. , ^ , j. , 

Payne, C. C., control engineer, central electricity 
board, Mid-East England area, Leeds, Eug- 

Rawls,**!.’ A., transmission engineer, Vlricinia Elec¬ 
tric and Power Company, Richrawd.. 
Swingle, R. H., patent attorney, Wcstlnghouse 
Electric & Manufacturing Company, Eost 
Pittsburgh, Pa. , _ , . . 

Wetherill, L., electrical engineer, General Electric 
Company, IHttsGield, Mass. 

21 to Grade of Member 


Application! 
for Membcrihlp 

Applications have bwn f* h^qu^w 

from the following candidatM for elertion to mem^ 
bMship in the Institute, If the applnapt has ap¬ 
plied for direct admission to a Frade highw than 

Suisociate, the grade follows immediately after^the 
tJnited States or Canada. 

Andrews, P. R., Tennessee Valley Authority, Wilson 

ArchSlaW’Jc.*'o., Westinghonse Elec. & Mfg. Co., 

B*rkw*'’c.°*^J.' ^Member), Consolidated Edison 
CoWnny of New York, Inc,, New York, 

Borr^J.R. (Member), General Electric Company, 

pfttsfleld. Mass. 


tiukoti A. Je (Mcmberti Coiwobdated Bdisott 
“•"ci^nny orHew Vorfc, Inc., New York. 

]^tdt!*W.’P., CentuiT Electrin Company, St. Louis, 

BoItM.°*F. D., Canadian General Electric Co„ 

VEttMUvci'. B. C*i[ Cttiiftda* .. , ^ • 

Bottonari, S. A., Westin^*oOTeBl«tric & Manu¬ 
facturing Company, East Pittsburgh, Pa. 
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Brown, C. B., McCollum Laboratories, Houston, 
Texas. 

Cattolica, J. L., Pacific Gas and Electric Company, 
San Francisco, Calif. 

Chamberlin, J. H., Acme Electric and Manufac¬ 
turing Company, Cleveland, Ohio. 

Clement, P. B., Tennessee Valley Authority, Joe 
Wheeler Dam, Ala. 

Cosentine, L. G. (Member), Wisconsin Gas and 
Electric Company, Fort Atkinson, Wis. 

Criiey, W. (Member), Rochester Telephone Corp., 
Rochester, N. Y. 

Daugherty, C. A. (Member), Post Office Box £82, 
Coral Gables, Fla. 

Dclo, H. F., Western Electric Company, Kearny, 
N. J. 

Edwards, P. F., Wcstlnghouse Electric & Manu¬ 
facturing Co., East Pittsburgh, Pa. 

Elam, R. D., Tennessee Valley Authority, Wilson 
Dam, Ala. 

Former, E. B., Electrolux Inc., New York, N. Y. 
Fremo, E. C., San Diego Consolidated Gas and 
Electric Company, San Diego, Calif. 

Garris, C. R., General Electric Company, Pitts¬ 
field, Mass. 

Orethel, B. W., Public Utilities, City of San Fran¬ 
cisco, San Francisco, Calif, 

Guicc, F. J. (Member), Memphis Power and Light 
Company, Memphis, Tenn. 

Harkins, M. A., University of Tennessee, Knox¬ 
ville. 

Haupt, L. M., Jr., A. & M. College, College 
Station, Texas. 

Heath, E. A., Kansas Gas & Electric Co., Wichita, 
Kansas. 

Kelley, W. A. (Member), E. D. Jones & Sons Co., 
Pittsfield, Mass. 

Lyons, S. E., Wilson Dam, Ala. 

Mangold, A. O., Northwestern Electric Co., Port¬ 
land, Oregon. 

Mattison, M., Hiuza Engineering Company, 
Columbus, Nebraska. 

McCarthy, E. T., Alta Electric and Mechanical 
Company, San Francisco, Calif. 

Mcinhardt, P. W., Union Electric Company of 
Missouri, St. Louis. 

Olson, O. F., New York and Queens Electric Light 
and Power Company, Flushing, N. Y. 

Painter, J. C., 42.1 Mason Street, San Francisco, 
Calif. 

Park, C. A., Jr., Tennessee Vnliey Authority, Wil¬ 
son Dam, Ala. 

Reifsnyder, G. C., Bell Telephone Company of 
Pennsylvania, Allentown. 

Renzi, 8. E., United Shipyard Inc., Staten Island, 
N. Y. 

Rodhouse, T. E., General Electric Company, 
Pittsfield, Ma,s8. . . ^ 

Rodnitc, F. A,, Public .Service Electric and Gas 
Company, Newark, N. J. _ . . 

Ruppert, R. B., 629 Franklin Avenue, Columbus, 
Ohio. 

vSeitz, F. W., 100-112 Sceboth St., Milwaukee, Wls. 
Sims, J. B., Carbide & Carbon Chemicals Corp,, 
South Charleston, W. Va. 

Smart, D. L., Detroit Edison Company, Detroit, 
Mich. 

Smith, C. D., Ohio Edison Co„ Akron, Ohio. 
Strandberg, H, V. (Member), City of Seattle, Light 
Dept., Seattle, Wosh. 

Tilyou, I. B. (Member), Cooper Wire Engineering 
Association, Washington, D. C. 

Wade, J. R,, Wilson Dam, Ala. 

Walker, C. D., Bell Telephone Laboratories, New 
York, N. Y. 

Wosserman, C., Consolidated Gas El«tric Light 
and Power Company, Baltimore, Md.^ 
Whitaker, H. B., Underwriters’ Laborntones, Inc., 
Chicago, III. . . 

White, W. C., Northeastern Umversity, Boston, 
Mass. 

Wilcox, H. M, (Member), Westinghouse Electric 
& Manufacturing Company, East Pittsburgh, 
Pa. 

Williams, E. A., Jr., General Electric Company, 
Philadelphia, Pa, 

Williamson, C. A., General Electric Co., Wichita, 

Wohlgemuth, M. J. (Fellow) Westinghouse Electric 
^ Manufacturing Company, Detroit, Micnigan. 

fifi^Domestic 

Foreiim 

Bobal, L. (Member), Bata Shoe Company, Inc., 
ZUn, Czechoslovakia. ^ ^ 

Chandler, C. E., Manmng & Co. Ltd., Bndgetown, 
Barbados, B, W. I. ^ 

Coomar, H. N., Allgemeine Electridtata-Gesell- 
shaft, Berlin, Germany. 

Fenwick, W, (Member), Virtona Palls and Trans¬ 
vaal Power Company, Ltd., Genmston, 
Transvaal, ^uth Mr^ . . 

Sarda, B. D. (Member), Hoshiwpur Electnc Sup¬ 
ply Company, Punjab, India. , 

Srinivasan, R., Tinnevetly Tuticonn Electric Sup¬ 
ply Company, Brabndn Colony, Tutlcorin, 
India. 
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Addrft!ses 

Wanted 

A list of members whose mail has been return^ 
by the postal authorities is given below, with the 
addrmses as they now appear on the Institute 


record. Any member knowing of corrections to 

these addresses will kindly communicate them at 

once to the office of the secretary at 33 West S9th 

St., New York, N. Y. 

Charlton,' H. C., 4827 Wilson Avenue, Montreal, 
Que., Canada. 

Evans, Maldwyn P., Canadian Comstock Com¬ 
pany, Ltd., Toronto, Ont., Canada. 

Fassett, Prank C., 100 Seward Ave., Detroit, 
Mich. 

Gregory, G. A,, 1217 Jefferson Street, Olympia, 
Wash. 

Hall, John R., 1464 S. 74th St., West Allis, Ws. 

Handy, Lee, 625 W. 113th Ave., Vancouver, 
B. C., Can. 

Hardy, John E., 1741 Pennsylvania Avenue, 
Denver, Colo. 

Herr, Melvin D., South 228 Lincoln St., Spokane, 
Wash. 

Jone^ K. B., Trumbull Electric Manufactnring 
Company, Inc., Ludlow, Ky. 

Kirk, W. C., 216 E. 22nd St., Owensboro, Ky. 

Koziol, Roman Joseph, 174 Farmington Ave., 
Hartford, Conn. 

Macomber, George S., Federal Power Commission, 
Washington, D. C. 

Matthews, Robert W., 42 St. Stephen St., Boston, 
Mass. 

Roberts, Fred A., 2010 West Michigan Street, 
Indianapolis, Ind. 

Sikofsky, George L., 1206 East New York Avenue 
Brooklyn, N. Y. 
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Erafgpineer&ngi 

Literature 


New Books 

in the Societies Library 

Among the new books received at the Engineering 
Societies Library, New York, recently are the 
following which have been selected because of their 
possible interest to the electrical engineer. Unless 
otherwise specified, books listed have been pre¬ 
sented gratis by the publishers. The Institute 
assumes no responsibiUty for statements made in 
the following outlines, information for which is 
taken from the preface of the book in question. 

La FATIGUE des mBtAUX. By R. Cazaud 
and L. Persoz. Paris, Dunod, 1937. 190 p., 
Ulus., 10x7 in., paper, 75 frs.; bound, 06 frs. 
Analsrzes the principal studies of the fatigue of 
metals and discusses theories, methods of testing, 
fatigue Umits, the factors that affect fatigue, and the 
resistance of welded and riveted joints. 

BEIHBFTB zum GBSUNDHBITS-IN- 
GENIBUR, Rcihe 1, Heft 86. Die heiztech- 
nischen Neuanlagen des Stftdtischen Kranken- 
hauses Bod Cannstatt, by H. Wolfer. Munich 
and Berlin, R. Oldenbourg, 1937. 24 p.. Ulus., 
18x0 in., paper, 4.80 rm. Describes the power 
plant of a large German hospital and reports the 
results of an operating test 

DerULTRASCHALL, By L. Bergmann. Ber-t 
lin, VDI-Verlag, 1037. 230 p.. Ulus., 8x6 in., doth, 
18.50 rm. An account of the present state of 
supersonics, with empbaris upon the scientific 
and technical uses of supersonic waves. . 

YEAR BOOK on COAL MINE MECHANIZA¬ 
TION. Wasliington, D, C., American Mining Con¬ 
gress, 1936. 362 p., Ulus., 9x6 in., lea., $2.00. Con¬ 
tains extracts from the reports of various district 
committees and papers presented at the 1036 con¬ 
vention. . 

DIESEL ENGINES. By F. B. Big^. Toronto 
and New York, Macmillan Co., 1036, 165 p.. Ulus., 
0x6 in., cloth, $3,25. ’ Condensed information in the 
Diesel field covering many particular points 
and the probable future development of the Diesel 
type. 

MACHINE DESIGN. By P. H. Hyland and 
J. B. Kommers. 2 ed. New York and London, 
McGraw-Hill Book Co., 1937. 698 p.. Ulus., 0x6 

in., doth, $4.60. A comprehensive elementary 
textbook on machine design, arranged to be studied 
simultaneously ivith medumics of materials courses. 

textbook of thermodynamics. By 
P. S. Bpstdn. New York, John "Wiley & Sons, 1987. 
400 p., illtis., 10x6 in., doth, |6.O0. Thermody¬ 
namics is treated from the physidst’s point of view, 
and mainly as aphrt' from statistical mechanics. 

(The) SCIENCE of VALUATION and DE¬ 
PRECIATION, By B. B. Kurtz. New Ywrk, 
Ronald Press Co., 1937. ,221 p., illus., 9x6 in., 
doth, $4.60. Offers scientific solutions, based on 
life experience fables, to bade problems in valua¬ 
tion and depredatioh estimating and accounting. 



InJIuslrial iVoies 


Arc Welding Forges Ahead.—^True to the 
predictions that were made for it a decade 
ago, the electric arc welding process has 
been making tremendous strides in extend¬ 
ing its fields of usefulness. The growth in 
volume in the past five years is shown by 
the NEMA reports of electric welding wire 
consumption, from 18.8 millions of pounds 
in 1932 to 111 millions of pounds in 1936. 
It is thought in some quarters that there 
will be recorded a further 60 per cent increase 
when the total for 1937 is known. That this 
progress is not all due to the general revival 
of industrial activity is shown by the steady 
increase in volume of consumption in the 
early thirties, before any real revival had 
started. A more graphic proof is the in¬ 
creasing amount of electrodes being used for 
each ingot ton of steel poured. In 1932 the 
figure was 1.4 lbs. of electrode for each ingot 
ton; in 1936 this figure had reached 2.4 
pounds, an increase of 71 per cent. 


35 or more years; 11,705 have worked 20 
or more years and 19,773 have been em¬ 
ployed 15 or more years. 

Westin^ouse Appointments.—^R. R. Davis, 
formerly apparatus advertising manager of 
the Westinghouse Electric & Mfg. Co., has 
been appointed assistant to the general ad¬ 
vertising manager, according to a recent an¬ 
nouncement by S. D. Mahan, general ad¬ 
vertising manager. J. M. McKibbin, Jr., 
associated with the company since 1922, has 
been appointed apparatus advertising and 
sales promotion manager. Walter Thomp¬ 
son, formerly Eastern sales manager of the 
radiotron division, R.CA. Mfg. Co., is now 
director of utility sales for the Westinghouse 
merchandising division at Mansfield, Ohio. 
Angus G. Scott, formerly superintendent of 
power distribution for Cleveland Railways, 
has been appointed manager of line material 
activities at East Pittsburgh. 


Electric Appliance Sales Mount.—^Retail 
sales of electric household washers in the 
first seven months of 1937 amounted to 
$80,531,874. Machines shipped in this 
period totalled over one million and then- 
average retail price was $73.39. Ironer 
shipments for the same period totalled 
109,270, compared to 102,988 for the same 
months of 1936. Vacuum cleaner sales 
aggregated 1,083,170 during the period, a 
total which was not reached until October 
last year. According to the Air Condition¬ 
ing Manufacturers’ Association, sales of air 
conditioning equipment of its members to 
the end of July amounted to $68,306,175, 
which was 37 per cent higher than the vol¬ 
ume for all of last year. 

Cutler-Hammer Appointments .—A new dis¬ 
trict office in New Orleans, was opened 
recently by Cutler-Hammer Inc., with Joseph 
Gardberg in charge. W. E. Ragsdale has 
been appointed manager of the Dallas office. 

Allegheny Steel Appointment—Charles H. 
McKnight has been appointed special sales 
representative by the Allegheny Sted Co., 
of Brackenridge, Pa. Since 1912 he was in 
the employ of the General Electric Co. 
During the past few years he devoted his 
time to spedal cost reduction activities. 

American Steel & Wire Promotion.—^John 
May has been dected vice-president in 
charge of sales of the American Steel & Wire 
Co., a subsidiary of the U. S. Sted Corp., 
according to a recent announcement by C. F. 
Blackmer, president of the wire company. 
Mr. May has been cotmected with the com¬ 
pany since 1909. 


Tr«Je Literfidhuure 


Steam Turbine Units.—Bulletin, 28 pp. 
Describes in considerable detail reaction 
type turbo-generator units of 1600- to 6000- 
kw capacity. AUis-Chalmers Mfg. Co., 
Milwaukee, Wls, 

Capacitors.—^Bulletin 143, 4 pp. Describes 
a new line of capacitors for power factor 
correction on dectric distribution systems. 
Comell-DubUier Electric Corp., South 
PUinfidd, N. J. 

Neutral Clamp and Thimble.—^Bulletin 
629-H, 2 pp. Describes and gives catalog 
information on a damp for grounding the 
neutral conductor on primary and secondary 
systems of distribution lines, and on a 
thimble for dead-ending conductors. Ohio 
Brass Co., Mansfidd, O. 

Time Switches.—Catalog. Describes Sau- 
ter synchronous and dectrically-woimd time 
switches. Types for all time svtritch appli¬ 
cations are listed. R. W. Cramer & Co., 
Inc., 67 Irving Place, New York. 

A-C Generators.—Bulletin 1168-A, 8 pp. 
Describes a-c bracket bearing type genera¬ 
tors, built in standard ratings from 30 to 
1000 kva, suitable for coupled service to 
high speed steam or internal combustion 
engines. Allis-Chalm«-s Mfg. Co., Mil¬ 
waukee, Wis. 


G-E Eniployees* Service Records.—^More 
than 40 per cent of the employees of the 
General Electric Company have worked 
with the company for 10 or more years, 
according to a recent survey. Those em¬ 
ployed more than 5 years number 42,876 
and. those with 10 or more years of sendee 
32,019. 63 employees have been with the 
company 46 or more years; more than 200 
for 40 years or more; more than 1000 for 


Suspension Insulator Tests.—^Bulletin 
623-H, 8 pp. Describes tests of dsmamic 
characteristics of cap-pin insulators; ex¬ 
plains what factors influence insulator life, 
and shows how test data are used in correlat¬ 
ing insulator design with fidd performance. 
Ohio Brass Co., Mansfidd, O. 

Vibration Elimination.—Bulletin, 16 pp., 
''Eliminating Vibration Losses.” Describes 
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the application of various methods and 
materials, such as cork, rubber, etc., for 
eliminating vibration in the operation of 
many types of heavy machinery. Korfund 
Co., Inc., Long Island City, N. Y. 

Transformers.—Bulletin GEA 2206C, 4 pp. 
Describes rural-Hne distribution trans¬ 
formers in ratings of 1 and 3 kva, which 
meet the need for inexpensive units designed 
for application to lines of 13,200 Y volts 
and bdow, wherp a solidly grounded com¬ 
mon neutral is used for both high-voltage 
and low-voltage circuits. General Electric 
Co., Schenectady, N. Y. 

New Constant Level Oiler.—Bulletin. De¬ 
scribes a new line of inexpensive constant 
levd oilers for automatically maintaining 
an accurate level of oil in ring and ball 
bearings of motors, line shafts, pumps, and 
other machinery having oil wdls. Trico 
Fuse Mfg. Co., Milwaukee, Wis. 

Arc Welder.—^Folder, “The Characteristics 
of a Modem Arc Welder.” Includes volt- 
ampere curve analysis for general wdding, 
heavy wdding and light-gauge welding; de¬ 
scribes single-current control, self-excita¬ 
tion and other features in the design and 
construction of the Hansen Smootharc 
wdding generators. Hamischfeger Corp., ^ 
4400 W. National Ave., Milwaukee, Wis. 

Mercury Switches.—Catalog 603, 12 pp. 
Describes the complete line of Kon-nec-tor 
mercury switches. Full-size illustrations 
of the twdve common tsTpes of mercury-to- 
mercury and mercury-to-metal switches are 
included, as weU as a table giving the capa¬ 
city and dectrical specifications of each 
type. A section is devoted to desirable 
applications of mercury switches. General 
Electric Vapor Lamp Co., Hoboken, N. J. 

Watthour Meters .—A series of bound, 
loose-leaf bulletins. Bulletin No. GEA- 
616E, 4 pp.. General Information and Index 
to Contents. No. GEA-2668, 16 pp., 
Single-Phase, Type 1-20. No. GEA-2669, 
12 pp., Two-Element, T 3 pes V-2 and V-3. 
No. GEA-1046A, 8 pp,. Polyphase, Types 
D-14 and D-15. No. GEA-1093B, 8 pp.. 
Switchboard A-C Meters, Types IS-8, 
DS-19, DS-20, DS-21 and DS-23. No. 
GEA-^70, D-C Meters, 8 pp. No. GEA- 
1350A, 4 pp.. Portable Standards. No. 
GEA-2671, 12 pp.. Accessories and Sup¬ 
plies, describes protective cases, autotrans- 
fonners, jewels, tool kits, etc. General 
Electric Co., Schenectady, N. Y. 

Modified Schering Bridge.—Catalog E-54 
(2), 8 pp. Describes a modified form of 
Sphering bridge for detennining the charac¬ 
teristics of samples of both liquid and solid 
didectrics. High voltage is applied only 
to the test samples and to the standard air 
capacitor. A method of compensation for 
residual capadtance is used which enables 
results to be calculated from simple equa¬ 
tions. In the case of low power factors, the 
result is read directly. Capacitances rang¬ 
ing from 40 mmf to 0.020 mf and power fac¬ 
tors from 0.0001 to 0.70 can be acdnratdy 
determined. The bridge is intended for use 
on 60-cyde circuits and the standard air 
capacitor and sample holders listed are rated 
at 10 kv. Leeds & Northrup Co,, 4962 
Stenton Ave., Philadelphia, Pa. 
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D-C Transformers. Various methods have 
been proposed for transforming voltage on 
d-c systems without using a motor-generator 
set. Although little practical use has been 
made of the device, the d-c transformer 
using grid-controlled mercury-arc rectifiers 
for commutating the direct current is one 
of the more promising of the systems 
thus far devised. The general theory of 
d-c transformers is discussed in a paper in 
this issue, and 2 new types of d-c trans¬ 
formers using grid-controlled mercury-arc 
rectifiers are described {pages 1372-8). 

Grand Coulee Dam. Irrigating more than 
a million acres of land is one of the functions 
of the dam being built as part of the Co- 
lumbiaBasin project in the State of Washing¬ 
ton. Pumps motor-driven by power gen¬ 
erated at the dam will draw water from the 
river for distribution through hundreds of 
miles of canals; millions of kilowatt-hours 
of firm power will be produced annually. 
Construction of the dam is being accom¬ 
panied by new accomplishments and records 
{pages 1339-45). 

ECPD Annual Meeting. At the fifth an¬ 
nual meeting of Engineers’ Council for 
Professional Development, additional en¬ 
gineering curricula were accredited, ma-kitig 
a total of 442 curricula now so recognized 
in 127 educational institutions. Reports 
of committees and election of officers con¬ 
stituted the other principal items of busi¬ 
ness {pages 1416-19). 

Correction. In the article “Engineering 
Income and Earmngs, 1929-34,’’ published 
in Elbctrical Enginbbrino for September 
1937, the second sentence in the second 
paragraph under the heading “Earned 
Annual Income,’’ page 1092, should read 
“Some 479 reported incomes less thgn 
$800 per year, while 295 earned more than 
$19,000 a year,’’ 


New Committee Chairmen. As usual, the 
newly appointed chairmen of AIEE com¬ 
mittees are being introduced to the Insti¬ 
tute membership through the "Personal 
Items’’ section. Items on the first group 
of chairmen were published in the October 
issue; items on the remainder are included 
in this issue {pages 1424-6). 

Short Circuits. Water-wheel generators that 
are without damper windings and connected 
to a capacitive load such as an open trans¬ 
mission line can produce abnormally high 
voltages during unsymmetrical short cir¬ 
cuits because of resonance or near resonance 
of the capacitance of the load and the reac¬ 
tance of the machine {pages 1385-95). 


Load LocL The method of circular loci 
may be applied to the solution of a circuit 
containing 2 transformers operating in par¬ 
allel. The variation of current in either 
transformer or the ratio of the 2 currents is 
said to be obtainable as a function of the 
load impedance or the ratio of transforma¬ 
tion without much involved computation 
{pages 1379-84). 


Important developments in publica¬ 
tion policy and procedure just ap¬ 
proved by the board of directors, 
affecting both ELECTRICAL ENGI¬ 
NEERING and the TRANSAC¬ 
TIONS, are outlined on page 1409 
by Chairman I. Melville Stein of the 
AIEE publication committee. 


Noise in Small Motors. Careless or in¬ 
accurate manufacturing methods some¬ 
times are responsible for flaws such as un¬ 
even air gaps, loose bearings, or loose rotor 
bars, which contribute to noisy operation 
of small electric motors. Some of fhia 
noise can be minimized by proper design 
procedure {pages 1359-67). 


Akron District Meeting. A strong a n A 
well received industrial flavor character¬ 
ized the busy program of the recent Middle 
Eastern District Meeting. Of the 464 
persons included on the registration list, 
approximately a third were students. A 
comprehensive report of activities will be 
found in this issue, beginning on page 1410. 


Engineers’ Income. Data derived from 
reports of 62,589 engineers tend to show 
that engineers engaged in technical work 
reach their maximiun earning capacity 
later than those in nonengineering endeav¬ 
ors, but that this disadvantage is offset 
after a certain age {pages 1353-8). 


Insulation Research. Principal advances 
in insulation research made during the past 
year were summarized in the report of the 
chairman of the committee on electrical in¬ 
sulation of National Research Council, 
presented during the 10th aimual Tni»t»tiTiE 
of that body {pages 1346-52). 


NRC Subcommittee Meets. At the re¬ 
cent annual meeting of the American Chemi¬ 
cal Society held at Rochester, N. Y., the 
chemistry subcommittee of the National 
Research Cotmcil insulation committee 
held a symposium on insulation materials 
{page 1420). 


Winter Convention. A "general’’ session 
has been scheduled tentatively on the pro¬ 
gram of the Institute’s 1938 winter con¬ 
vention to be held January 24-28 in New 
York, N, Y. Preliminary plans for the 
convention are now imder way {page 
1415). 


Nominations for Offices. For the guidance 
of the national nominating committee, sug¬ 
gestions for nominations for election to 
AIEE offices in 1938 are invited from the 
Institute membership {page 1415). 

Letters to the Editor. Engineering edu¬ 
cation and democracy, and s 3 nichronous 
motor effects on induction madiinps are 
the subjects discussed in the "Letters’* 
columns of this issue {pages 1422-3). 

New AIEE Section. A new Institute Sec¬ 
tion recently was organized at Wichita, 
Rans. This increases the total number of 
AIEE Sections to 63 {page 1414). 

Transformer Reactance. A 
formula for computing the reactance of the 
interleaved component of transformers has 
been derived {pages 1368-71). 


DISCUSSIONS 

Appearing in this issue are discussions 
of the following papers: 

Education 

A Sas 9 «st*d Course on Industrial Economics and 

Business Malhods—Hellmund 1396 

Per-Unit Quantities—^Travis . 1399 

Fundamental Concepts of Synchronous Machine 

Reactances—Prentice 1400 

Instruments and Measurements 

A New Magnetic Flu* Meter—Smith .... 1400 

A New Hish-Speed Cathode-Ray OKlIlograph— 

Kuehni and lumo 1401 

Slxty-Cyde Calibration of the 50-Ceniimeter 

Sphere Gap—^Sprague and Gold 1405 

Insulation Co-ordination 

Basic Impulse Insulation Levels—EEI-NEMA 

Joint Committee Report 1405 

Insulation Strength of Transformers—AIEE Sub¬ 
committee Report 1406 

Application of Arresters and the Seleetion of 

Insulation Lwels—Foote and North 1407 

Insulation Co-ordination—Sporn and Gross . . 1407 

Application of Spill Gaps and Sdection of 

insulation Levels—Melvin and Pierce 140S 


Stateraents and opinions given in articles and papers appearing n 
no responsibility, ^rrespondence is invited on all controveraal 
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The Columbia Basin Project 




By ALVIN F. DARLAND 

MEMBER AIEE 


N ear the central 

PART of the State of 
Washington is a pear- 
shaped body of semiarid land, 
approximately 85 miles long 
and 60 miles wide, containing 
1V 4 million acres of highly fer¬ 
tile soil, having a long growing 
season and a moderate climate, 
but without suflSdent rainfall 
to support agricultural activi¬ 
ties. This land, now largely covered with a determined 
growth of sagebrush and tumbleweed, was settled a genera¬ 
tion ago by dry-land farmers who attempted to grow grain. 
Only a few relatively small areas have succeeded in main¬ 
taining anything approaching a successful farming venture. 
In those areas the key to success is water, available by 
pumping from a limited subterranean supply or an adjoin¬ 
ing lake, or by enough rainfall to enable the harvest of an 
occasional crop. 

Fifty miles to the north of the northern end of the irri¬ 
gable area, and bordering its full length on the west, the 
Columbia River flo^ through a granite and basalt gorge 
from 300 to 1,500 feet below the levd of the parched lands 
adjoining. The Columbia is the second largest river in 
the United States in the quantity of runoff, and the largest 
on the American continent in potential water power. 
Strangely enough, the Columbia at one time, diverted by 
a glacier choking its ancient gorge, was forced to carve 
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from basalt rock a new chan¬ 
nel some 50 miles long, from 
2 to 5 miles wide, and from 
600 to 1,000 feet deep, now 
known as the Grand Coulee. 
At the lower end of the 
Grand Coulee the diverted 
Columbia spread over the 
lands where the subsequent 
farming efforts failed because 
of the lack of water, and these 
lands today are known as the Columbia Basin. The river 
returned to its original channel after the glacial barrier 
melted, leaving the floor of the Grand Coulee 600 feet 
high and dry above its own restored level, and quitting 
at the same time its great lake-like cha nn e ls in the 
Columbia Basin. 

Preparation of Plans 

Two plans proposed for the irrigation of the Columbia 
Basin were: first, gravity flow from the Clark Fork of the 
river by way of along aqueduct; and second, damming the 

Essential substance of an address presented at Coulee Dam, Wash., on Sep¬ 
tember 3, 1937, on the occasion of an all-day inspection trip during the AIBB 
Pacific Coast convention. 

A 1 .VIN F. DAKi.Ain> is a native of Tacoma, Wash., and received the de^ee of 
bachelor of science in electrical engineering from the University of Washington 
in 1914. In 1923 he became superintendent of electrical construction and 
in the public utilities department of the Qty of Tacoma, and was in 
responsible charge of the derign and construction of 2 hydroelectric pluts 
built by the city, ^ce 1936 he has been field engineer with the United 
States Bureau of Reclamation at Coulee Dam, Wash. 
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Grand Coulee Dam, now under construction on 
the Columbia River in the State of Washinston, 
will create a 150 -mile lake from which irrigation 
water for more than a million acres of land will be 
pumped by part of the power to be generated at 
the dam. This article describes the purposes of 
the project, which will not be completed in its 
entirety for half a century, and the present status 
of construction of the dam. 
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river near the head of the Grand Coulee to form a lake 
back of the dam, and pumping water from this lake into 
the Grand Coulee, whence it cox^d flow by gravity to the 
land. 

The United States Engineers, acting under authority of 
Congress, in 1932 submitted a report of a thorough study 
of these plans as one phase of the report.^n a comprehen¬ 
sive plan for the economic development of the river for 
power, irrigation, and navigation, frpm its crossing of 
the international boundary betweenf Canada and the 
United States to its mouth at tile Pacific Ocean, a 
river distance of 750 miles, through which there is 
a difference in elevation of the river of 1,300 feet. This 
report recommended the building of the Grand Coulee 
Dam as the key structure to the development of the power 
of the Columbia River, and the irrigation of the Colum¬ 
bia Basin by pumping from the lake formed by the 
dam. The ultimate building of 10 hydroelectric projects 
on the river haying an aggregate capacity of 10,000,000 
prime horsepower waS; recommended. Of these, the Rock 
Island Dam and power plant already have been built by 
private capital, while the Grand Coulee and Bonneville 
dams, the headwater and tidewater projects, are now under 
construction by the United States Government. 

Outstanding attributes of the dam at Grand Coulee were 
cited as the doubling of the low-water flow of the river, an 
increase of from 50 to 100 per cent in the output of down¬ 
stream power developments at low water because of the 
great storage afforded by the dam, and a reduction (from 
635 feet to 295 feet) in the pumping lift necessary to divert 
water through the Grand Coulee to the Columbia Basin 
lands. The building of the dam was authorized by Presi¬ 
dent Franklin D. Roosevelt in the fall of 1933 as a public 
works project, and work was started shortly thereafter 
tmder the direction of the United States Bureau of Recla¬ 
mation ; plans for the project previously had been prepared 
by the Bureau, following investigations and studies extend¬ 
ing over a period of years. 

Plan of Development 

Fundamentally, the plan of development of the Co¬ 
lumbia Basin project consists of: a dam across the Co¬ 
lumbia River at the head of the Grand Coulee; 2 power 
plants adjacent to the dam utilizing the hydraulic head 
created thereby; a pumping plant to lift water from the 
lake created by the dam to a reservoir approximately 23 
miles long, to be developed in the Grand Coulee by the 
construction of 2 dams, each about 90 feet high and cross¬ 
ing relatively narrow sections of the floor of the coulee; 
and a distribution system to convey the water from the 
reservoir to the 1,200,000 acres of land in the Columbia 
Basin that are to be irrigated. 

The dam and power plant are estimated to cost $179,- 
000,000 and to have an annual output capacity of 8,100,- 
000,000 kilowatt-hours of firm power and 5,000,000,000 
kilowattrhours of secondary power. The sale of this 
power is expected to repay to the United States Govem- 
m^t the cost of the dam and pow^ plant, and ha lf the 
cost of the urigation system. Irrigation, induding the 
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pumping plant, will cost $198,000,000 and will be repaid, 
half by the revenue surplus from the sale of power, and 
half by the settlers of the land. The total annual cost to 
the farmer for the contemplated irrigation is now estimated 
to be about $5 per acre. 

Dam and Power Plant 

Grand Coulee Dam is being constructed upon the granite 
floor and abutments of the river gorge within a mile down¬ 
stream from the point where the river was forced to make 
its glacial detour through the Grand Coulee. The struc¬ 
ture, a straight gravity-type dam, will rise 550 feet above 
the lowest bedrock, vnll be approximately 4,300 feet long 
and 500 feet thick at the base, and will raise the river 335 
feet, creating a lake 150 miles long reaching the Canadian 
border and providing 5,000,000 acre-feet of useful storage 
in the upper 80 feet of the reservoir. The average flow of 
the river is 109,000 second-feet at the dam site, but during 
an exceptionally high flow in 1894 is estimated to have 
reached 725,000 second-feet. A spillway 1,650 feet long 
with a capacity of 1,000,000 second-feet, and designed to 
dissipate without damage to the structure 30,000,000 
horsepower of hydraulic energy, will be provided in the 
channel section of the dam. For the construction of the 
dam and power houses, IIV 4 million cubic yards of con¬ 
crete will be required; 

A power plant having 18 120,000-kva main generating 
units and 3 7,500-kva station-service units is contemplated 
for the ultimate development, 9 main generating units 
to be in a power house to be constructed adjacent to the 
dam at its easterly downstream face, and the rest to be in 
a similar power house at the west end of the dam. The 
initial installation will consist of 3 main generating units 



Outline map of the State of Washington, showing the location 
of Grand Coulee Dam; the cross-hatched portion is the ap¬ 
proximate area to be irrigated 


and 2 station-service units. Additional units will be 
installed as irrigation and power-market requirements 
justify them. It is anticipated that power generating 
capacity of the project over and above that required for 
pumping of irrigation water will be absorbed within a 15- 

Electrical Engineering 
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year period after completion of the dam and initial power 
development, but the development of the irrigation phase 
of the project is expected to continue for a much longer 
period. 

Irrigation System 

The pumping plant, which wiU lift the irrigation water 
from the lake to the reservoir in the Grand Coulee, will be 
constructed on a granite bedrock shelf upstream from the 
west end of the dam. The plant will have a rated capacity 
of 16,000 second-feet of water, and an installed capacity of 
19,200 second-feet in 12 pumping units. Each pump will 
be rated at 1,600 second-feet and wiU be driven by a 62,- 
500-horsepower motor, 2 such pumping units to be oper¬ 
ated by the output of one main generating unit at the west 
power plant. The irrigation water diversion wiU amount 
to sUghtly more than a seventh of the average flow of the 
river, and wiU require the power output of 6 main generat¬ 
ing units totaling 600,000 kva for pumping. The flood 
stage of the river is during the irrigation season, a fact of 
importance to this project. 

Water from the pumping plant wiU be conducted 
through penstocks to a canal, which wiU connect with the 
irrigation reservoir in the Grand Coulee. Two relatively 
small dams wiU be constructed to close the 2 ends of the 
upper 23 miles of the Grand Coulee, so that water may be 
stored to a depth of about 70 feet and in a useful amount of 
339,000 acre-feet above the elevation of the outlet to the 
distribution system. 
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A main canal from the southerly end of the irrigation 
reservoir at a point 11 miles farther south, wiU branch into 
a main east canal and a main west canal, the former to be 
156 miles long and the latter 101 miles long. These 2 
canals practically will encompass the irrigable lands of the 
basin. A system of lateral and distribution canals will 
finally convey water to 40-acre imits of the project. Dur¬ 
ing the irrigation season, it is estimated that an average 
of 40 inches of water can be supplied to the land, whereas 
the mean annual precipitation for the area is but 8.2 
inches, and the rainfall during the irrigation season is only 
3.6 inches. 

Construction 

During somewhat more than 3 V 2 years since the fall of 
1933, work accomplished on the project represents a cost 
equal to approximately half the expenditure necessary to 
construct the dam (not including power development). 
The base of the dam has been built out from the west 
abutment to the original west bank of the river, and within 
this portion of the dam have been left multiple channels 
through which the river now flows While the building of the 
dam from the east abutment proceeds put across the old 
channd of the river to join that portion of the structure on 
the west side of the stream. This work has necessitated 
the building of 2 systems of cofferdams, the fxcava-tibn of 
earth overburden amounting to 20,000,000 cubic yards, 
foundation rock excavation of 1,000,000 cubic yards, and. 
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the placing of more than 3,900,000 cubic yards of con¬ 
crete to October 1937. Incidental to the principal work of 
the project has been the building of the towns, both on the 
project and adjacent thereto, for the housing, care, and 
entertainment of more than 6,000 workmen, who with 
their famili^ have brought approximately 15,000 people 
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kv switching station in Coulee City, 30 miles from the 
project, and is transmitted therefrom by the contractor 
to the site of the work over a single-circuit 110-kv line. 

Excavation FOR THE Foundation 

The silt bed on the granite floor of the river gorge, placed 
dming the existence of the glacial lake at the time of the 
diversion of the river through the Grand Coulee, reached 
a depth of 500 feet near the dam abutments, sloping down 
therefrom to a tninimiim thickness of about 25 feet at the 
deep part of the river channel. This material, with an 
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Diagram of power and pumping plants 


to a barren, homeless country, 90 miles from the nearest 
commercial center (Spokane). ■ 

Work on the project to August 1937 is the result of 30 
construction contracts, ranging in magnitude from $1,539 
for weather-stripping houses in the Government town to 
approximately $38,800,000 for the construction of the 
base of the dam and foundations for the 2 power houses. 
This latter, the principal contract of the project and the 
only one not yet completed, is held by the Mason-Walsh- 
Atkinson-Kier Company, a company organized by 3 pre¬ 
viously independent contracting firms for the purpose of 
providing fina ncing and equipment adequate to conduct 
operations on the large scale necessary at Grand Coulee 
Dam. In addition to the construction contracts, many 
others have been made for construction materials, the 
Government furnishing materials and equipment that be¬ 
come a permanent part of the dam and power plants. 

The Mason-WaMi-Atkinson-Kier Company is within a 
few months of the completion of work included under its 
contract, which comprises briefly the building of the elec¬ 
trically heated Mason City, the contractor’s town; most 
of the excavation required for the dam and power houses; 
the diversion of the river; and ^e manufacture and plac¬ 
ing of about 4,500,000 cubic yards of concrete, which rep¬ 
resents about 40 per cent of the concrete required for 
the completed dam. 

Mason City at present has a population of 300 families 
and 1,200 single men in semipermanent houses and dor¬ 
mitories, and a population of 400 men in tents. The 
homes and dormitories, general store, recreation hall, 
hotel, theater, messhalls, and company ofi5ce buildings are 
all electrically heated, comprising a connected dectrical 
load of 8,500 kw, all of which is active during the cold- 
weather months. When this condition occurs, however, 
weather conditions are so severe that the electrical load 
froin cbnstruction activities is grditly reduced, and an al¬ 
most uniform power demand results. Peak power de¬ 
mand of the project has been 14,000 kw. Power is sup¬ 
plied by the Washjng^n Water Power Company at a 110- 
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occasional glacial deposit of sand and gravel, was removed 
by a battery of electrically operated power shovels, dtnnp- 
ing into trucks and tractor-drawn buggies which ranged in 
capacity from 12 to 30 cubic yards; these in turn dumped 
onto a ^tem of belt conveyers, likewise electrically oper¬ 
ated, reaching to a canyon a mile away from the dam site 
and having a daily capacity of 48,000 cubic yards of ex¬ 
cavated material. Operation of these belts required 5,000 
horsepower of electric energy. 

Bedrodr excavation necessary to remove weathered 
rock and shape the granite floor and abutments in a man¬ 
ner suitable for foimdation purposes has required excava¬ 
tion of about 1,000,000 cubic yards of rock over an area of 
38 acres. Blasting of bedrodk: was permitted only with 
light charges of dynamite in relatively shallow, closely 
^aced holes, in order to minimize disturbance to sotmd 
bedrock uncovered by the removal of weathered rock. 
The excavated rock was hauled by trudcs since the belt 
conveyers were unsuited to this type of material, and 


(Right). A view oF the dam, looking west. High- and 
low-level construction trestles each have a battery of 5 travel¬ 
ing cranes. The suspension bridge carries a belt conveyer 
that delivers sand and gravel to a concrete-mixing plant at 
the west eiid, and a pipe line that delivers cement to a mixing 
plant at the east end. A 50,000-barrel cement storage and 
blending plant may be seen at the upper left, where 60 car¬ 
loads of cement are unloaded daily ahd blown by air through 
pipe lines to the mixing plants. The completed dam will 
reach the elevation of the highway in the background 
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much of it used in riprapping the tailrace and river slopes 
downstream from the dam. The g^ranite floor of the dfl-m 
is generally quite level, except for 3 secondary gorges 
across its floor that reach depths of 100 feet below the gen¬ 
eral level. The quality of the final foundation rock ranges 
from good to excellent granite, superior in all cases to the 
best concrete that can be produced. A curtain of cement 
grout to seal the contraction and structural joints in the 
bedrock will be injected in an approximately vertical plane 
parallel to the axis of the dam and under its upstream 
portion throughout the full length of the structure to 
depriis as great as 300 feet, and with a thi ckness at right 
angles to the axis of about 100 feet. 

Diversion of the River During Excavation 

The excavation on both the east and west sides of the 
river was carried to bedrock elevations as much as 200 
feet below the water surface of the river. Two cofferdams 
were built to enable this excavation. The first of these, 
constructed during the winter of 1934-35 on the west bank 
of the river, was a bow-shaped structure, about a ha lf 
mile long, with a central section parallel to the river chan¬ 
nel, and the wings cutting into the silt banks of the stream. 
This structure employed in its building 17,000 tons of in¬ 


terlocking steel piling, and attained a height of 100 feet, 
sufficient to safeguard operations for a river rise of 55 feet 
above the low-water flow of the stream. The second 
cofferdam was constructed during the fall of 1935 on the 
east side of the river, and was of a shape similar to the 
west cofferdam, but employed timber rather than steel 
piling and was built only to an elevation sufficient to with¬ 
stand a river rise of 30 feet above low water. This struc¬ 
ture was topped by the river as anticipated, and work 
within the east cofferdam was suspended during a period 
of 3 months in the summer of 1936. Both the west and east 
cofferdams were unusually tight and but little pumping be¬ 
cause of leakage was necessary, a condition resulting from 
the adequate designs by the contractor and the generally 
tight nature of the silt deposits over the old lake bottom. 

Following completion of bedrock excavation within 
the west cofferdam, construction of the dam and west 
power house was started in the fall of 1935. About 1,500,- 
000 cubic yards of concrete has been placed in this portion 
of the structure. This section of the dam contains the 
temporary diversion channels through which to detour 
the river from its original channel, and was completed to a 
stage of construction necessary to enable opening of the 
west cofferdam to the river in November 1936. In the 
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meantime, construction had been started on the shore 
arms of the upstream and downstream main river coffer¬ 
dams to close the river channel and enable its un watering 
for construction purposes. These 2 structures were built 
of timber cribs rock filled and armored with a single row of 
interlocking steel piling driven to refusal. The cross¬ 
river cofferdams were joined to useful portions of the 
original west cofferdam, which portions were joined in 
turn to the upstream and downstream faces of the west 
section of the dam in such a manner that the diversion 
channels were west of the junction points. This arrange¬ 
ment exposed the east end of the west section of the dam 
within the enclosure formed by the main river cofferdams. 
Completion of these structures and the full diversion of 
the river through the west section of the dam were ac¬ 
complished in December 1936. Removal of overburden 
and foundation-rock excavation had advanced from the 
east abutment within the area enclosed by the east coffer¬ 
dam and concreting operations had been started prior to 
the diversion of the river. When the diversion was ac¬ 
complished, and the old river channel unwatered, these 
operations successively advanced across the channel to 
meet the west section. 

Improved Methods 

The successful conduct of construction work on the 
huge scale demanded by the physical and economic factors 
at Grand Coulee Dam has naturally resulted in superla¬ 
tive accomplishments. Here during the excavation pe¬ 
riod, for instance, was the world’s largest conveyer sys¬ 
tem; now there are in operation the largest concrete aggre¬ 
gate preparation plant, the largest concrete mixing plants, 
and the greatest assembly of concrete placing equipment 
ever on a single construction job. The acceleration of 
construction rates has been accompanied by the adoption 
of improved methods with more consistent and uniform 
results than heretofore have generally been achieved. 
An illustration of this is the high qualily of the concrete 
going into the dam. The average compressive strength 
of 3,214 28-day test cylinders, 6 by 12 inches, taken at 
the mixing plants from mass concrete for the dam and dry 
screened to iVa-inch maximum aggregate, was 5,545 
pounds per square inch, with a very high luiiformity fac¬ 
tor. Mass concrete contains one barrel of cement per 
cubic yard. Concrete has been placed at a rate of 15,500 
cubic yards per day and it seems probable that this record 
may be extended to 18,000 cubic yards per day before 
work is completed under the present contract. 

Control of Slides 

Unexpected difificulties have been experienced because 
of iflndfilidfts of the lake-bed silt deposits from the granite 
side walls of the river gorge into the excavation area of 
the dam and power plants. Two major slides have oc¬ 
curred, one on the west side where about 1,000,000 cubic 
yards of material moved toward the power house and 
tailrace sites, and a second on the east side of the gorge, 
that moved into the forebay and dam excavation. The 
additional excavation occasioned by these slides amounted 
to 1,500,000 cubic yards of material and necessitated the 
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construction in the west slide area of a drainage S 5 rstem 
and a rock barrier at the toe of the slide to a height of 120 
feet above the level of bedrock, with a ballast blanket 
consisting of 225,000 cubic yards of gravel spread on the 
slopes of the slide above the barrier. A complete cure 
was necessary to prevent the slide moving into the tail- 
race and turbine discharge outlets of the power house. 

The east slide was directly into the largest depression 
crossing the granite floor forming the foimdation of the 
dam. Although movement of the slide subsequent to the 
construction of the dam could do no damage, about 500,- 
000 cubic yards of slide material had to be removed to 
enable the complete excavation of the depression and the 
placement of concrete. Considerable additional excava¬ 
tion was avoided by the construction of a temporary 
barrier across a neck of the depression at a point just out¬ 
side the upstream limit of the dam, to prevent further 
movement of the slide during the time required to fill this 
depression with concrete. 

Before this land slide started, a concrete arch about 25 
feet high, topped by a timber crib 15 feet high, had been 
constructed across the neck of the depression. As the 
slide became active, these structures were buried under 
the toe of the slide, which at this point was about 100 feet 
deep above bedrock. The slide was temporarily stabilized 
by the removal of the surcharge from its fan-shaped upper 
portion. A refrigeration plant of 80 tons capacity was 
rented and erected at a nearby site, and pipes through 
which brine could be circulated were driven into the slide. 
An earth-ice arch 100 feet long, from 20 to 25 feet thick, 
and from 42 to 50 feet deep was frozen directly over the 
concrete arch and timber crib submerged by the slide, and 
this composite structure of concrete, timber, and ice 
proved to be an adequate barrier to further movement of 
the slide and enabled the necessary excavation for the 
dam to be completed, and subsequent phases of the work 
to proceed without intermption. The dam was frozen in 
September 1936 and was abandoned in April 1937. 

Plans for Completion of the Project 

Plans and specifications are now being prepared in antici¬ 
pation of a contract to provide for the completion of the 
dam and west power pknt building, funds to continue 
with the construction program having been appropriated 
by Congress. If future appropriations are adequate to 
continue at the construction rate established for the work 
now accomplished, the dam could be completed and the 
initial power-plant installation ready for operation by 
1941. Surveys are in progress in the irrigable area to en¬ 
able the planning of the system of canals and a,queducts 
necessary to convey Columbia River water to the lands 
of the Columbia Basin. There is a growing and insistent 
demand for irrigated land, and it now appears , likely that 
the 50-year period for combined irrigation construction 
and land settiement originally contemplated for this proj¬ 
ect may be materially shortened. The lands, when ir¬ 
rigated, will provide from 30,000 to 40,000 new farm homes 
and an equal number of homes forming urban communities 
of the project. 
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Recent Progress in Insulation Research 


By J. B. WHITEHEAD 

PAST PRESIDENT AIEE 

R esearch in the field of dielectrics and insulation is 
broadly speahing of 2 general types. The first is 
that of fundamental scientific character in the fields 
ot chemistry arid physics. There is a constant flow of the 
resu ts of ^ studies of this t 3 ^e in the field of dielectrics, 
gaseous, liquid, and solid; and as related to their various 
properties, dielectric constant, electric conductivity, and 
breakdown. Intense interest attaches to the slow but 
steady unfolding of the picture of atomic and molecular 
structures, and of the phenomena associated with the 
movements therein of electric ions of various charact^. 
Unfortunately, however, it is not always possible, by rea¬ 
son of our inability to control the forces and extend the 
laws so discovered to large-scale conditions, to apply the 
results of this "type of research to the construction and be¬ 
havior of everyday insulation. 

The second type of research is that in which effort is 
made to develop directly under the conditions of normal 
service improved materials and methods for insulation. 
Such efforts watch more or less distantly the progress of 
fundamental scientific research and are quick to g;rasp and 
try out on a practical plane any new discovery or sugges¬ 
tion. Thus, while they often have a cut-and-tiy charac¬ 
ter, and in this sometimes suffer criticism in comparison 
with more fundamental types of research, it nevertheless 
remains a fact that a large proportion of the advances that 
have been made in the improvement of electrical insulation 
have been through researches of this character. 

Obviously both types of research are very much the con¬ 
cern of the committee on electrical insulation, of the Na¬ 
tional Research Council, and this review includes notices 
of the principal advances during the past year which have 
come to the writer’s attention. It includes reference to a 
number of researches of the first type in which there is a 
definite interest as related to the problems of insulation, 
even though sometimes remote. On the other hand, the 
review makes no pretense of covering completely the large 
volume of important research of the first type which has 
appeared. 

Gases 

From the standpoint of insulation, first interest for gases 
attaches to conductivity and breakdown. Most of the 
new work during the year has been on breakdown in air. 
Some of it is purely practical in character, other continues 
the study of the process leading from initial ionization to 
self-supporting spark or arc discharge. This problem con¬ 
tinues to hold the interest of both physicists and engineers; 
of the former because of the light thrown on gaseous stmc- 
ture and submolecular behavior; of the latter because of 
the obvious bearing on the mechanism of the spark and arc 
and of various types of protective equipment. 
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Another in a series of annual reports presented 
by the chairman of National Research Council’s 
committee on electrical insulation, this article 
summarizes some of the principal advances in 
research work on gaseous, liquid, and solid di¬ 
electrics during the past year. References are 
included to both fundamental scientific studies 
and practical research under service conditions. 


The use of the spark gap in its various forms as volt¬ 
meter is reviewed by W. M. Thornton. i Best methods 
and empirical formulas are suggested for needle gaps, 
sphere gaps, plane electrodes, the corona voltmeter, the 
attracted-disk electrometer, the ellipsoid voltmeter, the 
capacitance divider, etc. K. Potthoff® continues a series 
of papers developing the relationship between corona loss 
as measured on laboratory equipment and the losses 
wh i ch occur in overhead lines. Comparative results on 
the laboratory equipment, consisting of wire and co¬ 
axial cylinders, and those observed on 3-phase open 
show fairly good agreement. E. Horst® reports an exten¬ 
sive study of the time constant of capacitors. The time 
constant in general decreases with increasing voltage, and 
a vnde range of values is found for commercial capacitors. 
This author believes that the residual phase difference in 
air capacitors is due principally to leakage over the insu¬ 
lating supports rather than to radiation and electrode sur¬ 
face phenomena. 

Of more fundamental character are a number of studies 
on the breakdown of gaps of various lengths and under 
different conditions. R. Strigel* reports (from the Sie¬ 
mens laboratories) studies on the spark lag in a uniform 
field and in the field between points. From the same labo¬ 
ratories is a study by Von Engel and Steenbeck® on the 
r61e of the positive ions in a gas discharge. All of these 
papers discuss the mechanism of the setting up of pre¬ 
liminary and then final complete discharge, with particu¬ 
lar reference to the influence of the space charges due to 
the more rapidly moving dectrons and the sequence of 
happenings leading up to the avalanche of electrons. A 
clear picture is drawn of the growth of the electronic ava¬ 
lanche introducing as new element the electrostatic force 

Part of the annual report of the chairman of the committee on electrical insula¬ 
tion, division of engineering and industrial research, National Research Council 
during the 10th annual meeUng at New York, N. Y., November 4^5,’ 

J. B. WmTBH»A», professor of electrical engineering and, since 1919, dean of the 
i^ool of engineering at The Johns Hopkins Umvtfsity, Baltimore, Md., has 
been a member of the faculty of that university since he was appointed 
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on the electron caused by space charge, and the setting up 
of an accelerating force greater than that caused by the 
external field. The necessity for such additional force b 
shown by measurements indicating very high ionic mobili¬ 
ties. A. Kdhler® studies the impulse breakdown at pres¬ 
sures between 100 and 760 millimeters of mercury in uni¬ 
form fields. He Shows that for both alternating and im¬ 
pulse voltages down to 4 milliseconds duration, Paschen’s 
law is confirmed down to 100 millimeters for dry air, but 
not for air containing moisture. The cathode-ray oscillo¬ 
grams clearly indicate a break in the descending voltage 
curve after breakdown, which is attributed to the passage 
from spark to glow discharge. E. Finkehnann’ studies 
the breakdown of different gases at high pressures up to 
20 atmospheres; in homogeneous fields in gaps up to 2 
centimeters, and in coaxial cylinders in gaps up to 4 centi¬ 
meters. The gases studied are oxygen, carbon dioxide, 
air, and hydrogen. The departures from Paschen’s law 
already recognized for small gaps are also found for large 
gaps. They begin at higher voltages, the greater the gap; 
and for different gap lengths at approximately the same 
field intensity, the value of the latter varying with the gas. 
The departures are attributed to space charges and conse¬ 
quent electron emission from the cathode. On account of 
the smaller increase of breakdown voltage of oxygen, as 
compared with that of carbon dioxide, the latter is to 
be preferred as an insulator in high-voltage practice. 
H. Bocker® studies the well-known lowering of breakdown 
voltage at high frequencies. The commonly accepted 
cause is that at a certain critical frequency during a rever¬ 
sal of the electrode voltage, positive ions accumulate as 
space charge. A limitation of the space charge is set by 
the rate of diffusion. Starting from this condition, the 
author computes the density of space charge necessary to 
account for the actual field distortion and derives a for¬ 
mula for the lowering of voltage at higher frequencies. 
This formula is closely similar to that for the lowering of 
static continuous voltage as computed by Rogowski and 
Wallraff.®* The decrease of breakdown voltage with fre¬ 
quency above the critical value so computed is ir good 
agreement with the experimental results. 

Outstanding contributions in this country to our knowl¬ 
edge of all forms of gaseous discharge are made by L. B. 
Loeb and co-workers.* In an admirable review of ^e 
mechanism of static spark discharge Loeb not only reports 
much work of himself and co-workers, but makes a com¬ 
parative study of the significance of the results of others. 
The beginning of any type of discharge at ordinary air 
pressure is due to the collision of electrons with molecules 
and the liberation of further electrons, in accordance with 
Townsend’s theory. The presence of electrons is neces¬ 
sary and there is always a sufficient number due to ex¬ 
ternal causes to start matters. This is called by Loeb the 
primary process of ionization. The resulting current of 
itsdf does not usually lead to a spark, but as the applied 
field is increased the increase in current may become very 
rapid. An unstable condition results in which the current 
readjusts itself so as to become self-maintaining, that is, 
it changes to glow discharge, brush, spark, or arc. In or¬ 
der to reach this self-maintaining condition the ionization 
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current must develop a mechanism by which new elec¬ 
trons are generated in sufficient number; that is, some new 
or secondary ionization process must arise. Loeb lists at 
least 5, and including very low pressure, 6 mechanisms of 
self-maintaining character by which spark discharge can 
occur. Among these are, in the gas itself, ions and atomic 
excitation by electron impact, ionization by positive-ion 
impact in the gas, photoelectric action in the gas, and at 
the cathode electron bombardment, positivfe-ion bombard¬ 
ment, photoelectric effects, and the so-called field cur¬ 
rents, all leading to increased electron emission. Of special 
interest is the conclusion that under ordinaiy conditions 
ionization in a gas by positive-ion impact, as first sug¬ 
gested by Townsend, does not enter into the sparkmg 
equations. The most common secondary influences are 
the liberation of electrons at the cathode by positive-ion 
impact, and with photoelectric electron liberation at the 
cathode and in the gas. An influence of metastable atoms 
is noted in certain special cases, for example, low-pressure 
corona; also with sufficient initial ionization high local 
fields may be caused by space charge, leading directly to 
spark. The essential conclusion of Loeb's analysis is that 
there is no single definite secondary process which occurs 
universally in all discharge phenomena, but that depend¬ 
ing on the particular circumstances, usually one or 2 of the 
secondary influences mentioned predominate to the ex¬ 
clusion of others. Other interesting experimental studies 
from the same laboratories, some of which are utilized in 
Loeb’s analysis, are those of R. R. Wilson^ on very short 
time lag in sparking, that of D. Q. Posin^^ on the Townsend 
coefficients, that of Cravath and Loeb^* on the mechanism 
of the high velocity of the lightning discharge. In con¬ 
nection with the latter, one of the difficulties has been that 
the leader lightning stroke moves faster than any possible 
electronic velocity. “Calculations based on justified as¬ 
sumptions concerning the conditions known to exist in a 
lightning stroke show that if the field just ahead of the tip 
averages 10® volts per centimeter for about one centimeter, 
ionization by collision by the electrons already present in 
the gas before the stroke would be great enough to ad¬ 
vance the tip at the observed rate. In this way a propa¬ 
gation of the leader stroke at a velocity many times higher 
than the velocity of the electrons can be attained,” 

Liquids 

As is usual, work in this field is very voluminous. 
Liquids are more readily controlled, purified, and offer 
more uniform molecular structure than solids, and so offer 
themselves more readily for fundamental research. En¬ 
tering as they do into many types of insulation, they also 
appei to the research engineer. 

To the engineer, the most interesting properties are di¬ 
electric strength and conductivity; to the physicist and 
chemist, dielectric constant is more important for the 
study of molecular structure. Theories of dielectric 
strength and breakdown take a wide range. The Schu- 
mann-Nikuradse theory of breakdown ties in the current- 
voltage characterktic in much the manner as now ac¬ 
cepted for gases, and sees failure as an internal collision 
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centimeter; (e) 3 millimeters vacuum, 240 degrees centi¬ 
grade, and direct distillation, from 200 to 245 kilovolts per 
centimeter. Rotating a commercial oil in a circular 
channel between high-voltage electrodes, at a certain 
velocity dust and fiber particles are swept out and a break¬ 
down stress of 150 kilovolts per centimeter is reached, an 
increase of upward of 33 Vs per cent, and the spread of test 
points is reduced to 7 per cent or 8 per cent. Combined 
with a specially constructed electric filter, this method in¬ 
creased the low breakdown strength of badly deteriorated 
oil to 150 kilovolts per centimeter. Fibers and dust par¬ 
ticles cause breakdown; thermal breakdown pertains to 
intermediate ranges of purification ; and the pure electric 
breakdown enters only under extreme purification. Fur¬ 
ther interesting data are presented by F. M. Clark^'^ on 
the properties of noninflammable synthetic insula ting oils 
of the chlorinated diphenyl type. An advantage in favor 
of the S3aithetic liquids and insulation treated therewith 
of at least 20 per cent over corresponding mineral-oil 
values is claimed. 

OxroATiON 

Studies of the oxidation process in insulating liquids 
breakdown strength of the liquid reached the high value, have also continued. A. Gemant^® proposes a rapid and 
of 1,870 kilovolts per centimeter and solid benzol 1,000 simple approximate method for relative oxidation rates, 
kilovolts per centimeter. In each case the peak value of based on the decrease of volume of the gas over the oil in a 
a wave was the determining factor, indicating electric closed vessel. The claim is that for the better oils the con- 
breakdown. The very smallest amounts of added im- tnbution of volatile products of oxidation may be neg- 
purities lowered the dielectric strength and increased the lected. J. F. Gillies and J. B. Black“ reach the conclu- 
influence of the effective rather than the maximum value sion that dielectric strength and power factor of trans- 
of voltage, indicating entrance of thermoelectric influence, former oil are not affected in the early stages of oxidation, 
Careful studies of the influence of drying and degassing nor until heavier asphaltine products begin to be formed, 
supported in general the Koppelmann theory. Working Similar conclusion by different methods is reached by 
in the same field, R. Bredner^^ studies toluol, chloric ben- J. B. Whitehead and T. B. Jones*® as reported at the pres- 
zol, nitrobenzol, and benzol, as regards both dielectric ent meeting of this committee. G. M. L. Sommerman** 
s^ength and loss. Similar care was exercised for purifica- reports results of tests on 9 viscous mineral oils of various 
tion and similar evidence adduced that for toluol in this types and their mixtures with 8 rosins. Interesting corre- 
state, breakdown cannot be thermal in character. It is lations between physical and electrical properties, sta- 
shown to be independent of the rapidity of voltage in- bility in oxidation, with the viscosity index and rliPtnir^l 
crease and independent of the pressure. On the other composition are reported. J. B. Whitehead and F. E. 
hand, the values for chloric benzol and nitrobenzol were Mauritz,** working with a single insula tin g oil of high 
much lower and gave evidence of thermoelectric failure, quality, have shown important correlations between 
although breakdown was still independent of pressmre. changes in electrical properties, and those of several oxi- 
Here then is a <^e in which thermoelectric failure seems dation products. P. J. Haringhuizen and D. A. Was*® 
to take place without special reference to gas formation, report welcome quantitative measurements of the catalytic 
thus indicating the Nikuradse type of breakdown, action of metals on oils. The samples were treated for 
A. W^;^er and O. Tscheljustkino®^ conclude that the char- 1,000 hours at 90 degrees centigrade in the presence of thin 
a.ct^tic dependence of electric strength on pressure in layers of copper, lead, and tin. Copper formed the most 
hquids occurs only when the gas is in emulsified form, sludge, lead next, and tin least. In tivo of the oils con- 
Liqmds in which the gas is completely dissolved have tact with tin gave less sludge formation than in a blank 
ecWc streng^ independent of pressure. specimen, thus suggesting an antioxidizing value. Studies 

Of special mterest as related to the foregoing are 2 of the acid nmnber indicate thatthe action of copper is at 
papers by E. CQnradi^®*“ on the breakdown behavior of first the most ra,pid, but that after 4 time the acid number 
TOmmerc^ insulating oils. He finds the following be-. becomes constant while that caused by lead finally rises 
hamor : (a) As delivered, from 25 to 50 kilovolts per centi- above those of both copper and tin, approaching a con- 
met^; (5) aft^ filtra,tion, from 75 to 125 kilovolts per, stant value of 7. It is suggested that catalytic action in 
centaeter; (c) 3 millimeters vacuum, 100 degrees centi- all these cases is linuted, due to the accumUlatipn of oro¬ 
ide, 12 hours, from 120 to 150 kilovolts per centimeter; tective products on the metals. T. Itoh and V. Hyrairi8< 

( ) fecial filtration and 3 millimeters vacuum, 100 de- report methods for the recovery of badly deteriorated oils 
^ees centigrade, 12 houmrf^^^ 160 to 200 kilovolts per by evacuation and distihation. Claim is mada t^^ the 
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ionization phenomenon, Koppelmann and Gyemant in¬ 
voke an electrode layer of high stress due to space charge 
acting on a layer of adsorbed gas, thus creating gas pock¬ 
ets or filaments leading to gaseous ionization and break¬ 
down. Pure electric breakdown is apparently due to elec¬ 
tronic collision ionization and is recognized only in the 
purest liquids. Thermal breakdown on the other hand, 
due to the liberation of gases by heating in impure liquids, 
is also evident in many cases. From the variety of condi¬ 
tions which are suggested in the work supporting these 
several theories it may be easily seen that the approach to 
pure electric breakdown occurs only under conditions in 
which the liquid and electrodes are most carefully purified, 
conditions which cannot be approached for large scale use. 
Breakdown in liquids prepared under the best manufac¬ 
turing conditions is commonly of thermoelectric character, 
with gas evolution and gas breakdown as the final stage. 
The following brief notices of recent work in this field for 
the most part support this view. W. Bahre^® reports a 
careful series of observations on the breakdown strength 
of liquid and solid benzol. The outstanding feature is 
the extreme elaboration, over a period of mouths, of 
methods of purification. Under the final test conditions 










recovered oils were superior to the original oils, and that 
the volume recovered is better than 93 per cent. 

Results by A. Lasarev and J. Raschektaev®* conclude 
that the electric conductivity of oils poljnnerized by oxi¬ 
dation depends only on the mobilities of the ions and on 
changes in the macroscopic viscosity. The effect of in¬ 
creased temperature is to increase the decomposition of 
secondary associated complexes. It is stated that the 
Debye dipole theory adequately accounts for the tempera¬ 
ture changes of the dielectric losses of those polymers and 
oxides examined, and other interesting suggestions are 
made. 

Gas Generation 

The generation and absorption of gas in insulating oils 
subjected to electric discharge has been studied by Neder- 
bragt,*® whose results show a wide variation in volume of 
gas liberated over a range of oils. Of special interest is 
the reduction of the amount of gas evolved by the addition 
of selected aromatic compounds. No general formula is 
proposed, but the author concludes that the volume of gas 
generated depends on the nature of the most volatile com¬ 
ponents of the oil, and that in general the gas evolved may 
be substantially reduced by sniiaU percentages of aroma¬ 
tics, more volatile than the oil itself. In these experi¬ 
ments the gasifying agency is merely the layer of ionized 
gas or vapor over the oil, the field being roughly parallel to 
the surface of the oil. The nature of the action is not sug¬ 
gested, and should be a promising problem for further 
study. 

Conduction 

Studies of conductivity at high stress in insulating 
liquids are as follows: In experiments on carefully dis¬ 
tilled toluene, E. B. Baker and H. A. Boltz®^ claim to have 
demonstrated the presence of thermionic emission at or¬ 
dinary temperatxures from cathodes in contact with di¬ 
electric liquids. The current-voltage relations found 
obey, in the upper range of field strength, a law which is 
interpreted as being a modification of the Schottky law in 
vacuum. Differences are found amongst cxurves for ad¬ 
sorbed oxygen and hydrogen on electrode of several 
metals and explanations offered on the basis of variations 
in the work function of the metal. They contrast their 
results with the commonly accepted view that residual 
conduction in dielectric liquids is due to ions initially 
present, formed by some ionizing agent or electrolytic dis¬ 
sociation. An interesting feature of the results is that the 
slope of the current-voltage curve of the liquid becomes 
less steep in the upper range. The theory of secondary 
ionization, as described by Nikuradse, calls for log I in¬ 
creasing directly as the field whereas the Schottky law 
rflUs for a log J variation as the (field) 

Closdy related to the foregoing is the work of K. H. 
Reiss,*® on ionization by intense ultraviolet radiation in 
highly refined liquids. The author concludes that the 
rise in the current-voltage characteristic of highly refined 
ind ilfl ting liquids above the saturation value is not due to 
ionization by collision, as proposed by Nikuradse, nor to 
cold thermionic emission, as proposed by Baker and 


Boltz.*^ The chief experimental evidence against ioniza¬ 
tion by collision is in the observation of the increase of cur¬ 
rent over normal saturation and rising current regions, as 
between the nonirradiated and the irradiated conditions. 
The increase in conductivity due to the ionization by 
ultraviolet radiation was found to be constant up to 200 
kilovolts per centimeter, that is, well above satiuration. 
In other words, the large increase in the number of ions 
due to ultraviolet radiation did not cause any increase in 
the ionization by collision. Cold electron emission was 
eliminated by experiments with the electrode irradiated 
by ultraviolet radiation. A very small increase of cur¬ 
rent was noted at low field strengths, but for increasing 
voltage the increasing curve merged with the normal curve 
of the liquid. The increase of conductivity with stress 
is attributed by the author to the phenomenon discovered 
by Wien and Schiele of an increase of field strength in 
weak electrol 3 ^es, arising in dissociation at higher voltages. 
Particular support for this view is found in measurements 
on the mobilities of the ions which are found to be much 
lower than those of electrons involved in avalanche and 
secondary ionization processes. The author concludes 
that breakdown in insulating liquids at values below 400 
kilovolts per centimeter can be caused only by the libera¬ 
tion of gas, thus supporting the Koppelmann view. Ioni¬ 
zation phenomena in liquid hydrocarbons are also studied 
by C. Bialobjeski*® utilizing X rays. He shows 3 kinds 
of ions, of which two are positive and the other negative. 
He makes studies of mobility and coefficients of recom¬ 
bination. Commenting upon Nikuradse’s theory of the 
relation between the current-voltage characteristic of a 
liquid, and its approach to breakdown, Y. Toriyama and 
U. Shinohara“ have measured the impulse breakdown 
voltage of distilled water and several aqueous solutions. 
In particular, they point to the case of a solution of NH 4 - 
OH, in which the breakdown voltage is greater than that 
for distilled water, although the conductivity of the solu¬ 
tion is 7.5 times greater. They claim, therefore, no direct 
relation between the current-voltage characteristic and 
breakdown and that the latter is an electronic rather than 
an ionic conduction phenomenon. 


Solids 


Owing to the complexity and wide range of type of con¬ 
duction processes in solids, and to the difficulty of securing 
strict uniformiiy in bulk, research in the field of sohds, as 
directed to their properties as insulators, is still of a broadly 
general character. Nevertheless much progress has been 
made, some of it recently, and in certain classes of mate¬ 


rials general correlations are to be found betwera chemical 
composition, physical properties, and electrical constants 


and behavior. Thus in the case of the glasses, one of the 


most baffling groups, certain constituents are now recog¬ 


nized as related to conductivity and dielectric loss. The 


particular way in which moisture remains in fibrous mate¬ 
rials is recognized and certain methods of control have 


been developed. There has been mudi study of the mo¬ 
lecular polar properties of liquids wh^ passing into the 
solid state and some grouping of mat^als as to the polar 
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variation of dielectric constant and dielectric loss. Studies in complex dielectrics. The work is a careful examination 

11 of synthetic rnatprigla have been particularly successful of Wagner’s proposal, which the results confirm, together 

in indicating wide changes in electrical properties asso- with a somewhat extended explanation as to how the re- 

f: ciated with well recognized chcmira.l variations. Ex- suits of experiment can be utilized for determining the 

j! amples of this are the thermoplastic rosin, poly-styrene, statistical distribution of relaxation times. The work 

It and the chlorinated diphenyl compounds. Similar stud- tacitly assumes the Maxwell theory as the basis of dielec- 

^ ^ ies have been made in the ceramic fi.eld, notably the stea- trie absorption. G. A. Albert*^ measured dielectric losses 

j tite and rutile groups, the latter affording, when com- parallel to the laminations of impregnated materials, 

pounded with suitable binders, the possibility of a very showing values from 2 to 10 times the losses with field 

wide range of value of dielectric constant. An excellent normal to laminations, d^ending upon the condition of 

survey of some of these relationships has been presented the material. Thiessen, Winkel, and Herrmann®® and 

during the year by W. Jackson.*^ In the experimental Frei and Groetzinger** have studied the volumetric elec- 

iii study of the dielectric strength of various types of solid trie charges to be found in the rosin wax mixtures known 

^ materials, J. C. Dowell and C. M. Foust®* present an im- as electrets. Evidence is presented that these are space 

i ^ portant assembly of curves and data showing the impulse charges which may have opposite signs, depending on the 

j: and 60-cycle breakdown voltages of various gaps, bushings, value of the stress applied during cooling. Thus not all 

iTi jsiTta t or strings, creepage paths in both liquid and solid of the behavior of the electret is due to dipolar orientation 

;j materials. The data are presented in 33 sets of curves and and fixation. Data as regards some of the new materials 

;| ' 5 tables, constitute a valuable reference source. An referred to in the first paragraph of this section are pre- 

j i analytical study of the results of many workers on the sented by M. Hagedorn^ showing that polyst 3 rrol and 

j ! breakdown of solids is given by S. Whitehead®* in an ef- similar substances can be prepared as foils with thickness 

I i fort to determine the figures for the breakdown strength from 0.02 millimeters up. Electrical properties vary with 

’I i inherent in the materials themselves. He attributed the material and proposal is made that these substances 

5 ; failure in practice (1) to the properties of the ambient may be used in capacitors and cables. Standard Tele- 

] I medium, (2) to imperfections of macroscopic order in the phones and Cables*^ report new studies of the control of 

! j solid material itself, (3) to the presence of foreign mater ials , moisture in cellulose papers and fibers by esterification, 

j I moisture, etc. The present study looks away from these Results on impregnated paper indicate acetic-acid values 

I : causes and analyzes the results of many workers for a de- up to 30 per cent as about the limit to which this process 

j I termination of the limiting electric strength as determined can be extended without serious lowering of necessary 

j I by (a) thermal instabilily, (&) internal ionization, (c) ulti- physical properties of the paper. 

] I mate electric strength. The author concludes that evi- A valuable paper is reported by C. Schmelzer^* on the 

j i dences of failure due to internal ionization are not very absolute measurement of dielectric losses at very high 

I ; definite, and that the figures indicated for ultimate or frequencies (3 X 10’) with the capacitor-thermometer. 

I pure electric strength, as studied by Rogowski and Von The loss is measured as the heat liberated in a small cylin- 

I j Hippel, are far above the values of present practice, drical capacitor (maximum length, 0.5 centimeter) in a 

Thermal breakdown is the most frequent and the values glass cell. An accuracy within 6 per cent is claimed, 

i ! indicated for this by known material constants are also W. J. Shutt and H. Rogan^® made a critical experimental 

well above those of practice. The author states that investigation of the oscillation or “force” method of de- 

there is no reason why, with a closer control of materials, termining the dielectric constant of slightly conducting 

field strengths of from 500 to 1,000 kilovolts per centimeter liquids. With the improved method described, results 

should not be possible on the basis of thermal instability are reported indicating an accuracy of =^0.2 per cent for 

alone. solutions of dectrolytes having conductivities less than 

Recent studies of conduction, absorption, and didectric 0.005 mhos. J. A. Weh*® describes methods of measuring 

loss are as follows: A. Walther and Lydia Inge®^ have the Uiermal conductivity of sheet materials, with a maxi- 

studied the conductivity of rock salt and glass at fidd mum inaccuracy of =^10 per cent. W. D. Buckingham^* 

strengths up to 2,000 kilovolts per centimeter. The describes an experimental method for determining the 

conductivity increases as much as tenfold at high fidd equivalent resistance and capacitance network for an ab- 

strengths. From the conductivity-temperature rdations, sorptive capadtor, at different frequences and voltages, 

it is conduded that the increase of conductivity with fidd The method consists of an a-c bridge with the absorptive 

strength is largdy due to an increase in ionic conductivity, capadtor in one arm and an air capacitor in the opposite 

Breakdown at room temperatures is shown to be thermal arm. To this capacitor are a.dded Series or shunt resist- 

: as well as dectric. R. W. Sillars®* attempts a model of ances adjusted by experiment to give complete balance. 

Maxwell’s complex didectric, and Wagner’s extension Balance is determined by complete disappearance of cur- 

thereof, in a modd of wax containing water drops. The rent as indicated by ampUfier and cathode ray oscillograph, 

theory is not supported by the results. Condusion is Value of the method is daimed in the construction of 

reached that a minute amount of impmily in the form of phantom circuits and in the operation of long communica- 

fine needles can produce a serious alternating loss, while tion cables. H. A, Thomas*® presents an extensive study 

the effect of the same volume in spherical form would be of the causes of relativdy small variations in the capad- 

negligible. W. A. Yager®* also contributes in this fidd an tance of capadtors “vdth solids and with air as didectric. 

exhaustive analysis of the distribution of relaxation times fecial methods for the* accurate measurement of capad- 
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tance are given, and methods proposed for controlling 
variations due to temperature. 

High-Voltage Cables 

The causes of instability and deterioration continue to 
occupy chief attention. In recent years we appear to have 
passed through a series of fashions in our ideas of the prin¬ 
cipal causes of cable deterioration. We have noted as 
chief suspect in successive periods, high inherent power 
factor and loss, gaseous ionization due to temperature 
cycles, wax formation, and oxidation. At the moment 
we appear to be leaving the oxidation period and reverting 
to that of gaseous ionization, through new methods for 
studying free gas spaces in the cable. 

Physical structure and dielectric loss of impregnated 
paper, as related to the amount of contained air and under 
changes of voltage, temperature, frequency, and pressure, 
are reported in an analjrtical and speculative study by 
P. Junius.The conclusions are that the shape of the 
power factor-voltage curves at cUfferent temperatures 
changes very little in a dielectric containing large amounts 
of air. On the other hand, the shape of these curves varies 
noticeably in well-impregnated cable. In the latter case 
the change of power factor due to temperature change may 
be much steeper than that for a cable containing air. An 
overpressure of one atmosphere is sufficient to cause a flat 
loss curve in a cable which contains much air. Thus com¬ 
parison between the loss curves of a pressure cable and an 
ordinaiy cable not under pressure, should not be used as a 
basis of the relative excellence of the 2 cables. Since gas 
in a dielectric may be either above, at, or below atmos¬ 
pheric pressure, power-factor variation with pressure and 
temperature are better criteria than the variation with 
voltage. J. Lawton" presents a good review and analyti¬ 
cal study of all American research on wax formation, and 
also a dear dassification of oils as regards corrdation be¬ 
tween chemical structure and gas evolution. The prop¬ 
erties of the 2 broad divisions of petroleum oil, the ali- 
phatics and the carbocyclics, are well described, and the 
differences between pol 3 mierization and condensation, and 
the relation of these to molecular structure under ionic 
bombardment pointed out. Two papers from French 
sources have appeared on the leakage of oil from oil-filled 
cables in service, one by P. Capdeville," and the other by 
M. R. Laroche.®® These methods depend on differences 
in pressure caused by the leaks. They are very sensitive 
to temperature and pressure changes. Measuring ap¬ 
paratus and connections are described, a few test results 
are given, and a maximum inaccuracy of 3 per cent is 
claimed. P. Dunsheath®^ describes manufacturing equip¬ 
ment for the continuous extrusion of lead cable sheaths. 

Of most recent interest is the work of K. S. Wyatt®* and 
associates on the mechanical uniformity of cable insulaton. 
A new method is described for the examination of the 
cross section of the cable. Oil is extracted from a short 
length, which is then impregnated with styrene and then 
heated so as to solidify the latter. It is stated that in 
this condition an undistorted wafer, as thin as 6 mils can 
be cut from the cable. As the styrene is highly translu¬ 


cent, the wafer so prepared, when viewed against a light, 
affords a remarkably clear picture of the laminated struc¬ 
ture of the cable, accentuating sharply all regions of sepa¬ 
ration or voids between layers, conductors, and sheath. 
In somewhat similar manner longitudinal sections may 
also be prepared. Complete publication of the results ’ of 
these interesting studies are not yet available, but we are 
fortunate in having a paper on the subject from Mr. 
Wyatt at the annual meeting of this committee this year. 
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6. EINB PRt>RinrO DBR TRAOBROBSBTZB POR DBE QuBCE8ILBBRDAMPF-Gl.BICa- 
RiCBTBRBOQAB, A. von Engel and M. Steenbeck. Wissenschaftliehe Veroffent- 
liekugen aus den Siemens-Werken, volume 15, November 1986, pages 42-69. 

6. Dib Stossdurchschijiospannuno und nsR Stossdurchschlao im houo- 
GBMBN Fbldb BBI NIBBBRBN DrOckbh (100 bis 760 mm), Anton Eohler. 
Archiv fUr Elektrotechnik, volume 80, August 14, 1986, pages 528-52. 

7. Dbr blbktrischb Durchschlao vbrschibsbnbr Gasb untbr hohbm 
Druck, B. Finkelmann. Archiv fUr Elektrotechnik, volume 81, April 22, 1937, 
pages 282-6. 

8. Dib Dorchbchlaqsbmeuno bbi Hochprbqubnz, H. Bocker. Archiv fUr 
Elektrotechnik, volume 31, March 22, 1987, pages 166-178. 

9. Thb Problbu op thb Mbchanisu op Static Spare Discharob, L. B. 
Loeb. Reviews of Modem Physics, volume 8, July 1936, page 267. 

10. Vbry Short Tihb Lao of Spareiho, Robert R. Wilson. Physical Review, 
volume 50, December 1,1936, piages 1082-8. 

11. Thb Towhsbnd Cobppicibmts and Spare Discharob, Daniel Q. Posin. 
Physical Review, volume 60, October 1,1936, pages 650-8. 

12. Thb Mbcramism op thb Hioh Vblocity op Propagation op Liohtnino 
DISCEM.ROBS, A. M. Cravath and L. B. Loeb. Physics, volume 6, April 1936, 
pages 125-7. 

18. Dhrchscblaopbstioebit von pldssiobn ttnd pbstbn Bbnzol, W. Bahre. 
Archiv f Ur Elektrotechnik, volume 81, March 22,1937, pages 141-65. 

14. Diblbetrischb Fbstioebitbn hnd Vbrlustb plussiobr Eohdbnwassbr 
BTOPPB HIT UND OHNB Dipolcharaktbr, Richard Bredner. Archiv fUr Elektro¬ 
technik, volume 81, June 15,1937, pages 361-70. 

15. Untbrbhchunobn Obbr dib BbbznplOssuno dbr Ddrchscblaospannuno 

DURCH EONSTLICHB OLSTROHDNO CND tlBBX DIB BREOHUNO DBR DUXCHBRUCH- 

pbldstXreb ddrcb blbetriscbbs Fidtbrn, E. Conradi. Archiv fUr Elektro¬ 
technik, volume 31, March 22,1987,179-86. 

16. UNTBRSUCHDNO tlBBR DBN DURCHSCHDAO DND DIB VORGHnOB BBI BDBK- 
TRISCBBR BbANSPROCBUNO IN ISOLIBRODBN VBRSCHIBDBNBR FbBTIOEBIT, 
B. Conradi. Archiv fUr Elektrotechnik, volume 80, October 15,1936, pages 677- 
82. 

17. Tbb Diblbctric Strength op Noninpdahhabub SYNTHBnc Inshdatcno 
Oils, F. M. Clark. Elbctrical Bnoinbbrino, volume 56, June 1937, pages 
671-6. 

18. Tct Rapid Mbasurbhbnt op thb Oxidation op Inshlahno Oils in Air. 
A. Gemant. Transactions of the Faraday Society, volume 32, November 1936, 
pages 1628-83. 

19. Eppbct op Oxidation and Moistorb on thb Elbctrical Charactbris- 
Tlcs OP Transactions Oil, J. F. Gillies and J. B. Black.. World Power, volume 
26, December l986, pages 163-7. 

20. Oil Oxidation in Imprbgnatbd Papbr, J. B. Whitehead and T. B. Jones, 
presented at annual meeting, committee on electrical insulation. National Re¬ 
search Council, 1937. 

21. PrOpbrtibs op Satorants por Papbr-Insulatbd Cablbs, G. M. L. 
Sommerman. Elbctrical Bnginbbrinp^ volume 56, May 1937, pages 566-75, 

22. Oxidation in Insulating Oil, J. B. Whitehead and F. E. Mauritz, 
Elbctrical Enginbbrino, volume 56, April 1937, pages 466-74. 

23. Thb Inplttbncb op Thin Mbtal Lavbrs on thb Dbtbrioration of Tech¬ 

nical Insulating Oils, P. J. Haringhuizeh and D. A. Was. Proc. Akad. Wet., 
volume 88, pages 667-1116. — 

24. Propbrtibs op Insulating On. Rbcovbrbd by Hioh-Vacuuh Distilla¬ 
tion, T. Itoh and Y. Hyraki. Journal ot the Institution of Electrical En^neers 
of Japan, volume 1, page 26. 

25. An Tti ntn uTCAL iNVBSTipATlON OP THB FoLYMBRIZINO OxiDAnoN PROC¬ 
ESSES IN Liqotd Dibpbctrics, a. Lazarev and I. Raschektaev. Technical 

tf.S.S.R., volume 8,1986,. pages 366—88. 

26. Gbnbration AND Absorption op: Gas in Insulatino Oils Under the 
INPLUBNCB OP AN ELECTRIC DISCHAROB, G. W. Nedcrbragt. Journal of the 
Institution of Electrical: Engineersi volume 79, September 1936, pages 282-90. 
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27. Thbrmionic Emission Into Diblbctric Liquids, Edward B. Baker and 
Howard A. Boltz. The Physical Review, volume dl, February 15, 1937, pages 
276-82. 

28. Studibs op thb Elbctkic CoNDucnvrry in Liquids op Low Diblbcteic 
Constant, H. H. Reiss. Annalen der Physik, volume 28,1937, page 325. 

29. Ionisation Dbs Diblbctbiqubs Liquidbs. Appucation Aux Rayons 
CosMiQUBS, M. G. Bialobrzeski. Le Journal de Physique et la Radium, volume 
7, August 1936, pages 329-36. 

30. Elbctkic Bkbaedown Field Intensity op Watbr and Aqueous Solu¬ 
tions (letter to the editor), Y. Tariyama and U. Shinohara. ' The Physical Re¬ 
view, volume 61, April 15,1937, page 680. 

31. A Record op Recent Progress Towards the Correlation op the 
Chemical Composition, the Physical Constitution, and the Electrical 
Properties, op Solid Dielectric Materials, Willis Jackson. Journal of the 
Institution of Electrical Engineers, volume 79, November 1936, pages 565-76. 

32. Impulse Voltage Strength op Insulators and Materials, J. C. Dowell 
and C. M. Foust. General Electric Review, volume 40, March 1937, pages 141— 
62. 

33. Some Aspects op the Electric Strength op Dielectrics, S. Whitehead. 
World Power, volume 26, September 1936, pages 72-8. 

34. Elbetrischb LbitpXbioebit Fester Diblbetrika In Stareen Elbetri- 
SCHEN Feldbrn, Alexander Walther and Lydia Inge. Technical Physics of the 
U.S.S.R., volume 3,1936, pages 700-14. 

35. The Properties op a Dielectric Containing Semiconducting Par¬ 
ticles OP Various Shapes, R. W. Sillars. Journal of the Institution of Elec¬ 
trical Engineers, volume 84, April 1937, pages 378-04. 

36. The Distribution op Relaxation Times in Typical Dielectrics, Wm. 
A Yager. Physics, volume 7, December 1936, pages 434-60. 

37. Diblbctric Loss Measurements Parallel to Laminations, Gerard 
A Albert. Journal of Applied Physics, volume 8, March 1937, pages 218-26. 

38. Elbetrischb Nachwereunobn im brstarrtbn Dibltberieum, P. A 
Thiessen, A. Wlnkel, and R. Herrmann. Physikcdische Zeitschrifi, volume 37, 
July 1936, pages 511-20. 

39. t^BER DAS FRBIWBRDBN BLBETRISCHBR ENBROIB BBIM AUPSCHMBLZBN DBS 
Elbetrbtbn, H. Frei and G. Groetzinger. Physikalisehe Zeitschrifi, volume 37, 
October 15,1936, pages 720-24. 

40. Gboossbnb Elbetroisolibrpolibn, M, Hagedom. Khnslstoffe, volume 
27, March 1937, pages 89-90. 

41. Acbtylatbd Paper, Standard Telephones 8c Cables, Ltd. Electrician, 
November 26,1936, page 657. 


42. Absolutmbssuno Diblbctrischbr Vbrlustb bbi hohbn Frbqubnzbn 
NUT DUN Kondbnsatorthbrmombtbr, Ch. Schmelzer. Annalen der Physik, 
volume 28, 1937, pages 36-63. 

43. A Critical Experimental Investigation op the "Force” Method op 
Dbtbrminino the Dielectric Capacity op Conductimo Liquids at Low 
Frequbncibs, Univalent Electrolytes in Aqueous Solution, W. J. Schutt 
and H. Rogan. Proceedings of the Royal Society, volume 167, November 2, 
1936, pages 359—72. 

44. A Method op Measuring Thermal Conductivity op Insulating 
Materials, J. A. Web. General Electric Review, volume 40, March 1937, pages 
138-40. 

45. Mbasurbmbnt op Condenser Characteristics at Low Frequbncibs, 
W. D. Buckingham. Presented at 1937 convention of the Institute of Radio 
Engineers. 

46. The Electrical Stability op Condensers, H. A. Thomas. Journal of 
the Institution of Electrical Engineers, volume 79, September 1936, pages 297- 
335. 

47. Physixalischb Struetur und diblbetrischb Vbrlustb fester Isolibr- 
stoppb, Doctor P. Junius. Blektrotechnische Zeitschrifi, volume 57, May 7, 
1936, pages 619-22. 

48. Wax in Impregnated Paper Cables, J. Lawton. World Power, volume 
26: part I—October 1936, page 98; part II—November 1936, pages 129-30. 

49. La Recherche dbs Futtbs D'Huilb Dans Lbs Cables A Huilb Fluidb 
Bn Service, M. Pierre Capdeville. Bulletin de la Soci4t4 Franpaise des Electri- 
ciens, volume 7, April 1937, pages 459-70. 

50. SuR La Localisation Dbs Fuitbs D’Huilb Dans Lbs Cables A Huilb 
Fluids Sous Prbssiom, M. R. Laroche. Bulletin de la Socidt4 Franpaise des 
Hlectriciens, volume 7, April 1937, pages 471-81. 

51. Continuous Extrusion op Lead Cable-Sheaths, P. Dunsheath. Jour¬ 

nal of the Institution of Electrical Engineers, volume 80, April 1937, pages 353- 
77. . 

52. Mechanical Uniformity op Cable Insulation and Methods por Its 
Measurement, H. S. Wyatt. Presented at annual meeting, committee on 
electrical insulation. National Research Council, 1937. 

53. Bbstrahluno und Durchschlao, W. Bogowsld and Wallraf. Zeitschrifi 
fuer Physik, volume 102, 1936, page 83. 

54. Die Rolls Dbs Gases Bbim Di^RcsscBLAO Von FlOssigbn Isolatorbn, 
Alexander Walther and Olga Tscheljustldno. Technical Physics of the U.S.S.R., 
volume 3, 1936, pages 940-6. 



Downstream face of the Tennessee Valley Authority s Wheeler Dam, the $37,000,000 project named after General Joseph 
Wheeler and dedicated formally September iO, 1937, pii the l Otst anniversary of the geherars birth, althoush actually com¬ 
pleted early in the year^ The dam is some 15 miles upstream from the 'Var baby** Wilson Dam at Muscle Shoals (which 
has been deeded to the TV A by the government) and is. intended to extend Tennessee River navigation some 74 miles up¬ 
stream to the Guntersville Dam which Is now under construction. This view shows the power house in the immediate fore¬ 
ground with the 2 45,000i.horeep0wer outdo0r-type generating units just beyond. Above at the right is the frame of 
the movable gantry aane, whiin across the Hver the outlines of the navigation lock and the high arched bridge over it may 

be seen. The dam is 72 feet high and 6,502 feet long, with a reservoir area of 67,1 00 aae* 
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Sources of Engineering Income, 1929“34 


I N 1929 there was greater 
spread in the earnings of 
engineers engaged in non¬ 
engineering work than in those 
obtained from engineering 
work. Thus, among engineers 
40 to 47 years of age, 10 per 
cent of those engaged in non- 
engineering earned more than 
$12,424 and 10 per cent earned 
less than $2,420 per year. The 
respective annual incomes of 

similar proportions of all those engaged in engineering work 
were $9,615 and $2,705; and of graduates in engineering 
$10,088 and $2,936. 

The age of maximum earning power for engineers ar¬ 
rives more quickly for nonengineering than for engineer¬ 
ing work. At 48 to 55 years of age, however, those col¬ 
lege graduates who stayed in engineering were doing as 
well as those who had gone into nonengineering work. 
This was true even at the highest income levels. 

Despite the fact that in 1929 the tendency was for aver¬ 
age annual incomes of engineers engaged in nonengineering 
to exceed slightly those from engineering work, the oppor¬ 
tunities in the former field did not embrace more than 7 per 
cent of the total in any one age classification. 

Over the period 1929-34 the relationship changed be¬ 
tween the jobs engineers took in engineering and non¬ 
engineering work. On the whole it appears that in 1929 
nonengineering work was an alternative to engineering 
work, but from 1929 to 1934 many nonengineering jobs 
were accepted as an alternative to unemployment or 
work relief. 

The extent to which earning opportunities from non¬ 
engineering work depreciated between 1929 and 1934 dif¬ 
fers at the various age levels. The average earnings of 2 
groups in nonengineering who were 28 to 40 years in 1929 
declined by almost one-third from 1929 to 1934. As be¬ 
tween the groups that were over 48 years in 1929 the 
•average income of the 1934 group is only one-half the av¬ 
erage of the 1929 group. Similarly at each of the other 
income levels a greater fall is found in the average income 
of older men in nonengineering. 

Those who were able to stay in engmeeribg fared better. 
Furthermore the changes which occurred in the earnings 
from engineering work, as reported by all engineers and 
by graduates only, were consistently uniform. 

The relative changes as between nonengineering earn¬ 
ings and those for engineering work of engineers, with ad¬ 
vancing age and experience, are also found to be the sanie 
for men with comparable periods of exp^arience. 

It was among those newcomers who Were trying to force 
their way into the profession that the greatest fall in in- 
<;ohie occurred. Thus average earnings in engineering fai 
1934, 2 years after graduationj were 37 per cent less than 
-in 1929. 


Dealing with the annual incomes of engineers 
engaged in both engine^'ing and nontechnical 
work, this sixth article^ of a series reporting a 
survey of engineering employment conducted 
by the United States Bureau of Labor Statistics 
presents data, derived from reports of 52,589 
engineers, tending to show that engineers en¬ 
gaged in technical work reach their maximum 
earning capacity later than those in nonengineer¬ 
ing endeavors. 


10 years were 31 per cent 
lower in 1934 than in 1929. 
At higher ages all groups aver¬ 
aged a decrease of 26 per cent. 

In 1934 almost one-tenth of 
the engineers were unemployed 
or on work relief at the end of 
the year. The low level of 
earnings of this group during 
1934 contributed to lowering 
tiie average earnings of all en¬ 
gineers. Thus of those engi¬ 
neers who were unemployed at the end of 1934 the average 
earnings for the preceding 12 months of those who were 
less than 28 years of age ranged from $700 to $950. En¬ 
gineers of 40 to 50 years averaged $1,350. Only about 10 
per cent of the unemployed, even though they were in 
those ages at which engineering earnings reached a peak, 
had made as much as $2,000 in the preceding 12 months. 
Ten per cent made less than $300 a year. 

Scope and Method 

The earned annual-income data used in the preceding 
analysis were those reported for personal services of aU 
classes of engineers, krespective of whether or not they were 
engaged primarily in engineering or nonengineering work. 
They related, in other words, to the incomes of engineers, 
not to the incomes of men engaged in engineering. Con¬ 
sideration is here given to the annual incomes, classified 
by age, as related to the professional engineers^ em¬ 
ployment status. 

While income was reported for the year, the lype of em¬ 
ployment was reported only as of December 31, 1929, 
1932, and 1934. Consequently it has been necessary to 
assume that the kind of engineering or nonengineering em¬ 
ployment engaged in at the «id of the year was the soiurce 
of the income for that year. This assumption makes 
possible valid general comparisons of the earnings of en¬ 
gineers in these 2 types of employment. But in that 
section dealing with the annual incomes of engineers who 
were unemployed, or who were employed on relief projects 
at the end of the year, it must not be assumed that they 
reflect the source of income. They are merely the in¬ 
comes which had accrued during the year to those who were 
imemployed at the end of the year. 

Before presenting the annual incomes from all kinds of 
engineering work and nonengineering work attention is di- 

1. An article prepared by Andrew Fraser, Jr., of the Division of Hours, Wages, 
and Working Conditions, Bureau 6f Labor Statistics, United States Depart¬ 
ment of Labor, which a^de was published id the September 1937 issue of 
Monthly La&or iisvtsw. . Artides reporting other phases of this survey were 
published in Elbctkicai. Enoinbbriwo as follows: “Profesdonal Aspects 
of Engineering. Education,’’ AugU^ 1936, pagra 863-7; “Unemployment in 
the Engineering Profession," February 1937, pages 216-23; “Employment in the 
Engineering Profesdon," May 1937, pages 524-31; “Security of Engineering 
Employment," June 1937, pages 655-61; “Engineering Income and Earnings," 
September 1937, pages 108^1104. A detailed report of the survey will be 
published later in bulletin form by the Bureau of Labor Statistics. 


November 1937 


Sourt^ of Engineering Inco^ 


1353 




rected to the following: It must be noted that the re- was less true in 1932 and 1934. Hence it is as well to 
quirements of the questionnaires caused the selec- compare. the earning^ for nonengineering both with the 

tion of a relatively large proportion of the engineers en- earnings of graduates and with those of all persons report- 
gaged in nonengineering work in 1929 who had college de- ing who were engaged in engineering. These data are 
grees in engineering. Thus, elsewhere it has been diown presented in table I. 

that the general movement from 1929 to 1934 was out of Caution should be exercised in comparing earnings with 
engineering work either into unemplo 3 rment or into work various types of emplo 3 nnent in 1929, 1932, and 1934. 
not in the engineering field. Consequently, a substan- The earnings of all engineers in engineering work reflect 
tial number of those who were in pursuits other than en- best the changes in what was being paid for engmeering 
gineering in 1929 would also have so reported in 1932 and services. Both sets of figures of engineering earnings do 
1934. Such returns from nonengineeiing graduates and reflect changes in the rates for given kinds and qualities of 
“other” engineers were, in general, discarded. Therefore, work. This is not true of the earnings from nonengineer- 
the tabulations for nonengineering work in 1929 tend to ing; they indicate merely what mdividual engineers were 
be those of graduate engineers. On the other hand, a able to earn in miscellaneous employments called “non- 
number of nongraduates who were practicing their pro- engineering.” Conceivably such persons might all have 
fession in 1929 passed into nonengineering employment in been managers of industrial establishments in 1929 and 
1932 and 1934. The schedules for such engmeers were gasoline-station attendants in 1932. Obviously a decrease 
retained. Clearly the situation which prevailed in 1929 in earnings from nonengineering emplo 3 ment would not 

Table I. Comparison of 5 Levels of Annual Earnings From Nonengineering and Engineering Work Reported in 1929,1932, 

and 1934 


Proportion V^th Annual Earnings of More Than Specified Amnwnt as Derived From— 


10 Per Cent 

Non- 
engi¬ 
neer- Engineering 
ing Work by— 


25 Per Cent 


50 Per Cent 


75 Per Cent 


90 Per Cent 


neer- Engineering neer- Engineering neer- Engineering neer- itngtnAArfag 


ing Work by— ing Work by— ing Work by— ing Work by— ing Work by— 

Years Work - Work -- Work - Work -- Work_ 

Tear After by All All. AUbyAUAll All by All All All. by All All AllbyAllAll All 

of Oradu- Engi- Engi- ’ Gradu- Engl- Engi- Gradn- Engi- Engi- Gradu- Engl- Engl- Gradn- Engl- Engi- Gradu- 

Graduation atlon neers^ neers^ ates neers* neers* ates neersi neers^ ates neers^ neers^ ates neers> neers* ates 


1929 Income (in Dollars) 


64 years and 

over.Prior to 1880.. .41+ .. (*) .. 

66-63 years.1889-96.33-40.. (*) .. 

48-85 years......1897-1904.25-32. .12,498.. 

40-47 years.1906-12.17-24.. 12.424.. 

36-89 years.1918-16.13-16. .10,140.. 

82-85 years......1017-20.9-12... 8,062.. 

28-81 years.1921-24...6-8_ 6,460,. 

26-27 years.1925-26.3-4,.., 4,170.. 

24-25 years.1927-28.. .1-2.. 2,910.. 

23 years.1929.0. 2,496.. 


..6,917.. 
,.7,500.. 
..7,108.. 
. .6,407., 
..5,680.. 
..4,814.. 
,.8,776.. 
.8,104i. 
.2,601.. 
.1,988.. 




67 years and 
over,....Prior to 1889.., 

60- 66 years.1889-06. 

61- 68 years...... 1897-1904_ 

43-60 years.1005-12. 

39-42 years...... 1913-16. 

85-88 years.1917-20. 

31-34 years.1921-24..., i.. 

29-30 years.1925-26... 

27-28 years.1927-28. 

26 years... 1929. 

25 years....-.1930..... 

24 years,........ 1931. 

23 years.1932. 


.7,846.. .2,400.. .4,476.. .4,971.. 
.7,965.. .4,400.. .4,979.. .6,590.. 
.7,610.. .5,067.. .4,912.. .6,232.. 
.6,747.. .6,846.. .4,662.. .4,876.. 
.6,099.. .4,347.. .4,102.. .4,368.. 
.4,988.. .8,686.. .3,672.. .8,822.. 
.3,847.. .8,042.. .8,145.. .3,207.. 
.8,124.. .2,881.. .2,668.. .2,682.. 
.2,477.. .1,786.. .2,105.. .2,096.. 
.1,600... 1,322... 1,168.. 


1932 Income (in Dollars) 


(•). 

.3,060.. 

.3,469. 

. (•). 

2,893. 

.8,422.. 

.8,760. 

. (»). 

8,494.. 

.8,481.. 

.8,777. 

.2,280. 

3,408.. 

.3,405.. 

.8,624. 

.2,420. 

8,018.. 

.3,210.. 

.8,364. 

.1,998. 

2,792.. 

.8,010.. 

.3,146. 

.1,946. 

2,349.. 

.2,677.. 

.2,664. 

.1,642. 

1,821.. 

.2,164.. 

.2,200. 

.1,808. 

1,407.. 

.1,834.. 

.1,881.. 

. 889. 

986.. 

. 888.. 

. 862.. 

. 446. 


(*) ...1,146., 
(*) ...1,300.. 

626.. . 1,807.. 

786.. . 1,903.. 

809.. . 1,926.. 

687.. . 1,861., 

490.. . 1,619.. 

464.. . 1,468.. 

306.. .1.267.. 

228.. . 1,119.. 

234.. . 937.. 

188.. . 689.. 

163.. . 153.. 


1934 Income (in DoUars) 


69 years and 
over. i..., .i. 
61—68 years.... 
68-60 years..... 
45—62 years...., 
41-44 years.... 
87-40 years..... 
33—36 years.... 
31-32 years.,.., 
29-^30 yeairs...., 

28 years;.... 

27 years........ 

26 years......., 

26 years....... . 

24 years....,.., 

23 years........ 


.Prior to 1889.. 

.1889-96. 

.1897-1904.... 

.1906-12. 

.1913-16..;... 

.1917-20.. 

.1921-24. 

.1926-26. 

.1927t28.. 

.1929.. 

.1930.. 

.1931......... 

.1932......... 

.1933.. 

.1934......... 


.. 7,867.. 
.. 8.460. 
.. 7,961.. 
..7,230., 
.. 6 , 221 .. 
.. 6,393.. 
.. 4,323.. 
.. 3,564.. 
.; 3,066., 
. . 2,636.. 
,. 2,870., 
.2,155.. 
. 2 , 002 ., 
.1.911,, 
. 1,391„ 


. 7,670.. 
. 9,372.. 
. 8,648.. 
. 7,666.. 
. 6,642.. 
. 6,656.. 
. 4,405.. 
. 3,601.. 
, 8 , 120 .. 
. 2,658.. 
. 2,371.. 
. 2,146.. 
. 1,999;. 

. 1,896.. 

. 1,811.. 


,.6,165... 
..6,700... 
..6,443... 
. .4,980... 
, .4,518... 
..4.068... 
..8,387... 
..2,892... 
.2,607... 
,.2,209... 
,.2,044... 
.1,900... 
.1,701... 
.1,662... 
. 976... 


1 That is, includes all graduates and all “other^^^^ * Between 60 and 100 engin^ reported. ‘ Between 10 and 60 engtoews reported. 
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Table II. Comparison of 5 Levels of Annual Earnings From Engineering Work, for 5 Age Groups of Older Graduates^ 

Reporting in 1929,1932, and 1934 


Engiaeers VTlth Annual Earnings of More Than Specified Amount, Whose Ages Were— 


Per Cent of 

fiO 

63 

6S 

38 

41 

43 

30 

33 

35 

25 

28 

30 

Specified 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

Income Level 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

10 per cent. 


..9,643... 

..9,372... 

..8,294... 

. .6,700.. 

..6,642... 

..4,842... 

..4,415... 

..4,405... 

..2,992... 

..3,021.. 

. .8,120 

25 per cent. 


..6,589... 

..6,264... 

..6,099... 

..4,990... 

..4,863... 

..8,847... 

..3,546... 

..3,499... 

..2,477... 

..2,521.. 

. .2,533 

50 per cent. 


..4,689... 

..4,280... 

..4,363... 

..3,711... 

..3,640... 

..3,207... 

..2,885... 

..2,801... 

..2,095... 

..2,128.. 

. .2,141 

75 per cent. 


..3,143... 

..2,625... 

..3,854... 

..2,854... 

..2,666... 

..2,664... 

..2,299... 

..2,219... 

..1,831... 

..1,751.. 

.. 1,860 

90 per cent. 


..1,671... 

..1,160... 

..2,766... 

..2,090... 

..1,966... 

..2,268... 

..1,728... 

..1,762... 

..1,443... 

..1,310.. 

.. 1,362 


Percentage Increase or Decrease 



1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

10 per cent..... 

.-31.. 

..-29... 

..- 3.. 

..-21... 

..-19... 

...-2,,, 

..- 9... 

.i- 9... 

...(*)... 

...+4... 

..+ 1... 

...+3 

25 per cent.. 


..-17... 

..- 6.. 

..-20... 

..-18... 

...-3... 

,. - 9... 

..- 8... 

... -1... 

...+2... 

..+ 2... 

... (*) 

50 per cent. 


..-16... 

..- 9.. 

.,-19... 

..-16... 

...-5... 

..-13... 

..-10... 

,..-3... 

...+2... 

..+ 2... 

,..+1 

75 per cent. 


,.-16... 

..-16., 

..-21... 

..-16... 

...-7... 

..-17... 

.,-14... 

..,-3... 

.. . -1... 

..- 4... 

...+3 

90 per cent. 

..-66.. 

..-40... 

..-26.. 

..-29... 

..-24... 

...-6... 

.. -23.., 

..-24... 

...+1... 

,. .-9... 

..+12... 

...+4 


t Includes postgraduates, nonengineering graduates, and first-degree engineering graduates who were profe^onatly active prior to 19S0. 
* Less than one per cent. 


then measure the fall in earnings of industrial managers. 
Actually the changes reflect the composite effect of a lower¬ 
ing of pay for various types of nonengineering work and a 
lowering of the quality of nonengineering work that w£^ 
accepted as an alternative to unemplo 3 mient. 

Finally, among those reported at the end of the year 
as engaged in both engineering and nonengineering, there 
were some who suffered unemployment during part of 
the year, inasmuch as unemployment was far more 
common in 1932 and 1934 than in 1929, this accounts for 
part of the decreases in annual incomes previously noted 
for both engineering and nonengineering. As regards 
engineering, rate change alone will be more fully analyzed 
later when monthly earnings from engineering employ¬ 
ment are presented.® 

Incomes From Engineering 
and Nonengineering Work 

The first significant point of comparison between the in¬ 
comes in 1929 of engineers engaged in engineering and 
those in nonengineering work is that the earnings of the 
latter showed greater dispersion. Thus, among engineers 
40 to 47 years of age, 10 per cent of those engaged in non¬ 
engineering earned more than $12,424 and 10 per cent 
earned less than $2,420 per year. The respective annual 
inrniTKPR for proportions of all those in engineering 

work were $9,815 and $2,705; and of graduates in en¬ 
gineering $10,088 and $2,936. It seems apparent from 
these figures and others for 1929, that on the one hand 
many engineers were attracted out of engineering jobs by 
favorable opportunities, whereas, on the other hand, an 
almost equally large proportion dropped out of engineering 
work and were forced to find alternative employment 

2. In the prraeUt article it must be borne in mind that the influence of unem¬ 
ployment in annual income was probably somewhat more important 

among those who repotted nonengineering work as the source of income. It 
has been that the major direction of flow was from engineering work mto 

work. While wme such transfers were made without an inter¬ 
vening period of unemployment, there must have been unemployment for 
many who lost an engineering job and went into nonengineering work aftw 
failure to find work of an engineering nature. 

Novb 1 >®B 5 R 1937 Sources of Eni 


This point appears to be substantiated by a consideration 
of the variation in the relationship between engineering 
and nonengineering earnings in moving from the lowest 
to the highest of the 5 income levels. 

Only at the lowest 10-per-cent income group or level 
did engineering incomes exceed those from nonengineer¬ 
ing work at all ages for which comparison can be made. 
At the middle levels the engineering incomes were greater 
than nonengineering by only 10 per cent at 25 and 27 
years of age, and by only 5 per cent at age 30. From this 
point the more rapid advance in average nonengineering 
earnings to a maximum at age 44 brought about an equali¬ 
zation of the incomes near to age 34 at a value of $3,700 
per year. They again equalized at 54 years. That 
is, between 44 and 54 years, while the average returns from 
nonengmeering had declined from $5,346 to $4,900, those 
from engineering had advanced from $4,562 to $4,900. 
The advance in the latter continued to age 60, attaining a 
value of $4,979 per year, as against $4,400 for nonengineer¬ 
ing at the same age. At the upper 10- and 25-per-cent 
income groups or levels engineering work ceased to have 
an advantage over nonengineering near age 26. There¬ 
after the latter diverged upward from the former to reach 
a tTiftirimiiTn of $12,495 at age 52 at the highest level, and 
of $8,106 at age 44 in the case of the next lowest level. 
The corresponding values of engineering earnings were 
$11,709 and $6,407 per annum. The steady advance in 
engineermg earnings, together with the declines in non¬ 
engineering earnings, brought about an equalization of in¬ 
comes at age 58. 

A second point of significance is that in 1929 engineermg 
work as su^ ultimately offered rewards as high as en¬ 
gineers were able to find in nonengineering. This arose 
primarily from the fact that the age of maximum earning 
power for engineers arrived more quickly for nonengi¬ 
neering tba-n for engineermg work. For at 48 to 55 years 
of age those college graduates who stayed in engineering 
were doing proportionately as well as those who had gone 
into nonengineering. This was true even at the highest 
income levels. The earnings of the upper 10 per cent of 

ineering Income 1355 






















































































































Table III. Comparison of 5 Levels of Annual Earnings, for Corresponding Years After Graduation, in 1929,1932, and 193^ 


Proportion With Annual Earnings of More Than Specified Amount 
Years . ! “ 

After 10 Per Cent 25 Per Cent 50 Per Cent 75 Per Cent 90 Per Cent 

Age of Engineers Gradu- - - -:- - --- 



ation 

1929 

1932 

1934 

1929 

1932 

1934 

1929 1932 1934 1929 1932 1934 1929 1932 

1!>3-^ 

Nonengineering work— 
all engineers: 

23v 2 years. 

.. v«.. 

. .82,406.. 

.81,689.. 

.81.388. 

.81,973.. 

.81,240.. 

.81,093. 

.81,600... 8814... 8744... 8936... 8406... 8372... 8446... 8163.. 

.. SI 49“ 

25 years. 

.. 2... 

.. 2,910.. 

. 1,850.. 

. 1,710. 

. 2,344. 

. 1,380.. 

. 1,365. 

. 1,786,., 990... 1,040... 1,407... 520... 685... 889... 210 

. 27^ 

28 years. 

.. 6... 

.. 4,560.. 

. 2.463.. 

. 2,160. 

. 3,320.. 

. 1,908.. 

. 1,680. 

. 2,526... 1,319... 1,250... 1,996... 765... 910.. .1,410.,, 306. 

. 4SC> 

33 years. 

..10... 

.. 7,320.. 

. 4,290.. 

. 3,770. 

. 5,060.. 

. 3,007.. 

. 2.640. 

. 3,600...1,963...1,790...2,670...1,123...1,170...1,840... 490 

. svs 

43 years. 

..20... 

. .11,950.. 

. 7,960.. 

. 7,293. 

. 7,780.. 

. 6,140.. 

. 4,576., 

. 6,100.. .2,880,. .2,892...3,390... 1,580.. .1,667.. .2,340... 785.. 

.1,043' 

53 years. 

..30... 

.. 0) .. 

. 9,130.. 

. 8,400. 

. 7,730.. 

. 6,200.. 

. 4,770.. 

. 4,970...3,060...2,776...3,420...1,425...1,435... 0) ... 670.. 

. 700 

60 years. 

..37... 

.. (») .. 

. (‘) .. 

. (‘) .. 

. 7,156.. 

. 6,020.. 

(*) .. 

. 4,400... 2,726... 2,400,. .2,893... 1,270... (*) ... (i) ... (i) . 

. (O 

Rngineeiing work—all 
engineers: 

23Vs years. 

.. Vi.. 

.. 2,366.. 

. 1,910.. 

1,391.. 

. 1,933.. 

. 1,336.. 

976.. 

. 1,322... 766... 642... 888... 383... 321... 602... 163.. 

. 1S5S- 

25 years. 

.. 2... 

.. 3,043.. 

. 2,100.. 

1,960.. 

. 2,501.. 

. 1,840.. 

1,610.. 

. 2,106...1,620...1,310...1,834...1,160...1,020...1,476... 690 . 

. 600 

28 years. 

.. 5... 

.. 3,910.. 

. 3,005.. 

2,470.. 

. 3,320.. 

. 2,504.. 

2,115.. 

. 2,750...2,103.. .1,840., .2,280.. .1,702.. ,1,490.. .1,940.. .1,257,. 

.1,100 

33 years. 

. .10... 

.. 6,940.. 

. 4,332.. 

. 3,800.. 

. 4,480.. 

. 3,467.. 

8,020.. 

. 3,620.. ,2,790.. .2,470,. .2,890,. .2,196.. .2,000,. ,2,385.. .1,619.. 

.1,500 

43 years. 

..20... 

.. 9,400.. 

. 6,660.. 

6,221.. 

. 6,260.. 

. 4,800.. 

4,518.. 

. 4,440.. .3,680.. .3,319,. ,3,400.. .2,660,. .2,471.. .2,690.. ,1,920.. 

.1,830 

53 years. 

..30... 

..11,900.. 

. 8,230.. 

7,620.. 

. 7,060.. 

. 5,640.. 

6,180.. 

. 4,900.. .3,990.; .3,620.. ,8,460.. .2,790., ,2,530.. .2,660., .1,840 . 

,l,6SO 

60 years. 

Engineering work— 

..37... 

. .12,625.. 

. 8,800.. 

8,150.. 

. 7,500.. 

. 6,130.. 

6,660.. 

. 4,979.. .4,070.. .3,760.. .8,422.. .2,710,. .2,440., .2,420.. .1,470.. 

.1,370 

graduates only: 

23V! years..... 


.. 2,166.. 

1,826.. 

1,311.. 

. 1,858.. 

. 1,243.. 

939.. 

. 1,168... 716... 617... 862... 368... 809... 449... 143.. 

. 1S2B- 

25 years. 

.. 2_ 

.. 2,092.. 

2,100.. 

1,940.. 

. 2,477.. 

. 1,840.. 

1,610.. 

. 2,096.. .1,610.. ,1,310.. .1,831.. .1,160.. .1,016.. .1,493... 690.. 

. 600 

28 years. 

.. 5_ 

.. 4,030.. 

3,021.. 

2,470.. 

. 3,360.. 

. 2,621.. 

2,110.. 

. 2,800.. .2,128,. .1,840.. .2,375.. .1,761.. .1,605.. ,2,010.. .1,310.. 

.1,170 

33 years. 

..10.... 

.. 6,100.. 

4,415.. 

3,860.. 

. 4,660.. 

. 8,648.. 

3,110.. 

. 3,680.. .2,886.. .2,530.. .8,040.. .2,299.. .2,110.. .2,495.. .1,728 , 

. 1,640 

43 years. 

..20.... 

..10,360.. 

7,100.. 

6,542.. 

. 6,620.. 

. 6,140.. 

4,863.. 

. 4,770.. .8,866.. .3,640.. .8,600.. .2,890.. .2,656.. .2,910.. .2,060.. 

.1,000 

63 years. 

..30.... 

. .12,500.. 

8,820.. 

8,100.. 

. 7,620.. 

5,980... 

6,560.. 

. 6,270.. .4,320.. ,3,910.. ,3,780.. .3,030.. .2,710., ,2,960., .1,980.. 

.1,790 

60 years. 

..37.... 

..13,616.. 

9,400.. 

8,850.. 

. 7,965.. 

6,400... 

5,980.. 

. 6,590.. .4,680.. .4,150.. .3,760.. ,3,080., .2,690,. .2,624.. .1,710 , 

,1,400 


Per Cent of Increase or Decrease 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 1929- 1929- 1932- 1929- 
34 34 32 34 34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932— 

34 


Nonengineering work— 
all engineers; 


23>/< years. 

..Vi.... 

...-44.. 

.-32,. 

.-18.. 

,. -48.. 

.. -87. 

..-12.. 

. -50. 

. -46, 

.- 9, 







25 years.... 

.. 2.... 

...-41., 

.-86.. 

.-8.. 

., -42.. 

.-41. 

1.. 

, -42. 

-45.. 

.+ 6.. 

.-61. 

.-63. 

.+82.. 

-69.. 

-76. 

.+31 

28 years. 

.. 8_ 

... — 63,. 

. -46,, 

.-12.. 

.. -48.. 

.-43. 

.. -12.. 

. -60. 

. -48.. 

.-6.. 

.-64. 

.-62. 

.+19., 

-70.. 

-78. 

.+37' 

83 years. 

..10.... 

... -48.. 

.-41.. 

.-12.. 

..-60., 

.-41., 

..-16. . 

. -49., 

.-44.. 

.-9.. 

.-66. 

.-68. 

. + 4.. 

-69.. 

-78. 

. + 17' 

43 years. 

..20..,. 

... -39,, 

.-33.. 

8.. 

.. -41.. 

. -84. 

..-11.. 

. -48.. 

. -44.. 

.(•) .. 

.-61. 

.-63. 

, + 6., 

-56.. 

-66. 

. + 33 

63 years... 

..30.... 

. 


.-8.. 

.. -38.. 

. -38. 

..- 8.. 

. —44.. 

. —89,. 

. — 9. . 

.-68. 


+ 1 




60 years. 

..37.... 





. -80. 

. —46,. 

. -88., 

. —12,. 






Engineering work—all 
















engineers: 

















23V» years..... 

..Vt.... 

..,-41,. 

,-19.. 

. -27.. 

. -60.. 

.-81.. 

.. —27.. 

, -61,. 

. —42,. 

. —16.. 







25 years. 

.. 2.... 

.. .-86.. 

.-31.. 

.-7.. 

, -86.. 

. -26. 

..-13.. 

. -38.. 

, -28.. 

.-14.. 

.-44. 

.-37. 

.-11.. 

-66.. 

-63. 

& 

28 years. 

.. 5.... 

...-37,. 

, -23.. 

.-18.. 

. -36.. 

. -26.. 

,,-16.. 

. -33.. 

. -24.. 

.-18,. 

.-36. 

.-26. 

,-12.. 

-41.. 

-36. 

. — & 

33 years. 

,.10.... 

.. .-36.. 

. -27.. 

.-12.. 

. -83.. 

. -23.. 

..-18.. 

. -30.. 

.-21,. 

.-11,. 

.-31. 

. -24. 

.- 9.. 

-36.. 

-32. 

. — 

43 years... 

..20,... 

., .-34.. 

. -29.. 

.-7.. 

. -28.. 

. -23.. 

..- 6,. 

.-26.. 

.-19.. 

.-7.. 

.-27. 

. -22. 

.- 7.. 

-32.. 

-29. 

. — ©■ 

63 years. 

,.30.... 

...-36.. 

.-31., 

.-7.. 

. -27.. 

. -20.. 

.. - 8,. 

. -26.. 

.-19.. 

.-9.. 

.-27, 

. -19. 

.- 9.. 

-37.. 

-31. 


60 years.... 

.,37.... 

.. .-35.. 

. -30.. 

.-7.. 

. -26.. 

.-18.. 

..- 9.. 

. -26.. 

.-18.. 

.-8.. 

.-29. 

.-21. 

.-10.. 

-43.. 

-89.. 

.- 7 

Engineering work— 

















graduates only; 

















23Vi years. 

,.V!.... 

...-39., 

.-16.. 

. -28.. 

. -49.. 

. -83.. 

. -24.. 

. —47.. 

.—39., 

. —14.. 







26 years. 

.. 2.... 

.. .-86.. 

. -30.. 

.-8.. 

. -86.. 

. -26.. 

.-13.. 

.-87.. 

. -28,. 

.-13,. 

.-46. 

.-87. 

.-12.. 

-66.. 

-64.. 

.— & 

28 years. 

,, 6..., 

.,.-39.. 

.-25.. 

.-18.. 

. -37,, 

. -25.. 

. -16.. 

. -84.. 

. -24.. 

,-14.. 

.-37. 

. -26. 

.-14.. 

-42.. 

-36.. 

— T t 

33 years.. 

,.10..,. 

... -37.. 

. -28.. 

,-13.. 

.-33.. 

.-24.. 

. -12.. 

.-31.. 

.-22,, 

.-12,. 

.-31.. 

. -24.. 

.-8.. 

-84.. 

-31.. 

. — ©> 

43 years... 

,.20_ 

...-37.. 

.-31., 

.-8.. 

. -27... 

. -22,. 

.- 6... 

. -26.. 

.-19.. 

.-8.. 

. -26. 

. -20.. 

.- 8.. 

-32.. 

-29.. 

.— s- 

53 years. 

..30,... 

.. .-36. . 

. -29.. 

.-8.. 

.-27... 

. -22.. 

, 7... 

.-26.. 

.-18.. 

.-9,, 

. -28. 

. -20.. 

.-11.. 

-40.. 

-83.. 

.-lO 

60 years..,.,. 

..37- 

...-86., 

. -30.. 

.- 6.. 

.-26... 

. -20.. 

. - 7.. 

.-26.. 

.-18., 

. - 9.. 

. -28. 

.-18. . 

.-13., 

-44.. 

-36.. 

.-IS. 


^ Between 50 and 100 engineers reported. * Between 10 and 60 engineers reported. * l.ein than one per cent. 


the college graduates continued to advance from $10,088 been greater or less for the engined had he stayed in en— 
at age 44 to $13,516 at 60. The average at these ages gineering work. The only justifiable assumption is that 
rose from $4,876 to $5,590, whereas the average from non- in 1929 there was a preference to remain m engineering by 
engineering f^ from $5,346 to $4,400 between these those in the 2 lower income groups or levels and a definitet 

ages. tendency to accept attractive openings in nonengineeringr- 

From the preceding analysis, therefore, it appears that work at the 2 higher income levels. The turning point in 
in 1929 the tendency was for average annual incomes of this movement occurred near to the middle levels of in- 
engineers who engaged in noneng^eering work to exceed come reported, 
slightly those from engineering work; Notwithstanding, 

it should be noted that the opportunities outside the en- Cliances in Income. 1929 to 1934 
gjneeimg field did not embrace more than 7 per cent Of 

the tot^ reporting in any one age clarification. Further- Jbi an earlier article the changes from 1929 to 1934 in thes 
more, since there is no knowledge of the basis of selection, incomes of all engineers were analyzed on an age basis, 
it cannot be smd that nonmigineering eammgs would have The decreases noted were due partly to salary reductions 

: iSourc<^ iEngfneen ELBcnaucAL E^oiNBBiuaTGfc 




















































































Table IV. Comparison of 5 Levels of Earned Annual Income in 1932 and 1934, for All Engineers Reporting Unemploy¬ 
ment, on an Age Basis 

Without Regard toType of Education 



li. 




Proportion Earning More Than Specified Amount 

. Age 


Year of 

Graduation 

Years After 
Gradnation 


10 . 25 SO 75 90 

Per Cent Per Cent Per Cent Per Cent Per Cent 

1932 Income 


67 years and over 

69-66 years. 

51—58 years. 

43—50 years. 

39-42 years. 

35-38 years. 

31-34 years. 

29-30 years. 

27-28 years. 

26 years. 

25 years. 

24 years. 

20-23 years. 


Prior to 1889. 


. 0) ..... 

. . . (?) . 

... (*) .... 

... (1) .... 

... (>) 

1889-96. 

.36-48. 

. (*) .... 

... (*) .... 

... $720.... 

... (*) .... 

... (*) 

1897-1904. 

.28-35. 

.S2,453.... 

...$1,477. 

... 793_ 

...S396_ 

.. .$159 

1906-12.. 


. 2,790.... 

... 1,867_ 

.. .1,106_ 

... 528.... 

... 211 

1913-16. 

.16-19. 

. 2,497.... 

... 1,574. 

.. ,1,008. 

.;. 494.... 

... 198 

1917-20. 

.12-16. 

. 2,420.... 

... 1,417.... 

.. .1,067.... 

... 559_ 

... 223 

,1921-24. 

.8-11. 

.2,150.... 

... 1,416.... 

... 932.... 

... 462.... 

... 185 

1926-26. 


. 1,764.... 

... 1,250.... 

... 761..., 

... 380,... 

... 152 

1927-28.. 

.4-6. 

. 1,690.... 

... 1,178.... 

... 761.... 

... 376.... 

... ISO 

,1929. 


. 1,232.... 

... 925.... 

... 605.... 

... 803.... 

... 121 

,1930. 

...2. 

. 1,280_ 

... 907_ 

... 681.... 

,.. 290,... 

... 116 

,1931. 


. li233.... 

... 891.... 

... 688.... 

... 294!... 

... 118 

,1982. 


. (•) .... 

... 764..,. 

... 603.... 

... 261.... 

... (») 


1034 Income 


69 years and over 

61-68 years. 

53-60 years. 

45-52 years. 

41-44 years. 

37-40 years. 

33-36 years. 

31-32 years.. .. . 

29-30 years. 

28 years... 

27 years. 

26 years. 

25 years. 

24 years. 

20-23 years. 


Prior to 1889 

1889-96. 

1897-1904. .. 

1905-12. 

1913-16. 

1917-20. 

1921-24. 

1925-26. 

1927-28. 

1929 . 

1930 . 

1981 . 

1982 .. 

1983 . 

1934. 


.46 and over. 

38-45- 

30-37. 

22-29. 

18-21. 

14-17. 

10-13. 

8-9. 

6-7. 

6 . 

4. 

.8 . 

2 . 

,1 . 

.0 . 


(») ... 

... (») .... 

..$1,000 ... 

.... (*) .... 

... (») 

(•) ... 

.. .$1,300... 

... 688.... 

...$344.... 

...(») 

$2,349... 

... 1,700... 

...1,080.... 

... 642.... 

...$217 

2,646.,. 

... 1,943... 

...1,367.... 

... 748.... 

... 290 

2,161... 

... 1,730... 

...1,867.... 

... 867.... 

... 353 

2,250... 

... 1,780.... 

...1,316.... 

... 769.... 

... 808 

1,959... 

.. . 1,634... 

.. .1,804.... 

... 836i... 

... 340 

2,138... 

... 1,746... 

...1,243.... 

... 716.... 

... 287 

1,796... 

... 1.496... 

...1,046.... 

... 546.... 

... 210 

1,806... 

... 1,417... 

... 893.... 

... 449.... 

... 180 

1,638... 

... 1,374... 

... 948.... 

... 634.... 

... 214 

1,545... 

... 1,210... 

... 836.... 

... 419.... 

... 167 

1,648... 

.. . 1,200... 

... .716.... 

... 368_ 

... 143 

1,460... 

.,. 1,107... 

... 766.... 

... 878.... 

... 161 

l!257.., 

... '881... 

... 671.... 

... 285.... 

... 114 


1 Less ♦hftTi 10 persons reported. * Between 10 and 60 persons reported. * Between 50 and 100 persons reported. 


on given jobs. They were also due to the fact that in¬ 
comes were reduced by extended periods of unemploy¬ 
ment and by the necessity for accepting poorer jobs. That 
article described what happened between 1929 and 1934 
on the average, for example, to engineers 40 to 47 years of 
age. 

From the data presented in table I it is now possible to 
trace more precisely the influence of these several factom 
on the incomes of engineers. The first point to be noted 
is that the relationship changed between the jobs that 
engineers took in engineering and nonengineering work. 
In 1929 the essential elements of the story are to be found 
in the similarities of earnings in the 2 fields, rather than in 
the differences. On the whole it appears that nonengineer¬ 
ing work was an alternative to engineering work. But 
from 1929 to 1934 many nonengineering jobs were ac¬ 
cepted as an alternative to unemployment or work relief. 
Thus, the average earnings of those who were 40 to 47 
years of age in 1929 and were in nonengineering work were 
$5,346. In 1934 a larger number of men from' this age 
class were in nonengmeering, and the average of this 
larger group was $3,040, a decline of 43 per cent. By way 
of contrast the average annual income of graduates in 
engineering work of from 40 to 47 years of age was 
$4,876 in 1929. A smaller number still in en^eering.in 
1934 averaged $3,788, a decrease of only 23 per cent. 

The extent to whidi earning opportunities from non¬ 
engineering Work depreciated between 1929 and 19^ dif¬ 
fered at the: yafibus age levels. The average earnings of 2 
groups in nonengineering whose ages were 28 to 40 in 1929 


declined by almost one-third from 1929 to 1934. As 
between the groups of those who were over 48 in 1929, the 
average income of the 1934 group was only half the average 
of the 1929 group. Similarly at each of the other income 
levels there was a greater fall in the average income of 
older men in nonengineering. 

Those who were able to stay in engineering fared better. 
As illustrating this point, table II is presented, covering 
graduates of advancing age and experience, who were en¬ 
gaged in engineering work. A similar table based on the 
data in table I might be presented for all engineers. Es¬ 
sentially, however, the changes which occurred in the 
earnings from engineering work, as reported by all engi¬ 
neers and by graduates only, were consistently uniform. 

In the period from 1929 to 1934 the average earnings of 
graduates in engineering who were 60 years old in 1929 de¬ 
clined 23 per cent. There was a Waller decrease for the 
middle-aged groups, and among those averaging 30 years 
of age in 1929 the decline amounted to 13 per cent. For 
the yoimgest groups shown in the table—those who were 
25 in 1929 and 30 in 1934—the 5 years pf addedmqperience 
resulted in an actual increase in the average eamhigs of 
those who remained in Migineering in 1934, as against the 
average for the larger numbers in the profession in 1929. 
The nature and eictent of these changes in the averages 
of graduate earnings from engineering work were closely 
parallded by those which occurred at the 2 upper income 
groups or leVds. The increase in average eamings tha 
was noted at 25 and 30 years did not occur for tiiis age 
group at the 2 lower ley^ of income for the period 1929 
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Figure 1 • Earned annual income of professional engineers 
in engineering and nonengineering work by age in 1929 


Primarily income reported by graduate engineers In either full- or part- 
time employment 

to 1934. Furthennore, the declines in earning for the 
lowest 10 per cent nx each of the 3 older groups were greater 
than the average. 

The rdative changes as between nonengineering earn¬ 
ings and those for engineering work of engineers with ad¬ 
vancing age and experience are also found to be the same 
for men with comparable periods of experience (table III). 

As far as the comparison of nonengineering and engi¬ 
neering earnings is concerned, this table merely re¬ 
enforces the evidence already advanced as to the severe 
ffidl of iha>me that occurred when engineers were forced 
out of the profession. However, the table sets forth 
more clearly than table II the picture of the fall of earn¬ 
ings from eng^ecring. It was among those newcomers 
who were trying to force their way into the profession that 
the greatest fall of income occurred. Thus, average earn¬ 
ings in engfoeering in 1934, 2 years after graduation were 

37 per cent less than in 1929. The earnings of those who 
had been out of college 10 years were 31 per cent lower in 
1934 than in 1929. At higher ages all groups averaged a 
decrease of 26 per cent. A similar movement occurred in 
the level of earnings of the upper and lower 25 per cent 


of those in engineering, but at the level of the upper 10 
per cent the declines were greater for the older engineers. 

Income of Unemployed Engineers 

In 1934 almost one-tenth of the reporting eng;ineers were 
unemployed or on work relief at the end of the year. 
The low level of earnings of this group during 1934 con¬ 
tributed to lowering the average earning^ of all engineers. 

The distribution of the earnings of this group sig¬ 
nificance only as indicating the income which a g^roup, 
unemployed in December 1934, had earned in the pre¬ 
ceding 12 months. Some were probably men who had ba d 
a few months* work at a good rate, and a long period of 
unemplo 3 rment. Others may have workM quite steadily 
at a low rate and become recently unemployed. All were 
unemployed at the end of the year. They could look back 
on average earnings for the preceding 12 months of $700 
to $950 if they were less than age 28, while those of 40 to 
50 had averaged $1,350. Only about 10 per cent of the 
unemployed, even though they were in those ages at 
which engineering earnings reach a peak, had made as 
much as $2,000 in the preceding 12 months. Ten per cent 
had made less than $300 a year. 

CorreeUon. In the previous article of this series, September issue, page 1092, 
sentence beginning in line 11, right-hand column should read: “Some 479 re¬ 
ported incomes less than S800 per year, while 206 earned more than <19.000 per 
year. . 


Steel Structures Identified Magnetically 

Ak PAPER “Steel Structures Identified and Flaws 
Located by Means of Balancing Wave Tests** was 
presented by Carl Kinsley (A*97, F’35, member for life), 
consulting engineer. New York, N. Y., at the annual meet¬ 
ing of the American Society for Testing Materials held in 
New York, N. Y., June 28-July 2, 1937. The funda¬ 
mental assumption of ihie method is that magnetic hys¬ 
teresis loops uniquely characterize any ferromagnetic ma¬ 
terial with reject to its structure and physical condition. 
The magnetic “finger print** is standardized and recorded 
by using a simple sine wave of magnetizing force which 
produces a cyclical magnetic flux in the material which, 
in turn, causes a complex induced electromotive force in a 
secondary testing circuit. This is quantitatively analyzed 
by the testing apparatus into its equivalent Fourier series 
of harmonic terms which are then recorded as the com¬ 
plete characterization of the materia]. 

it has not been found possible to make any change in 
the material without having a corresponding change in 
one or more of the constants of its characteristic series of 
terms. No different combination of analysis, metallurgi¬ 
cal structure, or physical condition has been found that 
would produce a duplicate of the characteristic equation of 
the specimen. 

The correctness of the fundamental assumption was 
questioned in the discussion at the meeting, and the author 
indicated that it had been verified in every case «>YaTninA<l 
throughout the whole range of laboratory investigations. 
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The Cause and Elimination of Noise in Small Motors 


By W. R. APPLEMAN 

MEMBER AIEE 


Common Causes of Noise 


M uch of the noise present in electrical motors is 
due to poor manufacture. Careless or inaccurate 
manufacturing methods often show up in some 
manner as uneven air gaps, loose bearings, brush noise, or 
loose rotor bars. 

It is beyond the scope of this article to discuss either the 
various production problems or special noise insulating 
mountings. We shall rather confine ourselves to a dis¬ 
cussion of the electrical design features as the selection 
of the proper slot combinations, winding distribution, and 
skew. 

Slot Combinations 

Tlie number of stator slots is usually fairly well set, or 
at least the selection is limited because of the number of 
poles and phases. We shall confine oursdlves, therefore, 
to th e proper selection of the number of rotor bars after 
the number of stator slots is decided upon. 

An interesting example of the method used by one elec¬ 
trical manufacturer with an excellent reputation shows 
what work can be saved. About 17 different type rotors 
all using different numbers of bars were made up. The 3 
or 4 quietest were selected and the head of the department 
chose the quietest one as the standard. A couple of 
years later one rotor was calculated which would decrease 
the harmonics. This rotor was quieter than the rotor 
selected after 17 attempts, I realized then that dimina- 
tion of noise was not just the lucky finding of a good 
combination after many trials, but calculations were worth¬ 
while. Had 3 or 4 quiet rotors been calculated and the 
best one selected much money and time would have been 
saved and better results secured. This same company re¬ 
ceived a number of complaints concerning a noisy 4-pole 
motor with a 17-bar rotor. As soon as the motors were 
used a short time by critical customers they were returned 
because of noi^ bearings. Actually the bearing fits were 
still close and the noise was caused by a magnetic force. 

If 2 fields exist which differ by 2 poles a rotor vibration 
will be set up. The unbalanced pull will be proportional 
to the product of the magnitude of the 2 fields. Hiis noise 
will increase with the load because the magnitude of both 
fields increases witii the load. This vibration will sound 
very much like a loose bearing condition. If 2 fields exist 
which differ by 4 poles a rotating elliptical field will be 
set up. A heavy or rigid ^oke section will prevent this. 
Polarity differences of more than 4 poles will seldom cause 

A oaoer recommend^ for pubUcatibn by the AIEB committee on elMtrical 
machinery. Manuscript submitted April 14, 1987; released for pubhcation 
September 20, 1937. 

W. R. Apwjbman is cWef electrical eng^eer of the Marathon Electric Manufac- 
turing Corporation, Wansau, Wls. 


any trouble. In fact 2 fields differing by 4 poles seldom 
give rise to very much noise. Our next step then is to 
fist the harmonics present, determine whether there are 
some with fields with a 2-pole difference and if so, eliminate 
them. The harmonics caused by the slot openings have 
2(P/2 plus m) and 2(P/2 minus m) poles. These must 
be figured for the following values of m: 

m « number stator dots. (These particular harmonics will show up 
in the winding calculations and cannot be eliminated or even 
altered by the winding distribution) 

m » number rotor slots 

m » difference between number of stator and rotor slots 
P a number of poles 

In the example cited with a 24-slot stator and 17- and 
26-bar rotors for 4 poles we have: 


24 dots (stator) 

17 dots (rotor) 

7 dots (difference) 
26 dots (rotor) 

2 slots (difference) 


2 (2 4- 24) = 62 poles 
2 (2 — 24) = —44 poles 

2 (2 + 17) = 38 poles 
2 (2 — 17) = —30 poles 

22 (2 -i- 7) = 18 poles 
2 (2 — 7) = —10 poles 

2 (2 -i- 26) = 66 poles 
2 (2 — 26) = —48 poles 

2 (2 -4- 2) =8 poles 
2 (2 — 2) = 0 poles 


Next the field harmonics set up by the stator winding 
were calculated from the formula iV * =«= (2(f>g i), 

in which 

N = order of the harmonic 

= number of phases 
g “ any podtive integer 

It will be noted from the formula that all odd harmonics 
can be present on single phase and all odd except thirds 
and multiples of thirds on 3 phase. The number of poles 
present in the harmonic field is equal to the order of the 
harmonic multiplied by the number of poles of the funda¬ 
mental. 

The number of poles of the statpr field harmonics present 
are therefore as shown in table I. 

The strength of these fields and the direction of rotation 


Table I 


H (Harmonica) 


Humber Poles 


................28 

................ 36 

__,...,..44 

................62 

....60 
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Table li 




2-Pole 

Motor 

4-!Pole 

Motor 

6-Pole 

Motor 

8-Pole 

Motor 


24 slots . 

. 60 . 

. 62 . 

. 54 . 

.... 66 


33 slots . 

-46 . 

_ -44. 

. -42 . 

_-40 

.-j 

. 68...... 

.... 70. 

. 72. 

74 



-64. 

....-62. 

....-60. 


■j 

9 slots. 

. 20. 

.... 22 . 

.... 24 . 


1 


-16 . 

_ -14 . 

....-12 . 

_ -10 

i 

34 slots . 


.... 72 . 

.... 74 . 

.... 76 



-66 . 

....-64 . 

....-62 . 

_ -60 

1 

10 slots . 

. 22 . 

.... 24 . 

.... 26 . 

.... 28 



-18 . 

....-16 . 

_ -14 . 

....-12 


Table III 


W 

Number 

Number 

Number 

Number 

Poles 

Poles 

Poles 

Poles 

1. 

.2. 

.4. 

.. 6_ 


3. 

....... 6. 

.12__ 

. IS 

^4 

5. 

.......10.i 


. 80...... 

.40 

7. 

.14. 

.28. 

.42 . 


9. 

.18. 

.86. 

.64. 

79! 

11. 

.22. 

.44. 

.66 


13. 

..26. 

.62. 

.7a 

104 

15. 

.80. 

.60.. 

. flO... 


17. 

.34. 

.68. 

.102_ 


19...;. 


.76. 

.114.. 


81. 

.62. 




33.. 

.66. 




88. 

..70....... 




37. 

..74.. 



. 


5. The 34-slot is satisfactory for 8 poles as it has a minimum differ¬ 
ence of 4 poles. 

Probably the most commonly used stator punching is 
one in approximately a 6 -inch diameter with 36 slots. 
A very satisfactory rotor for this stator is one with 44 
slots. This can be readily checked by the method just 
illustrated. A further check will eliminate such rotors as 
39- or 41-bar for general purpose work. 

It is very evident from the preceding work that it would 
be of great help to have 2 sets of tables for rapid checking 
of rotors. One of these tables consists of the number of 
poles present caused by stator field harmonics. Since all 
odd harmonics are present this will be the order of each odd 
harmonic multiplied by the number of poles of the funda¬ 
mental. The other table is for the harmonics caused by 
slot openings and the difference existing due to slot 
openings. 

More recent investigation and articles have added 
still more to our fund of knowledge on the selection of the 
number of rotor bars which will let us design our motor 
still quieter and eliminate some that we would still retain 
if we tried all those without a 2 -pole difference. 

Kron states: “Vibration and noise are liable to be 
present as follows: 

1. When the slots differ by one or by the number of poles plus or 
minus one, transverse vibration and noise may occur. 


can be calculated as shown in another chapter of this 
paper. t ' 

Note then that the 17-slot rotor has 30 poles and the field 
28 (seventh harmonic), also that the 17-slot rotor has 38 i.oo........... 

poles and the field 36 (ninth harmonic). Note again that .. 

the 7-slot difference has 10 poles and the field 12 (third o.aiee.".'.*.*.* 
harmonic), also 18 poles and the field 20 (fifthfrarmonic). • •••••••■ 

If, how:ever, we use a 26-slot rotor which we did try, o.'srs! 

and adopt as standard there is a 4-pole difference and at no ! 

point a 2;-pole difference. The increased quietness due ... 

to the use of a larger number of rotor bars, elimination of o'.rs ,..'.'.'!.' 

the 2 -pole harmonic difference, and proper skew showed .......... 

a m^ked decrease in noise, not only under load but also o.V. 
with no load. 

Another motor with 33 rotor bars worked satisfactorily 0 . 6112 .......... 

on 6 poles, but was not very quiet on 4 poles. Let us o.’dsss! 

analyze the motor from the standpoint of harmonic fields J gfl’' ’ ' ’ ' 

witt a 2 -pole difference for the various numbers of funda- ols...’! i!!! ”!!! 

mental poles. Also check a 34-bar rotor with the 24-5lot o!!*!/! ’.-‘ 

stator. The results are shown in table II. ^ / o.'free.' 

LTie number of poles of the stator field harmonics present !!!! ’ i! .*! 

are therefore as shovra in table III. 0 . 376 ....... .. . 

From these, tables we gather this information: 0.3 .. 

. ■ 0.2778. 

1 . To avoid a differ^ce of 2 poles between the harmonic fields it is 0 . 2667 ........... 

necessary to use a rotor with an even number of rotor slots for 2-and 0 222 ’ ''''' ’' 

4^polemotors. o.'s.. !!!..’!.!! ! 

2. The 33-slot rotor is very good for a 6-p61e motor having a differ- o!i338*.!!..!' 

ence of 6 poles between ail the hartnonic fields. 0,’i26..’..'J.'!!■.'! 

3. The 34-bar rotor is sati^ctctty for 6 pd^^ a minimum 

difference of 4poles. . 0.0833........... 

. 0,6667, .Vs'..'. .. 

4 . The 33-^t is not good for 8p(d^ a 2-pQle Hiff#>rpnrp , 0^0556-. 

I36O Appleman—^N<n^ 


Table IV. Pitch Fractions 


0.9446... 17/18 

0.9833....14/16 

0.9166...11/12, 

0-9. 9/10., 

0.889.8/9.., 

0.876..... 7 / 8 ,., 

0.8867. 13/16. 

0.833. 6 / 6 ... 

0 . 8 ......... 8 / 10 .. 

0.778. 7 / 9 ... 

0.76,. 3/4... 

0.7333..............11/16. 

0.7222. 13/18. 

0.7. 7/10.. 

0.667..,... 2/3... 


Slot Value 


18/18 16/16 etc..V 


0.626.. 

.....8/8.............. 


0.6112............... 



O.6....... 



0.6833.. 



0,566......’,.....,... 



0.533 ...__....... 



0.6e ... . • • .. 

...1/2.... 


0.4667..;_........ 



0.444..._........ 



0.4166..;.,........., 



0.4___ 



0.8889.... 



0.376................. 



0.333.. 



0.3.. 



0.2778. 



0.2667.__ 



0.25....._......... 

..1/4. .... 


0.222;........,... ... .. 



0,2..... 



0.1667..... 

.;.l/6.......;. 


0.1338. ._ ;.v. . 



0,126....;...,........ 

.^^^..■:.i/8.:.... 

........_ ,ix 

0.111.,.,., 

1/9.. 


0.1,....,.; 



0.0833................ 



0.6667,.,..;.,.......: 



0:0656... . 
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2. When the slots differ by half the number of poles, torsional vi¬ 
bration and noise may occur. 

3. When the slots differ by the number of poles, torsional vibra¬ 
tion and noise may occur and also rumbling noise unaccompanied by 
critical vibrations. 

“The chance that the noise occurs in the working range 
is greater with smaller number of poles, higher speed, and 
vWth small transverse or torsional critical speeds. When 
these noises do occur the motor is practically useless.” 

The reader has probably already noticed by rule 2 tor¬ 
sional vibration and noise may occur in our example of the 
24-slot stator and 26-bar rotor. Probably partly due to 
the relatively heavy yoke section this did not occur. Had 
we, however, avoided 26 and 28 slots because of rules 2 and 


Table VII 

4 Slots Per Pole 

Pitch 

3/4 

1/4 

w = 1. 

. 117.83 . 

. 48.72 

3. 

. 16.24 . 

.—39.22 

6. 

..— 9,744. 

. 23.63 

7. 

. — 16 81 . 

.- 6.96 

9. 

. — 13.07 . 

.- 6.414 

11. 

.- 4.429. 

. 10.694 

13. 

. 8.748. 

.- 9.06 

16. 

. 7.843. 

.. 3.248 

17.. 

. 6.92 .. 

. 2,866 

19. 

. 2.664.i. 

.- 6.192 

21. 

..— 2.32 .. 

. 5.602 

23. 

.— 6.115... 

.- 2.118 

26. 

.4.706. 

.- 1.949 

27. 

.- 1.804. 

. 4.367 

29. 

. 1.68 . 

.- 4.066 

31. 

.. 3.795. 

.. 1.672 

. 

. 8 15«K... 

. 1.476 



Table V 


-- Table VIII 

2 Slots Per Pole 

Pitch Full (1.00) 1/2 (0.5) 6 Slots Per Pole 


t . 

.127.32 . 

. 90.03 

8 . 

. 42.46 . 

.-30.01 

K . 

. 26.47 . 

.-18.01 

7. 

. 18.19 . 

. 12.86 

9. 

. 14.16 . 

. 10.00 

11 . 

. 11.68 . 

.- 8.184 

la .... 

. 9.796. 

..- 6.926 


. 8.488. 

. 6.002 

17 . 

. 7.49 . 

. 6.296 

10 . 

. 6.702. 

...- 4.739 

21 . 

. 6.064. 

.- 4.287 

2a 

. 6.686.. 

. 3.914 

9fi . 

... 6.094. 

.. 3.601 

27 . 

.. 4.716. 

.- 3.338 

29 

. 4.39.. 

..- 3.104 

ai . * - - 

... 4.108. 

. 2.906 

83. 


... 2.728 


Table VI 

3 Slots Per Pole 

2/3 


1/3 

n fifl7 . 


. 0.3383 

no 9.7 ... 


.. 63.68 

n nn . 


.-42.46 

9.2 ftft .... 



•fK 7R 


. 9.096 

n on . 


..-14.16 

10 0^* - - 


. 6,787 

8.48 .' 

0 0^^ .... 


. 4.897 

..- 8.488 

- 6.487. 

R aofi . 


. 3.746 

. 3.351 

0.00. 


.- 6.064 

4 706 . 


.. 2.768 

4.411. 

A no 


.. 2,647 

.- 4.716 


— ^ RfiR .... 


.. 2.054 

A AA 


..-3.869 

- - _ _ 


3 and avoided 30- and 32-slot because of fear of locking 
in points on starting we Wotild probably have tried a 34- 
bar rotor. Actual experience with another firm has 
showed us that a 24-slot stator and a 34-bar rotor makes a 
quiet 4-pole motot. All combinations failing under ride 1 
have a 2-pole difference, and should therefore be avoided 
for a double reason. 
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5/6 



1/6 

0.833.... 



. 0,1667 

199. OR 



. 32.96 

3o!oi .... 



.-30.01 

6,.69 .... 



.. 24.6 

— 4,707_ 



.-17.57 

— 10 00 



.. 10.00 

— 11,18 _ 



.- 2.995 

— 9.46.,.. 




— 6.002. ■ . ■ 



. 6.002 

~ 1 938 . . 



.- 7.234 

1 734 .,. 




4 287 .. 




6 346, .. 




4 919 


» 


3 .336, .. 



.- 3.335 

1 l^ff 




1 003 

■ ” *.. 



— 9 79 a 



. 2.728 

• 


It is advisable for the designer to also bear rules 2 and 3 
in mind as the cfiscussion so far would not eliminate some 
undesirable combinations. For a 2-pole design rule 2 
would again eliminate rotors which would cause a 2-pole 
difference. 

A general statement, subject to all the limitations of a 
general statement follows: 

Any rotor mth a number of rotor slots diviable by the number of 
pairs of poles of the fundamental and Whidi dffiers from tiie number 
of stator slots by more than the number of poles will probably be a 
quiet rotor. ■ 

This does hot apply to 2-pole motors as the above rule 
will give a motor with a difference between the number 
ol harmonic poles equal to the numb^ pf poles of the 
^damental. This rule does not cover all possibiliti^ 
as it does not include rotors that would have a 4*p61e 
difference on a 6- pr S-pOle motor or a 6-pole difference on 
an 8-pole motors etc. It might also be mentioned before 
leaving the subject that small slot openings will give me to 
less violent flux disturbance than large slot openings. 
Rotors with dosed slots diould, be machined accpratdy 
to keep the same thickness of steel outside the various bars. 
Care must also be taken in the selection of the huniber of 

rotor slots to prev^t lodsdng m at starting. 
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Winding Distribution for Sinusoidal Wave Form 

In our section on the selection of the number of rotor 
bars we showed how to calculate which harmonics could be 
present in the field. There are 2 ways to reduce the 
strength of the harmonics and consequently reduce the 
noise. One is to design the stator punching with heavy 
teeth at the center of the pole and lighter teeth toward 


Table IX 


8 Slots Pcf Pole 


Pitch 

7/8 

5/8 

3/8 

1/8 


.... 0.876 ... 

.... 0.626 .. 

0 876 ,, 

0 125 

1 .... 

.... 124.86 ... 

. . i . 106.86 .. 

7 n 78 . . 

24 ^ 

3 .... 

36.23 ... 

....— 8.28 .. 

..— 41.68 . 

^28 58 

6 ..., 

.... 14.16 ... 

....— 24.98 .. 

,, 4 909 

21 14 

7 .... 

... 3.649 ... 

....— 10.1 

16,12 

17 84 

9 .... 

... “ 2.70 ... 

.... 7.869 .. 

.. — 11,74 . 

18 87 

11 .... 

...- 6.43 ... 

_ 11.86 .. 

..— 2 268 

9 608 

13 .... 

...- 8.13 ... 

.... 1.911 .. 

9,606 

S 11 

16 .... 

...- 8.326 ... 

....— 7.046 .. 

4 716 . 

— 1 656 

17 .... 

...- 7.346 ... 

....- 6.218 .. 

4 . 161 ..! 

- i !461 

19 ..., 

...- 6.663 .... 

.... 1.307 .. 

6,872 

8 728 

21 .... 

3.368 .... 

.... 6.946 .. 

..— 1 188 

. 5 032 

23 .... 

1.08 

.... 8.076 .. 

4,696 . 

5 429 

26 .... 

... 0 . 9936 .... 

,...— 2.829 .. 

4.228 .. 

— 4 995 

27 .... 

... 2.62 .... 

_ — 4 , A9R ., 

,, 0 92 


29 .... 

... 3.644 .... 


, , — 4 , 806 

2 488 

31 .... 

4.028 .... 

... 8.41 .. 

, . 2 , 289 , , 

0 8014 

33 .... 

... 3.784 .... 

3.203 ... 

.. 2 . 143 .... 

0.763 


best way. The author has worked out 2 simple methods 
for calculating this which as far as he knows are original. 

Method A 

Let us assume a 36-slot stator to be wound 4 poles or 9 
slots per pole. We want to make all the harmonics small 
or in other words approach a sine wave. 

If the stator pole were wound with a single coil the wave 
form would be a rectangle. If more than one coil per pole 
were used the wave form would be a series of rectangles 
above each other, giving a resultant wave with a number 
of steps. Figures 1 and 2 illustrate this. As the number 
of slots per pole and the number of coils per pole are in¬ 
creased the shape of the wave will approadi that of a sine 
wave. Since in actual practice neither is infinit y nor any 
where near it, it is necessary that we allot the proper 
number of turns to e a c h coil to make the wave as nearly a 
sine wave as possible. The following method of calcula¬ 
tion is not empirical but theoretically sound. Figure 4 is 
the layout for a winding over 2,4, 6, and 8 teeth for 9 slots 
per pole and figure 3 is its flux wave. The point of zero 
flux IS at the center of the teeth between adjacent poles. 
There will be 180/9 equals 20 electrical degrees between 
adjacent teeth. The ordinates of the sine wave at the 
various teeth are as follows: 

sine 20 degrees => 0.342 at teeth B 
sine 40 degrees = 0.643 at teeth V 
sine 60 degrees =» 0.866 at teeth F 
sine 80 degrees =« 0.985 at teeth H 


Table X 


9 Slots Per Pole 


Pitdi 

8/9 

7/9 

S /9 

4/9 

2/9 

1/9 


0 . 889 .. 

0.778 

. 0 . 660 . 

. 0 . 444 . 

0 . 222 . 

. 0.111 

m 1 .. 

126.88 .. 

119.64 

. 97.68 . 

. 81.84 . 

43.65 . 

22.11 

8 .. 

86.76 .. 

21.22 

.- 21.22 . 

.- 86.76 , 

- 36.76 . 

- 21.22 

6 .. 

16.87 ..- 

4.422 

.- 28.98 . 

.- 8.71 . 

26.08 . 

19.51 

7 .. 

6 . 222 ..- 

13.93 

. 3 . 169 . 

17.92 . 

- Ili 69 . 

- 17.09 

9 .. 

0.00 i .- 

14.16 

. 14.16 . 

0.00 . 

0.00 ., 

14.16 

11 ..- 

8 . 969 ..- 

8.866 . 

. 2.01 . 

.- 11.4 . 

7.44 .. 

- 10,88 

18 ,.- 

6 . 296 ..- 

1.701 . 

.- 0 . 204 . 

8.36 . 

- 9.66 .. 

7.602 

16 ..- 

7,86 .. 

4.244 . 

.- 4 . 244 . 

7.85 . 

7.36 .. 

— 4.244 

17 .. - 

7 . 877 .. 

7.038 . 

. 6 . 788 . 

- 4 . 816 . 

- 2 . 662 .. 

1.801 

19 ..- 

6.6 .. 

6.297 . 

. 6 . 133 . 

- 4 . 308 . 

- 2 . 292 ., 

1.164 

21 ..— 

6;26 .. 

3.031 . 

. r - 8 . 031 , 

5.25 . 

5.26 .. 

— 8.081 

28 ..— 

3 . 668 ..- 

0 . 9012 . 

.-^ 6 , 202 . 

1 . 893 . 

- 6,46 .. 

4.24 

26 ..- 

1 . 742 ..- 

3.90 . 

0 . 884 . 

— 6,02 . 

8 . 274 .. 

— 4.786 

27 ., 

d.oo ..- 

4.716 , 

. 4 . 716 .. 

0.00 . 

0.00 .. 

4.716 

29 .. 

1 . 601 ,.- 

3.862 . 

. 0 . 762 .. 

4 . 325 , 

- 2 . 822 .. 

- 4.125 

81 .. 

2.64 ..- 

0.716 . 

.- 8.86 .. 

- 1 . 406 .. 

4 . 046 .. 

3.146 

38 .. 

3.84 .. 

1.929 . 

.- 1 . 929 ., 

- 8.34 ,. 

- 8.34 .. 

- 1.929 


the outside of the pole, and the other is to distribute the 
winding to decrease the harmonic. The former method is 
patented and each punching is applicable to but one given 
number of poles. It is weh for eadi manufacturing com¬ 
pany to have on hand a> set of tables showing the harmonic 
strength for the various fractions of the pole pitch based on 
1(^ turns. A discussion of how these may be calculated 
will be ^^ined later. I am including with this thesis 
t>lue ptin^ of the table I use. Often, the designer 
little interest in, kno^ng the strength of the various har¬ 
monics provided he has his winding distributed in the 


Since the wave will actually have a flat top and the maxi¬ 
mum flux will be in teeth B let us call this point 100 per 

cent. The percentage of flux in the various teeth which is 

also the percentage of the total turns in all coils which 
surround these teeth is as follows; 

tooth B: 0.342/0.986 = 0.347 
tooth D: 0.643/0.986 = 0.663 
tooth F: 0.866/0.986 =» 0.879 
tooth 0.986/0.986 - 1.000 

Since all the flux in teeth B is caused by the coils in slots 
A then 0.347 of the total turns per pole lie in slots A . The 
flux in teeth J? is caused by the coils in both slots A and C. 
The turns in slots C must therefore be 0.653 minus 0.347 


Figure 1 Figure 2 
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Table XI 


10 Slots Per Pole 



9/10 

8/10 

7/10 

6/10 

4/10 

3/10 

2/10 

1/10 

Pitch 

0.9 

0.8 

0.7 

0.6 

0.4 

0.3 

0.2 

0.1 


3 . 


37.82 .... 

24.96 .... 


6.64 _ 

...— 18.11 _ 

...— 40.87 .... 

...- 41.92 _ 

...— 34.34 _ 

...- 19.27 

5 . 


18.01 .... 

0.00 _ 


18.01 _ 

...- 26.47 _ 

... 0.00 .... 

... 18.01 

... 26.47 _ 

... 18.01 

7 . 


8.268 .... 

...— 10.69 _ 


17.97 .... 

...— 6.62 .... 

... 17.8 .... 

2,846 _ 

...-. 14.71 _ 

...- 16.21 

9 . 


2.213 .... 

...— 13.46 .... 


6 . 422 .... 

11.445 _ 

...- 8.316 _ 

...- 12.61 _ 

... 4.372 _ 

... 13.974 

11 . 


1.8105 _ 

...— 11.01 .... 


6.264 _ 

9.363 _ 

...- 6 . 804 .... 

... 10.31 __ 

... 8.577 .... 

...- 11.48 

18 . 

__ 

4.446 .... 

...- 6 . 757 .... 


9 . 674 .... 

...- 8 . 027 .... 

... 9 . 816 .... 

...- 1.632 .... 

...- 7.922 _ 

... 8.728 

16 . 

.... — 

6.002 .... 

0.00 .... 


6 . 002 .... 

...- 8 . 488 .... 

... 0.00 .... 

...- 6.002 .... 

... 8 . 488 .... 

...- 6.002 

17 . 


6.674 _ 

4 . 403 .... 

... — 

1.171 _ 

...- 2 . 314 .... 

...- 7 . 124 .... 

... 7.899 .... 

...- 6.06 _ 

... 3.4 

19 . 


6.62 .... 

6 . 374 .... 

— 

6.972 _ 

6.422 _ 

... 8.939 _ 

...- 8.042 _ 

2 . 071 .... 

...- 1.048 

21 . 

' ^ 

5.99 _ 

5 . 767 .... 


6.402 _ 

... 4 . 906 .... 

... 3 . 664 .... 

...- 2.762 .... 

1 . 874 .... 

...- 0.948 

23 . 

....— 

4.933 .... 

3 . 254 .... 

... - 

0 . 866 .... 

...- 1 . 711 .... 

...- 6 . 266 .... 

... 6.468 .... 

...- 4.479 _ 

... 2.518 

25 . 

— 

3.601 .... 

0.00 .... 


3.601 _ 

...- 6 . 098 .... 

0 . 00 .... 

...- 3.601 .... 

... 5 . 093 .... 

...- 8.601 

27 . 

__ — 

2.141 .... 

...- 2 . 772 .... 


4 . 658 .... 

...- 1 . 462 .... 

... 4 . 486 .... 

...- 0 . 7377 .... 

...- 8 . 815 .... 

... 4.202 

29 . 

.... — 

0 . 6868 .... 

...- 4 . 176 .... 


1 . 993 .... 

3 . 652 .... 

...- 2.68 .... 

... 3.912 .... 

... 1 . 867 .... 

...- 4.387 

at . * -. 


0 , 6426 .... 

...— 8 . 907 .... 


1 . 866 .... 

... 3.323 _ 

...- 2.415 _ 

...- 3.66 .... 

... 1.27 .... 

... 4.068 

33 . 


i ;752 .... 

...- 2 . 268 .... 

...- 

3.811 _ 

...- 1 . 192 .... 

... 8.67 ...» 

... 0 . 6086 .... 

...- 3.121 _ 

...- 3.488 


equals 0.306 of the turns per pole. The turns in slots E 
will be 0.879 minus 0.653 equals 0.226 and in slots G will 
be 1.00 minus 0.879 equals 0.121. This method is funda¬ 
mentally sound and I recommend it to anyone interested 
in an exact derivation. It too is quite simple involving 
only 3 steps namely; 

1. Looking up the sine values of the angles. 

2. Correcting to a percentage basis using the maximum sine value 
of the particular wave as 100 per cent. 

8. Subtracting from each value the value listed directly above it. 

There is another type of distribution which includes the 
use of a full-pitch coil. We know that in practice we 
cannot get 2 full coils in this slot so it will be interesting 
to see what we should have for nearly sinusoidal wave 
form. We shall again use 9 slots per pole with the wind¬ 
ing distributed over 3, 5, 7, and 9 teeth as shown in figures 
E and F. 


again the 36-sIot stator with the winding over 2, 4, 6, and 
8 teeth. 

sine 2/9 X 90 degrees » sine 20 degrees » 0.342/2 teeth, 

sine 4/9 X 90 degrees » sine 40 degrees » 0.643/4 teeth. 

Mne 6/9 X 90 degrees = sine 60 degrees ■» 0.866/6 teeth, 

sine 8/9 X 90 degrees = sine 80 degrees 0.986/8 teeth. 

Total turns per pole equals 100 per cent B 2.836 

The percentage of the total turns per pole allotted to 
the particular coil is then in direct proportion to the ratio 
of the sine of that particular angle to the sum of the sines 
of the angles. This expressed in percentage of the total 
turns per pole is: 

Over 2 teeth » 0.121 or 0.342/2.836 
Over 4 teeth * 0.227 or 0.643/2.836 
Over 6 teeth = 0.306 or 0.866/2.836 
Over 8 teeth » 0.346 or 0.986/2.836 

1.000 - 100 per cent 


^e 10 degrees = 0.174 =» 18.6 per cent, 
sine 30 degrees = 0.600 == 63.2 per cent, 
sine 60 degrees = 0.766 = 81.6 per cent, 
sine 70 degrees “ 0.940 = 100.0 per cent. 
Percentage of turns over 3 teeth = 18.5 per cent 
Percentage of turns over 6 teeth « 63.2 per cent 
Percentag^e of turns over 6 teeth = 63.2 per cent 

—18.5 per cent 

Percentage of turns over 7 teeth =» 81.6 per cent 

—53.2 per cent 

Percentage of turns over 9 teeth « 100.0 per cent 

—81.5 per cent 


28.3 per cent 



A ™ \¥h\ ThI I H G F EMomBH 


34.7 per cent 

Figura 4. Winding distribution; 9 slots per pole wound 
18.6 per cent over 2, 4/6, and 8 teeth 


Method B 


100.0 per cent 


Another method of calculating the percentage of turns 
in each coil and which involves no subtraction is stiU 
simpler. The ratio of the number of teeth spanned by the 
particular coil to the total number of teeth per pole is first 
calculated. The sine of this fraction times 90 degrees is 
calculated for each coH and the sum of these sines considered 
to be 100 per cent. The various sines expressed as a per¬ 
centage of the sum of the sines is the percentage of the total 
number of turns per pole in the individual coil. Assume 



Figure 5. Flux wave 
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Table Xil 


12 Slots Per Pole 



11/12 

7/12 

5/12 

1/12 

Pitch 

0.9166 

0.5833 

0.4166 

0.0833 


w* - 1. 126.23 . 101.00 . 77.6 . 16.616 


B... 


2 o ! 2 o !!!! 

.. — 25.26 ... 

...— 3.323... 

.. 15.50 

7... 


11.07 .... 

..- 2.374 ... 

... 18.035... 

..-14.43 

9.. . 


5.414 _ 

.. . 13.07 ... 

...— 6.414... 

.. 13.07 

11... 


1.51 .... 

7.046 ... 

...- 9.18 ... 

..-11.476 

18... 

... — 

1.278.... 

..- 6.962 ... 

... 7.769... 

.. 9.712 

15... 

. . . — 

3.248.... 

..- 7.843 ... 

... 3.248... 

..- 7.843 

17.. . 

... — 

4.66 .... 

0.9776... 

....- 7.427... 

.. 5.941 

19.. . 

... — 

6.316.... 

6.644 ... 

... 0.874... 

..- 4.08 

21.. . 


5.602 _ 

2.32 ... 

5.602... 

2.32 

23 ... 

...- 

5.488.... 

..- 4.391 ... 

...- 3.37 ... 

..- 0.7224 

26. .. 


5.049 _ 

.. — ■ 4.04 ... 

... — 8.10 ... 

0.6645 

27... 

...— 

4.857.... 

1.806 ... 

... 4.357... 

.. 1.805 

29... 

...— 

3.483.... 

4.352 ... 

... 0.673... 

..- 2.672 

31... 

...— 

2.60 .... 

0.636 ... 

...- 4.073... 

.. 3.258 

33... 

...— 

1.476.... 

..- 8.666 ... 

..i 1.476.,. 

.. 3.565 



Figure 6. Winding distribution; 9 slots per pole wound 
over 3, 5, 7, and 9 teeth 


Since in production it is desirable to wind the smaller 
coils with less turns the winding of motors for sinusoidal 
wave form is further desirable. It appears at present that 
this method can also be applied to windings where the poles 
overlap provided a half coil is used for the outer coil. The 
angle for this coil would always be 90- degrees and the sine 
of 90 degrees is one. A calculation with a full coil would 
be an impossible winding since there would be no slot room 
for the adjacent pole except in light starting windings. 
Furthermore, it would not give a very good wave form. 
By using half the value a practical winding is secured 


Table 


IS Slot# 

Pitch 

14/15 

0.933 

13/15 

0.8507 


11/15 

0.733 


m » 1..... 

.... 126.61.... 

....124.53 


116 81 


3..... 

... 40.37 .... 

.... 34.34 .. 


15,12 


5..... 

... 22;06 .... 

.... 12.73 .. 


..-12.73 


.7. 

.... 13.62 .... 



..-17.79 


9. 

... 8.318.... 

4,373... 


.,- 11.45 


11..... 

... 4.708__ 

_ — 7.746 . , 




13.,... 

... 2.036. 

...... 8.947 


8.554. 

• _ 

16,.*., 

... 0.00..... 

....- 8.488 .. 


.: 8.488. 


17. 

...^ 1.667...., 

6.842 ;. 




19...,. 

... - 2.726..... 

-- 4.485 .. 




21.,... 

.- 3,.564..V.. 

1.874 




23..... 

...- 4.114..... 

.... 0,6787.. 


..- 8.414. 

■■ 


4.411..... 

.... 2.646 .; 


..- 2,646. 


27., . ; . 

...- 4.486.;... 

...; 3.816.; 


; ; 1.467 . 


,29..... 

...- 4.365..... 

. 4.294 .. 


HHVIIiTrin 


■: 31.V...., 

4.086,.... 

4.018.,. 


.. 3;753, 

■ 

33..... 

... - 3.670.;.,. 

., .. 3.122 . ; 


.. 1.193, 
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Table XIV 


18 Slots Per Pole 


Pitch 

17/18 

0.9445 

13/18 

0.7223 

11/18 

0.6111 

7/18 

0.3889 

5/18 

0.2778 

1/18 

0.0555 

w - 1, 

126.82 . 

115.39 . 

104.29 . 

73.02 . 

53.81 . 

11.096 

3. 

40.09 . 

10.98 . 

- 10.98 . 

-40.99 . 

-40.99 . 

-10.984 

6. 

23.08 . 

- 14.61 . 

- 26,37 . 

2.22 . 

20.86 . 

10.76 

7. 

14.90 . 

- 18.12 . 

- 7.69 . 

16.49 . 

- 1.585, 

-10.43 

9. 

10.00 . 

- 10.00 . 

10.00 . 

-10.00 . 

-10.00 . 

10.00 

11. 

6.638. 

1.009. 

10.49 . 

- 4.892. 

11.53 . 

- 9.48 

13. 

4.14 . 

8.023. 

- 0.864, 

9.756. 

- 6.617., 

8.876 

16. 

2.197. 

8.108. 

- 8.198. 

- 2.197. 

- 2.197., 

8.198 

17. 

0.653. 

8.166. 

- 4,296. 

- 6,136. 

6.788., 

7.46 

19. 

- 0.684. 

- 2.83 , 

3.843. 

5.49 . 

- 6.074., 

- 6.676 

21. 

- 1.569. 

- 5.866. 

5.856. 

1.569. 

1.560.. 

5.856 

23.. 

- 2.34 . 

- 4.634. 

0.482. 

- 6.514. 

3.176.. 

- 5.017 

26.. 

- 2.92 . 

- 0.444. 

- 4,616. 

2.153. 

- 5.073,, 

4,172 

27.. 

- 3.333. 

3.333. 

- 3,333. 

3.333. 

3.333.. 

- 3.333 

29.. 

- 3.596. 

4.373. 

1.855. 

- 3.979. 

0.383.. 

2.518 

31.. 

- 3.723. 

2.366. 

4.092. 

- 0.858. 

- 3.365.. 

- 1.736 

33.. 

- 3.727. 

- 0.998. 

0.098. 

3.727. 

3.727.. 

0.998 


and one with more nearly a sinusoidal wave form. In a 
motor using 9 slots per pole we would then calculate the 
percentage of the total turns per pole for each slot as 
follows when using a winding over 3, 5, 7, and 9 teeth. 

sine 3/9 X 90 degrees = sine 30 degrees = 0.600/3 teeth, 

sine 6/9 X 90 degrees « sine 60 degrees «= 0.766/6 teeth, 

sine 7/9 X 90 degrees = sine 70 degrees = 0.940/7 teeth. 

^/j sine 9/9 X 90 degrees =» Vs sine 90 degree = 0.600 

100 per cent =» 2.706 


Percentage of turns over 8 teeth 
Percentage of. turns over 6 teeth 
Percentage of turns over 7 teeth 
Percentage of turns over 9 teeth 


0.60/2.706 =» 
0.766/2.706 - 
0.940/2.70Q = 
0.60/2.706 = 


18.6 per cent 
28.3 per cent 

34.7 per cent 
18.5 per cent 


100.0 per cent 


The few minutes spent to determine how a winding 
should be distributed are well spent. Instead of depend¬ 
ing on a lucky guess mathematics is used. 


XIII 


Per Pole 


8/15 

0.5333 

7/15 

0.4667 

4/15 

0.2667 


2/15 

0.1333 

1/15 

0.0667 

94.62 .... 

... 86.2 _ 

... 61.79 . 


... 26.47 ... 

.... 13,31 

24,96 _ 

...—84.34 .... 

...—40.37 . 


...- 24.95 ... 

_—18.12 

22.96 _ 

...—12.73 .... 

... 22.06 . 



.... 12.73 

WnMH 

... 16.62 _ 

...- 3.78.. 



_—12.17 

13.46 .... 

4.373.... 

...-8,316. 


... 13.46 ... 

11.46 

2.406.... 

,., -11.32 .. .. 

... 11.61 . 


...- 8;602... 

....-10,574 

9.74_ 

... - 1.024.... 

...- 7.278. 


.;. 3.984.'.. 

.... 9.58 

■iWiIiBHH 

8.488..., 




8.488 

7,448.,,, 

... - 0.783.... 

... 6.666. 


3.047... 

7.326 

■ 1.393. 

... — 6.666.... 

...- 6.664. 


... 4.98 ... 

.- 6.122 

6.766..,. 

... 1.874.... 

... 3.664. 


... - 5.766... 


2.262..,. 

... .,8,057,.,. 

... 1.161,. 



..,.-3,704 

4.411.... 

...- 2.646.... 

... - 4.411. 


... :- 4;4li ;.. 

... 2.546 

2.772.-... 

...- 3.816...; 

... 4.486; 


;.. 2.722..., 

,...- 1.457 

3,263.... 

... 2.938,... 




n 

3.063.::. 

... 2.749... 

....T- 1.671. 


iI:It I8HI 


2.268.... 

...-.3,122:..,. 

.... 3.67 . 


... 2,268.... 

;.i;- 1;.193 


in-SffiaXl Mdtoirs- , 
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Table XV. Strength of Harmonics for Various Distributions 





9 

Slots Per Pole 




h 

l-l-l-l 

over 

4-6-6-10 

1- l-l-l 
over 

2- 4-6-8 

l-l-l-l 

over 

3-5-7-9 

1-2-2-1 

oyer 

3-S-7-9 

2-2-2-1 

oyer 

3-S-7-9 

1-2-2-3 

oyer 

* 2-4-6-8 

l-l-l 

oyer 

4r-6—8 

1. 

., 100 . 

. 100 . 

. 100 

. 100 . 

. 100 . 

. 100 . 

.... 100 

8.. .. 

. 8.29 ...... 

.— 10.2 . 

:_ 0 

. 0 . 

.- 6.16 . 

. 0.00 . 

_ 0.00 

5.. .. 

. 0.436 ...... 

. 2.96 . 

. 0.933.. 

.- 2.96 . 

.- 0.883. 

. 1.6 . 

_- 6.1 

7.. .. 

. 3.3 . 

.— 0.915. 

4.04 .. 

. 0.92 . 

. 5.01 . 

. 1.43 . 

1.96 

9. 

. 0.0 . 

. 0 . 

. 0 

. 0.0 . 

. - 2.06. 

. 0 . 

.... 0 

11. 

. — 2.1 . 

. 0.58 . 

. 2.88 .. 

. 0.6 . 

. 1.37 . 

. - 0.906. 

1.68 

18 

— 0.897 . 

. — 1.14 . 

. 0.927.. 

. — 1.14 . 

. - 0.322 . 

. - 0.616. 

1.74 

1R 

— l.fifi . 

. 2.03 . 

. 0 

. 0.0 . 

. - 1.23 . 

. 0.0 . 

0 

17 

— fi.RR . 

.— B.88 . 

. 5.87 .. 

. 6.88 . 

. 6.87 . 

. - 5.96 . 

....- 6.98 

10 

_ f5.2B . 

.— S.26 . 

. 5.26 .. 

. 6.27 ...... 

. 5.26 . 

. - 5.38 . 

....- 6.26 

21 

— 1.18 . 

. 1.46 . ; 

. 0 

. 0.0 . 

0.89 . 

. 0.0 . 

0 

22 

— 0 0908 . 

. — 0.642 . 

0.626.. 

.— 0.688 . 

. - 0.182 . 

. - 0.846 . 

0.985 

2A 

_ 0 924 . 

. 0.265 . 

. 0.118.. 

. 0.267 . 

__ 0.608 . 

....,- 0.4 . 

.... - 0.74 

27 

n . 

. 0 . 

. 0 

. 0.0 . 

. - 0.686 . 

. 0 . 

0 

20 

1 02 ... 

. — 0.221 . 

. 0.972.. 

. 0.0616 . 

. 0.874 . 

..... 0.6 . 

0.636 

81 . 

510 

. 0.716 . 

n 7J.R 

. 0.477 . 

0 926 

. 0.889.. 

_ 0 

. 0.478 . 

. 0.0 . 

. 0.186 . 

. 0.56 . 

. 0.267 . 

. 0.843 . 

....- 0.73 

0 


h 

1-2-3 

over 

4-6-8 

1-1-1 

over 

S-7-9 

2-2-1 

oyer 

5-7-9 

A* 

B** 

ct 

Dtt 


100 

100 . 

. 100 

. 100 . 

. 100 . 

..... 100 . 

. 100 


10 9 

12.2 . 

. 7.55 .. 

. .- 0.08 . 

. 4.6 . 

. 20.6 . 

. 1.43 

6 . 


_ O 886 

, , — 6,66 .. 

. 0.00 . 

. 0.92 . 

. 6.1 . 

.- 1.8 

0 7 ^ 

2.16 . 

: .. .— 0.678.. 

. - 0.04 . 

. 1.44 . 

. 4.2 ..... 

. 1.16 


0 

4.1 . 

. 2.62 .. 

. 0.00 . 

. 0.00 . 

. 4.0 ..... 

. - 0.968 

11 . 

18 . 


1 87 

., — 0.88 .. 

. - 0.02 . 

. 0.02 . 

. 2.8 . 

. - 0.279 

.....- 0.212 . 

? 17 

0 

— 2 14, 

. 0.008 . 

. 1.24 . 

. 2.3 . 

.- 0.624 

2 40 . 

1.61 .. 

! . 0.01 __ 

. 0.92 . 

. 4.1 . 

. 0.286 


5 

6 88 : . 

. 5.88 ., 

.- 6.88 . 

.- 6.88 . 

. 6.6 . 

. 6.49 


6 97 

6 3 . 

. 5.26 .. 

.- 6.27 . 

.- 6.26 . 

. 6.8 . 

. 6.8 


1 

1.76 . 

. 1.08 .. 

.- 0.09 . 

.- 0.64 . 

. 2.9 . 

. 0.208 

23...... 


n 1 K 2 

— 1,21 .. 

.. - 0.09 . 

. 0.73 . 

_ 1.3 . 

.- 0.29 


0 0 ....!. 

. 0.169.. 

. 0.01 . 

. - 0.427 . 

.- 0.26. 

..... 0.881 



0 1.37. 

. 0.84 .. 

. 0.00 . 

. 0.00 . 

. 0.00 . 

. - 0.27 



0 62 

. — 0.686.. 

. 0.08 . 

. 0.41 . 

. 0.2 . 


31 . 

33 . 

.- 0.089 . 

. 0.986 ..... 

.- 0.096 . 

. 0.112 . 

.- 0.88 .. 

. 0.688.. 

. 0.00 . 

. 0.01 . 

_ 0.62 . 

. 0.2 . 

.- 0.209 

.- 0.42 . 

. 0.8 ..... 



* A is 0.122 over 2, 0.226 over 4, 0.S06 over 6, aad 0.346 over 8 teeth 
** B is 0.258 over 4, 0.348 over 6, and 0.394 over 8 teeth 

t C is 0.167 over 5, 0.333 over 7, and 0.600 over 9 teeth. (This is the same as 1-2-8 over 6-7-9) 
tt O ia 0.186 over 3, 0.288 over 6, 0.847 over 7, and 0.185 over 9 teeth 


Table XV showing the relative strengths of the different 
harmonic of the above winding distribution shows how 
jgtnall the harmonics are. This table also shows a number 
of otha: possible distributions, some with harmonics as 
Tiigii as 10 to 20 per cent of the fundamental. That this 
is an undesirable condition from both a torque and noise 
standpoint need hardly be mentioned, but it should bring 
forcibly to the designer’s attention the desirability of dis¬ 
tributing the winding for sinusoidal wave form. 

My suggestion to the designer is to calculate the per¬ 
centage of total turns in each slot for the various dis¬ 
tributions he most frequently uses. He will then refer 
to this sheet when calculating each new winding. I am 
including the most common distributions in table XVI. 
For the man who wants to figure the strength of the 
harmonic fidlds, I suggest that he also make a set of tables 
for the strength of the various harmonics for the indi- 


hdp the designer. He will very probably note that there 
are 2 harmonics which regardless of the method of wind¬ 
ing distribution he cannot overcome. The number of 
these harmonics is twice the number of stator slots per pole 
plus or minus one. If, for example, 9 slots per pole are 
used the seventeenth and nineteenth harmonics cannot be 
eliminated regardless of how the motor is wound. They 
can, however, be skewed out. This will be discussed under 
the subject of skew. 

It should also be mentioned that it is at times necessary 
for the designer to secure special results as for example in 
the design of a 2-speed motor. He usually devdops what is 
known among engineers as a freak circuit. When this is 
the case it is sometimes so complicated and impossible to 
calculate the various" harmonics present that he usually 
goes hack to the method of cut and try. Needless to say, 
some of the motors using these circuits are very noi^. 


vidual coils of the pole. 

The strengths of the various harmonics for each indivi- 
Hiial con of the pole are figured and are added algebraically 
to get the strength of the various harmonics for the complete 


Skew 

We have already diseased the selection of the proper 
number of rotor bars and the winding distribution .to 
secure nearly sinusoidal wave form. We noted in the 
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pole. Careful attention must be paid to the signs. 

I am induding Some of my tables with this autide to 
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section on wave form that there were 2 harmonics always 
present regardless of how we wound the stator. 

We know that if we want to get a current flow in a 
wound armature we must put one side of each coil under 
a north pole and the other side under a south pole. If we 
should place both sides of the coil under like poles no cur¬ 
rent would flow. One theory of skew is based exactly on 
this idea. Referring again to our case of 9 slots per pole 
we have the seventeenth and nineteenth harmonics 
present regardless of the method of winding. We shall 
assume th&t there are no other bad harmonics because 
proper winding distribution was used. Since the funda¬ 
mental has 4 poles the seventeenth and nineteenth har¬ 
monics have 68 and 76 poles, respectively, or 34 and 38 
pairs of poles. It is now our object to place one end of the 


rotor bar under one north harmonic pole and the other 
end under another north harmonic pole. This will pre¬ 
vent any current flowing in the rotor caused by the har¬ 
monic pole. 

The rotor should be skewed 1/34 of the entire rotor to 
eliminate the seventeenth harmonic and 1/38 of the entire 
rotor to eliminate the nineteenth harmonic. If we were 
using a 44-bar rotor the skew to eliminate the seventeenth 
harmonic would be 1/34 times 44 equals 1.29 bar skew. 
To eliminate the nineteenth harmonic we would need 1/38 
times 44 equals 1.16 bar skew. If the rotor were held as 
nearly commercially as possible to these limits there 
should be little trouble caused by the seventeenth and 
nineteenth harmonics. Now that we have pointed out the 
best skew from a harmonic viewpoint let us point out the 


Table XVI. Wihclins Distribution for Sinusoidal Wave Form 


Per Cent Turns Per Slot 


Per Cent Turns Per Slot 


18 Slots Per Pole 


4... 

... 6.3 





8. 

.4.6 





6... 

... 9.0 ... 

... 9.6 




5. 

.7.6. 

. 7.8 




8... 

...11.6 ... 

...12.4 . 

.18.7 



7. 

.10.2 .... 

.10.6 ... 

..11.5 



10,, . 


...14.7 . 

.16.4 . 

.18.9 


9. 

.12.6 _ 

.13.2 ... 

..14.2 . 

....16.1 


12.. . 

...16.7 ... 

...16.7 . 

.18.4 . 

..21.8 . 

..26.8 . 

..11. 

.14.6 .... 

.15.2 ... 

..16.6 . 

,...18.6 . 

.22.2 

14... 

...17.0 ... 

...18.1 . 

.20.0 . 

..28.2 . 

..28.6 . 

..18. 

.16.0 .... 

.16.8 ... 

..18.2 . 

...,20.6 . 

.24.6 

16... 


...18.9 . 

.20.9 . 

..24.8 . 

..29.9 .. 

..16. 

.17.1 .... 

.17.9 ... 

..10.6 . 

.,..22.0 . 

.26.2 

18... 

..; 9.0 ... 

... 9.6 . 

.10.6 . 

..12.8 _ 

..16.2 . 

.17. 

.17.6 .... 

.18.5 ... 

..20.1 . 

.,..22.7 . 

.27.0 


... 0.808... 

... 0.836. 

. 0.878. 

. 0.909..... 

.. 0.944. 

• e • . 

. 0 *704».*. 

. 0.820... 

.. 0.864. 

.... 0.892. 

. 0.927 


16 Slots Per Pole 


4... 

... 7.9 





8... 

... 6.8 





6... 

...11.3 ... 

...12.4 




6... 

... 9.4 ... 

...10.0 




8... 

...14.4 ... 

...16.7 . 

,17.9 



7... 

...12.7 ... 

...18.4 .. 

...14.9 



10- - - 

...17.2 ... 

...IS.H . 

.21.1 .. 

.25.7 


9,., 

...16.4 ... 

...16.4 .. 

...18.2 .... 

.21.4 


12... 

...18.9 ... 

...20.6 . 

.28.4 .. 

.28.6 ... 

...88.4 ... 

...11... 

...17.6 ... 

...18.7 .. 

• • *20 *3 *•*• 

.24.6 ... 

...31.1 

14... 

...20,0 ... 

...21,8 . 

.24.9 .. 

.80,8 ... 

...40.8 ... 

...13... 

...19.2 ... 

...20.4 .. 

...22.6 .... 

.26.6 ... 

...83.8 

16... 

...10.8 ... 

...11.1 . 

.12.7 .. 

.16.6 ... 

...20.8 ... 

...16... 

...19.9 ... 

...21.1 .. 

...23.6 - 

.27.6 ... 

. ..85.1 


... 0.812... 

... 0.848. 

. 0.889.. 

. 0.928... 

... 0.968... 


... 0.797... 

...0.829.. 

... 0.868.... 

. 0.910... 

... 0.946 


12 Slots Per Pole 


2.... 

.. 6.8 





8 .. 





4..,. 

..13.2 . 





5.. 


...18.3 



6.... 

..18.6 . 


..23.8 



7.. 


...24.0 ... 

...29.3 

« 

8.«... 

..22.8 . 


..28.6 ... 

-87.2 


9.. 


...27.8 ... 

...84.1 ... 

...48.2 

10.... 

..25.4 . 

..27.3 __ 

..81.8 ... 

... .41.4 .., 

_66.9 _ 

....11.. 

.26.8 ... 

...29.9 ... 

...86.6 ... 

...61.8 

12,. 

..13.2 . 


.,16.4 ... 

-21.4 ... 

....84.1 






KW. 

...0.789. 


.. 0.888... 

_ 0.986... 

.... 0.977.... 


..... 0.809... 

... 0.864... 

... 0.910... 

... 0.969 


9 Slots Per Pole 


2 ... 

4.. , 

6 .. . 

8 ... 

KW.. 


8 Slots Per Pole 


2.. .....16.3 

4.. .....28.0 . 

6 .. ..... 86.8 , 

8.......19.9 . 

KW........... 0.796. 


3...27.6 

5... . ...38.2 .. ....46.8 

7.89.2 ..64.2 

0.816...... 0.918 


4. 

0 . 

KW..... 


...63.4 
... 86.6 
... 0.914 


8...42.8 

6.......67.7 




































































































































worst. This condition exists when one end of the rotor 
bar lies under a north harmonic pole and the other end 
under a south harmonic pole. Since the seventeenth 
harmonic has 68 poles and the nineteenth has 76 poles the 
worst condition would be 1/68 times 44 equals 0.645 bar 
skew and 1/76 times 44 equals 0.58 bar skew. 

Another condition that would not be good but which is 
better than the one just described is the existence of a 3- 
harmonic pole skew. This skew would be 3/68 times 44 
equals 1.94 bars for the seventeenth harmonic and 3/76 
times 44 equals 1.73 bars for the nineteenth harmonic. 
With this condition one end of the rotor bar would be 
under a north pole and the other end under a south pole. 
However, since the point one-third of the distance from 
the one would be under a pole of the same polarity as the 
beginning of the bar there would be a tendency to prevent 
a current flow in 2/3 of the bar. 

Another factor to keep in mind when figuring skew is the 
effect of skew on the various modes of vibration of the 
frame as discussed by S. J. Wikina. There are 4 modes 
of vibration. The energy input per pole to the first, 
second, and fourth modes of vibration is zero with a skew 
of 1, 2, or any integral number of slot pitches. The 
tnfl.yimitTTi energy input with over one bar skew is never 
greater fhan 20 per cent of that with no skew. To 
elimmate the third mode of vibration it is necessary to 
have a skew of 1.43 bars or to have the number of rotor 
bars divisible by the number of poles. The energy is 
TTifl Yitniim at 2/3 bar skew. This is the most critical of the 
3 modes rising rapidly on either side of the zero energy 
point. If, therefore, it is possible to eliminate the third 
mode of vibration by having the number of rotor bars 
divisible by the number of poles this third mode will be 
completely eliminated and the first and second will be 
lessened. Then by skewing the rotor one bar or more the 
first, second, and fourth modes will either be eliminated or 
made quite small. While I have never personally designed 
a quiet motor with this last method in mind, the engineer 
studying this paper will note that some of the designs dis¬ 
cussed fulfill at least to some extent the requirements 
by meeting other requirements set forth in the earlier 
part of this work. The 44-bar rotor when used on a 4- 
pole motor is divisible by the number of poles. The 
same applies to the 20- and 34-bar rotors of the 2-pole 
motor. Since I never use less than one bar skew except 
on very short armatures other difficulties have been 
avoided. 

In summarizing, there are some general statmients 
that it is well to bear in mind. 

1. Be sure the motor is built carefully in production, 

2. The winding should be distributed so that all but 2 harmonics 
are eliminated. 

3. The ro tor should be skewed to eliminate these 2 harmonics and 
not less than one bar. 

4. The number of rotor bars should be carefully selected so there 
will be no harmonics with a 2-pole difference. It may be ad¬ 
vantageous to use a rotor with the number of bars divisible by the 
number of poles where necessary. 

6. There should be no magnetic parts extremely light that will 
vibrate excessively. This especially refers to teeth and tooth tips. 


Tables IV to XVI were calculated in 1917. They give 
the center ordinate value of the sinusoidal magneto¬ 
motive forces produced by a current of the instantaneous 
value of one ampere in a coil of 100 turns for the funda¬ 
mental and all harmonics to the 33rd inclusive. The 
formula used for this calculation is: 


, 4J«0 . mr . JwXir 

^ “ -X sm -- sm -~- 

mr 2 2 


in which 


hm is the center ordinate value of the mth harmonic 
I is the value of the current at the given instant 
no is the number of turns per coil 
m is the order of the harmonic 
X is the pitch expressed as a decimal fraction 


The tabulated values are for a single coil. For dis¬ 
tributed windings the resultant for the whole winding may 
be found as follows: For concentric windings, take from 
the tables the values for each of the coils separately, then 
add the respective values, with due regard to sign. The 
result win be the resultant of the whole winding. For 
diamond windings, multiply the tabular values for the 
center ordinate, by the ejqpression 


. mir 


sm ' 

2M,p 

in which p' is the number of phase bdts per pole and ilf,, 
is the number of slots per pole. The values of this factor 
are veiy easily calculated. This gives magnetomotive 
force per phase belt. 

For single phase or 2-phase windings, concentric or 
diamond, the magnetomotive force per phase bdt is ako 
the magnetomotive force for the entire stator winding. 
For three-phase windings, the magnetomotive force for 
the entire winding is found by multiplying the magneto¬ 
motive force per phase belt by the factor (^V2) except 
for the harmonics whose number is divisible by 3, for 
which the factor zero is to be used; the latter harmonics 
are therefore not present in 3-phase windings. 

This method was first published in EkctHcal Worlds 
August 26,1909. 
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A Formula for the Reactance 
of the Interleaved Component of Transformers 

By H. B. DWIGHT K. S. DZUNG 

FELLOW AIEE NONMEMBER AIEE 


T he reactance of a power transformer is mate¬ 
rially changed when connection is made to taps of 
different voltages. This can be computed for con¬ 
centric, core-type transformers by dividing the winding 
into a concentric component and an interleaved component 
according to the method of H. O. Stephens.^ 

The concentric component is an assumed transformer 
winding in which the secondary ampere-turns are equal 
and opposite to the primary ampere-tums for each centi¬ 
meter along the axis. The cylinder of winding of the 
actual transformer which has no part tapped out, is taken 
as one of the windings of the concentric component. The 
other winding of the concentric component matches the 
first exactly in junpere-tums per centimeter along the axis, 
magnetizing current being left out of consideration. 

The interleaved component of winding is what is needed 
to be added to the concentric component to make the total 
equal to the actual transformer for the particular connec¬ 
tion considered. Nothing needs to be added to the cylin¬ 
der which has no part tapped out and so the interleaved 
component is a single cylinder. Its positive and negative 
ampere-tums are equal and opposite. See figure 1 and the 
descriptions in rderence 1 . 

It is evident, from the simple rules just given by which 
the interleaved component is defined, that the number of 
ampere-tums of the parts of the interleaved component of 
winding, and their location, can be e^ily determined with¬ 
out any special formulas. Examples are clearly illus¬ 
trated in reference 1. See also example I of this paper. 

The leakage reactance X of a transformer when ex¬ 
pressed in ohms is referred to either the primary side or the 
secondary. This is the same as finding the leakage re¬ 
actance in ohms of a one-to-one ratio transformer. If 
I is the current of the side taken, the stored energy of the 
leakage magnetic field is PX and is equal to the summa¬ 
tion of jS^/ 8 ir for every cubic centimeter of the leakage 
magnetic field. Magnetizing currmit is taken equal to 
zero, or in other words the iron is assumed to have zero 
rductance so far as the computation of leakage reactance 
is concerned. 

If the primary and secondary of the one-to-one ratio 
transformer are coimected in series and the current I is 
sent through them in the proper directions, the magnetic 
field will be the same as the leakage magnetic field, be¬ 
cause it is produced by the same currents. EP/Sir will be 

A paper recommended for publicatioii by the AIBB committee on electrical 
machinery. Manuscript stdbmitted July 12, 1987; released for pubUcaSon 
September 80, 1037. 

H. B. Dwiobt is professor of electrical machinery and L. 8. OzuNO is a graduate 
student in electrical engmeming at Massachusetts Institute of Technology, 
Cunbridge. 

1. For all numbered references, see list at end of paper. 


the same and the stored energy PX will be the same. 
But X is now 2TrfL where L is the self-inductance of the 
complete circuit. This provides a method for computing 
Xt which is used in the appendix. 

Since the ampere-tums of the concentric and interleaved 
components are together equal to the ampere-tums of the 
actual transformer, the summation of IP/8t when both are 
carrying current gives PX for the transformer. The 
magnetic field of the concentric component is chiefly axial 
where the density is greatest and the most energy is 
stored, and the densest parts of the field of the interleaved 
component are radial. See figures 2 and 3, reference 1. 



(a)--Actual transformer (b)—Concentric (e)—Interleaved 

component component 

Figure 1. Cross section oF core-type transFormer winding 


The fields of the 2 components are chiefly at right angles. 

In any cubic centimeter, the stored energy of 2 fields 
Hi and Hi which are at right angles is (Hi* ■+■ H 2 *)/ 8 t. As 
a consequence, the reactances of the concentric and inter¬ 
leaved componrats may be computed separately and added 
together to give, very nearly, the reactance of thetapped- 
out transformer. See the discussion by A. Boyajian, 
Electrical Engineering (AIEE Transations), 1934, 
page 1318. This has been shown to be a dose approxi¬ 
mation, by comparing the result with the transformer 
reactance computed by methods not involving the division 
into concentric and interleaved components. Tests on 


practical transformers also have shown the accuracy of 
the method. See the discussion by A. N. Garin, Elec¬ 
trical ]^GINBBRING (AIEE TRANSACTIONS), 1934, page 


1319. 


The study of interleaved components lias diown th^t 
the reactance can be reduc^ and: the eddy-current losses 
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Figure 2. Curves for reactance 
of interleaved component 

a =» ratio oF height of middle rec¬ 
tangle to b 

Xi = /CfmT*10~®ohms per leg 



in the copper miaimized, by thinning out the turns in one 
winding opposite the tapped-out section of the other 
winding. See reference 1. Xhis reduces the radial flux 
or “cross flux.” The definition of interleaved component 
which has been given applies quite well to the case of 
thinned out transformer windings and so no special ar¬ 
rangements are necessary in the computation. AU that 
is needed is to find the ampere-turns of the interleaved 
component and then the reactance of the 2 components 
of winding. 

The paragraghs up to this point are a review of the 
material developed by H. O. Stephens in his paper.' 

The leakage reactance of one leg of a concentric, core¬ 
type transformer without tapped-out sections is given 
very closely by the following well-known formula 

(. + f + i) Ohms .{« 

For the meaning of the letters see figure 1. Also, N is the 
number of turns of one cylinder of one winding, Wi is the 
length of mean turn for the transformer, dimensions being 
in centimeters, and / is the frequency. 

For the interleaved component of one leg of a core-tjrpe 
transformer which has one central tapped-out section, as 
shown in figure 1, find T, the number of turns in the 
tapped-out section in the interleaved component. See 
the third paragraph of this paper. Then, as derived in 
the appendix. 


The rectangles A, B, and C are shown in figure Ic. , 

m = Tnpa.'ti turn in centimetea’s of the interleaved component. 

T = nmnber of turns in B of the interleaved component. 
a ** ratio of the axial length of rectangle B to the length of the 
complete rectangle iljBC. 

Sab “ length -|- width, of the rectangle AB, and similarly for the 
other rectangles. 

In fig ure. 2, curves are given by which most of the com¬ 
putation of formula 2 may be avoided. 

Formula 2 was derived in connection with thesis work 
at Massachusetts Institute of Technology. 

Example I. The transformer sho\m in figure 1 has a 
tapped-out portion equal to 20 per cent of the secondary 
turns. Opposite this part, the primary winding has pnly 
10 per cent of its turns, the winding being thinned out by 
spacing the individual coils farther apart. If N is the 
number of turns in one cylinder of the secondary winding 
when not tapped, .then T for formula 2 is 0.1 jV wh^ 
operating on the 80-per-cent tap. When the transformer 
is operating on the 100-per-cent tap, the numerical vdue 
of r is also 0.1 iV. The figures in figure 1 are percentages. 

If the primary winding were not thinned out, then for 
operation on the 80-per-cent tap the value of T would be 
0.2 N, and the increase in reactance would be 4 times as 
^eat, since it varies &sT^. 

Example II. This utilizes the sample design of a 1,00D- 
kva 576-to-13,800-volt 60-cycle transformer given on page 
395 of “Design of Electrical Apparatus,” by J. H. Kuhl- 
mann. 

The low-voltage winding is considered the prim^. 
It is not thinned out. One-fifth of the turns of the high- 
voltage winding are tapped out, thus giving 11,000 volts. 
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Xi = [(1 + a)*.logio5AB - (1 - o)* logic 5 a - 

<i(l “• u)* 

2 o logio 5 b — 2a logio 5 aj»o 1 ohms (2) 
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The high-yoltage windings are taken to be connected in 
star in this problem. 

Mean turn, low voltage, 39.4 inches and high voltage, 63.9 inches. 

Thickness of windings, low voltage 1.03 inches, high voltage 1.45 
inches. 

In su l ation space between high and low windings, 1.063 
Length of coils, 23.5 inches. 

Number of turns per phase in the untapped high-voltage winding “ 
512. 

The lengths of rectangles A, B, and C, figure Ic, are 
9.4, 4.7, and 9.4 inches and their width is 1.45 inches. 
The reactance of the concentric component is com¬ 
puted by 1. It is the same in this case as the reactance of 
the transformer when it is operated on the 100-per-cent 
tap. 

Xc « &r* X 612* X 60 X 46.65 X 2.54 X lO"* X 


J_f1.063 + + 

23.6 V 3 8 y 


11.83 ohms, referred to the high-voltage side 


Per cent Xe 


11.88 X 41.8 X 1.732 X 100 
13800 


6.21 per cent 


The reactance Xi of the interleaved component is given 
by 2, the value of T being 102. 

logio Sab “ logw (9.4 + 4.7 1.45) - logio 16.65 « 1.19173 

Inch dimensions are permissible for S^a etc. as described 
in the appendix. 

logio Sa - logio (9.4 + 1.45) = 1.0364 
logio Sb «= logio (4.7 H- 1.46) = 0.7889 
logio JO =“ logio 24.95 = 1.3971 

« «= 0.2 

Xi 4.605ir X 60 X 63.9 X 2.64 X 102* X lO"* X :r;-^ -X 

0.2 X 0.64 

, [1.44 X 1.19173 - 0.64 X 1.0354 - 0.4 X 0.7889 - 0.4 X 1.3971] 
**= 1.74 ohms 

This result can be obtained from figure 2, using a = 0.2, 
= 0.062 and .£■ = 20.4. 


Per cent Xt 


1.74 X 41.8 X 1.732 X 100 
13800 


0.91 per cent. 


Reactance of the tapped transformer « 6.21 -f 0.91 » 7.12 per cent 

Thus, the reactance is increased about one-seventh by 
tapping out the section. 

The rated input to the tapped transformer is taken to be 
1,000 kva at 575 volts, the same as for the untapped trans¬ 
former, neglecting magnetizing current. 

The way in which N and T are used, and the way in 
which reactance ohms are converted to percentages, 
should be noted, as the definitions for these items perhaps 
may be taken most easily from the example. 

In order to make an approximate check of the calculations, 
a V 4 -size model of the transformer coils, was made. The 
reactance of the coils was measured without any iron core. 
In order to have the reactance larger than the resistance, 
530-cycle cmr^t was used. The reactance then was 
corrected for 60-cycle current and for size. The result 
was 6.3 per cent for the tapped transformer, to compare 
with 7.12 per cent computed. 


A V 4 -size model of the interleaved component of the 
windings also was made and tested. Its reactance was 
1.0 per cent, to compare with 0.91 per cent computed. 

This test should be considered as a preliminary, ap¬ 
proximate check. The question of the accuracy and use¬ 
fulness of formula 2 presented in this paper should be 
settled by its application to the cases of practical power 
transformers, whose reactance has been accurately tested 
in the usual way. 


Appendix 

Derivation op Formula 2 

The iaterleaved component has the same number of positive as 
negative ampere-tums. Assuming that the windings of the 3 
rectangles A, B, and C, figure Ic, are connected in series, 

Li *= 2La + Lb — 4iMAB “h (3) 

since A and C are the same size and their current is opposite in 
direction to that of B. 

Let Lab^^^ “ self-induction of A and B connected in series but 
with current direction and winding density in turns per square 
centimeter in both the same as in B. Let k « ratio of winding 
density of B to that of A. 

Lab^^'> » ■¥ Lb + 2Mab^^^ (4) 

since the entire inductive voltage drop in A F is made up of drop 
in A caused by its own current plus drop in B caused by its own 
current plus drop in A caused by current hi B plus drop in B caused 
hy current in 4. 

2Mab^^^ =- 2kMAB = Lab^^'> - k^LA - Lb 

2Mab = J Lab^°'> - kLA - J ip (5) 

Labc^^^ = 2La^^^ + Lb + -f 2Mac^^^ 

» 2Lab^°'^ - Lb + 2MAa^^^ 

from 4. 

- i; - I £„(•) + I; £. («) 

From 3, 

Li =» 2La -f- Lb — “ Lab^^^ + 2kLA -f- Lb -f- 


r; L,abo^^^ — t; L.ab''^^ + — I'i 


£, - 2(1 + t)£. + (l + f + - 


Turns in F = T 

Turns in 4 = T/2 

Turns in 4F W - r -|- kT/2 

Turns in ABC = T + kT 


r* « 

La ^ 2»i logn —• abhenries 
4 Ga 


Lb ■* 2inT* logh V;- abhenries 
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=> ^ logn abhenries 

2 Gab 



=* 2mT^ (1 + A)* logn —— abhenries 
Gabo 

where logn denotes natural logarithm, where « is a certain large 
distance to which fltix is counted and which cancels out later, and 
where Ga is the self geometric mean distance of the rectangle A, and 
similarly for the other rectangles. This t 3 rpe of computation, which 
applies quite well for transformer reactance, deals with the reactance 
per centimeter of the circuit made up of the primary and secondary 
windings, and it is assumed that the effect of their curvature is 
negligible. 

From 7, 

Li =» w2^(l + k) logn ~ (1 + -T" I ^ + 

Ga \ J Gb 

2mT^ ^1 + I y logn ^ - mT* + k) logn ^ (8) 

From the definition of a following equation 2 and from the fact 
that the total turns in il, F, and C of the interleaved component are 
zero, 

- (1 - a) « 0 


a 


SjtiV n 4. = (1 + o)* 1 ^ (1 + 

k J ^ ^ ^ c* (1 - o)2 o 0(1 - o)* 

A very close approximation^ to the self geometric mean distance 
of a rectangular area is 0.2236 times (sum of sides). If this is used 
in 8, the following is obtained: 

2.303wr* 

Li =* _ ay +«)*logio5^B — (1 — o)*logio*S4 — 

2a logio Sg — 2a logio SjibcI (^^) 

Prom this, 2 is directly obtained; 

The coefficient of logn n in 8 is 

1 + 2o + o» - (1 - 2o + 0 *) - 4o 

which is equal to zero, and so- u cancels out. In the same way, 
0.2236 cancels out and does not appear in the final formula. Also, 
if etc., are given in inches, their multipliers 2.64 cancel out, 
but this does not apply to the dimension m, which must always be 
changed to centimeters. 
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'^Inside a Metal 


C AREFUL RESEARCH into the nature of the metal¬ 
lic state has yet to discover, with any certainty, its 
essential quality, says L. R. van Wert, lecturer on metal¬ 
lurgy, Harvard University, Cambridge, Mass., in an 
article of the above title published in the October 19S7 
issue of Mining and Metallurgy, pages 453-8. 

The basic fact underlying nearly all metallic behavior is 
that a metal is crystalline in its nature; any mass of metal 
that has been formed in the ordinary way is made up of 
many small crystals tightly bound together. It is true 
that a few properties, such as valence and ferromagnetism, 
are atomic in origin, so one must actually go within the 
atom for their ultimate source, but excepting these, metal¬ 
lic properties come about through varieties in interatomic 
organization. 

All matter is atomic in nature, and the metals are no 
exception. However, with respect to the' way the atoms 
are arranged matter is of 2 kinds: isotropic, of which 
liquids and gasses are examples; and crystalline, of which 
metals are examples. The crystalline state of matter is 
characterized, first, by a lower total energy than the iso¬ 
tropic form, and secondly, by the atoms being essentially 
at rest, and in regularly and definitely spaced positions. 
This regularity in atomic spacing confers on the crystal a 
definite internal architecture in which a certain pattern, 
often quite simple, is indefinitely repeated. This unit 
pattern is called the space lattice; the first word indicates 


that one is dealing with 3 dimensions, and the second 
suggests a rigid framework on which the atoms hang. The 
bonds are electrostatic in nature and electronic in origin. 

It is not easy to create a simple physical picture of 
metal linkage [or bonding in metal], but in briefest outlines 
the picture is somewhat as follows: Because there are not 
sufficient valency electrons for the atoms to form groups 
among themsdves by either the ionic or covalent manners 
of bonding, it becomes necessary for the electrons to act 
for several atoms. Like covalent bonding, metal linkage 
is one of electron sharing, but differs from! it in that the 
sb aring is really quite free and unrestricted. One may 
then “regard a metal not as an assembly of metal atoms, 
but rather as an array of positive metal ions hdd together 
by the attraction of intervening valence electrons." 
(Hume-Rothery, "The Structure of Metal and Alloys," 
page 17.) Or to put it differently, the crystal structure of 
metals may be looked upon as- made up essentially of 2 
interpenetrating lattices, one of positive metal ions, and 
the other exclusively of electrons. 

These shared electrons, which are not die exclusive 
property of a particular atom, are responsible for many 
properties of the metal crystal other than its coherence 
and rigidity. Among these are such characteristic propw- 
tics as electrical conductivity, thermionic emission, photo¬ 
electric phenomena, and a dozen or so thermo-magn<eto- 
dectrical effects. 
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New Types of D-C Transformers 

By C. C. HERSKIND 

ASSOQATE AIEE 


This paper presents 2 new t 3 rpes of d-c transformers 
using grid-controlled mercury-arc rectifiers. These trans¬ 
formers perform the same function on a d-c system as does 
the usual transformer on an a-c S 3 rstem. One t 3 ^e of d-c 
transformer which is discussed has a constant-current out¬ 
put characteristic, while the other has a constant-potential 
out 5 )ut. The theory of operation and operating charac¬ 
teristics are described and oscillograms taken on a small 
unit are shown. 

Introduction 

F rom time to time various methods have been 
proposed for the purpose of transforming voltage on 
d-c systems without using a motor-generator set. 
Most of these schemes have employed some type of com¬ 
mutating device for interrupting the direct current; the 
interrupted cturent then being transformed by means of a 
transformer of the conventional type and finally again 
changed back into direct current by the commutating de- 
^ce. None of these schemes has proved practical, 
chiefly because of commutating diflficulties with the inter¬ 
rupting device. 

The use of thyratron tubes for the construction of a d-c 
transformer was proposed several years ago.^ However, 
due in part to the limitations of the circuit then proposed, 
no appHcations have been made up to the present time. 

This paper describes 2 new types of d-c transformers 
using grid-controlled mercury-arc rectifiers for commutat¬ 
ing the direct current. The development of these d-c 
transformers is based upon a new circuit which was in¬ 
vented by Mr. C. A. Sabbah. This circuit operates upon 
an entirely new principle and possesses unique operating 
diaracteiistics. It provides the commutating voltage, 
required for transferring current from winding to winding, 
which is essential to successful operation when using grid- 
controlled mercury-arc rectifiers. In addition, the circuit 
may also be used to change constant potential to constant 
current, as in the case of the constant-current d-c trans¬ 
former. 

The operation of the d-c transformer does not merely 
involve the conduction of current in succession through 
the several transformer .windings. In order to ac¬ 
complish this action, 2 requirements must be met, which 
influence directly the character of the citcuit employed. 
These requirements are; First, magnetizing current must 
be supplied for exciting the core of the main transformer, 
and second, eommutating voltage must be supplied for 

A paper recommended for publication by the AIBB committee on electrical 
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overcoming the counter electromotive forces which oppose 
the transfer of current from winding to winding. When 
grid-controlled mercury-arc rectifiers for commuliating the 
current are used, further requirements must also be met; 
namely, sufficient commutating voltage must be supplied 
to provide a positive voltage on the anode, prior to con¬ 
duction in order to obtain reliable pick-up, and to provide 
a negative voltage at the end of the conduction period for 
a sufficiently long time, in oirder to permit deionization of 
the anode; also the circuit action must be such that no 
attempt will be made to pass current through the circuit in 
the reverse direction during the anode conduction period. 

Two types of d-c transformers, namely, the constant- 
current d-c transformer and the constant-potential d-c 
transformer, and their circuits and manner of operation, 
will be described. Oscillograms are included showing the 
wave forms obtained in actual operation. 

The Constant-Current D-C Transformer 

The operation of the constant-current d-c transformer 
will be described first, inasmuch as it serves best to illus¬ 
trate the principles of operation whereby the commutating 
voltage is obtained from the combination of 3-phase trans¬ 
former and 3 capacitors. 

The schematic connection diagram of the constant- 
current d-c transformer is shown on figure 1. The trans¬ 
former consists of: 

1. A 3-phase transformer having 2 coils per phase. 

2. Three capacitors, one connected across each phase of the trans¬ 
former. 

3. Six mercury-arc rectifier tubes for commutating the cuirent. 

4. Two d-c reactors, one in the input and the other in the output 
circuit, for maintaining a smooth current wave. 

In addition a source of a-c power is required for exciting 
the grids of the tubes. (A pilot motor-generator set driven 
from the d-c supply may be used.) 

Theory of Operation 

The principle of operation may be best described by ref¬ 
erence to the connection diagram figure 1, and the wave 
forms shown on figure 2. Referring to figure 2, let it be 
assumed that the grids of the primary and secondary 
anodes are excited from the pilot generator at a constant 
frequency, so that each secondary anode will fire before 
the primary anode on the corresponding leg of the trans¬ 
former, by a time interval equal to a degrees. Then 
the primary and secondary anode current waves will be as 
shown by curves g and 6, since it is assumed that there is 
sufficient reactance in series with the 2 d-c circuits so that 
the d-c currents are constant. 
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The capacitor current wave is fully determined if the 
primary and secondary anode current waves are knovm, as 
the capacitor must supply the current required to maintain 
the magnetomotive force in each transformer leg constant 
(neglecting magnetizing current). Tliat this is the case 
will be evident if it is remembered that in a transformer, 
the primary and secondary ampere turns, neglecting mag¬ 
netizing current, must be equal and opposite and that any 
current in a primary coil, which is not opposed by an equal 
and opposite current in the secondary coil, meets mag¬ 
netizing reactance and generates a high voltage. Of 
course, there is no unidirectional component of current in 
the usual transformer, but this will not alter the validity 
of this requirement. The above principle is highly im¬ 
portant, as the whole theory of operation of the constant- 
current d-c transformer is based upon the fact that the 
transformer magnetomotive force (neglecting magnetizing 
current) is maintained constant. 

The average magnetomotive force in each transformer 
leg, during the whole cycle, is equal to the average of the 
magnetomotive forces due to the primary and secondary 
anode currents, each averaged over the cycle. In order to 
maintain this constant value of magnetomotive force on 
the transformer leg, the capacitor current must have the 
wave form shown by curve c on figure 2. Hie capacitor 
voltage wave is shown on curve d. The voltage is readily 



Figure 1. Connection diagram of constant-current d-c trans¬ 
former 


Ip 



determined from the capacitor ciurent as the current is 
constant during each interval. 

The input and output voltages, curves e and/, are found 
by taking the capacitor voltages during the interval that 
the anode is conducting. The voltage will be supplied by 
any one phase only during the time that its anode is con¬ 



ducting. When the anode is not conducting, the voltage 
will be supplied from the other phases. The ripple in the 
d-c voltage wave is absorbed by the reactors in series with 
the 2 d-c lines. A clearer conception of the physical proc¬ 
esses involved may be obtained if it is noted that during 
the interval htok, capacitor 1 is discharging into the out¬ 
put circuit. Its voltage falls as the secondary anode con¬ 
tinues firing, until the secondary anode on the second 
phase is permitted to fire (by grid control), and the cur¬ 
rent transfers from anode to anode 2', as capacitor 2 has 
a higher voltage than capacitor 1, and in the proper direc¬ 
tion to force commutation.. At the capacitor 1 is 
practically discharged, but now the primary anode on 
phase 1 is firing, and it is again being charged from the input 
circuit. At the end of the charging period, anode 2 is per¬ 
mitted to fire, and the input current is transferred from 
anode 1 to anode 2, as capacitor 2 has a, lower counter 
electromotive force voltage than 1. During the period 
when primary nor secondary anode on phase 1 are 

firing, capacitor 1 discharges into the transformer winding, 
in order to maintain the required leg magnetomotive force, 

C Transformers 









and reverses its polarity, so that it has the correct po¬ 
larity to supply power to the output circuit, when it is 
again permitted to fire. 

The anode voltages during the period when the anode is 
not conducting (that is, the anode-to-cathode voltages) 
may also be found from the capacitor voltages. Tliey are 
shown by curves g and h. From curve g it will be noted 
that the primary anode operates essentially as an inverter, 
the anode having a negative voltage for a short time dur¬ 
ing the first part of the idle period, and then,-a positive 
voltage during the rest of the period. Also, from curve h, 
the secondary anode will be seen to operate essentially as 
a rectifier, having a negative voltage during most of the 
idle period and becoming positive shortly before conduc¬ 
tion. In other words, the constant current d-c trans¬ 
former is a unique combination of inverter and rectifier, 
which supplies its own commutating requirements. 

Voltage Relations 

The voltage: and current relations between the input and 
output sides of the constant-current d-c transformer may 
be readily derived if the capacitor current and voltage 
waves are determined by assiuning various values of pri¬ 
mary and secondary current. Referring to figures 1 and 
2, let 

Ip «= primary d-c current input 
Is == secondary d-c current output 
n «“ ratio pri-sec turns on transformer 
/ =• frequency of grid excitation (supplied by pilot generator) 

<x B angle of retard of primary anodes with respect to secondary 
anodes (degrees) 



The average d-c. component of the magnetomotive force 
on each leg of the transformer due to the anode ciurents is 
V«(Ii + is), where Ii is the magnetomotive force due to pri¬ 
mary anode ciurent Ip flowing in primary winding, that is, 
Ii — Ip times the number of primary turns, and h is the 
magnetomotive force due to secondary anode current I, 
flowing in secondary winding, that is, Ja = J, times the 
number of secondary turns = (/,/») times the number of 
primary turns. For simplicity the magnetomotive force 
may be expressed in terms of primary current, that is, Ji = 
JpandJa =/,/». 

In order to maintain the magnetomotive force on the 



transformer leg constant, the capacitor currents dtuing the 
successive intervals will have the values indicated on 
curve c of figure 2. 

Inasmuch as the capacitor current is constant during 
each interval due to the smoothing reactors in the input 
and output circuits, (if transformer magnetizing current is 



neglected) the capacitor voltage wave is of trapezoidal 
form during any interval and the change in capacitor volt¬ 
age during any interval is 



where 


t — duration of the interval expressed as a fraction of one cycle 
c = capacity of one capacitor 
i capacitor current 
/ = frequency of grid excitation 

Case I 

If it is assumed that the conducting periods of the pri¬ 
mary and secondary anodes connected to the same leg 
overlap, that is, if a is greater than zero and less than 120 
degrees, the capacitor voltages indicated on figure 2 curve 
(i win be ; 

^ [ —lOt + 2/j*] (1) 

~ [2Ii -|- 2Iz — 3Ji^] (2) 

e,^^{2Ii+2h-hk-m (3) 

Since the capacitor current wave must be such that y* edf 
over the cycle is zero, it follows that 

^0 “ ^ [fi +-Ti “ (4) 
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Figure 5. Oscillograms showing constant-current d-c trans¬ 
former current and voltage wave forms 

Curve A —Capacitor current Curve D —Capacitor voltage 

Curve B —Primary anode current Curve £—D-c Input voltage 

Curve C—Secondary anode current Curve F —D-c output voltage 


second, by changing the frequency; third, by changing 
the capacity; and fourth, by changing the transformer 
turn ratio between primary and secondary coils. 

The constant-current d-c transformer may be operated 
with any angle of grid retard of the primary anodes with 
respect to the secondary anodes between the values zero 
and 180 degrees. The relation between the primary volt¬ 
age and secondary current, as the angle of grid retard varies, 
is expressed by the functions (4jfe - and (3 — 2k), 
which are shown graphically on figure 3; with angles of 
grid retard at or near zero and 180 degrees, the secondary 
current becomes very large and is dose to infinity for 
all values of impressed voltage. The characteristics of the 
transformer-capacitor combination under these conditions 
will be described in connection with the constant potential 
d-c transformer. 

The effective values of the voltage and current appearing 
on the capacitors and transformer may be calculated from 
the relations indicated on figure 2, and the voltage equa¬ 
tions (1), (2), (3), and (4). The calculated sizes of the 
capacitors and transformer for various angles of grid re¬ 
tard are shown on figure 4. 

In the d-c transformer circuit, shown on figure 1, there 
exists a d-c component of magnetomotive force on each 
leg of the transformer core. This is apparent when it is 



The average value of both the input and output voltages 
may readfiy be calculated from these capacitor voltages. 
The average input voltage is then 


Bp 


[4* - 3A*] Jj 


18 cf 

and the average output voltage is 


4 


E, =- 

• 18 cf 

Case II 


[4k - 3**] Ji 


— [4k-8k»r-^ 
18 cf n 


(5) 


( 6 ) 


Ep 


and 


E, 


1 

18 c/ 


n 




(7) 


( 8 ) 


Figure 6. Com¬ 
mutation trans¬ 
former wave forms 


Similar expressions may be derived for the case where 
the conducting periods of the primary and secondary 
anodes do not overlap, that is, a is greater than 120 degrees 
and less than 180 degrees. The equations for the average 
input and output voltages when the anodes do not over¬ 
lap, are, respectively. 


These equations establish the voltage relations required 
for constant-potential-tb-constant-current transformation. 
From the above ejqpressions it will be noted that the rela¬ 
tion between the voltage input and the current output may 
be changed in four ways, namely; first, by changing the 
grid phase angle between primary and secondary anodes; 
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Figure 8. Constant-potential d-c transformer wave forms 


noted that all currents entering the unit from the input 
side and leaving on the output side flow through the trans¬ 
former coils in the same direction. This d-c component 
may be eliminated without altering the action of the trans¬ 
former, by suitably zig-zagging the transformer coils. 

Test Results 

A constant-current d-c transformer of approximately 
40rkw capacity has been tested in the factory. The tests 
were made with ^e d-c transformer connected to a con¬ 
stant-voltage source and the output current was used to 
drive a d-c motor. The output current was controlled by 
varying the frequency applied to the grids (speed control 
on pilot motor-generator set). The high output current 
required to start the motor was obtained by operating the 
transformer at a high grid frequency. As the motor 
up to speed, the grid frequency was reduced. The motor 
was held at any desired speed by varying the frequency of 
the grid control. On another test, the d-c transformer 
connections were reversed and it was forced to ptunp power 
back into the supply, that is, to regenerate. 

The constant-current relationship has been proved by 
these tests. Figures 5a and 56 are oscillograms of voltages 
and currents in various parts of the circuit. The dose 
agreement between the theoretical wave form, shown on 
figure 2, and the actual wave form, as determined by test, 
should be noted. 

The Constant-Potendal D-C Transfonner 


has already been described in connection with the con- r 

stant-current d-c transformer. In the case of the con- t' 

stant-potential transformer the transformer and capacitor 
combination is used to provide a commutating voltage and 
it will be referred to hereafter as the commutation trans¬ 
former. 

The commutation transformer consists of the trans¬ 
former and capadtor combination used in the constant- t 

current d-c transformer, with the angle of grid control be- 
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Figure 9. Oscillogram showing constant-potential d-c 
transformer current and voltage wave forms 

Curve A — ^Main transformer primary-coil voltage 
Curve 6—Primary anode current 
Curve C—^Secondary anode current 
Curve D — Primary anode-to-cathode voltage 
Curve E — ^Secondary anode-to-cathode voltage 
Curve F — Commutating-transformer coil voltage 

tween primary and secondary winding adjusted for dther 
zero or 180 degrees. The capacitor current and voltage 
rdations with angle of control equal to zero or 180 degrees 
are shown on figure 6. It should be noted that the ca¬ 
padtor voltage is directly proportional to the loa;d current, 
so that the commutation transformer will furnish the re¬ 
quired voltage at all loads to overcome the reactive volt¬ 
ages opposing transfer from winding to winding since these 


For many applications,; the constant-current charac¬ 
teristic is not suitable, and a d-c transformer having a con¬ 
stant-potential characteristic is required. A constant- 
potential d-c transformer may. be constructed by. making 
use of the transformer and capacitor combination, which 


reactive voltages arc proportional to the load. 

The scheniatic connection diagram of the constant- 
potential d-c transformer is shown on figure 7. Rd^rnng 
tp this diagram, the constaht-pptehtial d-c transformer 
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consists of (1) a 3-phase main transformer, having 2 pri¬ 
mary coils, 2 secondary coils, and tertiary coil on each 
phase; (2) a commutation transformer having a 3-legged 
core with 2 coils per phase; (3) 3 capacitors, one connected 
across each phase of the commutation transformer; (4) 
an interphase transformer; (5) 3 capacitors, one connected 
across each tertiary coil on the main transformer; (6) 2 
6-anode grid-controlled mercury-arc rectifiers, one con¬ 
nected to the primary windings of the main transformer 
and the other connected to the secondary windings of the 
main transformer. 

The constant-potential d-c transformer consists essen¬ 
tially of a 6-anode inverter supplying power to the pri¬ 
mary windings of the main transformer, and a 6-anode 
rectifier, receiving power from the secondary windings of 
the main transformer. The commutating voltage for 
transferring current from anode to anode on the inverter 
is supplied by the commutation transformer. The in¬ 
verter is caused to operate as 2 3-anode circuits by means 
of the interphase transformer. The magnetizing current 


from anode to anode, and permitting deionization of the 
main anode, following the conduction period. 

The voltage ratio of the constant-potential d-c trans¬ 
former is determined by the winding ratio between pri¬ 
mary and secondary coils on the main transformer. This 
voltage ratio is not susceptible to control by means of the 
grids, as in the case of the constant-current d-c transformer, 
and no control grids are required on the output rectifier. 

Test Results 

A constant-potential d-c transformer has been set up 
and tested in the factory, drawing power from a 500-volt 
d-c shop system, and driving a 250-volt d-c motor. The 
constant-potential d-c transformer was foimd to have a 
shunt voltage diaracteristic similar to that of an ordinary 
rectifier. 

Figure 9 shows an oscillogram of the voltage and current 
in various parts of the constant-potential d-c transformer 
circuit. 



Figure 10. Dia¬ 
gram showing al¬ 
ternative connec¬ 
tions for constant- 
current d-c trans¬ 
former 


A-C INPUT A-C INPUT 



Other Arrangements and Applications 

Various arr ang ements of the combination of 3-phase 
transformer and 3 capacitors forming the constant-current 



Figure 11. Circuits for changing constant-potential alternating 
current to constant-current direct current (single frequency) 

for the main transformer is supplied by the capacitors con¬ 
nected across the tertiary windings of the main trans¬ 
former. 

The operation of the constant-potential d-c transformer 
will best be understood by referring to figure 8, which 
shows the wave form in the d-c transformer circuit. On 
figure 8 curves a and 5 show the primary anode current 
and secondary anode-current wave forms, respectively. 
It will be noted that each anode carries current for ap¬ 
proximately 120 degrees. Curve c shows the transformer 
coil voltages on the different phases of the main trans¬ 
former. Curve d shows the voltage supplied by the com¬ 
mutation transformer for effecting the transfer of current 



d-c transformer are possible. Figure 10 shows an alterna¬ 
tive method of connecting the input side of the constant- 
current d-c transformer. This connection has been shown 
to have the same constant-current characteristic as that 
of figure 1. 

The constant-current d-c transformer circuit can also be 
used for oViang ing constant-potential alternating current 
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to constant-ciarrent direct current, that is, as a constant- 
current rectifier. Figure 11 shows 3 similar circuits of 
this type. In these circuits, the grids are excited at the 
same frequency as that of the a-c system. Figure 12 shows 
a circuit for changing constant-potential alternating cur¬ 
rent to constant-current direct current, in which the grids 
may be excited at a different frequency than that of the 
a-c system. The circuit shown in figures 11 and 12 may 
also be operated as inverters, that is, either changing con¬ 
stant-potential direct current to constant-current alter¬ 
nating current or changing constant-current direct current 
to constant-potential alternating current. 

Conclusions 

The general circuit and principles of operation which 
are described in this paper in connection with the constant- 
potential and constant-current d-c transformers, may also 
be applied to other rectifier circuits. Various arrange¬ 
ments of this general circuit utilizing a 3-phase transformer 
and 3 capacitors in combination with rectifier tubes, are 
possible. The new principles which have been described 
will undoubtedly prove useful in the development of ap¬ 
paratus for various reclifier applications, particularly 
those involving invertor operation. 

Reference 

1, Tbb DotBCT CmtSBirr Tsamsporbcbr TjTO.izmo Trvratron Tubbs, D. C. 
Prince. General Eleetrie Review, July 1928, page 346. 


Workers in New Chicago Building 
to Breathe Electrically Cleaned Air 

T BLAT many people are interested in air condi¬ 
tioning and its allied processes was evidenced by the 
wide discussion of a paper on ‘‘A New Electrostatic 
Precipitator” by G. W. Penney (A’26) at the 1937 winter 
convention (Electrical Engineering, volume 56, Janu¬ 
ary 1937, pages 159-63). That the principle of electro¬ 
static deansing of air has a large-scale practical use now 
has been demonstrated by the use of this method in dean- 
ing the entire air supply of the first 4 floors and lower 
arcade pf the new Fidd Building in Chicago, Ill. Located 
in Chicago's downtown loop area, where annually the dirt 
deposited from the atmosphere is said to average 1,000 
tons per square mile, the precipitators in this building 
supply more ^n 16 million cubic feet of deaned air per 
hour. . 

Dust partides so small that, they pass through any 
ordinary mechanical filter are readily removed by means 
of dectrostatic predpitation. By t^ process impurities 
are taken from the air not by sifting thdn out mechani¬ 
cally, but by charging the partides dectrically arid with¬ 


drawing them as they pass through an electrostatic fidd. 
The air is first ionized by passing it through a maze of 
grounded cylinders and fine wires; the wires, charged to a 
negative potential of 12,000 volts, are only 0.005 inch in 
diameter and of course cannot be seen in the photograph of 
the intake side of one of the Fidd Building predpitators 
shown on this page. After the soUd particles have been 
charged, the treated air next is drawn through a series of 
celb consisting of alternately spaced high-potential and 
grounded plates, the charged partides of impurities ad¬ 
here to the plates, and the air so freed of solid matter 
passes on through ducts that lead to the areas being 
served by the equipment. Each cell of the Chicago sys¬ 
tem contains 111 plates 8 by 9 inches in size, and nearly 
half a mile of the fine tungsten ionizing wire was used in 
the construction of the 369 cells. The high-potential 
precipitator plates are charged to a positive potential of 
5,000 volts. 

Partides having diameters smaller than 0.0025 inch 
pass readily through 200-mesh screens of mechanical 
filters. These partides ordinarily are invisible, except in 



rays of bright light, but are extremely coarse in comparison 
with the atmospheric dust particles that fih the air of a 
busy dty. The average solid particle in dgarette smoke 
has a diameter of only 0.0000039 inch. Enlarged 250,000 
times, the larger partides that pass through a ^OO-hiesh 
screen would be 50 feet in diamder; an average atmos¬ 
pheric dust partide would appe^ as big as a basebaU; 
but at the same magnification the average dgarette- 
smoke partide would be a little more than an inch in 
diameter, or slightly sinaller than a golf belli. 
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Abstract 

The method of circular loci is applied to the problem 
of 2 transformers operating in parallel. It is shown that 
with comparatively little computation the variation of 
current in either transformer or the ratio of the 2 cur¬ 
rents may be obtained as a function of the load impedance 
or the ratio of transformation. A numerical problem is 
given to illustrate a typical application. 

Introduction 

T he operation of 2 transformers in parallel 
imder ideal conditions assumes equal percentage 
resistances and reactances and equality of high-tension 
and low-tension voltages, neglecting excitation currents. 
Frequently it is necessary to cormect inparallel transformers 
which do not conform to the ideal requirements. It is 
then necessary to change the ratio of transformation of 
one of the transformers to prevent overloading. The 
problem of parallel operation of transformers has been 


present. This method is the only alternative to the labori¬ 
ous and time-consuming point-by-point solution of ex¬ 
pressions with complex co^cients. 

This paper develops the application of circular loci to 
the determination of currents and current ratios for the 
general case of 2 transformers connected in parallel. It is 
diown how, with comparatively little computation, a cir¬ 
cular locus may be plotted which gives directly the magm- 
tude and phase angle of the desired unknown as the vari¬ 
able passes through its complete range, from minus in¬ 
finity or zero to plus infinity. 

General Equations for Parallel Operation 

In figure 1 are shown 2 transformers, numbered 1 and 2, 
respectivdy, connected in parallel and supplying a load 
Zx,. The equivalent circuits of the transformers are as¬ 
sumed to be reduced to the low-tension side. The ex¬ 
citing admittances are considered to be negligible and the 
elements of the circuits are assumed to be linear. The 
load impedance, may have any phase angle and its 
magnitude may vary from short circuit to open circuit. 
The following symbols will be used throughout the paper: 



Fisure 1 h = current in low-tension winding of tmnsformer 1 

Jj = current in low-tension winding of transformer 2 

Iz, = load current in low-tension side 

Zi = equivalent impedance of transformer 1 referred to low-tension 

side 

Zi = equivalent impedance of transformer 2 referred to low-tension 

side 

V •= terminal voltage on lugh-tension side 

Fji = terminal voltage on low-tension side 

ki — ratio of transformation of transformer 1 
ki «= ratio of transformation of transformer 2 

ind uced voltage in low-tension winding 
ratio of transformation = induced voltage in high-tension winding 

Hie problem to be considered is the behavior of the 
individual transformer currents, Ji and Js, as Z* varies 
and the transformer ratios, ki and k^, remain constant; 
also the variation of transformer currerits when Z^ is fixed 
and one of the ratios, or fe, varies. ; 


treated by many investigators, references to several being 
given at tlie end of this paper.^"® 

When confronted simultaneously with several variables, 
jnyolved in paralld operation, such as load impedance, 
load power factor, tap position and internal impedance, 
the author has found the method of circular loci to be 
convenient and time saving for determining the variation 
of transformer currents as a function of any of the variably 


Writing the voltage drops in the 2 circuits 

f>liiniTiating the load voltage and current by the re¬ 
lationships: 

and Jx “ li +1* 

Zxt 

the equations may be solved for and Is giving 


A papor recommwded for publication by the AIEE committee on power trans¬ 
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Both expressions for current are linear in numerator and 
denominator with respect to all the circuit constants Zu 
Zi, Zi, ki, and 

The canonical form of a circle, written as a linear frac¬ 
tional transformation is 


« + gp 
7 + «P 


(3) 


Here 5 is a vector whose extremity follows a circle as the 
scalar variable p varies from minus to plus infinity and «, 
i 8,7,5 are complex constants.® 

It is evident that the transformer currents follow cir¬ 
cular loci when any one of the circuit constants be con¬ 
sidered as the variable, because in each case both numera¬ 
tor and denominator can be written in the form of a con¬ 
stant term plus a constant times the variable scalar, giv¬ 
ing thereby the equation of a circle. 

That the transformer currents follow circular lod could 
also have been realized immediately from the theorem of 
circularity for a general network which states: “that in a 
network containing any number of linear and bilateral 
self- and mutual-impedance elements connected in any 
manner, with constant sinusoidal electromotive forces of 
like frequency connected m any arm, all currents anH all 
voltages follow circular loci when any one impedance is 
varied along a straight line in the complex plane.”'^ Thus, 
if any one of the circuit impedances be considered to vary 
at constant power-factor both transformer currents will 
follow circular loci. 


Loci of Ii and L With Variable Z* 


With the load impedance assumed to be the variable 
the equation for Ii is written as 

j _ ~ \Zl\ 

Here the variable Zi has been put in the form 

Zx, « 1 Zi I as 1Z.Bl I Zz, I (5) 

where is the phase angle of Z^ and |Zi|is the magnitude 
of Zx,. In this way the scalar variable p of the canonical 
form becomes |Zj;|and the phase angle of Z^ becomes part 
of the complex constant d. 

The constants of the canonical form for Ii are then: 

ft = VkiZg 7 = ZiZi 1 

^ ~ ki)l Z6i, S as (Zi + Za)lZdx, i (6) 

P I Zl I J 

The invariant points, that is the values of h for izJ = 0 
and |Zt| = 00 are 

ki 

ii(o) = V — (short circuit) 

A 

(7) 

Ii(a>) — V -—(open circuit) 

+ Zi 

In the same manner the current in transformer 2 is 
written as 


a* y ~~ ~~ I Zi, I 

ZtZa (Zj -|- Z 2 ) 1 ZP£ ( Zi| 


( 8 ) 


The constants in this case are: 


ft =a VkaZt y « ZiZ* 

P “ “^(^1 •“ ki)l ZOz, S = (Zi H-ZjllZtfx 

P » I Zx I 

Hie invariant points are: 



f*(«) 


V IT (short circuit) 

Zi 




_ y ^ 
Zi + Zi 


(open circuit) 


( 10 ) 


The internal impedances Zi and Zj used in the equations 
riiould correspond to the particular transformer ratios ki 
and k 2 associated with them. In certain problems it is 
desired to study load sharing when either ratio ki or ks 
is changed. For a theoretically correct solution of such 
a problem it would be necessary to know the variation of 
internal impedance corresponding to each tap on the trans¬ 
former. If such data are available, the proper values of Zi 
and Zz appropriate to the particular tap positions being 
used should be ernployed in the equations. 

H the problem involves small changes in ratio from thp 
one pertaining to the value of internal impedance used in 
the equations, it is frequently permissable, for the degree 
of accuracy desired in the results, to consider the internal 
impedance a constant as the ratio is changed slightly. 

With this assumption the construction of a family of 
circles, considering the transformation ratio ki or h as 
the parameter, is greatly simplified. The ratios h and h 
occur only in the numerators of the expressions for trans¬ 
former currents. If, for the moment, the load impedance 
Zx and one of the ratios, as ki be assumed fixed, and the 
ratio h be assumed as the variable, the currents Ji and h 
will follow straight lines. For example, the current Ix 
in equation 1 may be expressed as 


J ^ yki{Zi -j- Zx) _ _ yZx _ 

ZiZa - 1 - (Zi -H Z»)Zx * ZjZj -f (Zi -f- Z2)Zi 
which is of the form a + ifes/S. 

This is a straight line with a linear scale in jfes, passing 
through the point a with an angle equal to the arg^ument 
of/J. 

Similarly the current Js in equation 2 may be regarded 
under the same conditions as 

-VhiZz. nZi+Zx) 

Z1Z2 -f- (Zi Za)Zx Z1Z2 H" (Zi + Zi)Zz, 

This is another straight line. In the same manner the 2 
equations for currents may be regrouped with respect to 
ki as the variable. These straight-line relationships 
facilitate the plotting of a family of circles with either 
transformer ratio as the parameter and the load impedance 
as the variable. For instance, 2 circles are drawn with the 
load impedance as the variable for 2 different values of kz. 
Points on these circles for equal values of Zx are then con¬ 
nected by straight lines. The interval of kz between such 
pairs of corresponding points may then be used as a scale 
of kz to spot points on circles for other values oiTiz. 

Tlie vector to the center of a circle is® 


aS — Py 

7i — ^7 
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in which the vinculum (~) indicates the conjungate of the 
vector to which it is attached. 

Substituting the constants given in equations 6 the 
center vector Ci to the center of the circle for It is 

Cl = i “ |^*iZj(Zi + Z,)l Z - - (fei - A*)l j (14) 

where 

Q * 2{,R'X^ - R*X') • 1 

ZiZa = R' •\-jX' \ (15) 

(Zi+Za)lZ0L = ie'+7^' J 

Similarly the center vector Ca to the center of the circular 
locus of h becomes 

Ca « i [ifea2i(Zt + Za)l Z -H + (fei - *a)l Z0j;(^a) j (16) 

It should be noted that both center vectors Ct and Ca 
are linear functions of kt and ki. Thus if the families of 
circles for It and Ja are drawn with Zj, as the variable and 
either ifei or Jfea as the parameter, the centers of the circles 
for both families will lie on straight lines whose equations 
are Ct and CTa, respectively. Furthermore the distances 
between the centers of the circles will be proportional to 
the increments of the parameter or fe. 

The radius of a circle is given by the expression® 

(17) 

— 'yS I 

Substituting the transformer constants into the above 
equation, the radius for the locus of Ij is 


Similarly the radius Rt for the locus of h is 
vz 

» -y lUki - jfe*) + fe(Zi + Za)] (19) 

The expressions for the 2 radii Rt and Ri are likewise linear 
with respect to kt and Jh. Thus if the radii of 2 circles for 
different values of transformer ratio are known, the dif¬ 
ference between these 2 radii may be used as a linear scale 
for obtaining radii for other values of transformer ratio. 

Hence, to obtain a plot of a family of circles of trans¬ 
former current with variable load impedance and one of 
the transformer ratios as the parameter, it is necessary to 
employ the anatytical expression for only 2 of the circles; 
the linear relationships between corresponding points on 
different circles and between the centers of the circles 
suffice to locate other circles and points thereon, for any 
desired values of kt or 

A circular locus may be determined by calculating 3 
points on its periphery from the analytical expression or by 
computing the center vector and the radius. The 3- 
point method generally involves less computation because 
2 of the points used for location are the invariant points 
which reduce the egression from the quotient of the sums 
of 2 complex terms to a quotient of 2 complex terms only. 
For the third point any convenient value of Zj, may be 
chosen. In this manner the entire anal 3 rtical expression 
need be used only once, namely, for the calculation of 
the third point. 

The third point is also used in conjunction with the 
invariant points for the determination of the linear scale 
line. This scale line is any line drawn perpendicular to the 
line joining the center of the circle and the point on the 
circle corresponding to the open-circuit point. The 
intersections of the scale line, drawn in this manner, with 
I jnpp joining points on the circle at which is known and 
the open-circuit point, determine a linear scale of on the 
scale line. Any chord then drawn through the open-circuit 
point and intersecting the scale line, connects correspond¬ 
ing points of Zi on the scale line and on the circle. 

If, for example, it is desired to plot a family of circles of 
It with the ratio of the transformer 2, fe, as the parameter, 
the 3-point method is employed to locate 2 circles for 2 
differMit values of h’ The center vectors and the radii 
of these circles may be computed to check the results. 
Scale lines are then drawn for both circles and as ihany 
points of It as desired are spotted on the 2 circles. Corre¬ 
sponding points of Ji (for equal values of ZJ are then 
joined with straight lines. The intervals on the connectr 
ing lines are then linearly subdivided to form a convenient 
scale of ki. These scales are then projected at both ends 
of the connecting lines, thereby giving points on other 
circles for the same values of Z^. A straight line through 
the centers of the 2 circles is similarly subdivided and ex¬ 
tended with a scale oi kz thus locating the center points of 
circles for other values oih. • ^ 

With h as the parameter of the It circles, the short-cir¬ 
cuit point L Ii((() - Ffei/Zi is common to all the circles and 

the open-circuit point follows the strdght line, 




[Zxiki - fe) - fti(Zi -h Z,)] 


( 18 ) Il(co) 


V h -Jj. 
Zi + z* 
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Table I. Equations and Constants for Division of Currents Between 2 Transformers Operating in Parallel 


Coadltions 

Variation of Ii and It with Zt; hi and ki Constant 

Equation 

hZt + {ki-kinzoL\ZL\ 

kiZt — (fei - Aa)l Zflx 1 Zi 1 

^ ^ ZiZi + (Xi + z,)iZeL 1 Zl I 

ZiZi + (Zl + Zi)l Zfli 1 Zi 1 

Locus 

Circle 

Circle 

Circle constants 
and invariant points 

« - VkiZi , ^ ^ Vki 

fi - V{fe - kt)lZBL 

y «* ZiZi t. u 

S ~ CZi + ZtnZOL ~ 

P ^\Zl\ ^Zi-^^Zi 

« - VktZt ki 

m -v(fti _ kt)iz.eL ^ V, 

7 “ ZiZt * 

i “ (Zl -i- ZtUZdi 2 / s- ykt kt 

P - 1 Zi 1 ^Zl + Zt 

Denominator 
constants for center 
and radius 

Let ZiZi = Jt' -1- jX'; Let {Zi -F 2*11 Z Si - R* + jX^; 

Let Q - - X*R*) 

Radius 

1 ^ iZiiki - fe) - fti(2i + Zt)] 1 

1 {Zt{ki — fci) -|- ^(Zi -f- Zl)] 1 

Center vector 

^ [*i2i(2i -1- 2t)lZ -Si - (ki- kiilZeLiZiZii] 

~ IfeiZi(Zi -h Zi)l Z -6l + (fe - fe)l Z 

Definitions 

Zl a equ. ohmic imp. of Trans. 1, referred to L. T. side 

Zt -• equ. ohmic imp. of Trans. 2, referred to L. T. side 

Zx, load imp. in ohms, in L. T. side 

9l, « phase angle of Zz, 

\ Zi,\ -i magnitude of Zx 

Ii current in L. T. wdg. of Trans. 1 

It ■■ current in L. T. wdg. of Trans. 2 

ki » ratio of transformation of Trans. 1 Equation of a circle 

kt B ratio of transformation of Trans. 2 „ a + fip 

Ratio of transformation - '"**«■ ” 7 + «P 

Ind. voltage in H. T. wdg. 

/i load current “ Ji -|- It vinculum (“) represents conjugate 

V terminal voltage on H. T. side 


A family of h circles with either transformer ratio as the 
parameter is constructed similarly. It should be observed 
that if ^2 betaken as the parameter, occurring in both in¬ 
variant points of iii (see equation 10), the short-circuit 
point follows the line / 2 ( 0 ) = Vk^IZi and the open-circuit 
point follows the line 


J2(») = -7 




Zi H- Zi 


Although any values of ki or ht may be used to obtain a 
family of Ii and 1% circles, it should be remembered that the 

circles used for final results should not pertain to values Numerical Example 
of k\ or ^2 far enough away from the values of these ratios 
which apply to the internal impedances used in the para-, 
metric expressions of the circles, to vitiate the approxima¬ 
tion that the internal impedances remain constant. Other¬ 
wise it is not possible to draw a family of curves as de¬ 
scribed above and a separate expression must be set up for 
each circle with values of Zi and Z 2 corresponding to the 
particular values of ifei and ife 2 desired. 

If the expressions for 7i and h, equations 1 and 2, be 
divided one by the other, a convenient relationship for the 
ratio of load currents/j/Z 2 results. This is 


out in the same manner as indicated for the individual 
lociof Ji and J 2 . 

For convenience in reference the various equations and 
constants necessary for the cases treated above have been 
grouped together in chart form and tabulated in table I. 

With the analysis, that has just been presented, the 
engineer has at his disposal a complete set of equations 
which permits ready plotting of the currents or current 
ratios for parallel transformer operation, as a function of 
any of the variables encountered in practice. 


To illustrate the application of this method to a typical 
problem, the circular loci of Jj and J 2 will be determined for 
the foUowring 2 transformers: 


Transformer 1 


Transformer 2 


High-tension terminal 

voltage... 

Low-tension terminal 
voltage at open cir¬ 
cuit.... 

Rating............,.. 


33,000 volts....... 33,000 volts 


A ^ kiZj 4* (Jti — 

Ji ■ hiZi — (^1 *-■ kt)Zz, 


( 20 ) 


This equation is linear in both numerator and d^noniina- 
tor with reject to all variable and therefore follows a cir¬ 
cular locus with ^ 1 , or ^2 considered as the variable. 
The constructiph of the circular loci of I 1 /I 2 may be carried 


Rated low-side current. 
Percentage leakage re¬ 
actance._ ....... 

Percentage resistance.. 
Percentage impedance . 
Equivalent impedance 
reduced to low side.. 

Ttansformer ratio k.,. 


6,600 volts.... 
3,000 kva..... 
455 amperes. 

12 per cent. 
2 per cent. 
12.2 per cent. 


6,600 volts 
1,500 kva 
3,000 kva 
227.5 amperes 

5 p^c^t 
1 per cent 
6.1 per cent 
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The load will be taken at unity power factor. Then Z. = 

1^0° |ZJ 

ZiZi = -2.44 +J0.926 » 2.61 Z 169.2“ 

Zi + Za = 0.6806 +i3.196 = 3.24 Z79.7“ 

The loci of the individual transformer currents will be 
obtained for the ratios ki = kz = 0.2 as given above. The 
ratio of 0.2 wlU be considered as 100 per cent. To indi¬ 



cate how readily a family of circles can be plotted with the 
assumption that the change in internal impedance may be 
neglected for small changes in ratio, the ratio h will be 
kept constant and the ratio ^ will be treated as a pa¬ 
rameter for the family. The high-tension terminal voltage 
F wiU be taken as the reference vector throughout. 

Locus of Ii 

Inserting the constants into equation 4 the current Ii 
in transformer 1 becomes 


case will be taken at Z^ = 1 ohm. The 2 sets of points 
for the circles are as shown in table II. 

The 2 circles as determined by these points are drawn 
in figure 2. Straight lines are drawn connecting points 
of equal load impedance on the 2 circles. The intervals 
on these lines are used as scales for locating corresponding 
points on circles for k 2 = 95, 105, and 110 per cent. A 
straight line is drawn through the center points and the in¬ 
terval on this line is employed as a scale for obtaining the 
centers of the other circles. A scale line is drawn for the 


Table Ii 



Ii Amperes 

Zi 

ks 90 Per Cent 

ka »• 100 Per Cent 

0. 

1. 

.. 

.3,780Z- 80.6“. 

.2,196Z- 89.4*..., 

.208.6Z- 79,7“.... 

.3,730Z - 80.6“ 

.2,lflOZ- 36.6“ 

..._0 

90-per-cent cirde. 

The value of Ji, in magnitude and 


phase, for any value of Z^, is obtained by placing a straight 
edge on the infinity pomt and the desired value of Z^, on 
the scale line. The intersection of the straight edge with 
the circle is then the extremity of the vector Ji for the 
particular value of Z^,. A similar scale line may be drawn 
for another cude and points of Ii for various values of Z^ 
spotted on it. Straight lines connecting corresponding 
points on these circles suffice to locate corresponding points 
of Ii on the other circles. Such lines are shown for Z^ 
= 5 and 10 ohms. A scale line was drawn for the 110- 
per-cent circle for this purpose, but it is omitted in the 
figure for the sake of clarity. 

To verify the construction the center vectors and the 
radii of the 2 circles may be calculated. From equations 
15 the constant 0 is 

Q = 2[-3.195 X 2.44 -,0.926 X 0.6806] = -16.7 (22) 

The center vectors are then computed from equation 14 
which gives 

^ . SWr Q 2(0.289 +il.46)(0.6806 -J3.196) - 
-16.7|_ -1 

(0.2-fe)(-2.44-i0.926) (23) 

when ki “ 0.18 (90 per cent), Ci =» 1,990 Z — 89.9“ 
when kt = 0.20 (100 per cent), Ci = 1,890 Z 91.0“ 

From equation 18 the expression for the radius becomes 

^ ^ 33,000 X 1.4g r ggjg + ji.746)(0.2 - fe) “ 

16.7 L 11 

0.2(0.5806 -fi3.196) (24) 

when ki » 0.18 (90 per cent), Ri “ 1,795 
when jfes = 0.20 (100 per cent), i?x «= 1,890 


^ ^ 0.2(0.289 -h jl.45) -Kb.2 h) \Zl\ 

h « 33,000 -]-i0,926) -h (0.6805 + j3.195) | Zt] 

Twp circles will be determined, for ^2 = 0.18 and 0.20, that 
is for ratios of 90 and 100 per cent, respectively, for trans¬ 
former 2. The drdes will be plotted by obtaining ^e in¬ 
variant points and one other point on each, which in this 


Locus of li 

Under the same conditions, using equa.tion 8 the cur¬ 
rent I 2 in transformer 2 becomes 

ife,(0.2916 +il.745) - (0.2 - fe) I | _ W) 
J, - 33,000 +j0.926) + (0.6805 + i3J96) | Zl\ 
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The same 3 points on the 2 circles for different ratios ht 
are as shown in table III. 

These circles are plotted in figure 3. Connecting lines 
are drawn through equal values of Zj, to obtain correspond¬ 
ing points on circles for other values of jfea. A scale line 
is shown for the 90-per-cent circle. Points are indicated 


Table III 


L (Amperes) 


90 Per Cent 


ki » 100 Per Cent 


0.4,0262 -78.7®.4,470Z -78.7* 

1.2,3102 -80.2®.2,6902-83.8* 

<».208.6 2 100.8®.0 


on the circles of 1% for = 96, 106, and 110 per cent, but 
only the llO-per-cfent circle is drawn in. 

The center vectors in this case from equation 16 are: 

33,000r 

Cs ^ A,(0.2916 +il.746)(0.6805 -j3.196) + 

(0.2 - jfei)(-2,44-i3.196) 

when ki — 0.18 (90 per cent), Ct = 1,960 2 —90.2® 
when ki = 0.20 (100 per cent), C* « 2,270 2 —89.2® 



The radii are obtained from equation 19 which gives 


i,000 X 1.77 r 
-16.7 L 


289 il.46)(0.2 - ki) -I- 


*4(0.5805 -1- jZ 


when ki => 0.18 (90 per cent), Ri =« 2,160 
when ki — 0,20 (100 per cent), Ri = 2,270 


/3.195)J 
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engineering that the electrical engineer must be familiar 
with mechanical matters, and, vice versa, the mechanical 
engineer should know considerable about electrical mat¬ 
ters. Even in nonelectrical industries, the design of 
machinery includes application of electric motors and 
control. Because electrical engineering is recognized as a 
separate branch, the fact is sometimes overlooked that the 
design and manufacture of electrical apparatus involve to 
a large degree work designated as mechanical engineering. 
For example, after an electrical engineer has decided on 
the size and lype of punchings and windings to give the 
proper magnetic-flux distribution and the insulation and 
electrostatic shields to give the proper distribution of 
electric potential, someone must do the mechanical engi¬ 
neering involved in designing the supporting structure, 
determining the heat transfer, the fluid flow of the cooling 
media, the lubrication, and similar factors. Furthermore, 
factory processes for construction of the apparatus are 
also purely mechanical. 

Electrical apparatus is seldom used alone. It is either 
driven by mechanical apparatus or it drives or controls 
some other machinery. The electrical manufacturer, 
therefore, must have application engineering departments 
to study and sales departments to keep in touch with the 
mechanical industries, so that he can make proper recom¬ 
mendations with regard to the application of electric 
equipment in those industries. 

The variety of mechanical engineering engaged in by 
an electrical company extends from the design and manu¬ 
facture of kitchen mixers, clothes washers, dishwashers, 
and other household appliances to the design and con¬ 
struction of locomotives and large steam turbines. 
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Mechanical Engineering in the Electrical 
Industry 

pROBABLY no other industry in the world offers the 
* variety and scope for mechanical engineering that 
the electrical business does, according to the article “The 
Young Mechanical Engineer in the Electrical Industry,” 
by A. R. Stevenson, Jr. (A’20) and E. E, Pmker, which 
was published in Mechanical Engineering for October 1937, 
pages 726-31. 

Electrical engineering is so interwoven with mechanical 


Switchgear and industrial-control apparatus, although 
nominaJly classed as electrical apparatus, depend for their 
success largely upon the mechanical design of the parts. 
For instance, in the mechanism for a 287-kv circuit 
breaker for Boulder Dam service, compressed springs re¬ 
lease a force of 24,000 pounds in 0.01 second when the 
circuit breaker is tripped, and the mechanism develops 
approximately 300 horsepower for 0.06 second during 
interruption of a circuit. These springs are compressed 
by a motor and are released by an electrical impulse; 
otherwise, the circuit-breaker mechanism is completely a 
mechanical-engineering job. 

Most electrical manufacturers also produce a variety of 
related equipment which is purely mechanical in nature, 
having been forced to do this to develop the electrical 
industry to its fullest capabilities. For instance, steam- 
driven electric generators were limited to about 6,000 
horsepower in size because of the lack of a suitable prime 
mover to drive them until the electrical industry developed 
steam turbines that could be made in larger sizes. It is 
the electrical industry that has pioneered the development 
of the steam turbine from a few hundred to many thousand 
horsepower. Development work on the mercury-steam 
binary cycle has been carried on entirely by an electrical 
manufacturer in co-operation with several electrical 
utilities. This project includes development not only of 
turbines to operate with mercury vapor but also mercury 
boilers and condmsers. 
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Unsymmetrical Short Circuits on Water-Wheel Generators 

Under Capacitive Loading 


By C. F. WAGNER 

MEMBER AIEE 


W rATER-WHEEL GENERATORS without dam¬ 
per windings under capacitive load may have 
abnormally high voltages developed across their 
terminals at limes of unsymmetrical short circuits. These 
voltages are due to 2 causes. First, the difference in per¬ 
meance of the magnetic circuit in the direct and quadra¬ 
ture axes produces, under unsymmetrical short circuits, 
distorted voltages which have high peak values even if 
there is no capacitance connected to the machine. Sec¬ 
ond, the capacitance of the line and the reactance of the 
machine resonate or partially resonate^and produce stiU 
greater distortion of the voltages on the sound phase. 
The phenomenon associated with single-phase short cir¬ 
cuits with no coiiiiected capacitive load, has been analyzed 
by Doherty and Nickle.' The present paper is concerned 
with the effect of the capacitive load and an analysis of the 
factors involved in this phenomenon. Consideration is 
given to the system conditions under which these harmful 
voltages may arise and the remedial measures which may 
be applied for their elimination. 

The practical value of this investigation arises from the 
damage that might occur to system insulation or the 
destruction of lightning aitesters that might ensue if such 
voltages are permitted to exist. As a matter of interest, 
the problem was first drawn quite forcibly to our attention 
by the destruction of an arrester in the field, the circum¬ 
stances having beeq such as to present incontrovertible 
proof that the failure was due to the presence of excessively 
high sustained voltages; .conditions which arresters are 
hot expected to withstand. Relay tests were being made 
on an unloaded transmission line connected through a 
transformer to a synchronous generator without damper 
windings. Upon the application of a line-to-line short 
circuit the arrester failed. In a repeat test the arresters 
were removed and the line-to-ground voltages were meas¬ 
ured and found to be of such magnitude as to account for 
the arrester failure. It is quite probable that other arres¬ 
ter failures, previously attributed to lightning or other 
causes, can also be explained on this basis. 

The body of the paper is concerned with an oscillo¬ 
graphic study of the factors involved in the general prob¬ 
lem and' the appendix wi'th an analytical study of "the 
tA rtninfll voltages whicfi appear for a terminal-to-terminal 
short circuit on a generator undo: capacitive load. 

Nature of Plienonienon 

In order to form a preliminary idea of the nature of the 
phenomenon, a terminal-to-terminal short circuit and a 
capaci'tive load were simul'taneously applied to a 100-l^a 
2,300-volt generator without damper windings operating 


at half rated voltage. Oscillograms were taken of the 
voltage from the shorted phases to the sound phase. As 
sho'wn in the appendix from theoretical considerations, 
resonating points are encountered as the capacitive load 
is progressively decreased from a large value. If the re¬ 
actance to neutral of the capacitance load at fundamental 
frequency is denoted by and the reactances of "the gen¬ 
erator to neutral in the direct and quadrature axes are 
denoted by x^' and x^, respectively, t hen re sonating points 
are reached when the quantity xJs/xiX^ is equal to 
where n may be any odd integer. Oscil logram s are shown 
in figure 1 for a wide variation of xj^XaX^. Beginning 

with (a) it will be observed that the voltage consists of a 
fundamental component with a pronounced thj*d har¬ 
monic. As xJ's/xiXf increases the fundammtal de¬ 
creases and the third harmonic increases, until a maximum 
deflection, as compared with the no-load value before the 
short circuit, is reached in oscillogram (e). This oscillo¬ 
gram has a value of xj \/ x^x^ of 8.65 which does not 
correspond exactly to the ■theoretical value of 9. How¬ 
ever, the computed value was based upon values of x^ 
and Xg for normal frequency and rated current. Actually 
Xi and x^ may not be regarded as constant. In figure 2 
and x^ are plotted as functions of frequency for con¬ 
stant current and in figure 3, as a function of current for 
rated frequency. The root-mean-square value of the 
^ort-circuit current of figure le varies with time but is of 
the order of 1.2 to 1.4 per unit.* If it .’s assumed that the 
current is 1.25 per unit and that the reactances at this 
current vary in the same proportion as for the smal ler cu r- 
rents in figure 2 then the corrected value of xj\/xax^ is 
9.1. This constitutes a very close check upon the theory. 

As xJy/xTxj is further increased the third harmonic 
becomes smaller and the fifth harmonic larger. This is 
progressively iUus'trated until oscillograms (y) (^) 

reached. Resonance occurs between these 2 oscillograms 
at a value somewhat smaller than the theoretical value 
of 25. Continuing still further, the seventh harmonic 
reaches a maximum in oscillogram (o). The vpltage re- 
S'ul'ting for a tpi tn in a.1- tn-te rm inal short curciii't" with no 
connected capacity is shown in (g). Theoretically, of 
course, if the resistance is negligible the voltage for the 
different resonating points should be infinitely large. Actu- 

A paper recommended for publication by the AIEE_ comimttees on decto^ 
machinery tmd power generation. Manuscript submitted June 10, 1937; 
released for publication September 16, 1937. 

Waonbr is central station engineer with the 'Westinghouse Electric & 
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the curves showing the comparison between test and analytical results. 

1. For all numbered references, see list at end of paper. 

♦ In this paper the per-unit system is used in designating the machine con¬ 
stants. 
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Figure 1. Effect upon the terminal voltage b( yarying the thunt capMcitiye ^ when a terminalrto-terminal short 

circuit is applied to a iiiei^me w|thoijrt'|iiib|^ windings 
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ally the resistance limits the magnitude to which the 
voltage rises, its effect increasing as the frequency in¬ 
creases. The truth of this statement is borne out by the 
curves of resistance for the 2 axes plotted in figure 2. 
These values were obtained by applying single-phase po¬ 
tential of variable frequency across 2 terminals of the 
machines with the rotor stationary as is done in the con¬ 
ventional method for determining and . The 
resistance components of the impedances in the 2 axes 
are indicated as rj' and r^”. It will be observed that 
for the seventh harmonic is 0.68 and is 0.17, values 
sufficiently high to significantly limit the voltages for reso¬ 
nance at this frequency. The curves of figure 2 were 
taken at the small currents indicated because of limitations 


Xa HEOUCEO TO 60-CYCLE 
PBASIS FOR 0.023 PER " 
/UNIT CURRENT 


ran FOR 0.023 PER 

■ ^ UNIT current; 


Figure 2. Varia¬ 
tion of Xd'/ Xq, 
rad", and raq" 
with frequency 

100-kva 2,300-volt 
machine without 
damper winding 


Xa REDUCED TO 60-CYCLE 
BASIS FOR 0.035 PER - 
I / UNIT CURRENT, 


FOR 0.035 PER 
' UNIT CURRENT 


FREQUENCY-CYCLES PER SECOND 


in the power of the source. The general ^ect of resist¬ 
ances will be discussed further in the appendix. ^ 

It will be observed that under certain conditions an 
initial transient of quite high value is present* This 
usually occurs at even harmonic 

as evidenced by oscillograms (fi), W- 

The point of greatest significance in connection with th^e 
oscillograms is that the maximum voltages occur for 
resonant conditions near the third and fif^ ha^onic^^ 

In order to orient one’s self with regard to the l^gth of 
line involved in tliese considerations, the figure m milw 
which appears above each oscillogram represente approxi¬ 
mately the length of single circuit 66-kv or 220-kv trans¬ 
mission line which, with a generator having the 
istics of the one used in the test, is required to satisfy the 

Jven value of ^ ^^00 

S by assuming a generator capacity of 25»000 Ij^a, 75,000 

kva, and 200,000 kva for a 66 kv, 132 kv, ^d 220 kv, re¬ 
spectively. For smaUer machines the length will decrease 

in proportion. 


Effect of Parallel Machines 
Having Damper Windings 

In practice water-wheel generators are usually paralleled 
with machines having damper windings or their equivalent, 
that is, the generator may feed power over a line into a sys¬ 
tem which includes turbogenerators or, again, synchronous 
condensers may be connected to the system at the receiv¬ 
ing end of the line. Under what conditions then may 
these harmful voltages appear and to what extent do 
parallel machines hold these voltages down? If upon the 
inception of a fault upon a single-circuit transmission line 
to which a generator without damper windings is con¬ 
nected, the breaker at the end remote from the generator 
opens first, then the condition prevails under which it is 
known these abnormal voltages can exist, namely, an es¬ 
sentially capacitive load connected to a machine without 
damper windings. This condition will persist until the 
breaker at the supply end is opened. During the interval 
while both breakers are closed, the machines with damper 
windings reduce the maximum voltages. If the line in¬ 
volved is a 2-circuit line, then opening the breaker at the 
receiving end of one line does not open the tie between the 
2 ends of the system and the dangerous condition of having 
an open line tied to a generator cannot exist unless the 

second breaker at the receiving end is opened. 

The extent to which connected machines with damper 
windings are effective is illustrated in figure 4. The sche¬ 
matic diagram shows the arrangement of the test equip¬ 
ment which represents a transmission system in nainiature. 
Machine 1 is a generator without damper windings and 
machine 2 is a generator with end-connected copper damper 
windings. The intervening transmission line is representa¬ 
tive of a 100-mile single-circuit line. Oscillogram (6) 
shows the phase-to-ground voltage for a phase-to-phase 
short circuit on the left-hand side of the line and oscillo¬ 
gram (a) the same voltage for the condition in which ma¬ 
chine 2 is not connected to the line. The calibration of 
the oscilloKraph elements was not the same in these 2 cases, 
hnt ly comparing the deflections with the no-load volt- 
ages before the short circuit it may be seen that the pres¬ 
ence of the machine with copper dampers reduces the peak 
a voltages to 68 per cent. In taking oscillogram (a) the 
s series reactance (70.47) was not in the circuit but its omis- 
sion will not change the conclusions. The significant 
) factor is that the harmonics are suppressed to a very great 
;e extent. Oscillograms {c) and (d) were taken under con- 


Figure 3. Varia¬ 
tion of Xd' and Xq 
as a function of 
current 

100-kva 2,300-volt 
machine without 
damper windings 
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Figure 5. Effect of pure reactance load 




lA, A*' 


Figure 4. Effect of paralleling machine having a copper 
damper winding with a machine haying no damjaer winding 

Oscillograms show voltage of phase havins maximum voltage 

(a) Phase-to-phase short circuit; machine 2 not connected 
(o) Phase-to-phase short circuit; machine 2 connected 

(c) Phase-to-neutral short circuit; machine 2 not connected 

(d) Phase-to-neutral short circuit; machine 2 connected 


tests were made on a 100-kva generator loaded with capaci¬ 
tors through a delta-star transformer. The capacitance 
was equal to 8.85 per unit and approximates the lengths of; 
single-circuit line given in the last column of table I. It 
must be borne in mind that a capacitor is not strictly analo- 
. gous in characteristics to a transmission line, especiall}?- 
at the higher frequencies, but it is sufficiently representa¬ 
tive for the purpose in hand. Loads of different character 
were then applied to the line side of the transformer. 

Pitre Reactance 

Figure 6 shows the results of tests made with essentially^ 
pure reactance loads. To preclude the need for obtaining; 
3-phase reactors the load in the form of a single reactor 
was applied simultaneously with a phase-to-phase short 
circuit on the line. The capacitors were connected at the 
same time. The line-to-ground voltage of the unshorted, 
phase on the load side of the transformer is shown by the 
oscillograms for reactor values equivalent to steady-state 
loads of 0, 11, 18, and 32 per cent of rated values. The 
reactor loading over the entire range has little if any effect, 
upon the magnitude of these voltages or in suppressing^ 
harmonics unless very near a resonance point in which case 
the reactor would dissonate or detune the circuit. Thua 
the reactive load merely changes the resonating points. 
Of course, as the load reactance is still further decreased 
the voltage will decrease, approaching zero as the load re¬ 
actance approaches zero. 


ditions identical to (<i) and (b), respectively, except that 
the fault was a line-to-neutral short circuit. For shorter 
transmission lines or any case in which there is less react¬ 
ance between the machines, the damper windings will be 
still more effective in limiting the ^cessive voltages. 

Effect of Load 

The question naturally arises as to the effect of con¬ 
nected load in suppressing the harmonics associated with 
these voltages. If load is taken from the generator end of 
a transmission line will a short circuit on an open-ended 
transmission line connected to the bus result in smaller 
voltages than if the load were absent? Oscillographic 


GENERATOR 

WITHOUT 

DAMPER 

WINDING 


LOCArioN I 

SI y 

jo.47 


GENERATOR 
WITH COPPER 
* DAMPER 
WINDING 


100 KVA 
2300 VOLT 
x;j=4a26 
Xqs: JO.58 


100 KVA 
2300 VOLT 
XcJ=jO.I44 
Xq=j 0.155 
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The lower 3 oscillograms give verifying results for phase- 
to-neutral short circuits. 




Damper Windings 


It is shown in the appendix that for a terminal-to-ter- 
tninal short circuit on an unloaded machine without damper 
windings the voltage from the sound phase to the shorted 
pVipgpg rtin be resolved into odd and even harmonics. 
The even harmonics, including the zero’th, decay quite 
rapidly (within a few cycles if several per cent resistance, 
representative of that in a transmission line, is inserted 
in the armature circuit) and the odd harmonics more 
slowly. The crest value of the sum of the odd harmonics 
just ^ter short circuit is equal to times the 

crest of the normal line-to-neutral voltage. For a ma¬ 
chine with damper windings this multiplying factor is 
Thus the crest voltages, neglecting the 
rapidly deca 3 dng even harmonics, increase proportionately 


Fisurc 6. Effect of pure resistance load 


Pure Resistance 

Pure resistance load, on the other hand, becomes quite 
effective in reducing the voltage of the sound phase as may 
be evidenced by the oscillograms of figure 6. A load of 
34 per cent reduced the sound phase voltage to about 65 
per cent of the voltage for the no-load condition. 


Induction Motor 




fa PER..CENJ-.: 


CE«T, 


An in duction-motor load of equal kilovolt-amperes is 
stiU more effective in reducing the peak voltages than is a 
pure resistance load. The upper 3 curves of figure 7 
^ow the effect upon the sound phase-to-neutral voltage 
on the load side of the transformer as a phase-to-phase 
short circuit, the capacitor load, and an induction-motor 
load of 0, 12.2, and 49 per cent, respectively, are simul¬ 
taneously applied to the 100-kva generator. A 25-horse¬ 
power induction motor was used for this purpose, ^e 
generator being operated at half voltage and the induction 
motor at such voltages, by means of transformers, as to 
produce an impedance equivalent to the loads indented. 
The induction motors were unloaded. By comparing the 
oscillogram voltages with the values before the ^ short 
circuit, it will be seen that induction motors are quite ef¬ 
fective in reducing these abnormal voltages. This is due 
to the lower impedance for the harmonics than that pos¬ 
sessed by a proportionate pure reactance load. 


VA KtH VtINJ 




Figure 7. Effect of induction-motor load 
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PHASE-TO-PHASE SHORT CIRCUIT 
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NONGONNECTED COPPER OAMPEJI^! 


a nonconnected damper winding. The constants of the 
machines are given in table II. Each of the machines 
was in turn connected through a delta-wye bank of 3 37Vs- 
kva transformers to a capacitive load consisting of capaci- 
tore connected from the phase wires to the neutral point 
of the transformer secondary. The capacitors were of 
such magnitude to simulate the line lengths represented in 
table I. 

The specific tests consisted of phase-to-phase and phase- 
to-neutral short circuits, the results of which are shown by 
the oscillograph study of figure 8. It will be observed 
that for both kinds of short circuits, the voltages are re¬ 
duced considerably by the presence of connected dam¬ 
pers, whether they be of the low-resistance (copper) 
type or the high-resistance (Everdur) type. To this ex¬ 
tent the surmise is borne out that the ratio x"lx/ 






PHASE-TO-NEUTRAL. .SHORT CIRCUIT 


IA ^ i ’ 




' ' ' ‘ ' f. * 

A A. .A 

‘ A ,1 

' ' ' 1 ■' 1 r 1 

1 ! 

‘ , ? M 

fv :..^ 

i ■ '1 

‘ * . f * 

, 5: ; . i . i 

A A A A A A A A 

( ' i' 


Figure 9. Terminal-to-terminal voltage across sound phase 
for simultaneous application of terminal-to-terminal short 
circuit and capacitor load for a machine with nonconnected 
copper damper windings 

Circuit near third harmonic resonance 


CONNECT: Hl6Hr«RiglS^ 




Figure 8. Effect of damper windings 


:o the ratio for machines without damper wrind- 
ings and to the ratio x” jx^ for machines with damper 
windings. One would expect also that the abnormal 
voltages encountered under capacitive loading might also 

vary with or 

Tests were made on 3 100-kVa synchronous generators 
that were identical except as to damper windings. One 
of the machines had no damper windings, one a copper 
damper, and the other an Everdur* or high-resistance 
damper. In addition, the tests were repeated with the 
machine with copper dampers after the end straps had 
been insulated between poles thus constituting in effect 

* The conductivity of Everdur is approximately 6 per cent. 


constitutes a rough measiure of the distortion one might 
expect. In oscillograms (a) and (e), the combination of 
machine reactance and line capacitance is such as to be 
near the resonance point for the fifth harmonic but with the 
decrease in machine reactance occasioned by the copper 
damper (the line capacitance remaining the same) the 
resonance point has been moved closer to the seventh as 
shown in oscillograms (&) and (/). For the machine with 
Everdur dampers [oscillograms (c) and (g)], the reactance 
is such as to also approach the resonating point for the 
seventh harmonic, but it will be observed that the ampli¬ 
tude of the harmonic is much smaller than that for the 
copper damper winding. This is because the higher values 
of faa" and for Everdur (see table II) tend to prevent 
to a greater extent the building up of the large currents 
and voltages associated with resonant conditions. 

While in this case, nonconnected dampers are not any¬ 
where near as effective, as connected dampers in reducing 
the peak voltages, they are somewhat more effective than 
no dampers. Additional terminal-to-terminal short cir¬ 
cuits were made on machines with nonconnected damper 
windings under capacitive load covering a wide range of 
capacitance. The case for near resonance of the third har¬ 
monic is shown in figure 9. By comparison with figure le 
it may be seen that the voltages from the sound phase to 
the ^ort-drcuited plmses are somewhat le®. This is 
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probably due to larger values of rj' and Yaq" for the ma¬ 
chine with nonconnected dampers. Table II shows a varia¬ 
tion of these constants in this general direction and at 180 
cycles the difference is probably greater. In .any case 
figures 8 d and show that dangerously high voltages can 
be attained with this kind of damper unless precautions are 
taken to insure that the ratio fx/ is made more nearly 
equal to unity. 

Additional data^ relative to the effect of damper wind¬ 
ings upon the constants of machines are given in table III. 

Conclusions 

It has been shown that dangerously high voltages can be 
attained under unbalanced short circuits when synchro¬ 
nous generators without damper windings are connected 
to capacitive loads such as represented by an unloaded 
transmission line. These voltages may consist of very 
high initial transients of a few cycles duration followed by 


case of machines with damper windings, the magnitude of 
the abnormal voltages increasing as this ratio increases 
from unity. Connected damper windings, either high or 
low resistance, because their presence results in a machine 
for which this ratio is very nearly equal to unity, are very 
effective in preventing these abnormally high voltages. 
Damper windings which result in a higher value of this 
ratio, such as may be the case for windings not connected 
between poles, are not so effective in preventing these 
voltages. 

Tests have shown (figure le) that the crest value of the 
voltage from the sound phase to the shorted phases may 
attain a value 5.5 times Ihe normal crest line-to-line value. 
Without making an attempt to obtain resonant conditions, 
the line-to-neutral voltages for a line-to-line short circuit 
(figure 8 a and 8 d) gave a measured value of 2.9 times nor¬ 
mal crest value for both a machine with connected and one 
with nonconnected copper damper windings. 

Appendix 


.AXIS OF PHASE a 


AXIS OF 
PHASE C 

V. 



AXIS OF 
PHASE b 


In approaching the analytical investigation of this problem the 
simplest case will be chosen which still incorporates the essential 

Tabic i. Lengths of Single-Circuit Transmission Lines Having 
Capacitance impedance of 8.85 Per Unit 



Line 

Voltage 

(Kilofolts) 


Conductor 


Rating of Length 
Generator of 
Spacing (Kilovolt- . 

(Feet) ampereg) (Miles) 


Figure 10 
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distorted waves having a slower decay. For a given ma- acc * j 

chine resonating points are encountered as the length of || Constants of a SynchtonowGencrstor at Affected 

unloaded connected line is varied. The voltages are maa- by Type of Damper Winding 

mum at these resonating points. The length of toe re- ^ ^ Amperes 

auired for resonance is also dependent upon thereof ___ 

fault considered. A particnlar toe represents a particuto 

electrostatic capacity but since the fault may_occur at my ^ ____ 

point, the reactance is variable. This fact mcr^ra e .,.o.26o..o.677..o.i 

difficulties of attempting to operate ® ° ^ «• V VT 

sonance. In general if conditions ^ such _ _ _ 

is obtained for a short dreuit at the generator aid of to-^ “ 

toe, the voltages that can be expected -mU be ^ “ 

normal voltages are larger in proportion to nointo values by lype p ^ 

on the toe side of transformers than on the machine ade. 5 005 4 ^ Volte, 721 

If other synchronous machines having damper wmdm^ — -- 

ortt^^XalentarekeptinparaUelorifs^cientresirt- 

ance or induction-motor load is maintained ronn^ed to _-- 

the machines, the excess voltages may be reiiuqed a very -_ 

“b to that these phenomena are very 

ei^r-^ted with the rodp 
machines without damper wmdmgs and xjx^ va. 


Table 111. 


r....!.. !. of s Synchionoot Condenser as Affected 
by Type of Damper Winding 

5,000 Kva, 4/000 Volts, 721 Amperes _■ 


Calculated 


x,-i(xd"'+x,*) 
>gt Calculated 


No damper. 
Connected copper.. 


,... .0.046..0.040.0.75 .0.69^ 

.... .0.026.0.^..... .0.195..... .0.21 

.. 
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there follows from this equation (since ’4^ cannot change instantly) wise, the constant is determined from the value just before short 
that circuit. If 

0 = AJtf — (xa — Xa*)id (4) B - t + a 

where Aid is the current induced in the field winding. Therefore, in which t is measured from the instant of short circuit, then 

upon substituting 2 in 4 _ /s?, . 

VS sin a = V3 IdsmB- 

Ald = —ifcosO - cosffl +^^lta+ /r.' - L cos f cos 20 1 - 


■^l^cos e — cos ^0 + + 

[cos (0 - - cos (0 + f)]} (5) 


{Xd‘ - X,) j^»a cos ^ 20 - - »'» cos 20 J - 


Xd* + 


(*a + 2 «&) 


equations 1 to 3 of Park’s paper give the flux linkages ^at 4'bt 

and 4>o for any values of ia, ibt *ei and Id. If the value of ie from = / \ T 

1 and Aid from 5 are substituted in these equations, the values _ , [* „ „ f 20 - - W 

,of flux linkages for the suddenly appearing armature currents are VSJdlsma s]+j^(<t 3/ 2J 

obtained. These are: - x,) cos 20 — (xd' + ««) 


_ Xd' x J 2^ _ ^20 + ^ j ia t voltage across terminals a and b is equal to the voltage across 

^ . / ■ \n I / J. the capacitors and also the time differential of the flux linkages 

[cos ^20 - ^ j “ cos^20 + ^ j J*6 I - 2 ~ *“ o and 6 so that 


^ ^ ^ >r Upon substituting 13 andl 7 into this equation, 

1003(20 + —]-cos 20 U > - ^ ff ( / 2 »\ r ; I 

L \ 3/ J j 2 |iV 5 j,sinf 0 +^j- [(*<i'-*«r)cos 20 + —^Jia- 

*.._*jlp {[c05(2i.+|) -cos (29-!)]<.+ cos (2.+ !)+^^' 

I- \ f — _ f * J -1 1-- 


/ - . 2A . Xd' + *e 

(ajtf' - »«) cos ( 20 + - j + — 


In addition to the flux linkages due to the suddenly appearing 
armature currents there also exist flux linkages due to the nonnal 
value of field current. These values are 

r 

cos 0 


(xd' — «,) cos ( 20 + — 1 + 


2ir\ Xd' *i~ Xq 
2 


« Id cos 


“ ^d<^OS 


(-1) 

(-t) 


(Xd' -r Xq) cos 20 — {Xd' + *«) 
[(,.-s.)cos(2.-|)+‘^]4 = 


(11) rearranging 


The total flax Itakeges betwe«i S and o lor the sudden change in V5 is j; X 

annature current (indudlng the normal field current) are ( („, . 

m AAS I V.n ■ 4 * 


s V5Jd sin0 - ixd' - Xq) X 


[TcCO, ( 2 . - 7 ) - ^ 


/ / 2A gg + Xd' 

H(^’ + ¥j-2(«.-x^ +,h. (. +1) 

I cos 20 — TT, - TT. 


2(«g - »(t0 


and for the flux linkages across a and b 

“ VSirfsin ^0 + - W - *«) X 

* ' V*! '01 


cos 20 — ij, cos 




d i V *« - ^-Xd' ~| , 

+ (*« - i j - l^cos 2 0 - 2^^ _ J + 

( 2ir\ % + ^d' 

cos [2B-\--j -2iXa-Xd') 


cos 20 + 


Xq + Xd' 
Xq — Xd' 


The voltage across the terminals 6 and c is equal to 


{4^1 — ^e) “ 0 


r M +^XaC ic^t ( 18 ) 

|^cos(^20--j- ^^^^i:^Jj“‘<‘J -^2 J , 

Bv further manipulation, whose proof space will not penmt i^ay 
t ^ that this ecmntlon can he written m the followmg lorm 


constant ... tc diown tnat tms e,».»».- 


of Doherty’s theore: 
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in which 

/(/) = K' + . . . . 

+ 6-^ + be-^^ + 626-^W +_] 

- sin a +jbe^‘^ +_ 

-jbi-i^ -jb>e-^*B -jbh^^S + . . . .J 

m = [ 1 + i + by*» + by^ +_ 

+ b€-^^ + 4- bU-^'O +_] 

and 

i a. _ ~ 

V*ff + V*7' 




v^ + Vv 


( 20 ) 

( 21 ) 

( 22 ) 

(23) 


The solution sought, namely, the voltage from tenninal o to b 
IS equal to last tenn of equation 19, The tenns in 19 were ar¬ 
ranged m that particular order because it suggests an equivalent 
problem to which it may be reduced, namely a constant capacitor 
(?/2)xc and a variable reactor having a mean value (Z/2'S^xj,>x 
comected k senes. The reactor varies harmonicaUy in accordance 
with equation 21. The problem then consists of determining the 
voltage drop across this constant capacitor as the voltage given by 

3 d 

is suddenly appHed across the combination. This equivalent 
circuit suggests that resonance points exist for values of xJ^/7Z> 
equal to the square of the integers. The applied voltage eqwL the 
v^tage across the sound phase for a terminal-to-tenniLl ste 
cuit with no connected capacitors. 

ne problem which resulted in equation 19 

TOglected the resistances m all circuits. The effect of rwistance is’ 

component of the sotetion afiectei 
jraus tte odd hamomcs of the appUed voltage decrease iradoallv 
their sustamed value along an exponential curve whose tim*. 
constant, which as shown by Doherty and Nickle,i is 

Ttf' = - « j, 

xa + Vxa\ ‘‘o 




(24) 


^ Xg'Xc 


in seconds 


27i/in radians 


(25) 

Xc, and resistance r ^ factor capacitor 

T*»• ' ' • 

•* * ^ Ml seconds 


harmonics of 20 in accordance with Ta of 25 and also the ap¬ 
proach to the steady state solution for the odd harmonics of 20 in 
accordance with 26. This change should be followed by a more 
gradual decay in accordance with 24. The general performance 
outlined above is borne out by the oscillograms shown in the body 
of the paper, which in general show an initial transient that persists 
for just a few cycles, followed by a transient that lasts about a 
second. If the short circuit occurs out on the transmission line, 
the time constants Ta and T of equations 26 and 26 are reduced 
further, so that the initial transients decay still more rapidly than 
fOT faults on the terminals of the machine. The nature of the 
imtial transient depends upon the instant during the cycle at which 
short circuit occurs. If a of 20 is equal to zero only odd harmonic 
voltages are applied to the circuit. In general, the excessively high 
voltages occur near r esonance points for odd harmonics. For these 
^ues of xj's/xa'xg the initial transient delays the appearance of 
the cr^t value of voltage for about a cycle as evidenced by figures 

Is,/, k. Md L For other values of xjV^^, the initial tran.sient 
requently results in much higher peaks during the first cycle than 
occurs subsequently. lUustrations of initially high peaks are 
o ere y figures la, b, c, and h. For the high frequencies asso¬ 
ciated wi<h Itoge values of »«/the effective resistance be- 
c^es so high as to damp out rapidly the transients due to the 
kgh-frequency components. The character of the voltage, there¬ 
fore, approaches that of the record obtained when no capacitors are 
comected to the machine. Compare oscillograms, figures \p and a. 

The pnncipd virtue of a comparison of calculated and test curves 
of tenni^ voltage m a problem of this nature is the verification 
f^t no important factor has been omitted in the analysis The 
ngoro^ solution even for the initial condition represented by emia- 
t.<m 19 m cimte involved and, after all, the initial boundary ooLl 
mTS ^ truly representative of the conditions 

^ “ practice, the machine will be under 

capMUve loading at the time of short circuit. However, this par- 

Sw'li*i^aS“‘' 4 ,®T“ “ tl® oscillograms 

Of figure 11 wkch show the effect upon the initial transients as in- 

sT^d'^of condition for similar short circuits. 

Stiin ^ boundary 

condition most likely to be met is the opening of a breaker at 

receivmg end of a faulted line after the short circuit had been on for 

the machine ^rhad 

wS materially from the no-load conditioas upon 

which the pr^ent development is premised. In view of th^e coZ 
siderations the labor and difficulties incident to a determination of 
e imtial transient voltages are not justified. However the much 
quasi-steady-state solution for equation 19 in 
applied voltage have diippeared Ltd 
the rapid transients due to the circuit constants have^« ^ 

twT as^imption S made" 

^ 26 are zero 

^«<^iated with the field wSdkg 

W««toattous. 

(3^^ - 1 to a reactor of coasUnt value? 

ucoteJ^es <3/2)*. coa- 

harmouiccompouent c.^rto^4^ <•' «ch 


radians 


(26) 


^ J + 66 V*® -f .... 


ia and 


*»ne equal m appr^S^gT?*^ be attained in 

aeross tto^^t^^^*^‘^'^fl «pect the voltage 1 , -2, 

possibly a evde. 7 solution of 19 to exist for W - 4 > y.B = 2. ^ » 

time to bec.m.e'e^^'^trfree.^ce nnght not have / 4^ " T ' 

a rather rapid ch.n.. ...-.^ ‘‘y‘? ^ ti.ould be foBowedby * ~ 

'mange because of the disappearance of the enm -v--' f ^ ' 2 **/ 


+ 36«-^*® + 66*«“'^*® + ... . j 


(27) 

( 28 ) 
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where »is odd integers. 
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Figure 13. Comparison between test and calculated values of voltage 

“ 44.7 (a) Test (5) Neglecting resistance (c) Including resistance 


Actually the reactor, xl, is not constant but varies harmonically 
with time. The instantaneous flux linkages, assuming that the 
currentflows, is obtained by multiplying 28 by 21 giving the 
quantity xi/inF(t). The drop, ax,^ across the reactor for this current 
is then 


eL' = I [xLin'Fm (29) 

and the drop across the condenser for the current is 





(*x.40 

xz. n 


(30) 


The sum of ei' and gives the voltage necessary to force the 
current through the capacitor and variable reactor. This sum 
will not equal the actual applied voltage but the excess or deficiency 
will be a second order quantity. Thus let 


In order to verify the effect of resistance, case figure 12e was 
recalculated taking resistance into consideration by introducing a 
series resistance into the circuit equal to 0.05 n per phase or 0.075 n 
in the equivalent circuit. In the absence of more definite knowledge 
of the resistance at the higher currents and frequencies, this value 
of resistance caimot be regarded as more than an intelligent guess. 
The results of this calculation are plotted in figpire 13. It will be 
observed that the wave shape of the calculated result including re¬ 
sistance, partakes of the general character of the oscillogram. The 
similarity is about as close as can be expected in view of the some¬ 
what arbitrary assumption regarding the resistance. The seventh 
harmonic in particular is suppressed considerably as compared to 
the calculation in which resistance was neglected. In many of the 
calculations, and particularly this one, the solution converged very 
slowly which necessitated a large number of steps in the method of 
successive approximation. 


« — Cl' — Co' = c' 


(31) References 


Now let the voltage c' be absorbed in the constant »l sJ'id (3/2)a;e 
circuit and obtain a second current through the application of 
28. Assume the currents i' and V flow and obtain the instan¬ 
taneous flux linkages by multiplying (xi/i' -1- jcl*") by 21. The 
time differential of this quantity gives the drop, cl', across the re¬ 
actor for the assumed current flow and the drop, Cc', across the 
condenser is 

. S Xe (»L*' + »£*') 

e/ = —--- C32) 

2 XL n 

As before, determine the excess or deficiency between the applied 
voltage c and the sum of the drops cl '' and Co". Thus 

-et'' -e/ -^ c" (33) 

Operate upon e" as upon c'. By successive applications of these 
steps c® will become negligibly small. The desired solution is the 
last value of Cc obtained. 

This method has been applied to a ntunber of cases, the resfults of 
which are shown in figure 12 which offers a comparison between 
test and calculated results. Since the calculations do not include 
the initial transients a rough comparison, neglecting the field tran¬ 
sients which merely reduces the magnitude but does not affect the 
wave shape, may be made between the last few cycles of the oscillo- 
gr atwfi and the calculated curves. It will be observed that the 
results are quite close for those cases which are not near odd har¬ 
monic resonance, namely (a), (c) and (s). The lack of agreement 
of the other cases is due primarily to the assumption that resistance 
is Near resonance the resistance assumes great impor¬ 

tance in limiting the current and also the voltage. Aside from 
affecting the magnitude of the voltage the resistance also intro¬ 
duces dissymmetry in the wave shape. To a les,ser degree than the 
effect of resistance, the variation of reactance with frequency also 
contributes to the discrepancy between test and calculated results. 
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Stator frame of a 13,0d0-volt 35,00b-l<va single-phase 25- 
cycle water-wheel generator, designed to operate ai 100 rpm 
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On this and the following 12 pages appear discussions submitted for 
publication, and approved by the technical committees, on papers-presented 
at the sessions on instruments and measurements, education, and insulation 
co-ordination at the 1937 AIEE summer convention, Milwaukee, Wis., June 
21-25. Authors’ closures, where they have been submitted, will be found 
at the end of the discussion on their respective papers. Other discussion of 
su mme r convention papers will be published as it is made available. 

Members an 3 rwhere are encouraged to submit written discussion of any 
paper published in Electrical Engineering, which (hscussion will be re¬ 
viewed by the proper committee and considered for possible publication in a 
subsequent issue. Discussions of papers scheduled for presentation at any 
AIEE meeting or convention will be dosed 2 weeks after presentation. Dis¬ 
cussions should be (1) condse; (2) restricted to the subject of the paper or 
papers tmder consideration; and (3) typewritten and submitted in triplicate 
to AIEE headquarters, 33 West 39th Street, New York, N. Y. 


A Suggested Course on 
Industrial Economics 
and Business Methods 

Discussion and author’s closure of a paper by 
R. E. Hellmund published in the April 1937 
issue, pages 446-54, and presented for oral 
discussion at the education session of the 
summer convention, Milwaukee, Wis., June 
22, 1937. 


A. H. Lovell (University of Michigan, Ann 
Arbor): I believe the author is offering a 
d i st i nct contribution to engineering econ¬ 
omy and has outlined a very successful 
course of advanced grade for engineers 
actually in contact with manufacturing. 
It would appear difficult, however, to 
accomplish such training in an tmdergradu- 
ate college course because of the lack of 
design and manufacturing experience in the 
students together with their diversity of 
professional interest. Furthermore, there 
is a dearth of public costs and practical 
problem material available to an instructor 
who is not an integral member of a manufac¬ 
turing organization. The University of 
Michigan has tried to present the fundamen¬ 
tals of engineering economy to its electrical 
students for the past 15 years using the 
senior course in power plants and distribu¬ 
tion as the vehicle. This work follows 6 
semester-hours of classical fundamental 
economics taught by our economics depart¬ 
ment. I wish to emphasize that, at present, 
for the^ college undergraduate, the field of 
genmnting stations is far richer in public 
engmeering problem material and typical 
costs than is that proposed by the manu¬ 
facturing industry. 


M. G. Malti (Cornell University, Ithaca, 

N. Y.): I have nothing but praise for Mr. 
HeUmund’s scholarly paper and I consider 
the bibliography as particularly valuable 
to those interested in this subject. I do 


however want to make a few remarks which 
are applicable to this as well as to all papers 
which recommend the inplujrf on of certain 
courses in engineering curricula. 

A visitor found his host engaged in con¬ 
structing a cabinet. Upon enquiring 
whether his host had had a course in wood 
work, the guest was told that the would-be 
carpenter had had no course in wood work 
but was constructing the cabinet out of plans 
he had acquired. 

Many of us know the famous psychologist 
Doctor Thurston of Chicago. But few of us 
know that Doctor Thurston graduated as a 
mechanical engitieer from Cornell University. 

Kettering has stated that he generally 
tries to give a graduate a job in which he has 
had no previous training because the man’s 
mind is not prejudiced by what he had 
learned in college. 

This and similar papers, dealing with par¬ 
ticular topics which engineering colleges 
should or should not teach, opens the broad 
question of what is the purpose of an engi¬ 
neering education—nay all education. To 
my mind the ptuT>ose of education is to de¬ 
velop one’s ability to: 

a. Study independently of teachers. 

b. Synthe^ze isolated facts. 

c. Generalize front fundamentals. 

d. "View facts objectively. 

«. msualize things. 

/. Do originai work. 

Notice that nothing has been said about 
knowledge of facts of engineering or eco¬ 
nomics or psychology or any other branch of 
science. The reason is that facts are quickly 
forgott^ We use facts merely as vehicles to 
train the mind. Very few engineers remem¬ 
ber how to integrate sine x. But the training 
Uiey acquired in analysis and straight think¬ 
ing from their course in mathematics re¬ 
mains with them to the end of their days. 

These remarks should not be interpreted 
to mean that I am oppc^d to training along 
the Imes suggested in this paper. Indeed 
I recognize the "value of economics not only 
to engineers but also to all professional and 
business men. For this very reason I am 
also in favor of training in ’’human rela¬ 


tions.” I do maintain, however, that any 
engineer who has been subjected to a proper 
and well-balanced mental training can and 
^ould be able to read and assimilate the 
contents of Mr. Hellmund’s bibliography 
merely through his o"wn efforts and "without 
the advantage (or perhaps the disadvantage) 
of a college course. 

I would like to add another word regard¬ 
ing the economic aspects of this course. 
The value of such a course depends largely 
on the caliber of the person teaching it. If it 
is taught by one of our academic economists 
it is likely to consist either of antiquated 
economic theories or of mere statements of 
economic facts with "very little empharis 
placed on correlation, analjrsis, synthesis, and 
other mental processes which the student 
can use in solving his future economic prob¬ 
lems. This remark is based on the reaction 
of our engineering students to courses now 
offered to engiue&i^'^ ecdnoinics. The 
teacher of such a course should be an experi¬ 
enced mature individual who knows the 
facts, who knows these facts as a part of a 
science, and who possesses the ability to put 
his science across. Persons with these quali¬ 
fications in ^'industrial economics" are rare 
and command salaries far beyond the scale 
of university salaries. 

In view of these facts I believe that the 
plan, adopted by Mr. Hellmimd, of teaching 
this course as a part of the training that a 
company gives to its cadet engineers, seems 
to be the best solution to the problem. 

R. C. Putnam (Case School of Applied 
Science, Cleveland, Ohio): Mr. Hellmund’s 
paper gives pertinent and challenging sug¬ 
gestions to the teachers of electrical engi¬ 
neering. In this regard, I bdieve that it 
will be of interest to bring before this dis¬ 
cussion an independent, parallel devdop- 
ment that has been a part of the electrical 
engineering curriculum at Case for the past 
3 years. 

Briefly, this is t'wofold: first, a course in 
engmeering economy given to all seniors in 
electrical engineering, and second, an inte¬ 
grated group of studies on business and 
engineering administration subjects which 
may be optioned by the senior student. 

Since this second part will be discussed 
next week at the convention of the Society 
for the Promotion of Engineering Education 
I shall not take it up here. 

The course in engineering economy is rimi- 
lar in aims and content to the suggested 
course outlined by Mr. Hellmund in this pa¬ 
per. The treatment, however, is some¬ 
what different. A 3-hour course for one 
semester, it comes in the last of the senior 
year, in order to give the student all the 
technical background and maturity of out¬ 
look possible. 

It first considers the fundamentals of 
engineering economy, such as the various 
factors involved in problems of immediate 
economy as contrasted to the ultimate 
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economy where long-range considerations 
are necessary, break-even points of equal 
economy, the economics of capacity, of re¬ 
placement, and of future increased demand. 
This includes the study of depreciation and 
its various methods of computation, of 
sinking funds, amortization, capitalized 
cost, and the various other methods of com¬ 
paring present out of pocket expenses of 
maintenance, labor, etc., with the more in¬ 
tangible costs of capital expendittire, either 
present or future. 

The second part of the course is devoted 
to consideration and solution of problems 
in the generation, distribution, and applica¬ 
tion of power and in the design, manufacture, 
and sales of electrical apparatus. Here 
the problems are based on case. material 
furnished by electrical manufacturers, public 
utilities, etc. Some involve an understand¬ 
ing of public utility rates and their under¬ 
lying costs. 

This may sound like a lot of material to 
be covered in one course, but it must be 
kept in mind that the object is to give the 
student an understanding and appreciation 
of the economic principles which an electri¬ 
cal engineer should know for the proper 
practice of his profession. After the funda¬ 
mentals have been established, a compara¬ 
tively few well chosen problems should 
give such a background. 

As previously mentioned, this course has 
now been given for 3 years, and the reaction 
of students, alumni, and those in industry 
who are acquainted with the work has been 
most gratifying. 

E. D. Ayres (University of Wisconsin, Madi¬ 
son) : I have been requested to discuss Mr. 
HeUmtmd’s paper in the light of the studies 
which I have been making concerning the 
teaching of business and economics to engi¬ 
neers. Frankly, it is a great pleasure to get 
this opportunity, because I believe Mr. 
Hellmund has brought you not just another 
paper, but a note which I am convinced 
must be sounded loud and long until the 
engineering educator realizes its importance. 

Coming out of industry into teaching 7 
years ago I was convinced then that there 
was something fundamentally amiss with 
an education which divorced engineering 
from its normal economic atmosphere. 
After 5 years of building up a comprehensive 
course at Wisconsin comparable to Mr. 
Hellmund’s suggested course, and after 2 
years of intensive study, analysis, and re¬ 
port on the subject of what should be done 
about teaching business and economics to 
engineers, I find myself with a message 
which I believe to be exceptionally sound 
and carefully considered in the light of 
criticism and experience. 

We hear on both sides of the fence—that 
is both in college and in industry—^that the 
job of the engineering college is to teach 
fundamentals. Nevertheless the college 
has for one reason or another steadily re¬ 
fused to accept this duty with respect to 
the economic considerations of engineering. 
As any engineer in industry will agree, the 
time of most engineers is taken up to a great 
extent with economic considerations. (See 
Mr. Hellmund’s paper, second column, line 
8, page 446, Blbctrical . Enginbbrinq, 
April 1937.) Why then are not these con¬ 
siderations just as important as other funda¬ 
mental studies in engineering? The answer 
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is decidedly that they are. But our teach¬ 
ing system is frankly not equipped (for a 
discussion of the implications of this sen¬ 
tence see "Treatment of Cost Aspects of 
Engineering in School," by Edmund D. 
Ayres, page477, Journal of Engineering Edu- 
cation, February 1936) to furnish the 
background nor "pocket-book conscious¬ 
ness" so essential to efficient handling pf 
these matters. The issue is therefore one 
of leaving this matter with industry where 
it has largely been or doing something about 
it in college. 

It is not uncommon—but it is inconsistent 
for the "d 3 ^d in the wool fundamentalist" 
in engineering to ding tenaciously to the 
sound idea of "teaching fundamentals" and 
to cast into "outer darkness" all suggestions 
toward improvement in the treatment of 
the cost aspect of engin^ring yet deplore in 
the same breath the “hhud man" status 
of the professional engineer. Gentlemen, 
there is but one solution to the dil emma , 
and it is in training the engineer early and 
often for leadership upon the firm base of an 
understanding of the economic and social 
factors which govern the world in which he 
must move. From the viewpoint of this 
broader problem the college must assume 
a responsibility. 

The special course in adnunstrative engi¬ 
neering, industrial engineering, and the 
like cannot solve the problem either. They 
are excellent treatments for the "commer¬ 
cially minded" student, but they do not 
reach the "backbone of our profession"— 
the technical engineer. These courses 
must weaken the engineering preparation 
of the student to accomplish their goal and 

1 have ample proof that they do. To reach 
the technical engineer we must do a better 
job in his particular college curriculum or 
rely upon a post scholastic effort for both 
the treatment of the economic aspects of 
engineering and the generation of an ability 
for the engineer to express himself orally 
and on paper. 

To put strength into any move to accom¬ 
plish these ends, the start must in general 
be made in college. Living with this prob¬ 
lem will force you just as it has me to state 
that the engineering college must accept the 
duty of induding the fundamentals of eco¬ 
nomic considerations in the college engi¬ 
neering curriculum. Long study of the prob¬ 
lem will also bring you, I believe, to the 
condusion that the comprehensive srirvey 
course is the only practical solution in sight 
for the technical engineer. I should like to 
commend Mr. Hellmund’s suggestion to 
you with all the force I can command, be¬ 
cause I believe it now to be imperative that 
our profession consider well and act im- 
mediatdy upon these matters. 

But all is not said when condusions as to 
the need for this work are drawn. The 
most obvious answer to whether such a 
course as Mr. Hellmund suggests should be 
a general requirement is yes. The answer 
to whether it should come early in the engi¬ 
neering work is also yes—^but if we insist on 
being realistic the answers to both of these 
questions must be qualified in accordance 
with the teaching resources of the college. 
Mr. Hdlmund has prescribed for his course 

2 hours a week for a year. Such a course 
can be given in that time, and its success 
will depend directly upon the quality of 
teaching. Such a brief time, however, forces 
the teaching quality to such difficult 
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hdghts that certain practical steps must be 
taken if such a course is to be a practical 
success in the engineering college atmos¬ 
phere. A course such as Mr. Hellmund has 
described must be taught by an engineei^ 
with a background firmly rooted in indus¬ 
trial practice. The teacher to handle the 
fundamentals of such work properly must 
assume the role of engineer, accountant, 
lawyer, and to some extent economist and 
salesman in turn and all at the same time. 
The swift transition from one topic to an¬ 
other must be skillfully handled or else a be¬ 
wilderment in the student is created which 
to overcome requires a high order of interest 
on the part of the student (whom you must 
remember cannot evaluate his interest yet 
against a particular job in industry as a 
bench mark). In ordinary English such a 
course is forever threatened with being 
christened a "hodge-podge" and losing the 
respect of the college. 

After 5 years’ experience in teaching such 
a course I am firmly convinced that such 
orientation courses must have a "vehicle" 
to carry the breadth of material which is 
included. In our case accounting is used 
as the vehicle for the first half of the course 
and economic selection is used as the ve¬ 
hicle for the second half. I discussed this 
matter briefly last June at the annual meet¬ 
ing of the Society for the Promotion of 
Engineering Education and in order to con¬ 
serve time here I should like to refer you to 
that paper. ("Graduate Work in Engineer¬ 
ing and Economics," page 103, Journal 
of Engineering Education, October 1936.) 
Orientation courses of necessity are like a 
tramp along a range of hilltops. If a stu¬ 
dent is inattentive while you are striving to 
make the panorama that unfolds itsdf from 
the various hillcrests mean as much as you 
can, he is nevertheless quite satisfied if you 
can place in his basket during the trip some¬ 
thing tangible such as an understanding of 
the rudiments of accotmting or a grasp of 
the principles of economic selection. This 
philosophy of course results in the need 
for at least 3 hours per week during the 
school year to accomplish what Mr. Hell- 
mtmd proposes to accomplish in 2. The 
selection of accounting as a vehicle also in¬ 
troduces naturally an expansion of 
Hellmund’s course farther into the financial 
field than he has suggested. In our case 
we believe this to be justified in view of the 
thought which I wish to bring next into this 
discussion and because of the existence of 
the third course of 2 hours a week for one 
half a school year called "manufacturing 
and production methods," required of all 
mechamcal engineers and emp^iring m 
considerable detail much of the production 
and marketing phases included in Mr. Hell- 
mund’s course. Our 3-hour a week year 
course cannot be permitted, to duplicate 
this course to the point of placing a pall 
upon the interest of the mechanical enjp- 
neers required to take both courses. There 
is much more which could be said about the 
pedagogy and contmit of courses such as 
Mr. Hellmtmd has outlined but time will 
not permit their treatment. Before closing 
I am anxious to stress that Mr. Hellmund’s 
suggestion and our practice should be but 
the starting point of the engineer’s training 
in business and economics. 

This thought is treated in full in a recent 
paper of mme entitled "The Next Step in 
Engineering Education" {Wiscormn Engu 
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136. April 1937; Milwaukee Engi- 
ne^Hg, page 9, May 1937; also promised 
^Dhcation in an early issue of Mechanical 
Engtneertn^. 

f ^idance in economic matters af- 
orded by the comprehensive survey course 
IS important, biit unless the profession finilg 
sbme' way to continue and organize this 
guidance, the engineer is going to fail to 
adhieve the economic competence which can 
only come with a well rounded view of the 
operation of economic factors in society as 
bu. one’s own power will 
takes a much longer time 
and a consuming interest to drive the process 
through—r-and if the engineer is to stand up 
TO the lawyer, accountant^ business gradu- 
ate:, and'politician early he must be given 
effective help. In advance of the ultimate 
5- pr 6 -year curriculum which some day 
seems to be coming for all engineers, the 
dire need is for a continuation process—a 
floating curriculum of work which can be 
partly or wholly taken in either the post 
graduate or post scholastic period or both. 


M. S:'Goover (Iowa State College, Ames): 
Since a measure of responsibility for shaping 
one curriculum in electrical engineering 
rests'Upon'me, 'Hellmund’s suggested course 
on industrial economics and business meth¬ 
ods is of more than passing interest. It is 
an ambitious outline including essential 
Mctdirs of timely importance and I concur 
in'the opinion that some way ought to be 
found to include'a course of instruction in 
the program of training commonly designed 
for chemical, electrical, and mechanical 
ehgineearirig students that would be molded 
around the thoughts set forth in his article. 

Inasmuch as it has been my privilege to 
have' organized and taught courses on 
management, ■ the proposal strikes a recep¬ 
tive chord. These courses, however, were 
offered by the school of business and were 
open to seniors in both the school of business 
and School of engineering, thus creating the 
sort of-tie that T think has many strong 
points in its favor. One of the restrictions, 
however, was the necessity to avoid indulg¬ 
ing too heavily into engineering terminology 
and engineering processes that were little 
or not at all familiar to seniors in the school 
of business. On the other hand, a course 
such as Hellmund proposes for engineering 
Students only leaves the field wide open. 

To put the proposed coiuse into a reality 
is not without certain obstaclesj principal 
among which is the element of time. From 
certain leaders in industry and in engineer¬ 
ing education we hear the lurge to stick tena¬ 
ciously to fundamentals, then teach more 
fundamentals, and then some more ftmda- 
inentals, with no ventture whatever toward 
Specialization. The reasoning being that 
the employer will by specisd training shape 
the man to fit his particular organization. 

From Other leaders in the same 2 groups 
comes the urge to include cultural or broad¬ 
ening bourses. Still from others comes the 
declaration that the young engineer's train¬ 
ing is incomplete without a thorough grOimd- 
ing. inJ bask principles in the sciences and 
including industrial economics and industrial 

r^ations. Finallythereareadvocates who be¬ 
lieve that the W^-rounded spraduate should 

have a reasonably good masteryof fundamen¬ 
ts, a pretty clear conception , of economics 
with all that it iinphes, and a f air sprialding 


of cultural subjects, such as foreign language, 
history, government, etc. All of these 
proposals have my hearty endorsement, 
provided they do not have to be jammed 
into a 4-year period.. 

Granting that provision has been made 
in the curriculum for a sprinkling of elective 
courses and that a course in industrial eco¬ 
nomics and business methods is to be m 
available, best, results will accrue if the in¬ 
structor has had some good sound commer¬ 
cial seasoning so that he can teach, at least 
in part, on the basis of plain realities and 
with confidence rather than have to lean 
entirely upon printed matter. The in¬ 
structor should be accumulating constantly 
from the field, and preferably in person, such 
data on current management problems that 
he shape into problems for the classroom so 
os to make them commensurate with the 
time allotted to the course. One thought 
to bear in mind is that the capable and in¬ 
terested student should be able to round 
out the solutions to his asrignments with 
personal satisfaction of mind without having 
to devote an unreasonable amount of time 
on them in relation to his other equally im¬ 
portant courses. 

Personally, I cannot be enthusiastic about 
2-hour courses. It is plenty long from Tues¬ 
day to Thursday and longer from Thursday to 
Tuesday. The plan admits of too much 
lost motion. More effective results, I be¬ 
lieve could be obtained from a 4 -hour credit 
course runmng for one term or one semester. 
It would include say 3 discussion periods 
of one-hour duration and one 3-hour labora¬ 
tory period for analsdical and layout prob¬ 
lems. Only neat free-hand sketches of lay¬ 
outs would be required. 

As for the course content, the chronology 
of presenting the material and the required 
amount of coverage to be made each time 
the course is offered, I would first have 
implicit confidence in the instructor em¬ 
ployed and leave the balance of the pro¬ 
gram thoroughly flexible, so that he could 
constantly adjust it to current data pro¬ 
ceed and^ to changing economic condition. 
Since no smgle textbook could possibly give 
adequate coverage of course content, free 
use of library material should be expected 
of the student. 


D. F. Miner (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): Since Mr. Hdlmund's paper was 
written, an opportxmity was presented for 
trying out a portion of the outlined course. 
A 2-hour one-semester course on economics 
of using goods was offered for graduate 
credit under the University of Pittsburgh- 
Westinghouse plan. Forty-five men, mostly 
recent engineering graduates, re^stered, of 
whom 26 were taking the course for credit 
toward a master's degree. The subjects 
covered were the first half of table I in Mr. 
Hellmund's bibliography. 

Although the lecturers were selected from 
the staff (chiefly engineering) of the 'West¬ 
inghouse company rather than from the 
University, care was taken to provide men 
whose major experience had been on th e 
subjects covered. It was felt that the in¬ 
timate knowledge of the subjects and the 
practical viewpoint thus presented made up 
for any deficiency in, classroom; technique. 
The lecture method used for many se^ions, 
was supplemented by problems, outside 
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reading and class discussions. 

As part of the course, each student was 
requested to submit fra^ criticisms of the 
course both as to subject matter and mannpi- 
of presentation. Practically all opinions 
favored the idea back of the course and 
stated that interesting and useful phases of 
the subject were covered. Some students 
said they had previously thought economic 
problems were solved by executives anH 
they did not realize that even the young 
en^neer must. make frequent decisions re¬ 
quiring consideration of economic factors. 
Many stated they had received no training 
of the sort before and realized what an im¬ 
portant bearing it had on their present and 
future work. Some stated they thought 
colleges should present similar work. 
Others thought they could get more out of 
such work given by industry after they were 
on the job. Possibly only a limited number 
of industries are in a position to orgmuze 
such classes and that being the case, some 
gmeral parts of the subjects will, of neces- 
rity, have to be covered by college work if 
it is done at all. 

The course was conducted without ad¬ 
herence to specific details of one company’s 
operations. Many commented on tbi.g and 
desired more definite information. While 
this may be of immediate use in their daily 
work, it is still considered best to cover 
each subject in as general terms as possible. 
As to teaching methods there was a definite 
desire for more illustrative problems and 
more class participation through discus¬ 
sions, possibly led by students. The 
students commented that the personal 
enthusiasm and specific knowledge of the 
lecturers vitalized the course in a way not so 
easily possible with recourse only^ to text¬ 
books. We were gratified to observe that 
the students were keenly aware of the im¬ 
portance of industrial relations problems— 
that a satisfactory handling of people 
is necessary to the economic success of work 
with machines and materials. 

In the autumn the second semester’s 
work on economics of producing goods Will 
be started and some of the ideas contributed 
by students will be tried out. 


R. W. Sorensen (Csdifomia Institute of 
Teclmology, Pasadena): Mr. Hellmund’s 
authoritative advice regarding the use of 
some of the engineering student’s time dur¬ 
ing his regular 4-year baccalaureate course 
for the study of things not strictly technical, 
such as industrial economics and business 
is mdeed timely. Having advo¬ 
cated and used such a program in the teach¬ 
ing of electrical engineers for more than 26 
years, I can certify the fact that men with 
such training on the whole are better pre¬ 
pared for entry into industry than are stu¬ 
dents who have taken highly specialimd 
tedinical courses without obtaining the 
values which are present in parallel courses 
involving economics and other humanities. 

Of course it is quite evident to all of us 
that the problem is not simple and there is 
no clear-cut answer as to just what part of 
the young engineer’s education shall be 
strictly in the field of his profession and what 
part shall prepare him to associate without 
embarrassment with his fellowmen who are 
not particularly interested in the technique 
of the mechanical aids to civilization which 
are in such common use today . .. 
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As a group, engineering educators have 
recognized the demand for a larger amotmt 
of knowledge of economic subjects on the 
part of some of our engineers by having in 
some of the engineering colleges curricula 
designated by the names: engineering 
economics, management engineering, etc. 
In my experience, the evils of these courses, 
as evidenced by the skimpiness of the engi¬ 
neering obtained and the tendency which 
they have to attract students who cannot 
make a satisfactory showing in the strictly 
technical fields, indicate that they are at 
least dangerous in any set of college ctir- 
ricula, if notinadvisablewhentheyareunder- 
graduate courses. 

In fact, I think we should fairly generally 
refrain from addingtoour4-year coiursesmore 
and more of the technical content of our 
profession, which is so rapidly developing, 
and should tend toward making the 4-year 
courses leading to the baccalaureate degree 
general but intensive engineering cur¬ 
ricula which include as separate courses, 
some, but a distinctly limited amount, of 
the work outlined by Mr. Hellmund. 

I am glad to note further that the paper 
under discussion presents material which 
can be used to a large extent by men teach¬ 
ing the strictly technical engineering courses 
pertaining to electrical machinery and does 
not of necessity require for its inclusion in an 
engineering curriculum the setting up of 
many separate courses dealing with econom¬ 
ics only. For example, when a class is 
stud 3 dng the technique of electrical-ma¬ 
chinery design, it is entirely possible for the 
teacher to point out factors which influence 
design because of cost of materials, labor, 
test, inspection etc. Also, it is very easy to 
point out how designs may be modified with¬ 
out much sacrifice in electrical characteris¬ 
tics so that standard frames may be used 
for several machines. 

My particular suggestion, therefore, would 
be that the teachers of engineering in dis¬ 
cussing the design and operation of electrical 
machinery with students, supplement the 
technical phases of design and performance 
by discussion of the economic factors which 
influence the construction and operation of 
the machine and also by showing how the 
use of the machine influences the economic 
life of those who use it. In fact, it seems 
somewhat stirprising to me that any teacher 
of electrical machinery can avoid so doing, 
because I recall quite distinctly the fact 
that one of the students in the first class in 
dynamo-electric machinery which I ever 
taught said to me one day: "Well, all of 
these facts are very interesting, but you 
seem to indicate that the final decision as 
to whether a machine will be built and in¬ 
stalled and as to how it will be built is largely 
a matter of dollars and cents rather than 
electrical phenomena.” That man became 
an outstanding sales engineer. But lest I 
lose caste with the technical men of my 
profession, may I also add that one of his 
classmates received a very different message 
from the things taught in the class and went 
out from the college with a desire to be a 
very skilled technician who reveled in the 
theory of the electrical circuit. 


R. E. Hellmund: The detent of the dis¬ 
cussion of my paper and the generally favor¬ 
able reaction is very gratifying in that it 
definitely indicates an increasing interest 


in the subject on tbie part of the teachmg 
profession. In some of the d^UKions it is 
pointed out that it will be difficult for the 
colleges to obtain stii'tS'We tnaterial for cla^ 
work, particularly problems, and that it 
will be even more of a problem to find 
instructors prepared, to carry on a course of 
this nature. It is of course true that some 
difficulties will be encountered in any new 
undertaking, but I do not feel that those 
arising in tli«g particular work will be in¬ 
surmountable. The only practical solution 
therefore seems to be to get started and to 
improve both the material and the teaching 
personnel as time goes on. 

I know that a number of efforts along 
lines somewhat similar to those outlined 
in my paper have been under way at various 
schools, such, for example, as described by 
Putnam for the Case School of Applied 
Science, by Ayres for the University of 
Wisconsin, Coover for Iowa State College, 
Lovell for Ann Arbor, and others. The 
relative success and favorable reception of 
these efforts are in themselves evidence 
that something of value can be accomplished. 
It is quite natural that these efforts, 
each started independently of the other, 
should differ, and also that they should 
differ in certain respects from the course 
suggested in my paper. As a matter of 
fact, I believe that tbe trying out of certain 
variations in anything that is comparatively 
new is very essential for arriving at the 
most successful final solution. My purpose 
in giving such a detailed outline was chiefly 
to assist those who wished to undertake 
some new work of this character and who 
might find it difficult to obtain appropri¬ 
ate material. In making variations from 
the suggested plan, however, I believe that 
the proposed comprehensive character of the 
course should not be lost sight of and 
that some phases of the work which have 
been neglected in the past in courses of this 
nature should be given careful considera¬ 
tion. As an illustration of this, the com¬ 
bination of courses mentioned by Professor 
Ayres would permit the use of much of the 
material outlined in my paper, but tbe 
titles of the courses in themselves do not 
indicate that sufficient attention will be 
given to such important matters as market¬ 
ing, stock-keeping, obsolescence of stock, 
and standards. Again, the practice sug¬ 
gested by Professor Lovell of considering 
economic matters in connection with the 
course on the generation and distribution of 
power, while having certain advantages, is 
not likely to afford, an opportunity for 
stressing the very important subjects just 
cited. 

Some of the discussions bring up the 
question of whether the proposed course 
should be given during the four-year cur¬ 
riculum or ^ postgraduate work. Mr. 
Minw in his discussion gives a logical answer 
to this when he points out that since only a 
lilted number of industries are in a posi¬ 
tion to organize classes, the work must nec¬ 
essarily be given in the regular college course 
if all of the students are to profit by it. I 
furthermore ag^ee wdth Professor Ayres to 
the effect that in order to put strength into 
this move, the start must in general be made 
in college. This does not preclude the de¬ 
sirability of those schools located in indus¬ 
trial centers giving such material in a post¬ 
graduate course; in fact, plans along this 
line are now under way. Some of the dis¬ 


cussions stress the fact that colleges should 
deal essentially with fundamentals, but it 
is also pointed out, and quite properly, that 
the fundamentals of economics are as im¬ 
portant as other fundamentals. Professor 
Malti in particular points out that the 
principal purpose of education is to develop 
certain qualities and habits in the student. 
I myself have made similar statements too 
often to take any exception to this. How¬ 
ever, even though this is very true, we must 
not overlook the equally true fact that engi¬ 
neers, like men of other professions, must 
have a great deal of knowledge if they are to 
carry on their work efficiently. It would 
be very foolish to ignore this fact entirely 
during the four-year course, and the present 
practice of imparting to the student as much 
knowledge as practically possible in addition 
to developing within him the qualities out¬ 
lined by Professor Malti is very effeetual. 
The only question then that can be raised 
is that of whether certain kinds of knowl¬ 
edge should best be acquired before or 
after giaduation. 

I have not commented in full on all of 
the discussions, but it is obvious that the 
various viewpoints of teachers of many 
years’ experience, such as Professor Soren¬ 
sen and others, as well as the experiences 
cited by Mr. Miner, should be gpven full 
consideration by those interested in the 
subject. 

Per-Unit 

Quantities 

Discussion and author's closure of a paper by 
Irven Travis presented for oral discussion at the 
education session of the summer convention, 
Milwaukee, Wis., June 22,1937, and sched¬ 
uled for inclusion in a special supplement to 
the annual tRANSAaiONS for 1937. 


M. G. Malti: See discussion, page 1400. 


B. R. Prentice (General Electric Company, 
Schenectady, N. Y.): Mr. Travis has made 
a timely and valuable contribution to the 
literature of engineering education in his 
brief and clear exporition of per-unit quan¬ 
tities. I agree with him that per-unit 
representation is "confusing to the average 
student” and for another reason in addition 
to those he has given. Students are often 
introduced to per-unit at the same time that 
they take up the study of some new machine 
or subject, frequently, synchronous-machine 
theory. Added to the fresh concepts of the 
new theory are the novel ideas of per-unit, 
multiplying the confusion. Mr. Travis has 
aptly applied per-unit to well-known prob¬ 
lems. 

In developing the "theorem in dimen¬ 
sional analysis,” it is tacitly assumed in equa¬ 
tion 16 that the parameters and variables 
can be expressed in terms of not more than 
4 fundamental dimensions, length, mass, 
time, and electric charge. It is then prop¬ 
erly shown that "It is never possible to as¬ 
sign more than 4 independent bases.” How¬ 
ever, it is inferred that this last statement 
applies to physical problems generally in¬ 
stead of the limited class of problems covered 
by the tacit assumption. Obviously, if 3 or 
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5 fundamental dimensions had been as- 
siuned, the mathematical derivation would 
have resulted in a maximum of 3 or 5 inde¬ 
pendent bases, respectively. In general, 
pure mathematical proofs of the number of 
independent dimensions in other than spe¬ 
cific problems cannot be given as dimensions 
are inherent physical things, and rest on ex¬ 
perimental laws and arbitrary definitions. 
In one iniportant class of problems, it is con¬ 
venient and desirable to include a fifth fun¬ 
damental dimension, temperature. Such 
problems are those involving heat flow as 
well as mechanical and electrical phenomena. 
I believe that, in such problems, the dimen¬ 
sion temperatxire (or its substitute) can only 
be eliminated by recourse to kinetic theory 
which is outside the realm of most engi¬ 
neering problems. 

TTie "theorem in dimensional analysis" is 
valuable for finding the number of independ¬ 
ent bases and determining which specific 
ones are independent in any actual problem 
provided one knows the independent fun¬ 
damental dimensions involved from physical 
reasoning. 


Lrven Travis: Mr. Prentice is entirely cor¬ 
rect in his statement that the conclusions 
in the "theorem in dimensional analysis” 
apply to the limited class of problems de¬ 
scribed by the 4 fundamental dimensions; 
length, mass, time, and electric charge. In 
a preliminary draft of the paper, the theorem 
was set up for a system of n independent di¬ 
mensions; this was changed in an effort to 
simplify the derivation as much as possible 
for student consumption. 

The general rule for assignment of bases 
is; Independent bases may be n-«s-<aigtig/^ to 
any group of quantities, providing the rank 
of the i^trix formed by the exponents in the 
dimensional formulas for these quantities is 
equal to the number of bases to be assigned. 
It is evident that in the matrix described, the 
number of rows is equal to the number of 
bases, and the number of columns is equal to 
^ number of fundamental dimensions. 
The gi^test possible number of independent 
bases is, therefore, equal to the number of 
fundamental dimensions. 

An error has been called to my attention 
by Mr. J. E. , Hobson. In figure 2, ruider 
receiver. 10,000 kw should read 10,000 kva. 


joy. The committee on education, in ^on- 
soring these papers, has injected into the 
Institute an activity the need of which has 
long been felt by the Institute membership 
in general and by educators in particular. 


the direction of the magnetic field? Would 
the action of a straight piece of bismuth 
conductor be the same in a longitu dinal field 
as in a transverse field? 


A New 

Magnetic Flux Meter 

Discussion and author’s closure of a paper by 
George S. Smith published in the April 1937 
issue, pages 441—5. and presented for oral 
discussion at the Instruments and measure¬ 
ments session of the summer convention. 
Milwaukee. Wis.. June 22. 1937. 


R. F. Edgar (General Electric Company, 
Schenectady. N. Y.): Professor Smith’s 
paper describes an instrument which should 
prove useful in many applications. Two 
achievements have been realized in the de¬ 
velopment. The first is the development of 
M instrument employing bismuth but liv¬ 
ing a zero indication which is not affected by 
temperature changes. Lack of this feature 
has been one of the biggest objections to the 
use of the bismuth spiral as a means of 
measuring magnetic field strength. The 
second lies in the ability of the instrument 


G. S. Smith: The questions by Edgar and 
Sprague are quite opportune since the 
answers to some of them had not been dis¬ 
covered until after the paper had been pub¬ 
lished. 

A meter just recently completed, was so 
made that 3 exploring bridges could be 
used with the same meter equipment. 
Table I shows the variation in design in 
these bridges. 

Bridge number 3 was the most sensitive 
and was calibrated for a full-scale range of 
about 2,100 gausses. Bridge number 1 was 
calibrated for a maximum range of 22,000 
gausses. It is evident that any of the 
bridges could be calibrated for any upper 
limit within the range of tlie calibrating 
equipment. 

Answering Mr. Edgar’s questions first, 

I would say that in the calibration curves 
for the higher ranges, the straight line por¬ 
tion of the curve occupies a little greater 
per cent of the full scale on the meter than 
in the lower ranges. 

If an accurate zero adjustment is ob¬ 
tained it is very stable for all ranges on the 
meter. It is evident, however, that when 


Figure 1. Effect of 
holding plane of 
bridge coils parallel 
to magnetic flux 
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Fundamental 

Concepts of Synchronous 
Machine Reactances 

Disc^lon of a paper by B. R, Prentice pre- 
the education 

^on of the summer convention, Milwaukee 
Wis.. June 22. 1937. and scheduled for In- 

" * *'**^** »o the annual 

TRANSACnONS for 1937. 

University, Ithaca, 
•, ^ese papere are in a class which 
histitute might well foster. They are 
u^ttedly expository and contain recent 
^pments in dectrical engineering^^ 
m a new. dear, and concise £ 
stadent and the average eng^eer 
can read and thorouglfiy understand and en- 


to measure flux densities in the range bdow 
1,000 gauss. 

The calibration curves of figure 3 show a 
very nearly linear characteristic from a full- 

scale value down to about 2,000 gauss. Are 

caUbration curves for the lower ranges 
say for a full scale value of 2,000 gauss’ 
suuilar in shape, or do they curve to a 
Ijeater extent throughout the range? Is 
the zero adjustment as stable for this low 
^ige as for the higher ones? What does 
Professor Smith consider to be the lowest 
i^ge which it would be feasible to design 
the mstrument for? 

This method of measurement differs from 
that of using a search coil and galvanometer 
the latter is definitdy directional 
aud, in a uniform fidd, measures only the 


coil. Does the bismuth spiral exhibit any 
difference in its action which depends upon 
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using the lower ranges, the greater sensi¬ 
tivity available will cause a greater dis¬ 
placement from zero if any temporary re¬ 
sistance changes take place. Such varia¬ 
tions can be caused by quick changes in 
tmperature in one or more of the coils 
above or bdow the remainder. In the 
normal use of the meter such differences 


Table I 


Num- ITnia- Num¬ 
ber 1 ber2 ber3 

Diam. of., bismuth wire 

_ U 8 ed-^inimnieters......... 0 . 1 fi .. 0.16.. 0.80 

Appirox. resistance of each 
spiral—ohms....... ......6.7 ..iq . in 

Diameter of spiral—milU- 
meters,..,.-........ 5 .. 7.6 ..16 
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ustially exist for only a few seconds, if at all, 
after which the true zero position of the 
meter is restored. 

It is rather difficult to state the lowest 
feasible range for such an instrument. 
For a portable instrument, using the small 
inexpensive t 3 rpe of meters, and a bridge 
diameter of about one centimeter, a full 


lar to the magnetic field. For low flux 
densities the readings for A, B, C, and D are 
negative, and for higher values displaced 
vertically from the usual calibration curve 
as in E. It should be noted that the scale in 
figure 1 is greatly magnified on the nega¬ 
tive side. This negative effect may be due 
to some characteristic of the niclrel wire 


Wiring diagram and oscillograms 
of the various voltages 



scale range of about 2,000 gausses would 
probably be as low as could be expected. 
By using a more expensive meter, as the 
flux-reading meter, or more material in the 
bridge, or both, the full scale range might 
be reduced to 1,000 gausses or less. By 
using a sensitive galvanometer, in which 
case the meter would no longer be portable, 
the full scale range might be reduced well 
below 500 gausses. A vacuum-tube ampli¬ 
fier might also be used, though little has 
been done thus far in attemping this. 

Previous researches have shown that 
less change in the resistance of bismuth takes 
place in a longitudinal field than in a trans¬ 
verse fidd. The curves A, B, C, and D, 
in figure 1 show the results of calibrations 
made when holding the plane of the spirals 
parallel to the magnetic field, while cvurve E 
is for the same bridge as used in-23 except 
holding the plane of the spirals perpendicu- 
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used as balancing resistors in the bridge. 
Careful resistance measurements on a plain 
bismuth spiral placed first with its plane 
parallel to, and second, perpendicular to, 
the magnetic field, showed less change in the 
resistance in the first position than in the 
second, but showed no tendency toward a 
negative or lowering of the resistance at any 
flux density. 

It is interesting to note that the change¬ 
over from negative to positive occurs at 
about the same value of flux density re^d- 
less of the size of wire or resistance used 
in the bismuth spirals. This might also 
be kn indication that the negative effect 
is due to some characteristic of the nickel 
rather than the bismuth. 

Mr. Sprague inquired about the use of the 
flux meter in alternating or transient fluxes. 
The bridge does give a reading for an alter¬ 
nating magnetic flux, but thus far too little 
has been done in this field to make any more 
definite statements. ' 

A crude, but sensitive oscillograph vibra¬ 
tor ws» constructed and used as the flux 
indicator Va in the bridge circuit as shown 
in the wiring diagram in figure 2. Thus the 
Fs wave in the oscillogram shows the flux 
variation due to an alternating magnetic 
field causexl by the voltage shown in Vi. 
Vs shows the voltage induce.d into a sepa¬ 
rate coil about the same field.; As will be 
noticed m the wiring dmgram, it was neces- 
ssuy to balance out a small component 
of alternating voltage induced into the 
bridge; circuit situ:e it apparently was not 
^tirdy honinductive in construction. 
Since the vibrator used was very crudely 
constructed, and not oil damped, it is 


scarcely feasible to attempt to explain the 
harmonics shown since they might have 
been due partly or wholly to other causes 
than flux variations. 

Figure 8 shows the results of using the 
meter to measure the variations of the flux 
density iu the air gaps of motors and genera¬ 
tors. In these curves only the maximum 
and minimum values were measured, and 
the remainder of the curves sketched in. 
With a suitable instrument, the complete 
curves, accurate at every point, could be 
very quickly and easily obtained by photo¬ 
graphic or curve drawing methods. 


A New High-Speed 
Cathode-Ray Oscillograph 

Discussion and authors' closure of a paper by 
H. P. KuehnI and Simon Ramo published in 
the June 1937 issue, pages 721-7, and pre¬ 
sented for oral discussion at the instruments 
and jneasurements session of the summer con¬ 
vention, Milwaukee, Wis., June 22,1937. 


J. H. Hagenguth (Gmeral Electric Com¬ 
pany, Pittsfield, Mass.): The authors 
have given a very good description of the 
new oscillograph. One of these oscillo¬ 
graphs has been in use in the high-voltage 
engineering laboratory, with which the 
writer has been connected, for the last year 
and a half. This oscillograph represents a 
great improvement in the oscillographic 
art chiefly from a mechanical point of view. 

The compactness of the assembly com¬ 
bined with accessibility of the component 
parts permits easy handling of the oscillo¬ 
graph and provides for the least amount of 
trouble. The adaption of the completely 
sealed cathode-ray tube eliminates all de¬ 
lays inherent to the continuously evacuated 
type, resulting in a considerable saving of 
time. Several improvements in the tube 
design might be desired: First, the curva¬ 
ture of a d-c calibration line at the higher 
calibration voltages might be eliminated 
(see figure 4 of paper), second, the focus¬ 
ing of the beam might be improved, to give a 
more uniform and sharp definition of the 
beam on the front and on the tail of waves 
(figure 5 of paper). 

Considering the low cathode excitation 
voltage of only 16 kv, as compared to 60 to 
80 kv of the usual cold-cathode continu- 
ouriy evacuated oscillograph, the writing 
speed is excellent. At the high^ rates of 
speed required for front-of-wave testing at 
1,000 kv per microsecond or higher, the 
record on the film sometime does not 
r^roduce well on a blueprint, but the 
necessary data can be taken from tiie film 
ffirectly so that the oscillograph can be 
used for all testing, which at present is re¬ 
quired for high-voltage work. 

The easily vari^ cathode-voltage supply 
enables the use of the osdllograph in con¬ 
nection with the transient analyzer for 
determming wave shapes for tra^ormer 
impulse testing. 


Otto Ahkerinan (Westinghduse Electric & 
Manufacturing Company, Bast Pittsburgh, 
Pa,): In the first part of their paper the 
authors give a veiy dem’ and interesting 
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review of the history of the cathode-ray 
oscillograph. They relate how, with the 
development of high-voltage metal oscillo¬ 
graphs with internal photography, the 
art of measuring electrical transients has 
come to its height and has actually reached 
its limits. It was with instruments of 
this type that by far the biggest part of all 
impure testing and research in the last 
10 or 12 years has been carried out, which 
made the cathode-ray oscillograph an in¬ 
valuable tool in science and industry. 
Since it is the very essence of our endeavor 
as engineers to obtain certain results in the 
simplest and most economical manner, the 
development on cathode-ray oscillographs 
. has of course been continued, although 
types are already available which have as 
high a recording speed and accuracy as 
can be needed. It is, therefore, quite appro¬ 
priate that any new appearance in this field 
be scrutinized as to whether it comes up to 
the standards in performance which the 
industry has already learned to expect. 

One extremely important feature which 
has helped to make the cathode-ray oscillo¬ 
graph such a remarkable instrument is its 
instantaneous response to an external im¬ 
pulse. It is not cleM why, in this new type, 
a time lag of about 20 microseconds is in¬ 
troduced before the timing sweep is starj^ed. 
Should the formation of the grid-controUed 
cathode beam require any such interval 
which practically excludes this type from 
the use of the recording of random phe¬ 
nomena? 

Another feature which it appears to the 
writer ^tails many hidden diffic ulties, 
is the use of a great number of small sphere 
gaps. Five such sets are shown in figure 8. 
Their spacing can be only of the order of 
Vie inch. They obvioudy need a great 
d^ of attention for constant operation. 

Whether it is the time lag in the forma¬ 
tion of the beam or the variations in the 
system of small gaps, it appears to be neces¬ 
sary to definitely start the oscillograph 
before the surge generator or, in other words, 
start the surge generator by means of an 
impulse from the oscillograph. 

Since the voltages available at the oscillo¬ 
graph circuit are comparatively low; an 
intermediate impulse amplifier must be 
added (see figure 7). 

Regarding the oscillograph records them¬ 
selves, the obtainable accuracy in voltage 
measurements is, of course, another im¬ 
portant feature. It is partly determined by 
the ratio between the picture size and the 
•width of the recording trace. Are the 
records as published about full size? 

Of equal importance in this respect is the 
uniformity of deflection or calibration. 
The upper lines of the calibration record in 
figure 4 are quite definitely curved. This 
accentuates another problem in oscillograph 
design: The potentials applied to the de¬ 
flecting plates influence the speed of the 
electrons passing between them. If the de¬ 
flecting potentials are not negligible com¬ 
pared with the cathode voltage, the electron 
speed suffers changes which result in non- 
uniform deflections and are partly respon¬ 
sible for pattern distortion. 

These features could be expressed in terms 
very much like those of speed and focal 
length when speaking of photographic 
cameras, which serve to compare ^eir 
quality. If sqch terms were already used 
with cathode-ray oscillographs, they would 


establish some sort of rating for this type of 
equipment. 

The writer, furthermore, likes to suggest 
that the apparent misprint in reference to a 
film speed of 600 feet per second be cor¬ 
rected. To unsuspicious readers, this figure 
might not seem extra'vagant with an instru¬ 
ment where one deals writh fractions of 
microseconds and hundreds of kilometers per 
second of writing speed. 

The ■writer finally would like to take ex¬ 
ception to the inference on page 722, that 
the vacuum system on metal oscillographs 
need be a troublesome and unreliable 
feature. While it is true enough that the 
production of satisfactory pumping equip¬ 
ment and air-tight vessels requires a highly 
specialized technique, the reliability of the 
finished product cannot be doubted where 
porcelain solder seals by the millions and 
automatic pumping equipments, as for in¬ 
stance in mercury arc rectifiers, have proved 
their dependability in countless industrial 
applications. 


R. J. Donaldson (Commonwealth Edison 
Company, Chicago, HI.): The Common¬ 
wealth Eklison Company has had one of the 
General Electric type HC-15 cathode-ray 
oscillographs for several months. Some of 
our operating experiences may be of interest 
to others. 

In using the oscillograph with the rotary 
film drum, to make records of events occur¬ 
ring over a period of several cycles of a 60- 
cycle wave, it is sometimes desirable to have 
the cathode-ray beam stay on for an ac¬ 
curately predetermined time. If it is on for 
less time than this, the record may be in¬ 
complete, if it is on for more, there are un¬ 
necessary traces on the film. 

The duration of the beam is determined 
by the time required for an adjustable 
capacitor to partially discharge through a 
Thyrite resistor in series -with the anode 
circuit of a thyratron tube. Due to the 
temperature characteristics of this tube, it is 
not usually possible to be sure of the exact 
number of cycles the beam ■will be on. 
The duration of the beam is also affected to 
some extent by changing from one thyratron 
tube to another. It was thus desirable to 
have some means of determining the dura¬ 
tion of the beam just prior to the making of 
an oscillographic ra:ord. 

This was done indirectly by measuring 
the product of beam current and time, or IT. 
A capacitor was connected between the 
cathode-ray tube anode and the oscillo¬ 
graph case to which the anode is normally 
grotmded. The potential built up on this 
capacitance by the beam current flowing for 
time T is almost directly proportional to the 
duration of the beam. This is true where 
the capacitance is made sufliciently large 
so that the potential built up on it is very 
small compared with the cathode-ray tube 
voltage. The capacitor potential was E = 
IT/C where I is the beam current, T the 
duration of the beam, and C the capacitance 
in series with the tube anode. The poten¬ 
tial on the capacitor was measured with a 
high-resistance d-c voltmeter. Each volt 
represented so many milliseconds beam 
duration, or so many cycles of a 60-cycle 
wave. If the same beam intensity and 
cathode-ray tube voltage were used, the 
meter could be calibrated directly in time or 
cycles duration. 


For the HC-IS oscillograph the beam 
current at maximum intensity writh 15 kv 
on the cathode-ray tube is about Vs milli- 
ampere. The duration may be adjusted for 
■various times up to about 20 cycles of a 
60-cycle source or Vs second. The ca¬ 
pacitance used was 2 microfarads. This 
gave a value of 



0.0002 X .33 
2 X 10-« 


— 33 volts 


The voltmeter used in measuring this 
voltage was a microammeter in series with a 
6-megohm resistor. This gave a time con¬ 
stant to the circuit of 10 seconds, suf¬ 
ficiently long to permit the meter to indi¬ 
cate the potential on the capacitor with fair 
accuracy before appreciable charge had 
leaked off. 

A very interesting characteristic of the 
th 3 natron tube controlling the beam dura¬ 
tion was noted while operating the oscillo¬ 
graph with the rotating drum film holder. 
In this particular test the thsnratron circuit 
was adjusted to release the beam for a total 
time of about 20 cycles of a 60-cycle wave. 
On some of the oscillograms there were 
several missing sections in the ■wave as 
though the beam had been blocked for a 
moment and then released again. The 
thyratron tube can be tripped from either 
of 2 3-electrode spark gaps in the initiat¬ 
ing circuit. The first gap is tripped by 
applying a few thousand volts to the middle 
tripping electrode from a 60-cycle trans¬ 
former and this gap in turn trips the second 
gap a few microseconds later, starting the 
time sweep. Occasionally the 60-cycle 
potential on the middle electrode caused 
several successive sparks to the gap elec¬ 
trode to which the thyratron grid was con¬ 
nected while the beam was still released. 
If the impulse from these sparks was nega¬ 
tive the beam was blocked until a positive 
impulse occurred releasing the beam again. 
This sometimes occurred several times 
during the 20 cycles being recorded. At 
first this appeared quite unusual, for the 
anode current in a thyratron is usually con¬ 
sidered to be independent of grid potential 
after the tube is tripped. However, in an 
article in the December 1936 issue of Elec¬ 
trical Engineering, Herbert J. Reich of 
the University of Illinois points out that the 
grid of a thyratron may be used to stop, 
as well as start, the flow of current provided 
the current is small. 

The remedy for the interrupted beam, 
once the cause wras found, was simple: 
readjust the gap to a spacing such that it 
will spark over only once during the record¬ 
ing time. Actually the solution was even 
more simple. When using the rotating 
drum the starting time can just as well be a 
few microseconds later and the thyratron 
can be tripped from the sweep circuit which 
never applies but one impulse. This 
merely involves changing a plug from one 
jack to another. 


W. F. Skeats (General Electric Company, 
Fhiladdphia, Pa.): The authors mention 
that several multiple-element oscillographs 
are in use in ■the General Electric Company. 
One of these is in the circuit-breaker inter¬ 
rupting capacity test plant. 

In this application multiple elements were 
desired partly to pbseiwe phenomena on the 
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3 poles of a 3-pliase breaker and partly to 
observe the operation of difEerent parts of a 
special circuit for determining the per¬ 
formance of breakers at short-circuit power 
beyond that available at the testing plant. 
The speed required was moderatdy, but not 
extremely, high, the maximum ‘frequency 
anticipated being about 200,000 cycles, 
but on the other hand a long record was 



Rgure 1. Optical system of cathode-ray 
oscillograph 


necessary as it was desired to observe phe¬ 
nomena occurring two or three hundredths of 
a second apart. It was also desirable to have 
records available promptly after each opera¬ 
tion with a minimum of delay before the 
instrument would be ready for another 
record. 

Many of the unique features of the design 
will be evident from a diagram of the optical 
system which is shown in figure 1. Three 
scaled glass deflecting tubes with fluorescent 
screens are used. These deflect the beam 
in one dimension only giving a deflection 
proportional to the quantity being meas¬ 
ured. A lens focuses the light from these 



Figure 2. Section of cathode-ray oscillogram 

screens upon a film mounted on the inside 
of a rotating drum. One mi^or is i^ed 
to r'akP the necessary bend in the light 
beams on the inside of the drum, and in 
order to obtain compactness of the field of 
vision and reduce its size 2 deflecting tubes 
are placed on one side and one on the other 
of a central axis, individual mirrors b^ 
placed on this axis to reflect the three light 
beams into the same plane. These l^tw 
also provide an adjustment to line up the 3 
spots with respect to each other on the film. 

The was placed on the inside of the 
drum in order to make high peripheral 
speeds available without the introduction 
of awkward clamping means or the P<msi- 
bility of breaking or loosening of the film 

November 1937 


on account of expansion resulting from its < 
own centrifugal stresses. 

The drum is 12 indies in diameter, and 
rotates at a maximum speed of 10,000 rpm. i 
This gives a time scale of 6 microseconds per < 
millimeter, stretching out one cyde of a 
200,000-cyde wave over 0.8 millimeter. 
Wi^ a reduction of about 5 to 1 in the opti¬ 
cal system, a sharply d^ned curve is ob¬ 
tained which can easily be read at this 
spacing. 

Figure 2 shows part of a record obtained 
with this oscillograph indicating the voltages 
attendant upon the interruption of tiie 
last two phases of a 3-phase-to-ground fault 
on an ungrounded generator. The upper 
and lower traces are the voltages across the 
2 poles of the breaker dearing at the time of 
the record and the center trace shows the 
voltage induced the phase which had cleared 
previously. 

A. T. Sinks (General Electric Company, 
Lynn, Mass.): We have had in our labo¬ 
ratory at the West L 3 nin Works for about 8 
months a cathode-ray oscillograph of the 
type described in this artide. During this 
period the oscillograph has been in use at 
least 50 per cent of the time testing instru¬ 
ment transformers and has been of great 
value to us in designing transformers for 
higher impulse-voltage strengths. 

I do not mean to imply that impulse 
t<>g ting was made possible only by this new 
oscillograph, as before its advent we m^e 
imp ulse tests for a number of years using 
the old type of oscillograph in which the 
film was inside the tube, and for the most 
part results obtained with this instrummt 
were very satisfactory and we made quite 
valuable improvements in instrument trans¬ 
former design on the basis of these resulte. 

However, in our work, the hew oscillo¬ 
graph has demonstrated its superiority, 
over the old type in a number of ways. 
In the first place, with the new desi^, as 
the authors state, the time of pumping a 
vacuum and any question of having the 
right vacuum after replacing the film is 
eliminated. In the second place, one can 
see the wave at the same time a picture is 
tfllrPTi. On the old type this was not pos¬ 
sible and there was no way of knowing what 
happened when a surge wa6 recorded on the 
film until the film was developed. When, 
as frequently occurs, one wishes to know 
what has happened before going further, 
it is obviously very much more convenient 
to be able to have some knowledge of what 
occurred without vmting to develop films 
and disassemble apparatus. 

Another point of interest in the new os¬ 
cillograph is that we have found the calibra¬ 
tion of the cathode-ray tube to be very con¬ 
stant and consistent. 

Since the whole apparatus including trip 
circuits and calibrating devices is co-ordi¬ 
nated in one design and made in one unit 
the operation of the apparatus is simplified. 

When all is taken into account, we, th^e- 
fore, feel that the new oscillograph design 
represents a valuable advance in the art. 


P. R. Benedict (nonmember; Westinghpuse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa.); The devdopment of 1^s 
new self-contained, portable oscillograph is a 
noteworthy contribution to the technique 
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of impulse testing. This device fills a 
need for a laboratory instrument which 
bridges the gap between the low-voltage 
cathode-ray oscillograph and the cold- 
cathode 60-kv constant-beam oscillograph. 
Two features of the instrument which are 
new are the simultaneous viewing and 
recording arrangement and the cathode 
beam initiating unit. In regard to the 
cathode-beam initiating system I would 
like to ask the authors what beam current 
is used in the tube. How is it measured for 
the short time the tube is in operation? 

In recent years, more and more stress 
has been laid on front-of-the-wave testing 
and it has been necessary to improve the 
pYiflting cold-cathode instruments. All reli¬ 
able impulse data must be sealed from 
recordings of actual impulses applied to the 
test piece. Oscillations on the test wave 
tend to decrease the density of the trace 
fltid tnakft suitable recording difficult. 

In order to get readable, rdiable records, 
all spurious oscillations must be eliminated 
from the system. It has been my experi¬ 
ence that nearly all spurious oscillations 
come from poor grounding arrangements. 
Grounding the test generator at only one 
point hdps a great deal. All divider cables 
should be grounded at the gmerator ground. 

A copper-braid sheath over the lead sheath 
of' the divider cable also hrips to reduce 
superimposed oscillations on recorded test 
waves. The divider cable sheath should 
be insulated from ground over its whole 
length. Short heavy ground connections 
should be used at both ends of the cable. 
The authors show no damping resistors 
in the riTnitig plate leads to the cathode ray 
tube. Such resistors plac^ at the timin g 
plates hdp to cut out inductive pickup from 
the voltage leads and other parts of the 
oscillograph system. A resistance value of 
3,000 ohms is about right. The timing 
calibration should be made with the resistors 
in. The unit described by the authors is 
very well shielded as the oscillograms show. 

The oscillograph tube of this article 
uses electrostatic concentration methods 
for producing an intense beam. The cbld- 
cathode instruments are much harder to 
focus in this way but satisfactory progress 
has been made in this country and in 
Europe. Field control at the cathode se^s 
to offer the best solution of concentrating 
the beam electrostatically. The use of a 
magnetic concentrating coil between the 
cathode and anode, so placed that the beam 
is focused on the anode hole, 0.026 inches in 
diameter, improves the recording speed 
materially* I would likcf to ask tho authors 
what the recorded trace width is. In high 
voltage it is imperative that the beam be 
intense but narrow. Assuming a tr^e 
width of 0.1 inch, and a deflection of 2 
hiches, the trace width is 6 per cent of the 
recorded voltage. Such a wide beam mtro- 
duces errors in scaling oscillogr^s and 
while the recording speed may be increased 
by using a large diameter spot, a trace 

width of about 0.040 inches is desirable. 

I What is the actual deflection in mches 
of the records of figure 6 and figure 6? Also, 
what is the approximate voltage of figme 6? 
In high-voltage recording it is desnable to 

; use about a 3-inch voltage deflection for 

t satiriactory accuracy. A time d^ectwm 
s of about 2V* inches per microseco^is alw 

I necessary for vrave^^front testing.^ Thet^- 

B ing of li gl^tiling arresters and all apparatus 






at short time to flashover values require 
such deflections for satisfactory scaling, 
especially where time to fllashover curves 
are desirable. 

The rotating-drum type of camera pan 
also be applied to the cold-cathode t 3 rpe 
instrument and the loss of time due to re¬ 
pumping after each film is more than offset 
by the excellence of the record. In the 
modem high-voltage beam oscillograph 8 to 
10 minutes are consumed in pumping to 
working vacuum after a fllm change. 
When taking time to break down curves, 
using roll fllm, as many as 160 records are 
taken on a 6-exposure film. The cold-cath¬ 
ode instruments may be used to cover 
the range of 10,000 microseconds to the 
shortest times obtainable in surge-generator 
circuits. Calibrations are permanent 
accurate to about 1 per cent. While the 
authors state the writing speed of 10 inches 
per microsecond, the requirements of wave- 
front testing and short time to breakdown 
phenomena are such that 50 inches per 
microsecond is desirable in an instrument 
used for the collection of pertinent impulse 
data. 


H. P. Kuehni and Simon Samo: Mr. 
Ackerman’s comments and questions about 
the new cathode-ray oscillograph are indee d 
very interesting and also highly pertinent 
and the authors welcome this opportunity 
to discuss here briefly some of the details 
which might not have been sufficiently 
clearly brought out in the paper. 

The second, third, and foturth paragraphs 
of Mr. Ackerman’s discussion are quite 
closely related from the point of view of 
the oscillograph design features and they 
may be answered as follows. 

In order to serve as a fundamental back¬ 
ground for the general discussion, it may 
perhaps be well here to state the basic re¬ 
quirements which guided the design of the 
new oscillograph. 

(o). ^ The oscillograph must satisfy prac¬ 
tical impulse testing requirements. It 
must be capable of recording standard 
impulse testing waves. 

(6). The oscillograph records shall show 
a portion of the sweep (zero line) before the 
wave record begins so as to obtain a full 
wave record. This result is to be obtained 
without the use of dday cables, there¬ 
fore, this feature makes it necessary to 
initiate the oscillograph sweep before the 
appearance of the impulse Wave at the 

oscillograph deflection plates. 

(c). In Vdew Of (6) above, the osdllo- 
^aph shall include means for initiating an 
impose generator and shall include proper 
bming equipment to release the cathode- 
ray beam, to start the sweep and to ini tiate 

the impulse generator at the correct time. 

W* The (Mcillograph shall also be Ca- 
pable^ pf recording random phenomena 
whereby the cathode-ray beam and sweep 
are mitUted hy an. incoming voltage im . 
pu^e.: For this application. the response 
must take place within a fraction of one 
microsecond. 

For reasons Of economy and also to arrive 
at a compact design the internal oscillo- 
paph imtiating circuits vrere to 7.6 
kv with respect to ground, and 3 electrode 
gaps were selected to initiate these circuits 
It IS quite natural that Mr. Ackerman 
should question the rdiabffity of low-volt- 


age gaps of this kind and the authors share 
his skepticism in a general way. However, 
by the use of efi&itive artifices the perform¬ 
ance of these gaps was rendered reliable in 
service without necessitating undue criti¬ 
cal gap adjustment. Tests have shown 
that small gaps of the type used may be 
made to perform very uniformly by ultra¬ 
violet light irradiation. The necessary gap 
irradiation is obtained from an auxiliary 
circuit and it is the main function of the 
primary ini t i a ting circuit, which is tripped 
by the 60-cycle transformer and push¬ 
button shown in figure 3, to supply the 
needed ultraviolet light at its spark gaps. 
As figure 2 shows, these gaps are mounted 
very close to the sweep-initiating-unit gaps. 
The time performance of the auxiliary 
circuit gaps obviously need not be accurate. 

Inasmuch as a primary initiating circuit 
was used, it was decided to initiate with it 
also the cathode-ray beam. The time de¬ 
lay of approximately 20 microseconds, 
introduced between the primary initiating 
chcuit and the sweep circuit, was quite ar¬ 
bitrary and was admittedly ori ginally in¬ 
troduced to give the.thyratron tube anri the 
cathode-ray tube ample time to establish 
the cathode-ray beam before the initiation 
of the weep. However, it was soon found 
that this precaution was quite unnecessary, 
b^use the cathode-ray beam could be 
initiated in a small fraction of a micro¬ 
second by applying a sharp voltage impulse 
to the thsrratron grid. Nevertheless, the 
resistance between M and the sweep circuit 
midsphere was retained to prevent a voltage 
impulse of toge magnitude at M and the 
thyratron grid L when the sweep circuit 
midsphere is tripped by an incoming 
voltage impulse applied at 0 as shown in 
figure 7. Also, this method of primary 
beam initiation provided a convenient 
means of initia^ the cathode-ray beam 
m rapid succession for beam focusing pur¬ 
poses without having to wait 20 or 30 sec¬ 
onds for the sweep-circuit capacitors to 

charge tlnough a high resistance. 

Referring to the diagrams of figure 3 mid 
figure 7, when the oscillograph is to be used 
for recording random phenomena, provi¬ 
sions are made, by means of a flexible lead 
and plug, to connect the thyratron grid lead 
at 0 of the sweep circuit instead of at 
M of the primary initiating circuit. In 
tWs case the incoming voltage impulse 
tmough Q is then used to initiate the gaps 
of the sweep circuit and the cathode-ray 
beam. By using a fairly large itip-nmitig 
momentary voltage impulse of, say, 60 kv, 
which is usually readily available in this 
^e of recording, ultraviolet gap irradia¬ 
tion as described above is now not TiPf.dgd. 
Thus, it is not necessary to start the oscillo^ 
graph before the surge generator. How¬ 
ever, it is generaUy advisable to do so, 
whMevw the impulse generator initiation is 
lind^ control, as is the case in impulse 
testing and when a complete wave record 
B desired without the use of an artificial 
delay of the arrival of the voltage wave to be 
recorded. 

In figure 7 there is shown between the 
oscillograph and the impulse generat or ah 
mt^ediate initiating ciroiit which was 
used, as pointed out by Mr. Ackerman, to 
amplify the 7.5 kv ou^ut from the oscillo- 
graph- Since the publication of the paper a 
simple inexpensive air-core tjT® of trans¬ 
former was developed to take the place of 


this unit, whereby the voltage of 7.6 kv is 
transformed into a voltage of 70 or 80 kv 
suitable for initiating directly the impulse 
generator. The polarity can easily be 
changed by simply reversing the output 
l^ds. This method has proved to be 
highly successful and precision timing was 
obtained. 

The performance of this type of oscillo¬ 
graph in impulse testing work has been ex¬ 
cellent and as many as 120 consecutive 
impulse records per day were taken. 

The curvature of the d-c calibrating lines 
shown in figure 4 is due to the spherical 
curvature of the fluorescent tube screen. 
By simply superimposing the oscillograph 
wave records on this calibration chart this 
slight curvature should be of no consequence 
as far as the measurements of deflection 
amplitudes are concerned. 

The oscillograph reproductions shown in 
figures 4 and 6 are approximately V* full 
size and the original films are 3 V 4 hy 4 V 4 
inches. 

Mr. F. R. Benedict’s interesting com¬ 
ments relating to the technique of building 
impulse testing circuits free from spurious 
oscillations agrees veil with our own labora¬ 
tory experience. 

The exact magnitude of the beam current 
in the cathode-ray tube has not been meas¬ 
ured. Howev^, test evidence obtained 
by observing, by means of a cathode-ray 
oscillograph, the voltage drop across a suit¬ 
able resistor in the cathode circuit indi¬ 
cated that the beam current is approxi¬ 
mately one milliampere when the beam 
intensity control is adjusted to maximnrn at 
zero control grid bias. 

The width of the recorded trace of the 
records shown in figure 5 is approximately 
Vm inch where it is widest. The width de¬ 
pends on the cathode spot motion, it being 
somewhat larger when the cathode spot is 
moving slowly. However, the high-vacuum 
tsrpe of cathode-ray tube with electrostatic 
control grids leads itself to a very fine beam- 
intensity control. 

The ^plitude deflection of the records 
shown in figure 6 is approximately IV* 
inches. The records of figure 6 were tnirf-n 
with a small camera giving a record about 
Vs full size. In our laboratory we project 
these records for analysb on a graduated 
s(^een by means of an enlarging camera 
with excellent results. 

Mr. R. J. Do n aldson’s discussion refers 
to the use of the new oscillograph for ro¬ 
tating film drum recording. In the tran¬ 
sient recording with stationary film and 
cathode beam sweep, the slight erratic shut 
off of the thyratron tube is, of course, of no 
consequence because the cathode-ray beam 
is already swept off the screen when the 
beam is finally shut off. Mr. Donaldson 
has made a very interesting contribution in 
the form of his current times time number of 
cycle indicator. 

The authors wish to rectify here an omis¬ 
sion in the bibliography of the paper'and 
attention is here Called to an ^cellent 
paper by Messrs. K, B. McEaqhron and 
E. J. Wade entitled"Study of Time Lag of 
the Needle Gap” published in the AIEE 
Transactions, volume 44, pages 832-42, 
June 4926. This paper is one of the earliest 
describing the application of the high-volt¬ 
age internal-photography cathode-ray os- 
cillograph to practical electrical engineerinir 

problems. V ^ 
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Sixty-Cycle Calibration of the 
50-Centimeter Sphere Gap 

Discussion and authors* closure of a paper by 
C. S. Sprague and G. Gold published in the 
May 1937 issue, pages 594-6, and presented 
for oral discussion at the insulation co-ordi¬ 
nation session of the summer convention, Mil¬ 
waukee, Wis., June 22,1937. 


J. R. Meador (General Electric Company, 
Pittsfield, Mass.): The authors have de¬ 
scribed what appears to be a very practical 
method of measuring high a-c voltages that 
lends itself particularly well to calibration 
purposes. 

While making 60-cycle spark-over tests on 
grounded sphere gaps (“Calibration of the 
Sphere Gap,” J. R. Meador. Electrical 
Engineering, June 1934) in 1933 at Pitts¬ 
field, the writer had occasion to take a few 
check points on a 60-centimeter isolated 
sphere gap. The results were not published 
at that time due to the small number of 
spacings tested and to the fact that only one 
size of sphere was used. Since the calibra¬ 
tion points checked the values in Standards 
Number 4 to within 2 per cent to 3 per cent, 
there did not appear to be an urgent need 
for further investigation. The more com¬ 
plete investigation conducted by Messrs. 
Sprague and Gold seems to indicate that a 
slight revision of Standards Number 4 for 
isolated spheres would be desirable. 

The calibration points that were ob¬ 
tained by the writer are compared in table I 
with those for nonirradiated spheres given by 
the authors and with Standards Number 4. 

It will be noted that the maximum differ¬ 
ence between the Pittsfield points and those 


Table I 


Spark-Over Voltagie (Kilovolts 
Crest) ITonirradiated 


Sphere-Gap 

Spacing 

(Centimeters) 

Meador 

Sprague 
and Gold 

Standards 
Ho. 4 

10.... 

..262... 

.. .266... 

...265 

16.... 

..370... 

...374... 

...381 

20.... 

..468... 

.. .465... 

...476 

26.... 

..665... 

.. .645... 

...667 

30.... 

..626... 

...624... 

...632 

40.... 

...766... 

.. .764,.. 

•• • 


of the authors is 1.8 per cent which is very 
good agreement for measurements of this 
nature. 

My voltage measurements were made 
with a voltmeter coil and vacuum tube 
crest voltmeter. I fully agree with the 
authors that the crest voltmeter is a very 
satisfactory and convenient instrument for 
this type of voltage measurement. 


P, H. McAuley: (Westinghouse Electric & 
Manufacturing (Company, East Pittsburgh, 
Pa.): The authors have made another 
contribution to the improvement in sphere- 
gap calibrations on which a great deal of 
work has been done in the last few years. 
It is gratifying to note that thmr values for 
the nonirradiated ungrounded gap are 
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mostly within 2 per cent of the present 
standard values. 

In a general way the method of measure¬ 
ments used appears satisfactory when the 
precautions mentioned in the paper are 
taken. Much depends on the vacuum-tube 
crest voltmeter, for which, unfortunately, 
no details are given. Some Westinghouse 
testing transformers are equipped with a 
crest voltmeter operating on the bushing 
charging current. The same principle was 
used by Fortescue and Farnsworth in their 
original fundamental calibration of the 
sphere gap. It is perhaps appropriate to de¬ 
scribe the method briefly at this time. 

If Q is the charge of a condenser at a 
crest voltage £, 2 Q is the change in charge 
from a voltage -{-E to —B. The change 
per cycle is 4 Q. The av^ge current, dis¬ 
regarding sign, is the charge flowing in 
coulombs per second. If C is the capacity 
of the condensers, the average current is 
4 Q/ «=> 4 CEf, where / is the frequency. 
To obtain an indication of the average 
current, the condenser charging current is 
rectified and measured with a D’Arsonval 
type of meter. Either a mechanical or a 
thermionic type rectifier may be used. 

This furnishes a simple and rdiable 
method of measuring high voltages, especially 
when the testing transformer is equipped 
with condenser bushings. It is of course 
customary to check the crest voltmeter 
against the sphere gap to guard against 
changes in capacity with voltage. Once its 
performance is determined, however, it can 
be relied upon for most testing conditions. 
It is sensitive to disturbances in the high 
voltage circuit and, with a thermionic recti¬ 
fier, trouble may develop in tests causing 
high frequencies or excessive harmonics. 
Methods of overcoming these troubles have 
been described (D. F. Miner, Electric 
Journal, December 1926). An outstanding 
featvue of this crest voltmeter is that it is 
independent of the load on the testing trans¬ 
former. 

It would be interesting to have the auth¬ 
ors report the results of their study of the 
effect of voltage on the capacities of the 
bushings. It has been our expmence that 
the effective capacity increases as much as 2 
per cent at the higher voltages. 


C. S. Sprague and G. Gold: In response to 
Mr. McAuley’s request for more detailed 
information on the crest voltmeter em¬ 
ployed by the authors, the following brief 
description will be given here. 

The working range of the crest voltmeter 
proper is about 30 volt crest, hence its use 
on high voltages requires a capacitance 
divider of known ratio, of which the con¬ 
denser-type bushing conveniently supplies 
the high-voltage capacitor. Low alternat¬ 
ing voltage up to 30 volts is supplied to the 
grid circuit of a vacuum tube having a suf¬ 
ficiently high input impedance so as not to 
disturb the potentiometer ratio. Full-wave 
rectification of the a-c component is pro¬ 
vided by a duodiode in the plate circidt, by 
which means 2 series condensers, connected 
as in a voltage-doubler circuit, are each 
ultimately (after several cycles) charged 
to a d-c potential proportional to the crest 
value of the voltage applied to the grids. 
This d-c potential is in turn applied to the 
grids of a d-c push-pull amplifier with^ a 
milliammeter and a differential shunt in its 
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output circuit, the reading of this milliam¬ 
meter being a function of the crest voltage 
of the alternating wave applied to the in¬ 
strument. 

The instrument proper has no inherent 
calibration but it can be accurately cali¬ 
brated at low voltage. It is not sensitive 
to occasional high frequencies but indicates 
the average value of the applied crest 
voltage over a number of cycles. Since the 
indications depend upon the change in plate 
current, that is, upon the slope of the Ep-Ig 
curve, and not upon the absolute values of 
plate current, the instrument is insensitive 
to changes in the supply voltage. 

With proper design, the instrument re¬ 
sponds quickly to any change in the ap¬ 
plied voltage and is independent of wave 
shape and sustained harmonics or tooth 
ripples, even under the most extreme condi¬ 
tions. 

When first built the possibility of error 
due to changes in the characteristics of the 
vacuum tubes was considered. However, 
with operation of the vacuum tubes well 
within their ratings, no trouble of this sort 
has been experienced in continued opera¬ 
tion over periods of a year or more. As with 
the rectified charging current type of crest 
voltmeter, the device when used with a 
capacitance potentiometer can be occasion¬ 
ally checked against a sphere gap. Also 
with either type of crest voltmeter the ca¬ 
pacitance of the condenser-type bushing 
should be accurately known. 

With regard to the change in capacitance 
of the bushing with voltage the authors are 
glad to present the following data. The 
bushings were designed for operation at 
■ 300 kv effective. The capacitance was con¬ 
stant up to approximately 66 per cent of 
this value. Between 66 per cent and 100 
per cent the capacitance increased, at first 
slowly, then more rapidly, ultimately show¬ 
ing a total increase of approximately 1.1 
per cent. 

Mr. Meador’s discussion presents com¬ 
parative data showing a close check between 
Mr. Meador’s results and those of the 
authors for nonirradiated spheres. Such a 
check is always gratifying to both parties. 


Basic Impulse 
Insulation Levels 

Closure of a paper by the EEl-NEMA joint 
committee on sy^em insulation co-ordination/ 
published in the June 1937 issue/ pages 711- 
12/ and presented for oral discussion at the 
insulation co-ordination session of the sum¬ 
mer convention, Miiwaukee/ Wis., June 25/ 
1937. Previous discussion of this paper 
appeared in the October 1^37 issue, page 
1298. 

Philip Spom: Setting up insulation levels 
on a voltage basis has laid the foun^tion 
for carrydng on the more important work 
of the Joint Committee in specifying the 
insulation strength of all classes of equip¬ 
ment in the establidied levels and in allo¬ 
cating these levels to the normal system of 
voltages. 

General agreement on the basic levels as 
in table I, was readied, of course, 
only after certain compromises and minor 
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dMerences of opinion.. As mentioned by 
Mr. Foote and as pointed out in the report, 
consideration should be given to increasing 
the 100-kv impulse level in the 16-kv class. 
The apparent lack of agreement here appears 
to be due to the fact that the 100-kv level 
really corresponds to the 13.8-kv class (if 
such were recognized) as can be readily 
shown by plotting the basic levels against the 
rated voltage classification. It is planned 
to give this matter further consideration 
m the committee. 

The heading of column 1 of table I “maxi¬ 
mum^ rated voltage classification” was the 
heading agreed upon by the committee. As 
Mr. Foote points out, however, it may be de¬ 
sirable to change this wording if there is con¬ 
fusion, as there apparently is, interpreting 
the present heading to mean that basic im¬ 
pulse levels are definitely tied up only with 
systeni voltages having numerical values 
given in column 1, A way of clearing up 
this enthe matter might well be by referring 
to the different basic impulse insulation lev¬ 
els by letters or numbers independent of the 
system voltage on which they may be ap¬ 
plied. 

This report covers the progress so far 
made by the committee in the insulation co¬ 
ordination problem. There is still a great 
deal of work to be done and this may per¬ 
haps constitute the major part. If it had 
been found possible to recount in detail the 
various discussions within the committee 
prior to adoption of these levels, a clearer 
understanding of how the values given in 
table I were arrived at would be evident. 
As Mr. Foote points out, “the basic levels 
are intended to be reference levels.” This 
appears to clearly define what these basic 
levels are supposed to represent. 

Mr. Vogel assumes that these levels are 
“pmely arbitrary since the foundation 
which is the voltage level which can be main¬ 
tained by protective equipment is lacking.” 

In other words, a basic level is a benchmark 
on which all other insulation and protective 
equipment in the system is based. If I un¬ 
derstand Mr. Vogel’s comments correctly, 
he believp that protective devices should be 
standardized and that transformers and 
other equipment should be based on the per¬ 
formance of the protective device. Fur¬ 
ther, if Mr. Vogel's remarks are understood 
correctly, he would design a piece of appara- 
tiM self-protected and place it in a system 
with the firm belief that the apparatus would 
perform satisfactorily regardless of whether 
the system itself functions as a unit or not. 
Ibis is exactly the type of thing that insu¬ 
lation co-ordination is intended to prevent, 
that is, the throwing together of a mass of 
equipment such as power transformers, cir¬ 
cuit breakers, instrument transformers,, bus 
insulators, etc,, each made to the pet ideas 
of the individual designer or manufacturer as 
regards co^truction mid protection without 
consideration of the broad point of view of 
the protection of the system as a whole 
when this equipment is installed and has to 
work as a Unit. Experiencing situations of 
this kind frequeUtly and in actual practice 
has been one of the principal factors in giv¬ 
ing insulation co-ordination the large amount 
of attMtion and consideration that it has 
been given up to the present time and is 
still receiving. 

It makes little difference where the basic 
level is set; whether at the protective de¬ 
vice, the transformer; the station entrance, 
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or elsewhere, but once set, the problem be¬ 
comes one of selecting and using margins 
between the various steps of insulation where 
these steps are desirable and economically 
justified. The bases on which these insula¬ 
tion levels were selected were distinctly not 
arbitrary, but have been co-ordinated so far 
as information has been available with pres¬ 
ent-day protective devices. A close study 
of data published in papers by Messrs. 
Foote and North and Messrs. Sporn and 
Gross show clearly that consideration has 
been given to the protective devices .at 
present available. 

As the work of the committee progresses 
in "canying out its purpose and scope in: 

1. Specification of insulation strengths, and 

2. Allocation of insulation levels as mentioned in 
the paper” 

it is believed that the co-ordination of in¬ 
sulation on a power system will become 
much less difScult. The proper use of the 
principles of insulation co-ordination will, 
it is confidently believed, result in more 
economical power systems. 

Insulation Strength 
of Transformers 

Closure of a report of the transformer subcom¬ 
mittee of the AIEE committee on electrical 
machinery published in the June 1937 issue, 
pages 749-54, and presented for oral dis¬ 
cussion at the insulation co-ordination session 
of the summer convention, Milwaukee, Wis., 
June 25, 1937. Previous discussion of this 
report appeared in the October 1937 issue, 
pages 1297-8. 


I* W. Gross: This paper was intended to 
give a historical record of the development 
of the insulation strength of transformers, 
particularly the impulse strength. In so 
doing, it was desirable to recount the vari¬ 
ous steps which were taken in setting up 
impose tests on transformers, and in con¬ 
clusion, the paper gave impulse-test values 
(tables II and III) of transformer and bush¬ 
ings, together with a brief outline of the 
proposed method of test where it differed 
from past procedure. 

The fact that a question has arisen since 
the report was published (as pointed out by 
Mr. Montsinger) regarding the magnitude of 
test voltages seems to indicate that perhaps 
the report was not entirely clear in this re¬ 
spect. It may be well, therefore, to briefly 
summarize the entire aspect of impulse tests 
on transformers. 

It is recognized that a transformer in ser¬ 
vice may be subjected to 3 different types of 
impulses; namely, a full wave* a wave 
chopped on the tail, and a wave chopped on 
the front. Impulse toting of transform^ 
has developed today to the point where it is 
perfectly safe and practical to impose on a 
transformer in the factory , tests with full 
waves and waves chopped on the tail. Some 
work has been done and still is in progress 
on applying tests with waves chopped on 
the front, that is, front-of-wave tests. The 
standard wave used to test transformers is 
the l'/jx 40 wave, and it, of course, nsay 
either be of a positive or negative polarity. 
Since the first of the year when the test pro- 
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cedure was clarified by speaking of impulse- 
test voltages in terms of their crest value in¬ 
stead of inches of gap—which, of course, was 
only a test device—^the recommended im¬ 
pulse test on transformers boils down to the 
apphcation of full-wave and chopped-wave 
applications. Following past procedure, 
the test now recommended calls for 2 chopped 
waves but of equal value followed by the 
full-wave test. The magnitude of impulse- 
test voltages correspond, in general, to the 
voltages permitted by the test gaps formerly 
specified. In accord with action taken by 
the transformer subcommittee at its fnc<>tmg 
in Milwaukee, June 26, it was agreed that the 
test values indicated in table II of the paper 
should be recommended, subject to the 
changes indicated in Mr. Montsinger’s dis¬ 
cussion above, namely, that distribution 
transformers in the 16-kv class be subject to 
a full-wave test of 96 kv and a chopped wave 
test of 110 kv. Likewise, it was agreed at 
that meeting to recommend the bushing 
characteristics given in table III with the 
change that the 16-kv-class bushing impulse 
flashover value be changed from 110 kv to 
106 kv. Th^e tables II and III with the 
3 changes indicated are the latest recommen¬ 
dations of the committee on magnitudes of 
impulse tests on transformers and their 
bushings, the sequence of application being 
2 chopped waves of equal magnitude fol¬ 
lowed by one full wave. 

While the above 3 changes in voltage val¬ 
ues in the 16-kv class from those given in 
tables II and III have been agreed upon, 
there is still a feeling by some of the members 
of the committee that the values should be 
retained as given in the table. However, 
since entire agreement could not be obtained 
it was felt better to go along with the lower 
tentative values in the 16-kv class than hold 
up the entire matter until agreement had 
been reached. 

Considerable discussion has developed 
over the gaps on transformer bushings. Mr. 
North points out that “gaps mounted di¬ 
rectly on bushings are very undesirable and 
should be discontinued.’’ Others in the in¬ 
dustry have voiced the same sentiment, and 
it seems quite likely that the development 
of standards for transformers, together with 
their bushings, will eliminate the bushing 
gap entirely. It seems perfectly clear that 
the matter of setting up and testing insula¬ 
tion strength of transformers is one thing 
and the protection of that transformer is an¬ 
other, whether it be protected by gaps, light¬ 
ning arresters, or some other device. The 2 
problems are, of course, interrelated and 
should be co-ordinated. 

It has been clearly brought out in the dis¬ 
cussions that there is a hazard in mounting 
pps on bushings due to the possibility, and 
in many cases almost certainty, that the 
power arc, which will develop over the sur¬ 
face of the bushing when these gaps break 
down, will damage the bushing. Actual ex¬ 
perience has shown this to be true. It is be¬ 
lieved, howeveTi that where gaps are used in 
connection with transformer protection, 
they should not be close enough to the bush¬ 
ing to result in a destructive arc on the bush¬ 
ing itself. 

Answering Mr. North’s question regard¬ 
ing the definition of “a directly grounded 
circuit,” which appeared in the 1930 ATETC 
Transformer Standards. As near as can be 
determined at the present time, this defini¬ 
tion was set up to accomplish several thmgs; 
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first, to make it impossible to consider a sys¬ 
tem’s neutral solidly grounded if it liad a 
small grounding bank or potential trans¬ 
former bank Y-coimected with the neutral 
physically attached to ground. Another 
point considered appears to have been that 
the system neutral would be held sufficiently 
close to ground potential to consider the sys¬ 
tem grounded if the requirements set up in 
the footnote were followed. Further, it 
was considered improbable that troublesome 
oscillations would be set up in the system 
due to transient voltages resulting from 
arcing grounds if the procedure outlined 
in the footnote were followed in defining the 
system as directly mounted or isolated. 


Application of Arresters and the 
Selection of Insulation Levels 

Authors' closure of a paper by J. H. Foote and 
J. R. North published in the June 1937 issue, 
pages 677-82, and presented for oral dis¬ 
cussion at the insulation co-ordination ses¬ 
sion of the summer convention, Mil¬ 
waukee, Wis., June 25, 1937. Previous 
discussion of this paper appeared in the 
October 1937 issue, pages 1293-6. 


J. H. Foote and J. R. North: The large 
amount of constructive discu.ssion of these 
papers is appreciated and we are especially 
gtflrl to have the various phases of this mat¬ 
ter of insulation co-ordination amplified by 
others who have been working actively with 
the problem. 

We would like to call attention to 2 cor¬ 
rections which should be made in our paper. 
On page 680, item (6) should not mention 
fault resistance and should read: "(6). 
The ratio of zero-sequence impedance (in¬ 
cluding neutral impedance) to positive- 
sequence impedance. ...” 

The ratio Zo/Zi is indicative to some ex¬ 
tent of the ^ectiveness of the neutral 
grounding. The voltage during fault con¬ 
ditions from sound phase to ground may 
range from less than En to more than E 
line-to-line, depending upon tbe netural 
conditions. In many cases, it will be found 
that an 80 per cent arrester may be used if 
the ratio Zo/Zi is equal to 2 or less and that 
a 70 per cent arrester may be used if this 
ratio is equal to one or less; however, it 
should be distinctly understood that this 
approximation of the arrester rating is only 
a general "rule of thumb.” 

Mr. Halperin has questioned the neces¬ 
sity of the arrester voltage rating being a,t 
least 10 per cent above the calculated maxi¬ 
mum sound phase voltage-to-ground. The 
rating of an arrester is based upon the 60- 
cycle voltage at which it wiU cut off after 
discharge. Considering the possibility of a 
line-to-ground fault coincidental with the 
surge, it was felt that arresters should have 
a margin of at least 10 per cent above any 
such voltage which it might be called upon 
to clear. The ability of an arrester to clear 
itself is influenced to some extent by the 
voltage recovery rate and experience has 
indicated that the performance is much 
better on systems having a moderate ratio 
of reactance to resistance. Then, too, 
arresters in the lower-voltage classes tend 
to have a higher factor of safety than those 
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in the higher-voltage classes. 

Messrs. Piepho, Ross, and Vogel have 
inquired as to the characteristics of present 
day arresters when discharging currents 
above 5,000 amperes. The value of 6,000 
amperes was used in the paper since com¬ 
parable data regarding the performance of 
different types of arresters was available 
at this current value but not generally at 
the higher values of discharge current. 
Practically, this is not of great moment 
since the voltage across the arresters during 
discharge does not increase lineally with in¬ 
creasing discharging current. The char¬ 
acteristic curve is a logarithmic exponential 
function and the voltage across one design 
of arrester during discharge of 20,000 am¬ 
peres is only approximately 15 per cent 
higher than that at 6,000 amperes. While 
arresters of different designs have differing 
characteristics at high discharge rates, it is 
generally held that currents much in ex¬ 
cess of 6,000 amperes can be discharged be¬ 
fore the voltage drop across the arrester 
reaches the basic impulse insulation level. 
We are highly sympathetic to the plea for 
comparable manufacturers’ data of arrester 
performance characteristics at higher values 
of discharge current and it is to be hoped 
that this information will be made generally 
available in the near future. Similar data 
should also be made generally available re¬ 
garding the performance characteristics 
of older designs of arresters and arresters 
which may have deteriorated in service. 

The adequacy of the value of one kv per 
circuit foot assumed for the short-time po¬ 
tential gradient has been questioned. This 
value is equivalent to an incoming wave 
having a front of 1,000 kv per microsecond 
and without reflection. In particular cases, 
the assumption of higher values may be 
necessary but it has generally been felt 
that one kv per foot represented a reason¬ 
ably average value considering the actual 
jt^ngfhs of circuit feet, circuit connections, 
and surge conditions as found in practice. 

Mr. Sels has discussed the matter of in¬ 
sulation steps and the relative importance 
of different t 3 T>es of insulation. The rela¬ 
tive insulation values of bus insulators, 
transformer bushings, etc., as given in the 
figures in the paper, were intended to merely 
illustrate certain existing insulation levds 
and were specifically not intended to rep¬ 
resent necessary marginal steps between 
different types of insulation. Fundamen¬ 
tally, it seems to us that there are only 2 
major steps of margins required in insula¬ 
tion co-ordination. First, the margin be¬ 
tween the performance of the surge pro¬ 
tective device under the conditions as as¬ 
sumed and the surge insulation level of lie 
weakest or most important class of equip¬ 
ment; second, the margin between the maxi¬ 
mum dynamic voltage-to-ground and the 
lowest low-frequency flashover or puncture 
value of insulation under the worst condi¬ 
tion of dirt and moisture. Marginal re- 
qturements are matters of experience and 
economics. Transformers have generally 
been tak«*» as having the luniting mmimum 
insulation strength because of the cost in¬ 
volved and because preferred practice is^to 
place the arresters or other surge protective 
devices as closely as possible to the trans¬ 
formers. Bushings and iMiflators have 
generally been sela:ted with higher im¬ 
pulse insulation strengths because of the 
relatively small additional cost involved 
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and due to the fact that they are subjected 
to dirt and moisture and in addition are 
often located many circuit feet from the 
protective device. 

We fully agree with Mr. Sels that the 
margins should generally be greater than 
10 per cent between the protective device 
and the apparatus. Fur^ermore, in our 
opinion, the margins should properly be ex¬ 
pressed in terms of "() kv + ( ) per cent ” 
rather than strictly on a percentage basis 
over the range of voltage characteristics 
normally considered from the distribution 
voltage to the highest transmission voltages. 
It is not apparent that marginal steps are 
particularly necessary between classes of 
apparatus in a given basic insulation level 
except to insure that under the worst condi¬ 
tions assumed for specific classes of appara¬ 
tus the insulation strength will be in excess 
of the basic insulation level requirements. 

Insulation 

Co-ordination 

Authors' closure of a paper by Philip Spom 
aitd I. W. Gross published in the June 1937 
issue, pages 715-20, and presented for oral 
discussion at the insulation co-ordination 
session of the summer convention, Mil¬ 
waukee, Wis., June 25, 1937, Previous 
discussion of this paper appeared in the 
October 1937 issue, pages 1296-7, 


Philip Spom and L W. Gross: It has been 
some 7 years ance the subject of insulation 
co-ordination has been present in an or¬ 
ganized and comprdiensive manner and 
thoroughly discussed, as has been done in 
this group of papers. The extensive dis¬ 
cussions which the papers have brought 
forth show not only that the subject is 
very much alive but also give the electrical 
industry an opportunity to observe what 
has been done dturing recent years in the 
development of thinking on co-ordination, 
the thoughts behind the development, and 
the progress made in its application. 

The question of establishing margins 
between different types of apparatus, to ob¬ 
tain co-ordination, is an important one and 
has been discussed from several points of 
view. It is particularly interesting to know 
what some of the operating companies are 
doing in arriving at these margins. Mr. 
Sels, for example, is allowing 30 per cent 
mar gin between lightning arresters and 
transformers as he feels that margins of 
10 per cent are not adequate. Mr. Foote’s 
analy sis of margins between arresters and 
transformers is extremely interesti^ as it 
brings out some of the variables which have 
to be considered in arriving at and recom¬ 
mending insulation margins. The practice 
of Mr. Sels’ company in making the trans¬ 
former the strongest piece of equipment in 
the station, with the bus itself graded lower, 
is, as pointed out, exactly opposite to t^t 
of our company. Situations of this kind 
show clearly the need for establishing classes 
of insulation levels so that they may be 
adapted to the individual needs and prac¬ 
tices of the various users. Certainly at the 
present time no one can say that either one 
of these practices is right and the othw 
wrong; and for the conditions met within 
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service it may be that each of these practices, 
although exactly opposite in principle, is 
economically sound in application. 

Mr. Vogd has mentioned the self-pro¬ 
tected transformer in the distribution- 
voltage class where protective devices 
are^ built into the transformer itself. 
This, of course, is similar to the practice 
of some companies today in locating 
lightning arresters directly on the trans¬ 
former tank, a practice which we started as 
early as 1928. The question immediately 
arises, therefore, if distribution trans¬ 
formers are to be equipped with protective 
devices, why should not power transformers 
also be so equipped? This would mean that 
power transformers might be supplied com¬ 
plete with lightning arresters attached 
thereto, as standard equipment. 

In connection with the impulse testing of 
transformers it has been our practice in re¬ 
cent years to not only equip power trans¬ 
formers with lightning arresters placed 
directly on the transformer make but aig/* 
to impulse test practically all of these larger 
transformers. In addition to the standard 
impulse tests which have been developed 
durmg the past few years we require an 
additional impulse t^t on the entire unit 
including the arrester. That is, an im¬ 
pulse is applied to the transformer with the 
lightning arrester connected to it. The pur¬ 
pose of such a test is to observe the volt¬ 
age characteristics permitted on the trans¬ 
forms by the lightning arrestss unds 
conditions simulating as nearly as possible 
actual field conditions. Impulse test volt¬ 
ages which would rise to something in the 
ords of 3 times the magnitude permitted by 
the transforms test code, if the arrests 
wse not prsent, have been applied to 
transformers in combination with arrsters, 
the rate of voltage nse in some cases being 
considerably in excess of 1,000 kv ps miso- 
second. 

In addition to testing the impulse strength 
of the transformer itself unds commercial 
conditions we are strongly in favor of this 
practice in applying a sevse impulse to the 
transforms equipped with a li ghttiing ar- 
rests as the installation will actually be 
made in the field. We would suggest that 
some thought be given in our technical 
committees in setting up the standard pro¬ 
cedure for applying impulse tests to trans¬ 
formers equipped with lightning arrsters. 

A great deal of the discussion has ap¬ 
parently centsed sound the possibility of 
obtaining 100 ps cent protection against 
impulses. We wish to refs again to that 
part of our paps which states the problem 
of "insulation co-ordination” centers around 
economy. This means that working out 
the problem of protecting equipment, while 
technically we may be able to protect ap¬ 
paratus practicaUy 100 ps cent against 
breakdown from impulse, it may not be the 
economical ttog to do, and thsefore we 
face the possibihty of an occasional failse 
uuds ^vse impulse conditions raths than 
build into the apparatus itself insulation 
strength and into the protective device 
sufficimit protection to eliminate failure for 
almort any conceivable type of impulse. 

It is b^eved that, ■mth the work which 
has already been done, and the field ex- 
psience which is now being accumulated 
we are fast collecting a store of information 
whkm wul mahe this inshlation co-ordina¬ 
tion probl^ much simpls to handle in the 


future, giving us a set-up finally whse it 
will be possible to predict the operating 
results of applying these principles with a 
considerable degree of accuracy. 


Application of Spill Gaps and 
Selection of Insulation Levels 

Authors' closure of a paper by H. L. Melvin 
and R. E. Pierce published in the June 1937 
issue, pages 689-94, and presented for oral 
discussion at the insulafion co-ordination 
session of the summer convention, Milwaukee, 
Wis., June 25, 1937. Previous discussion 
of this paper appeared in the October 1937 
issue, pages 1290-3. 


H. L. Melvin and R. £. Pierce: In the dis¬ 
cussion by Messrs. Foote and North the 
criticism as to the use of the term “level” 
as being applicable to a spill gap is well 
taken. It is perhaps unfortunate that the 
term “insulation levels” was ever applied 
to gaps and insulators in view of the many 
later attempts to picture these insulation 
levels as fixed or uniform values of voltage 
regardless of time. Hie origin of the term 
was of course closely associated with the 
idea of defining insulation levels in terms of 
“inches of rod gap.” 

The authors believe that the experience 
cited justifies the first conclusion in the pa¬ 
per, namely, that “spill gaps are effective as 
a means of establishing and co-ordinating 
insulation levels on lines and stations, and 
affording dependable protection to equip¬ 
ment and insulation, against failure from 
lightning.” It is of course brought out in 
the paper that spill gap settings and equip¬ 
ment insulation strengths must be properly 
co-ordinated. Also instances are cited where 
spill gaps were set too wide to protect equip¬ 
ment probably in the short time zone. 

The wide range of gap settings used for 
the same operating voltage in different loca¬ 
tions is more the result of different methods 
and stages x)f experimentation with gap 
settings under service conditions rather tiian 
of calculations or complete tests to deter¬ 
mine minimum practicable gap settings. It 
is therefore, doubtful if detailed explanatory 
data on such items as insulation strengths of 
apparatus and system sequence impedances 
would be pertinent for most of the situa- 
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t tions cited. For the one 110-kv substation 
f in Louisiana, however, where definite and 
L more complete tests were carried out to de¬ 
termine the minimum gap settings permis¬ 
sible, the 110-kv system neutral is effectively 
grounded and the ratio of zero-sequence 
impedance to positive-sequence impedance 
is in the order of from 0.7 to 1.0 under 
most operating conditions. Experience has 
shown that designers’ estimates of the im¬ 
pulse insulation strength of specific trans¬ 
former units have been gradually lowered 
over a period of years as additional failures 
have occurred and more has been learned re¬ 
garding the co-ordination of the design of the 
complicated insulation structure within a 
transformer. 

The experience of the South Texas Com¬ 
pany with the use of fused spill gaps as de- 
^ibed by Mr. M. H. Lovelady is of decided 
interest and is further confirmation of the 
authors* second conclusion, namely, that 
minimum permissible spill gap settings are 
less than those previously considered pos¬ 
sible. 

With reference to table I in the paper, 
showing the operating record of spill gaps in 
Texas, it is understood that the only means 
used to determine whether or not these gaps 
operated was by periodic visual inspection. 

Mr. Rorden raised the question as to 
whether experience indicates that most in¬ 
sulation failures are associated with a single 
severe surge, such as a direct stroke, or if 
there are a fair percentage of failures that 
occur with strokes of lesser magnitude and 
current, such as traveling waves, also Mr. 
Ross inquires if experience indicates the rela¬ 
tive destructive ^ect of switching surges, 
induced surges, and direct strokes. The 
authors believe experience has fairly defi¬ 
nitely shown that direct strokes are the only 
real concern as far as destruction of equip¬ 
ment from impulse voltages is concerned, 
and that the destructive effect of switching 
surges and induced surges are fully guarded 
against if the design of equipment and its 
protection from direct strokes is adequate. 
However, there are so few ins tan ce s of in¬ 
sulation failxnes in which all of the facts are 
knqwn that it is probably more a matter of 
opinion that most insulation failures are as¬ 
sociated with a single severe direct stroke 
nearby, rather than from direct strokes to 
the line at some distance, which appear at 
the substation as traveling waves. 

Answering the other question by Idr. 
Ross, the authors have no definite test data 
relative to the wave shape of switching 
surges. ^ However, it is also our opinion that 
many, if not all, switching surges have char¬ 
acteristics intermediate between 60-cycle 
voltages and relatively slow rate of rise im¬ 
pulse voltages. 

Answering the questions raised by Mr. 
McEachron, the fused gaps used on the 110- 
kv system discussed on page 691 were rated 
8 amperes. The repeater type fuse oper¬ 
ates in from 16 to 80 cycles. There are, of 
course, plmn back-up rod gaps used in con¬ 
nection with all of the repeater fused gaps, 
having slightly higher settings, which pre¬ 
vent loss of protection during the interval 
required for the repeater fuses to Come into 
position. Where permanent installations 
are made of several fused gaps in multiple, 
the loss of even the deference in degree of 
protection between the fused and back-up 
gaps is prevented until all fuses hkve oper¬ 
ated. ^ ^ 
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Of InslijNile anJl RelaleJ yvcSirllles 


Important Developments 

in Publication Policy Announced 


By I. Melville Steiriy Chairman AIEE 

TT O MEET the definitely expressed wishes 
of the Institute’s membership for a broader 
publication service, the AIBB publication 
committee has been stud 3 ring publication 
policies during the past year or so. 

An initial step in this direction was taken, 
upon the committee’s recommendation, in 
January of this year when the board of 
directors approved an additional appropria¬ 
tion for the publication in Electrical 
Engineering of more articles of broad 
general interest during the remainder of the 
appropriation year ending September 30, 
1937. Since that time, the publication 
committee has continued its study of publi¬ 
cation and related policies with a view 
toward improving still further the value of 
the Institute’s publications to the member¬ 
ship. To assist the committee in better 
determining and meeting the wishes of the 
membership, the subject was discussed at 
some length at the conference of oflBlcers, 
delegates, and members held during the 
Institute’s 1937 summer convention in 
Milwaukee, Wis. The AIEE technical 
program committee also has studied the 
situation as it affects the work of that 
committee, and has made certain recom¬ 
mendations. 

As an outgrowth of these various delibera¬ 
tions the publication committee has com’ 
pleted plans for some important develop¬ 
ments in publication policy and procedure, 
which were approved by the board of direc¬ 
tors at its meeting on October 28, 1937. 
These developments are outlined in the 
following paragraphs. 

The policy of including in each issue of 
BLEcnacAL Engotbeiung a substential 
number of artides of broad general interest 
will be continued, and it is expected that 
the dianges in policy just adopted will 
make possible an appreciable improvement 
in this section. 

Advance copies of all papers approved by 
the technical program committee for na¬ 
tional conventions and District meetings. 

be provided for the use of the technical 
program committee and the convenience of 
others interested; These advance copies 
will be in the form of reproduced manu¬ 
scripts of accepted papers, these manuscripts 
b pjn g subjed to revision before final print¬ 
ing. They will be available at headquarters 
or at the registration desk at meetings or 
conventions at a price of fill each; by mail 
the price will be Idjfi each* Elegiiucal 
Engineering reiuilarly will carry announce¬ 
ments of advance copies as they become 
available; 
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Publication Committee 

Technical program papers will be pub¬ 
lished in a segregated section of Electrical 
Engineering after they have been pre¬ 
sented and finally reviewed (instead of be¬ 
fore presentation as at present), so that the 
approved discussions can be correlated and 
published . with their respective papers. 
Some highly technical papers that are con¬ 
sidered to be of limited interest will be 
abstracted in Electrical Engineering 
and will not appear there in full. (Such 
papers will be published in full in the 
Transactions.) For the present it is 
contemplated that approximately two-thirds 
of the regularly approved technical program 
papers will be published in full in this 
segregated section of Electrical Engi¬ 
neering. 

The Transactions will include only 
finally reviewed papers and correlated dis¬ 
cussions approved by the technical program 
committee, but all formal papers presmted 
on the technical programs at nationid 
meetings and those approved by the teA- 
nical program committee for presentation 
at District meetings will be included except 
in rare special cases. 

The publication committee believes that 
these modifications in policy and procedure 
should result in an improved publication 
service to the membership, and in a reduc¬ 
tion of the time elapsing between the sub¬ 
mission of a technical pap^ manuscript 
and its presentation at a national conven¬ 
tion or District meeting. The new policy 
will be made effective with the January 
1938 issue of Electrical Engineering. 

Comments and criticisms will be sincerely 
appreciated by the publication committee. 


1938 International 

Management Congress 

The Seventh International Management 
Congress will be held at Washington, D. C., 
September 19 to 23,1938, tmder the auspices 
of the International Committee of Scientific 
Management (CIOS), of which Lord Lever- 
hulme of Great Britaun is president. Au- 
^orities on industrial and commercial 
mamagement from about 40 countries are 
expected to attend; An American Congress 
Council has been formed with Willis H. 
Boolh, honorary president of the Int«- 
national Chamber of Commerce, as chair- 
nian, to sp<msof the gathering. 
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Discussions of the latest developments in 
management and the sociad and economic 
aspecte of management, based upon more 
than 200 papers selected competitively 
from experts over the world, will com¬ 
prise the congress. Six sections, convening 
simultaneously, will dead with mamagement 
problems in production, administration, dis¬ 
tribution, personnel or labor relations, 
agriculture, and the home. Leaiders in 
business are expected to take part in the dis¬ 
cussions, together with invited governmentaU 
representatives. Extensive tours for foreign 
visitors through the plants and offices of 
industriad and commercial establishments, 
noted for their application of scientific 
management, are placed. 

The congress will be under the direction 
of the National Management Council of the 
United States of America, affiliate of the 
international committee. It is composed 
of the following orgamizations: American 
Management Association, The American 
Society of Mechanical Engineers, The 
Association of Consulting Mamagement 
Engineers, International City Managers 
Association, Life Office Management As¬ 
sociation, National Office Management As¬ 
sociation, Personnel Research Federation, 
and Society for the Advancement of Mam¬ 
agement. A co-ordinating committee, of 
which W. L. Batt, president of SKF Indus¬ 
tries, Inc., and past-president of ASME, is 
chairman, haw formed with the follow¬ 
ing officers: wcc-cAo*r»»s»—Harry Arthur 
Hopf, William H. Gesell, Thomas R. Jones, 
Henry P. Kendall; treasurer —Charles G. 
Smith; gerteral secretary—John J. Furia. 
Sectional chairmen include James O. Mc- 
Kinsey, for administration, Ralph E, Flan¬ 
ders for production, Leon C. Stowell for 
distribution, W. W; Kincaid for agriculture, 
and Marie M. Meloney for the home. 
American Engineering Council’s executive 
committee, on the request of the co-ordinat¬ 
ing committee, has authorized the secretary 
of AEC, F. M. Feiker (M’34), to serve as 
Washington secretary of the congress. 

Previous congresses have been h^d at 
Prague (1924), BrussHs (1926), Rome 
(1927), Paris (1929), Amsterdam (1932), 
and London (1936). 


New NEMA Bulletins. The National Elec¬ 
trical Manufactmers Association has issued 
2 hew publications: (1) Industrial Con¬ 
trol Standards, publication number 
37-44; and (2) Instructions for Care 
and Operation of Transformers, pub¬ 
lication number 37-46. The first buUetin 
is a revision of a previous publication on the 
same subject, and the second contains in¬ 
structions for: the care of both distribution 
and power transformers. Copies of these 
pamphlets hiay be obtained from tiie 
headquarters of the National ElectriOal 
Manufacturers Association, 166 East 44th 
Street, New Vork,N.Y. 













Industrial and Other Topics Feature 

Busy Sessions at Akron — Students Take Active Part 


^JuPPORTED by an unusual variety of 
inspection trips to many different types of 
industrial plants, there was a very effective 
industrial flavor to the general meeting of 
the AIEE Middle Eastern District held in 
Akron, Ohio, October 13—15, inclusive. 
About a third of the 23 papers on the pro¬ 
gram dealt with problems of an industrial 
nature in which electrical engineers are 
directly interested through the develop¬ 
ment, application, or operation of a wide 
variety of machinery and control equipment. 
Also afforded a place on the program were 
timely papers and discussions concerning 
such topics as radio interference, transporta¬ 
tion, electrical machinery, electronics, 
power transmission. 

Hus was the ninth District meeting to 
be held by the Middle Eastern District, and 
the first since 1932. Other meetings that 
have been held by the District are (attend¬ 
ance indicated in parentheses): Washing¬ 
ton, D. C., January 1925 >(212); Cleveland, 
O., March 1926 (430); Bethlehem, Pa., 
April 1927 (400); Baltimore, Md., April 
1928 (400); Cincinnati, 0., March 1929 
(270); Philadelphia, Pa., October 1930 
(500); Pittsburgh, Pa., April 1931 (500); 
Baltimore, Md., October 1932 (240). 

Chairman A. O. Austin of the Akron 
Section opened the initial session, introduc¬ 
ing Mayor Lee D. Schroy who welcomed 
the visitors and outlined some of the local 
features that he deemed to be of interest to 
engineers. In responding to Mayor Schroy 
Vice-President I. Melville Stein cited the 
fact that 3 of the renowned pione^s in the 
electrical industry were bom in Ohio: 
Theodore N. Vail, Thomas A. Edison, and 
Charles F. Brush. 

Presiding at the various technical ses¬ 
sions were: I. Melville Stein, vice-president 
from District 2 and past chairman (1927-28) 
of the Philadelphia Section; Russell Ejam- 
mes, past-chairman (1931-32) of the Akron 
Section; A. M. MacCutcheon, past-chair¬ 
man of the Cleveland Section (1920-21), 
one time director (1928-32), and past- 
president (1936-37); J. R. Martin, Cleve¬ 
land; G. R. Fink, Philadelphia; F. W. 
Funk, Akron. 

Doctor W. E. Wickenden, president of 
Case School of Applied Science, and past- 
diairman (1936-3'^ of the Cleveland Sec¬ 
tion, presided and acted as toastmaster at 
the concluding banquet, where President 
W. H. Harrison ^oke briefly prior to the iu- 


Anafysis of Registration at Akron Meeting 


Clusiflcation 

Akron 

Location 

District Other 
No. 2* Districts 

Totals 

Membecs.. 

. 30 

. 166 ., 

.35 .. 

. 230 

Students.. 

. 6 ., 

. 125 .. 

1 .. 

132 

Men Guests.... 

. t .. 

40 .. 

7 .. 

54 

Women Guests 12 .. 

32 .. 

4 .. 

. 48 



. - —— - 



Totals.......,., 

. 66 .. 

362 .. 

47 .. 

. 464 


* Outade of Akron Section 
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troduction of the guest speaker. Commander 
C. E. Rosmdahl. To Harold L. Brouse 
(A’32) electrical engineer, B. F. Goodrich 
Company, and chairman of the general 
co mm ittee for the Akron meeting, special 
tribute was paid by Toastmaster Wickenden 
and all those assembled. Confined for some 
time by illness , Mr. Brouse was a listener-in 
on the program through the medium of a 
microphone pick-up and a special direct 
wire. R. A. Hudson (A'30) efficiency 
engineer with Goodyear Tire and Rubber 
Company, was credited with effective 
"pinch-lfitting** for Mr. Brouse. 

Radio Intbrfbrbncb 

On the increasingly important subject of 
radio interference, one formal published 
paper and 2 informal papers prepared es¬ 
pecially for the Akron meeting were pre¬ 
sented and actively discussed: 

A Rbvibw of Radio Intbsfbsbkcb Iiitbstioation, 
Frank Sanford (A'28, M'34> and Willard W^se; 
both ^ employed by the Cincinnati Gas 
Blectric Company (published, October issue pages 
1248-52). 

Notbs on Radio Intbrfbrbncb, Grover Lapp 
(A’22), chief engineer for the Lapp Ipaulatnr 
Company, Inc., LeRoy, N. Y. (not published). 

Radio Oistdkbancb MBAStrsBSCBNTS, W. S. Jen- 
nras and C. J. Miller, Jr., Barberton, Ohio, dec- 
trical engineers; both are employed in the Ohio In¬ 
sulator Company Division of the Ohio Brass 
(iimpany (not published). 

Brief review of the subject was given by 
Messrs. Sanford and Weise who described 
radio interference elimination as "essen¬ 
tially the co-ordination of this use of elec¬ 
tricity with its other uses for light, heat, 
power, and transportation, in order that the 
growth of each may not be restricted by the 
requirements of the other,” and who con¬ 
sider as practical an approach to the prob¬ 
lem similar to the effective approach to the 
problem of inductive co-ordination with 
rrference to wire communication. Effec¬ 
tive co-operative control meastues experi¬ 
mentally developed in Cincinnati were 
briefly described. 

G. W. Lapp analyzed conditions contribut¬ 
ing to radio int^erence, with particular 
reference to transmission line insulators, an d 
to the various methods now being followed 
on modem power systems for control or 
elimination. He pointed out that at least 
one by-product of interference control that 
is of direct value to the operating utility 
been the discovery and elimination of points 
of incipient failure. In discussing radio 
characteristics of insulatcRrs he stressed the 
continuing importance of field tests-to sup¬ 
plement laboratory tests and developments, 
considering the variation in contamination 
of atmosphere in different localities. He 
emphasized the fact that "considerable 
information is now available from actual 
cases, so that insulators can be specified with 
confidence to meet unusual types of severe 
conditions,” and concluded that "the 
problems of satisfactory freedom from radio 
interference on insulators have been met 
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as the needs have appeared and in such a 
way that future demands can be taken care 
of as they arrive.” 

Messrs. Jennens and Miller called atten¬ 
tion to the method outlined by the National 
Electrical Manufacturers’ Association for 
measuring radio interference on high-voltage 
insulators, describing it as "probably the 
most satisfactory method now available for 
laboratory use”; they stated—that this 
method "probably will be used by most of 
the insulator manufacturers, and eventually 
radio interference data will be correlated 
between the various laboratories.” They 
pointed out, however, that before the 
NEMA method can be used to determine 
radio interference, it is necessary to corre^ 
late the microvolts across the insulator as 
measured by the NEMA method with the 
field strength of radio interference that the 
insulator will create when used on a trans- 
u^sion line. They gave various correla¬ 
tion data and described testing eouipment 
and methods used. 

Minb Ventilation 

"Improvements in Mine Ventilation” 
were described by Doctor Theodore TroUer 
of tile Guggenheim Airship Institute. As 
indicative of the train of beneficial develop¬ 
ment resulting from well-organized basic 
research. Doctor TroUer described several 
noteworthy advances in equipment and 
technique of mine ventilation that have 
grown directly from the fruits of research 
origmaUy directed toward aeronautical 
problems. 

Doctor TroUer outlined briefly the 
peculiar requirements of mine ventilation, 
citing it as typical relatively low-pressure 
high-quantity (20,000 to 300,000 cubic feet 
per minute) service, and one where notable 
improvements in fans have been made and 
more may be expected. He cited the rase 
of one coal company where the electric 
power biU for mine ventilation amounts to 
as much as $150,000 per yew, pointing out 
that in such a case each one per cent im¬ 
provement in the efficiency of fan or related 
electrical equipment meant a reduction of 
.$1,500 per year in the ventilation power 
biU. He reported the modem trend toward 
the use of propeUer type fans because of 
their adaptabiUty to the peculiar and vary¬ 
ing requirements of mine ventilation, stat¬ 
ing that "niaximum efficiencies of ^ to 85 
per cent can be combined with a power 
characteristic having the maximufn power 
reqimed at or near the point of TnaYiminn 
efficiency.” He stated further that "in a 
few years the propeUer type fan should be 
developed from the laboratory state to 
practical installation so that 90 per cent 
.effidency wiU be a regular feature, and its 
weight and size further reduced by about 
30 per cent.” ; 

Industrial Switchgear 

"The Advance in Industrial Switchgear” 
was treated at some length by V. L. Cox 
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(A’28) of the switchgear division, General 
Electric Company, Philadelphia, Pa., em¬ 
phasizing the necessity for continuing ad¬ 
vance in the development of switchgear to 
meet the ever more complex and rigorous 
requirements of modern industry. Mr. Cox 
traced the steps followed in lasring out 
electrical equipment for the modern plant. 
He described and illustrated numerous 
varieties of factory-built and assembled 
equipment which in many cases include 
the complete complement of related auxili¬ 
ary, control, and metering devices. 

Rubber Industry 

The rubber industry came in for its 
share of consideration in 2 papers; the 
first was "Electrical Applications in Rubber 
Mills," by John Grotzinger (A’24), chief 
electrical engineer, and R. S. Ferguson and 
W. A. Brown of the Goodyear Tire and 
' Rubber Company, Akron. Mr. Grotzinger 
anA his co-authors presented a general out¬ 
line of the major processes of a manufactur¬ 
ing plant producing rubber tires and tubes, 
and described the more unportant items of 
equipment used. They listed the principal 
power requirements for a tsrpical plant and 
described methods of pre-determining en¬ 
ergy requirements and maximum demands 
for plants of any capacity. Opportunities 
for generating power from process steam 
were briefly reviewed, and evidence fur¬ 
nished indicated that fuUy 60 per cent of 
ptiATgry requirements could be met in such a 
manner. (Figures given indicated a power 
requirement of about 0.66 kva per tire for 
plants capable of producing 10,000 or more 
tires per day, whereas a plant having a 
capacity of 300 tires would require about 2.2 
kva per tire.) 

"Recent Developm^ts of Electrical 
Equipment for the Rubber Industry” were 
discussed by C. W. Drake (M’21) ind^trial 
sa l<»s engineer, Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, 
Pa. Supplementing the previously men¬ 
tioned paper which covered the matter of 
applications, Mr. Drake discussed the 
engineering and related problems involved 
in the development of electrical equipment 
to meet the peculiar requirements of the 
rubber industry. 

In this discussion Mr. Drake covered 
2-speed motors for Banbury mixers, and 
dynamic-braking starters for synchronous- 
motor mfll-line drive. The motors dis¬ 
cussed were synchronous machines rated at 
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600-1,200 or 460-900 rpm, and they were 
in connection vdth various related 
control and protective equipment. Under 
the subject of dynamic-braking start^s, 
he described and illustrated new assemblies 
or arrangements of equipment intended to 
be "of special value in connection with the 
present trend toward enclosed or cubide- 
tsrpe equipment and the mounting of such 
control in remote locations,” covering recent 
developments of several combinations of 
electrically operated circuit breakers "to 
provide forward and reverse operation with 
dynamic braking, performing the same 
functions as older types of control, but hav¬ 
ing numerous advantages from the stand¬ 
point of installation, maintenance, and 
especially compactness.” 


Iron and Steel Industry 

An insight into some of the electrical and 
related problems in the many ramifications 
of the iron and steel industry was given - 
through the medium of 3 descriptive papers, 
^11 of which were published in the September 
issue: 

SOHB High Lights in ihb Use of Elbcikicity in 
Steel Mills, E. G. Fox (M*20), Freyn Engineer¬ 
ing Company, Chicago, IlL 

Carbon Brushes for Steel Mill Equipment, W. 
C. (M’16), advertiMng department, carbon 

sales division. National Carbon Company, Cleve¬ 
land, Ohio. 

Tension Measurement and Control in Cold 
Strip Rolung, C. M. Hathaway (A*29), and_F. 
Mohler, mechanical engineers, general engineering 
laboratory. General Electric Company, Sche¬ 
nectady, N. Y. 


In addition to describing some of the 
more interesting features of steel mill 
electrification, Mr. Fox pointed out that 
approximately one-tenth of the investment 
in the American steel industry is in electric 
plants, and that the power consumption of 
steel rnills is increasing; that about two- 
thirds of this power is generated within the 
plants, but that there is a tendency toward 
an increased purchase of power. He men¬ 
tioned also that electric melting furnaces 
supply a small but growing increment of 
total steel production; that high-frequency 
li Pfiting' is finding some uses; that new 
types of electric furnaces are being installed 
for heat treating and annealing operations. 

Messrs. Hathaway and Mohler described 
a device called a "tensiometer” designed for 
the measurement of the tension in steel 
strips during rolling in a cold-rolling mill, 
and for the indication of any difference in 
tp tus inn between the 2 edges of the strip. 
They reported that "the tensiometer can 
f un ction in connection with auxiliary con¬ 
trol equipment for the automatic mainte¬ 
nance of the total tension to any desired 
value.” 

Mr. 'K'Rlh discussed problems associated 
with brush application on commutating 
t3^es of equipment in the iron and steel 
industry, in relation to tjTpc of equipment 
and conditions encountered in service; 
discussed also a newly defined measure of 
brush performance, termed "commutation 
factor” which "provides an improved basis 
for control of the performance character¬ 
istics of brushes.” He mentioned also the 
development of electrographitic grades de¬ 
signed to prevent the formation of trouble¬ 
some surface- film on commutators ex¬ 
posed to the contaminating atmospheric 
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conditions frequently encountered in steel- 
mill applications. 

Steam Turbines 

"Some Recent Applications of Ste^ 
Turbines in Industrial Plants Showing 
Upward Trend in Pressures and Tempera¬ 
tures” were described by K. S. Kramer of 
the South Philadelphia Works of the 
Westinghouse Electric and Manufacturing 
Company. Concerned primarily with prob¬ 
lems incident to industrial plants where the 
requirements of steam for processing pur¬ 
poses are of prime importance, Mr. Kramer 
described typical installations, pointing out 
that the wide diversity in requirements for 
process steam had led turbine manufactur¬ 
ers for the past 10 or 16 years to build indus¬ 
trial turbines to special order. He reported 
that both condensing and noncondensing 
turbines have "been built for extraction of 
steam nonautomatically at one or more 
pressures, and automatically at one or two 
pressures in addition to nonautomatic ex¬ 
traction. Turbines have been built for 
induction as well as extraction of steam and, 
in some cases, extraction at one pressure and 
induction at another. Inlet pressures may 
be as low as several pounds; in some in¬ 
stances turbines were supplied with inlet 
steam at 2 pressures. Most tiurbines can 
be designed for initial operation -with low 
pressures and temperatiures, and later by 
minor changes made suitable for efficient 
operation with much higher pressures and 
temperatures.” 

Railway Electrification 

Two different problems incident to rail¬ 
way electrification were covered in papers 
presented: 

The Design and Test of a Hioh-Sfbbd High- 
Interrupting - CAFAcrrr Railway Circuit 
Breaker, W. F. Skeats {M’36), and H. E. Strang 
(A’28), both, of the General Electric Company, 
Philadriphia, Pa. 

Pennsylvania Railroad Electrification, H. C 
Griffith (M’86), electrical engmeer, Pennsylvania 
Rtulroad Company, Philaddphia, Pa. 

Mr. Skeats described and illustrated a 
circuit breaker designed for 26-cycle 1,600- 
ampere 16-kv normal service and capable of 
interrupting a fault current of 66,0(W 
amperes with an over-all short-circuit 
duration of one cycle. He reported t^t 
"being intended for railway trolley service, 
which is rather severe from the standpoint 
of frequency of short-circuit operation, it is 
expected to handle 50 short-circuit opera¬ 
tions without internal inspection or change 
of oil.. .this breaker operates upon the im¬ 
pulse principle.” A spring-driven system 
forces a blast of oil through a special pas¬ 
sageway which causes the oil to sweep di¬ 
rectly across the arc path, a departure in 
design from the earlier breakers which used a 
"radial” blast of oil. Mr. Skeats described 
testmethods and results. 

Mir. Griffith described the scope amd 
character of the main-line de^trffication 
project now bdng actively prosecuted by 
the Pennsylvania Railroad. Electrified 
lines now in op^ation, including the track¬ 
age used for suburban service, covers 373 
of line, involving 1,343 milM of dectri- 
fied track between New York and Washing¬ 
ton, and from Philaddphia to Paoli, Pa., 
on the main line west. The project now 
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i^der way will complete the main-line 
electrification from Paoli through Lancaster 
to Harrisburg for passenger service, an d 
various main freight lines east of Harris¬ 
burg. This new work will add to the Penn¬ 
sylvania system some 316 miles of electrified 
line involving some 773 miles of track. Mr. 
Griffith reported that “upon completion of 
the new work, the Pennsylvania Railroad 
system will have a total of 2,677 miles of 
electrified track, or 41 per cent of the total 
electrically operated standard railroad 
trackage in the entire United States.” 


Electrical Machinery 

“Single-Phase Induction-Motor Perform¬ 
ance” was discussed in mathematical terms 
by A. F. Puchstein (A?20, M’27) and T. C. 
Lloyd (A’31) respectively chief eti gitiPPr 
Md development engineer, Robbins and 
Myers, Inc., Springfield, Ohio. This pap^ 
was published in full in the October issue. 
In discussing their subject at Akron, the 
authors reported: “In a search for labor 
saving methods for predicting the pull-out 
torque (or its equivalent, the number of 
primary-winding turns) and the perform¬ 
ance curves of the single-phase induction 
• motor from design-sheet data with satis- 
facto^ precision, it became necessary to 
examine as much of the e^cisting literature 
as could be found” (the work of 26 or more 
writers on the subject since 1895), and stated 
that “the present paper was an attempt to 
reduce greatly the labor of numerical 
application, while maintaining the ac¬ 
curacy within the limits dictated by modem 
practice.” 

“Recent Trends in the Design of Power 
Transformers” wwe described and illus¬ 
trated in some detail by L. H. Hill (A’22, 
M’29) ei^eer-in-charge, transformer divi¬ 
sion, Alhs-Chahners Manufacturing Com¬ 
pany, Milwaukee, Wis. Mr. Hill stated 
that “during the past 16 years ... there have 
been more changes in power transformer 
design than in aJl the years prior to that 
time.” He called attention to such modem 
trends as improved internal mechanical 
construction, designing for impulse strength 
Md the related tendency to use dielectric 
flux control to reduce internal oscillation, 
and reported a trend toward “increased use 
of tap changing under load both in straight 
transformers and in regulating units, in- 
O’eased use of phase-angle control under 
load, forced-air-blast equipment, inert-gas 
protection, design for oiltightness, use of 
large 3-phase units> and multiwinding 
umts.” * 


Electronics 

“Ix)w-Current Ignitors” were described 
by A. H. Toepfer (A’31) research engineer, 
Westmghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa. He out- 
Imed briefly the various developments that 
have grown from the initial work of Slepian 
and Ludvdg incident to the design and 
operation of the so-called ipiitron tube 
devotmg principal attention to the problem 
of proper materials and design of the ignitor 
rip. This paper was published in full in the 
July issue. 

t> ‘;j^egulation of Grid-Controlled 
Rectifiers was discussed at some length by 
L. A. Kilgore (A’29) and J. H. Cox (A’26) 
respectively design engineer and section 


le engineer, Westmghouse Electric and Manu- 
^ facturing Company, East Pittsburgh, Pa. 

d They reported that '^this paper discusses 

!- several factors which have not been included 

L- in the previously published regulation for- 
3 mulas and which should be considered in the 
practical application of rectifiers. Ap- 
f proximate solutions are given to take into 
i account system reactance and the load 
F inductance.” Consideration also is given 
I to the effect of grid pick-up characteristics 
I on regulation, and means of modifying the 
inherent regulation characteristics by regu¬ 
lators or compensators. This paper was 
published in full in the September issue. 

In discussing “The Igniter-Type Mercury 
Arc Rectifier as a Power-Conversion Unit,” 
A. Lee Barrett, Pittsburgh Coal Company, 
Pittsburgh, Pa., reviewed briefly the changes 
since 1930 in coal-mining operations which 
have changed materially the problems of 
electric power supply. Strong 
toward mechanization, toward concentra¬ 
tion of actual minin g operations in gmaUAr 
areas within a given mine, and toward 
multiple-shift operations have had at least 2 
important effects upon requirements for 
electric supply: first, increasing the electric 
load at the working faces from the earlier 
total of about 25 pa- cent of the total minA 
load to the present figure of from 60 to 60 
of the total mine load; second, 
requiring more frequent relocation of under¬ 
ground substations. He reported some 
economic and mechanical details incident to 
recent and projected installations of under¬ 
ground rectifier substations of the igniter or 
multiple-tank type, stating that these 
“would seem to provide the mining industry 
with a substation no more expensive than 
contemporary substations. . . much more 
portable . . . efficiency is substantially 
better than anything heretofore available.” 

The use of “Mercury Arc Rectifiers in 
Chloime Production” was described and 
explained by L. J. Rimlinger, chief electrical 
engineer, Columbia Chemical Company, 
Barberton, O. Mr. Rimlinger described a 
7,000-kw 600-volt d-c rectifier instaiiati^Ti 
recently placed in operation involving 2 
2,000-kw 12-anode double-6-phase units 
each connected to an individual supply 
transformer, and one 3,000-kw unit involv¬ 
ing 2 tanks operating on one transformer, i 
12 anodes each, and double-6-phase. To ] 
meet the requirements of electrochemical j 
service he explained that **mercury arc i 
rectffiers were selected for converting 1 
equipment because of their low operating i 
cost, high efficiency, and their suitability in t 

corrosive atmosphere.” c 


Lightning Versus Power Transmission 

Lightning still is given a prominent posi¬ 
tion in discussions pertaining to electric 
power transmission. Three of the Akron 
papers de^t directly with this subject. 

“Lightning-Proof Transmission Lines” of 
the Peimsylvania Water and Power Com¬ 
pany were described by Edwin Hansson 
(A’19, M’36) and A. F. Bang (A’ll) re¬ 
spectively transmission engineer and super¬ 
intendent of operation for that company. 
The niethod of lightning protection de¬ 
scribed consists of the proper combination 
of overbad ground vdres, low tower-footing 
renstances obtained by means of a coimter- 
poise, and ample insulation. Its successful 
application is illustrated by operating rec- 
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lu- ords . . . Performance of any given line 
*a. can be predicted if the tower-footing resist- 
ses anc^ are known.” Theory of protection 

ed outlines: “(1) that overhead ground wires 

must be placed so as to shield the conductors 
he completely from direct strokes, thus elimi- 
p- nating flashovers from conductor to tower; 
to (2) that the ground wires and towers must 
id be so connected to earth that the current 
m from the lightning stroke will be drained off 
cs without raising the potential of the structure 

le to a value which will cause a flash from tower 

1 - to conductor.” Results cited: (1) 6 years 
IS operation of a 92-mile single-circuit 230-kv 
line with one lightning operation; (2) 3 
y years’ operation of a 4-circuit 32-mile 132-kv 
line with no lightning operation; (3) 
r, years’ operation of a 2-circuit 23-mile 69-kv 
s line with no lightning operation; “all 
h located in severe lightning territory 
f average storms per year respectively, 62,42, 
s 39.” This paper was closely related to a 
- paper by S. K. Waldorf (A’27, M’36) test 
r engineer of the same company, “Probable 
i Outages of Shielded Transmission T.iriA<; *> 

I published in the May 1937 issue, 
r In discussing “Lightning Strokes in Field 
■ Bellaschi (A’29, 

M 34) section engineer in charge of trans- 
I former engineering, Westinghouse Electric 

I and M^ufacturing Company, Sharon, Pa., 

concerned himself principally with the 
f^damental aspects of the problem, par¬ 
ticularly with the characteristics of the 
lightning-stroke channel. He gave data 
and findings revealing further the nature of 
the channel core and of the resulting col- 
mnn, a^ submitted field observations for 
comparison purposes. This paper was 
published in full in the October issue. 

“Cross-Catenary Transmission Lines for 
Lightiung and Fog Conditions” were de¬ 
scribed by A. O. Austin (A'04, F’26) con- 
sultmg and manufacturing engineer, Bar¬ 
berton, Ohio. Mr. Austin discussed 2 
methods of achieving electrical reliability 
against lightnmg interruption: “In one 
method the ratio of the arcing voltage to 
the impedance in the lightning-diverting 
path constitutes the index of reliability 

where the line is equipped Vdth ground wires. 

In the second case the high arcing voltage 
toge^er with the limitation of current due 
to high ground resistance or other means 
produces a high resistance in the path to 
ground and prevents the foUow-up of nor¬ 
mal-frequency current.” He further states 
that: “The ease of obtaining a hi g h arcing 
voltage to ground with the cross-catenary 
type of construction makes it possible to 
develop either type to its maximum. The 
very high arcing voltage to ground with 
insul&tion between ph8,ses results 
in smaller structures and lower cost for a 
^ven standard. The double insulation 
in Ae cross-catenapr construction provides 
a high degree of reliability not possible with 
single msulation. . . . The relative ad¬ 
vantage is appreciable at lower voltages, 
but increases materially with the voltage! 
Clearance between phases or between con¬ 
ductors and ground which would be prohibi¬ 
tive wth the usual types of conslrtiction can 
readily be obtained with the cross-catenary 
t;p>e. The development of low-capaqitahce 
high-voltage radio strain insulators removes 
the previous electried and mechanical 
limitations of insulation for the cross span.” 

Austin cited the “wide use of guyed 
cross-catenaiy construction for the Penn- 
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Mr. Institute Member: 

The coming winter activities in national, District, and local groups 
will provide you with a strong appeal to your fellow workers when 
you speak to them about AIEE membership. An Invitation to par¬ 
ticipate with you in these meetings and other affairs, when per¬ 
missible, should, prove helpful in creating a better understanding 
of Institute aims and activities. If one or more of your associates 
should indicate an interest in joining, and if you feel he or they would 
make desirable members, please let your membership committeeman 
know about it. 


O'. 'TM. . 

Vice-Chairman^ District No. 1 
National Membership Committee 


sylvania Railroad for its recent electrifica¬ 
tion” as showing "a growing trend toward 
the use of the cross-catenary construction.” 

D-C Transmission 

“Possibilities of Direct-Current Power 
Transmission Using Electrically Controlled 
Rectifiers and Inverters,” were discussed by 
O. K. Marti (A’21, M’27), engineer in 
charge of rectifiers and railway equipment, 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wis. He outlined some of the 
problems of power system stability; he 
stated that “from preliminary considera¬ 
tions it would appear that these difficulties 
in transmitting power would be overcome if 
direct current were used, and it therefore 
justifiable to look carefully into the 
possibility of transmitting power by means 
of direct current. This is particularly true 
since it appears to be possible by means of 
the latest development of the pdd-controlled 
electric power valve to convert a-c power to 
d-c at high-voltage, for d-c transmission, 
and invert the d-c power back into a-c of 
any desired frequency and voltage, without 
great cost and with little loss of power.” 
He reported briefly the high lights of 30 
years of operating experience wiA the 276- 
mile 126-]^ d-c transmission ^st^ be- 
twecai Mougiers and Lyon* Frsmee, in con¬ 
nection with which were put into practical 
application the original development of 
Rene Thury, the Swiss consulting engineer, 
who is generally regarded as the father of d-c 
high-voltage transmission. 

Mr. Marti stated that “it seems now that 
the argument between the proponents of 
direct and alternating currents will again be 
revived. The principal reason for this is 
the fact that the electronic power valve 1ms 
reached a Stage of development whereitcan 
be employed without difficulty to Imhdie 
the high voltages and currents coming into 
consideration for the commercial transmis¬ 
sion of dectric power.” 

SnibBNT Program 

More than 130 dectrical-engineering 
students—nearly a third of all. those, attend- 
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ing the Akron meeting—contributed to the 
effectiveness of the general program and 
themsdves hdd a technical session that 
drew not only full attendance from their 
own group, but also a good many practicing 
engineers from' the general session that was 
hdd in paralld. General arrangements for 
the students’ partidpation in the program 
were under the direction of J. T. Walther 
(A’19, M’26) professor of dectrical engineer¬ 
ing, and counsdor of the Student Branch at 
the University of Akron, and past-chairman 
(1924-26) of the Akron Section. 

The 6 papers presented on the student 
technical session program were as follows: 

MBASxratBMBMT OP Rbvbrbbratiok Timb wi;th ihb 
Cathodb-Ray OaciLLOORAPH, H. W. Leasner, Case 
School of Applied Science. 

Wb, Thb Stodbnts, Nelson A. Powell, Ohio Uni- 
veraty. 

PSBSSUKB lNSXrt.ATBD CONDUCTOR POR HIOH-VOLT- 
AOB Transmission, J. B. Adams, Jr., Johns Hopkins 
University. 

Thb Tblbpbonb Tnvbrtbr, Frank Andrix, Ohio 
State University. 

An Bnoinbbr’s Trainino, A. H. Graham, West 
Virginia Univerdty. 

Saturabub Cobb Rbactor, Robert F. MCiller, Uni¬ 
versity of Akron. 

Subsequent to the technical sesdon, the 
chairmen and the student counsdors of the 
various Student Branches in the Middle 
Eastern District gathered in separate 
groups for conferences and an ^change of 
ideas concerning the effective conduct of 
Student Branch activities. Following these 
conference group meetings, a general 
luncheon of the 2 groups was hdd, supple¬ 
mented by others interested in student 
affairs indttding Pireddent W. H. HArrison, 
National Secretary H. H. Henline, Past- 
President A. M. MacGutchebn, Past-Chair¬ 
man O, W. Eshbach of the AIEE committee 
on education, and Hditor G. R. Henninger. 
Actions reported at this meeting induded: 

1. Dedsion. to hold 1938 student conference at 
Buckndl University, Lewisburg, Pa.; date to; be 
announced later. 

2. Selecticm of Doctor A.; C. Sdetzky, faculty 
raiinsdor of the Student Branch at Case School of 
Applied Science, Cleveland, as3Lchainiian',bfA*^ 


District committee on student activities, for the 
year beginning August 1,1938. 

3. Selection of Professor J. T. Walther to serve as 
the District student-counselor representative at the 
1938 summer convention in Washington, D. C. 

Asked for a “few remarks,” President 
Harrison spoke briefly but forcefully and 
effectivdy on the subject “Minding Om 
Own Business.” The theme of his brief 
address was to the effect that the important 
engineering requirements of the modem 
world can be met best by seasoned engineers 
having a broad backg^round of experience. 
He urged engineering students to give 
primary attention to the acquisition of a 
sound auH fu ndam ental technical training, 
rather than to be led too far afield into 
other subjects during student days. 

Inspection Trips and Entertainment 

The variety of important industrial 
activities to be found in the vicinity of 
Akron afforded excellent opportunities for 
interesting and instructive inspection trips. 

The principal event was the all-af temoon- 
and-evening trip to Nela Park, Cleveland, 
where some 300 of those attending the 
mee ting were the guests of the General 
Electric Company. The program included 
escorted tours through the laboratories de¬ 
voted to the experimental development and 
manufacture of electric lamps of various 
sizes, demonstration lectures on commercial 
mid industrial illumination for the men and 
on home economics and illumination for the 
women, a generous dinner, and as a finale a 
demonstration lecture in the auditorium of 
the General Electric Institute covering 
briefly the evolution of illumination and 
some of the major contributions made by 
scientific research. 

Another general event, heavily-attended 
was an evening trip to the Daniel Guggen¬ 
heim Airship Institute where men and 
women alilee enjoyed the inspection and 
demonstration of the vertical wind tunnel 
and its 110-mile-per-hour blast, various 
equipment for the pursuit of aeronautical 
research, and small-scale test models of 
dirigible aircraft. Although originally 
founded for research in the field of lighter- 
than-air craft, the Guggenheim Institute is 
now using available time and facilities for 
research in other suitable fields, such as 
mine ventilation as reported by Director 
Troller at one of the technical sessions. 

A large group interested in power-plant 
equipment took advantage of the oppor¬ 
tunity to visit the Barberton plant of the 
Babcock and Wilcox Company where the 
various fabrication processes incident to 
the manufacture of boilers, pulverized-c^ 
equipment, and other power-plant equip¬ 
ment were witnessed in full swing under 
shop conditions. Of particular interest 
were the large and extremely heavy boiler 
drums being manufactured for new power 
plants where new levels of high pressures 
and temperature are bring pioneered. 

A large crowd likewise attended /^e all- 
af temoon trip through the Barberton plant 
of the Ohio Bess Company, where the many 
steps in the manufacture of porcelain insu¬ 
lators of various type were followed through 
from thrir beginnings in raw material to 
th^^ finislung, high-voltage t&ting, and 
packihg into crates for shipment. T^ 
afternoon’s program Tims topped off by a 
demonstration of the highrvolta^ labora- 




toiy equipment, featuring both commercial 
testing and some of the more spectacular 
liiffh-voltage phenomena. 

AutomobUe tire manufacture was fol¬ 
lowed through from crude rubber to fini.cibpd 
product by a group that enjoyed the hospi¬ 
tality of the B. F. Goodrich Company. 
Various other special trips were arranged 
for other groups. 

The women in attendance were generously 
provided for in the special features of the 
entertainment program. In fact, they 
were kept quite busy with a program start¬ 
ing with a pest luncheon Wednesday noon 
and providing a continuous series of activi¬ 
ties that ended only with the concluding 
general banquet, Friday evening. The 
progam included an afternoon garden 
pilgrimage through the estates of F. A. 
Seibwling and L. A. Laurson, games an/i 
luncheon at the Portage Country Club, 
inspection of the Akron Air Dock and guest 
excursion on one of the Goodyear blimps 
^d a bridge-tea at the home of Mrs. A. O 
Austin in Barberton. 

Commander Rosendahl 
Depends Dirigibles 

Commander C, E. Rosendahl of the 
United States Navy, widely renowned for 
his pioneering efforts and leadership in the 
field of air navigation, spoke at the banquet 
on the subject “Lighter-Than-Air Craft.” 
Commander Rosendahl carried all in the 
crowded banquet room along with him as 
he described and explamed some of the more 
important features of lighter-than-air craft, 
and outlined his opinion of their inevitable 
and vitally important place in the field of 
modmn transportation. He drew a con¬ 
vincing word picture of such craft in what 
he strongly termed "proper place”—as an 
important adjunct to other modes of trans¬ 
portation in the air and on the land and sea, 
and in both commercial and naval use. 

In commercial transportation. Comman¬ 
der Rospdahl pictured the dirigible airship 
as a logical mode of long-distance high¬ 
speed travel, particularly on transoceanic 
routes where their "pay load” capacity and 
their long-range cruising ability he con¬ 
siders as already well-demonstrated by the 
world tour of the "Graf Zeppelin” and the 
long service of such craft in trans-Atlantic 
commercial service between Germany and 
South American ports. He emphatically 
^signed the "Hondenburg” disaster to the 
infiammability of hydrogen rather than to 
any defect in craft or handling. He stated 
that by its ability to maintain a continuous 
day and night air speed of about 86 miles an 
hour the modern dirigible aircraft could 
cross the Pacific in 4 days whereas the 
heavier-than-air craft now in that service 
require 6 days because of the necessity for 
intermittent flying and in spite of then- 
higher speed when in the air. 

For naval ser-vice. Commander Rosendahl 
considers the dirigible airship to be a vital 
part of the intelligence and scouting service, 
leaving the fighting to be done by planes 
and surface crafts better fitted for that serv¬ 
ice. The commander’s talk was thor¬ 
oughly understandable and well received. 


October 16, following the District meeting, 
for a busy session involving a wide range of 
matters incident to District affairs and 
activities. Attendance at the meeting was 
recorded as follows: 

I. Melville Stein, vice-president AIBE, presiding 
H. A. Dambly, District secretary 

M. W. Smitli, District vice-cltairman, membership 
committee 

L. S. Billau, chairman, Baltimore Section 

J. A. Noertker, chairman, Cincinnati Section 
F. E. Harrell, chairman, Cleveland Section 
W. L. Everitt, secretary, Columbus Section 
W. D. Bearce, secretary, Erie Section 

E. F, De Turk, chairman, Lehigh Valley Section 
J. B. Harris, Jr., chairman, Philadelphia Section 
W. A. Fimst, secretary, Pittsburgh Section 
H. 8. Smith, chairman, Sharon Section 
H. R, Daykin, secretaiy, Toledo Section 
A. G. Ennis, representing Washington Section 


Wicliita Section 
Holds First Meetings 

The organization meeting of the AIEE 
Wichita Section, authorized by the Insti¬ 
tute’s board of directors on June 24, 1937, 
was held September 16, 1937, at Wichita, 
Eans., with an attendance of 17. By-laws 
were adopted, and R. R. Miner (A’30) 
electrical engineer for the Kansas Gw and 
Electric Company, and W. A. Wolfe (A’30, 
M’36) relay engineer for the same company, 
were elected chairman and secretary- 
treasurer, respectively, to serve imtil August 
1, 1938. Other memlaers of the executive 
committee are E. E. Powell (A’37), 
G. LeRoy Quigley (A’32), and J. A. Rupf 
(A’33). 

On September 30 a dinner meeting was 
held with 34 members and guests present. 
Doctor W. M. Jardine, president of the Uni- 
veraty of Wichita and former Secretary of 
Agriculture, was toastmaster, and speakers 
included L. T. Blaisdell (A’20, M’22) 
AIEE vice-president, whose subject was 
"The AIEE and the Electrical Engineering 
Profession.” 

Section committee chairmen are H. E. 
Margrave (A’37) membership; P. S. Colby 
(A’37) meetings and papers, and R. B. Gow 
(A’35) arrangements. 


District ExEctnrvB Committbb Mebkng 

The Middle Eastern District executive 
committee met in Akron, Saturday morning, 
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Former Edison Secretary Dead. At the 
age of 84, W. H. Meadowcroft, former 
secretary to Thomas A. Edison, died Octo¬ 
ber 16, 1937i at his home in Boonton, N. J. 
Mr. Meadowcroft was bom in Manchester, 
England, May 29, 1863, where he received 
his common and high school education. 
He came to the United States in 1876, and 
for the succeeding 6 years he was employed 
by the law firm of Carter and Eaton in New 
York City, being admitted to the New York 
bar in 1881. In that year he became affili¬ 
ated with the Thomas A. Edison enter¬ 
prises, and from 1910 until Edison’s death 
in 1931 he was assistant and confidential 
secretary to Mr. Edison. Mr. Meadow¬ 
croft was founder and historian of the 
Edison Pioneers, of which organization he 
served as president in 1927. He was honor¬ 
ary vice-president of the Thomas Alva 
Edison Foundation, Inc., which was es¬ 
tablished in 1936 for the pmpose of creating 
a li-mg tribute to the inventor. He was 
the author of several books. 

News 


Training of Skilled Workers. A r ecen t 
survey by the National Industrial Confer¬ 
ence Board indicates that 4 out of every 5 
companies have adopted some form of train¬ 
ing for industrial work in order to meet 
present and future needs for skilled workers. 
The results of the board’s survey, which in¬ 
cluded 473 companies in various industries 
and in different sections of the United States, 
are presented in a report, "Training for 
fcdustry.” This report shows that train¬ 
ing on the job is the method generally used, 
only 8.5 per cent of the companies surveyed 
maintaining so-called vestibule schools. 
Systematic apprentice training is reported 
l^y 272 companies, the time required rang¬ 
ing from one week to more than 6 years. 
Compensation is shown to be at least 60 
per cent of the regular rate in over 90 per 
cent of the companies surveyed, and 80 
per cent of the regular rate in about 32 per 
cent of the companies. Traming is given 
to mature persons and regular employees 
M well as to youths and beginners, but 
in most companies not to persons imder 
18. Women as well as men are offered 
training opportunities in some companies. 


Large Circuit Breaker 
Exhibited at Paris Fair 



ipifilSlI 
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WONSTRUCTED by Atdiers de Con¬ 
structions Electriques de Ddle, Villeur- 
banne, France, the circuit breaker and dis¬ 
connecting switch shown here is beiug ex¬ 
hibited in the Palace of Light of the 
International Exposition of Paris. This 
unit, said to be the largest in the world, is 
designed for opieration at 600 kv at 600 
amperes and has an interrupting capacity 
of 6,000,000 kva. 
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Nomination of AIEE Officers for 1938 Election; 
Members* Sugsestions Invited Until December 15 


For the nommatioiL of national officers to 
be voted upon in the spring of 1938, the 
AIEE national nominating committee will 
meet during the winter convention, January 
24-28, 1938. To guide this committee in 
performing its constituted task, suggestions 
from the membership are, of course, highly 
desirable. To be available for the considera¬ 
tion of the committee, all such suggestions 
must be received by the secretary of the 
committee at Institute headquarters, not 
later than December 15,1937. 

In accordance with the provisions in the 
constitution and by-laws, as amended dur¬ 
ing 1935 and quoted in the following para¬ 
graphs, actions relative to the organization 
of the national nominating committee are 
now under way. 

Coikstitatioa 

28. There shall be constituted each year a national 
nominating committed! consisting of one representa¬ 
tive of each geographical district, elected by its 
executive committee, and other members chosen by 
and from the bo^d of directors not exceeding in 
number the number of geographical districts; all 
to be selected when and as provided in the by-laws. 
The national secretary of the Institute shall be the 
secretary of the national nominating committee, 
without voting power. 

29. The executive committee of each geognraphical 
district shall act as a nominating committee of the 
candidate for election as vice-president of that 
district, or for filling a vacancy in such office for an 
unexpired term, whenever a vacancy occurs. 

so. The national nominating committee shall re¬ 
ceive such suggestions and proposals as any member 
or group of members may de^e to offer, such sug¬ 
gestions being sent to the secretary of the com¬ 
mittee. 

The national nominating committee shall name on 
or before January 81 of each year, one or more 
for president, national treasurer, and the 
proper number of directors, and shall include in its 
ticket such candidates for vice-presidents as have 
been named by the nominating committees of the 
respective geographical districts, if received by the 
national nominating committee' when and as pro¬ 
vided in the by-laws; otherwise the national nomi¬ 
nating committee shall nominate one or more 
csmdidates for vice-president(s) from the district(s) 
concerned. 

By-lAWS 

Sbc. 22. During September of each year, the 
secretary of the national nominating committee 
shall notify the chairman of the executive committee 
of each geographical district that by December 16 of 
that year the executive committee of each district 
must select a member of that district to serve as a 
member , of the national nominating committee and 
shall, by December IS, notify the secretary of the 
national nominating committee of the name of the 
member selected. 

During September of each year, the secretary of the 
national nominating committee shall notify the 
chairman of the executive committee of each geo¬ 
graphical district in which there is or vrill be during 
the year a vacancy in the office of vice-president, 
that by December 15 of that year a nomination for 
a vice-president from that district, made by the 
district executive committee, must be in the hands 
of the secretary of the national nominating com¬ 
mittee. 

Between October 1 and December 15 of each year, 
the board of directors shall choose 5 of its members 
to serve on the national nominating committee and 
shall notify the secretary of that committee of the 
names' so selected, and shall also notify the 5 
members selected. 

The secretary of the national nominating committee 
shall give the 15 members so selected not less than 
10 days' notice of the first meeting of the committee, 
which shall be held not later than January 31. 
At this meeting, the committee shall elect a chair- 
fnart and shall proceed to make up a ticket of 
nominees for the offices to be filled at the next 
election. All suggestions to be considered by the 
national nominating committee must be received 


by the secretary of the committee by December 15. 
The nominations as made by the national nominat¬ 
ing committee shall be published in the March 
issue of Blbctricai. Bnqinbbrimo (Journal of 
AIBB), or otherwise mailed to the Institute 
membership not later than the first week in March. 

Independent Nominations 

Independent nominations may be made 
in accordance •with provisions in Section 31 
of the constitution and Section 23 of the by¬ 
laws, which are quoted below: 

Constitution 

31. Independent nominations may be made by a 
petition of twenty-five (25) or more members sent 
to the national secretary when and as provided in 
the by-laws; such petitions for the nomination of 
vice-presidents shall be signed only by members 
within the district concerned. 

By-Laws 

Sbc. 23. Petitions proporing the names of candi¬ 
dates as independent nominations for the various 
offices to be filled at the ensuing election, in ac¬ 
cordance with Article VI, Section 31 ( constitution), 
must be received by the secretary of the national 
nominating committee not later than March 25th 
of each year, to be placed before that committee for 
the inclusion in the ballot of such candidates as are 
eligible. 

On the ballot prepared by the national nominating 
committee in accordance udth Article VI of the 
constitution and sent by the national secretary to 
all qualified voters during the first week in April of 
each year, the names of the candidates shall be 
grouped alphabetically under the name of the 
office for which each is a candidate. 

(Signed) H. H. Hbnumb, 

November 1,1937 National Secretary 


Lehigh Valley Section 
Sponsors Joint Meeting 

An engineers’ dinner meeting, attended 
by more than 400 persons, was held at the 
Jermyn Hotel, Scranton, Pa., October 9, 
1937, under joint sponsorship of the AIEE 
Lehigh Valley Section, the local sections of 
the American Institute of Mining and 
Metallurgical Engineers, and The American 
Society of Mechanical Engineers, and the 
chambers of commerce of Scranton, Wilkes- 
Barre, Hazleton, and Pottsville. A report 
of the meeting was made available by W. H. 
Lesser (M’24) of J. H. Pierce and Company, 
Scrantoh, a past-chairman of the Lehigh 
Valley Section, who was chairman of the 
committee on arrangements and who also 
acted as toastmaster and presiding officer 
at the meeting. 

FoUo'wing the dinner those attending 
heard 3 addresses; 2 speakers dealt with 
the anthracite coal industry, one of the 
chief industries of the Lehigh Valley Sec¬ 
tion, and the other was concerned with one 
phase of the electrical industry. In the 
first talk of the evening Philip Spom 
(A’20, F’30) vice-president and diief engi¬ 
neer of the American Gas and Electric 
Company, New York, N. Y., outlined 
broadly, yet using some specific examples to 
illustrate his assertions, the operation of 
electric power systems on an interconnected 
and co-ordinated basis. He stated that 
“the development of the electric utility 
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systems of the United States on an inter¬ 
connected and co-ordinated basis has re¬ 
sulted in giving the United States a pre¬ 
eminent position in the field of electric 
power supply.” In the next address, 
Ciadwallader Evans, Jr., vice-president and 
general manager of the Hudson Coal Com¬ 
pany, Scranton, spoke on "Looking Ahead 
in Anthracite,” outlining some of the operat¬ 
ing problems in the coal-mining industry and 
sketched its future as it appears today. 
The latest efforts of the anthracite indust^ 
to promote the sale of its product were de¬ 
scribed by the third speaker, Frank W. 
Earnest, Jr., president of Anthracite Indus¬ 
tries, Inc., New York, N. Y. He em¬ 
phasized the improved competitive position 
of the anthracite industry, and painted a 
bright picture of the future of that business. 
This was the second of 2 such jointly spon¬ 
sored meetings, the first having been hdd in 
October 1935 at Wilkes-Barre, Pa. 


Winter Convention to 
Include General Session 

Because the "general session” held dur¬ 
ing the Institute’s 1937 summer convention 
at Milwaukee, Wis., evoked so much inter¬ 
est, a somewhat similar session is being 
arranged for the forthcoming 1938 AIEE 
winter convention to be held in New York, 
N. Y., January 24-28. According to pres¬ 
ent p^ns, a speaker of national repute will 
address the session on a subject of broad 
interest to the engineering profession, and 
to dectrical engineers in particular. A 
special committee to make the necessary 
arrangements for the session has been ap¬ 
pointed consisting of the following: H. S. 
Bennion, C. R. Beardsley, L. W. W. Mor¬ 
row, H. S. Osborne, and W. E. Wickenden. 

Although the technical program is still in 
• the formative stage, sessions on the follow¬ 
ing subjects are tentativdy scheduled: 
dectronics, commtmication, dectrical ma¬ 
chinery, power transmission and distribu¬ 
tion, protective devices, transportation, in¬ 
struments and measurements, education, 
dectric wdding, research, and basic sdences. 
In addition, several technical conferences 
are expected to be held; 3 such conferences 
already have been tentativdy scheduled, 
one on active networks under sponsorship 
of the committee on communication, and 2 
tmder sponsorship of the committee on basic 
sciences. 

Details concerning these and other fea¬ 
tures of the convention program will be in¬ 
cluded in a later issue of Electrical En¬ 
gineering. 


New ASTM Standards. At a recent meet¬ 
ing of committee £-10 on standards of the 
American Society for Testing Materials, 
11 new tentative standards were recom¬ 
mended. Among these were the following, 
covering specifications and test methods 
for dectrical materials: 

1. SpBCIFICATIONS POR PEBNOLIC LAMmATB]> 
Shbbt for Radio Appucatioks (D 467-37 T). 

2. Method of Tbsting Pim-Typb Soda-Limb 
GI.AS3 IMSULATORS (D 468-37 T). 

3. Mbthods of Tbst for Rubbbr lNain.ATBD 
WiRB AND Cable (D 470-:87 T ). 


News 
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Fifth Annual Meeting of ECPD Held; 

Accrediting of Engineering Curricula Extended 


■ mxji annual meeting of Cngineets’ 
Council for Professional Development was 
held October 1, 1937, in the £ngineerng 
pieties Building, New York, N. Y. Elec¬ 
tion of oflficers, appointment of committees, 
and presentation of the annual reports of 
Council’s committees constituted the prin¬ 
cipal items of business. Council approved 
the accrediting of additional curricula in 
engineering schools, as recommended by the 
committee on engineering schools, maVitig a 
total of 442 curricula now accredited in 127 
institutions (see tabulation elsewhere in 
this report). 

Excerpts from the complete reports of 
the committees on student selection and 
guidance, professional training, and engi¬ 
neering schools follow the item on He^t io n 
• of officers and appointment of committees; 
the report of the committee on professional 
recognition was held over as an order of busi¬ 
ness for a later meeting of ECPD executive 
co^dl, and was referred back to the com¬ 
mittee for further consideration. 

Chairman Chas. P. Scott (A’92, F’25, 
HM’29, past-president) in opening the 
meeting presented a prepared review of 
ECPD’s activities to date, calling attention 
to its principal objectives and outlining 
various possibihties for increased effective¬ 
ness of ECPD’s efforts as a joint agency 
for the engineering societies. "Supple- 
menting 'general objectives’ in our charter,” 
said Doctor Scott, "is an 'immediate objec¬ 
tive’—^the development of the young engi¬ 
neer for some 10 years from high school to 
professional recognition. It is in several 
stages. In the pre-freshman stage ECPD 
is to present ‘the responsibilities and oppor- 
tumties of engineers’; in engineering schools 
it is to 'formulate... a sound educational 
foundation for the practice of engineering’; 
and after graduation it is to ‘further per¬ 
sonal and professional development of young 
engineering graduates.’ ” 


Elections and 
Appointments Reported 

Chas. F. Scott, professor of electrical en¬ 
gineering emeritus, Yale University, was re¬ 
elected ECPD chairman. A. B. Parsons, 
sewetary of the American Institute of 
Mining and Metallurgical Engineers, was 
elected secretary, and C. E. Davies, 
secretory of the American Society of Me¬ 
chanical Engineers, was re-elected assistant 
secretary of Council. Chairmen of 3 
ECPD committees were re-elected as fol¬ 
lows: student selection and guidance, R. L. 
Sackett, dean emeritus of college of engi¬ 
neering, Pennsylvania State College; engi¬ 
neering schools, Karl T. Compton (F*31), 
pr^ident, Massachusetts Institute of Tech¬ 
nology; and professional recogniti on , C. N. 
Lauer, president, Philadelphia (Pa.) Gas 
Works. 0. W. Eshbach (A’17, .F’37) 
American Tdephone and Telegraph Com¬ 
pany, l^ew York, N. Y., was appointed chair¬ 
man of the committee on professional train- 
ing; he has serv^ as acting chairmw ei nne 


the death of General R. I. Rees, former 
chairman of the committee. 

Executive committee members reap¬ 
pointed were: J. P. H. Perry, representing 
the American Society of Civil Engineers; 

C. F. Hirshfeld (A’05, F*36) representing the 
American Society of Mechanical Engineers; 
L. W. W. Morrow (A’13, F’25, director) rep¬ 
resenting the AIEE; H. C. Parmelee, repre¬ 
senting the American Institute of Chcnn'ca l 
Engineers; and D. B. Steinman, represent¬ 
ing the National Council of State Boards of 
Engineering Examiners. Members newly 
appointed to the executive committee were: 

D. C. Jackson (A’87, F’12, past president) 
representing the Society for the Promotion 
of Engineering Education [alternate R. E. 
Doherty (A’16, M’27)]; and W. B. Heroy, 
repr^enting the American Institute of 
Mining and Metallurgical Engineers. 

Appointments of representatives of the 
participating societies for the 3-year term 
1937-40 were announced as follows: 
ASCE, J. P. H. Perry (reappointment); 
ASME, A. R. Stevenson; Jr. (reappoint¬ 
ment); AIME, W. B. Heroy; AIChE, B.F. 
Dodge; SPEE, R. E. Doherty; AIEE, 
F. Ellis Johnson; NCSBEE, J. S. Dodds. 

Report of Committee on 
Professional Training 

O. W. Eshbach, Acting Chairman 

The untimely death, during the past 
year, of the chairman. General R. I, Rees, 
seriously affected progress toward the ob¬ 
jectives expressed in previous reports. TTi,Q 
full time activity being essential to the 
realization of the year’s program, it became 
necessary to adjust the work of the com¬ 
mittee to more restricted projects. 

The program recommended in the 1936 
report may be simply expressed in terms of 
3 general objectives. 

1. To prepare and distribute information which 
would stimulate and assist junior engineers in self- 
development. 

2. ^To give assistance in local organization of 
juniors so as to provide means of achieving their 
objectives. 

3. To study the desires and needs of younger 
engineers as their activities develop and ideas 
crystallize, so that additional efforts can be made 
most effective. 

While substantial progress has been made 
in the first 2 objectives, not much has been 
achieved in obtoining a better undeistand- 
ing of future needs. By nature, this is a 
continuing problem, varying in time g-nd 
loc^ty. It requires an accumulation of ex¬ 
perience and the constant attention of the 
committee as local activities develop. 

Local Organizatipm and Activities. At 
the 1936 aimual meeting, the committee 
considered as its second major undertaking 
for 1936-37 the Stimulation of programs 
similar to that at Providence in an in¬ 
creasingly large number of centers, having 
local sections of the constituent bodies 
and junior engineers form the basis of 
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operations. The success of the Providence 
trM organization, which has continued its 
activities during the past year and reports 
of their experience given wide circulation, 
prompted General Rees to plan a trip in 
October and November, 1936, to Cleveland, 
Chicago, St. Louis, Detroit, and Pittsburgh 
to discuss the development of junior pro¬ 
grams in these areas. Plans were inter¬ 
rupted by his sudden death in Detroit, on 
November 23. Through the voluntary 
assis^ce of Doctor C. F. Hirshfeld, joint 
meetings with representatives of local engi¬ 
neering societies and the national societies 
were held in both Detroit and Chicago, com- 
ple^g the itinerary. As a result of these 
visits, active organization work has been 
under t ake n and plans are in progress for 
this fall to initiate further progress in junior 
activities. In addition to the activities 
started by General Rees, junior committees 
have been formed in Hartford and Boston 
and are being considered by the Worcester 
Engineering Society. 

During the spring and summer the com¬ 
mittee has been studying the trend of junior 
organization developments. From reports 
of the participating societies and other 
sources, it was found that some form of 
junior organization, sponsored either jointly 
or separately by local sections of the na¬ 
tional societies, was in existence or being 
formed in 39 localities. 

While recent in origin most of th e se or- 
gamzations have come about through the 
normal activities of the sections of national 
societies. In most cases they are sponsored 
by a single society but include in their 
membership juniors of other affiliations. 
The spontaneity of these developments is 
encouraging. They present opportunities 
for co-operation which should be considered 
jointly by the sections in the several locali¬ 
ties. 

^ Principles of Organization of Local Activi¬ 
ties. The principal objective of local or¬ 
ganization has been to afford opportunity 
for personal development in accord with the 
ideals set forth by the ECPD. The general 
and sequential procedure in starting junior 
activities has been as indicated in many 
letters and reports as follows: 

1- The selection of experienced engineers of the • 
community who have expressed interest and will¬ 
ingness to act as advisors and a group of junior 
engineers representative of different professional 
interests. 

2. Effecting an organization of juniors which 
j^ves opportunity for them to frame their own 
ideas as to the form it takes. 

3. Encouraging the development of a serious and 
effective program of activity consistent with the 
\rishes of the group and the ideals of the purpose. 

While this general statement typifies the 
procedures followed, the initiation by the 
advisors or originators may come in 3 
different ways. 

1. Local engineering clubs may sponsor the 
junior org^anization through representatives of 
their professional divisions and thus effect co¬ 
ordination with the section activities of the na- 
tiomd engineering sodeties. 

2. Representatives of the several sections of the 
national sodeties may undertake to start and c6-^ 
ordinate junior activities by forming a spedal joint 
activity or junior advisory committee. 

3. The sections of national mderies may act inde^ 
pendehtly and not concurrently. 

The first 2 ways have the advantage of 
co-ordinatiou in programs of soci^ and pro- 
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fessionally common interests. The last 
has the advantage of flexibility and speed 
in getting underway but the disadvantage 
of lack of co-ordination in matters of com¬ 
mon interest and united effort toward the 
stimulation of professional unity. 

In whatever manner these organizations 
originate it seems desirable that they should 
be the accomplishment of local sections of 
the constituent bodies of ECPD and that ■ 
the committee on professional training 
should aim to give the constituent bodies 
such assistance as necessity requires and is 
reasonable to provide. In this connection 
there is at present no common committee 
organization within local sections, and no 
common classification of membership which 
together with reasonably uniform section 
areas would greatly enhance the opportu¬ 
nity for local and national co-operation. 

Junior Committee Recommendations. 
The annual report of the junior commit¬ 
tee in 1936 stresses as important problems: 

1. Stimulation of junior interest in the entire 
ECPD program. 

2. Organization of groups in local areas. 

3. Development of training material. 

4. Development of means of qualifying for profes¬ 
sional recognition. 

During the year progress has been made 
by ECPD in the first 2 problems. During 
the coming year the committee on profes¬ 
sional training plans to study the junior 
programs now in progress and give atten¬ 
tion to such needs as are in evidence. 

Publications and Their Distribution. 
Since the organization of ECPD the commit¬ 
tee on professional training has prepared 
and published the following pamphlets, 
among others: 

"Suggestions to Junior Engineers." A personal ap¬ 
praisal blank to assist in planning a definite pro¬ 
gram of development; supplemented by a non¬ 
technical reading list, classified under 10 general 
subjects. 

"Selected Bibliography of Engineering Subjects." 
A selection of widely recommended texts, mostly of 
college grade, prepared with the co-operation of 
over 100 practicing engineers and teachers in 1937: 

I. Mathematics, mechanics, and physics 

II. Aeronautical and civil engineering 

III. Chemical and industrial engineering 

IV. Electrical and mechanical engineei^g 

V. Metallurgical and mining engineering 

"University Extension Fr^lities." A list of 24 
institutions with description of nontechnical courses 
givmi by class study or by correspondence. Pre¬ 
paid by the juidor committee in 1935. 

During the past year considerable effort 
was spent in the final editing of the "Selected 
Bibliography of Engineering Subjects” and 
its distribution. Copies were sent to all 
who co-operated in its preparation, the 
deans of engineering schools, selected pub¬ 
lishers of trade magazines, and librarians. 
The listing of all ECPD publications in the 
sections of the bibliography was called 
to the attention of the recipients with the 
purpose of affording teachers and others the 
opportunity of directing the attention of 
students to the interest of the profession 
in their development, and expediting indi¬ 
vidual efforts in organizing programs of self¬ 
development after graduation. Thus there 
have been made available at nominal fees 
an aid for self-analysis, references for both 
cultural and technical study, and sugges¬ 
tions of study facilities through university 
extension. To further publicize the pro¬ 
gram of Council and emphasize the need for 
continued development, the committ^ 
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has prepared a small folder, appendix Cl, 
and recommends a wide distribution of it to 
fill the need which has been felt for a short 
account of the organization, purpose, plans 
and accomplishment of ECPD. The re¬ 
printing of selected articles, both by ECPD 
and in engineering magazines, is also recom¬ 
mended to aid in reports of progress and 
better understanding of aims and activities. 
In this connection 2 articles were reprinted 
by the committee and several appeared in 
national societies’ publications. A par¬ 
ticularly well-prepared article on “The 
Providence Experiment in Junior Engineers’ 
Development” was reprinted from Chemical 
and Metallurgical Engineering, volume 44, 
March 1937, and distributed through the 
national societies to the sections of their 
societies. It is hoped that as prog^ress in 
other localities is reported the details of 
their experiences may be publicized in simi¬ 
lar manner. 

Report of Committee on 
Student Selection and Guidance 

R. L. Sacked, Chairman 

English and Mathematics Tests. The 
study of the academic history of entering 
engineering students who were given the co¬ 
operative tests in English and mathematics 
in 1933 and 1934 has been continued. Re¬ 
sults noted in previous reports are confirmed 
by the evidence from the 12 institutions 
giving the tests. Of those students who 
discontinued, the larger proportion dropped 
out voluntary because of dissatisfaction 
with themselves, lack of finances, or other 
conditions. It is safe to say that some had 
little or no effective guidance and if they 
had received good counsel, would not have 
undertaken an engineering education. 
Scholarship, soimd objectives, the will to 
win, or other qualifications were lacking. 
The English and mathematics tests indi¬ 
cated that these individuals were invari¬ 
ably low grade for educational refinement. 
That the lack of the scholarship which is re¬ 
quired for reasonable success in engineering 
education can be detected by such tests, 
or others, or by examination of the high- 
school record, is beyond dispute. 

Engineering: A Career—A Culture. The 
more general u% of the pamphlet of this 
title is a source of satisfaction. The sub¬ 
committee has revised the material and is 
prepared to submit a copy for a new and 
improved edition as soon as the present one 
is exhausted. 

Guidance Manual. The “Manual on 
Guidance,” prepared by the committee, is 
being used increasingly and is helpful to the 
committees of engineers, to colleges, and to 
high schools. It has been mimeogmphed 
and distributed, without charge, to those 
vitally interested. 

High-School Guidance. A notable in¬ 
crease in interest in the subject of guidance 
for high-school students has been observed. 
Articles in magazines and in the daily press 
are evidence of the growing appreciation of 
the economic and social importance of 
sotmd vocational counseL 

Selection by the College. To cull some 
20^000 ; prospective engineering freshmen 
from hundreds of thousands of seniors, in 
thousands of high sdiopls, for entrsmce to 
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150 engineering schools, is a mighty task. 
Upon it, however, depend the careers 
of individuals, the efficacy of engineering 
schools, the quality of the engineering pro¬ 
fession, and its contribution to the interest 
of the general public. The usefulness of the 
engineer depends on personality as well as 
technical proficiency. 

The increase in college enrollments has 
brought financial and social problems of 
grave importance.* Limiting enrollments 
has been suggested but no generally ac¬ 
cepted basis for restriction has yet been 
found. Various methods have been used, 
such as college board examinations and 
batteries of training and aptitude tests. 
There is no doubt that limiting enrollment 
in engineering to those of high scholastic 
standing, judged by the 4-year high- or 
preparatory-school record, is distinctly 
helpful. 

In order to assist in better precollege 
guidance, engineering schools have been 
urged to use their influence and faculties in 
promoting better guidance in the high 
schools within their spheres of influence. 

Guidance by Engineering Societies. The 
national engineering societies have been 
urged to organize local committees of inter¬ 
ested engineers who approach the public- 
school authorities and offer their services 
as counselors to students who are inter¬ 
ested in engineering. The purpose is to 
bring the student into closer contact with 
the realities of engineering education and 
the practical work which the engineer does— 
especially the young engineer. Among the 
cities which have made a notable success of 
such joint efforts are Detroit,' Denver, Mil¬ 
waukee, Kansas City, Rochester, and St. 
Louis. 

Selective Tests. Search, mcperiment, and 
evaluation of tests suitable for extracting 
aptitudes of importance in the prospective 
engineering student are being conducted by 
various psydiologists and committees. The 
validity h^ not yet been established or the 
committee has not yet had data submitted 
to it to establish the value of new tests or 
small groups of tests. That tests of value 
have been or will be established is beyond 
doubt. That they may be of great assist¬ 
ance in guidance and sdection is equally 
certain. But discretion in their use and 
judgment are also necessary in their appli¬ 
cation. A large measure of responsibility 
will still rest on those using tests to evaluate 
personal quaUties which tests cannot be ex¬ 
pected to expose, at least in the present 
state of the art. 

Guidance in Public Schools.. City schools 
are organizing public programs followed 
by personal cotmsel for those desirous of 
entering one of the professions; The major¬ 
ity of the better high schools have coun- 
sdors and are developing guidance for 
those thinking of engineering or other voca¬ 
tions. In some of them , there is a definite 
need for an experienced approach to the 
subject. This, the practicing engineer can 
supply if he has the interest and an under¬ 
standing of wbat youth needs in the way of 
information about the d^niahds m^e on the 
novitiate and the later rewards. More em¬ 
phasis should be placed oh interests, apti¬ 
tudes, ambitions, ahd personal qualities 
andless on “hoWmucffi doesit pay?’’ 

* W. M. KoTSCamo, The Edueational Record., 
July 1937. 
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UniTersity of Alabama: Aeronautical, 
dvil, electrical, industrial, mechanical, 
nuning 

University of Arizona: Civil, elec¬ 
trical, mechanical, mining 

University of Arkansas: CSvil, elec¬ 
trical, mechanical 

Armour Institute of Technology: 
Chemical, civil, electrical, mechanical 

Brown University: Civil, electrical, 
mechanical 

Bncknell University: Civil, 

University of California: Civil, elec¬ 
trical, mechanical, metallurgical 
(metallurgy), mining, petroleum 

California Institute of Technology: 
Aeronautical ( 6 -year course), chemical 
(5-year course), civil, electrical, me¬ 
chanical 

Carnegie Institute of Technology: 
Chemical, civil (o), electrical (a), 
industrial (management) (a), meclu^- 
cal (a), metallurgical (a) 

Case ^ School of Applied Science: 
Chemical, civil, electrical, mechanical, 
metallurgical 

University of Cincinnati: Aeronauti¬ 
cal, chemical, civil, electrical, me¬ 
chanical 

The Citadel: Civil 

Clarkson College of Technology: 
C^vil, electrical, mechanical 

Clemson Agricultural College: Civil, 
electrical, mechanical 

College of the City of Kew York (a): 
Civil, electrical, mechanical' 

University of Colorado: Architectural, 
civil, electrical, mechanical 

Colorado School of Mines: Geologi¬ 
cal, metallurgical, mining, petroleum 

Colombia University ( 6 ): Chemical, 
dvil, dectrical, industrial, mechanical, 
metallurgical, mining 

Cooper Union Institute of Technology 
(c): Civil, dectrical, mechanical 

Cornell University: Chemical, dvil, 
dectrical, industrial (administrative), 
mechanical 

Dartmouth College: Civil 

University of Delaware: Civil, dec¬ 
trical, mechanical 

University of Detroit: Aeronautical, 
architectural, dvil, dectrical, me¬ 
chanical 

Drexellnstitote: Chemical, dvil, dec¬ 
trical, mechanical 

Duke University: Civil, dectrical, 
mechanical 

Univerdty of Florida: avil, dectrical, 
industrial, mechanical 

Georgia School of Technology: Aero¬ 
nautical, dvil (d), dectrical (d), me¬ 
chanical (d) 

Harvard^ University («): Civili com- ! 

munication, dectrical, industrial (en- 
Steering and business administra- ’ 

tion), ihechanical,metallurgical (physi¬ 
cal metallurgy), sanitary t 

(o). Accrediting applies to both the I 

day and evening curri^a. j 


List of Undergraduate Curricula of Educational Institutions Accredited by ECPD 

__(As^^October 1^ 1937/ and subject to continual revision) 


(5). Accrediting applies to the 4 - 
year and 6 -year curricula leading to 
the bachdor of sdence degree. 

(c). . Acttediting applies to day cur- 
^i^um only. Action on evening cur¬ 
riculum deferred pending granting of 
degrees, r 

(4) . Accrediting applies to both regu¬ 
lar and co-operative curricula. 


, Howard University: Civil, electrical, 

, mechanical 

University of Idaho: Civil, dectrical, 
mechanical 

University of Illinois: Architectural, 
ceramic (technical option), chemical, 
civil, electrical, general (f), 
metallurgical, mining 

1 Iowa State College: Agricultural (g), 
architectural, chemical, dvil, elec¬ 
trical, general (f), mechanical 

State University of Iowa: Chemical, 
dvil, dectrical, mechanical 

Johns Hopkins University: Civil, dec¬ 
trical, mechanical 

University of Kansas: Architectural, 
dvil, dectrical, mechanical, mitiirig 

Blansas State College: Agricultural 
(g), architectural, dvil, electrical, 
mechanical 

University of Kentucky: Civil, metal¬ 
lurgical, mining 

Lafayette College: Civil, electrical, 
industrial (administrative^ mechani¬ 
cal, metallurgical, mining 

Lehigh University: Chemical, dvil, 
dectrical, industrial, mechanical, met¬ 
allurgical, mining 

Louisiana State University: Civil, 
electrical, mechanical, petroleum 

University of Louisville: Chemical, 
dvil, dectrical, mechaniqal 

University of Maine: Civil, electrical, 
general (f), mechanical 

Marquette University: Civil, dec¬ 
trical, mechanical 

University of Maryland: Civil, dec¬ 
trical, mechanical 

Massachusetts Institute of Tech¬ 
nology: Aeronautical, architectural, 
bulldog engineering and construc¬ 
tion, chemical, dvil, dectrical, elec¬ 
trochemical, general (f), industrial 
(business and engineering administra¬ 
tion) , mechanical, metallurgical (metal- 
lursy)! mining, naval architecture 
and marine engineering, public health, 
sanitary 

University of Michigan: Aeronautical, 
chemical, dvil, electrical, engineering 
mechanics, mechanical, metallurgical, 
naval ^ architecture and marine en¬ 
gineering, transportation 

Michigan College of Mining 1^4 
Technology: Qvil, dectrical, mechani- 1 

cal, metallurgical, mining 

Michigan State College: Civil, elec- i 

trical, mechanical 

University of Minnesota: Aeronaut!- < 

cal, chemical, dvil, dectrical, mechani¬ 
cal, meMlurgical, mining (excluding ^ 

mining in geology option), petroleum ‘ 

University of Missouri: Civil, dec- ^ 

trical, mechanical 


Missouri School of Mines and Metal¬ 
lurgy: Ceramic, dvil, dectrical, 
metallurgical, mining (mine) (exclud¬ 
ing mining geology option) 

Montana School of Mines: Geologi¬ 
cal, metallurgical, tnining 


I. Montana State College: Civil, dec¬ 
trical, mechanical 

l» University of Hebraska: Agricultural 
(g), architectural, dvil, electrical, 

I mechanical 

, University of Nevada: Electrical, 

, mining 

University of New Hampshire: Civil, 
, electrical, mechanical 

University of Now Mexico: avil, 
electrical, mechanical 

’ New York University: Aeronautical, 

chemical (h), dvil (o), electrical (a), 
mechanical (a) 

New York State College of Ceramics 
(at Alfred University): Ceramic 

Newark College of Engineering: avil, 
dectrical, mechanical 

North Carolina State College: Ce¬ 
ramic, dvil, electrical, meelwnii-ni 

University of North Dakota: avil, 
electrical, mechanical, tnlnirig 

Norwich University: avil, MpdnVel 

Ohio State University: Ceramic, 
chemical, dvil, dectrical, industrial, 
mechanical, metallurgical, mining 
(mine) 

University of Oklahoma: Architec¬ 
tural, dvil, electrical, mechanical, 
petroleum (production option) 

Oklahoma Agricultural and 
cal College: avil, electrical, indus¬ 
trial, mechanical 

Oregon State College: avil (exdud- 
ing business option), dectrical (ex¬ 
cluding business option), miwhatiii-ai 
(excluding business option) 

University of Pennsylvania: Chemi¬ 
cal, dvil, dectrical, meehanii^gl 

Pennsylvania State College: Archi¬ 
tectural, chemical, dvil, dectrical, 
dectrochemical, industrial, mechani¬ 
cal, sanitary 

University of Pittsburgh: Chemical, 
dvil, electrical, industrial, mechani¬ 
cal, metallurgical, mining, petroleum, 
petroleum refining 

Polytechnic Institute of Brooklyn: 
Chemicar(W, dvil (o), dectrical (a), 
mechanical (a) 

, Princeton University: Chemical, dvil, 
dectrical, mechanical 

Purdue University: Chemical, dvil, 
electrical, mechanical 

Rensselaer Polytechnic Institute: 
Chemical, dvil, dectrical, mechanical 

Rhode Island State College: avil, 
dectrical, mechanical 

Rice Institute: avil, dectrical, me¬ 
chanical 

University of Rochester: Mechanical 

Rose Polytechnic Institute: avil, 
electrical, mechanical 

Rutgers University: avil, dectrical, 
mechanical, sanitary 

University of Santa Clara: avil, 
dectrical, mechanical 


(<). Accrediting applies only to cur¬ 
riculum as submitted to ECPD and 
upon completion, of which a certificate 
is i^ued by Harvard University cer¬ 
tifying that the student has pursued 
such a curriculum. 

(f). The accrediting of a curriculum 
in general engineering implies satis¬ 
factory training in engineering sdences 
and in the basic subjects pertaining to 
several fidds of engineering; it does 
not ^ply the accrediting, as separate 
curricula, of those dimponent por¬ 


tions of the curriculum such as dvil, 
tnecbanical, or electrical engineeting 
that are usually offered as complete 
professional curricula leading to de¬ 
grees in these particular fidds. 

(g). All curricula in agricultural «a- 
gineering which appear in this list 
have been provisioiially accredited for 
a period of 2 years. The reason for 
this is twofold; in the fiirst place it 
appears to ECPD that the final year 
of the 4-year programs fails to build, 
in adequate manner, upon tihe engi- 


South Dakota State College: avil 
electrical, mechanical 

I South Dakota State School of Mines: 
I avil, electrical, metallurgical, mining 

University of Southern California: 
Petroleum 

Stanford University: avil, electrical, 
mechanical, metallurgical, mining, pe¬ 
troleum 

Stevens Institute of Technology (f): 
General 

Swarthmore College: avil, electrical, 
mechanical 

Syracuse University: Civil, electrical, 
industrial (administrative), mechani¬ 
cal 

University of Tennessee: avil, dec¬ 
trical, mechanical 

. Univerrity of Texas: avil, dectrical, 
mechanical, petroleum (petroleum pro¬ 
duction) 

Agricultural and Mechanical College 
of Texas: Civil, electrical, mechani¬ 
cal, petroleum 

Texas Technological College: avil, 
electrical, mechanical 

Tufts College: avil, electrical, me¬ 
chanical 

Tttlane University of Louisiana: avil, 
dectrical, mechanical 

Union College: Civil, dectrical 

University of Utah: avil, electrical, 
mechanical, metallurgical, mining 

University of Vermont: avil, dec¬ 
trical, mechanical 

University of Virginia: avil, dec¬ 
trical, mechanical 

Vhginla Military Institute: avil, 
dectrical 

Virgil^ Polytechnic Institute: avil, 
electrical, industrial, mechanical 

Washington University: Architec¬ 
tural, dvil, electrical, industrial (ad¬ 
ministrative), mechanical 

University of Washington: Aeronauti¬ 
cal, ceramic, chemical, dvil, elec.; 
trical, mechanical, metallurgical, min¬ 
ing 

State College of Washington: avil 
dectrical (basic and hydrodectric, 
options), mechanical (basic option), 
metallurgical, mining (exduding mine 
administration and petroleum engi¬ 
neering option) 

Webb Institute of Naval Architecture: 
Naval architecture and marine en¬ 
gineering 

West Virginia University: avil, dec¬ 
trical, mechanical, mitiing 

University of Wisconsin: Chemmai , 
dvil, dectrical, mechanical, metallur¬ 
gical,mining 

Wor cester Polytechnic Institute: avil, 
electrical, mechanical 

Yde University: Chemical, dvil, dec¬ 
trical, mechanical; metallurgical 


neering basis laid in the fiist 3 years; 
secondly, it is the feding of ECPD 
that curricula in agricultural engineer¬ 
ing might more properly be given as 
options undd one of the major efn- 
gineet^ branches (that is, dvil en¬ 
gineering, dectrical engineering, or 
mechanica! engineerinj^. 

(A). ECPD has Opt recdvOd £rom 
its subcommittee on chemiosl en¬ 
gineering a recommendation Mtb re¬ 
spect to the' evening' cturiculum in 
chemical en^eeting. 
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Cost of Lack of Guidance. For lack of 
adequate guidsmce a considerable number of 
boys drop out at the end of or during the 
first year. There is a definite financial 
loss in each case. Much has been said 
about the intangible profit of going to col¬ 
lege even one year. The statistics of engi¬ 
neers do not show tangible values for one 
or 2 years of college life. On the contrary, 
the moral and psychological effects of failure 
are serious and real. The sense of defeat is 
a handicap at a critical period in the life of 
youth struggling for a foothold. 

Some 20,000 students, more or less, are 
asking admission to engineering colleges 
this fall. Two things should be done to 
prevent economic loss and to protect the 
engineering profession. First, there should 
be conscientious guidance provided by the 
schools, by colleges, and with the aid of 
the profession. Second, colleges should 
abandon competition for numbers and ac¬ 
cept only those who can meet certain well- 
defined.. standards which promise a fair 
measure of achievement in engineering 
education and in their future business and 
professional careers. 


Report of Committee on 
Engineering Schools 

Karl T. Compton^ Chairman 

The committee on engineering schools is 
expected, as its broad responsibility, “to 
formulate criteria for colleges of engineering, 
which will insure to their graduates a sound 
educational background for practicing the 
engineering profession.” In order that the 
committee might carry out most effectively, 
its broad program, the decision was made 
during its first year that the early efforts of 
the committee should be directed solely 
toward the accrediting of undergraduate cur¬ 
ricula in engineering. There seemed to be a 
pressing need for a thoroughly representa¬ 
tive and authoritative accrediting agency. 
While the committee recognized that the 
theoretical desirability of accrediting might 
be subject to considerable differences in 
opinion, it further recognized that various 
factors, including state licensing laws, were 
resulting in numerous unco-ordinated efforts 
to establish lists of accredited engineering 
colleges. In ECPD there seemed to exist 
an organization representing the entire 
profession, and thus ideally constituted to 
administer a plan for accre<hting engineering 
curricula both uniformly and in a manner 
consistent with the high ideals of the engi¬ 
neering profession. (The basis for accredit¬ 
ing was published as part of report of the 
fourth annual meeting of ECPD in 
ELBCiKiCAn Enginbbring for November 
1936, pages 1280-6.) 

In October 1936, an initial list of the cur¬ 
ricula in 2 regions of the United States, 
judged by ECPD to be worthy of accredit¬ 
ing, was released for publication. Ar¬ 
rangements were made in the early spring 
of 1936 to extend the program into the re¬ 
maining regions of the United States and to 
evfttnitie the institutions in the first 2 re¬ 
gions which had not applied in time for con¬ 
sideration during 1936-86. Ninety-five in¬ 
stitutions submitted curricula, involving 
visits of inspection to 88 institutions during 
the year 1936-37. The remaining 7 in¬ 


stitutions have asked for inspection during 
the year 1937-38. 

Summary of Institutions and Curricula 
Inspected. Since the accrediting program 
was inaugurated in 1935, a total of 134 
degree-granting engineering schools have 
submitted 642 curricula for accrediting. 
Of this number 127 institutions have been 
visited to date and recommendations pre¬ 
pared on 617 curricula. The records of the 
committee show that 20 degree-granting 
engineering colleges have not yet responded 
to the invitation of the committee. 

Summary of Recommendations. The fol¬ 
lowing is a summary of the actions recom¬ 
mended to ECPD by the committee for the 
617 curricula inspected up to the present 
time: 


To accredit.... • • 373 

To accredit provisionally for a limited period 69 

To defer action . 85 

Not to accredit . WO 

Total . 617 


Provisional accrediting has ranged from 
periods of one to 3 years and involves a re¬ 
visit at the end of the period of accrediting. 
(In all other cases review is left entirely to 
the discretion of ECPD and its committee 
on engineering schools.) Deferred action 
has been taken where degrees have not 
yet been conferred, or where recommenda¬ 
tions in regard to curricula in chemical en¬ 
gineering are still under consideration by 
the committee on chemical engineering 
education of the American Institute of 
Chemical Engineers. A complete list of 
the accredited curricula by institutions may 
be found elsewhere in this report. 

By-Products of Accrediting. The main 
objective of the accrediting program, of 
course, has been to draw up a list of engi¬ 
neering curricula which, in the opinion of 
ECPD, represent sound and adequate in¬ 
struction in the several branches of engi¬ 
neering. A second objective, however, has 
come to be regarded as being fully as im¬ 
portant, namely, to be of the greatest pos¬ 
sible aid to the institutions offering curricula 
for accrediting. 

Alm ost without exception the visiting 
committees have been asked by the ad¬ 
ministrative officers of the institutions 
visited to give them suggestions and advice. 
The committees have endeavored to comply 
with these requests, and throughout the dis¬ 
cussions of the regional cornmittees, and of 
the general committee later, a great deal of 
attention has been given to the considera¬ 
tion of directions along which substantial 
improvements might be made which would 
increase the effectiveness of the teaching 
program of the institution. In many in¬ 
stances the opinion of the ECPD committee 
has been the deciding factor in making long- 
desired changes or improvements possible. 
In other cases the wide experience and fresh 
perspective of the delegatory committee 
members have made it . possible to call to 
the attention of the officers of administin- 
tion undesirable conditions which had re¬ 
mained unnoticed or neglected. That the 
suggestions of the conunittees have been 
appreciativdy received may be seen both 
from the letters which have been written, 
and from the way in which the suggestions 
have been acted upon. 

At present there is every indication that 
the accrediting program will result not only 
in a generally accQ)ted accredited list, for 
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which there is a real need, but also in a defi¬ 
nite stimulation to higher excellence in our 
engineering schools, and a wide distribution 
among the institutions, particularly among 
the various officers of administration, of 
some of the best ideas in engineering educa¬ 
tion. 

Activities in Prospect. Since the organi¬ 
zation of the committee on engineering 
schools in 1932, attention has been focused 
almost solely upon the accrediting program. 
It has seemed recently that this project is 
now sufficiently well in hand to permit the 
consideration of other ways in which the 
committee could be of service. Accord¬ 
ingly, during the past year the committee 
has discussed several activities in which 
it might engage over a period of perhaps 6 
years. Not all of these activities would, 
or could, be undertaken at once. Their 
possibilities are, however, being further 
studied, and the consideration of them will 
require a substantial portion of the com¬ 
mittee’s time during the ensuing year. 
These activities are: 

(a). Continuation of accrediting, program. The 
committee must necessarily make this its first con¬ 
cern. Flans for the periodic review and reinspec¬ 
tion of accredited cnrricula were outlined roughly 
during the past year, and these will shortly be put 
into operation. 

(5). Investigation of graduate study. The com¬ 
mittee has recently considered this aspect of ac¬ 
crediting and come to the conclusion that there 
may be other more effective means of enhandng 
the status of graduate study. 

(f). Study of admission with advanced sta n di n g. 
During the condderation of undergraduate cur¬ 
ricula, it has become evident to the committee 
that the qualifications of an engineering student 
who transfers to an engineering school with ad¬ 
vanced standing, in particular from an institution 
of a different type, such as a college of liberal arts 
or a junior college, are dependent to a considerable 
extent upon the quality of the instruction which be 
received in the institution from which he is trans¬ 
ferring. It further is evident that the quality of 
work maintained at any institution is affected by 
the standards at other institutions which prepare 
students for entrance with advanced credit. It 
appears, therefore, to be within the scope of the 
committee to consider ways and means of improv¬ 
ing standards at the junior colleges, colleges of 
liberal arts, other engineering schools, and divisions 
serving as feeders for institutions which have had 
curricula accredited by ECPD. A committee 
has been appointed to pursue the study of this 
problem. 

(d) . Advisory service to institutions. In view_ of 
the considerable experience and background which 
the delegatory committee members have gained 
during the course of the accrediting program, the 
committee should be in a porition to be of mate¬ 
rial assistance to institutions offering enginee^g 
curricula by making available to interested in^tu- 
tions an informal advisory service. Recogniring 
that its experience creates a responmbility in this 
direction, the committee-is prepared to perform 
such a function and is ready, on requmt, to advise 
or confer with representetiyes of engineering col¬ 
leges in reference to any phase of their work related 
to accrediting. 

(e) . Survey of engineering education.^ During the 
course of its operations, the committee has as¬ 
sembled a great deal of valuable information on the 
status of engineering education. It appears highly 
desirable that this material be analyzed and pub¬ 
lished while it is yet frerii. 


Lidez to ASTM Proceedings. A complete 
subject and author index covering the con¬ 
tents,of volumes 31 to 36, inclusive, of the 
ASTM Proceedings, issued from 1931 to 
1935, is now available from the American 
Society for Testing Materials, 260 South 
Broad Street, Philadelphia, Pa. Prices may 
be obtained from the sodety. 
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Chemistry Subcommittee of NRC 

Insulation Committee Meets at Rochester 


experimental errors, ■ which are dependent 
on the average thidmess of the air film, the 
thickness of the sample, and the dielectric 
constant and conductance of the sample.” 


I^NDER auspices of the physical 
iHorganic division of the American Chemi¬ 
cal Society, at its annual convention at 
Rochester, N. Y., the subcommittee on 
chemistry of the insulation committee of 
National Research Council held a sym¬ 
posium on insulation materials, September 
9» 1937. Kenneth S. Wyatt (A*32) re¬ 
search engineer for The Detroit (Mich.) 
Bdison Company, and chairman of the 
subcommittee, who furnished the material 
from which this report was prepared, pre¬ 
sided over the session, at which 5 papers 
were presented: 

1. DiPOLB POI.ARIZATTON AND DiBLBCTRIC LoSS 
m Certain Liquids and Solids, S. O. Morgan, 
Bell Telephone Laboratories, Incorporated, New 
York, N. Y. 

2. Electric Breakdown or Solid and Liquid 
Insulators, A. von Hippel (M'37), Massachusetts 
Institute of Technology* Cambridge. 

3. The Inrlxtbncb op Gaseous Electric Dis¬ 
charge ON Hydrocarbon Oils, L. J. 

(A’80, M’36) Westinghouse Electric & Manufactur¬ 
ing Company, East Kttsburgh, Pa, 

4. Methods op Measuring the Electrical 
Properties op Solids, R. M, Fuoss, General Elec¬ 
tric Company, Schenectady, N. Y. 

5 . Electrical and Chbuical Studies op Oil 
Oxidation, J. C. Balsbaugh (A'23, M'25), Massa¬ 
chusetts Institute of Technology, Cambridge. 

In a brief introductory outline of the ob¬ 
jectives of the sjunposium Chairman Wyatt 
pointed out that “insulating materials find 
^ extremely wide and indispensable place 
in the electrical industry, and that the de¬ 
velopment and research leading to im¬ 
proved insulating materials, the manu¬ 
facture and processing of present materials, 
and the study of deterioration in service 
are to a large extent chemical problems. 

Yet the burden of the attack so far has rested 

on the shoulders of electrical engineers and 
physicists rather than chemists. To in¬ 
sure the most rapid progress it will be 
necessary to enlist to a greater extent the 
services of the chemists." 

Technical Session 

Dipole Polarizations and Dielectric Loss. 

S. O. Morgan, in presenting his paper, as¬ 
serted that although geneiully the function 
of dielectrics is considered to be the hinder¬ 
ing of current flow from one conductor to 
another, or from a conductor to its sur¬ 
roundings, for many purposes the function 
of <flelectrics is to permit the flow of alter¬ 
nating currait. 

“No insulator permits the flow of cur¬ 
rent without at least a small amount of 
energy being dissipated as heat. One of 
the tad?s of the eng^eer is to obtain a maxi¬ 
mum permittivity or dielectric constant 
with a minimum of dielectric loss. Dielec¬ 
tric ^eories predict that a high dielectric 
loss is a necessary consequence of a high 
dielMtric. constant. Experimental data for 
a wide variety of materials bear out this 
prediction.” 

Mr. Morgan described the relationships 

betw^ the cheinical composition and di¬ 
electric loss wd diel^tric constant arid in¬ 
terpreted these QtM^tities in terms of the 
motions of the elM:trons, atoms, and mole¬ 


cules making up the dielectric. The vari¬ 
ous kinds of motion are translational, vi¬ 
brational, and rotational, and the motion 
of molecules cont aining electric dipoles 
influence both dielectric constant and di¬ 
electric loss of the material. 

Breakdown of Solid and Liquid Insulators. 
A. von Hippel’s paper showed that: “The 
extrapolation of Paschen’s law from gases 
under normal pressure up to the high den¬ 
sities of solids and liquids would predict the 
field strength of electric breakdown in th e s e 
condensed systems 10 to 100 times bi gbor 
than observed. The main reasons for tbia 
discrepancy are the following: in gases of 
low density the excitation of the electronic 
system of the particles acts as the important 
barrier, which stops the acceleration of the 
elMtrons before they reach ionizing veloc¬ 
ities. With tight packing of the atoms 
and molecules these excitation levels be¬ 
come practically destroyed and the excita¬ 
tion of vibrations remains as the decisive 
mechanism of friction. Hence t^e study 
of the excitation functions of vibrations is 
the most important step for the formula¬ 
tion of the theory of electric breakdown in 
condensed systems. Next, one has to con¬ 
sider changes of the field distribution auri 
of the structure of the matter itself by 
charged particles. The field emission of the 
cathode plays a dominating part to lower 
^e breakdown strength of insulators. Frag¬ 
ile material may crack by mechanical 
stresses, produced by changes of the par¬ 
ticles forming the solid. Hence the total 
phenomenon is often a very complicated 
one ^d the simple theory of heat break¬ 
down, widely accepted, seems to be in¬ 
adequate.” 

Influence of Gaseous Discharge on Hydro¬ 
carbon Oils. “The new and revolutionary 
solvent-refining processes now rapidly being 
adopted by the whole oil industry make 
possible the production of better oils in 
most respects than formerly possible,” 
according to L. J. Berberich. “In the ap¬ 
plication of such oils to the insulation of 
high-voltage equipment, however, they were 
found to possess a serious disadvantage. It 
was discovered that they were vulnerable 
to attack by the gaseous electric discharges 
which occur unavoidably in some high- 
voltage apparatus. Through research it 
has been discovered that one class of hydro¬ 
carbon molecxdes, known as the aromatics, 
is particularly resistant to the action of the 
discharges, and now it has been found that 
this same class of hydrocarbons whoa added 
to the oil in small percentages reduces the 
formation of gases markedly. Thus again, 
a bit of knowledge is added which may re^ 
suit in the transmission of electric power 
more economically and rdiably.” 

Methods of Measuring the Elearical Prop- 
^vis of SolUs. “The essential difference 
from the point of view of measuring tech- 
mque between solids and Kquids is that 
the. former do not in general give perfect 
electrical contact with metaUic electrodes, 
which results in the presence of 2 large air 

<»pacitances in series with the imkno^. A 
simple mathematical analysis shows that 
the film capacitances ..can produce 'smous 


R. M. Fuoss described several methods of 
eliminating such errors, using measurements 
on typical insulating materials as examples. 

Electrical and Chemical Studies of Oil 
Oxidation. “One of the most important 
types of high-voltage insulation is the com¬ 
bination of oil and paper. During use, this 
msulation is subjected to elevated tem¬ 
peratures and high electrical stresses, so 
there are reactions of the various oil con¬ 
stituents among themselves, with traces of 
oxygen and water remaining in the cable 
and with the copper conductor and the lead 
sheath. One attack on this problem has 
been the investigation of oil oxidation. By 
the application of solvent refining methods 
to the oils, and by the addition of several 
tests to those now in common use, it is 
hoped that some new light may be shed on 
the entire problem. J. C. Balsbaugh dis¬ 
cussed the relations between oxidation sta¬ 
bility, acid formation, power factor, col¬ 
loidal content, Grignard test, oil source, 
and refining methods. He further pointed 
out that many problems concerning the 
chemical and electrical aspects of tbi.«8 prob¬ 
lem are still without any satisfactory ex¬ 
planation. 

Dinner Meeting 

Following the symposium, which was 
attended by about 160 guests and members 
of the subconunittee, a dinner was held 
for the subcommittee, at which Doctor 
T. Smith Taylor (M’21) Diehl Manufac¬ 
turing Company, Elizabethport, N. J., de¬ 
livered an address on “Plastics for Electrical 
Insulation.” At this dinner, held at the 
University Club in Rochester, about 80 
people were present. 

The joint meeting with the American 
Chemical Society seemed to direct much 
interest and enthusiasm toward the prob¬ 
lems of insulation research. As a result, the 
subcommittee has received requests to hold 
similar symposia each year under the aus¬ 
pices of other divisions of the 
Chemical Society. 


Diederichs, Engineeiing Dean, Dies. Her¬ 
man Diederichs, dean of college of engineer¬ 
ing at Cornell University, Itha<k, N. Y., 
died August 31, 1937. Bom at Muenchen- 
Gladbach, Germany, August 12, 1874, he 
was graduated from Cornell University in 
1897 with the degree of mec ha nical engineer, 
^e following year he became an instmetor 
in ^erimental engineering at that uni¬ 
versity, and in 1902 was made assistant 
professor. Five years later he was ap¬ 
pointed professor, and in 1921 became 
director of the school of mechanical engi¬ 
neering. Since 1936 he had been dean of 
the college of engineering. He was ap¬ 
pointed John E.. Sweet professor of engi¬ 
neering in 1928. Dean Diederichs was 
the author, with others, of several engi¬ 
neering books. He was a member of The 
American Society of Mechanic^ Engineers, 
Society of Automotive Engineers, Ammcan 
Society for Metals, and Verein deutscher 
Ingenieur ; in 1930 he received the Melville 
Medal of the ASME. 
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District 9 Award 
For Branch Paper 

Prize for Branch paper in the AIEE 
North West District (No. 9) for the period 
from January to June 1937, inclusive, has 
been awarded to Thomas Y. MerreU and 
Edward A. Rich, Enrolled Students, for 
their paper “Investigation of Losses in 
Single-Phase Induction Motors,” which was 
presented at a meeting of the University of 
Utah Branch on May 19, 1937. The 
award was made in accordance with the re¬ 
vision of prize rules recently adopted by 
action of the AIEE board of directors, by 
which the prizes for Branch papers are 
awarded on the basis of the academic year 
from July 1 to June 30, inclusive. Excerpts 
of the rules for prize awards were given in 
the April 1937 issue of Electrical Engi¬ 
neering, page 492. 


Naval Architects to Meet. The Society of 
Naval Architects and Marine Engineers 
will hold its 46th annual meeting at the 
Waldorf-Astoria BLotel, New York, N. Y., 
on November 18 and 19, 1937. Among 
the papers to be presented is “Ship Propul¬ 
sion by the Emmet Mercury Vapor Process, ’ ’ 
by W. L. R. Emmet (A’93, M’94, HM’33, 
Edison Medallist *19, past vice-president, 
member for life). Other papers will discuss 
such subjects as the burning of fuel oil, fire 
control. United States Coast Guard cutters, 
and alloys in shipbuilding. 


ASME Elects Officers for 1938. New offi¬ 
cers for 1938 of The American Society of 
Mechanical Engineers were elected on Sep¬ 
tember 28, 1937, and will assume office on 
December 10, 1937. They are: President — 
H. N. Davis, president, Stevens Institute 
of Technology, Hoboken, N. J. Vice- 
Presidents—P. O. Hoagland, master me¬ 
chanic, Pratt and Whitney ffivision, Niles 
Bemeut-Pond Company, Hartford, Conn.; 
B. M. Brigman (M’28) dean, Spe^ Scien¬ 
tific School, University of Louisville, Ky.; 
Harte Cooke, mechanical engineer, McIntosh 
and Seymour Corporation, Auburn, N. Y.; 
W. H. McBryde, consulting engineer, San 
Francisco, CaUf.; L. W. Wallace, director, 
division of engineering research, Association 
of American Railroads, Chicago, Ill. 
Managers— L. Bausch, vice-president, 
Bausch and Lomb Optical Company, 
Rochester, N. Y.; S. B. Earle, dean, school 
of engineering, Clemson Agricultural and 
Mechanical College, Clemson College, S. C.; 
F. H. Prouty, partner, Piouty Brothers 
Engineering Company, Denver, Golp. 


Co-operative Educational 
Program Announced 

A co-operative educational enterprise 
which 'mil link the WestinghouSe Electric 
Manufactming C(^ the 

cWsgie Institute of Technology in a new 
progw of und^graduate engineering train¬ 
ing announced recently by President 
Robert e: Doherty (A’16, M’27) of Carnegie, 
f<^tfly chaiiman of tile AIEE committee 
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on education. To make this project 
possible the Westinghouse company has 
appropriated $200,000 to the Carnegie 
Institute of Technology. 

The new co-operative program, which 
will go into effect at the beginning of the 
next school year, will make it possible for a 
number of students with superior qualifica¬ 
tions to take the usual technical courses for 
a degree at Carnegie, and, during the same 
period, to get extensive shop and engineer¬ 
ing experience and training in the Westing¬ 
house plant. Of the group of students who 
will be selected to follow the co-operative 
course, a number, perhaps 10 each year, 
will receive George Westinghouse scholar¬ 
ships. A George Westinghouse professor¬ 
ship of engineering also will be established, 
and one of the duties of the holder of this 
position , will be the supervision of the co¬ 
operative program. 

The program of study will cover 6 years, 
of which 4 academic years will be spent at 
Carnegie. The summer months and 2 
college semesters, one in the third and one 
in the fourth year, will be spent at the 
Westinghouse plant. Of the students se¬ 
lected for the course, those designated as 
Westinghouse scholars will receive an in¬ 
come of $60 per month during the 5-year 
training period from the company. Stu¬ 
dents will pursue courses not only in elec¬ 
trical engineering, but in the other engi¬ 
neering branches as well. Applications for 
admission to the co-operative program will 
be received after January 1,1938. 
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Test Code for Polyphase Induction Ma¬ 
chines. There is now available an ap¬ 
proved edition of the “Test Code for Poly¬ 
phase Induction Machines.” This is the 
first of the test codes developed by the 
AIEE to receive formal approval. (The 
other codes, which are still in preliminary 
report form, are “Test Code for Trans¬ 
formers,” “Test Code for Synchronous 
Machines,” “Test Code for D-C Machines,” 
and “Test Code for Apparatus Noise 
Measurement.”) The purpose of these 
test codes is to provide in convenient refer¬ 
ence form the more generally applicable 
and accepted methods of conducting and 
reporting tests of a commercial nature, 
which apply to the fulfillment of perform¬ 
ance guarantees and to acceptance tests. 
Copies of the approved code. No. 500, can 
be obtained from AIEE headquarters at 
50 cents each, with 50 per cent discount to 
AIEE members on single copies. 


Safety Code for Elevators. In July 1937 
the American Standards Association ap¬ 
proved the revised fourth edition of the 
“Safety Code for Elevators, Dumbwaiters, 
and Escalators.” This code of safety 
standards covers the construction, inspec¬ 
tion, maintenance, and operation of eleva¬ 
tors, dumbwaiters, escalators, and their 
hoistways with certain exceptions* This 
hitest edition was prepared by a sectional 
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committee fully representative of the 
building, manufacturing, insurance, govern¬ 
mental, and other interests. The committee 
was sponsored by the National Bureau of 
Standards, the American Institute of Archi¬ 
tects, and The American Society of Mechani¬ 
cal Engineers. The code may be obtained 
through the ASME, 29 West 39th Street, 
New York, N. Y., at one dollar per copy. 


Manual for Inspection of Elevators. In 
July 1937 the American Standards Associa¬ 
tion approved as American recommended 
practice an “Inspectors’ Manual for the 
Inspection of Elevators.” This manual is 
intended to serve as a gniide for the general 
use of elevator inspectors and is based on 
the requirements of the “Safety Code for 
Elevators, Dumbwaiters, and Escalators.” 
The manual may be obtained through The 
American Society of Mechanical Engineers, 
29 West 39th Street, New York, N. Y., at 
75 cents per copy. 
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AEC Annual Assembly 
and Conference of Secretaries 

The eighteenth annual assembly of the 
American Engineering Council and the 
eighth annual conference of secretaries of 
engineering associations, clubs, councils, in¬ 
stitutes, and societies in the United States 
are scheduled for January 13, 14, and 16, 
1938. The meetings are to be hdd at the 
Hotel Mayflower in Washington, D. C. 
Problems of common concern to tiie engi¬ 
neering and allied technical professions are 
being considered by the committees, and 
the programs, which include the all engi¬ 
neers’ dinner, are expected to hold unusual 
interest for all branches of engineering. 


AEC Committee 
on Merit System 

A meeting of the committee.on the merit 
system of American Engineering Council 
was held in Ne'w York, N. Y., September 
16, 1937, ph the call of Chairman R. L. 
Sackett. There were present A. W. Berres- 
ford (A’94, F’14, past-president, member for 
life), F. L. Bishop, H. H. Henline (A’19, 
M’26, national secretary), and J. C. Hoyt 
of the CPmmittee and F. M. Feiker (M’34), 
ex-officio. The committee ePneurred in 
the idea of devising ways and means of for¬ 
warding the merit system by preparing a 
plan of procedure whereby state and local 
societies could sponsor the merit system for 
employment of engineers in states and muni¬ 
cipalities as well as to continue to forwardi, 
in the public interest, the general desir¬ 
ability of merit as a basis for federal cai- 
ployment. 
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Liellens to tbe EJlitor 


CONTRIBUTIONS to these columiis are invited 
from Institute members and subscribers. They 
should be ^concise and may deal with technical 
papers, articles published in previous issues, or other 
subjects of some general interest and professional 
importance. Elbctricai, Bnoinburikg will en¬ 
deavor to publish as many letters as possible, but 
of necessity reserves the right to publish them in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should 
be the original typewritten copy, double spaced. 
Any illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATBMBNTS in these letters are expressly under¬ 
wood to^be made by the writers; publication here 
m no wise constitutes endorsement or recognition 
by the American Institute of Electrical Engineers. 


Synchronous Motor Effects 
in Induction Machines 

To the Editor: 

The effects noted by E. E. Dreese in the 
paper “Synchronous Motor Effects in 
Induction Machines” (AIEE Transactions, 
July 1930, pages 1033-40) are not very 
common and, having run across a case of the 
same trouble, I believe it should be brought 
to the attention of induction-motor de¬ 
signers. 

This case was brought up when several 
polyphase motors refused to come up to 
speed satisfactorily on production test. 
The rating was */< horsepower, 60 cycles, 220 
volts, 4 poles, 1,725 rpm, 2 phase. The 
motors had 36 stator slots and 32 rotor 
slots, and were of normal design. Upon 
making eyeful investigation, it was dis¬ 
covered that the trouble was due to a syn¬ 
chronous cusp at 226 rpm. Vs synchronous 
speed, simihir to that described in the paper 
by Dreese. 

Curve A of figure 1 shows the speed- 
torque characteristic of this motor. Curve 
B shows the same motor with the resistance 
rings turned smaller, and the air gap in¬ 
creased. Curve C shows the motor with a 
new rotor with more skew, but otherwise the 
same as the rotor of curve B, 

One of the peculiar characteristics of tbiis 
type of cusp was very definitely portrayed 
by thwe motors. If a motor has an ordi¬ 
nary induction cusp, such as would be 
shown by a curve similar to the dotted por¬ 


tion of curve B, it will not accelerate any 
load greater than that shown by the mini - 
mum torque point of the cusp. The syn- 
chronous cusp acts quite differently. If the 
synchronous goes to zero or negative, the 
motors seem to accelerate poorly even on 
light loads, but will usually come up to 
speed most of the time if several trials are 
made. If, however, the synchronous does 
not fall to zero, and has even half full load 
torque for a minimum value, the motor 
seems to accelerate very well. In fact, it 
is almost impossible to detect by ordinary 
starting and puU-up tests, that anjrthing is 
wrong with the motor at On a number 
of motors which had a minimum point of 
36 ounce-feet torque, all easily passed a 
m in i mu m pull-up limit of 64 ounce-feet. 
Yet if the motors were allowed to slow down 
wiA a brake load of 38 ounce-feet, and the 
switch closed again when the speed bad 
dropped very close to 226 rpm, they would 
all definitely lock in at the cusp, and refuse 
to accelerate again until the load was re¬ 
duced to 36 ounce-feet. 

Upon referring to page 1040 of Dreese’s 



Figure 2. Speed-torque curve of 3-phase 
motor 
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Figure 1. Effect of air gap, 
skew, and rotor resistance 
on synchronous cusp of 
2-phase motor 
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Figure 3. Cogging of 2-phase motor 
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Figure 4. Single-phase cogging of 2-phase 
motor with one phase open 
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paper, we find that with 

N (rotor slots) 32 
, , . = “ = 8 
p (poles) 4 

table II predicts a cusp at ^/u forward speed, 
and table III predicts one at Vs backward 
^eed, for 3-phase motors. However, upon 
referring to tables IV and V, for 2-phase 
motors, we find that N/p - 8 does not 
appear, and no cusp is expected. 

On page 1041, C. J. Koch quotes P. L. 
Alger as finding that cusps would be ex¬ 
pected at pf N speed, and would be positive 
or negative depending on whether the motor 
were 3 or 2 phase, and whether the rotor or 
stator had the greater number of lots. 

We then tested a similar 3-phase motor, 
and found a very pronounced cusp at —226 
rpm as shown in figure 2. Again I wisb to 
point out that in spite of the magnitude of 
this cusp, the motor would only lock in 
when the switch was closed at almost ex¬ 
actly this speed. The motor was loaded 
with considerable inertia load, and reversed 
time and time again, passing through the 
cusp speed quite slowly, and in no case 
would it lock in except whmi the switch was 
dosed at just about the correct speed. 

The rules of Alger seem to fit these 2 
cases, whereas diose of Dreese Only partially 
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agree. We found the cusp at ^/s backward 
speed, but not at ^/u forward speed, and we 
did have the 2-phase case. 

There was one other curious phenomenon 
which is illustrated in figures 3 and 4. The 
cogging or variation of starting torque with 
rotor position was very noticeable, particu¬ 
larly if one phase was opened. However, 
the cogging was practically eliminated by 
the changes which were made in air-gap, 
rotor resistance, and skew, whereas the 
synchronous cusp was not. 

Very truly yours, 

P. H. Trickey (A’30, M’36) 

Design Engineer, Diehl Manufacturing 
Company, Blizabetbport, N. J. 


Ensineerins Education 
and Democracy 

To the Editor: 

I have read with much interest R. E. 
Doherty’s article entitled “Engineering Edu¬ 
cation and Democracy,” in the September 
1937 issue of Elbctkical Ekginbebing. 
This impressed me as being one of the most 
able articles by an engineer that I have 
read on this very important subject. The 
author certainly has discovered some of the 
principal underlying problems and has made 
some concrete suggestions for a solution. 

Such a plan of broadening the education 
of engineering students and engineers is 
most commendable and, as he implies, some 
of our more energetic engineers have ac¬ 
quired something of the type of training, 
in one way or another, which he has so w^ 
described. The constructive point which I 
would like to raise in connection with the 
article is: Where are we to get the com¬ 
petent teachers to lead students to this 
broader outlook? 

My own observations are to the effect 
that comparatively few men in the engi¬ 
neering profession, either in college or out 
of college, are prepared to furnish the leader¬ 
ship needed to carry forward such a splradid 
program as Doctor Doherty has outlined. 
Perhaps it will be necessary to start with 
the few who are capable as teachers and 
leaders and gradually develop a force of 
men trained to furnish this leadership. 

All so-called educated people, including 
the professions, should give thought to the 
broad economic and govermnental problems 
and it is encouraging to note that an in¬ 
creasing amount of thought and ^ an in¬ 
creasing number of thoughtful articles by 
engineers are appearing in the various 
periodicals, and this in itself is a very en¬ 
couraging sign. 

Again expressing my appreciation for this 
splendid article, I am 

Very truly yours, 

J. L. Hamilton (M’16, F’21) 

Aaaiatftnt to the General Manager, 
Century Electric Company, St. Louis, Mo* 


To the Editor: 

Robert E. Doherty’s paper “Engineering 
Education and Denioctacy” strikes a re¬ 
sponsive cord willi nie because he so ably 
has championed a prograrn of engineering 
educati^on which my colleagues and I have 
been endeavoring to carry put for more than 
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a quarter of a century. Our program, first 
proposed and planned by Doctor George 
E. Hale, has been a great success even 
though it may be that some of us in our 
technical subject class rooms have failed to 
stress sufficiently the human side of engi¬ 
neering. Also, as I read Doctor Doherty’s 
paper, I have been brought to realize that 
we, along with all others engaged in engi¬ 
neering, have been a bit slow in anticipating 
the need on the part of engineers for giving 
more "thought to consequences” which come 
about as a result of the technical develop¬ 
ment which has been so great during the 
last 1 or 2 generations. Indeed, I quite agree 
with President Doherty that, unless we are 
careful, there will be reason to become less 
optimistic about the outcome, for it is high 
time that we all gave heed to the idea 
conveyed by a statement which, more than 
20 years ago, I once heard made by Doctor 
J. A. L. Waddell. The statement to which 
I refer is: “It is not difficult for me to find 
men who know how to build bridges, but 
it is tremendously difficult for me to find men 
who are able to determine whether or not the 
bridge should be built.” 

Referring, for purposes of illustration, to 
the sentence just quoted: As engineers we 
naturally, in trsdng to determine “whether 
the bridge should be built,” apply first the 
laws of economics to see how the cost of 
the bridge may be paid. During the bad 
business period through which we have 
just been passing, we have learned that 
many persons use factors other than the 
rules of technical feasibility and economic 
value to arrive at a decision as to whether 
an engineering project shall be carried out. 

In considering Doctor Doherty’s com¬ 
ments concerning the balance betwe^ 
technical subjects content and humanities 
content in engineering course curricula, 

I am prompted to recall a striking incident 
in my own experience which, briefly 
summed up, resulted in the discovery of a 
mountaineer with eyes and hands so skill¬ 
ful that he was able to hew a true timber 
about 8 feet long and 3 by 4 inches in cross 
section, without the use of any tools other 
than an adz and an axe. Quite a contrast 
to the all-too-frequently-employed crafts¬ 
man who comes with a trunk full of tools 
and can’t turn out a true-surfaced board 
with square corners. 

Good engineering is the measure of the 
man and not the meastue of the number of 
tools in his kit. My 27 years of, teaching 
experience makes me think that, on the 
whole, the man with a 4-year engineering 
course comprising a lot of what we have 
called the hmnanities (At California Insti¬ 
tute of Technology 20 per cent of a student’s 
time throughout the 4-year course and dur¬ 
ing the fifth year when the student is work¬ 
ing toward the master’s degree, is allotted 
to the study of what we call the humanities.) 
and which President Doherty has desig¬ 
nated as the “social stem” is better pre¬ 
pared for life at the end of his college course 
than is the man who has givto practically 
all his time during his 4-year college cotirse 
to the study of technical subjects and to in¬ 
creased specialization. In fact I think such 
a course as has been described is the ideal 
education for any citizen of today whether 
he plans to be an engineer, a business man, 
or is preparing to engage in some other pro¬ 
fession than engineering, such, for example, 
as the law, medicine, or the ministry. Ctir- 
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riQula of this type naturally compel the 
prospective engineer to acquire most of his 
professional education after the regular 4- 
year college course has been completed; 
and I quite agree with Doctor Doherty that, 
for the majority of engineers, this follow-up 
professional education should be obtained 
in industry rather than by continuation in 
college. Such a conclusion, of course, is 
based on the assumption that industry will 
provide channels through which the student, 
as he works at being a junior engineer, can 
obtain the added education needed to make 
him, in his more mature years, a competent 
engineer. 

Doctor Doherty’s 6 phases of education 
are excellent, biit I think there should be an 
addition to the list of subjects given under 
number one, making that statement read, 
“a clear historical understanding of the 
parallel growths of religion and philosophy, 
of science and of engineering;, because we 
should not forget that the primary value of 
a man in the engineering field, as in any 
other field of endeavor, is determined by 
that man’s ability to live a righteous life 
whereby he may know how to use correctly 
the Golden Rule in all his relations with 
his fellow men.” The educational program 
in which I have had a part has accomplished 
well the task of teaching all the 6 phases 
mentioned by Doherty, unless it be number 
4, for I must admit that somehow no key 
has yet been found whereby the teacher 
may enable every student in his classes to 
use the English language effectively. 

Near the end of his article Doherty has 
said that a program such as he has suggested 
may be considered by some as too expensive. 
Comparatively speaking, such a program is 
expensive if desired results are obtained, be¬ 
cause the 6 points of a rounded education 
such as he has outlined can be effectively 
made a part of a student’s life only by hav¬ 
ing the students come in close contact with 
men of real ability who themselves are 
examples of what proficiency in those 6 
points can do. To do this there must be 
many teachers and small classes. Young 
men who have an interest in technical mat¬ 
ters and plan to be engineers can be in¬ 
terested in literature and kindred subjects 
but the teachers of those subjects must be 
men of outstanding achievement who are 
inspired with enthusiaism for the subjects 
which they teach. 

Doctor Doherty has concluded his paper 
with this question: “For what is to be 
gained by preparing engineers to continue 
their building of a physically inagnificent 
structure only to have it tom down ulti¬ 
mately by the uncontrolled, unintelligent 
forces of selfish interests and vandalism?” 

I ^ould like to supplement that question 
by another: Is it not the first duty of the 
engineer as a citizen of his country to make 
his first question regarding any project be 
“What does the construction of this project 
mean to the future of America when con- 
, sidered in the light of its whole influence 
upon us, our chil dren, and our children’s 
children?” If the answer to that question 
is satisfactory, then, and only then, 1^ 
the engineer a moral right to proceed with 
the design and construction of the project. 

Very truly yours. 

Royal W. Sorensen 
(A’07, F’19, director) 

Prof^or of Electrical Engineering, 
California Institute of Technology, Pasadena 
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E. E, Drbbsb (M'26) professor of electri¬ 
cal engineering and chairman of the electri¬ 
cal engineering department of The Ohio 
State University, Columbus, has been ap¬ 
pointed chairman of the Institute’s commit¬ 
tee on basic sciences for the year 1937-38. 
Professor Dreese was bomatEdmore. Mich., 
September 10,1896, and was graduated from 
the University of Michigan in 1920 with the 
degree of bachelor of science in electrical en¬ 
gineering. In the following year he was ap¬ 
pointed to the electrical engineering faculty 
of the Umversity of Michigan as an instruc¬ 
tor. At the same time he enrolled in the 
graduate school and in 1926 received the de¬ 
gree of master of science in electrical engi¬ 
neering, following which he was appointed 
chief engineer of the Lincoln Electric Com¬ 
pany, Cleveland, Ohio. Professor Dreese 
remained with that company for 5 years, and 
during that time received the honorary de¬ 
gree of electrical engineer from the Univer¬ 
sity of Michigan. In 1930 he was appointed 
professor of electrical eng inp^ritig at The 
Ohio State University and made phaii-rngti 
of the department of electrical ftfig itnaprj ti g 
He is an active participant in the local affairs 
of the AIEE Columbus Section, and has 
been secretary (1933-34) and ghairman 
(1934-36) of that Section; moreover, for the 
last 2 years he has been active in committee 
work of the Institute. He has been a mem¬ 
ber of the committee on basic sciences (for- 
m«ly electrophysics) since 1935, and is en¬ 
tering his second year of service on the com¬ 
mittees on education and student Branches. 
Professor Dreese is the author of 2 papers 
presented before the Institute. He is a 
member of the Society for the Promotion of 
Engineering Education, Tau Beta Pi, Eta 
Kappa Nu, and Sigma Xi. 


Wnxs Maclachlan (A’08, F’21, past vice- 
president) consulting electrical engineer, 
Toronto, Ont., Canada, has been appointed 
to serve as chairman of the Institute’s 
committee on safety for the term 1937-38. 
Mr. Maclachlan was born August 3,1886, in 
Toronto, and received the degree of bachelor 
of applied science at the University of To¬ 
ronto in 1907. For one year following his 
graduation he was employed by the Cana¬ 
dian Westinghouse Company as erection 


engineer before becoming electrical superin¬ 
tendent of the Dominion Government Grain 
Elevator at Port Colbome, Ont. After 
serving other companies in various positions 
from 1910 until 1913, he was appointed 
engineer-in-charge of the Electric Power 
Company, Toronto, in the latter year, and 
remained in that capacity until 1916, when 
he became inspector for the Electrical 
Employers Association of Ontario. Mr. 
Maclachlan’s work for that association has 
been continuous, and has been concerned 
with accident prevention in several private 
and mumcipal utility companies. Pin^e 
1917 he has been consultant on employee 
relations to the Hydro Electric Power Com¬ 
mission of Ontario and has served as Safety 
advis^ to several other organizations in 
Ontario. Mr. Maclachlan was vice-presi¬ 
dent of the Institute during 1919-26, served 
as a member of the committees on mmpg 
(now applications to mining work), 1919-20, 
and law (now constitution and by-laws),* 
1920-21. He has been a member of the 
committee on safety since 1920, and during 
1920-21 was a member of the special com¬ 
mittee on geographical division and election 
procedure. Mr. Maclachlan has been active 
in the committee and administrative work of 
oth^ organizations, including the former 
National Electric Light Association, Edison 
Electric Institute, National Safety Council 
endian Engineering Standards Associa¬ 
tion, Canadian Electrical Association, Royal 
Canadian Institute, and others, and is the 
author of many papers and articles dealing 
prmcipally with electric shock and remedial 
measures. 


A. M. ^cCuTCHEON (A’12. P’26, junior 
past^resident) engineering vice-president of 
the R^ance Electric & Engineering Com- 
pmy, Cleveland, Ohio, has been appointed 
chainnan of the Institute’s committee on 
iMtitute poUcy for the term 1937-38. Mr. 
MabCutcheon was born at Stockport, N. Y. 
Dec^ber 31,1881, and was graduated from 
tte State Normal College at Albany in 1901. 
Afttt teaching mathematics and science in 
high schools unta 1904 he entered the elec¬ 
tor^ engineering school at Columbia Uni- 
graduated in 1908. From 
1^9^ until 1914 he was affliated with the 
Crocker-Wheeler Company, Ampere, N. J, 


In 1914 he took charge of all new design 
work of the Reliance Electric & Engineering 
Company,^ was appointed chief en gini^r in 
1917, and in the fall of that year entered the 
United States Navy. Following his release 
in 1919 he returned to his former position, 
and in the following year was elected a direc¬ 
tor of the Reliance company. Sitk^a 1923 
Mr. MacCutcheon has held the position of 
vice-president in charge of engineering. He 
was a director of the Institute from 1928 un¬ 
til 1932, president during 1936-37, and has 
served as a member of the following commit¬ 
tees: general power applications, 1916-18, 
1924-^33 (chairman 1926-28); electrical ma¬ 
chinery, 1924—34; meetings and papers (now 
technical program) 1926-29; electric weld¬ 
ing, 1928-30; applications to iron and steel 
production, 1928-33; Edison Medal, 1929- 
31; Mecutive, 1930-31; standards, 1922-36 
(chairman1931-34) andLammeMedal, 1934- 
37 (chairman 1935^6), He is now a mem¬ 
ber of the executive committee and the Edi¬ 
son Medal committee, and is the Institute’s 
representative on the United States National 
Committee of the International Electrotech¬ 
nical Commission, the electrical standards 
conmittee of the American Standards Asso¬ 
ciation, the standards council of the same or¬ 
ganization, and the John Fritz Medal board 
of award. Mr. MacCutcheon is a member 
of several technical and engineering organi¬ 
zations. 


W. M. Young (A’24, M’34) formerly re¬ 
search engineer for the Taylor Instrument 
Companies, Rochester, N. Y., has been ap¬ 
pointed dean of the college of applied science 
of Ohio University, Athens. Doctor Young 
was born August 17,1898, at Omaha, Nebr., 
and received the degrees of bachelor of sci¬ 
ence in electrical engineering (1921), master 
of science in electrical engineering (1922), 
and doctor of philosophy (1926) at the Uni¬ 
versity of Illinois. Following his graduation 
in 1921 he was appointed assistant in the 
physics department of the University of Il¬ 
linois, wh^e he taught electrical measure¬ 
ments until he had completed his graduate 
studies. In 1926 he was appointed to the 
faculty of the Texas Technologic College, 
Lubbock, as adjunct professor of general and 
engineering physics, but in the following 
year was transferred to the electrical engi¬ 
neering department as associate professor. 
Doctor Young became associate professor of 
electrical engineering at the University of 
Iowa in 1930; however, he remained there 
only one year before leaving the teaching 
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profession to become a research engineer for 
the Taylor Instrument Companies, in which 
capacity he has been engaged in the deriva¬ 
tion of electrical control instruments for ap¬ 
plication to industrial processes. He has 
made numerous contributions of articles 
and papers to technical and professional 
journals, and is a member of the American 
Physical Society, Society for the Promotion 
of Engineering Education, Tau Beta Pi, 
Sigma Xi, and Eta Kappa Nu. 


Robin Beach (A’15, F’35) professor and 
head of the department of electrical engi¬ 
neering, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y., has been appointed chair¬ 
man of the Institute’s committee on produc¬ 
tion and application of light for the year 
1937-38. l^ofessor Beach was bom at Rob¬ 
in’s Island, N. Y,, August 30, 1889, and re¬ 
ceived the degrees of bachelor of science in 
electrical engineering (1913) and electrical 
engineer (1922) at New Hampshire Univer¬ 
sity. In 1922 he received also the degree of 
master of science at New York University. 
Following his graduation in 1913 he served 
briefly as an instructor in engineering draw¬ 
ing and descriptive geometry at the Univer¬ 
sity of Illinois, but in 1914 became assistant 
professor of electrical engineering at the 
Texas Agricultural and Mechanical College 
and was placed in charge of the development 
of an electrical measurements laboratory at 
that school. In 1917 Professor Beach was 
appointed head of the department of elec¬ 
trical engineering at Norwich University, 
Norwich, Vt., but remained there for only 
one year before being appointed to the elec¬ 
trical engineering faculty of the Brooklyn 
Polytechnic Institute as associate professor. 
In 1927 he received his full professorship, 
and in 1930 was appointed head of the de¬ 
partment. He has been a member of the 
Institute’s committees on education and 
production and application of light since 
1936 and previously served on the latter 
committee during 1933-34. He is Institute 
representative on the United States Na¬ 
tional Committee of the International Com¬ 
mission on Illumination. Professor Beach is. 
a mrnnber of the Society for the Promotion 
Of Engineering Education. 


E. L. Phillips (A’26) has retired from the 
presidmcy of the. Long Island Lighting 
Company, New York, N. Y., to become 
chairman df the board of the company. Mr. 
Phillips was bom at Naples, N. Y., March 1, 
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1873, and was graduated from Cornell Uni¬ 
versity in 1896 with the degree of mechani¬ 
cal engineer, following which he entered the 
employ of the DeLaval Separator Company 
as a draftsman. In the following year he 
transferred his affiliation to the Sprague 
Electric Company, where he served in a simi¬ 
lar capacity as draftsman and designer, 
Mr. P hilli ps became associated with West- 
inghouse, Church, Kerr, and Company, a 
consulting engineering firm in New York, as 
engineer in charge in 1897. He remained 
with that organization for 8 years until he 
established his own consulting engineering 
firm in 1906 under the name of E. L. Phillips 
and Company, with headquarters in New 
York. For many years he conducted a con¬ 
sulting and contracting business in New 
York and devoted much of his activity to the 
construction, expansion, and operation of 
public utility companies. Mr. Phillips was 
one of the founders of the Long Island Light¬ 
ing Company in 1911 and held the position 
of president of that company for more than 
26 years; however, at various times he 
served as president of the Empire Power 
Corporation and the Kings Coimty Lighting 
Company and as chairman of the board of 
Queens Borough Gas and Electric Company, 
United Gas and Electric Corporation, and 
United Gas Engineering Company. He is 
a member of The American Society of 
Mechanical Engineers. 


E. S, Lee (A’20, F'30, past director) en¬ 
gineer in charge of the general engineering 
laboratory. General Electric Company, 
Schenectady, N. Y., has been appointed 
chairman of the Institute’s committee on 
transfers for the year 1937-38. Mr. Lee, 
who was bom at CUcago, Ill., November 19, 
1891, was graduated from the University of 
Illinois in 1913. He then became an in¬ 
structor in electrical engineering at Union 
College and there earned the degree of mas¬ 
ter of science in electrical engineering, which 
he received in 1916. Since 1918 he has been 
affiliated continuously with the General 
Electric Company, becoming assistant en¬ 
gineer of the general engineering laboratory 
in 1928 and being appointed to his present 
position in 1931. Mr. Lee, a past chairman 
of the AIEE Schenectady Section, has 
served on many of the Institute’s commit¬ 
tees: finance, 1933-37 (chairman 1936-37); 
co-ordination of Institute activities,1930-33, 
1936-37; headquarters, 1936-37; and execu¬ 
tive, 1933-37. He has been a member of the 
committee on instruments and measure¬ 
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ments since 1927 (chairman 1927-30) and of 
the membership committee (chainnan 
1933-36) since 1933. He has served as In¬ 
stitute representative for the division of en¬ 
gineering and industrial research of the Na¬ 
tional Research Council, and was director of 
the Institute from 1933 until 1937. Mr. Lee 
is the author of numerous technical papers. 
He has been active in committee work of 
The American Society of Mechanical En¬ 
gineers, American Society for Testing Ma¬ 
terials, and American Standards Association. 


W. E. Crawford (M’28, F’36) consulting 
engineer, A. O. Smith Corporation, Milwau¬ 
kee, Wis., has been appointed chairman of 
the Institute’s committee on electric weld¬ 
ing for the year 1937-38. Mr. Crawford was 
bom August 21,1889, at Big Rapids, Mich., 
and was graduated from the University of 
Michigan in 1914 with the degree of badie- 
lor of science in electrical engineering. 
From 1911 until 1917 he taught physics in 
Michigan high schools, but in 1914 under¬ 
took electrical and power survey work for 
the German American Sugar Company, Bay 
City, Mich., concurrently with his teaching 
activities. After serving briefly as assistant 
chief engineer of the Republic Truck Com¬ 
pany, Mr. Crawford became chief engineer 
of works of the Duplex Truck Company, 
Lansing, Mich., and remained in that ca¬ 
pacity until 1919, when he became consulting 
engineer to the Mitchell Motors Company. 
One year later he became plant engineer for 
the A. O. Smith Corporation; in 1926 he was 
appointed consulting engineer to that or¬ 
ganization and has been retained in that ca¬ 
pacity continuously. He has been a mem¬ 
ber of the Institute’s committee on electric 
welding since 1933. He is a member and 
past-president of the Milwaukee Wdding 
Society and a member of the American 
Welding Society. 


C. P. Randolph (M’17) chief engineer of 
the Edison General Electric Appliance Com¬ 
pany, Inc., Chicago, Ill., has been elected 
vice-president of the company. Mr. Ran¬ 
dolph was bom at Austin, Texas, December 
30, 1888, and received the degrees of bache¬ 
lor of arts (1908) and master of arts (1909) 
at Uie University of Texas. In 1909 he en¬ 
rolled in the graduate school of Massachu¬ 
setts Institute of Technology, and in the fol¬ 
lowing year was appointed a research asso¬ 
ciate in chemical engineering. During 1911- 
12 he was an assistant to William Stanley 
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(A’87, M’98, F’13, Edison Medalist’12, past 
vice-president) in evolving electric heating 
apparatus for the General Electric Company, 
Pittsfield, Mass., following which he was 
placed in charge of experimental work on 
heating devices and later made matinging r 
engineer of the heating device department 
of that company. When the heating device 
department of the General Electric Com¬ 
pany was consolidated with the Hughes Elec¬ 
tric Heating Company and the Hotpoint 
Company to form the Edison General Elec¬ 
tric Appliance Company, Inc., in 1928, Mr. 
Randolph went to Chicago to become cfijqf 
engineer of the new company. 
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R- L. Kingsland (M’14) electrical en¬ 
gineer, Consolidation Coal Company, Inc., 
Fairmont, W. Va., has been appointed chair¬ 
man of the Institute’s committee on appli¬ 
cations to mining work for the year 1937-^8. 
Bom May 15, 1882, at Nutley, N. J., Mr. 
Elingsland was graduated from Cornell Uni¬ 
versity in 1905, and immediately after gradu¬ 
ation entered the employ of the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., as an en ginepring ap¬ 
prentice. In 1907 he was transferred to the 
turbine testing department of the Westing- 
house company, but later in the same year 
became superintendent of motive power of 
the Pittsburgh and Butler Street Railway 
Company. From 1908 until 1909 Mr, 
Ringsland again served the Westinghouse 
company in several positions, until he be¬ 
came electrical engineer for die Consolida¬ 
tion Coal Company. His a£Sliation with 
thatcompany has beencontinuoussincel909, 
during which time he has been assistant 
superintendent of the power and mechanical 
department, superintendent of the power 
and mechanical department, and electrical 
engineer. Mr. Eingsland has been a member 
of the Institute's committee on applications 
to mining work since 1916, and served on 
the committee on protective devices from 
1927 until 1929. 


R. D. McManigal (A’18) assistant de¬ 
partment manager of the Westinghouse 
Electric International Company, New York, 
N, y., recently was appointed manager of the 
central station and transportation division 
of the company. Mr. McManigal joined 
the Westinghouse company in 1916 after 
graduation from Lafayette College with 
a degree in electrical engineering. After 
completing the company’s student training 
course he was transferred to the general en¬ 
gineering department, where he remained 
for 7 years, with the exception of a period of 
service in the United States Navy during the 
World War. In 1922 he went to Japan as 
raiway specialist for the Westinghouse Elec¬ 
tric International Company, and later be¬ 
came managing director of the Westing¬ 
house Electric Company of Japan. In 1931 
he returned to the United States to become 
assistant department manager. 


J. B. Thom>^ (M’28) vice-president of the 
Texas Electric Service Company, Fort 
Wortt, has been appointed chairman of the 
Institute’s committee on legislation affecting 
the engineering profession for the term 1937- 


38, Mr. Thomas was bom July 19,1891, at 
San Marcos, Texas, and received the degree 
of bachelor of science in mechanical engineer¬ 
ing at the Texas Agricultural and Mechani¬ 
cal College in 1911, following which he liHd 
various positions for brief periods before be¬ 
coming affiliated with the Texas Power and 
Light Company, Dallas, first as a draftsman 
and later as an office engineer. During the 
World War he served in the United States 
Army Coast Artillery Corps, and at the end 
of the War returned to the Texas Power and 
Light Company as resident engineer in 1919; 
later he became office engineer and assist¬ 
ant chief engineer before being appointed 
chief engineer of that comp any in 1921. 
Mr. Thomas became vice-president of the 
Texas Electric Service Company in 1930. 
He has been a member of the Institute’s com¬ 
mittee on legislation aff^ting the engineer¬ 
ing profession since 1931 and is at present 
a mmber of the committee on general power 
applications. He was a member of the spe¬ 
cial committee on the engineering profession 
during 1930-31. Mr. Thomas is a member 
of The American Society of Mechanical En¬ 
gineers. 


Sidney Hosmbr (A’97, F’12, member for 
life) vice-president and general manager of 
the Edison Electric Illuminating Company 
of Boston (Mass.), has retired from active 
service. He was bom July 13, 1871 in 
London, England, and after being graduated 
from Yale University in 1892 entered the 
employ of the Mather Electric Company, 
Manchester, Conn. In 1894 he was made 
superintendent of the underground cable 
department of the Boston Electric Light 
Company, and when that company was 
merged with the Edison Electric Illuminat¬ 
ing Company of Boston, Mr. Hosmer was 
made superintendent of construction. He 
was elected a vice-preadent in 1926 and in 
1932 became general manager and a director. 


B. M, Brigman (M’28) dean of the Speed 
Scientific School, University of Louisville 
(Ky.), recently vms elected a vice-president 
of The American Society of Mechanical En¬ 
gineers for the year 1937-88. Dean Brig- 
man, bora February 26,1881, at Louisville, 
attended the University of Kentucky, re¬ 
ceived the degrees of bachelor of science 
(1908) Md master of science (1912) at the 
University of Louisville, and stadied in the 
graduate school of the University of Wis¬ 
consin. After teaching in Louisville hi gli 
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schools for several years, he joined the 
teaching staff of the University of Louisville 
in 1912, where he has remained since. In 
1923 he organized the Speed Scientific School 
of that institution and was made its dean, a 
position he has held continuously. 


A. A. Atkinson (A’07, M’27) dean of the 
college of applied science and profes.sor of 
electrical engineering and physics at Ohio 
University, Athens, since 1893, has retired. 
Dean Atkinson was born March 7, 1867, at 
Nelsonville, Ohio, and received the degree of 
bachelor of science at Ohio University in 
1892. FoUowing one year of graduate study 
(1892-93) at the University of Michigan he 
returned to Ohio University and received 
the degree of master of science in 1895 while 
serving on the faculty of that institution as 
associate professor of physics. He is a mem¬ 
ber of the American Association for the Ad¬ 
vancement of Science and the American 
Physical Society. 


E. W. Kimbark (A’27, M’35) formerly an 
assistant in electrical engineering at Massa¬ 
chusetts Institute of Technology, Cam¬ 
bridge, now is assistant professor of electrical 
engineering at the Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. Professor Kim¬ 
bark is a native (1902) of Chicago, III, and 
received the degrees of bachelor of science 
(1924) and electrical engineer (1925) at 
Northwestern University, following which 
he entered the graduate school of Massachu¬ 
setts Institute of Technology and obtained 
the degree of master of science in electrical 
engineering in 1933. He was appointed to 
the staff of that institution in the following 
year. 


W. H. Geiger (A’12) assistant superin- 
tmdent of the Bergen division. Public Ser¬ 
vice Electric and Gas Company, Hacken¬ 
sack, N. J., has been promoted to superin- 
t^d^t of that division. Mr. Geiger, a na- 
tive (1881) of Brumfieldvifle, Pa*, was gradu* 
ated from the Keystone State Normal 
School of Pennsylvania in 1904 and from 
Lehigh University in 1908. Immediately 
after his graduation in 1908 he became af¬ 
filiated with the Public Service Electric and 
Gas Company, where he has spent his entire 
professional career. He was assistant super- 
int^dent of the Bergen division for 18 
years. 
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C. L. DtJDLEY (A’23, M’29) assistant dis¬ 
tribution engineer in the electrical distribu¬ 
tion department of the Public Service Elec¬ 
tric and Gas Company, Newark, N. J., has 
been made southern division superintendent 
of that company’s electrical distribution de¬ 
partment, with headquarters at Trenton, 
N. J. Mr. Dudley was bom at North Bran- 
ford. Conn., in 1899, and is an electrical en¬ 
gineering graduate of Yale University. He 
has served in the distribution department of 
the Public Service company for more than 
17 years. 


• Victor Siegfried (A’32) instructor in 
electrical engineering at Worcester Pol 3 rtech- 
nic Institute, Worcester, Mass., has been 
made assistant professor of electrical engi¬ 
neering. Professor Siegfried, a native (1909) 
of Seattle, Wash., and an electrical engi¬ 
neering graduate of Stanford University, has 
been on the teaching staff of Worcester Poly¬ 
technic Institute since 1933. He is author 
or co-author of several papers presented be¬ 
fore the AIEE, the latest of which appeared 
in the October 1937 issue of Electrical 
Engineering, pages 1286-9. 

T. Y. Merrell (Enrolled Student) has 
received the AIEE North West District 
prize for Branch paper with E. A. Rich (En¬ 
rolled Student) for their paper “Investiga¬ 
tion of Losses in Single-phase Induction Mo¬ 
tors,’’ presented at a meeting of the Univer¬ 
sity of Utah Branch, May 19, 1937. Mr. 
MerreU was bora December 27, 1914, at 
Brigham City, Utah, and received the de¬ 
gree of bachelor of science at the University 
of Utah in 1937. 

L. H. Fox (A’31, M’36) who has been as¬ 
sociate professor of electrical engineering at 
Mississippi State College, State College, 
Miss., now is a member of the development 
department of Ward Leonard Electric Com¬ 
pany, Mount Vernon, N.Y. A native of Fox, 
Miss., he is an electrical engineering graduate 
of Mississippi State College and Massachu¬ 
setts Institute of Technology, and has been 
a member of the faculty of the fonner insti¬ 
tution since 1930. He is a member of Tau 
Beta Pi and the Society for the Promotion 
of Engineering Education. 

C. C. Long (A’14, M’30) untU rrcently 
mechanical and electrical construction en¬ 
gineer, R-iegos y Fuerza del Ebro, Barcelona, 
Spain, now is senior electrical engineer of the 
Metropolitan Water District of Southern 
California, Los Angeles. Mr. Long previ¬ 
ously was in Spain (1920-22), following 
which he was an electrical engineer in the 
department of engineering design of the 
Southern California Edison Company, Los 
Angeles, until 1930. 

C. L. Chatham (A’26, M’32) dectri^ 
distribution department, Public Service 
Electric and Gas Company, Newark, N. J., 
has been made assistant distribution en¬ 
gineer. He is a graduate of Massachusetts 
Institute of Technology and has been with 
the Public Service company since 1922. 
Upon completion of a cadet en^eering 
course he was assigned to the Passaic (N. J.) 
division and was transferred to the Newark 
offices in 1926. 
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E- A. Rich (Enrolled Student) has re¬ 
ceived the AIEE North West District prize 
for Branch paper with T. Y. Merrell (En¬ 
rolled Student) for their paper “Investigation 
of Losses in Single-Phase Induction Motors,’’ 
presented at a meeting of the University 
of Utah Branch, May 19, 1937. Mr. Rich 
was bom March 30,1916, at Salt Lake City, 
Utah, and received the degree of bachdor 
of sdence at the University of Utah in 1937. 

T. S. Sloan (A’21, M*33) for the last 9 
years manager of the Rome division of the 
Georgia Power Company, has been ap¬ 
pointed to direct company operations in 
southwestern Georgia. Prior to his affilia¬ 
tion with the Georgia Power Company, Mr. 
Sloan was associated with the Central Geor¬ 
gia Power Company in various capacities for 
more than 12 years. 

E. A. Chelderhose (M’37, F’37) senior 
engineer. Federal Power Commission, New 
York, N. Y., has resigned to join the staff of 
Jackson and Mordand, consulting engineers, 
Boston, Mass. Mr. Childerhose will be in 
charge of dectrical engineering on new proj¬ 
ects coming under the supervision of that 
company. 

W. F. Jacob (A’36) librarian of the Gen¬ 
eral Electric Company, Schenectady, N. Y., 
and a former member of the Engineering 
Societies Library staff, recently was dected 
president of The Special Libraries Associa¬ 
tion. He served that organization previ¬ 
ously as vice-president. 

C. L. CoLLENS (A’07) president of the Re¬ 
liance Electric & Engineering Company, 
Clevdand, Ohio, has been dected to mem¬ 
bership on the board of directors of the 
American Standards Assodation. Mr. Col- 
lens is active in the work of the National 
Electrical Manufacturers Assodation also. 


J.S. Johnson (A’37) instructor in the de¬ 
partment of theoretical and applied me¬ 
chanics at Iowa State College, Ames, who re¬ 
ceived the de^ee of doctor of philosophy at 
that school recently, has become an instruc¬ 
tor in dectrical engineering at the Missouri 
School of Mines and Metallurgy, Rolla. 

W. O. Ray (A’36) instructor in dectrical 
«.figifipfring at the Texas Agricultural and 
Mechanical College, College Station, ws^ 
appointed this fall to the dectrical engi¬ 
neering department of the Michigan College 
of Mining and Terimolo8y» Houghton. 

R. J. W. Koopman (A’36) who has been an 
instructor in dectrical engineering at Michi¬ 
gan College of Mining and Technology, 
Houghton, now is a member of the dectrical 
pngiti aer ing faculty of the University of Kan¬ 
sas, Lawrence. 

H. T. Kohlhaas (A’07, M’19) editor of 
Electrical Communication, a publication of 
the International Telephone and Telegraph 
Company, New York, N. Y., has been trans¬ 
ferred to London, England, where that pe¬ 
riodical now is being published. 
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R. E. Thompson (M’34) formerly me¬ 
chanical engineer for ffie Federal Light and 
Traction Company, New York, N. Y., now 
holds a similar position with the Albu¬ 
querque (N. M.) Gas and Electric Company. 

E. J. PoiTRAS (A’33) formerly director of 
research. Ford Instrument Company, Inc., 
Long Is^d City, N. Y., now is employed by 
the Lombard Governor Corporation, Ash¬ 
land, Mass. 

W. F. Ramsay (A’30) recently was em¬ 
ployed as a draftsman for Gibbs & Cox, Inc., 
marine architects and engineers. New York, 
N. Y. 

E. J. Wheeler (A’36) asistant engineer¬ 
ing aide, U.S. Biological Survey, San 
Antonio, Texas, has been made engineering 
aide and transferred to Denver, Colo. 

W. R. Ufpelman (A’34) sales engineer 
for the Clark Controller Company, Detroit, 
Mich., has been transferred to the Cleve¬ 
land, Ohio, offices of that company. 

H. F. Ttncombe (A’36) has been ap¬ 
pointed assistant electrical superintendent 
of the Canadian Johns-Manville Company, 
Ltd., Asbestos, Que. 

J. H. Anderson (A’36) recently affiliated 
himself with the Electro-Motive Corpora¬ 
tion, LaGrange, HI., as a junior engineer. 

F. P. Weiss (A’36) recently entered the 
employ of the Caraegie-niinois Steel 
Corporation, Gary, Ind., as a test engineer. 

W. B. Renton (A’34) recently was ap¬ 
pointed resident engineer for the H. J. 
Heinz Company, at Medina, N. Y. 

G. N. Brown (A*36) recently was em¬ 
ployed by the Western Electric Company, 
Chicago, Ill., as an equipment engineer. 


OLiiliaurY 


Henry Wright Fisher (A’96, M’Ol, 
F’12, member for life) retired consulting en¬ 
gineer for the Genei^ Cable Corporation, 
Perth Amboy, N. J., died near Asheville, 
N. C., October 7,1937. Mr. Fisher was bom 
January 31, 1861, at Youghal, Ireland, and 
was graduated from Cornell University with 
the degree of mechanical engineer in the 
rineg of 1888. After graduation he held one 
or 2 minor positions before joining the staff 
of the Standard Underground Cable Com¬ 
pany, remaining with that firm until 1927, 
when it became a part of the General Cable 
Corporation and he was retained on the en¬ 
gineering staff of the new organization. He 
was f Tiipf electrical engineer of the Standard 
Underground Cable Company from 1889 to 
1916, manager of the lead cable and rubber 
works from 1916 to 1923, technical director 
of electrical engineering from 1923 to 1927, 
and for one year thereafter with the General 
Cable Corporation, and consulting engineer 
from 1928 to 1930, when he retired. Mr. 
Fisher held patents on several improvements 
in cable construction and methods of locat- 
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ing fatilts in underground cables, and during 
the World War was one of a staff of engi¬ 
neers acting in an advisory capacity to the 
government. He served the Institute as a 
member of the committees on standards 
(1914-22) and power transmission and dis¬ 
tribution (1915—19) and was a member of the 
United States Hational Committee of the 
International Electrotechnical Commission 
from 1919 until 1926. He was a member of 
the American Society for Testing Materials, 
American Electrochemical Society, and 
Sigma Xi. 


KAy Axel Christiansen (F‘37) chief en¬ 
gineer of the Administration of D^sh Posts 
and Telegraphs, Copenhagen, Demnark, 
died July 13, 1937. Mr. Christiansen was 
bom May 1, 1891, in Copenhagen, and 
received his technical education in that city, 
whCTe he was graduated in 1917 as diploma 
engineer at the Polytechnic Institute. He 
eritered the communications branch of elec¬ 
trical engineering almost immediately, auH 
from 1919 until 1923 he worked for several 
telephone companies in the United States. 
During 1923 he entered the service of the 
Administration of Danish Posts and Tele¬ 
graphs and became its chief engineer and 
head of the radio service in 1926. In that 
capacity he participated in the activities of 
the International Telephone Consultative 
Committee, International Consultative 
Committee on Radio, and the International 
Radio Union. In 1931 he was president of 
the second plenary meeting of the commit¬ 
tee on radio at Copenhagen. 


Theodore Blackwell Morgan (A'21, 
M’21) southern division superintendent of 
the Public Service Electric and Gas Com¬ 
pany, Trenton, N. J., died September 26, 
1937. Mr. Morgan was bora at Morgan, 
N. J., in 1881, and attended Pratt Institute 
and the Polytechnic Institute of Brooklyn. 
In 1899 he entered the employ of the Elec¬ 
trical Testing Laboratories, Harrison, N. J., 
and in 1902 became a helper in the electrical 
laboratories of the New York Edison Com- 
pmy, Inc., New York, N. Y. He remained 
with the latter company until 1907, when he 
was placed in charge of the electrical labora- 
t^es of the Brooklyn (N. Y.) Rapid Transit 
Company. From 1909 until 1920 Mr. 
Morgan associated with the Connecti¬ 

cut ElecMc Light and Power Company, and 
held various positions in that company un¬ 
til he was appointed assistant superintendent 
of the sou&em division of the Public Serv¬ 
ice Electric and Gas Company in 1920. 
He became division superintendent in 1928. 


David Coburn Bacon (A’28) building 
Md equipment engineer. Southwestern BeU 
Tdephone Company, Dallas, Texas, died 
August 22,1937. Mr. Bacon was bora Sep- 
temb^ 22,1884, at Ja&ey, N. H., and was 
graduated from Worchester Polytechnic In¬ 
stitute with the degree of bachelor of 
m electrical engineering. In 1909 he joined 
tte plant department staff of the American 
Telephone and Telegraph Company, but 2 
years later was transferred to the traffic de¬ 
partment of the Southwestern Bell Tele¬ 


phone company. After 9 years m the traf¬ 
fic department he was made building and 
equipment engineer in the engineering de¬ 
partment, a position he held continuously 
for 17 years. 


Lucius Foy Deming (ATI) district en¬ 
gineer for the General Electric Company, 
Philadelphia, Pa., died recently. Mr. Dem¬ 
ing was bora February 11,1876, at Amboy, 
Ill., and was graduated from Yale Univer¬ 
sity in the class of 1896. He became affili¬ 
ated with the General Electric Company soon 
after his graduation and never relinquished 
his position with that company during more 
than 40 years of active professional service. 
His first position was in the tefi tin g depart¬ 
ment of the General Electric Company ; 
later he became a d-c designer, a rotary con¬ 
verter designer, and in 1906 district engineer. 


Banka Bbhari Roy (A’31) power station 
sup^tendent, Ahmedabad (India) Elec¬ 
tricity Company, Ltd., died several months 
ago, according to word just received at In¬ 
stitute headquarters. Mr. Roy was born 
September 14,1889, at Dakshinpaiksha, In¬ 
dia, and attended Calcutta University, fol¬ 
lowing which he received practical training 
in electrical engineering as a general assist- 
' for the British Eng^ineering Company, 
Calcutta, and later was employed by several 
railway companies in India. He became 
power station superintendent of the Ahmeda¬ 
bad Electricity Company in 1929. 


Milton M. Gess (A’34) electrical en¬ 
gineer, Battery Equipment and Supply 
Company, Chicago, Ill., died August 26, 
1937, Mr. Gess was born December 18, 
1909, at Dolton, Ill., and was graduated 
from Armour Institute of Technology with 
the degree of bachelor of science in electrical 
engineering in 1929, foUowing which he be¬ 
came a testman, and later electrical engineer 
for the Battery Equipment and Supply 
Company. 


ModL ersLj 


Recommended 
For Transfer 

14, mommended the following members for 
membersliip indicated. Any 
**•***“.* should be filed at once 

With the national secretaty* 

To Orado of Member 

^^^'Saj^o^'bUo**”**™”** Airtemp Inc., 

EndiTOttj^^Wmam, general assistant, Genea-al Elec- 
Wc Company, Mumeapolis, MinU. 

Qastay, J^chard W., electrical engineer. Union 
_ Elec^c C^pany of Illinois, St. Louis, Mo. 
Meyerand, R. G., electrical engineer. Union Elec- 
Comply of Missouri, St. Louis. 

° ConsoUdated Edison 

ParkS York, N. Y. 

rarkw, electrical ei^neer, Turlock Irrica- 

folsw, AjL A., a^^stwt to superintendent, electri- 

Company of Balti. 

“ore, Baltimore, Md. ■ 

J- chi«r engjheer, Alle¬ 

gheny River MSiing Company; Reid Coal 


p. Company; Ringgold Coal Company; Ring- 

, gold Corporation, Timblin, Fa. 

U Spenctf, T. A., member technical staff. Bell Tele- 
^ N Laboratories, Incorporated, New York, 

7 Wolf, H. B., maintenance foreman, Duke Power 
Company, Charlotte, N. C. 

10 to Grade of Member 

Applications 
for Election 

’ Applications have been received at headquarters 
from the following candidates for election to mem- 
- Institute. If the applicant has ap- 

plied for direct admission to a grade higher than 
1 Associate, the grade follows immediately after the 
I name. Any member objecting to the election of 
My of these candidates should so inform the na¬ 
tional sweta^ before November 30,1937 or Janu- 
"If 1938, if the applicant resides outside of the 
United States or Canada. 

Abramson, L. Z., Gibbs & Hill, New York, N. Y. 
Bailey R. E., Utah Power & Light Co., Park City, 
Utah. 

BeUdn, E. I., 1166 Manor Avenue, New York, N. Y. 
Brandenstein, E. W. (Member), General Electric 
Co., Erie, Pa. 

Bun^am, R. F., Connecticut Power Company, 
Stamford, Conn. 

Carter, H. E. (Member), Duke Power Co., Char¬ 
lotte, N. C. 

General Electric Company, 

New York, N. Y. 

CohM, Lel^ D., Tennessee Valley Authority, 
Wilson Dam, Ala. 

Dayton, C. S., Jr., SMety Car Heating and Lighting 
Compai^, New Haven, Conn. 

Deardorff, S. E., Dayton Power and Light Com¬ 
pany, Dasrton, Ohio. 

DellamMo, P. T., Consolidated Edison Company 
of New York, Inc., New York, N. Y. 

Dou^ass, W. E. (Member), Monongahela West 
P^ Public Service Company, Wellsburg, W. 

Doy^, A. M., Canadian General Electric Company, 
Toronto, Ont., Canada. 

Durl^ck, E. F., Jr., Louisville Gas and Electric 
C^pan;^ Louisville, Ky. 

Dye^ W. L., Southern California Edison Company, 
Ltd., Long Beach, Calif. 

EnsiAed^ M. H., Pacific Tel. & Tel. Co., Seattle, 
Washmgton. ’ 

YoSl’lL T Telephone Company, 

Fulmer, J. L., Southern Bell Telephone and Tele- 
graph Company, New Orleans, La. 

Fnni^burg, G H., Tennessee Valley Authority, 
iPickwick, Tenn. 

Genthner, H. J., Rochester Gas and Electric Cor- 
poration, Rochester, N. Y. 

^*”*BrTOki^h ^”y Company, Inc,, 

GiegOTch, B, V., General Electric Company, Pitts- 
field, Mass. 

General Electric Company, San 
Francisco, Calif. 

J^®ystone Pipe Line Company, 

„ Philadelphia, Pa. 

Hav^, M. LeR,, 40 Arneys Mount Road, Pember¬ 
ton, N. J. 

Hellmann, R. K., Transatlantic Research and In- 
formation Service, Inc,, New York, N. Y. 

Hickey, W^ J., Consolidated Edison Company of 
New York. Inc„ New York, N, Y. 

Ohio Edison Company, Akron. 

Holt, C. B., Jr., Pennsylvania State College, State 
^^olle^e, Jb^a. 

Jewett, LeR. R., Gamewell Company, Sacramento, 

Q^alii.’ 

VaUflr Auttoriv. 

Electric Company of Missouri. 
Louis, AAOf 

Kado, Y., WestinAouse Electric Sc Manufactur- 
rr Eairt Pittsburgh, Pa. 

4 ’ J 4^/ ^Cleveland, Railway i^mpauy. Cleve¬ 
land, Omo, 

Kyne, S. B., Connecticut Light and Power Com- 
. pany, Norwich, 

(Member), Electric Controller and 
. ManMai^nng Company, Cleveland, Ohio. 
Lmcoln, Union Telegraph Com- 

PMv, New York, N. Y. vw*** 

XT J'-E-s Po**soUdated Editon Company of 
-, New York, Inc., New York, N. Y. ^ 

Mar^ll, M. G., Commonwealth and Southern 
. Corporation New York, Jackson, Mich. 
^“*^TOkl^, Mag^ieto Corporation, 

Electric Service Co., 
Company, 

F. T,, Yale Univera^, New Haven, 
Merwin, CL W., American Telephone and Tele- 
^^Ne^ork Services, Ihc,, 

c„.. 
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Owen, L. E., Tennessee Valley Authority, Wilson 
Dam, Ala. 

Parks, W. K., Westinghouse Electric & Manu¬ 
facturing Company, BiilTalo, N. Y. 

Peabody, A. W., Phoenix Engineering Corpora¬ 
tion, New York, N. Y. 

Pepperberg, L. E., Republic Steel Corporation, 
Cleveland, Ohio. 

Peterson, J. A,, Comuionwcalth and Southern 
Corporation, Jackson, Mich. 

Putnam, T. R., New York Telephone Company, 
New York, N. Y. 

Runb, C. P., Tennessee Valley Authority, Chat¬ 
tanooga, Tenn. 

Rue, !•'. H., Nortna-IfolTinann Bearings Corpora¬ 
tion, Stamford, Conn. 

Uelfe, D. 11., Port of Oakland, Oakland, Calif. 
Rexroth, B. A., Southwestern Bell Telephone 
Company, Oklahoma City, Oklu. 

Rice, J. B., Allis-Clialniers Manufacturing Corn- 
puny, Piltsburgh, Pa. 

Salisburj', A. M., Westfield Gas and Electric De¬ 
partment, Westfield, Mass. 

SchelTcr, S. L., Phoenix Engineering Corporation, 
New York, N. Y. 

Shelton, S. P., Bureau of Power and Light, City of 
Los Angeles, Culif. 

Sherry, K. P., Long Island Lighting Company, 
Gleuwood Landing, N. Y. 
tSlater, E. A. (Member), Westinghouse Electric & 
Munufncttiriug Company, Sun Francisco, 
Calif. 

Spencer, H. II., Bell Telephone Laboratories, In¬ 
corporated , New York, N. Y. 

Stuiilejr, W. McC., Tennessee Valley Authority, 
Wilson Diim, Ala. 

Starr, P. C., Ocneral Electric Company, Rochester, 

N. V. 

Stein, G. M. 1-. (Member), General Electnc Com¬ 
pany, Pittsfield, Muss. 

Stemier, D. R., Pennsylvania Power & Light Com¬ 
pany, Allentown, Pa. 

Toth, A., International Printing Ink Company, 
New York, N. Y. . 

Tratt, F. H., Strotnberg-Carlson Telephone Manu¬ 
facturing Company, Rochester, N. Y. 

Vallin, G. L., General Electric Company, Pittsfield, 
Mu.s.s. 

Walsh, IL H., Jr., Paul H, Juelinig, Inc., Newark, 
N. J. , „ 

Watkins, J. H.. Jr.. General Electric Company. 

Pittsfield, Mass. ^ , 

Weaver, C. K., Eastman Kodak Company, Roches- 

Woochii* C.'A.i Jr., WestinghoHSc Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa. 
Wright, N. G., Ohio Brass Company, Barberton, 

Wyatt, C, II., Oklahoma Gas & Electric Co., 

Oklahoma City, Okla.. 

Young, C. F., Federal Shipbuilding fk Dry Dock 

Yoii^s!”?L”&,^cneraI*Eic'ctric Company, Pitts¬ 
field, Mass. , ~ J 

Zeiner, G. E. (Member), American Telephone and 
Telegraph Company, New York, N. Y. 

80 Domestic 

Forslgn 

Hill, H., In care of Roan Antelope Coijpcr Mines, 
Luanshya, Northern Rhodesia, ^rica._ 
Liiroza, K. E. (Fellow), Escuela de Ingemeros de 
Lima, Lima, Pent. , „ , « 

Narayan, B., Poona Electric Supply Company, 
Ltd., Poona, India. , 

Nethcrsolc, H. J. H. (Member), Tnnidad Lewe- 
holds, Ltd., Pointe-a-Picrre, Trinidad, B. W. I. 
Preston, W. F., Pernambuco Tramways and Power 
Company, Ltd., Brazil. 

6 Foreign 


Addresses 

Wanted 

A list of members whose mail has been return^ 
by the postal authorities is given below, wth the 
address^ as they now appear on the iMtitute 
r« 30 rd. Any member knowing of corrections to 
these addresses will kindly 

once to the office of the secretary at 33 West 39th 
St., New York, N. Y. 

Bodine. Ralph B., 14 N. Fbot, Schenectady, N. Y. 
Boissonnault, F. L., 928 W. 8th Place, Los Angries, 

Chartton!' H. C., 4827 Wilson Avenue, Montreal, 

^^60 Stanton St., Schuykill Haven, 

DadMbev, Musa, 32 Zamfcovaja, Ulitsa, Baku, 

EaktasfwiSiam V. O., 45 W. Mohawk SL, Buffalo, 

Fas8St,^3Efrank C., 100 Seward Ave., Detroit, 

Oregiry?**©- A., 1217 Jefferson Street, Olympia, 

WftllTohm'R.. 1464 S. 74th St., West Allis, Wis, 
las'’ ^wSvin D., South 228 Lincoln St., Spokane, 

216 E. 22nd Sto Owensboro. Ky. 
SSliV Roman Joseph, 174 Farmmgton Ave.. 
Hsurtfordi Conn. , . 

George S.. Federal Power Commission, 
Wasldngtoni D. (i. 


Matthews, Robert W., 42 St. Stephen St., Boston, 
Mass. 

McLean, Lee Vance, 1926 North Blvd., Baton 
Rouge, La. 

Risk, Kaleel S., Co. 418, C.C.C., Olustee, Fla. 
Roberts, William N., 4175 Spriagle, Detroit, Mich. 
Tribble, William Harry, 303 Park Place, Brooklyn, 
N, Y. 

Williams, Thomas J. C., 325 Seward Place, Schenec¬ 
tady, N. Y. 

10 Addresses Wanted 


APPLIED GEOPHYSICS, by H. Shaw. Lon¬ 
don, Science Museum. Publ. by IBs Majesty's 

__ ifvoo tAn _ itt _ 


Enoineering 

Liferattare 


New Books 

in the Societies Library 

Among the new books received at the Engi¬ 
neering Societies Library, New York, recently 
are the following which have been selected be¬ 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books listed 
have been presented gratis by the publishers. The 
Institute assumes no responmbility for statements 
made in the following outlines, information for 
which is taken from the preface of the book in 
question. 

MODERN ELECTRIC and GAS REFRIGER¬ 
ATION. By A. D. Althouse and C. H. Tumquist. 
Chicago, Goodheart-Willcox Company, 1936. 858 
pages, illustrated, 8x5 in., leather, 85.00. A prac¬ 
tical textbook for school use and home study. 

PHYSICS of ELECTRON TUBES. By L. R. 
Koller. 2nd edition. New York and London, 
McGraw-Hill Book Company, 1937. 284 pagm, 
illustrated, 9x6 in., cloth, 83.00. Considers the 
fundamental physical phenomena of electron tubes, 
disregarding external circuit conditions. The 
vision conrists of corrections, added topics, Md 
some expansion. Designed to interest techmcal 
men having no special training in electronics. 

RECOLLECTIONS and REFLECTIONS. By 

« . Thomson. New York, Macmillan Comply, 
i. 451 pages, illustrated, 10x6 in., cloth, $4.00. 
Mainly autobiographical, covering school and 
college days, first experimental work, visits to vari¬ 
ous countries, and psycMcal research. Later cb^ 
ters contain sketches of contemporaries and lurid 
descriptions of certain important developments in 
the field of physics in whiiffi Thompson had a part, 
or which came within his time. 

REPORTS on PROGRESS in PHYSICS, vol- 


cloth, 208. Provides a rmdew of the advances m 
ph^GS during 1935. Among the subjects covered 
are: general phyrics, atomic pbyrics, the measme- 
ment of noise, magnetism, experimental electricity 
and magnetism, electrical methods of counUng, 
superconductivity, and riie theory of metals, photo- 
elTCtricity, optics, X rays, and spectroscopy, 

SCIENCE MUSEUM. Board of Education. 
ELECTRIC ILLUMINATION, by W. T. O’Dea. 
London, His Majesty's Stationery Office, .1936. 
40 pages, illustrated, 10x6 in., paper (obtainable 
from British Library of Information, 270 Matoon 
Ave., New York, 80.20). A brief sketch of the 

S rinciples, application, and development of electnc 
ghting, prepared for general use by the Science 
Museum. 

TROUBLES of ELECmiCAL EQUIPMENT. 
By H. E. Stafford. New York and London, Mc¬ 
Graw-Hill Book Conipany. ^1937. 830 pages. 

Illustrated, 9x6 in., cloth, 83.00. A treatment of 
the ills of electrical equipment from the diagnostic 
viewpoint. For the practical man. 

UNIFORM SYSTEM of ^ACCOUNTS for 
ELECTRIC UTILITIES. Edited by National 
Association of Railroad and Utilities Commission¬ 
ers. New York, State Law ReporUng Company, 
1937. 213 pages, tables, 9x6 in., paper, $2.00. 
Prepared by the committee on statistics and ^ 
counts of pubUc utilities, and recommended to the 
commisrions represented in the. membership of the 
Association at the 1936 convention. 

WIRELESS SERVICING MANUAL. „By W. 
T. Cocking. 2nd edition. London, Wireless 
World, Iliffe and Sons, 1936. 231 pages, illustraw, 
5s. Devoted entirely to servicing problems: tne 
readtf is assumed to have a knowledge of basic 
principles. 


8.65.) Intended as a guide to the exhibit of geo¬ 
physical apparatus in the Science Museum, London; 
in addition contains an explanation of the various 
methods of geophyrical. surveying. 

ELECTROLYTIC CONDENSERS. By P. R. 
Cotirsey. London, Chapman & Hall, 1937. 172 
p. illus., 9x6 in., cloth, 10s. 6d. A summaiy of 
recent developments in the derign of electrolytic 
condensers, together with an account of their 
properties and uses. 

ELEKTROTECHNISCHE ISOHERSTOFFE, 
Bntwicklung, Gestaltung, Verwendung; Vortrfige 
von H. Burmeister, W. Eitel, W. Bstorff, W. Fi^ 
Cher, K. Franz, G. Pfestorf, R. Vieweg, W. Weicker. 
Ed. by R. Vieweg. Berlin, Julius Springer, 1937. 
295 p., illus., 10x6 in., cloth, 19.80 rm. A series 
of lectures which aimed to ^ve a review of the 
present development of insulating materials, both 
scientifically and technically. 

INTRODUCTION to FERROMAGNETISM. 
By F. Bitter. New York and London, McGraw- 
Hill Book Co., 1937. 314 p., illus., 9x6 in., cloth, 
$4.00. Defines the problems whose solution may 
be expected to reveal the fundamental processes 
which constitute ferromagnetism, and discusses 
magnetic, meriianical, and electrical phenomena. 

ORIGINS of CLERK MAXWELL'S ELEC¬ 
TRIC IDEAS as described in familiar letters to 
William Thomson. Ed. by Sir Joseph Larmor. 
Cambridge (England) The University Press: New 
York, Macmillan Co., 1937. 56 p., illus., 10x7 in., 
cloth, 81.00. Contains a series of letters written 
between 1864 and 1879 that present an account 
of the genesis and rapid progress of Maxwell's 
ideas. 

THEORY of ALTERNATING-CURRENT 
MACHINERY. By A. S. Langsdorf. New York 
and London, McGraw-Hill Bow Co., 1937. 788 
p., illus., 9x6 in., cloth, 86.00. A twt for advanced 
electrical engineering students, giving a compre- 
henrive dbcussion of all types of electromagnetic 
machines as well as of the basic principles which 
influence thrir design and operating charac¬ 
teristics; quantitative relations are approwhed 
through the medium of geometrical representation. 

VERSUCHE zur ELEKTRISCHEN RBSON- 
ANZ mit HOCHFREQUBNTEN und NIBDBR- 
FREQUBNTEN WECHSELSTROMBN (Ver- 
suche mit klrinen Rfihrengeneratoren). (Ab- 
handlungen zur Didaktik und Philosophie der 
Natiurwissenscbaft, Heft 16). By F, Moeller. 
Berlin, Julius Springer, 1037. 1937. 82 p., illus., 
11x8 in., paper, 4.80 rm. A guide to numerous 
experiments in the field of resonance with small 
vacuum-tube generators. 

VORSCHRIFTENBUCH des VERBANDES 
DEUTSCHER ELEKTROTECHNIKBR. Ed. by 
die Geschftftsstelle des VDE. 21 ed. Berlin, Ver- 
band Deutscher Elektrotechniker, 1037. 1414 p., 
illus., 8x6 in., cloth, 16.20 rm. Contains a 
complete set of the specifications, rules, and 
practices for electrical work adopted by the Society 
of German Electrical Engineers and in force on 
January 1,1937. 

WHO'S WHO in ENGINEERING, a Biogra^i- 
cal Dictionary of the Engineering Profession. 

4. 1937. Ed. by W. S. Downs. New York. Lewis 
Historical Publishing Co., 1937. 1688 p., 10x6 m., 
cloth, 810.00. Contains brief professional biog¬ 
raphies of 12,000 American engineers. 


Engineering Societies Library 

29 West 39th Street/ New York/ N. Y. 

M aintained ss a public reference library 
of ensineerlng and the allied sciences, this 
library Is d co-operative activity of the iiatlonal 
societies of civil, electrical, mechanical, and min- 
Ins engineers. 

Resources of the library are available also 
to those unable to visit it In person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modem technical books Is 
available to any member residing in North Amer¬ 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 
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Uptegrafif Manufacturing Co., 300 N. 
Lexington Ave., Pittsburgh, Pa. 


InJusilriail IVoteiS 


Federal Power Conunission Hearing.—The 
Federal Power Commission will hold a pub¬ 
lic hearing on November 15, in Washington, 
D. C., on the application of the Pacific Gas 
& Electric Co., San Francisco, for a pre¬ 
liminary permit to construct six major hy¬ 
droelectric developments on the North Fork 
of the Feather River, having an aggregate 
proposed installed capacity of 368,000 kva. 
The company at present owns and operates 
the only three hydroelectric plants on the 
North Fork of the Feather River. These 
are known as Big Bend, Bucks Creek, and 
Caribou plants. The six proposed plants 
are planned to be built between the Caribou 
plant and the Big Bend plant. The differ¬ 
ence in elevation between these two points 
is 2,072 feet and it is this difference in ele¬ 
vation or head of the river which is to be de¬ 
veloped through the proposed construction. 
Oh the date of the application, the company 
is shown as operating 39 hydroelectric 
plants, two operated under lease, with a 
total installed capacity of 1,011,286 horse¬ 
power and 8 steam plants with a total 
installed capacity of 426,608 horsepower. 

Westinghouse Expands Elevator Plant— 
One of the largest and most complete ele¬ 
vator and electric stairway plants in the 
world is now located in Jersey City, as a con¬ 
sequence of the recent acquisition by the 
Westinghouse Elevator Co. of the assets of 
the A. B. See Elevator Co., Inc. With the 
removal of the Westinghouse company’s 
headquarters from Chicago to Jersey City, 
plans have gone forward for increasing the 
manufacturing aisle space at the plant at 
160 Pacific Ave., Jersey City, by approxi¬ 
mately 50 per cent, and for doubling office 
space there. The A. B. See Company, third 
largest in the industry, was founded in 1883 
by Alonzo Bertram See, and specialized in 
apartment house and industrial elevators. 

General Electric Orders Rise.—Orders re¬ 
ceived by the General Electric Co., during 
the first nine months of this year amounted 
to $306,276,556, an increase of 44 per cent 
over the $211;891,038 received during the 
same time last year. Sales billed during 
this period amounted to $260,773,633 com¬ 
pared to $189,263,156 during the corre¬ 
sponding period of 1936, an increase of 38 
per cent. Orders received during the third 
quarter this year amounted to $88,010,937 
compared with $74,922,441 during the 
corresponding period last year, an inor^ffse 
of 17 per cent. The third quarter and the 
first nine months during 1937 were the 
largest of any similar periods since 1929. 

Roller-Smith Appointment.—^C. F. Cate, 

234 Ni Davis St., El Paso, Texas, has been 
appointed sales agent for the Roller-Smith 
Co., of New York CHty, for the iwuthwestem 
P®ttion of Texas and the sbuthein portion 
of NewMejdco. , 

U. S. Rubber Appointment.—The mechani- 
cal goods division of U. S- Rubber Prod- ' 
ucts, Inc., has announced the appointment ] 
of Frederick D, Beoz, formerly manager i 
of wure sales, Chicago branch, as district < 


manager of wire sales. Pacific division, 
with headquarters at San Francisco. 

Cutler-Hammer Appointments.—^A. R. 
Johnson has been appointed manager of the 
merchandising sales division of Cutler- 
Hammer, Inc., Milwaukee; Elmer F. 
Weiss is now manager of the Detroit office, 
succeeding Mr. Johnson; E. T. Rees has 
been appointed branch sales manager of 
the office in Indianapolis, and a new branch 
sales office at Portland, Oregon, has been 
opened with F. J. Woldrich in charge. 

New Thread-Cutting Screw.—The Shake- 
proof Lock Washer Co., 2501 N. Keeler 
Ave., Chicago, Ill., has announced the de¬ 
velopment of a screw that cuts its own 
thread in metals and plastics of practically 
any thickness. Its patented, thread-cut¬ 
ting slot, plus a special hardening process, 
eliminates the separate tapping operation 
normally required in the use of standard 
machine screws. Important production 
savings in both labor costs and tim<» are 
claimed for use of this new fastening method. 

Improved Solenoid Relay.—^An improved 
Durakool mercury switch is now used on 
t 3 npe A solenoid relays manufactured by G-M 
Laboratories, Inc,, Chicago. The Dura¬ 
kool switch is of unbreakable construction; 
the steel shell enclosing the chamber con¬ 
tains mercury and a liquid fill. The liquid 
fill is a new development which insures 
maximum initial contact, prevents oxida¬ 
tion, quenches the arc and washes away im- 
pimties. The steel enclosure is covered 
with a Bakelite housing. This type relay 
has proved particularly suited to operations 
where an enclosed switch contact is de¬ 
sirable or necessary, such as a refrigerator 
fan control. 


Tr«Je 1-iifera.tiire 


Millivoltmeters.—BuUetin 480. Describes 
recording millivoltmeters for electrolysis 
surveys. Scales and ranges are included. 
The Bristol Co., Waterbury, Conn. 

Oscillograph. Bulletin, 4 pp. Describes 
new, type 168, Du Mont all purpose 5-inch 
cathode-ray oscillograph. Portable, for 
laboratory or field. Allen B. Du Mont 
Laboratories, Inc., Upper Montclair, N. J. 

Industrial Lifting Equipment.—"Hand¬ 
book of Localized Lighting," ML6, 16 pp. 
Describes flexible arm lighting units with 
various types of reflectors, including indirect 
^opy t 3 q)es. The Fostoria Pressed Steel 
Corp,, Fostoria, O. 

Transformers.- Bulletin (broadside). Il¬ 
lustrates 14 of the various types of trans- 
formws of this manufacturer, principally 
distribution and power equipment. R. E. 


Tree Wire.—Bulletin C-36, 8 pp. De¬ 
scribes Anaconda Duracord tree wire. In¬ 
cludes interesting illustrated tests indicating 
the reliability of such wires under extreme 
• operating conditions. Insulation thickness 
tables are also included. Anaconda Wire 
& Cable Co., 26 Broadway, New York City. 

Pin Type Insulators.—^Bulletin 39-1918, 
4 pp. Describes radio interference proof, 
high voltage, pin tsrpe insulators—the 
method of applying copper oxide glaze, ap¬ 
plication of insulators, and methods of test¬ 
ing for radio interference. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 

Stiffness Testers.—Bulletin 11,12 pp. De¬ 
scribes various types of machines for testing 
stiffness of practically all materials, in every 
form, as well as many manufactured prod¬ 
ucts used in industry. Methods of tests 
Me outlined in full, and diagrams show¬ 
ing results of typical tests are included. 
Tinius Olsen Testing Machine Co., 600 
N. 12th St., Philadelphia, Pa. 

Radio Noise Suppression.—Folder, "Clear 
Reception," on the subject of background 
noise suppression. The several ways in 
which noises reach a receiver and how they 
may be stopped either at the set itself, or 
preferably at the noise source, are outlined. 
Also^ featured are the several tspes of noise 
eliminators or filters. Aerovox Corp,, 70 
Washington St., Brooklsm, N. Y. 

Conduit, Insulating Materials, Etc.—Cata¬ 
log G1-6A, 64 pp. Includes chapters on 
asbestos-cement conduit for electrical wires 
and cables; Asbestos Ebony, used for 
switchboard panels and other electrical 
mountings; Transcell for cell structures and 
doors. Among other products described 
are built-up and insulated roofs, industrial 
friction materials, pipe insulations, packings, 
gaskets, etc. Johns-Manville, 22 E. 40th 
St., New York City. 

Non-Metallic Underground Cable.—Bul¬ 
letin UC-2, 16 pp. Describes Trenchlay 
and Ruralay cables for direct earth instal¬ 
lation on single phase systems. Summa¬ 
rizes the economic and other advantages of 
these types of cables for rural application, 
and illustrates installation and splicing 
methods. A comparative voltage drop 
chart for a specific overhead and under¬ 
ground line is included in the bulletin. 
General Cable Corp., 420 Lexington Ave., 
New York City. 

New Photoelectric Potentiometer.—Bulletin 
601-A, 4 pp. Describes Model 721 photo¬ 
electric potentiometer and its related equip¬ 
ment. The unique electronic balancing 
method of the new instrument is outlined, 
whereby widened appUcation of potentio- 
metric sensitivity to continuous measure¬ 
ment and control of rapidly varying elec¬ 
trical quantities, or other quantities (tem¬ 
perature, light, etc.) may be translated 
into electrical units. Among the fields of 
alpplicatioa for the unit, suggested in the 
bulletin, are pyrometry, electrochemical 
measurement and control, standardization 
and regulation of currents, voltages, light 
values, etc. W^^ton Electrical Instrument 
Corp., Newark, N. J. 
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Earnings of Engineers. Statistics based 
upon monthly earnings of engineers sug¬ 
gest conclusions diiferent from those de¬ 
duced by an analysis of the annual earnings. 
A continuation of a comprehensive survey 
of employment in the engineering profession 
shows marked differences in earnings witliin 
each professional class, and within each 
group classified on the basis of educational 
background {pages 1450-60). 


Winter Convention. An enlarged program 
will feature the AIEE 1938 winter conven¬ 
tion to be held January 24-28 in New York, 
N. Y. Tentatively, 66 papers have been 
scheduled to be discussed in 16 technical 
sessions. The program will include also 
several addresses and technical conferences, 
and a post-convention cruise to Bermuda 
{pages 1516-17). 


Co-operation Among Societies. Two years 
of successful operation attest to the effec¬ 
tiveness of the co-operative action that re¬ 
sulted in the organization of the Technical 
and Scientific Societies Council of Cincin¬ 
nati, Ohio, which brings together ten organi¬ 
zations comprising some 1,500 members 
{pages 1525-6). 


Trolley-Coach Operation. The so-called 
“tracldess trolley” has been adopted for 
public transportation in more than 30 cities 
in the United States, and in Europe. Some 
operating experiences with trackless trol¬ 
leys on systems situated on opposite sides of 
the United States have been summarized 
and are presented in two papers in this issue 
{pages 1461-3 and 1483-6). 

Oil Oxidation. Separate studies of the 
effect of equal amounts of air and of ni¬ 
trogen in cable paper impregnated with 
oil, of the oxidation behavior of the oil alone 
and as affected by paper and metal, produce 
new information regarding the progressive 
changes of electrical characteristics of oil- 
impregnated cables {pages 1492-1501). 


America Engineering Council. Recom¬ 
mendations for a public works department, 
and discussions of mapping by government 
agencies and of scientific research legisla¬ 
tion now under consideration by Congress 
were included in the current "News Letter” 
of American Engineering Council {pages 


make abstruse subjects lucid, has presented 
the fimdamentals of dielectric-circuit theory 
in graphic style {pages 1434-40). 


Institute Directors Meet. At the October 
28 meeting of the AIEE board of directors, 
the budget for the year 1937-38 was adopted, 
reprc.sentatives on joint organizations 
and committees were appointed, a revised 
publication policy was adopted, and other 
questions of importance to the membership 
discussed {page 1518). 


1937 Index ..... 1537 

On the 20 pages beginning with page 
1537 of this issue is published the 
annual reference index, listing some 
2,200 entries, covering all text ma¬ 
terial published in ELECTRICAL 
ENGINEERING during 1937. 
Special information regarding the 
Index is given on page 1537. 

^......,11 .,11 ....w.,.,,.,-im J.MIHI M - 


Insulation Committee Meets. The tenth 
annual meeting of the committee on elec¬ 
trical insulation of National Research Coun¬ 
cil was characterized by tlie irsual spon- 
taneou.s and informal dlscus.sion, and re¬ 
flected the continuing advance of research 
in dielectrics {pages 1520-2). 


United Engineering Trustees. Ofiicers were 
elected and annual reports presented at 
the annual meetings of Utiitetl hhigineering 
Trastccs, Inc., and the I^ngineering Founda¬ 
tion; the annual report of the Kngitieering 
Societies’ Library also was presented 
{pages 1527-30). 


Stray-Load Losses. A method of meas¬ 
uring the .stray-load lo,sses of d-c machine.s, 
which is described in a paper in this is.sue, 
is adaptable to the testing departments of 
mnnufactiu-ers, and requires no .special 
equipment {pages 1487-91). 


Switching Surges. The magnitude atid 
characteristics of abnormal voltage tran¬ 
sients accompanying operataui of load-ratio 
control cotractors on power tnui.sformers 
have been .studied both experimentally and 
theoretically {pages 1464-75). 


Exposition Lighting. Plans for the illu¬ 
mination of the Gt>lden Gate ISxpo.sitiou in 
1939 reveal the large part that lighting will 
play in novel forms at this SuO.tKKJ.HtKl fair 
{page 1449). 


Institute Budget. The AIISK budget, u.s 
adopted by the board of «Urfct«»is ft»r the 
year 1937-38, provides for a broatlening of 
.several essential .services to ih«* tnemljer- 
ship {pages 143.1; 1522" 4). 


Noble Prize Awarded. For the thirri time 
.since it.s establishment in 1931. the Alfred 
Noble prize has been awarded to an AIEE 
member {page 1519). 


Multiple Unbalances. The stdution of a 
network containing a multiple unbalance 
may be simplified by the use of a network 
analyzer {pages 1476-82). 


Letters to the Editor. A rotor-ftu^diH’us 
concept of .single-phase imluetion-motor 
operatum is di.scussed in this iii»mthS 
"Letters” section (ptsge 1531). 


New AIEE Section. The ItiHtittite's telth 
Section recently was organized at Tiilsa, 
Okln, {page 1518), 


DISCUSSIONS 


Appearing In thii Issue are cUscutilom 
of the following papers: 

Electrlcel Mtcfiltiery 

Til# Sia«iNU«d SyMiiMMaM M^Mn* 

Ko«cr«, bdliitl isot 


Electric Renges 

H**i Xmi4*t CfldiiHiy of Itimi* UMn Wdih . 1511 


Protective Devices 

Stiri« fVoUedon of fystom- Mod. 

.. ntae Ludwj* tJOl 

DlitrllHitloN Ualrtnlfli Antttti' Pmtftmmmen 

Dtf«-Subcommiife«Rcuan 1507 
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The Dielectric Circuit. EIectro.statics and 
the theory of the dielectric circuit frequently 
are confusing to students of electrical en¬ 
gineering. A teacher, who is renowned 
tlmong his own students for his ability to 


Telephone Research. Transmitters and 
receivers have been developed to their pfe.s- 
ent high quality by re.search wliich hicludes 
an extensive analysis of the composition of 
.speech souiuls and the study of hearing 
{pages 1441-S). 


Tronsmisilon and Dlitrfbitllon 

UtMnint C«o«n(i In 1«4<* Uno* Sneoi and 
«... -V Gtmt 1511 

Probubt* OtttffH of TroiMMfMfon Uno* 

- Waldoff 1511 
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The AIEE 1937-38 Budget 


To the Membership: 


T ITS MEETING on October 28 your board of 
JOl directors adopted the budget for the year end- 
^ ^ ing September 30, 1938, the details of which are 

covered on pages 1522-4. There are some phases of the 
board’s consideration of the budget which seem of special 
interest. 

The broad operations of the Institute have been con¬ 
ducted in an excellent manner and the modest surplus 
accumulated over a period of years shows 
an encouraging trend—a commendable 
showing especially as the essential services 
to the membership have been maintained 
at a satisfactory level. A few years 
back, here and there some curtailment 
of expenditures was necessary; but 
through constructive co-operation and 
sympathetic understanding of the mem¬ 
bership at large, interest in the affairs 
of the Institute was sustained and activi¬ 
ties broadened, even during these years. 

The budget for the current year as¬ 
sumes that revenues will increase $10,000 
as contrasted with last year and that Presidenl 

expenditures will increase $30,000 over 
the same period. Total revenues are ex¬ 
pected to be $299,500 and expenses $299,000—practically 
nothing to be carried over to surplus. 

Some in the membership may question the wisdom at this 
time of planning expenditures on such a liberal basis and 
so close to the estimated income. The board recognized 
this but thought it proper, all things considered, to 
broaden several of the essential services. With the in¬ 
terest of the membership so great, and with so much 
voluntary effort being expended in behalf of the work of 
the Institute, it seemed dear that increased appropriations 
for some activities would produce substantial benefits. 

In considering the expenditures it will be realized how 
well they are directed toward the fulfiUm^t of the two 
objectives for which the Institute was created and exists: 
It ^ ^ the advancement of the theory and practice of dec- 
tricd engineering and of the allied arts and sciences and 
the maintenance of a high professional standard among its 
members;’’ A considerable part of our activity c^t^ 

about our publications and meetings. These activities 
not only satisfy the first objective but, in addition, the 
free interchange of information and the persond contacts 
which they provide are an important contribution toward 
the second objective. More money will be spent tMs 
year than last on publications and bn national, District, 
Section, and Brandi meetings. It is interesting to note 
that what we pay for is the machinery by means of which 
we deceive a continuous flow of invaluable information 


President Harrison 


and, in turn, impart to our fellow members information of 
value which we possess. We pay nothing for the informa¬ 
tion—^we pay only for the paper, the printing, the meeting 
places, arid the other means through which we obtain and 
dkcuss the information conveniently. A new publication 
policy which is to be put into practice next month and 
which is expected to make the publications of even greater 
value, already has been described in the November issue 
of Electrical Engineering. 

The Institute's objectives are also ad¬ 
vanced through the contributions made 
for the support of the American En¬ 
gineering Council, the Engineers’ Coun¬ 
cil for Professional Devdopment, the 
American Standards Association, the En¬ 
gineering Societies’ Library, and similar 
organizations through which the Institute 
co-operates with other national engineer¬ 
ing societies in considering and acting on 
matters of common concern to the engi¬ 
neering and alhed technical professions. 
Every member of the Institute will get 
Harrison something of value from the sum total of 

expenditure no matter where he may be 
located. However, it is those who ac- 
tivdy lake part in the Branch, Section, and other Institute 
affairs who will get the greatest value. Let each of us read 
the publications, go more often to meetings, enter more 
activdy into the discussions of talks and papers, and par¬ 
ticipate in the business of the committees to which we 
may belong. We will find that there is hardly an activily 
of any kind within the scope of the professional interests of 
an electrical engineer in which the Institute is not engaged 
through its committees and relations with other bodies. 

We have undertaken an ambitious budget of e^endi- 
tures. Y^our board is mindfal too that still further ex¬ 
penditures could be made to advantage. Our principal 
source of income is from members in the form of dues. 
To assure the carrying out of this year’s program and to 
make possible an ever broadening range of desirable 
activities, an increase in membership rolls is essential. 
Consideration of the budget makes this evident. I 
earnestly ask your continuing support toward this end. 
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T here is an ancient 
proverb that says in 
part: “he who is first 
shall be last.” This phrase 
seems to have some applica¬ 
tion to the subject of electro¬ 
statics. Until Galvani and 
Volta made the discoveries 
that “galvanized” the subject 
of electrodynamics into life, at 
about the same time the pres¬ 
ent form of constitutional gov¬ 
ernment was being bom in the 
United States, the world’s 
knowledge of electricity, and 
its effects, was confined pretty 
much to the subject of electro¬ 
statics. The versatile and 
questioning Franklin made 
many forays into this field of 
thought and his feat of fl 3 dng 
a kite during a thunderstorm 
is known to every school boy. 

But with the discovery of 
the voltaic cell in the 
passing days of the eight- TT1 

eenth century came the | || 
great developments in 
the field of electrody¬ 
namics, which for a cen¬ 
tury completely overshadowed 
almost everything pertaining 
to the subject of electrostatics. 

Tme, lightning remained as a 
manifestation of natural elec¬ 
trostatic activity, and some 

use was found for capacitors and similar electrostatic 
apparatus, but a general interest in electrostatics and the 
dielectric circuit was quickened only when such interest 
was demanded by the more complex problems in te¬ 
lephony and radio, and by the insulation and other electro¬ 
static problems associated with high-voltage appara,tus. 

Few indeed were the electrics-engineering curricula 
that contained any but the most meager courses of in- 
straction in electrostatics 25 years ago; but today this 
neglect is not so general. As students in physics in 
beginning courses in electrical engineering most of the 
readers of this article devoted some little time to studies 
of the dielectric circuit. Unfortunately it seems to be a 
subject about which the average seniors in electrical 
engineering^^yes, even most of the engineers engaged in 
the ordinary routine work of the electrical engineer- 
have almost unlimited powers of forgetfulness. In the 
hope of pavmg the way, as it wore, for a flying start in 
further studies of transmission lines and problems con- 
cemmg high voltages this brief review of some of the 
elements of dectrostatics and the dielectric circuit has 
been prepared. 

In the space available it is not possible to give credit to 
aU those deserving it Also, from a strictly rigorous 


The dielectric circuit is a baffling 
enigma to many undergraduate 
studenb of electrical engineer- 
ing; indeed, to many engineers 
whose work is not intimately 
concerned with it. This outline 
of some of the elementary no¬ 
tions regarding electrostatics and 
the dielectric circuit is presented 
here because of its possible 
interest and value to students and 
others wishing to review the 
subject with the aim of attaining 
a working knowledge of it. 


point of view, some readers 
may wish to question the 
methods and the accuracy of 
some of the illustrations used 
in this review. Be that as it 
may, the immediate object is 
to arrive at a reasonable 
working knowledge of 
11 1 the dielectric circuit, and 
U IV the finer distinctions may 
well be left for argument 
at some other time. 

For convenience, and 
for the purpose of securing a 
bird’s eye view of the realm of 
electrostatics, the accompany¬ 
ing “tabloid” presentation of 
the subject has been arranged. 

As a fotmdation for this 
discussion, almost all knowledge of the dielectric circuit 
may be said to be based upon the 5 fundamental laws 
contained in the first “box” of the tabloid presentation. 
Now these laws,” as most readers well know, are not 
written on the statute books of this or any other country. 
They are compilations of bits of fundamental truth refined 
from the elementary discoveries of many investigators. 
They are all based on knowledge eiqperimentally deter¬ 
mined. Whether or not they may be determined by 
rational processes instead of experimentatibn is a subject 
that is left to the physicists. For the present these laws 
wffl be considered “constitutional,” at least until thrown 
aside by the high court of rigorous scientific research. 



Wnttea especially^ lor Bi.bctxicai. BNOWBBRtKfo, this article preseats the 
essMce of a review lecture delivered by the author to a group of senfor eleotricaU 
engineering students at Purdue University. » P o «eniqr electrical 

of electrical engineering at Purdue Universitv Lafa. 
yette, Ind. Anative (1883) of Vanlue, Ohio, he was graduated in electrii^ and 
mechanical engineermg from Ohio Northern University in 1906, following which 
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the faculty of Ohio Noithern University as professor of electrical and 
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pressor of electneal engineenng at Purdue Univi^ty. Subsequently he 
received his full professorsUp in 1918 -nii idfg 
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«^a^ng work. He is co-author of a t4tb«»fc andJulhm of p™ on 
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These basic principles are, or should be, well known to 
everyone who has studied even an elementary course in 
physics. Misunderstanding comes when one desires to 
make use of this basic knowledge in the solution of the 
practical problems with which the engineer is familiar as 
part of his daily routine of duties. 

The fibrst law, namely, the law of electrostatic attraction, 
or repulsion, has been known for many years. The lan¬ 
guage and symbolism used in describing this law are, of 
course, recent; but the basic idea has been known for 
ages. Probably some cave-man ancestor of ours dis¬ 
covered it on a frosty day long ago when he stroked the 
back of some member of the cat family, which he was 
trying to tame. Thales, the Greek, wrote of the effect 
of rubbing amber in 600 B.C. and possibly others had 
noticed the effect and even written about it long before 
the time of Thales. 

Coulomb, a contemporary of Washington and Franklin, 
making use of the first law, discovered the second law, 
wliich bears his name. The third law is not as well 
known as Oersted’s discovery of a similar principle in 
electromagnetics but is just as true. Many readers have 
witnessed its demonstration—^the usual procedure being 
to energize at high voltage a wire projecting upward 
through a horizontal pane of glass. Mica chips or bits 
of cotton lint scattered over the glass promptly arrange 
themselves in radial lines as shown in figure 1. The 
arrowheads in these figures indicate the direction of force 
action. 

That the forces of electrostatic attraction, or repulsion, 
are greater in some media than in others was known to 
several of the earlier investigators in electrical science. 
In some dielectrics a given charge of electricity may pro¬ 
duce from one to 10 times the force action that is produced 
in air (see the fourth law). 

Like the law of attraction, or repulsion, the law of 
electrostatic induction (fifth law) has been known, in 
effect at least, for many years. Its scientific observation 
and formulation, however, belong to a more recent date. 
Other laws and effects of importance might be enumerated, 
but at thf* moment and for the present purpose, the groups 
of discoveries formulated in the “box of basic laws seem 



Fiflure l . Sketch of the dielectric flux lines around conduc¬ 
tors carrying current 

(a>-^lectrlcally positive conductor 



Figure 2. The "tree*' of dielectric laws and concepts 


most important. From these experimental laws several 
concepts and definitions have been set up by the physicists. 
These are necessary in order that the engineer may be 
able to formulate his problems in electrostatics. By way 
of illustration the basic laws might be likened to the pri¬ 
mary roots of a great tree as shown in figure 2. Growing 
out of these roots comes the “trunk” of definitions and 
concepts, and out of the trunk grow the ideas and formulas 
needed in the specific fields of practical application. The 
most useful of these concepts are placed in the second 
“box.” 

The unit-charge concept comes directly from the first 
2 laws, a unit charge of electricity being assumed to be of 
such magnitude that 2 similar unit charges placed one 
centimeter apart would repel each other with a force of 
one dyne. Here everything, it will be noted, is on a 
“unit” basis. 

In order to determine the “strength” g of a given field 
at a specified point, someone had the happy thought of 
placing a unit charge at that point and measuring the 
resulting force action. This concept of field intensify is 
based on the second law and is most useful in the formula¬ 
tion of problems, although no one ever attempts in a 
practical way to measure a umt charge, place it in an 
electrostatic field, and then with some sort of spring scale 
or balance measure the resulting force action. 
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But V = ^S; therefore (eight concept), 
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Whatever the invisible and mysterious thing is that 
surrounds a charged wire produces force action on elec¬ 
tric charges. To assist in the visualization of this 
phenomenon Faraday’s concept of lines of flux may be 
used, drawing a line per sg^are centimeter for each d 3 me 
of force action (third concept). Since at any point distant 
one centimeter from a unit charge concentrated in a 
point the force is one d 3 me, and since a sphere of unit 
radius has an area of 4ir square centimeters, it follows that 
the field around a unit charge may be represented by 4ir 


Not a very good idea, the reader may say, because no good 
instnunent for measuring the work is available. The 
idea is all right but the trouble is in the instnunentation. 
Now this idea may be used in both magnetics and elec¬ 
trostatics in measuring “elevation.” The “elevation” 
(electric potential) of a charge is measured as numerically 
equal to the work done in carrying a unit charge from 
infinily (the “sea level” or absolute datum plane of elec¬ 
tric potential) to the point at which the potential is to be 
determined. Expressing this mathematically, 



Figure 3. Sketch of the component fields surrounding the 
conductors of a single-phase circuit 


lines of flux, the lines radiating from the charge like the 
spines of a sand bur (concept number 4). If, instead of a 
unit charge, the charge be of 2 units, the total flux will be 
4x2 lines and the flux density (concept number 6) will be 
the total flux ^ divided by the area, or =* W/A lines per 
square centoeter. D, it will be noted from the previous 
discussion is equal numerically to the number of dynes of 
force acting on a unit charge in air and in this case is also 
ntunerically equal to g. 

In certain media a given charge of electricity produces 
more force action than does the same charge in air. To 
illustrate, the charge that will produce a field intensity of g 
and a flux d^ity of in air will produce K times this 
flux demity in a specific medium. This, of course, , is an 
exemplification of the fourth basic law. The factor K is 
called the dielectric constant and corresponds to specific 
conductivity in the electric , circuit and to permeability in 
the magnetic circuit (as F « fjJT). It is apparent from 
this discussion that the dielectric constant of air is miity. 
Someone who wishes to attain fame might achieve his 
wish fr he were to discover some natural or synthetic 
material of which the dielectric constant is as much greater 
than the dielectric constant of air as the permeabilify of 

even a low grade of steel is greater than the permeability 
of air. 

When a one-pound weight has been lifted through an 
elevat^n of 10 feet, 10 foot-pounds of work has been done. 

That is, the w^ork done is equal, in this Case, 

to the elation. This simple deduction produces an idea¬ 
te height of a mountahi could be measured by determin- 
^ the mnbunt of work done in elevating a given mass 
from the datum plane to the sununit pf the mountain. 



where g is the field intensity (force action on a unit charge) 
and E is the potential at a point distant r centimeters from 
the point where the inducing charge is located. In the 
general case g is some function of r. To illustrate, if an 
electric charge of q units is concentrated at a point P, the 
field intensity of another point r centimeters distant from 
P is, by the second concept, g = qjr^. Therefore the 
electric potential at the point r centimeters distant from 
Pis 



Thus the seventh concept, the concept of electric poten¬ 
tial has been derived. The fact that the field intensity 
g usually is some function of the distance r adds complica¬ 
tions in the practical applications of the concept. 

The eighth concept grows out of the previous one. It 
is more important practically, because ordinarily one is 
interested not in absolute potential (elevation above the 
absolute zero of elevation) but in difference of potential 



(difference in elevation). By way of illustration, the 
voltage between 2 points, distant ri and r, centimeters, 
re^ectively, from the point P a.t which is concentrated a 
charge of 2 units is 



Before integrating this expression, substitute for g its 
value in terms of 2 and r as indicated in the previous iUus- 
.^tration. ;■ 
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If this equation be differentiated, 2 useful relations re¬ 
sult: 

dV 

dV = gdr and g — — 
dr 

If the field intensity along a path is uniform, then g will 
be a constant and not dependent on the distance r. The 
voltage between 2 points on this path, located I centi¬ 
meters apart is 

V “ « dr = g/ 

But from the sixth concept, g = JDJK] therefore, 

~ K AK 

where A equals the cross section of the flux path in square 
centimeters. But AD = and so 

V ^ ^ S 

AK 

where 

It will be noted from these algebraic formulations that 
out of this concept grows the important relation, V - 
<bS, where V has the significance of voltage or difference 
in elevation or pressure, the significance of flux and *5 
that of resistance. {S sometimes is called elastance and 
is measured in units known as darafs.) Thus this relation 
is similar to £ * IjR in the electric circuit and to * m 
in the magnetic circuit. 

Also the reader will see that elastance iS" =* IfK-A is 
similar to reluctance in the magnetic circuit, where (R = 
IjpAt and to resistance in the electric circuit, where 
R = IjpA (the factor p is the reciprocal of resistivity). 

Another idea of importance is that the term g is equal 
to dVJdR, that is, to the rate of change of voltage with 
distance, or to the so-called potentid gradient. The 
quantity g, therefore, can be measured in volts per crati- 
meter, volts per inch, or other suitable units. Also smce 
g == DJK it is apparent that g varies directly with the 
didectric flux density. This idea is of great value to the 
engineer in desigiling insulation because points at which 
the flux density is high are the danger points as far as 
insulation breakdown is concerned. . . 

The ninth concept is well known, but the relations 
between 5 and C may not be so well rem^ere^ 
the relation s - FC a capacitor seems to be o^- 

trical tank into which electrons can be pushed and the 
more electrons that are crowded into the ta.nk, -^e greato 
the pressure F will be. Prom another pomt of ^ew ^e 
relation C = l/47r5 indicates that from the dielectric 
circuit standpoint cipacitance is akin to permeance, or 
the reeipi^cd of reluctance in the magnetic circuit. ^ 
The first 2 ‘ ‘boxes” contain about aU tha-t is needed to 
solve most of the problems in electostatics. The m- 
cultv conies in the appKcation of this basic knowledge. 

2 somewhat different procednres are followed, 
either se^tely or in combination, m the solution of such 


I I WIN I 

NEGATIVELY CHARGED B^E 
5000 FEET ABOVE lEARTH 


rINSULATED FLAT METAL ROOf- 


= .EARTH POTENTIAL-ZERO 

Figure 5. Sketch showing how an insulated object close to 
earth may have a potential introduced in it by a charged cloud 

problems. Rather arbitrarily, and with no offense intended 
to either group, for the present one method may be 
called the method of the physicist and the other the 
method of the engineer. One method consists of placing 
imaginary charges at desired points and computing their 
effects. The other method accomplishes the same end by 
visualizing of lines of flux and determining the desired 
results from formulas applicable to this visualization. 

In the twin boxes headed “Physicist” and “Engineer” a 
few lypical examples have been worked out illustrating 
the application of the 2 procedures. The reader will 
notice that under the procedure headed “Physicist” a 
charge is assumed on the capacitor plate or wire, the gradi¬ 
ent is determined at some point, as at x distance, and 

then the gradient is integrated to obtain the voltage be¬ 
tween plates or wires, the capacitance being later deter¬ 
mined if desired by the g — VC relation. Under the 
other procedure the elastance 5 is determined from the 
physical dimensions and then .the capacitance from the 
relation C = l/4:irS. As dastance depends only on 
physical dimensions and quality of insulation, this method, 
as far as technique is concerned, is similar to the deter¬ 
mination of resistance in the dectric circuit and rductance 
in the magnetic circuit. This is of practical importence 
where the design involves forms not reducible to simple 
geometric figures and where, therefore, mapping of the 
fidd is necessary. In general, with this procedure the 
engineer may use the Same methods for solving didectricr 
circuit problems that he uses in solving dectric- and mag¬ 
netic-circuit problems,. This does not condemn the first 
procedure, however, for these procedures are but tools in 
the engineer’s tool Ht. No one would toin k much of a 
man’s ability as a carpenter if he used the same saw to rip 
rough work and to cut off pieces of fiiuslmg lumber. 
Each tool has its advantages and the one used should be 
the one that will do the job most efficiently. 

In the third example, using the second procedure, an 
equation for the absolute potential of wire ^ has been 
set up in terms of fluxes and dastances. In this ^e 
there were 2 energized wires ^d therdore wire A is in 2 
component fidds: its own fidd and that set up by wire J?. 
There are 2 terms in the equation> therefore. Had it 
N been a 3-phase circuit with 3 wires there would have been 

, 3 terms, and so on. In tifis example, as m many probldns 

L in mechanics, the coniputer has the choice of using eith^ 
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the components or the resultant of the components. The 
component fields, that is the field set up by each wire 
acting separately are shown in figure 3, the resultant force 
at a given point P being shown together with the 2 com¬ 
ponents at this point. The resultant field between the 2 
wires is shown in figure 4. It is quite apparent that the 
component fields, because of their simple geometry, are 
much easier to work with than the resultant field. In the 
example under discussion each term in the absolute- 
potential equation represents the effect of a component 
field. 

As another example of the second procedure, assume 
that the potential to ground induced by a charged cloud 
as in figure 5 on a perfectly insulated metal roof must be 
determined. If the field under the cloud is reasonably 
uniform the potential of the roof can be estimated with 
some accuracy, because here, as with other series circuits, 
the potential of the roof has the same ratio to the potential 
of the cloud as the elastance from the roof to the earth 
has to the elastance from the cloud to the earth. Assum¬ 
ing the earth’s surface to be at zero potential (which is not 
often correct) the roof potential is 30/5,000 of the poten¬ 
tial of the cloud. In practice the potential never would 
be indicated by this calculation, because the roof would 
not be perfectly insulated from the ground. 


Finally, there is one other idea that may be of some use 
in clarifying the reader’s thinking relative to the dielectric 
circuits involved in transmission lines. Assume that 
water must be circulated through a large block of concrete, 
such as the Boulder Dam, for example. How could it be 
done? Someone might suggest that pipes or ducts should 
be placed in the concrete while the concrete was being 
poured. Quite true. Pumps then could be connected to 
these pipes and the water could be circulated without any 
difficulty except that offered by the resistance of the pipes 
to the flow of water. Now electrons travel through the 
air about as freely as water travels through concrete. If 
electrons are to be transmitted through the air, suitable 
holes or tunnels must be provided for them to travel in, 
just as holes through the concrete are provided to permit 
the circulation of water. When a line gang is sent out to 
build transmission lines, then, they really are being sent 
out to string electron holes through the air. 

If too much pressure is put on the water in the hole in 
the concrete, radial cracks or failure of the concrete around 
the circumference of the hole might be expected. Simi¬ 
larly, if too much voltage (pressure) is placed on the 
electrons traveling in the holes in the air (wires), failtnre of 
the air around the circumference of the hole (wire) will 
result and the phenomenon known as corona will appear. 
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Recently placed in operation at the East 
Pittsburgh (Pa.) works of the Westing- 
house Electric & Manufacturing Com¬ 
pany, the battery of automatic inclined 
punch presses shown at the left is part 
of a new straight-line-production system 
of manufacturing a-c motors of the 
standard industrial type, ranging in size 
from 1 to 50 horsepower. Rotor and 
stator laminations fail from these presses 
upon endless belts, which convey them 
to other conveyors and thence to auto¬ 
matic assembly jigs. Although the new 
motor aisle is intended to specialize in 
the production of ''standard*' motors it is 
said to have facilities for turning out 
special items, without impeding regular 

production 
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Scientific Research Applied to the Telephone 
Transmitter and Receiver 


By EDWIN H. COLPITIS 

FELLOW AIEE 


L et us recall a scene at the Improvements in the transmitter and receiver, 

Centennial Exhibition in instruments basic to the telephone art, continu¬ 
er Philadelphia in 1876. ally l>«ve led to a hisher srade of service and 

Across a room had been further economies. Research work has made 

strung wires connecting crude possible predetermination of performance by 
instruments, at one end of the calculation; the effect of studies of speech sounds, 

room a transmitter and at the hearing, materials, and testing methods on the de- 

other end of the room a re- velopment of instruments giving high quality for 

ceiver, Dorn Pedro, Emperor conversation is shown by this article, which is 

of Brazil, takes up the receiver based on one of three Iwadare lectures delivered 

and listens while Alexander 1937. 

Graham Bell speaks into the 
transmitter. The Emperor, 

astonished at hearing Mr. Bell’s voice in the receiver, 
exclaims in amazement, “My God, it talks.” 

When at the same place. Sir William Thomson (later 
Lord Kelvin) took up the receiver and listened to Mr. 

Bell, the words of this distinguished scientist were, “It 
does speak,” and continuing, “it is the most wonderful 
thing I have seen in America.” 

Sixty years have passed and, as a result of continued 
effort, the use of the telephone has become such an every¬ 
day matter that even the ability to talk from one continent 
to another scarcely excites comment or wonder. It is not 
surprising that, to the layman, the element of distance 
seems the most striking factor in the technical develop¬ 
ment of the telephone art. As a matter of fact, while the 
conquest of distance has involved much scientific effort, 
and very ingenious and highly developed rnethods for the 
transmission of speech currents, the magic of the t^- 
phone still resides in the instruments which provide for the 
conversion of mechanical energy, namely ^ech sounds of 
highly complex wave form, into electrical currents of 
corresponding wave form, and the reverse process of con¬ 
verting these electrical currents into speech sounds. These 
instruments, the transmitter and the receiver, are basic to 
the whole telephone art. As they have been unproved by 
development and design, it has become possible not oidy to 
render h higher grade of service but to effect economies m 
other p ortions of the plant. For example, the very exten- 

, ^ delivwcd in the sprins 1937 in- Japen under 

♦ Essential PoS^tion^ This foundation was established 

the (Institation of Electrical Engineers of Japan) for the 

in the Denki-Gakkwai Japanese electrical ehgineersto 

following pt^oswi jl) i for about one year, and (2) to invite 

the United States ea^ W to stuqy to deUyer several 

disringttishM *^*®*'^ t^e avtax The Japanese society asked the assist- 

engineers sent to toe United States 
ance of the AIBB to ^ g^ distinguished eiectrical engineers to lectors 

a conunittee for this pur- 

pose in W31» - el te t 

W i>i^red early in 1937 as a vice-preadeht of the Bell Tele* 

Edwin H. ConHcrrs t^ Mew^Vork N. Y., after having been engaged »n 
phone He'has been granted 

telepAoae ^^jJ*^*^tt^nuierous technical papers. Recently he was 

a the 8»».d Tra..Ml. ~0«- 


nsmitter and receiver, sive use of fine-gauge cables 

elephone art, continu- was, to a large extent, made 

r grade of service and possible by the development of 

arch work has made more efficient transmitters and 

1 of performance by receivers. Further perfecting 

udies of speech sounds, of these instruments promises 

ing methods on the de- additional improvements in 

giving high quality for service and some further 

r this article, which is economies, 

dare lectures* delivered Telephony, restricting the 

37. term to ordinary 2-way talk¬ 

ing between individuals, in¬ 
volves an element not present 
in any other service. It does not greatly concern one 
customer of an dectric light or power company whether 
another customer diooses to use inadequate or inefficient 
or poorly located lamps or other equipment. That is, 
each user of the service is, under any ordinary conditions, 
independent of all other users. In the case of telephony, 
however, the problem is entirely different; for one user of 
the telephone is greatly concerned with not only the ap¬ 
paratus furnished to any one 'wth whom he has occasion 
to talk but also with other factors affecting the use of this 
apparatus, such as the amount of noise in the room whdre 
fhp apparatus is located, the user’s habits of speech, and 
whether his ability to hear is normal. Tdephone instru¬ 
mentalities must therefore be so designed and the plant so 
engineered as to meet reasonably wide variations from 
what , may be termed normal conditions, and ratings of 

performance shoiild be similarly established. 

No fiinglp factor is more important to a sound develop¬ 
ment of this art than the subscriber apparatus. The re¬ 
search program basic to the development and design of 
transmission instruments has itself been a matttt of de-^ 
velopment as a better understanding of the probtos im- 
fplded and as the need for research in thfe or that direction 
beqame apparent. The research: probl^ basic to the 
development and design of transmission in^niments may 
be described as having the following very bro^d sco^^^ 
an understanding of their physical operation viewed aa 

electromechanical structures; an understandmg of ^eech 

mechanism and an accurate physical definition of speech 

airwaves; an understanding of the hearing processes and 

a determination of how hearing is affected by factors pres¬ 
ent in telephony. Also, the research program may be said 
to have included research upon pertain materials, the re¬ 
sults of which have an hnportant bearing dther Upon an 
understanding of the operation of instruments or 
upon their practical design. In addition to the develop¬ 
ment of many methods of me^dneht ^d testing ap¬ 
plicable to laboratory res^ch and development, of very 
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great importance has been a development of the testing 
methods which permit of a better final evaluation of the 
developments based upon the results of this activity. 

Instruments as Electromechanical Structures 

The telephone transmitter itself is a complex mechanical 
and electrical structure. Its general method of operation 
can be described quahtatively in relatively simple terms, 
but the operation of few structures is more difficult to de¬ 
fine in definite quantitative terms and relationships. For 
example, there are acoustical problems such as those in¬ 
volved in the air connection between the lips of the speaker 
and the diaphragm of the instrument. This air connec¬ 
tion may involve a short column of air as in those instru¬ 
ments which have a telephone mouthpiece. Connection 
between the column of air and the working parts of the 
transmitter may be partially closed by a perforated sec- 
, tion. When the operation of the instrument itself is con¬ 
sidered, there is involved the mechanical vibration of the 
diaphragm as it operates on the carbon, and further, the 
whole question of electric conduction in the smalt mgpf t of 
granular carbon itself. 

In the receiver which converts telephonic currents into 
speech sounds, there are very similar acoustical, mechani¬ 
cal, and electrical problems with the exception, of course, 
of the mechanical and electrical problems introduced by 
the carbon of the transmitter. 

A^large amount of research work has been, carried on 
relating broadly to the transmitter and the receiver as 
electro-mechanical physical structures. The theory of 
these devices as vibrating systems has been developed so 
that their over-all performance can be related to the vari¬ 
ous structural features. Consequently, development and 
design engineers are now enabled to predetermine by cal- 
cuktion how certain modifications in structure will affect 
the physical performance of the instrument. In other 
words, the design process has become very much less “cut 
and try.” 

Research has been undertaken and substantial progress 
has been made on a study of microphonic action in carbon. 


In order to develop a complete theory of the operation of 
the transmitter, it is necessary to understand fully what 
takes place between each carbon granule in the carbon 
chamber. 

Speech Sotmds 
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TIME - SECONDS 

Figure 1. Melodic curves showing the variation of pitch 
with time as the sentence *Moe took father's shoe bench out'* 
is spoken and sung : / 


The source of any voiced soimd is in the larynx. On 
both sides of this larynx there are 2 muscular ledges called 
the vocal cords. During breathing these ledges are widely 
separated, but when a voiced sound is produced, they 
come close together, forming a long narrow slit. As they 
come close together, the air passing through the resulting 
slit is set into vibration producing a sound. It has been 
generaUy supposed that the pitch of the tone thus pro¬ 
duced was determined by the natural frequency of vibra¬ 
tion of the 2 vocal cords, and that by changing the tension 
of these cords, the pitch of the tone can be raised or low¬ 
ered at will. The studies revealed that the natural pitch 
of these cords while a tone is being produced is consider¬ 
ably below that of the pitch of the tone. It is true that the 
pitch of the tone produced is affected, somewhat, by the 
elasticity of the vocal cord?, but it is principally controlled 
by the size of the air opening between them. The little 
plug of air between the 2 vocal cords vibrates through a 
very much larger amplitude than the amplitude of the 
cords themselves and is the real source of the sound. The 
mass of this small plug is controlled by the size of the open¬ 
ing and by the elastic forces pushing it to and fro—^namely, 
the air pressures on either side of it. It is evident that 
these oscaiating pressures will be influenced by the size 
and ^ape of the trachea leading into the lungs on one side 
and by the size and shape of the tongue, mouth, and nasal 
cavities on the other. The mechanical action involved 
is analogous to the electrical action in a vacuum-tube os¬ 
cillator. The sound which is generated at the vocal cords 

is modified as it passes through the throat, mouth, and 
nasal p^ag^. The real character of the sound which 
enables identification of words is wholly dependent upon 
the manner in which this cord tone is modified by the 
changing sizes, shapes, and characters of these passages 
and the outlet to the outside air. 

After the various speech sounds leave the mouth, they 
are transmitted to the ear of the listener by means of air 
vibration. As an example of the type of disturbance 
created ih the air, consider the sentence, “Joe took father's 
shoe bench out.” This silly-sounding^ sentence is chosen 
because it is used for making tests on the efficiency of tele¬ 
phone systems. The sentence, together with its mate, 
“She was waiting at my lawn,” contains all the funda¬ 
mental sounds in the Bnglish language tha,t contribute ap¬ 
preciably toward the loudness of speech. As the sound 
wave produced by speaking this sentence tfavds along, 
each particle of air over which it passes, executes a vibra¬ 
tion through its original or undisturbed position. The 
successive positions occupied by the particle as it moves in 
the complicated senes of vibrations eprre^onding to a 
spoken sound can be visualized in laboratory investiga¬ 
tions frotn oscillographic records of the corre^nding tele¬ 
phone currents. 
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Each successive particle of air along the line in which 
the sound is traveling executes a similar complicated series 
of vibrations but any particular oscillation is performed at 
a later instant by the particle which is farther away from 
the source of the sound. The disturbance in the air which 
represents a spoken sound may then be pictured either, as 
was first described, in terms of the successive positions of 
a single particle or in terms of the displacements at any 
instant of each of the particles along the line of travel of 
the sound wave. For example, for the sentence “Joe took 
father’s shoe bench out,” the disturbance canying the 
sound j in the word “Joe” is about 1,500 feet from the 
mouth by the time the sentence is finished. 

If an analysis is made of the wave when the sentence 
“Joe took father’s shoe bench out” is spoken, the varia¬ 
tions in pitch of the speech sounds can be determined from 
the vibration rate. Such an analysis is shown in figure 1. 
The variations in pitch are represented on the vertical 
axis, zero being taken at 1,000 cycles per second. The 
duration of the sounds in fractions of a second is repre¬ 
sented on the horizontal axis. It may be seen that the 
pitch rises and falls as the various sounds are spoken. This 
representation of the pitch variation is called the funda¬ 
mental melodic stream. It is the melody in the same sense 
as this term is used in music, although it is evident that 
th e pitch changes do not take place in musical intervals as 
would be the case if the sentence were sung. 

To show the contrast, a graph was made when the sen¬ 
tence was intoned on the musical intervals do, re, mi, fa, 
mi, re, do. An analysis of the graph gave the result 
shown in figure 1. In the case of the sung sentence the 
pitch changes are in definite intervals on the musical 
scale, while for the spoken sentence the pitch varies ir¬ 
regularly, depending upon the emphasis given. The pit<^ 
of the fricative and stop consonants is ignored in the musi¬ 
cal score, and since these consonants form no part of the 
music, they are generally slid oyer, m a ki ng it difficult for 
a listener to understand the meaning of the words. A 
singer’s principal aim is to produce beautiful vowel quahty 
and to manipulate the melodic stream so as to produce 
emotional effects. To do this, it is necessary in singing to 
lengthen the vowels and to shorten and give less emphasis 
to the stop and fricative consonants. It is for this reason 
that' it is more difficult to understand song than speech. 

There are 2 secondary melodic streams of speech repre¬ 
sented by the second and third curves from the bottom of 
figure 2, which are due to the resonances imposed upon the 
speech sound by the throat ^d mouth cavities. The 
numbers on these curves give the number of the harmonic 
which is reinforced. These 2 secondary melodic streams 
are not sensed as changes in pitch, but rather as changes in 
the vowel quality. Then there is a fourth stream, or, it 
would probably be better to say, a fourth series of inter¬ 
rupted sounds which are very high in pitch and are the 
sounds which enable us to identify the fricative conso¬ 
nants. The secondary melodic streams produced while 
speaking the same sentence are approximately the same 
for different persons^ even for a man and a woman, while 

the fundaihental melodic stream is usually quite dffi 

this latter stream is not used in identifying words, but it is 
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Figure 2. Melodic curves showing the variation of pitch 
with time as the sentence “Joe took father’s shoe bench out" 
is intoned on the musical intervals do, re, mi, fa, mi, re, do. 
The pitch changes in regular intervals rather than in irregular 
intervals as shown in figure 1 


used sometimes to give different meani n gs to the same 
words. 

As one listens to this sentence he hears the variations in 
loudness as well as in pitch. Loudness is related to the 
amplitudes and frequencies of the components of the tone, 
but this relationship is very complicated. It is dependent 
upon the action of the ear, including the nerve mechanism 
carrying the message to 'the brain. This relationship has 
been under study for several years so that it is now pos¬ 
sible to calculate from physical measurements the loud¬ 
ness for a typical ear and also to devise instruments for 
measuring approximately the loudness of any sound. 
The result of using such a device for recording the varia¬ 
tions of loudness in the spoken sentence which has been 
discussed is riiown in figure 3. For comparison, the varia¬ 
tions in pitch are also shown in "this figure. 

It is not possible here to describe the de'vices by which 
the energies and frequencies involved in speech are meas¬ 
ured accurately, but the results of this research work are 
interesting. When this sentence is spoken fairly rapidly, 
it will contain about 200 ergs of energy. About 600,000,- 
000 ergs of energy pass through the filament of an ordinary 
incandescent lamp each second. This shows that 'the 
acous'tic energy in ,this sentence is very small, exami¬ 
nation of the wave produced by this sentence riiows 'that 

the vowels contain considerably more energy than the 

consonants. Exact measurements have indicated that in 
ordinary conversation 'the ratio of 'the intensity of the 
faintest speech sound, which is th as in thin, ’ 'to the 
loudest sound, which is aw as in “awl,” is about on^ to 
500. The actual power used in producing the various 
sounds depends, of course, upon 'the spehk^ and the 
emphasis with which he pronounces the sound. The 
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Figure 3. Graph of the loudness of the various sound 
elements when the sentence '*Joe took father's shoe bench 
out" is spoken 


power in an accented syllable is 3 or 4 times that in a 
similar unaccented syllable. Measurements upon voices 
during a conversation have indicated that the average 
power in the q)eech produced is 10 microwatts. Some 
speak with more and others with less than this power. 
Tests on a sample group show that 7 per cent speak with 
less than one sixteenth the average power, 18 per cent 
use powers lying between one quarter and one half the 
average, and 4 per cent between 4 and 8 times the average. 
No speakers were found to use more than 8 times the 
average for conversational pxuposes. 

As a conversation proceeds, the speech power varies 
from zero during the silent intervals to peak values which 
frequently are 100 times the average power. Examina¬ 
tion of one-eighth-second-intervals throughout a typical 
conversation diows that for 17 per cent of them the peak 
power lies between 8 to 16 times the average over a long 
interval. It is found that the most frequently occurring 
value of the peak power is about 10 times the average. 

Although a typical voice of a man and a typical voice of a 
woman are alike in that they use the same average power 
and variations of power from this average, they are differ¬ 
ent in other respects. It is well known that the pitch of 
the voice of a woman is about one octave higher than that 
of a man. It was not known, however, until laboratory 
experiments revealed it, that the intensity of the compo¬ 
nents having vibration rates above 3,000 cycles per second 
was definitdy greater for voices from women than from 
men. For some reason which is not very evident, women 
use higher pitch sounds for producing the fricative conso¬ 
nants, and this results in greater pDwer in the regions of 
higher pitch. Every one who is familiar with transmission 
systems knows well that these high-frequency components 
are nearly always eliminated. While these sounds are not 
of controlling importance in properly tmderstanding 


speech, it is evident that the women’s voices are somewhat 
handicapped as compared with men in systems which 
eliminate them. 

Hearing 

Paralleling research on speech sounds, hearing has been 
investigated. Broadly speaking, the aim has been to ar¬ 
rive at an accurate physical description and a measure of 
the mechanical operation of human ears in such terms that 
they may be related directly to the electrical and acousti¬ 
cal instruments. The keenness of the sotmd-discriminat- 
ing sense has been measured, and the smallest distortion 
which the min d can perceive, and how it reacts to some¬ 
what larger distortions, has been determined. This in¬ 
formation is utilized in determining a reasonable basis of 
design both for separate instruments and for transmission 
^sterns as a whole, to give a proper balance between cost 
and performance. 

One of the first steps was to determine in a quantitative 
way the performance of ears as machines. It was ob¬ 
viously important to know how faint a sound the ear can 
hear, and also how loud a sound the ear can tolerate. 
With the advent of the vacuiun tube, it was possible to de¬ 
velop methods of accurately measuring the intensity of 
faint sounds and of readily producing sudb sounds. Figure 
4 gives the results of measurements made to determine the 
limit s of hearing. This graph is called the auditory sen¬ 
sation area. The lower solid curve represents the mini¬ 
mum soimd that an average young person can hear. The 
abscissa gives the frequency of the pure tone, and the or¬ 
dinate the sound pressure in dynes per square centimeter. 
The top solid curve represents the maximmn intensity of 
sound that the ear is capable of handling. This curve 
was determined by noting that intensity which produced a 
feeling sensation. Intensities slightly higher than this 
result in pain and in some instances serious injury to the 
ear. The dotted lines on either side complete the en¬ 
closure and represent the upper and lower limits of pitch 
that can be heard. From this figure, the upper or lower 
limit of pitch obviously is greatly dependent upon the 
intensity at which the sound is produced. It may be seen 
that near the middle range of frequencies, the pressure 
range is one million to one. The pitch range of pure tones 
is from about 16 to 25,000 cycles per second. 

These results are for young adults, and it may be of in¬ 
terest to note that as one becomes older the hearing acuity, 
at the higher frequencies particularly, becomes less. In 
table I are shown some measurements to determine what 
the effect of age would be upon the hearing acuity; these 
are average values obtained from measurements on a large 
number of persons. 

Another important measurement of average hearing 
that concerned with minimum perceptible differences in 
pitch and in intensity. Car^ul measurements on large 
groups of people have given reliable data. Near the 
threshold changes in intensity of about 4 decibels are nec¬ 
essary to be perceptible, while at fairly high intensities 
about V 4 decibel is all that is necessary for the change to be 
perceived. Minimtun perceptible differences in pitch 
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vary from about 0.0025 octave to 0.19 octave, depending tain specially selected anthracite coal. In its natural 
on the frequency and the intensity. The results of this state, this coal exhibits none of the characteristics re¬ 


line of investigation have an important bearing on the 
physiological theory of hearing, and another important 
result has been ^e development of methods of determining 
the degree of impairment of hearing. 

In telephony we are, of course, not directly concerned 
with simple sounds, but with the highly complex soimds 
of speech, and these are on actual telephone circuits gen¬ 
erally associated with extraneous sounds which may be 
grouped under the broad term of noise. Further, tele¬ 
phone instruments are not perfect, and could be made to 
approach perfection only at a great expense. In order to 
arrive at a quantitative understanding of the importance of 
departures from perfection in telephone transmission ele¬ 
ments and conditions of use, the general procedure in very 
general terms has been as follows: Transmission systems 
so nearly perfect that even the keenest ear could not find a 
flaw in their transmission performance are set up, and 
then measured imperfections or vsuiations are introduced. 

By this general process, the effect of noise of chosen in¬ 
tensities either as noise present in the telephone receiver or 
as noise in the room was determined. Similarly, the effect 
of a line or other characteristic such that voice frequencies 
above a certain value or below a certain value were not 
transmitted, was determined. The effect of introducing 
a highly resonant element or of a nonlinear ele m e nt was 
studied. The range in loudness of speech necessary for 
best reception was likewise measured. 

As noise became recognized as a very real factor, a 
standard basis for noise measurements was established. 
Consequently it is now possible to measure noise on a tele¬ 
phone circuit or in a room, and to state the result in terms 
of a standard unit. 

Materials 

In the practical design of mod^ telephone instru¬ 
ments we owe a large debt to the c h em i st and the metal¬ 
lurgist. Modem molding materials and processes are 
utilized in order to secure forms of apparatus satisfactory 
from the standpoint of appearance and of mechanical 
strength. The newer types of permanent magnet steel 
provide possibilities of light-weight and very efficient 
magnetic structures. 

It is a most striking circumstance that commercial 
tdephony is dependent upon the performance of a small 
mass of carbon granules in the transmitter. No single 
entering into the constraction of telephone ap¬ 
paratus has therefore greater importance. In America 
at least, transmitter carbons are largely derived from a cer- 
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quired for its use in a transmitter. These characteristics 
or properties are secured by heat treatment. These heat- 
treatment processes were for many years the result of em¬ 
pirical development and were not well understood nor, as 
is now recognized, adequately controlled. This resulted 
in a product of uncertain quality. An important task of 
the BeU Laboratories was therefore to study each step in 
the process of producing carbon and to develop a process 
definitely specified at each step, which would be capable of 
giving the desired uniform quality. The results so far ob¬ 
tained have had very important reactions upon trans¬ 
mitter performance. The Laboratories have also set them¬ 
selves the more elementary task of understanding the 
fundamental properties of carbon contacts. One impor¬ 
tant element of this research is to determine the causes of 
resistance changes produced when the compressive force 
on a mass of carbon granules is changed. It is too early 
to report results from tiiis research, but it seems clear that 



granulai’ carbon will be an unportant ele m e nt in the design 
of transmitters for many years to come, and we should seek 
to obtain complete fundamental knowledge of its opera-, 
tion. 

Testing Methods 

Broadly speaking, methods of testing have been de¬ 
veloped, first, to enable the development and design engi¬ 
neer to determine quantitatively the various performance 
factors of the apparatus under development, and second, 
to determine how well the apparatus which has be^ de¬ 
veloped performs under service conditions. In the Bell 
Laboratories, methods have been developed during the 
last 20 years for measuring the physical constants of the 
apparatus involved so that this apparatus may be an- 
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alyzed as dectromechanical structures. Further, in the 
design of telephone transmission apparatus we are con¬ 
cerned with a power transmission system in which the 
design engineer has no control over the power source, the 
human voice, nor over the receiving agency, the human 
ear. His control is limited to the conveyance of power 
from speaker to listener. In the Laboratories, therefore, 
we have recognized that it is necessary, at least with our 
present knowledge, to supplement physical measurements 
by measurements involving speech sounds and the human 
ear. Some years ago, these tests consisted of compari¬ 
sons between different instruments or transmission ele¬ 
ments made by the process of talking first over a circuit 
containing, for example, one instrument, and then over the 
same circuit containing a different instrument: Depend¬ 
ence was placed wholly upon the listener’s skill to detect 
differences in volume, quality, and intelligibility. It was 
recognized that this method of testing left much to be de¬ 
sired. Owing to the limitations of the human ear, small 
volume differences could not be detected, but even more 
important, this simple test furnished no very accurate 
measure of speech distortion affecting intelligibility, and 
obviously no definite information as to the relation be¬ 
tween volume, various types of distortion, and over-all 
effectiveness. 

Doctor George A. Campbell, in 1910, proposed a method 
of testing which has been highly developed in the Labora¬ 
tories. This method, termed “articulation testing,” 
measures the relation between the reproduced and im¬ 
pressed sounds from the standpoint of effects on intelligi¬ 
bility of different kinds of distortion. This method has 
been described in several publications. Briefly, in this 
method, lists of syllables diosen at random and usually 
meaningless monosyllables are called over the circuits to 
be rated, and the percentage of syllables correctly under¬ 
stood gives a measure of the circuit performance. Fur¬ 
ther, the method has been extended to give quantitative 
measures in terms of the recognizability of reproduced 
speech sounds, of the effects of loudness of these sounds, 
and of the noise which may be present. 

While various physical tests and the articulation test 
method are exceedingly useful tools in the hands of the re¬ 
search and development engineer, they do not give a 
direct measure of the transmission service performance of 
a circuit in terms of the ability of the user to carry on a 
conversation under actual commercial conditions. This 
ability of the user to carry on what may be termed a suc¬ 
cessful tdephone conversation depends not only upon the 
performance of the telephone instruments and circuits but 
also, to a substantial extent, upon the users’ own perform- 
ances—^the subject material of conversation, how they 
talk mto the transmitters, and hbw they hold the receivers 
—and upon the room noise conditions. In other words, 
there are a number of factors random in nature which, 
while beyond the control of those who design and engineer 
the telephone plant, must be tak^ account of in rating 
the sdvic^e performance. 


following steps: In order to take suitably weighted ac¬ 
count of all the factors involved, service performance 
ratings should be based on service results, that is, trans¬ 
mission service performance should be measured by the 
success which users of the telephone circuit have in carry¬ 
ing on conversations over the circniit. W'ith the various 
factors in mind, we have fixed upon what we have termed 
“effective transmission” ratings for transmission plant 
design. These ratings are based on a determination of the 
repetition rcLte in normal telephone conversations. 

As the effect of a change in a circuit depends upon its 
initial characteristics, it is necessary in order to be able 
to compare numerical results to have a basic circuit for 
reference. By suitable choice of basic circuit, it is pos¬ 
sible to express the effects of changes in any one trans¬ 
mission characteristic in terms of the attenuation of the 
trunk. For example, the effect of changes in sidetone 
level in the subscriber’s set can be ej^ressed as so many 
decibels change in trunk attenuation. 

Association of Transmitter and Receiver 

In order to furnish a convenient 2-way talking circuit 
over a single pair of wires, the transmitter and the receiver 
at each end of the circuit must be continuously associated 
in the circuit. This has been accomplished by various 
circuit arrangements since the early days of the telephone, 
and as every user of the telephone knows, leads to the con¬ 
dition that when speaking into the transmitter one hears 
his own voice in the receiver. Local speech so heard is 
designated as sidetone. The Laboratories have carried 
on research in order to determine the effect of sidetone on 
the over-all efficiency of the circuit. Sidetone above a 
certain volume has been found to decrease the conversa¬ 
tional efficiency of the circuit. Parallel with the study of 
the effects of sidetone, research has been carried on on 
methods which could be applied to limit sidetone in 
amount to more nearly its optimum value. This has led 
to the development of what are knonm as anti-sidetone 
circuits, which do not eliminate sidetone but reduce it to 
an amount which is more nearly that found to be desirable. 

An important step in the association of the transmitter 
and the receiver is represented by the handset which pro¬ 
vides a rigid mechanical connection, between the 2 units. 
This rigid mechanical connection introduces mechanical 
coupling between the receiver and the transmitter, which 
had to be given very serious consideration in order to avoid 
speech distortion. 

Trends in Instrument Development 

I have broadly indicated fidds of research which under¬ 
lie the development and design of the telephone trans¬ 
mitter and receiver. It will now be of interest to note 
what application is likely to be made of the results of what 
has amounted to an enormous total of scientific effort. 
In this connection, it may be well again to emphasize that 


Much thouglit and effort have been ^ven to the prob¬ 
lem of how best to determine transmission service per- 
formaace. Very briefly stated, we have been led to the 


station apparatus is intimately associated with the user, 
and has therefore to be designed to fit him, his habits of 
using the telephone, ahd the conditions attending such 
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use. The handset has to be designed to fit his head, the 
holes in the dial to fit the size of his finger, the beH to be 
loud enough, and so on. Our effective transmission rating 
system has been set up in an attempt to rate the perform¬ 
ance of the telephone when employed by the customer in 



FREQUENCY-CYCLES PER SECOND 

Figure 5. Comparison of the response-frequency charac¬ 
teristics of telephone instruments 

the way he wants to use it, under the conditions surround¬ 
ing him. For this reason, this method of rating has been 
found particularly valuable in the development work on 
instruments. 

Because of the wide range of customer usage and condi¬ 
tions, a number of factors have to be taken into account in 
the design of the apparatus. Also, because this apparatus 
is located on the customer’s premises, where it is rela- 


t 3 rpe are in the order of 60 decibels more efficient as trans¬ 
ducers of acoustic to electric energy than the earlier type. 

Both the transmitter and the receiver operate by means 
of diaphragms which have natural periods of vibration. 
These resonances and the resonances of the air ^aces on 
each side of the diaphragm were used to obtain as efficient a 
transfer of energy as possible. In the early design, a great 
deal of attention was also given to locating these reso¬ 
nances at the portion of the frequency range where they 
would tend to increase the intelligibility of the reproduced 
sound. As a result, both instnunents were made very 
efficient in the region of 1,000 cycles, which lies within the 
range where the ear and the sensation of loudness are most 
sensitive. 

It was recognized that these resonances caused unde¬ 
sirable distortion, but under the conditions the resulting 
increase in efficiency more than compensated for this dis¬ 
advantage. As time went on, the diaphragm resonances 
came to be looked upon as practically inherent in com¬ 
mercial transmitters and receivers, because no way was 
known of eliminating them without making a very mate¬ 
rial sacrifice in the efficiency of the instrument. 

About 20 years ago, the development of the vacuum- 
tube amplifier and the high-quality condenser transmitter 
made it possible to demonstrate and measure quantita¬ 
tively the advantages of reducing distortion. These high- 
quality instruments, the improvement in measuring tech¬ 
nique, and the development of improved methods of de 
signing vibratory systems offered the promise of providing 
instruments in which the resonance effect could be re¬ 
duced without imduly affecting efficiency. 

The first commercial instrument for station use, which 
demonstrated the possibility of carrying out this promise, 
was the transmitter employed in the handset first supplied 
by the Bell System in 1927. This transmitter had to meet 
the requirement of giving the same transmission service 
as transmitters of the deslretand type, and at the same time 


tively inaccessible to the telephone personnel, it must be meet the very exacting requirements imposed by the 
capable of standing up without tmdue trouble under this handset to make it free from howling and capable of per- 
wide range of usage and conditions. To strike a proper forming over a wide range of positions. The diaphragm 
balance in meeting all these factors requires an intimate resonance was damped to a large extent by the use of 
knowledge of the field conditions as well as of the develop- paper rings and, by lightening the structure, the point of 
ment and manufacturing possibilities. A continuiiig maximum response was moved up in frequency so that it 
close contact with field experience is employed to modify no longer coincided with the peak of the receiver. The 
the designs toward securing the proper balance to meet effect of this was not only to broaden the response charac- 
these factors. teristic and improve intelligibility, but also to reduce the 

In order to indicate more clearly the present trends in gain in the local howling circuit which is, of course, a 
design, I ^all refer briefly to the earlier art. In the early maximum when both transmitter and receiver have their 
development of transmitters and receivers, the matter of greatest efficiency at the same frequency. The same 
getting efficiency was of primary importance since this separation of peaks resulted in the received ^eech being 
cotdd be evaluated directly in terms of the amount of less loud, but in spite of this the over-all performance was 
copper required in the connecting line. The early trans- equivalent to that of the best deskstand type of instru- 
mittem, which were of the same construction as the re- ment then available. 

ceiver, depended on the generator action of a diaphragm With this accomplishment, fuller work was directed 
and coil and developed sufficient power to be heard over toward maintaining the lower (portion and increasing 
only a few miles of heavy-gauge wire. Some amplifica- the efficiency. The transmittm:’ introduced in 1934 repre- 
tion was necessary before telephone communication could sented a marked improvement along this line. This in- 
begin to assume the proportions of a widespread service, strument still further broadens the transmitted frequency 
This amplification was obtained at a reasonable cost in range and is used with about the same efficiency in 4esk- 
the carbon-contact transmitter. Transmitters of this stands, handsets, wall sets, and coin-collect sets. 
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A new lype of handset is being introduced in the Bell 
System in 1937 which, in addition to having a more pleas¬ 
ing and simplified design, will incorporate the new trans¬ 
mitter mounted in such a way as to make fullest use of its 
ability to transmit efficiently over a wide-frequency band. 

During this evolution of the transmitter, the knowl¬ 
edge which had been gained as to the importance of trans¬ 
mitting different widths of frequency band over commer¬ 
cial telephone circuits led to the establishment of the range 
from 250 to 2,750 cycles for designs of new circuits. It 
was not the intention in the establishment of this range 
that circuits should not do better than this where it is 
possible without materially increasing cost, but that all 
circuits should be at least as good as this. The estab¬ 
lishment of this frequency range took into account a num¬ 
ber of factors of which a very important one is that the 
over-all utilization of this range from the sound entering 
the transmitter to the sound output of the receiver provides 
a grade of transmission which is highly satisfactory for the 
reproduction of conversational material. 

The establishment of this frequency range played a 
part not only in the design of circuits, but also in guiding 
the evolution of the transmitter and receiver. The trans¬ 
mitter last referred to meets this requirement very well. 
In fact, its efficiency is fairly uniform for a frequency 
range extending beyond 4,000 cycles. 

The next step in the process was to improve the per¬ 
formance of the receiver. A pronounced resonance at 
1,000 cycles was no longer necessary since means had been 
found to improve the efficiency of instruments in other 
ways than by concentrating aU the resonances at one 
frequency. The importance of the higher frequencies in 
transmitting and reproducing the transient sounds char¬ 
acteristic of the consonants in speech led to placing more 
emphasis on these frequencies and attempting to produce 
more uniformly the band of frequencies which was set as 
a limit for circuits. This has now been accomplished in a 
practical fashion in the receiver which is being introduced 
in 1937. 

The effect of this evolution in the design of station 
instruments may be brought out by a comparison of the 
over-all response characteristic—that is, the relation of 


thermore, this variation of 15 decibels applies approxi-^ 
mately for the range of from 250 to 2,750 cydes which was 
mentioned as the transmission range requirement for the 
design of new circuits. In regard to the variation of 15 
dedbels in this frequency range, there is good indication 
tiiat this response is more desirable than one of no varia¬ 
tion, from the standpoint of having the tdephone per¬ 
formance approach that of direct air tr ansmissio n. 

In addition to these improvements in frequency response 
and effidency, the intensive devdopment program on these 
instruments has improved materially the stability of the 
carbon transmitter under service conditions. This is an 
important factor in extending the useful life of these in¬ 
struments and in reducing tiie cost of maintaining the 
desired transmission performance. 


Proposed Recommendations for Measure¬ 
ment of Surge Voltages and Currents 

I N THE July 1936 issue of Elbcttrical Engineering 
the subcommittee of the AIEE committee on instruments 
and measurmnents presented a report giving the revised 
values for 60-cyde sphere-gap calibrations. The values 
for impulse voltages, however, were hdd pending de¬ 
vdopment of instructions for their use. A new report by 
the same committee now has been made available con¬ 
taining the proposals defining the applications and use of 
sphere spark gaps for both 60-cyde and impulse measure¬ 
ments. This report also corrects certain errors made in 
the statement of 60-cyde values as published in July 1936. 

The recommendations induded in the report were 
formulated in recognition of a general need for a surge 
measurement standard from which could be derived 
necessary measurement technique for the surge-testing 
codes for apparatus and materials. Particular code re¬ 
quirements wiU necessitate varying measurement tech¬ 
nique, and it is expected that this proposed standard will 


the sound delivered to the ear to the sound available at serve as a somce from which can be drawn all the necessary 
the transmitter—for a typical tdephone connection having measurement recommendations required. Accordingly, 
in one c^, both terminal instruments of the 1920 type it is urged that it be viewed and used in this way. For 
and, in the other case, the terminal instruments of the specific measiuement recommendations applying to a 
new 1937 type (figure 5). In this typical circuit, the particular apparatus, the test code for that apparatus 
trunk has been taken as free from distortion so that its should be consulted. 

effect will not influence the indicated performance of the When approved by the AIEE standards committee, 
instruments, although the circuit does include 2 22-gauge all of the material contained in the subcommittee report 
loops each 3 miles long. will become a part of the proposed complete revision. 

At the resonance point of the old instruments, just over now under way, of the present AIEE Standard No. 4, 
1,000 cycles, the over-all response in going to the new “Measurement of Test Voltage in Dielectric Tests.” 
instruments is reduced by almost 30 decibels while the Those interested in the subcommittee report on the 
response in the range from 2,000 to 3,000 cycles is in- “Proposed Recommendations for Measurement of Surge 
creased by oyer 20 decibels. In the frequency range from Volta,ges and Gurrents and the Sphere Gap Calibration 
600 to 2,000 cydes, the circuit employing the older in- Standards” may obtain a complete mimeographed copy, 
struments shows a variation of over-all response of over without charge, by writing to H. E, Farrer, secretary 
30 decibels. For the new i^e, the variati^ for this . AIEE standards committee, 33 West 39th Street, New 
same frequency range ite reduced to 15 decibels, and, fur- York, N. Y., 
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Forty Million Kilowatt-Hours for a Fair 


I LLUMINATION PLANS for the 1939 Golden Gate 
International Exposition on San Francisco Bay call 
for consumption of an estimated 40 million kilowatt- 
hours of energy during the 288 days of the fair, from 
February 18 to Dec^nber 2,1939. 

The Exposition’s site is a 400-acre island, created by 
dredging in the center of the harbor near the mid-point 
of the San Francisco-Oaldand Bay Bridge. Power will 
be delivered at a 16,000-kva substation on this “Treasure 
Island” through 3 submarine cables, each 9,000 feet long, 
from the mainland. Distribution win be made by 10 
miles of 4,000-volt underground 3-phase feeders, ap¬ 
proximately 25 miles of streetlighting cable, and an un¬ 
determined length of secondary. 

Approximately $1,000,000 is budgeted for illumina¬ 
tion and electrical installation, and intensive field work 
will be started in the spring of 1938 after underlying water 
and sewer lines have been laid. Installation is divided 
into permanent and temporary classifications, for 3 build¬ 
ings win remain after the close of the Exposition as air 
terminal building and hangars for the municipal airport 
that will take over the island. Other buildings will be 
razed. Decorative installations will use knob-and-tube 
work, but aU interior wiring will be in conduits. 

Exterior lighting, expected to set new standards of 
beauty, has been worked out by a committee of iUumination 
engineers. The plan calls for extensive use of the new 
“fluorescent tube,” a development not yet on the market. 
These 15-watt gas-fiHed tubes, moimted in trough re¬ 
flectors and used for floodlighting, give spectacular ef¬ 
fects particularly in pink, blue, green, and white. 

Searchlight scintillators, marching cylindrical lanterns, 
moonlighting, flush lights, steam urns, and water effects 
have their necessary place in the night picture, and un¬ 
usual methods of their use are being worked out. At 
some points, as in the Court of Reflections, lighting will 
be restrained to encourage a placid mood for greater en¬ 
joyment of the scene; at other points, such as the 40- 
acre Midway, the only restrictions will be against exces¬ 
sively bright exposed lamps that would violate the har¬ 
mony of the whole. 

“Stunts” will be few in number, for the intention is to 
create a pastel picture of mystery and fantasy, aiding in 
the interpretation of the basic creation of architects, land¬ 
scape artists, sculptors, and colorists. Utilitarian road¬ 
way lighting will be so designed that it will not detract 


These setbacks will be flooded in varying intensities or 
graduated colors to preserve their positions, with the 
monotony of normal floodlighting broken by highlights 
or color changes based upon flags, niches, and architec¬ 
tural dements. Flatness will be rdieved also by large 
cirdes of color, by the shadows of palm trees, and by ultra¬ 
violet radiation playing from concealed projectors on 
fluorescent paint. 

Trees generally will be treated as dark masses, or as 
silhouettes against glowing backgrounds. Lip lighting 
and jets will mark the rims of pools, and a feature will be 
a reproduction in the Port of the Trade Winds of Old 
Faithful geyser, playing to its full height of 160 feet at 
brief intervals and lighted by searchlights in changes. At 
the opposite end of the mile-long island will be an aurora 
of scintillator beams, created by 24 arc searchlights of 
36-inch diametar. 

Supplemental to standard lighting will be a power 
system for stage and spot lighting which can be adapted 
to special pageants as required. Interiors of exhibit 
buildings will be illuminated-uniformly by day and night, 
with no windows to mar the planned effectiveness of 
displays. A ^ectacular feature in several courts will be 
cylindrical lanterns, from 60 to 75 feet high and 6 feet in 
diameter, lighted by concealed tubes within. 

Colors will be restricted to harmonious groups of 2 or 
3 in each court; chiefly employed will be amber, green, 
red, apricot, blue, peach, gold, pink, and magenta. The 
400-foot central tower, an opportunity to the illuminator, 
will be a light amber at the base, shading into white of 
increasing intensity toward the q>ire. It will be topped 
by a searchlighted phoenix, rising from a bright red 
illumination at its base. The interior of the tower, viewed 
through tall arches, will be amber at the base and blend 
into a rose red at the upper level. 

More than $10,000,000 worth of buildings for this 
1939 World’s Fair are under construction in the fall of 
1937, pnd the programs of governmental and industrial 
participation are equally advanced. Except for firms 
planning to erect their own buildings, electrical displays 
will be concentrated in a hall of electricity and communi¬ 
cation. Central co-ordinating displays planned for this 
phase of the exhibit program include great rdief maps of 
the Pacific area, painted by “black light” on fluorescent 
paint to develop existing communication and power; lines 
from virgin country in a twinkling. 


from the illusion of a white 
“jeweled city” floating upon 
the water, and the $50,000,- 
OOO fair will be blended into 
an artistic architectural unit 
by day or night, rathm: than 
a disconnected ass^blage of 
exhibit buildings. 

Arc^tecturally, the E:q)o- 
sition wiU be a series of 


masses 

skyline 


carried toward the 
by stepped setbacks. 









Monthly Earnings of Engineers, 1929-34 


In this, the seventh article^ of a series reporting 
a survey of employment in the engineering pro¬ 
fession by the United States Bureau of Labor 
Statistics, data relative to the monthly rate of 
compensation received by engineers solely for 
engineering services in which they were en¬ 
gaged at the end of 1929,1932, and 1934, are 
presented. Comparisons may be ch’awn among 
professional classes, ages, and educational back¬ 
ground. 


I N 1929, the range in monthly 
engineering earnings of pro¬ 
fessional engineers was very 
great. Some 79 engineers re¬ 
ported earnings of less than 
$60 per month, while 168 
earned more than $1,880 a 
month. The median monthly 
earnings of the 28,611 report¬ 
ing engineers was $289. One- 
qnarter earned more than $416, 
while only 10 per cent had 
earnings greater than $609 a month. 

Between 1929 and 1934 there were progressive declines 
in monthly engineering earnings. While the sharpest 
absolute decreases occurred at the higher levels of earnings, 
the greatest percentage decreases took place at the lower 
earnings levels. Almost two-thirds of the decreases 
occurred between 1929 and 1932. 

Comparison of earnings by professional class, without 
regard to age, and the consequent effect of the varying 
age distributions shows that in 1929 the upper 10 per cent 
of mming and metallurgical engineers, highest at this 
level, reported earnings of not less than $792 per month 
as against $616 a month for civil engineers, who were 
lowest at this level. Second in order came chemical and 
ceramic engmeers, followed by mechanical and indus¬ 
trial, and electrical engmeers. For the upper 26 per cent 
of the reporting engineers the order of the professional 
classes was the same, monthly engineermg earnings rang¬ 
ing from not less than $372 for civil engineers to not less 
than $603 a month for mining and metallurgical engineers. 

At the middle and lower earnings levels, the differences 
in earning capacities of the 6 professional classes were less 
marked, although in each instance mining and metallurg¬ 
ical engineers and electrical engineers occupied the upper 
and lower extremes, respectively. ‘ 

In 1932 and 1934 the order of the professional rlasses 
at the 2 higher earning levels was essentially the same as 
that noted for 1929. At the 3 lower earning levels shifts 
occurred in this order in 1929, and there were further 
shifts in 1932 and 1934. 

^ On an age basis the 1929 monthly compensation for en¬ 
gineering services of the lowest tenth of reporting en¬ 
gineers was more than twice as high for those in the age Q-niio iwr a 
group 48 to 65 as for those of 23 years. At the upper 10 Method 


grees, this advantage was less 
clearly defined than was the 
case with earned annual in¬ 
comes. However, the extra 
years of experience which the 
“other" engmeers had while 
the graduates were in school 
permitted of their obtaining 
higher earnings than graduates 
only up to a point correspond¬ 
ing to 6 years after graduation. 
Even at 2 years after gradua¬ 
tion the differentials in earnings between the 2 groups were 
slight. Similarly, at 4 years after graduation, while at 
the median level graduate earnings ranged from $225 
for first-degree electrical engineers to $250 a month for 
first-degree chemical and ceramic engineers, among 
the “other" engmeers they ranged from $200 for engineers 
with secondary school education to $229 a month for 
mechanical and industrial engmeers with incomplete 
college courses. 

With advancing age there was a considerable advantage 
in engineering earnings in favor of the graduates. There 
was also a distinct variation in the eamiTig capacities 
among both graduate and “other" engmeers. 

The monthly engineering earnings of graduates con¬ 
tinued to increase several years beyond the point of maxi¬ 
mum earnings of “other" engmeers. The earnings of the 
latter either remained stable or declined at 30 years after 
graduation. 

While graduates who were 23V2 in 1929 and 28 Vt in 
1934 reported increased earnings for all kinds of engineer¬ 
ing, except mining and metallurgical, no increases were 
reported by any of the “other" engineers of corresponding 
ages. For older engineers, however, the decreases ap¬ 
parently affected both graduates and “other" engineers in 
almost equal measure. 

For mra of identical years of eiiperience, the earnings 
received in 1934 by both graduates and “other" engineers 
were all less than those obtained in 1929. The decreases 
reported by men with 6 years’ experience were, in general, 
greater than those of men with 2 or with from 10 to 37 
years’ experience. 


^ . - -upper 

per cent earmngs level, maximum earnings of $1,060 a 
month were reached in the sixties. Similarly, at the av¬ 
erage and at the upper and lower quarters of eamitig levels 
age 60 was the turnmg point. 

^ For men of identical ages in 1929, 1932, and 1934 the 
^ta reve^ that the greatest impact of the depression, as 
earnings were concerned, f^ upon men 

with from 2 to 5 years’e^erience. 

Al^ough the 1929 data on engineering earnings evidence 
an advantage m favor of men^ have «tgineering de¬ 

1460 


The earned annual incomes of any professional group 
are made up of earnings from profe^ioual work plus, in 


Fraser, Jr., of the Division of Hours Wanes 
and Working Conditions, Biweau of Labor Statistics, United States 

published in the November 1937 is^e eJUoSwi 
^bor IUv$€W. Artides reporting other phases of this survev were 

mBcwcM. Bnoinubkino US follows: ''Professions SKIfffSSnn 

^ucabon " August 1930, pages 863-7; "Unemploym^^tS EnSnSnf 
Profesdon,” February 1937, pages 216-23; "EmplovmS fa 2e 

* Engitteenng Income and Bandnn 
1937, pages 1089-1104; “Sources of Engineering IncomerS.?! » 

1987, pages 1363-68. A detailed report of the s^ey^l i 

bmletfa form by the Bureau of LaborStatisSs. ^ published latW iti 
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some cases, those received for other services. They are 
affected, moreover, by periods of partial or complete un¬ 
employment during the year. In this article an analysis* 
is made of the compensation engineers received solely for 
professional services during periods of employment, based 
on the monthly rates of earnings reported for all kinds of 
engineering work combined. 

As in the previous analyses of earned annual incomes, it 
has been necessary to assume that the kind of engineering 


tive total almost two-thirds occurred between 

1929 and 1932. 

At all levels, however, the changes in monthly engineer¬ 
ing earnings were very much less than those for earned 
an-niifll incomes. This was due to the fact that annual 
earnings reflect the combined effects of several factors 
which were operative in the depression years: (l) The de¬ 
cline in engineering earnings; (2) the acute unemploy¬ 
ment; (3) the deterioration m the nature of the available 



Table I. Comparison of 5 Levels of Monthly Engineerins Earnings for All Professional Engineers Reporting in 1929,1932, 

and 1934 

Fisures derived from adjusted data as explained on this page, and without regard to kind of engineering employment reported or type of education 


Per Cent at Specific Earning Level 

Monthly Engineering 
Earnings of More Than 
Spedfied Amount 

Amount of Decrease 

Per Cent of Decrease 

1929 

1932 

1934 

1929-34 

1929-32 

1932-34 

1929-34 

1929-32 

1932-34 

10 per cent. 


...S484... 

...8435... 

....$174.... 

...8125.... 

....849. 

....28.6 

20.6.... 

...10.1 

26 per cent. 


... 334... 

... 304... 

.... 111.... 

... 81.... 

_30. 

_26.7.... 

...19.5.... 

... 9.0 


.. 289... 

... 235... 

... 210... 

_ 79.... 

... 64.... 

_25. 

....27.3.... 

...18.7.... 

_10.6 


. 216... 

... 167... 

... 148... 

_ 67..., 

.... 48.... 

_ 19. 

....31.2.... 

...22.3... 

_11,4 

90 per cent. 


... 123... 

... 112... 

.... 60..., 

.... 39.... 

_ 11. 

....30.9..., 

,...24.1... 

_8.9 


employment reported for the end of the year was the source 
of the income for that year. 

Monthly Engineering Earnings 

Of the 33,852 engineers who reported as of December 31, 
1929, that they were professionally active prior to 1930, 
28,511, or 84 per cent, stated their average monthly rates 
for the engineering work in which they were engaged. 
These 1929 data, together with the adjusted* figures for 
1932 and 1934, are shown in table I, without regard to 
age or kind of engineering employment reported. 

As in the case of earned annual incomes, the range in the 
1929 monthly enginee^g earnings of professional engi¬ 
neers was very great. While some 79 engineers reported 
earnings of less than $60 per month, 168 earned more than 
$1,880 a month. The median monthly earnings of the 
28,511 reporting engineers was $289; one-quarter earned 
more than $415; and only 10 per cent had earnings 
greater than $609 amonth. The lowest 25 per cent of the 
reporting engineers earned less than $215 a month while 
the lowest 10 per cent earned less than $162 a month. 

Over the period 1929-^34 the dianges which occurred in 
monthly engineering earnings were similar to those pre¬ 
viously noted in the discussion of earned annual incomes: 

(1) Earnings prbgressivdy declined from 1929 to 1934; 

(2) the sharpest absolute decreases occurred at the highea: 
levels of earnings, but the greatest percentage decreases 
took place at the 2 lower income levels; (3) of the r^pec- 

2. See “Bngine^inir Income and Bamings, 1029-34,” Blsctjucax, BNann»K- 
iXo for September 1937, pages 1089-1104, for deUils of the scope and methods 
■ of aaabrsis. , ^ 

8. The procedure of adjiitistmoit adopted yas yniilar to that oatUned in the 
”Bm^loym«at in the Bntdneering Frofesrion,”. 1929 to 1934, BUBjcnacAb Bm- 
onmisinNO, May 1937, pages 624-81. The numbers of younger engineers re- 
pd^ig in each income Uass for 1932 and 1934 were rednoed in the ratio of 16 
to 32 and added to the corrmpoUdihg figures reported by the older engineers in 
1982 andT034.^ 


nonengineering work; and (4) the large influx of young 
engineers in the years 1930-'34. 

Clearly, earned annual income data cannot be used as a 
measure of the rates at which engineering services were 
purchased. Illustrative of this is the fact that in 1929 
only at the 2 higher earnings levels did earned annual in¬ 
come exceed 12 times the monthly earnings reported 
soldy from aigineering services. In the years 1932 and 
1934, the estimated annual earnings from engineering 
work only were greater at all 5 income levels. But while 
the lowest 10 per cent of the reporting engineers had 
earned annual incomes of not less than $872 in 1934, the 
monthly rate of earnings at this level shows a possible in¬ 
come of not less than $1,344 a year from engineering work. 

More particularly, however, while the, lowest 10 per 
cent of the reporting engineers engaged in engineering 
work in 1929 had earned not less than $162 per month, by 
1934 the monthly earnings at this level were not less than 
$112. This was a decline of 30.9 per cent. By contrast, 
the earned annual incomes of a similar proportion of en¬ 
gineer had declined by 53.6 per cent. At the next high¬ 
est in(X)me level, engineering earnings decreased by 31.2 
per cent, as against 41.3 per cent in the case of earned an¬ 
nual incomes. Similarly, average nionthly engineering 
earnings dropped by 27.3 per cent, whereas annual in¬ 
comes declined by 33.0 per cent. This decline in the aver¬ 
age earnings c^ered but little from those which occurred 
at the upper 10 and 25 per cent of the reporting engineers, 
namely, 28.6 and 26.7 per cent> re^ectively. The corre¬ 
sponding decreases in annual incomes of similar propor¬ 
tions of engineers were 31.2 and 31.6 per cent. In other 
words, while the range in the decline in engmeering earn¬ 
ings was from 26.7 to 31.2 per cent, it was from 31.2 to 
53.6 per cent for annual incomes. 

The finding and comments of the preceding analysis 
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also apply to the engineering earnings reported by the 5 
professional classes. These are shown, also without regard 
to age^ or kind of engineering emplo 3 nnent, in table II. 

In 1929, the upper 10 per cent of mining and metallur¬ 
gical engineers, highest at this level, had earnings of not less 
than $792 per month as against $515 for civil engineers, 
who were lowest at this level. Second in order came 
chemical and ceramic engineers, of whom the upper 10 per 
cent had monthly earnings of not less than $732, followed 
by mechanical and industrial engineers, and electrical 


The ranges in monthly earnings over these 3 levels were, re¬ 
spectively, from not less than $276 to $334, $201 to $241, 
and $148 to $186. 

Despite the progressive declines in engineering earnings 
between 1929 and 1934, the orders of the professional 
classes at the 2 higher levels were essentially the same as 
those noted for 1929. However, at the middle earnings 
level, chemical and ceramic engineers had dropped from 
second place in 1929 and 1932 to fifth by 1934; but even 
in 1934 their monthly engineering earnings were practi- 


Table II. Comparison of 5 Levels of Monthly Engineering Earnings for All Engineers Reporting in Each Professional Class in 

1929,1932, and 1934 

Figures derived from adjusted data as explained on page 1451, and without regard to kind of engineering employment reported or type of education 



engineers, respectively, with not less than $674 and $587 a 
month. For the upper 25 per cent of the reporting engi¬ 
neers the order of the professional classes was the same, 
monthly earnings ranging from not less than $372 for civil 
eng[ineers to not less than $503 a month for mining and 
metallurgical engineers. At the middle and 2 lower 
earnings levels, the differences in earning capacity were 
less marked. However, in each instance mining and 
metallurgical engineers and electrical engineers occupied 
the upper and lower extremes, respectively. Civil engi¬ 
neers shifted from fourth place at the average earnings 
level to second at the lowest earnings level, while chemical 
and ceramic engineers shifted from second to fourth place. 


cally the same as those of the civil engineers, who were 
fourth in order. Mining and metallurgies engineers were 
highest both in 1932 and 1934. Thus in the latter year, 
while their median earnings were $241 a month, those of 
both mechanical and industrial engineers and electrical 
engineers were $215 a month. * 

At the lowest 25 per cent earnings level of the reporting 
engineers, the lowest and highest figures for 1932 and 1934 
were again reported, respectively, by chemical and ce¬ 
ramic engineers and m i nin g and metallurgies engineers. 
At the same levS in 1934 the range was from not less than 
$131 for chemicS and ceramic engineers to not less than 
$154 for mining and metallurgies engineers. This reduc- 


4. It is importeht to note that any data concerning the several profession 
das^ as a whole without regard to age tend to obscure the effects of diffetei 
age distnbutions mthin the dasses. Those classes with a rdatively high propo 
toon of older iuot for this reason are likely to show relativdy high earnings, as 
those with relativdy more younger men to show smaller earnings. 


tion in the range of earnings w;as more pronounced at the 
lowest earnings level both in 1932 and 1934, for while in 
the former year it was from hot less than $116 to not less 
than $126, in the latter it was from not les^ than $101 to 
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Table III. Comparison of 5 Levels of Monthly Engineering Earnings, on Age Basis, for Ail Engineers Reporting in 1929, 

1932, and 1934 

Without regard to kind of engineering employment reported or type of education 


Age 

Tear of 
Graduation 

Tears After 
Graduation 

Proportion With Monthly Engineering Earnings of More Than Specified 
Amount 

10 Per Cent 25 Per Cent 50 Per Cent 75 Per Cent 90 Per Cent 

1929 


64 years and over. 

56-63 years. 

48-55 years. 

40-47 years_ 

36-39 years. 

32-35 years...... 

28-31 years. 

26-27 years.. 

24-25 years. 

28 years. 


Prior to 1889.... 

... .40 and over. 

.... 3820.. 

1889-96. 

_33-40. 

.... 1,060.. 

1897-1904. 

_25-32... 

.... 933.. 

1905-12.. 

....17-24.; 

.... 789.. 

1913-16. 

....13-16. 

.... 630.. 

1917-20. 

_9-12. 

_ 519.. 

1921-24. 

....5-8. 

_ 4 4.-. 

1925-26. 

....8-4. 

.... 307.. 

Ift27-2R. 

_ 1-2 . 

_ 252.. 

1929. 


.... 215.. 


3601. 

-3388. 

....$263_ 

.3194 

628...;. 

_ 425...., 

.... 296_ 

. 210 

592. 

_414. 

_ 297. 

.... 232 

614. 

.... 386. 

.... 289. 

.... 229 

467. 

.... 339. 

.... 269. 

.... 218 

407..... 

.... 310. 

.... 249. 

.... 208 

317. 

.... 262. 

.... 217. 

.... 187 

256. 

.... 218. 

.... 186. 

.... 165 

215. 

.... 181. 

.... 152. 

.... 133 

174. 

.... 149_ 

.... 130. 

.... 116 


1932 


67 years and over 

59-66 years. 

51-58 years. 

43-50 years. 

39-42 years. 

35-38 years. 

31-34 years. 

29-30 years. 

27-28 years. 

26 years. 

25 years. 

24 years. 

23 years. 


.Prior to 1889.... 

... .44 and over. 

.... 3726.... 

....3499.... 

....$331.... 

....$216... 


1 

_36-43. 

_ 761_ 

_617. 

_ 352_ 

.... 241... 

. 152 

.1897-1904. 

....28-35. 

.... 707.... 

.... 486. 

.... 340.... 

.... 241... 

. 164 


...20-27. 

_ 624_ 

.... 433_ 

_316_ 

.... 234... 

. 168 


16-19.... 

.... 517_ 

_ 396_ 

_ 295_ 

.... 223... 

. 170 

191 7-^n 

....12-15. 

_ 458_ 

_ 849_ 

.... 272_ 

.... 211 ... 

. 167 

'I 991 -. 9 .A 

.... 8 - 11 ... 

_ 358_ 

_ 293_ 

.... 284.... 

.... 189... 

. 143 


..6-7. 

_ 299_ 

_ 244. 

_ 205_ 

.... 166... 

. 135 

1097— 

_4-5. 

_ 250_ 

_216_ 

_181_ 

.... 147... 

. 119 

^ 00.0 

.3. 

.... 221 .... 

.... 185_ 

_166_ 

.... 134... 

. 110 


.. .2 . 

_ 190_ 

_161_ 

.... 143.... 

.... 122 ... 



. . .1 . 

_ 173_ 

_149_ 

.... 126.... 

.... 104... 

...,. 84 

.1982. 


.... 165.... 

.... 137.... 

.... 111 .... 

.... 89... 

. 66 


1934 


61-68 years 
53-60 years 
45-52 years 
41-44 years 
.87-40 years 
33-36 years 
31-32 years 
29-30 years 
28 years.... 
27 years... 
26 years... 
25 years... 
24 years... 
23 years... 



.Prior to 1889.... 


* 

.1889-96. 

.38-45. 


.1897-1904. 



..1905-12.. 

.22-29. 


.1913-16. 



.1917-20. 



.1921-24. 

.10-13. 


. .1925-26. 



.1927-28. 

.6-7. 


.1929. 

.1930. 

.1931. 

.1932. 

.1933. 

.1934. 


$620.... 

...3480. 

....$284. 

..,.$173. 

-$108 

711.... 

... 480. 

.... 821. 

.... 205. 

.... 126 

650.... 

... 447. 

.... 310. 

.... 212 . 

_ 146 

592.... 

... 413. 

.... 292. 

.... 214. 

.... 152 

505.... 

... 375. 

.... 273. 

.... 206. 

.... 160 

440.... 

... 336. 

.... 254. 

.... 197. 

.... 148 

364.... 

... 286. 

.... 224. 

.... 177. 

.... 139 

299.... 

... 238. 

.... 199. 

.... 161. 

.... 183 

253.... 

... 216. 

_ 177. 

.... 146. 

.... 118 

228.... 

... 191. 

_ 162. 

.... 138. 

.... 113 

199.... 

... 172. 

. 148- 

.... 125. 

.... 104 

182.... 

... 166- 


.... 114_ 

.... 94 

169.... 

... 145- 

. 124.... 

.... 103- 

.... 84 

159.... 

... 188_ 

. 116.... 

.... 98. 

.... 82 

149.... 

... 129.... 


.... 91- 

.... 75 


not less than $120, the upper and lower extremes being re¬ 
ported, respectively, by the civil engineers and the chemical 
and ceramic engineers. 

The decline in engineering earnings of each professional 
was very much less than that which occurred in 
earned annual incomes. The greatest percentage de¬ 
creases took place at the 2 lower levels. For example, 
while engineering earnings of electrical engineers at these 
limits declined by 26.4 and 27.0 per cent, the correspond¬ 
ing anTniat incomes decreased by 42.6 and 66.0 per cent. 
In the case of chemical and ceramic engineers, the drops 
in earnings at these levels were 40.7 and 35.3 per cent as 
against 52.2 and 63.8 per cent in their annual incomes. 

Monthly Engineering Earnings Related to Age 

In table III there are presented the monthly engineer¬ 
ing earnings, by age,® of all engineers combined and with¬ 
out regard to kind of engineering employment. 

As shown in table III there was, in general, a steady ad¬ 
vance in monthly earnings at aU levels up to the highest 
age groups. Except for the absence of the exceptionally 
rapid rise from 23 to 25 years, the changes with age in 


monthly engineering earnings at all 5 levels show no 
marked differences from those derived from the analysis 
of earned annual incomes by age. Thus, in 1929 the com¬ 
pensation for engineering services of the lowest tenth of 
the reporting engineers steadily increased from oyer $115 
a month for those 23 years to a ma xim u m of over $232 a 
month for those who were between 48 and 55 years. At 
each of the 4 higher earning levels maximum earnings were 
reached some 8 years later, or near to age 60. The re¬ 
spective mflyima were not less than $297, $414, $592, and 
$1,050 per month. Even for engineers 23 years of age 
there was a considerable spread in earnings. This is evi¬ 
denced by the fact that at the average level the earnings 
were not less than $149 a month, above this one-quarter 
earned over $174, and one-tenth over $215 per month, as 
against monthly engineering earnings of over $130 and 
$115 at the two lower levels. 

The spread in engineering earnmgs with advancing age 
became quite marked at the age of 30 ; that is, some 8 

5 Throughout the ensuing discussion age and years after ^*“?**®? ff* 
interchangeably. Of course in the case of nongraduates ** 

mneers") age only applies. The relationdiip between th^ 2 factors 
be ^ved from the fact that the median age of graduation of new graduates to 
the profession was found to be 23 years. 
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Table IV. Comparison of 5 Levels of Monthly Engineerins Earnings on Age Basis for All Graduate Engineen Reporting in 

1929,1932, and 1934 

Without resard to kind of engineerins employment reported or type of education 


Tear of 
Oraduation 


Tears After 
OradnatioQ 


Proportion With Monthly Eni^eering Earnings of More Than Specified 
Amount 

10 Per Cent 25 Per Cent SO Per Cent 75 Per Cent 00 Per Cent 


years and over. 

56—63 years. 

48-55 years. 

40-47 years. 

36—89 years....... 

32-35 years. 

28-81 years. 

26-27 years. 

24-25 years. 

28 years. 


.Prior to 1889. 

.1889-96. 

.1897-1904..., 

.1905-12. 

.1913-16.. 

.1917-20. 

.1921-24. 

.1025-26. 

.1927-28. 

.1929. 


. 41 and over.. 

.33-40. 

.25-82. 

.17-24. 

.13-16. 

.9-12. 

.5-8. 

.8-4. 

. 1-2 . 

.0 . 


67 years and over. 

59-66 years. 

51—58 years. 

43—50 years. 

89-42 years. 

85-38 years. 

31—34 years. 

29-80 years. 

27—28 years. 

26 years.. 

25 years. 

24 years. 

23 years.. 


.Prior to 1889. 

.1889-96. 

.1897-1904.... 
.1905-12. 

.1918-16. 

.1917-20. 

.1021-24. 

.1025-26. 

.1927-28. 

.1929.. 

. 1930. 

.1931. 

.1982. 


. .44 and over. 

,.86-48. 

,.28-35. 

,.20-27. 

.16-19. 

.12-15. 

. 8-11 .. 

.6-7. 

.4-5. 

.8 . 

.2 . 

.1 . 

.0 . 


69 y^iurs and over.,, 

61-68 years..... 

53-60 years... 


.. .46 and over. 

...38-45. 

.. 3686.. 
. 770.. 


.3480. 

. 517.;... 

....3307.... 
.... 860_ 


45-52 years., 

41-44 years. 

87-40 years.. ., 

83-86 years. 


..22-29. 

..18-21. 

..14-17. 

..10-ia. 

. 626.. 

. 533.. 

. 461.. 


. 478. 

. 431. 

. 404. 

. 354. 

.... 387.... 
.... 813.... 

- 294_ 

.... 271. 

.... 229 
.... 226 

.... 219 

31-82 years. 

29-80 years... 

28 years........ 

27 years..., 


..8-9...... 

..6-7. 

..4... 

. 303.. 

. 258.. 
. 228.. 


. 242. 

. 218. 

. 192. 

.... 232.... 
.... 205.... 

.... 181.... 
- 164_ 

.... 169 

.... 140 

26 years... 

25 years. 

24 years.... , 


..1 . 

. 180.. 

. 169.. 


. 156. 

. 145. 

• * * * X$9•s• • 
.... 187.... 

.... 124.... 

.... 126 

28 years. 



. 149.. 


. 129. 

.... 109.... 

.... 98 


years earlier fhan was the case for earned annual incomes. 
(See figure 1.) Again the earnings of the upper 10 per cent 
of reporting engineers diverged sharply from those at corre¬ 
sponding ages in the lower levels. Thus, at age 44 the 
form^ were greater than the average by some 102 per c^t, 
as against a corresponding difference at the upper 25 per 
c^t level of only 33 per cent. At age 60, the respective 
differences were 144 and 48 per cent. 

These general relationships of monthly ptiginparing 
earnings by age of all engineers* reporting also held in the 
years 1932 and 1934, as well as for the monthly earnings 
of all graduates’ shown in table IV. 

Consideration will now be given to the extent to wMch 
monthly engineering earnings may have been affected by 
the depression. Reference, however, will be made only 
to the data reported by all graduate and “other" engineers 
combined. 

For men of advancmig years and experience, it appears 

6. That is. graduates and "other** engineen combined. 


from the data presented in table V that over the period 
1929-34 only those engineers who were 23 V# years in 1929 
and 28V2 iu 1934 reported incre^ed earnings. Earnings 
of the next higher age group showed practically no change. 
For succeeding age groups the declines in eammgs were 
progressively greater. Thus, while there was a 16 per 
cent decrease between 1929 and 1934 at the mid dle level 
of earnings of engineers who were 30 in 1929 and 36 in 1934, 
the decrease was as high as 24 per cent for engineers who 
were 65 years of age in 1934. A similar situation existed 
at the other four earnings levels, for: all engineers, and also 
for graduate engineers only, as shown in table VI. 

One important aspect of these engineering earnings is 
that it is now possible to determine the compensation 
younger engineers received for their engineering services. 
This information could not be obtained from the data on 
earned annual incomes for reasons previously cited. The 
principal reason, however, was that most engineers 23 
years of ^e could not have worked a full year.* Many of 

applies only to graduate engineers, for in the csm o^ 
otb^ engineers many of them could have been worldhg for a year or more. 
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the graduates estimated what their annual earnings would 
have been, based on what they had earned for the first 6 
months after graduation. Obviously, this necessity for 
estimating does not apply to the monthly earnings for en¬ 
gineering work. Hence, the monthly earnings data are 
the most accurate indication of what the rates of compen¬ 
sation of younger engineers were for engineering work. 
This situation is best exemplified by considering the earn¬ 
ings reported by men who were of identical ages in 1929, 
1932, and 1934, as presented in tables VII and VIII. 

These data reveal the fact that the newcomers to the 
profession suffered less than those with from 2 to 5 years’ 
experience in engineering. Thus, while median monthly 
earnings of the newcomers were 26 per cent less in 1934 
than those of men of similar ages in 1929, they were 34 per 
cent less in the case of men with from 2 to 5 years’ expe¬ 
rience in each of these years. But it will also be noted 
that the declines in earnings of engineers between 1929 
and 1934 with from 20 to 37 years of experience were prac¬ 
tically the same as those reported by engineers 23 Va years 
of age. Furthermore, a similar relationship existed at the 
4 other earnings levels, despite the fact that the declines 
in earnings were relatively greater in the case of engineers 
at the 2 lower earnings levels. 

It will be recalled that in the discussion of employment 
status that as far as available engineering work was con¬ 
cerned, the tendency appeared to be to give preference to 
engineers who entered the profession in the period 1930- 
34. The analysis of the data in the table VII shows that 
it was not those engineers who entered the profession in 
1934 who suffered rdatively the greatest cuts but those 
who had ent^ed during one or other of the depression 
years, 1930-33, inclusive. Similarly, data for earnings of 
graduates of identical ages are shown in table VIII. 
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Engineering Earnings and Education Fifuf® 1- Chart of monthly compensation of professional 

engineers in engineering work by age in 1929 

Of all engineers who furnished information on the 

monthly rates of compensation received by them for engi- includes compensation for all kinds of engineering services studied 


Table V. Comparison of 5 Levels of Monthly Engineering Earnings for 5 Age Groups of Older^ Engineers Reporting in 

1929,1932, and 1934 

Without regard to kind of engineering employment reported or type of education 


Monthly Ens^neerlng Earnings of. More Than Specified Amonnt of Engineers Whose Age Was 


Per Cent at Specifled Income Eerel 

60 In 
1929 

63 in 
1932 

65 in 
1934 

38 in 
1929 

41 in 
1932 

43 in. 
1934 

30 in 
1929 

33 in 
1932 

35 in 
1934 

25 in 
1929 

28 in 
1932 

30 in 
1934 

23 V* 
in 
1929 

26Vi 

in 

1932 

28Vs 

in 

1934 

10 per cent....... 

.., SI ,050 . 

.$761.. 

.8711.. 

,$630.. 

.8617. 

..8505.. 

.8404.. 

.$ 358 . 

^8354. 

.8252. 

.8250.. 

.8253,. 

.8215.. 

.8221.. 

.8228 

25 per cent....... 

... 628. 

. 617.. 

. 480.. 

. 467.. 

. 396. 

. 376., 

. 317.. 

. 293.. 

. 285. 

. 215. 

. 215.. 

. 215.. 

. 174., 

« . • 

. 191 

50 per cent..... •. 

... 426. 

. 352.. 

, 321.. 

. 339.. 

. 295. 

. 273.. 

. 262.. 

. 284.. 

. 224. 

, 181. 

. 181.. 

. 177.. 

. 149.. 

. 156.. 

. 162 

76 per cent. ......................... 

... 296.. 

.241.. 

. 205.. 

. 269.. 

. 223 . 

. 205.. 

. 217.. 

.189.. 

. 177. 

. 152.. 

. 147.. 

. 145,. 

. ISO.. 

. 134.. 

. 138 

90 pw cent ...........- -----• • 

... 210,. 

. 152.. 

, 126,, 

. 218., 

. 170. 

. 160,. 

. 187.. 

. 143.. 

. 189.. 

. 133.. 

. 119.. 

. 118.. 

. 115.. 

. 110.. 

. 113 







Per Cent of Increase or Decrease 







1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 



32 

34 

34 

32 

34 

34 

32 

34 

34 

32 

34 

34 

32 

34 

10 pw cent,................... V.,. 


.-28.. 

.-6.. 

.-20.. 

.-18.. 

.- 2.. 

,-12.. 

.-11.. 

..-1. 

. 0.. 

1,, 


.+ 6.. 

. +3.. 

. +3 

25 per ceht.,. ... ....... 

... -24.. 

.•^18.. 

, - 7 .. 

. -20., 

.- 15 .. 

.- 6,. 

.-10.. 

8.. 

..-8, 

. 0. 

. 0.. 

.. 0.. 

.+10.. 

..+6.. 

..+3 

50 per-cent.'..,....................... 

... -24.. 

.-17,i 

. - 9.. 

;-19.. 

.-13., 

.-7.. 

. -15.. 

.-11.. 

.'.-4. 

.- 2.. 

. 0. 

..-2.. 

.+ 9;.. 

.. 4-6.. 

e f+4 

75 per cent........ ,........ 

... -31. 

.-19,. 

,-15.. 

.-24.. 

.-17. 

.-8.. 

.-18.. 

.-13.. 

..-6; 

6. 

. r-. 3. 


.+ 6.. 

,;+8.. 

..+3. 

90 per cent................ 

... -40. 

,-28.. 

,-17.. 

.-31., 

.-22. 

.-12.. 

,-26.. 

.-24.. 

..-8. 

.-11. 

.-11. 

.,-1.. 

.— 2.. 

• * • 

• v+8 


1. Ihcludes those engineers nrho ware professionally active prior to 1930. 
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neering services in 1929, 21,205 were graduates and 7,305 
were “other” engineers. The former number represented 
86 per cent of the 24,837 graduates, and the latter covered 
81 per cent of the 9,015 “other” engineers who reported 
that they were professionally active prior to 1930. A 
comparison of the engineering earnings of these 2 groups is 
shown, without regard to age and kind of engineering em¬ 
ployment reported, in table IX. 

Although the figures in the third from the last column 
in table IX indicate an advantage in favor of those men 
who have engineering degrees, this advantage is less 
clearly defined than was indicated in the sitnilar analysis 
of earned annual incomes. This is evidenced by the fact 
that only at the highest earnings level did the earnings of 
graduates of all 5 professional classes exceed those of 


“other” engineers. Even at this level, the advantage did 
not accrue in equal measure for each of the 5 professional 
classes. 

Thus, while the monthly earnings of the upper one- 
tenth of the mi nin g and metallurgical graduates exceeded 
those of the upper tenth of the “other” engineers by $94 a 
month, the differences in monthly engineering earnings 
among the 4 remaining professional classes ranged from 
$31 for mechanical and industrial engineers to $61 for 
chemical and ceramic engineers. At the upper 25 per cent 
level, the engineering earnings of mechanical and industrial 
graduates and “other” engineers were practically the same. 
There was a difference of only $13 between the earnings of 
the 2 groups in the case of mining and metallurgical engi¬ 
neers, and for electrical engineers the difference was only 


Tabic VI. Comparison of 5 Levels of Monthly Engineering Earnings for 5 Age Groups of Oldcr^ Graduate Engineer 

Reporting in 1929,1932, and 1934 


Without regard to kind of engineering employment reported or type of education 



Monthly Engineering Eamingg of More Than Spectfled Amonnt of Engineers Whose Age Was 


p 0 r Cent at Specified Iiieoiiie Irerel 

60 

in 

1929 

63 

in 

1932 

65 

in 

1934 

38 

in 

1929 

41 

in 

1932 

43 

in 

1934 

30 

in 

1929 

33 

in 

1932 

35 

in 

1934 

25 

in 

1929 

28 

in 

1932 

30 23>/i 

in in 

1934 1929 

261 /, 

in 

1932 

28Vi 

in 

1934 

10 per cent . 

26 per cent. 

60 per cent. 

76 per cent. 

90 per cent. 

..$1,152. 
.. 661. 
.. 472. 

.. 326. 
.. 243. 

.$807. 

. 558. 

. 401. 

. 277. 

. 170. 

.$770. 

. 517. 

. 360. 

. 232. 

. 132. 

.$663.. 
. 490.. 
. 356.. 
. 286.. 
. 231. 

.$557.. 
. 419.. 
. 312.. 
. 240.. 
. 187.. 

.$533.. 
. 404.. 
. 294.. 
. 219.. 
. 161.. 

.$410. 

. 322. 

. 269. 

. 223. 

. 196. 

.$368.. 
. 301.. 
. 241.. 
. 198.. 
. 149.. 

.$360. 

. 294. 

. 232. 

. 186. 

. 145. 

.$247.. 
. 213. 

. 180. 

. 152. 

. 135. 

.$253.. 
. 217.. 
. 183.. 
. 149.. 
. 122 . 

.$258...$205. 

. 218... 169. 

. 181... 148. 

. 148... 130.. 
. 121,.. 115. 

.$219.. 
. 184. 

. 156., 
. 136.. 
. 113.. 

|B Am 







Per Cent of Increase or Decrease 




s 


1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 1929- 
34 34 

1929- 

32 

1932- 

34 

10 per cent. 

25 per cent.. . . 

60 per cent... . 

.. -33.. 
.. - 22 .. 
—24 

.-30.. 

.-16.. 

.- 5.. 
.- 7.. 

.- 20 .. 

.-18.. 

.-16.. 

.-14.. 

- 4.. 

- 4.. 

- 6 .. 
- 9.. 
-14.. 

- 12 .. 
- 9.. 
-14.. 
-17.. 
-26.. 

.- 10 .. 
.- 7.. 

..- 2 .. 

..- 2 .. 

.+ 4.. 
.+ 2 .. 

.+ 2 .. 
.+ 2 .. 

..+ 2 ...+ 11 .. 
.. 0...+14.. 

..+7.. 

..+4 

..+4 

75 per cent . 

90 per cent .. .. 

.. -29.' 
.. -46.. 

.-15.. 

.-30.. 

.-16.. 

.- 22 .. 

.-23.. 

.-30.. 

.-16.. 

.-19.. 

. - 10 .. 
.- 11 .. 
.-24.. 

. —4.. 
..- 6 .. 
.-3.. 

.+ 1 .. 
.- 3.. 
.- 10 .. 

.+ 2 .. 
.- 2 .. 
.- 10 .. 

.+ 11 .. 

..-!...+ 8 .. 
..- 1 ... 0 .. 

..+ 6 .. 

..+4.. 

..- 2 .. 

.. +5 
..+4 
..+2 


1. Includes those engineers who were professionally active prior to 1930. 


Table VII. Comparison of 5 Levels of Monthly Engineering Earnings of All Engineers for Corresponding Years After 

Graduation in 1929,1932, and 1934 ‘ 

Without regard to kind of engineering employment reported or type of education 


Proportion With Monthly Engineering Eamingg of More Than Specified 


Age of Engineers 

After 

Gradu- 


10 Per Cent 

25 Per Cent 

50 Per Cent 

75 Per Cent 

90 Per Cent 


ation 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

28*/* years ... 

25 years ... 

28 years ....... 

..‘A... 

.2... 

. fi 

.8215 
. 252 
839 

..$166.. 
.. 180., 

.$149.. 
. 160.. 

.$174.. 
. 215.. 

.$137., 
. 152.. 
. 215.. 
. 293.. 

. 405.. 
. 462.. 
. 497.. 

.$129.. 
. 140.. 
. 187.. 
. 248.. 

. 375.. 
. 428.. 
. 459.. 

.$149.. 
. 181.. 

.$111. 

. 133.. 

.$110., 
. 120.. 

.$130.. 

. 152.. 

.$ 89.. 
114.. 

.$ 91. 

. 102., 

.$115. 

. 133. 

.$ 66.. 
. 02.. 

.$ 76 
. 82 

88 years ... 

48 years ..... 

63 years.... ... 

60 years ....... 

. ,.i6'.. 

.........20.,, 

..,....,.37.... 

. 485 

. 741 
. 940 
.1,050 

.. 358.. 

.. 559.. 
.. 685.. 
.. 733,. 

. 814.. 

. 505.. 
. 617.. 
.670.. 

. 276.. 
. 386.. 

. 601., 
. 592.. 
. 628.. 

. 231.. 
, 299.. 

. 375.. 
. 416.. 
. 426.. 

. 181.. 
. 234.. 

. 301.. 
. 332.. 
. 349.. 

. 163.. 
. 205.. 

. 273.. 
. 299.. 
. 313.. 

. 196.. 

. 239.. 

. 283.. 
. 296.. 

. 296.. 

147.. 

189.. 

. 227.. 
. 240.. 

242.. 

. 130.. 
.162.. 

. 205. 

. 211. 

. 209. 

. 167. 

. 202.. 

.229. 

. 230. 

. 210. 

. 119,. 
. 143.. 

, 169., 
. 164.. 
. 157.. 

.109 

.134 

. 150 
. 148 
. 137 








Per Cent of Increase or Decrease 








1929- 

34 

• 1929- 
32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

1929- 

34 

1929- 

32 

1932- 

34 

23Vj years.. 

26 years. 

28 years.;... 

83 years.. 

48 years. 

68 years.....;..... 

60 years....... 

......... 2 ,... 

......... 5 - 

.....10..., 

...20.... 

........30,.,, 

........37..,. 

CO CO CO CO CO CO CO 

1 1 1 1 II 1 

..-23.. 

..-29.. 

..-26;. 

..-26.. 

..-25.. 

.; -27., 
..-30.. 

-10.. 

-11.. 

-16.. 

-12.. 

-10.. 
-10.. 
- 9.. 

.-26,. 

.-35.. 

.-32.. 

.-36.. 

.-25.. 

.-28.. 

.-27.. 

.-21.. 

.-29.. 

,-22.. 

,-24.. 

.-19.. 

.-22,. 

.-21.. 

.-6., 
.- 8.. 
.-13.. 
.-16.. 

.-7.. 
.- 7.. 

. - 8.. 

,-26.. 
i-34.. 
. -34.. 
-31., 

. -27.. 
.-28.. 
.-26.. 

.- 6.. 
, -27.. 
-22.. 
.-22.. 

. -20.. 
.-20.. 
.-18.. 

- 1.. 
-10.. 
-16.. 
-12.. 

- 9.. 
-10.. 
-10.. 

.-30.. 

.-33.. 

.-34.. 

.-32.. 

.-28.. 

.-29.. 

.-29.. 

-32.. 
-25.. 
-26.. 
-21.. 

-20.. 

-19.. 

-18.. 

.+ 2.. 
.-11.. 
.-12.. 
714.. 

.-10., 

.-12.. 

.-14.. 

.-36.. 

.-38.. 

.-35.. 

.-34.. 

,-34,. 

,-36.. 

.-36.. 

.-43.. 

.-31.. 

.-29., 

.-29.. 

.-26.. 

.-29.. 

.-25.. 

+14 
-11 
- 8 
- 6 

-11 

^10 

-13 
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Table VIII. Comparison of 5 Levels of Monthly Engineering Earnings of All Graduate Engineers for Corresponding Years 

After Graduation in 1929,1932, and 1934 


Age of Bagineers 


Tears 

After 


Proportion With Monthly Engineering Earnings of More Than Specified Amount 
10 Per Cent 2S Per Cent SO Per Cent 7S Per Cent 90 Per Cent 



Gradu¬ 

ation 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

23 V* years. 

.v*... 

..3205.. 

.$159.. 

.$149.. 

.,$169.. 

.$134.. 

.$129.. 

.$148.. 

.$110.. 

.$109.. 

.$130.. 

.$ 88.. 

.$ 91.. 

.$115.. 

.$64.. 

.$ 75 

26 years. 


.. 247.. 

. 180.. 

. 161.. 

. 213.. 

. 168.. 

. 140.. 

. 180.. 

. 132.. 

. 119.. 

. 162.. 

. 112.. 

. 100.. 

. 135.. 

. 93.. 

. 82 

28 years. 


.. 339.. 

. 253.. 

. 210.. 

. 280.. 

. 217.. 

. 184.. 

. 238.. 

. 183.. 

. 156.. 

. 199.. 

. 149.. 

. 132.. 

. 170.. 

. 122.. 

. 110 

33 years. 

.10... 

.. 600.. 

. 368.. 

. 320.. 

. 389.. 

. 801.. 

. 260.. 

. 309.. 

.241.. 

. 212.. 

. 262.. 

. 198.. 

. 174.. 

. 211.. 

. 149.. 

. 132 

43 years. 

.20... 

.. 797.. 

. 683.. 

. 633.. 

. 639.. 

. 428.. 

. 404.. 

. 400.. 

. 320.. 

. 294.. 

. 301.. 

. 241.. 

. 219.. 

. 243.. 

. 181.. 

. 161 

63 years. 

.30.... 

.1,030.. 

. 716.. 

. 664.. 

. 628.. 

. 497.. 

. 451.. 

. 440.. 

. 365.. 

. 326.. 

. 320.. 

. 260., 

. 228.. 

. 253.. 

. 182.. 

. 156 

60 years. 

.37.... 

.1,152.. 

. 780.. 

. 729.. 

. 661.. 

. 539.. 

. 489.. 

. 472., 

. 894.. 

. 348.. 

. 326.. 

. 271.. 

. 230.. 

. 243.. 

. 175.. 

. 146 








Per Cent of Increase or Decrease 








1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 

1929- 

1929- 

1932- 



34 

32 

34 

34 

32 

34 

34 

32 

34 

34 

32 

34 

34 

32 

34 

23 V* years. 

.Vi-. • 

.. -27.. 

.-22.. 

- 6.. 

.-24.. 

.-21.. 

.- 4.. 

.-26.. 

.-26.. 

.- 1.. 

.-30.. 

-32.. 

.+ 3.. 

.-35.. 

, -44.. 

.4-17 

26 years. 

. 2... 

..-35.. 

.-27.. 

-11.. 

.-34.. 

.-28.. 

.- 8.. 

.-34.. 

.-27.. 

.-10.. 

.-34.. 

-26.. 

. -11.. 

.-39.. 

. -31,. 

. —12 

28 years. 


.. -38.. 

.-25.. 

-17.. 

.-34.. 

.-23.. 

.-16.. 

.-35.. 

.-23.. 

.-16.. 

.-34.. 

-26.. 

.-11.. 

«—36.. 

, —28.. 

. -10 

33 years.. 

.10... 

..-36.. 

.-26.. 

-13.. 

.-33.. 

.-23.. 

.-14.. 

.-31.. 

.-22.. 

.-12.. 

.-31.. 

-21,. 

.-12.. 

.-37.. 

. —29.. 

. -11 

43 years. 

.20... 

.. -33.. 

.-27.. 

- 9:. 

. —23.. 

.-21.. 

.- 6.. 

.-27.. 

.-20.. 

.- 8., 

.-27.. 

-20.. 

.- 9.. 

,-34.. 

, -26.. 

. -11 

63 years. 

....30... 

..-36.. 

.-31.. 

- 7.. 

.-28.. 

,-21.. 

9.. 

.-26.. 

.-17.. 

.-11.. 

.-29.. 

-19.. 

. -12.. 

..-38.. 

. -28,. 

. —14 

60 years. 


..-37.. 

.-32.. 

- 7.. 

.-26.. 

.-18.. 

9.. 

.-26.. 

.-i7.. 

.-12.. 

.-29.. 

-17.. 

. -15.. 

. -40,. 

. -28.. 

. -17 


Table IX. Comparison of 5 Levels of Monthly Engineering Earnings for Older^ Graduate and * Other Engineers Reporting 

in Each Professional Class in 1929,1932, and 1934 

Without regard to kind of engineering employment reported 


Per Cent of Professional Class at Specified Earnings Level* 


10 per cent: 

Mining and metallurgical. 

Chemical and ceramic. 

Mechanical and industrial. 

Electrical. 

Civil, agricultural, and architectural 

25 per cent: 

Mining and metallurgical. 

Chemical and ceramic. 

Mechanical and industrial. 

Electrical....... 

Civil, agricultural, and architectural. 

60 per cent: 

Mining and metallurgical. 

Chemical and ceramic..... 

Mechanical and industrial. 

Civil, agricultural, and architectural. 
Electrical.. 


Monthly Engineering Earnings of More Than Specified Amount 


Graduate Enjlneers* ‘‘Other” Engineers* 


Per Cent Earnings of 
“Other” Engineers Formed 
of Those of Graduate 
Eni^neers 


1929 

1932 

1934 

1929 

1932 

1934 

1929 

1932 

1934 

$803... 

.,.$617... 

...$612..., 

...$709... 

..$601... 

...$512_ 

... 88_ 

... 81.... 

....84 

787... 

.. . 636... 

... 632.... 

... 676... 

.. 696... 

... 653_ 

... 92.... 

... 94.... 

....88 

684... 

... 637... 

... 614_ 

... 653... 

.. 611... 

.496. 

... 96_ 

....95.... 

....96 

594... 

... 616... 

... 506- 

... 657... 

.. 604... 

... 482- 

... 94,... 

... 98,... 

....96 

. 644... 

... 463... 

... 427.... 

... 478... 

.. 385... 

... 352_ 

... 88.... 

... 83.... 

....82 


506.... 

.. 423... 

.. 413.... 

... 493.... 

.. 403... 

.. 392_ 

_97_ 

... 96_ 

....95 

494.... 

.. 433... 

.. 426.... 

... 433.... 

., 408... 

.. 366.... 

.... 88.... 

... 94.... 

....86 

454.... 

.. 385... 

.. 362.... 

... 466.... 

.. 364... 

.. 341.... 

....100.... 

... 96.... 

....94 

408.... 

.. 367... 

.. 862.... 

... 386.... 

.. 336... 

.. 319.... 

.... 96_ 

... 94.... 

....91 



31? 

, , .'J.'l.'i.. . . 

., 290... 

., 268.... 

_ 84.... 

... 86.... 

...,86 

337... 

.. 290... 

.. 280.... 

... 318.... 

.. 274... 

... 260.... 

.... 04.... 

... 94.... 

....93 

329... 

,297... 

.. 290.... 

... 307.... 

.. 289... 

,280_ 

.... 93.... 

... 97_ 

....90 

308... 

,265... 

.. 249.... 

... 317.... 

.. 262... 

... 236.... 

_103.... 

... 99.... 

....95 

287... 

.249... 

.. 231.... 

... 258.... 

.. 224... 

... 206.... 

.... 00.... 

... 90.... 

....80 

276... 

,.. 252... 

.. 246.... 

... 272.... 

.. 238... 

... 220.... 

.... 09.... 

... 94.... 

....93 


76 per cent: 

Mining and metallurgical. 

Chemical and ceramic... 

Mi» «»tiftTtical and industrial. 

cavil, a^cultural, and architectural, 
Electrical....... 

90 per cent: 

Mining and metallurgical. 

Civil, agricultural, and architectural. 

M»,%iianleal and industrial...... 

Chemical and ceramic.. 

Electrical r • • .. 


940 

202... 

.. 197_ 

_ 246... 

.. 197.... 

.. 186.... 

...103... 

... 98.... 

...94 

99.9. 

206... 

.. 203.... 

_ 216... 

.. 206.... 

.. 185.... 

... 97... 

...100.... 

...91 


188 

1 gn ... 

.... 243... 

.. 188.... 

.. 171..., 

...111... 

...100.... 

...95 

917 

ign .. 

177..,. 

.... 207... 

.. 174.... 

..156_ 

... 95... 

... 92.... 

...88 

19Q 

187 -- 

.. 187_ 

.... 206... 

.. 179.... 

.. 168.... 

...104... 

... 96.... 

...90 


^J42... 

.. 146_ 

.... 196... 

.. 132.... 

.. 136.... 

....106... 

... 93.... 

...93 

190 

143 . 

.. i40.... 

_ 164... 

.. 131... 

.. 128.... 

.... 97... 

... 92_ 

....91 

iftn 

i.’lS--- 

,, 136.... 

_ 192... 

.. 134.... 

.. 125_ 

.,..120... 

... 97.... 

-92 


160... 

.. 146_ 

.... 154... 

... 121 .... 

.. 129_ 

.... 99... 

.... 81.... 

....89 

.. 145. 

. 145... 

.. 144.... 

_ 150... 

... 128..., 

.. 126.... 

.... 110 ... 

.... 89.... 

.,..88 


1 . 

2 . 

3. 

4 . 


Includes all engineers who reported they were inrofessionally active prior to 1930. 

Arranged in ascenrion of graduate monthly engineering earnings lor 1929. . . j 

Graduate en^eers embrace all postgraduates, nonengineering graduates, and final-degree »gmeermg graduates. _ 

“Other*' engineers embrace all engineers with college course incomplete, noncoll^ate technical school course, and secondary school education. 


$22 a month. However, at this level, in the case of chemi¬ 
cal and ceramic en^eers and civil engineers the differ¬ 
ences were much higher, beihg $61 and $62 per month, 


earnings of graduates and “other” engineers in 1932 and 
1934 were similar to those just noted for 1929. 

At the average and at the 2 lower levels of earnings, the 
ratios of engineering earnings of the 2 groups of engineers 
were practically the same as "^ose noted for earned an^- 
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respectively. 

At th^e 2 earnings levels, the relationships between the 
December 1937 Monthly Earnings of Engineers 










































































































































































































































nual incomes. That is, in 1929 tiiere was a slight advan¬ 
tage in favor of the “other” engineers, which was main¬ 
tained to a somewhat greater degree in 1932 and 1934 than 
was the case for earned annual incomes. In part, how¬ 
ever, this advantage in earnings of “other” engineers was 
due primarily to a higher age among the nongraduates in 
the groups compared. 

The advantages in increased earning capacity accruing 
from formal education are better seen in table X, which 
shows the engineering earnings by type of education and by 
age. Only the median earnings are given, as insufl&cient 
data were obtained for the 2 lower and the 2 higher earn¬ 
ings levels to enable a complete comparison for all age 
groups and types of education. 


The extra years of experience which the “other” engi¬ 
neers had while th^ graduates were in school permitted of 
their obtaining hi gher earnings than graduates only up to 
a point corresponding to 6 years after graduation. Even 
at 2 years after graduation in 1929 the differentials in 
earnings between the 2 groups were slight. Thus, while 
the median monthly earnings of “other” engineers ranged 
from $183 for secondary-school engineers to $193 for me¬ 
chanical pTi g itipprs whose college course was incomplete, 
the earnings of graduates from engineering work ranged 
from $166 per month for those with a nonengineering edu¬ 
cation to $187 for first-degree civil engineers. At 4 years 
after graduation, as will be seen from figure 2, the gradu¬ 
ates were beginning to pull ahead of the “other” engineers. 


Table X. Median Monthly Engineering Earnings in 1929,1932, and 1934, For All Engineers Reporting by Age and Type oF 

Education 

Without resard to kind of engineering employment reported 














































































































































Table XI. Comparison of Median Monthly Ensineerins Earninss in 1929, 1932, and 1934, of Selected Age Groups of 

Engineers Reporting, by Type of Education 

Without regard to kind of engineering employment reported 


Type of Education 






Engineers Whose Age Was— 






dO 63 65 

in in in 

1929 1932 1934 : 

52 55 57 44 47 

in in in in in 

1929 1932 1934 1929 1932 j 

49 25 28 

in in in 

1934 1929 1932 : 

30 23Vs 26Vi 28>/, 
in in in in 

1934 1929 1932 1934 






Median Monthly Engineering Earnings 






.$484. 

.$436. 

.$376. 

.$455.. 

.$421. 

.$386. 

.$421. 

.$365. 

.$330. 

.$180. 

.$188. 

.$186. 

.$145. 

.$157. 

.$166 

Nonengineering graduates. 

. 493. 

. 400. 

. 870. 

. 482.. 

. 427. 

. 387 

..414 

..384 

..853 

..166 

..100. 

. 197. 

. 152. 

. 149. 

. 164 

First-degree engineering graduates: 

Chemical and ceramic. 

.610. 

. 424. 

. 1 . 

. 867. 

. i 

. 881. 

. 408.. 
. 407.. 

, 420. 

. 334. 

. 426. 

. 206. 

. 523. 

. 358. 

. 443. 

. 307. 

. 426. 

. 285. 

. 179. 

. 187. 

. 185. 

. 187. 

. 108. 

. 179. 

. 150. 
. 155. 

. 149. 

. 164. 

. 170 
. 163 


. 484. 

. 415. 

. 408. 

. 438.. 

, 420. 

. 379. 

. 428. 

. 353. 

. 340. 

. 167. 

. 178. 

. 180. 

. 137. 

. 152. 

. 162 


. 506. 

. 416. 

. 870. 

. 483.. 

. 390. 

. 340. 

. 440. 

. 351. 

. 333. 

. 180. 

. 175. 

. 180. 

. 141. 

. 152. 

. 165 

Mining and metallurgical. 

. 493. 

. 420. 

. 400. 

. 437.. 

. 356. 

. 340.. 

. 458. 

. 374. 

. 347. 

. 183. 

. 162. 

. 183. 

. 156. 

. 149. 

. 153 

College course incomplete: 

Civil, agricultural, and architectural. 

.315. 

. 278. 

. 257. 

. 318. 

. 262. 

. 240. 

. 302. 

. 258. 

. 236. 

. 184. 

. 168. 

. 166. 

. 166. 

. 149. 

. 145 

Mechanical and others^... 

. 420. 

. 335. 

. 800. 

. 423. 

. 333. 

. 320. 

. 401. 

. 326. 

. 301. 

. 108. 

. 174. 

. 170. 

. 178. 

. 148. 

. 153 

Noncollegiate technical course: 

O-ivll, agricultural, and architectural. 

. 347. 

. 267. 

. 256. 

. 286. 

. 247. 

. 220. 

. 203. 

. 240. 

. 227. 

. 187. 

. 154. 

. 142. 

. 160. 

. 163. 

. 160 



. 800. 

. 227. 

. 402. 

. 311. 

. 297. 

. 364. 

. 280. 

. 261. 

. 186. 

. 156. 

. 159. 

. 150. 

. 150. 

. 150 

Secondary-school education.*.. 

. 360. 

. 311. 

. 283. 

. 353. 

. 311. 

. 208. 

. 308. 

. 273. 

. 262. 

. 183. 

. 168. 

. 163. 

. 160. 

. 130. 

. 134 







Per Cent of Increase or Decrease- 

-• 






1929 

1929 

1932 

1929 

1929 

1932 

1929 

1929 

1932 

1929 

1929 

1932 

1929 

1929 

1932 


to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 


1934 

1932 

1934 

1934 

1932 

1934 

1934 

1932 

1934 

1934 

1932 

1934 

1934 

1932 

1934 


.-22. 

.-10. 

.-14. 

.-15. 

- 7. 

.- 8. 

.-19. 

.-13. 

.- 7. 

.+ 8 . 

.+ 4. 

.- 1. 

. + 14. 

.+ 8. 

.+ 6 

Nonengineering graduates. 


.-19. 

.- 8. 

.-20. 

— 11. 

.- 9. 

.-16. 

.- 7. 

.- 8. 

. + 19. 

.+14. 

.+ 4. 

.+ 8. 

.- 2. 

.+10 

First-degree engineering graduates: 


^ 1 , 

1 ^ 

.-14. 

— 16. 

.+ 1. 

.-19. 

.-16. 

.- 4. 

.+11. 

.+ 3. 

.+ 7. 

. + 13. 

.- 1. 

.+14 

Civil, agricultural, and architectural. 

.......-16. 

.-13. 

.-14. 

.-10. 
.- 2. 

.-27. 

.-18. 

— 18. 
- 4. 

.-11. 

.-10. 

.-20. 

.-18. 

.-14. 

.-18. 

.- 7. 
.- 1 . 

.— 4. 
.+ 8 . 

. 0. 
.+ 7. 

.- 4. 
.+ 1 . 

.+ 6 . 
.+18. 

.+ 6 . 
.+11. 

.- 1 
.+ 7 

Mechanical and industrial. 

.-27. 

.-18. 

.-11. 

.-28. 

— 19. 

.-11. 

.-24. 

.-20. 

.- 5. 

. 0. 

.- 3. 

.+ 3'. 

.+17. 

.+ 8 . 

.+ 9 

Mining and metallurgical.... .. 

.-19. 

,-15. 

.- 6 . 

.-22. 

-10. 

.- 4. 

.-24. 

.-18. 

.- 7. 

. 0. 

.-11. 

.+13. 

.- 2 . 

. — 4. 

. 4* 3 

College course incomplete: 

Civil, agricultural, and architectural. 

.-18. 

.-13. 

.- 6 . 

.-26. 

-18. 

.- 8 . 

.-22. 

.-16. 

.- 9. 

.-16. 

.- 0 . 

.- 7. 

.-13. 

.-10. 

.- 3 

Mechanical and others* . 

... -^29. 

.-20. 

.-10. 

.-24. 

—21. 

. — 4. 

. -25. 

.-19. 

.- 8. 

.—12. 

.-10. 

.- 2. 

• — 14. 

. —17. 

.+ 3 

Noncollegiate technical course: 

Citdl, agricultural, and architectural . 

.-26. 

.-23. 

4, 

,.-23. 

-14. 

.-11. 

.-23. 

,.-16, 

,.- 0. 

.-24. 

.-18, 

8. 

. 0. 

.+ 2. 

2 

Mechanical smd others* . 

. -40. 

.-21. 

.-24. 

.-26. 

—23. 

. — 6. 

.-26. 

.-18. 

.-10. 

. — 15. 

.-16. 

.+ 2. 

. 0. 

. 0. 

. b 

Secondary-school education. ... 


.-14. 

.- 9. 

.-16. 

— 12 . 

.- 4. 

.-18. 

.-11. 

,.- 8. 

.-16. 

.- 8. 

.- 9. 

.-16. 

.—19. 

.+ 3 


1. Fewer than 10 engineers reported. 

2. Includes chemical, ceramic, electrical, industrial, nuning, and metallurgical engineers. 


Thus, while the range in the median monthly earnings of 
the former was from $226 for first-degree electrical engi¬ 
neers to $250 a month for fiirst-degree chemical and ce¬ 
ramic engineers, it was from $200 for engineers with sec- 
ondary-s^ool education to $229 a month for mechanical 
and industrial engineers with incomplete college courses 
in the case of the “other” engineers. Beginning at 5 
years after graduation, the effect of a formal education 
on engineering earnings was accentuated. For example, 
at 11 years after graduation, the average monthly earnings 
of first-degree civil engineers were greater than those of 
the “other” engineers of this professional class. Tlie 
median monthly eamingS w^e ^^05 for graduates, $257 
for those whose college courses were incomplete, and $254 
for civil digineers 'vjrho had atteaded noncollegiate techni¬ 
cal schools. Similarly, in the case of first-degree electrical 
engineers and mechamcal and industrial engineers, earn¬ 
ings were greater than those reported by the members of 
these professional classes whose college courses were in- 
cornplete or who had attended noncollegiate technical 
^scdipols.®' ^ ^ ’..1 ■ ■ 

It win also be noted that w:hile mechanitnl engine^^ 

9. The term, "mechairical and all oUieni’' shown in table IX under "college. 
course incomplete" and "noncollegiate tethnical schools" includes chemical and 
ceramic, eiecbical, lihdustrhd, and ndning and metallurgical engineers. 


. with incomplete college courses had the highest earnings 
of any of the groups of “other” engineers, their earnings 
differed very little from those of first-degree civil engineers. 
Thus, at 11 years after graduation the latter reported me¬ 
dian earnings of $305 a month as against $319 a month 
for mechanical engineers with incomplete college courses. 
The corresponding figures at 29 years after graduation 
were $407 ahd $423 a month. 

Furthermore, from 5 to 37 years after graduation, there 
was a fairly uniform relationship in the ranking of the 
earnings reported by the several types of education. 
Relatively, this unfformity was most marked among the 
“other” engineers. Thus, while secondary-school engi¬ 
neers remmned tenth in order, civil engineers whose college 
courses were incomplete, or who had attended noncollegi¬ 
ate technical schools, hdd respectively eleventh and 
twelfth places. Over the same period, first-degree chemi¬ 
cal and ceramic engineers were first in order. They did, 
however, rank tenth at 2 years after graduation. Among 
the remaining types of education such shifte as did occur 
Were not very pronounced. Even in 1934, ihe same rela¬ 
tive positions were maintained. J 

With advancmg age, the 1929 data show that there was 
a considerable advantage in engineering earntni^ in favor 
of the graduates. Thus, between civil engineers who had 
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first degrees and those who had incomplete college courses, 
the differences for men 23, 33, 43, 53, and 60 years of age 
were $24, $45, $55, $93, and $109 a month, while between 
those with first degrees and noncoUegiate technical school 
educations, the corresponding differences were $20, $^, 
$65, $118, and $77 a month. 

There was also a distinct variation in the earning ca¬ 
pacities among both graduate and “other” ^gineers. 
Thus, at 10 years after graduation, the 1929 median 
monthly engineering earnings of graduates ranged from 
$290 for civil engineers to $368 for chemical .and ceramic 



Figure 2. Comparison of medians of monthly rate of com¬ 
pensation according to age, 1929 

Includes compensation for all kinds of engineering services reported 


engineers. Graduates’ median earnings 30 years after 
graduation ranged from $408 for civil engineers to $492 in 
the case of chemical and ceramic engineers. For “other” 
engineers, the range in earnings of men whose age corre¬ 
sponded to 10 years after graduation, that is, 33 years was 
from $242 to $300 a month, and at 53 years of age, or 
corresponding to 30 years after graduation, the range was 
from $290 to $422 a month. At both of these age points, 
the lowest earnings among “other” engineers were reported 
by noncoUegiate technical-school civil engineers, the highest 
by mechanical and industrial engineers with incomplete 
coUege education. 

A further advantage of formal engineering education 
was that graduate earnings from engineering work con¬ 
tinued to increase for several yeiafs beyond the point of 


maximum earnings of “other” engineers. The earnings of 
the latter either remained stable or declined at 53 years 
of age. 

Consideration will now be given to the effect of the de¬ 
pression on earnings of men with advancing years and ex¬ 
perience and different educational backgrounds. 

Over the period 1929-34, the data m table XI indicate 
that the graduates who were 23 V 2 years in 1929 and 28 Va 
years in 1934 received increased earnings for all kinds of 
engineering, except m the case of mining and metallurgi¬ 
cal. There were, however, no increases reported by any 
of the “other” engineers of corresponding ages. By con¬ 
trast, for the selected age groups of 52 to 57 and 44 to 49 
years, decreases in earnings occurred among both gradu¬ 
ate and “other” engineers m almost equal measure. For 
example, for engineers who were 44 years in 1929 and 49 
in 1934, the earnings of the graduates declined from 19 to 
24 per cent, while those of the “other” engineers fell by 18 
to 25 per cent. 

On the other hand, for men with identical years of ex¬ 
perience, the earnings received in 1934 by both graduates 
and “other” engineers were all less than those which were 
obtained in 1929. Thus, in table XII it wiU be noted 
that at 2 years after graduation the earnings obtained 
for engineering services in 1934 were less than those re¬ 
ceived in 1929 by from 32 to 41 per cent for aU types of 
education, except nonengineering graduates and those 
engineers with a secondary-school education. In the case 
of nonengineering graduates, the earnings were 24 per cent 
less and for engineers with secondary-school educations 
they were 29 per cent less. 

Again it will be noted that the decreases reported by 
men with 5 years’ experience were, in general, greater than 
those, for men who had had but 2 years’ experience and 
also greater than the declines in earnings reported for men 
with from 10 to 37 years’ experience. 

Table XII. Percentage Decreases in Median Monthly Engi¬ 
neering Earnings Over Period 1929-34 ror Corresponding 
Years After Graduation, by Type or Education 

Without regard to kind of engineering employment reported 

Per Cent of Decrease in Earnings at 
Type of Education Specified Tears After Graduation 

2 5 10 20 30 37 

Postgraduates.32.. ..34... .24_26_21... .21 

Nonengineering graduates..24_33_30 .... ig .. ,23... .23 

First degree engineering graduates: 

Chemical and ceramic. .34... .36... .33... .31... .14.* 

Civil, agricultural, and architectural.. .32... .32_30... .25... .29_27 

Electrical..... .;34... .33_31... .20_18... .19 

Mechanical and industrial... .39... .35.., .32., .UO ...30... .80 

Mining and metallurgical..37... .42... .37... ,32... .22.,. .27 

CoUege course incomplete: 

Civil, agricultural, and architectural.. ,88... .30... .31... .26_24... .21 

Mechanical and others*.34... .37... .36... .34... .27... .25 

NoncoUegiate technical course: 

CUvil, agricultural, and architectural.. .41... .26.... .31... .27... .23... .33 

Mechanical and Others'....36... ,37... .34... .29... .31.. . .24 

Secondary-school education....29... .28... .34... .18... .23... .19 

1. Despite the fact that at 20 years after graduation, nonengineering graduates 
and mechanical and industrial engineers show only 8- and 10-per cent decreases 
in earnings, the consistency of the remaining decreases shown is too regular 
for these particular differences to have any effect on the general argument. 

2. Fewer ttum 10 engine^ reported. 

3. Includes chemical, ceramic, electrical, industrial, mining, and metallurjpcal 
engineers., 
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Modern Trolley-Coach Operation 

By EDWARD DANA 


T he boston Elevated Railway serves a popula¬ 
tion of about 1,531,000 people, distributed over an 
area of 111.66 square miles and segregated in 14 
municipalities, including both towns ^d cities. Within 
its territory the railway supplies practically all of the pub¬ 
lic tran^ortation, except taxicabs. The backbone of 
its system is formed by its rapid-transit division, with 
elevated lines, subways and some leased surface right-of- 
way. The rapid^ransit lines are confined to Boston and 
Cambridge. 

The territory is covered with a network of surface-car 
lines, with motor-bus lines and, recently, with a few track¬ 
less-trolley lines. These surface lines serve partly as 
feeders for the rapid transit and partly to meet local service 
demands. 

The fare with transfers to and from the rapid-transit 
lines is 10 cents; that for local riding on surface lines is 
5 cents. About 30 per cent of the riders pay the lower 
fare. 

Such a unified system of local transportation as that of 
the Boston Elevated provides an unusual opportmiity for 
adapting each type of service to the best advantage within 
certain limitations. The expensive subways and ele¬ 
vated structures in fixed locations, however, provide little 
flexibility. They are dependent largely upon the surface 
railways, trackless trolleys, and motor buses as feeders. 

The surface railway situation in Boston is unusual, in 
fact is unique, in that in and even beyond the congested 
business section the cars run through subways and on 
overhead structure, which make them to this extent a part 
of the rapid-transit system, with which these structures 
connect. 

While the surface subways and viaduct expedite the 
movement of surface cars, they also decrease the flexi¬ 
bility of the surface lines. It is probable that the use of 
subways for surface cars is a temporary expedient in 
urban transportation, the logical use of such expensive 
way and structure being for rapid transit. 

The shifting demand for urban and suburban transporta¬ 
tion in a group of communities like metropolitan Boston 
renders necessary a ready adaptability of services. Thus 
in spite of heavy investment in track smd overhead con¬ 
struction, it has been necessary to abandon many miles of 
surface railway when the demand for service was greatly 
reduced, or when the track was wearing out and the den¬ 
sity of traffic would not warrant rebuilding. 

The motor bus and, later, the trackless trolley entered 
the picture at the time when something was urgently 
needed to meet this situation. The Boston Elevated 
began to use the motor bus in 1922 and in replacing un- 
econoriaical fail lines or in giving mod^ transportation 
to commimities not previously adequately served in¬ 
creased its bus mileage from 63,959 revenue-miles in 1922 
to 10,485,554 revenue-miles in 1936. At the same time 
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the surface-car mileage fell from 37,195,035 revenue-miles 
in 1922 to 24,254,263 revenue-miles in 1936. The com¬ 
bined mileages of the 2 services show a reduction from 
37,258,994 revenue-miles in 1922 to 34,739,817 in 1936, 
or about 6.8 per cent. 

The experience of the Boston Elevated Railway with the 
trackless trolley has to date been on a small scale and 
extends back only to April 11, 1936, when a car line in 
Cambridge was replaced by a trackless-trolley line. Since 
this line was opened the weather has been favorable so that 
neither on it, or a line started early in 1937, has there been 
opportunity to observe operation under conditions such as 
prevailed during parts of the two preceding winters. The 
railway has now 49 vehicles in operation. 

The Cambridge line serves the Harvard square business 
district, and residential and business districts of East 
Cambridge. The terminals are important interchange 
points for car lines from Boston and for local radiating 
car and bus lines. 

The Cambridge trackless-trolley route is 2.6 miles long, 
one-way mileage, requnes 10 trackless trolleys and fur¬ 
nishes a headway of 5 to 6 minutes in rush hours and 12 
minutes out of the rush hours. It replaced a car line. 

In another part of the elevated territory, in Malden and 
Everett, 3 trackless-troUey lines have been installed 
during 1937, aU terminating at one end in the main 
elevated-line terminal in Everett. 

One of these, the Linden line, connects the terminal 
with an outlying residential section of Malden, and serves 
also certain business sections of Everett. The Linden 
line is 3.6 miles long, requires normally 13 vehicles, and 
gives a 5 to 6-minute time in rush hours and a 15-minute 
normal time headway. It replaced in part a car line and 
in part a bus line. 

The second Everett line connects the rapid-transit 
tominal and an important cemetery, which gives the line 
its name, Woodlawn. The Woodlawn line connects the 
business section with several residential districts. It is 
2.6 miles long, partly over the Linden line route, requires 
11 vehicles, and operates on a 3- to 4-minute headway in 
rush hours, and a 12- to 15-minute headway at other 
hours. This route replaced a car line. 

The third Everett trackless-troUey route operates out 
of the rapid-transit terminal and coimects it with Malden 
square, 3 miles away by trackless-trolley route. Part of 
the route is over the Linden line. Here the rush-hour 
headway is from 5 to 6 minutes and the normal headway is 
15 minutes. Seven vehicles are required for this service. 
The 3 Everett lines operate from the same carhouse 
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where 8 additional trackless 
trolleys are available as 
“spares.” 

Other lines are in the 
preparatory stages as this is 
written, all designed primarily 
to serve as feeders for the 
rail lines and to furnish 
attractive local service also. 
The fares on the lines men¬ 
tioned, without transfer to the 
rapid-transit lines, is 5 cents. 
The base fare in Boston, 
as stated, is 10 cents. In 


Trackless Trolley Lines of Boston Elevated Railway 

Length of Nnmber of ^ ^ , 

£oute Vehicles for Headway Pate Service 

in Regular Re- Spare----— Was 

Name of Line Miles quurements Vehicles Rnsh-Hour Normal Inaugurated 

Harvard-Lechmere.....2.6......7.3....5 to 6 minutes.. 12 minutes....April 11, 1936 

(Cambridge) 

Linden-Bverett Terminal.3.6.13 | .6 to 6 minutes. .15 minutes....January 0, 1937'*"i' 

(Malden and Bverett)* 

Woodlawn-Everett Terminal...2.6.11 V .8... .3 to 4 minutes.. 12 to 15 min. .June 10, 1937 

(Everett)* 

Malden Square-Everett.3.0.7 ) .5 to 6 minutes.. 15 minutes... .September 11, 1037 

Terminal (Malden and Everett)* 

* These routes overlap to some extent. Total length of street traversed, 7.8 miles 
** Part of this line began operation November 28, 1036 


elaboration of the above expression “in the preparatory 
stages,” following is the procedure locally. 

Prior to the inauguration of a new trackless-trolley line 
it is necessary to secure a permit covering the route from 
the city and town authorities within whose jurisdiction 
the route will lie, together with a location for the necessary 
poles, wires, and other appliances and apparatus. Before 
the granting of such a permit, it is necessary that a public 
hearing be held, notice of which must be published in one 
or more newspapers at least 14 days prior to date set for 
hearing. The granting of this permit must then be ap¬ 
proved by the State Department of Public Utilities, after 
advertising public hearings. After the poles and all the 
overhead construction have been erected and installed, 
it is then necessary to secure a certificate of safe operation 
from the Department of Public Utilities. 

Trackless trolleys have practically the same status as 
street cars in Massachusetts and are exempt from the 
requirements of the motor-vehicle law. In securing the 
necessary legal authority incidental to the operation of 
trackless trolleys, the procedure followed is that contained 
in the law governing street-railway locations. 

The adoption of a new form of transportation, ev^n one 
only so moderately novel as the trackless trolley, and its in¬ 
tegration in a composite system, camiot be decided wholly 
from theoretical considerations. If a transportation 
system were being laid out as a new proposition, there 
would be much more freedom than exists in a situation 
like that of Boston. 

The management of the Boston Elevated followed with 
interest the experiments with the modem trackless 
troUey beginning in Salt Lake City, in 1928, and early 
made plans for trying out the vehicle locally. 

Extensive experience with the motor bus had demon¬ 
strated the advantages of an independent unit for existing 
rafl routes on which the traffic had shrunk to or below the 
m iniTmim at which car service is profitable, especially 
where the track needed replacing. The motor bus proved 
useful also in feeling out the traffic possibiUties of a pro¬ 
posed route. ^ 

The trackless trolley occupies a place between the trolley 
car md the bus. It is really a trolley car which does not 
require tracks. It operates noiselessly as contrasted with 
the car and without fumes as contrasted with the bus. 

Bi common with the bus and in contr^t mth the car 
It permits curb loading eliminalmg^the risk ^ 


in crossing traffic before boarding and after alighting. 

The trackless-trolley vehicle body is limited in size by 
street conditions. It probably will never be possible to 
build this vehicle with the capacity of a car running on 
rails. If a large number of people require service within 
limited periods, large vehicles are necessary. Trolley cars 
on rails are best for heavy peak loads> but where they have 
been ruled out on the basis of investment and operating 
cost, the large-body trackless trolley vehicle is next best. 

Early trackless-trolley bodies were kept within bus 
size limits; but for use in cities with wide streets, vehicles 
wider than the early 96 inches were found practicable. 
Some designs went to 106 inches. The wider bodies make 
wider aisles possible and decrease the time required for 
passengers to board and alight. 

In Boston a 100-inch width is used, as the probable 
maximum width for local street layouts. 

The permissible length depends also on street condi¬ 
tions, particularly at intersections. A body with seating 
capacity for 40 persons is a popular size, the length being 
say around 33 to 34 feet. This compares with a length 
of 6 to 8 feet less for the 30-passenger trackless trolley, 
also a popular size and used where traffic demands do not 
warrant the larger vehicle. 

As far as general design, seating, lighting, and other 
items the trackless trolley body utilizes the progress 
which has been made in the development of the comfort¬ 
able and attractive bus body of today. 

From the operating standpoint, the high acceleration 
rates and smooth pick-up of the trackless trolley permit it 
to make good speed amid vehicular traffic. This results 
from the large power capacity of the vehicle, from the char¬ 
acteristics of the series motor, which gives 
torque at starting, and from the ease of control of the start¬ 
ing current by means of rheostats graduated in small 
steps. With these vehicles, the driver finds himself 
limited as to speed by his environment rather than the 
capacity of his equipment. 

The pe(^ control here, as in the gasoline motor bus, 
greatly facilitates smooth opmation, as compared with the 
trolley car, besides leaving the operator’s hand free for 
other work. The absence of gear shift and dutch in the 

trackless trolley accentuates this advantage. 

The replacement of trolley cars by gasoline-motor buses 
on a large scale is a serioUs matter from tte power stand¬ 
point to railways that generate their own power. Thfe is 
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the situation in Boston, where the Railway has 2 up-to- 
date power plants, one having an installed generator ca¬ 
pacity of 120,000 kilowatts, the other of 60,000 kilowatts. 
There is an equally modem distribution system at 13,200 
volts, 3-phase, with automatic supervisory control in 
several substations. 

The trackless trolley tends to offset this power load 
loss, and the low power cost under these conditions is an 
argument in its favor. 

The trackless trolley comes into prominence at a time 
when its designers Can profit from experience gained in 
the development stages of other vehicles. In an earlier 
era of this development, when the trackless trolley was 
given a fair trial on Staten Island, N. Y., in Rochester, 
N. Y., and elsewhere it antedated the modern motor bus. 
The vehicle was a small car body mounted on a truck 
chassis with solid rubber-tired wheels. It proved not to 
be a formidable competitor of street railways, partly be¬ 
cause it had little in the way of comfort and speed to offer 
the passenger, and partly because the trolley car enjoyed 
a high degree of popularity. 

Since then the modem gasoline motor bus has been 
evolved, a distinctive vehicle, profiting of course by the 
marvelous development of the automobile. The pneu¬ 
matic tire must be credited with a large share in the 
present-day status of the motor bus, and in turn of the 
trackless troUey. Not only tires, but bodies, steering gear, 
control and braking systems form the contributions of the 
motor bus to trackless trolley development. 

Still closer approach to the trackless trolley was the gas- 
electric bus, for this, among other things, forced the de¬ 
velopment of the light-weight series motor. It is a short 
step from the gas-electric bus to the trackless trolley, in 
fact in one type of trackless trolley it is no step at all, 
that is in the so-called “all-service” vehicle used on a large 
scale by the Public Service Coordinated Transport. 
This vehicle is driven by an electric motor which uses 
central power station energy where wires are available 
and uses a gasoline or Diesel engine to generate power 
where wires are not available. 

The trackless trolley undoubtedly owes something also 
to the research work done by the American Transit As¬ 
sociation in developing the so-called “P.C.C.” (Presi¬ 
dents’ Conference Committee) car. This research ex¬ 
tended to all of the elements of a modem rail car, many 
of which are found in the trackless trolley. 

While undoubtedly the trackless trolley utilized de¬ 
velopments in other vehicles, it in its turn has furnished 
incentive for further development of the high-speed light¬ 
weight motor. Motors of 125 horsepower are now in use 
in these equipments on 40-passenger trolley coaches, with 
a weight per motor of not much over 1,100 pounds. 
The combined weight of 2 65-horsepower motors, generally 
used on 2-motor equipments is several hundred pounds 
greater. The single-motor equipment also makes possible 
a saving in the weight of the control apparatus. 

Most of the trackless-trolley equipments recently ordered 
are single-motor equipments. Lower cost, less weight, 
and simplicity are the ruling considerations, offsetting 
the higher energy consumption due to necessary abandon- 
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ment of the series-parallel control which is standard on all 
d-c traction equipment. 

In some ways the use of rheostatic control in the track¬ 
less trolley seems like a technical step backward. It took 
a long time to develop and perfect the series-parallel 
method of bringing a vehicle to speed, a method which 
is relatively economical. On the other hand the 
power item is not relatively as important as it once was. 
Modem power plants produce electrical energy at a much 
lower cost than formerly, whereas other items of trans¬ 
portation cost have gone up. 

Again, the simplicity and smoothness of the rheostatic 
control offsets power costs. A great deal depends upon 
the skill of the operator as to the waste of power in the 
rheostats. A new technique must be learned, to prevent 
unnece^ary running on resistance points. 

The shunted field is an important feature of the single- 
motor equipment, which tends to improve operating 
efficiency and give better speed control. The design is 
such as to give a better free running speed and acc^era- 
tion with one motor than with 2, and to permit better 
schedule performance. 

The advantages of the single-motor equipment are so 
appealing that only the lack of availability of a suitable 
axle delayed its adoption on the 40-passenger trackless 
trolleys, although it was used earlier in the 30-passenger 
vehicle, where a suitable axle for a single 65-horsepower 
motor was available. 

In the past, salient obstacles to the adoption of the 
trackless trolley have been the necessity for using 2 trolley 
wires and trolley poles, and the requirement that the 
mounting pole be sufficiently flexible to permit curb load¬ 
ing and passing of other traffic. Operating and construc¬ 
tion difficulties connected with the double trolley have 
been overcome and with careful design the overhead need 
not be unsightly. Overhead intersections and switching 
involve complications but improvement in line equipment 
has kept pace with the vehicle. The double trolley is not 
the bugaboo that it once was. 

The suddenness with which the trackless trolley has 
been accepted as a piece of rolling-stock in good standing 
is remarkable. It was not until 1935 that the ntunber of 
vehides in use was large enough to attract much atten¬ 
tion. From 1928 to 1935 there was an av^age increase 
around 70 vehicles per year. The next year the number 
nearly doubled and as this is written there are more than 
1,600 vehicles m service or on order, including the “all 
service” vehicles of Public Service. 

There appears to be a growing tendency to order 
trackless trolley for service of medium density where 
moderate headways are required, leaving the extremes in 
both directions for the trolley car and the motor bus, 
respectively. 

In all commimities served by a public utility the 
patrons and the public are impressed by indications of 
progressiveness on the part of the utility. The addition 
•of the trackless trolley to older equipment has a public- 
relations value in this direction. In the many dties where 
trackless trolleys have been recently adopted, an encourag¬ 
ing public appreciation has rewarded the managemwt. 
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Introduction 

T he investigation described in this paper was 
undertaken to determine the magnitude and char¬ 
acteristics of the abnormal voltage transients accom¬ 
panying the operation of load ratio control contactors on 
power transformers. As test results definitely established 
the fact that currents may be abruptly ruptured at other 
than normal current zero, accompanied by very severe 
over-voltages, the main purpose of the paper was directed 
to this phenomena, both from the experimental and the¬ 
oretical viewpoint. It is believed that the subject will 
prove interesting to anyone concerned with switching 
surges in general, especially in view of the fact that certain 
aspects of the phenomena appear not to have been pre¬ 
sented heretofore. Thus, the effect of current interrup¬ 
tion at other than normal frequency current zero is gone 
into in detail; general equations on recurrent restriking 
are given; the extremely interesting possibility of re¬ 
striking so as to practically discontinue the voltage tran¬ 
sient is described; and the paradox of an increase in re¬ 
covery voltage when shunt capacitance is increased is ex¬ 
plained. These points are illustrated and supported by 
oscillographic'evidence. 

It should be noted, however, that in the experiments 
described, abrupt current rupture occurred only when 
values were 15 amperes or less, and were not obtained 
above 15 amperes. Furthermore, tests were limited to 
one type of circuit and to one type of switching device, 
namely, those used in connection with transformer tap 
changing equipments. Obviously the scope of the ex¬ 
periments is so limited that considerable caution must be 
used in forming general practical conclusions. 

The now classical theory of circuit breaker recovery 
voltages, as first given by Park and Skeats^ and subse¬ 
quently extended by Boehne,® assumes that rupture of the 
current does not take place until a -normal current zero. 



At this instant the current permanently extinguishes and 
the isolated part of the circuit, comprising the inductances 
of apparatus and the (small) capacitances of windings, 
bus bars, etc., undergoes a local oscillation. In a single 
frequency local circuit of this nature the oscillation results 
because the circuit capacitance is charged to the circuit 
voltage prevailing at the instant of normal current zero, 
and for a completely reactive circuit this is the normal 



■ I 200 ^ 400 

microsecond's* 


Figure 2. Cathode-ray oscillograms of 2 switching transients 

frequency peak recovery voltage. It follows, then, that 
the transient oscillation has a maximum value not ex¬ 
ceeding normal frequency peak recovery voltage; and 
the total voltage across the switch contacts, being the sum 
of the high frequency oscillation and the normal frequency 
voltage, cannot exceed double normal frequency recovery 
voltage, actually less on account of the decrements. 

All of this has led to considerable speculation concerning 
the question: do currents extinguish precisely at a normal 
current zero? 

Ctirrent Interruption 

A switch will endeavor to open the circuit at the instant 
when the contacts begin to part, but an arc forms and 
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Figure 1. Single- 
frequency test 
circuit 










Figure 3. Components of the recov¬ 
ery voltage at instant of rupture 

M)—Normal-frequency component 

(fi)—Hish-frequency component due to 
stored electrostatic energy in the capacitance 

(Q—High-frequency component due to 
stored magnetic energy in the reactance 
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maintains the circuit until it is disrupted by tlie surround¬ 
ing dielectric. Ordinarily, this occurs so close to a normal 
current zero that it appears on the oscillograms as inter¬ 
ruption at a current zero. In order to examine the exact 
instant of rupture in more detail, records were taken with 
the 3-element cathode-ray oscillograph developed by E. J. 
Wade.* A single cycle of normal frequency was drawn 
out so as to occupy the whole length of the film (24 inches) 
but of only half an inch amplitude; so that the point of 
rupture was very distinct. It was found that the con¬ 
tactor could abruptly interrupt the current at values of 
the order of 5 amperes, which in tliese tests corresponded 
to cut-off some 10 degrees from a normal current zero. 
Two examples are given in figure 2a. The ensuing high- 
frequency oscillations in the current waves through the re¬ 
actor are clearly shown, and in figure 2h the corresponding 
high-frequency recovery voltages. The circuit consisted 
of a reactor of 0.25 henry inductance shunted by a capaci¬ 
tance of 0.003 microfarad. The natural frequency of the 
circuit was thus 

1 1.000 , 
f = -=: s= - , :■■= : — 5,800 cycles per second 

2irVXC 2irV0.25 X 0.003 

or about 100 times normal frequency. In appendix I it is 
shown, on the assumption of abrupt current interruption 
that the recovery voltage is approximately: 

e S £ cos (ut — 0) — (cos 0 -1- - sin cos wt — 

L “ 

' w .... 1 

— sin sra wM 

« J 

in which E cos is the normal frequency voltage, 

0 the angle from a current zero at which interruption 
occurs, (n)(2ir) the natural frequency, and a the decre¬ 
ment factor. There are 2 components to the high-fre¬ 
quency oscillation. The cos wt term is that present when 
interruption occurs at a normal current zero, 0 = 0, for 
tlien 

e * £[cos (at - e-®* cos wt] 

^£(1 — cos wO 

for short times and no decrement. This is the recovery 
voltage of the prevailing theory^ and is seen not to exceed 
twice normal peak voltage. 


Tlie sin wt term exists only for finite values of 0, but 
since w/<a is usually quite high (100:1 in figure 2) it is clear 
that even a very small value of 0 will result in high volt¬ 
ages. It is this term which is responsible for the excessive 
voltages experienced during switching. It is: 

. .. „ (natural frequency) (cut-off current) 

0 ) (applied frequency) (normal crest current) 

(cut-off current) 

This equation shows that: 

(a) . The higher the natural frequency the higher the voltage, hence 
the voltage increases inversely as the square root of the capacitance. 
(It will be shown later that this is not necessarily true if restriking 
occurs.) 

(b) . The voltage is directly proportional to the cut-off current. 
This cut-off current is probably a function of the switch speed, tjrpe 
of switch, and other factors. 



Thus, if no restriking occurs, the recovery voltage con¬ 
sists essentially of 3 terms : 


I 

rnormal 
I frequency 
.recovery ^ -}- 
[voltage 


II 

high-frequency 
term depending 
upon the capaci¬ 
tor voltage at 
instant of cut-off, 




+ 


III 

f^high-frequency ' 
[term depending | 
upon the reactor 
[ current at instant | 
^of cut-off > 


of which the last is by far the most important. These 
components are shown as vectors in figure 3. 

Since, however, the tendency is to rupture very close to 
a normal current zero, the probability of large cut-off 
currents, and correspondingly high voltages, is not great. 
The following results, obtained by E. A. Elge, from sphere 
gap measiuements on a 0.26-henry reactor shunted by a 
0.0003-microfarad capacitance, give the munber of switch 
operations which were necessary to cause gap sparkover. 
It will be noted that the probability of voltages greater 
than 7 times normal is very much less than for the small 
voltages. 


Arc Voltage 

The actual mechanism of current interruption by any 
switch must involve some sort of a rapidly increasing arc 
drop which breaks the circuit when the resulting transient 
switch current passes through zero. Mr. C. Concordia, in 

Table I 


Gap Setting, Times Switching Operations to 

Kt (Rms) Normal Voltage Cause Gap Sparkover 


3.0 . 

5.25 . 

6.0 . 

.;.. 1.5 . 

. 2.62 . 

. 3.0 .. 

. 1 

. 3 

. 3 

7.0 . 

. 3.6 . 

.... 1 

10 . 

... 3 . 

.. 4 

12 . 

. 6 .. 

. 6 

14 . 

.... 7 . 

. 23 

16 . 

. 8 .. 
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. 9 . 

. 69 
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.. .10 . 

. 27 

22 . 
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.. 112 
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an unpublished report, has calculated the recovery volt¬ 
age ^suming the arc drop to increase linearly as a function 
of time, and under this assumption finds that for slow 
rates of increase of the arc drop the recovery voltage tends 
to become independent of the circuit constants, while for 
fast rates it tends to become independent of the switch 
charact^istics. But the oscillograms of the present in¬ 
vestigation show the rupture sufficiently abrupt with re¬ 
spect to the natural periods, so that for all practical pur¬ 
poses it is sufficient to regard the current interruption as 
instantaneous. The current cut-off is equivalent to the 



application of a steep wave front. It is weU known that a 
wave front even as long as 25 per cent of the natural period 
succeed in developing at least 90 per cent of the os¬ 
cillation that a rectangular wave front could develop (see, 
for example, figure 113 of reference 4). For circuits with 
much higher natural frequencies than those with which 
this investigation is concerned, it may be expedient to 
consider more carefully the arc characteristics. The ab¬ 
ruptness of the cut-off is clearly shown on the oscillogram 
of figure 4 for the interruption of a d-c current. 


increase of dielectric strength and the rate of rise of the 
recovery voltage, and restriking gives the switch time to 
open. 

The general equations of the restrildng phenomena are 
given in appendix II. The principal term in the voltage 
transient following the k 'th restrike is; 

e S w(t — tt) 

in which is the initial current in the reactor at the start 
of the k th restrike and lags the voltage by approximately 
90 degrees, and 4 is the instant at which this restrike oc¬ 
curs, counting time from the initial current rupture. The 
v^tor diagram of the successive restrildng, taking cog¬ 
nizance of the above term only, is shown in figure 5A, the 
instantaneous values being the projections on the vertical 
axis. The sequence of events is as follows: at 4=0 the 
switch ruptures the circuit for the first time and the volt¬ 
age vector 

e = — wZJoe”®* sin i»/ 

begins to revolve at the high frequency angular velocity 
w, and to shrink exponentially. At time 4 when the in¬ 
stantaneous voltage is ei the voltage is sufficient to break 
down- the dielectric of the switch and the first restrike 
occurs. The current in the reactor at this instant is 

/i “cos 

and the new voltage transient is 
e = —wLIo cos wfie~^ sin iv(t — 4) 

or ^e previous transient reduced by cos wti and starting 
at time 4. By the same reasoning the voltage following 
the second restrike is 

e * —wUo cos wti cos Te>(4 — 4)e““* sin wit — 4) 

Successive restriking of this nature continues to take place 
until the dielectric strength of the switch has increased to 
a value such that the transient voltage is unable to break 
it down. Thereafter the transient voltage is simply a 
dampedoscillation, shown in figure 5 as a logarithmic spiral. 


Restriking 

When the switch arc extinguishes the first time, a high- 
frequency oscillation is initiated. This transient starts 
with ^e current in the reactor and the voltage across the 
capacitor at the instant of rupture as initial values, and if 
not interfered with, the transient develops as previously 
desmbed. As the transient voltage increases, the switch 
contacts are opening, thus increasing the dielectric re¬ 
covery strength, of the switch. If the transient voltage 
overtakes the dielectric recovery, the arc will restrike, and 
the switch then makes a second attempt to open the cir- 
cmt. At this second attempt the recovery voltage tran¬ 
sient IS very similar to that following the first attempt, ex¬ 
cept that ^e amplitude of the oscillation is reduced. In 
the rneantime the switch has been continuously opening, 
acquiring greater dielectric strength, and therefore it wiU 
^ a longer time before the arc again restrikes, if at all. 
Thus current interruption is a race between the rate of 


Figures. Vector 
refationships in 
restrilcing phe¬ 
nomena 

(A)—Successive re¬ 
strildng with a Rnal 
oscllldtion 

(ff)—Successive re- 
striking Without a 
Rnal oscillation 
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If, now, the last restrike occurs at the crest of the oscilla¬ 
tion, as shown in figure 5B, the current is zero, and there 
will be no damped oscillation associated with the elec¬ 
tromagnetic energy, although an oscillation will exist due 
to the electrostatic energy which has been neglected in the 
foregoing. 

Effect of Dielectric Recovery Rate 

In figure 6 the dielectric recovery is shown as a straight 
line starting at the same initial value, but with 4 different 
slopes, or rates. Only part of the first half cycle of each 
oscillation of voltage is shown. Actually, the transient is 
a damped oscillation about the time axis. In figure 6a 
the dielectric recoveiy (d.r.) is so fast that the oscillation 
reaches crest without restriking, and the recovery voltage 
(r.».) is the maximum possible for a given angle of rup¬ 
ture 6. If, now, the d.r. is slowed down, as in 6B, the 
rising r.v. meets the d.r. at point a, and then restrikes in¬ 
stead of rising on to the previous crest Vi, and the second 
attempt carries the crest to some value Vi', less than Vi. 
In 6c the d.r. has been reduced so as to involve 2 restrikes, 
while in 6jD it has been reduced to show 3 restrikes, and 
Vi'" < Vi'" < Vi"' < Vi'". 

Effect of Initial Angle op Rupture 

As previously discussed, for an unhindered oscillation 
the amplitude of the r.v. is directly proportional to the 
cut-off current, that is proportional to sin 6 where 9 is the 
angle from a current zero at which the switch makes its 
first attempt to open the circuit. But if restriking occurs 
this is not true. Figure 7 illustrates the effect of the 
cut-off angle 9 when restriking occurs, the d.r. being the 
same for all angles. In 7A where 9 = 4 degrees, 3 restrikes 
occur in succession before the d.r. finally escapes the r.v. 
In 7B the angle is 0 = 3 degrees, and only one restrike 




Natural period —T = 200 microseconds 


occum, and on this account Vi is very little less thaii 
although V\ — 0.75 Vi. In 7(7 at 0 = 2 degrees there 
is no restriking and Vi = 0.5 Fi. A further reduction 
to 0 ==» 1 degree reduces the r.v. to Fi"' = 0.26 Fi. 

Effect op Capacitance 

When restriking occurs, it is quite possible to obtain 
higher r.v. by adding capacitance, which is quite contrary 
to the case when no restriking occurs. The addition of 
capacitance does 2 things: (1) it reduces the amplitudes 
proportional to IjVC; and (2) it increases the natural 
period proportional to Vc. Therefore, as shown in 
figure 8, it may be that the number of restrikes can be re¬ 
duced if the natural period is increased, and on this ac¬ 
count a higher voltage produced than would result with 
more restrikes at a smaller capacitance. Thus in 84 3 
restrikes occur before tihe oscillation develops with a crest 
of Vi = 70 per cent. Increasing the capacitance by 35 
per cent as in 8B increases the natural period just enough 
to permit only one restrike, and the resulting crest voltage 
Fa = 76 per cent; while in 8(7, where the capacitance has 
been doubled, restrildng is avoided entirely and the r.v. 
crest is Fi = 72 per cent. A further increase in capaci¬ 
tance, ^ in 8Z>, can only result in a reduction of r.v. crest, 
in this case to Fi = 67 per cent. 

Oscillographic Evidence 

Effect of Capacitance 

The foregoing effects are well illustrated by the reactor 
voltage oscillograms of figure 9. In 9A the shunt capaci¬ 
tance was only 0.004 microfarad and the natural period 93 
microsecond. A few restrikes are discernible at the be¬ 
ginning of the transient, near the crest of the normal fre- 
qu^(y voltage. Normal voltage wsa 1,400 volts (crest), 
and the transient carried to 3.5 times normal. 
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For 9J5 the capacitance was 0.25 microfarad and the 
natural period 1,360 microseconds. This oscillogram ex¬ 
hibits a single restrike. The voltage is materially less 
than in 9A on account of the great increase in capacitance. 

For 9C the capacitance was 0.5 microfarad and the 
natural period 960 microseconds. The transient was too 
slow and of too low amplitude to permit restriking. 

Dielectric Recovery 

In figures 6, 7, and 8 the dielectric recovery was shown 
as a straight line starting at a finite value. Actually, this 
recovery must start at zero, and apparently at first in¬ 
creases very rapidly and then at a more uniform rate. 
But it must not be supposed that the d.r. is always at a 
uniform rate. The envelope of the restrike is, in fact, the 
curve of dielectric recovery against time; for such a curve 
gives the breakdown voltages at various instants. When 
matched with a record of the switch travel against time 
it is possible to correlate the d.r. with the switch opening. 
Records of this nature were taken as shown in the magnetic 
oscillogram of figure 4. 

The erratic nature of some of the dielectric recoveries 
is illustrated by the oscillograms of figure 10. Thus in 
10^ 3 small restrikes are followed by a larger restrike. 



Figure 9. Effect of capacitance 

Top—C = 0.004 microfarad, several restrilces 
Middle—C = 0.25 microfarad, one restrilce 
Bottom—C = 0.5 microfarad, no restrikes 


then another small one, and then a very pronounced final 
restrike, after which the switch succeeds in opening, and 
the circuit enters into its oscillation. In 105 the restrik¬ 
ing repeats many times at essentially the same voltage 
before the switch suddenly becomes deionized and re¬ 
covers. In IOC the restriking sequence starts to build up, 
but suffers a bad relapse lasting over many small restrikes 
before the circuit opens. In lOD a single restrike is fol¬ 
lowed by a half cycle of high-frequency oscillation, and 
then restriking occurs twice at the opposite polarity. 

The envelope of restrikes has been plotted for most of 
the (4: oscillograms taken, and representative curves shown 
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Figure 8. Effect of shunt capacitance 

Initial angle pf rupture—=» 4 degrees 
Natural period with C-r= 200 microseconds 


pronounced final in figure 11. It is seen tliat the dielectric recovery is verv 
s in opening, and erratic for this type of switch, 
i 105 the restrik- 

the same voltage vanishing of the Oscillations 

.eionized and re- The higher up on tlie oscillation at which restrike occiirss, 
tarts to bmld up, other things being tlie same, tlie smaller the amplitude of 
ay small restrikes the subsequent oscillation, and restrike on the crest prac- 
le restrike is fol- tically discontinues the transient. The appropriate equa- 
r oscillation, and tions are given in appendix II, and the physical reas«jn. 
ite polarity. as previously discussed, is simply that restrike at the crest 

)tted for most of of the voltage oscillation corresponds to zero current in 
ive curves shown the reactor, while immediately following restrike tlu* 

voltage to which the capacitances charged is X 

T' I I I I j^l I I voltage, so that tlie only energy supporting the 

-.V,'- _subsequent oscillation is that of the capacitance charged 

-to normal voltage. 

™s effect is illustrated in figure 12. These oscillograms 

-—— X-are for a 125-volt d-c circuit, and as seen, tlie transient 

voltage at about 22 degrees results in a voltage of S 400 
H=|. 35 C II I” 126 the rcstrike occurs at 

-^ is so close to a voltage peak 

'00 subsequent oscillation is greatly reduced. In 

l I I I >1 I I }. restrike occurs on the crest of the oscil- 

Iiri^III • v" f subsequent oscillation 

^emible on the oscillograms. This small 
^-5--oso^tion B really of normal voltage amplitude, but ap- 

1”^ “^dicant compared with the high transient volt- 
^ri I(dH T v age peaks. 

Z Shunt Resistors 

' ' loo ' ^ ® ® parallel patli 

to^v opened, and 

tance thweby hunts the recovery voltage. There is a critical 

value of resistance r = 0.5VL/C which suppresses the 

A °“!“a‘>ons. In figure 136 is shown the effect of shunting 

.o,«o„ds - --tof£ = 0.055 and C= 0.001 with a r^is“^^^ 
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Figure 10. Erratic nature of restriking 


5,000 ohms. The critical resistance in this case is r == 
3,700 ohms, so that there is still a tendency to oscillate 
with 5,000 ohms. 

Figure 13 C shows the effect of a Th 3 rrite shunt. Since 
this material has a resistance characteristic which is low 
for high voltages and high for low voltages, it is to be ex¬ 
pected that when used as a shunt resistor the higher 
voltages will be prohibited, but free oscillation can develop 
at reduced voltage. The oscillogram of 13B confirms this. 

The result of a step-by-step calculation, according to 
appendix II, is shown in figure 14. This shows that with 
an appropriate Th 3 rrite shunt there is no excessive voltage 
across the switch contact, and the transient is a smooth 
curve free of oscillations. The Thyrite shunt not only 
limits the recovery voltage, but also substantially reduces 
the rate-of-rise, thereby lessening the duty on the breaker. 

Tests 

The special testing technique for this investigation was 
worked out and supervised by E. J. Wade, and it was only 
through the use of his 3-element cathode-ray oscillograph* 
that suitable data were obtained. Preliminary tests were 
conducted by E. A. Elge, of which figure 2 is a sample. A 
total of some 250 oscillograms, both magnetic and cathode 
ray, were secured; and these cover 2 different reactors, 
6 different shunt capacitances, constant and Th 3 rrite 
shunt resistors, 2 different load ratio control switches, and 
both a-c and d-c switching. 

A photograph of the standard LR-17 switch used in 


these tests is shown in figure 15. This switch is compara¬ 
tively “fast,’* having a total switching time of 0.007 
second, and an initial rate of opening of 0.004 millimeter 
per microsecond. For comparison, a LR-28 switch having 
a switching time of 0.020 second, and an initial rate of 
opening of 0.0015 miHhneter per microsecond was also 
tried- 

The test circuit is shown in figure 1, the essential ele¬ 
ments being in heavy lines and the recording and auxiliary 
elements in light lines. The inductance for most of the 
tests was an oil-filled commercial reactor rated OT-60- 
369-1590-77.4, for load-ratio control, and had an induc¬ 
tance of 0.0055 henry. The capacitance varied from the 
0.002 microfarad of the cathode ray oscillograph divider 
to shunts of 1.0 microfarad. The power supplies consisted 
of a 1,000-volt 20-ampere a-c source, and a 125-volt 25- 
ampere d-c source. To protect these sources from exces¬ 
sive switching surge voltages, and also to simulate an I 
“infinite bus,’’ a large protective capacitor of 0.5 micro¬ 
farad was across the power supply but on the line side of 
the switch. The transient voltage across the reactor was 
recorded by one of the tubes of the 3-element cathode-ray 
oscillograph, through the capacitance divider. 

A current transformer with a resistor across its second¬ 
ary was intended to yield both cathode ray and magnetic 
oscillograms of the switch current. But these proved dis¬ 
appointing, as the flux trapped in the core of the current 
transformer, upon interruption of the current through the 
switch, decayed exponentially through the resistor and 
gave an entirely erroneous pictme of the current cut-off. 
This was confirmed by changing the value of the resistor, 
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Figure 12. Effect of the point on the high-frequency oscilla¬ 
tion at which restrike occurs (d-c switching) 


pressing of a button started in proper sequence the driving 
motors of the switch and of the mag^netic oscillograph. A 
second auxiliary arm on the switch was arranged to initi¬ 
ate the cathode-ray oscillograph by making a contact 
prior to the opening of the switch. 

All of the oscillograms were analyzed by W. D. Whinery, 
Jr., and the magnitudes, frequencies, number of restrikes, 
restriking peaks, and other pertinent information tabu¬ 
lated. The examples given in the paper are typical and 
were selected with a view to illustrating the various 
characteristics of the phenomena. 

Conclusions 

This study has shown that, for the types of circuit and 
switches employed, switching surges may be characterized 
as follows: 

1. The dielectric recovery strength of the switch was very erratic, 
and no correlation has been found with the factors involved. A 
3-to-l increase in switch speed did not make any material difference 
in the recovery rate. 

2. The current interruption by the switch usually occurred at or 
very close to a normal-frequency current zero, but rupture at other 
than current zero was by no means tmcommon. Apparently the 
current cut-off was sufficiently abrupt so that for all practical pur¬ 
poses it may be regarded as instantaneous. The highest a-c cut-off 
current observed was about 5 amperes at 10 degrees from a current 
zero. This, incidentally, is the order of current snapping which 
sometimes occurs in mercury-arc rectifiers. D-c currents were 
abruptly interrupted at about 20 amperes. 

3. If no restriking occurs, the recovery voltage consists i>gg*»ntiniiy 
of 3 terms: 


which changed the time constant of the exponential decay. 
In addition, this current transformer broke down some¬ 
time during the tests and was defective for an unknown 
period. Magnetic oscillograms of the circuit were also 
obtained from a series resistor. These, however, did not 
show the point of current cut-off suflSciently distinctly to 
be of much use. 

A sphere gap gave verification of the order of magnitude 
of the overvoltages. Smce the voltage for a given cir¬ 
cuit depends upon the intial angle of current rupture and 
on the number of restrikes, it was necessary to make suc¬ 
cessively more switching operations for each higher gap 
setting in order to be sure that the highest possible volt¬ 
ages were obtained. 

The switch travel indicator for recording the rate of 
opening of the switch contacts was merely an auxiliary 
arm attached to the switch and arranged to move over an 
excited resistor as shown in figure 1. The vibrator of the 
ma^etic oscillograph was connected between the switch 
auxiliary arm and a point on a potentiometer which was 
adjusted so as to give zero vibrator deflection just as the 
switch contacts began to part. A typical record is shown 
in figure 4. The total switch travel from the instant when 
its motion is mitiated until it is completed is roughly a 
half cycle of a cosine curve (cos at), but over the range 
from the instant when the contacts begin to open ittifij 
the current is finally interrupted, the switch travel is 
essentially at constant speed. 

The control circuit of figure 16 was devised, so that the 


normal 

frequency 

recovery 

voltage 


\ /high frequency 
f 1 term depending 
/ + \ on the voltage at 
I I instant of cmrent 
/ \current cut-off 


/high frequency 
jterm depending 
-l-'\on magnitude of 
I of the cut-off 
\current 


The first term is, of course, normal voltage. The second term is 
a maximum for current interruption at a normal current zero, for 
the voltage to which the capacitance is charged is then a Tnavi'miii^ 
But this term never exceeds normal voltage. It is the third term 
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Figure 13. Effect of shunt resistor 
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which is responsible for the really high voltages. It represents the 
stored magnetic energy in the reactance, and is therefore greater 
the greater the current in the reactor at the instant of cut-off. Thus 
the further away from a current z^o that rupture occurs, the higher 
the recovery voltage. The 2 high-frequency terms are in time 
quadrature and therefore do not add directly. Overvoltages of 
18 times normal were obtained with a-c switching atifT 72 titTi<>!a 
normal with d-c switching. 

4. Successive restriking was found to be the most influential factor 
of the recovery characteristic. Restriking was so abrupt as to be 
practically instantaneous and was followed by an immec^ate dielec¬ 
tric recovery. 

5. The amplitude of the oscillation following the final restrike 
depends upon the point on the preceding oscillation at which re¬ 
strike occurs, and if this happens near the crest, the transient can 
be reduced to normal voltage amplitude. A succession of restrikes 
reaching ultimate values many times normal, and then suddenly 
terminating in a very trivial oscillation, present a rather uncanny 
appearance on the oscillograms, but are simply explained and easy 
to calculate. 

6. The addition of shunt capacitance will always decrease the 
recovery voltage crests if there is no restriking, but if restriking 


Appendix 1 

Finite Current Cut-Off 

This appendix describes the modification necessary in the con¬ 
ventional theory to account for the great amplitude of the high 
frequency oscillation in the recovery voltage. Referring to fig^ure 
17 there is shown a generator supplying current to a reactor L having 
series resistance R, and shunted by a capacitance C and a leakage 


Figure 16. 
(hoi circuit 
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occins it is possible to get higher voltages by adding capacitance; 
because (die capacitance decreases the frequency to the same ex ten t 
that it decreases the amplitude, and this may allow the switch to 
finally open wili feweriestrikes. 

7. A ^unt resistor can be chosen which will suppress the transitot 
recovery voltage tp any d^ed extent. This resistor may be either 
constant or of ^ch a inaterial as Thyrite. A Thyrite resistor not 
only suppresses the overvoltage, but also reduces the rate of rise. 


conductance G. The series resistance R, under high frequency 
conditions, will be many times the steady state d-c resistance of the 
winding. The capacitance C is the effective circuit capacitance 
including the series and shunt capacitance of the reactor winding, 
leads, etc. It is of the order of 0.001 microfarad, unless extra 
capacitance in the form of an actual capacitor is deliberately added. 
It may be remarked here, that the sm^er the inherent capacitance 
of the circuit, the more important it is; because the amplitude of 
the high-frequency recovery voltage is almost inversely propor¬ 
tional to the square root of the circuit capacitance. The leakage 
conductance G is rather indefinite, unless a shunt resistor is con¬ 
nected across the reactor terminals. It will be shown that the 
high-frequency oscillation can be wiped put by a resistor of a few 
thousand ohms. 

The conventional mathematical device for calculating recovery 
voltages (across the breaker terminals) as introduced by R. H. Park 
and W. P. Skeats,^ consists in superposing an equal but opposite 
current through the breaker contacts at the instant of rupture. 
Thereafter, this superposed current cancels the steady state current 
through the breaker, and since there was no voltage across the 
breaker (the contacts being closed) associated with the steady state 
current, the “recovery voltage” must be due entirely to the super¬ 
posed current. If, now, we assume the current to rupture at an 
anide 9 prior to a current zero, the superpo^d current is, in opera¬ 
tional form: 


* •= 7 sin (w< — 9) 


I 


pw cos g — sin d 

y* + 
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The operational impedance of the circuit, as viewed from the breaker 
contacts, is 


Z{p) =- R-VpL - 

LCp^ + (£G + RQp + + 1) 

The operational equation for the recovery voltage then is 

_ . , ■ _ J_ cos g — j> sin fl) 

C {p^ “1* “1“ 2fl/> + i4*) 

in which 


2\C^ LJ 


RG + 1 


The solution of 3 is easily effected by the expansion theorem, and 
is 

= f J (1 + X 

Cu'^ I ^(1 + oV®** “ u^/w^y 4" 

sin(u^ — d At ~ ^0 "b 

Jb •*' (^)’] [(“”" +z^‘)‘+ s, 

T (1 - aVa»* - wVw*)* + 40*/™* 

sin (wt + ^ — ^4 + ^s) ^ (5) 


- a* 

= tan“^(<i)/6) 


[ 2(l0i 

<bi — tan”i I- 

w - «* + W* 

, f TO sin 0 \ 

= tan”^ I-I 

\fc) cos 5 + a sin fly 

, f 2aw \ 

4t>t = tan“i I •• - - -1 

\o® + <i>* — w*/ 


If, as Would normally be the case, w is large compared with a, b, 
and «, and cd is large compared to b, there is approximately S 90 
degrees, S 0 degrees, ^ 90 degrees, <f»t = 180 degrees, w* S 
1/LC and 5 becomes 

e = £"1 cos (o)/ — fl) — ^(cos fl +— sin fl)» + sin flj* X 

«■“'cos (w/- I (6) 

where E — \/i2* 4- u*L^ I = normal voltage 
Rupture at "Cxjtrrent Zero” 

Putting fl = 0, then ^4 •= 0 and 6 yields 
e — E(cos at — €“*“ cos wt) 

and it is usuaUy assumed that the decrement is negUgible. Then 
there is the usual formula 

e = E (cos at — cos w() 

= £ (1 — cos ta<) for short times 

According to this, the recovery voltage consists of a simple oscilla¬ 
tion about normal voltage as an axis, and the ampHtude of the 
oscillation is the same as normal voltage. 

Rupture at Finite Current 

Unle^ a shunt resistor has been added, <? will be so smaU that the 
apin-oximation 6 holds, and it may be expanded into the form 


s = £ < cos (wi - fl) - (cos fl 4- - sin fl) e “‘cos wt - 

I " 

sin fl^ 6~“‘ sin (9) 

and the last term is responsible for the very high voltages experi¬ 
enced. It is 

_ w . _ / natural frequency\ ( cut-off current ^ 

£ — sin fl = £ (-----) I -;---7 1 

a \applied frequency J \nonnal crest current/ 

“ (10) 
This equation shows that: 

(a) . The higher the natural frequency of the circuit the greater the 
amplitude. Since the natural frequency is very closely 

(11) 

it is clear that the amplitude of oscillation is inversely proportional 
to the square root of the capacitance. Hence, the addition of capaci¬ 
tance will decrease the amplitude. 

(b) . The higher the current at which rupture occurs the greater 
the voltage. In fact, the recovery voltage is directly proportional 
to the cut-off current. It is not yet clear if there is a inaxmiuni 
cut-off current at which a given switch can ruptiure the circuit. 
If so, then the higher the normal crest current in a circuit, the 
smaller the recovery voltage, since it is the ratio of cut-off to normal 
current which is important in equation 11; and therefore if there is 
an upper limit to the cut-off current (for a given switch), normal 
current is important. 

As an example let: 

£ = X 2,000 = 2,828 
L = 0.26 henrys 
C = 0.003 microfarad 
« = 27r/ = 377 
a = 0.008 X 10® 

6=0 

fl = 10“ (sin fl = 0.173) 

By 9, if / is in microseconds 

e = 2828 (cos (0.000377^ - 10“) - (0.985 4- — X 0.173) X 

377 

€-o-oo« cos 0.0365/ - 

36500 

X 0.173 sin 0.0366/] 

= 2828 cos (0.000377/ - 10“) - 6690 cos 0,0366/ - 

47400 sin 0.0365/ 

This has a maximum of 43,000 volts, or 16 times normal. The 
value of a used m this problem corresponds to a leakage resistance 
of about 66,000 ohms. 

Shunt Resistor 

The circuit can be rendered nonoscillatory by the addition of a 
shunt resistor such that 

or approximately 


Under this condition the high frequency oscillation is adequately 
suppressed. Taking the example in the previous case, and assuming 
a shunt resistor of 6,000 ohms, we have by 4 
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Table 


Initial Conditions 


Svitcb 

Dielectric - 

Strength Voltage 


Begin to rupture 0) » 0.0. 

First rupture £«(/<) -« StOt, h) . h . 

First restrike is (is> fe) =* 0.it. 

Second rupture. h . 


- -2 sin d... .a - £ cos d.. • • • ../W' '.V ‘ 

.Ji - i(ti, 0).£x - 0).-EsO).<»). 

./* - . Et - !(h, iO. y- .{W- — 

./» - . Es =• eOs, <a).EsCt). 


..*•.{/, 0).. 
.0 . 

..0 . 


. 20 , 

.. e(t, ia).... 

...20, fa).... 


_»0. 0) 

-JO, fa) 

.*0, fa) 

.iO, fa) 


Initial Conditions 


First rupture £«0i) “ 8«(fai 0)... 
First restrike £j00 ■“ d«0», fa).. • 
Second restrike £«(fa) « c«0>, fa). 
Third restrike. 


/i - I(fa, 0) 
la » J(fa, fa) 
It - i(fa. fa) 


Voltage 


Dielectric 

Strength 


Voltage Current 


E cos 0.£<0) 

E cos (ofa — 0) ... £*0) 
E cos (o»fa — 0)... Et(l) 
E cos (wfa — 0).. .£«0) 



a = — (= 28,000 

2 \0.003/ 


w = VA‘ = 


1.25 X 0.003 


- 28,000* = 23,460 


Hence by 6 there is approximately 


= 2828 -i- cos (0.000377^ - 10* 

\23450y |2.42 


11.28 e-o-o**' sin (0.02346i - 58.6“) j- 

= 2828 cos (0.000877i - 10“) + 77600 
sin (0.023462 - 68.6“) 

The high-frequency oscillation has a maximum at (2 =■ 73) of 
6,350 volts, and the total voltage does not exceed 3 times normal, 
as compared with 15 times normal for the case without shunt 
resistor. 

TTad the shunt resistor been "critical,” as called for by 13— 
about 4,600 ohms—the transient term would have been of no 
concern. It is suggested that 13 be adopted as the proper criterion 
for a shunt resistor. 

Thyrite Shunt 

When a Thyrite shunt resistor is employed to suppress the mag¬ 
nitude and rate-of-recovery of the transient, it is necessary to resort 
to step-by-step calculations. Assuming, as before, that the switch 
opens at an angle 0 from a normal current zero, and neglecting the 
arc drop, the init^ conditions immediately following rupture of 
the s^tch current are: 

J sin (14) 

Ce E cos 0 (15) 

is = 0 =« tL +*« + *c (15) 

Substituting increments for differentials there is 


A0C = 212 




JS cos “h 2 JA(?c 


^ . 0o» 

Al’Xi “ At 
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ii, = —I sin 0 -1- SAtx, 

*J 2 “ ^(0«) ~ Thyrite current as function of the voltage (21) 

Herefrom the step-by-step calculation can be performed in the 
following sequence: 


—/ sin 0.^(£ cos 0}.£ cos 0 

...( 6 ) 

...(4).(7)......(0) 


Appendix II 
Recurrent Restriking 

Current inteiTuption at other than a normal current zero resulte 
in the initiation of a greatly magnified voltage transient. If this 
voltage transient is able to overtake the increasing dielectric strength 
of the opening switch contacts, the arc will restrike and thus post¬ 
pone the final rupture of the circuit. A number of restrikes may 
occur in succession before the switch gap is able to sustain the 
recovery voltage. In effect, a series of restrikes is equivalent to 
circuit interruption at a lower current than prevailed at the first 
attempt; so that the transient recovery voltage is substantially 
reduced. Moreover, since the switch contacts have been con¬ 
tinually parting during the restriking period, the dielectric strength 
of the opening switch has ample time to become established and 
effect the final rupture. 

An additional interesthig fact associated with restriking of the 
switch is the possibility of obtaining higher recovery voltages by 
irirT P faqi-ng the circuit capacitance, which is quite contrary to the 
when no restriking occurs. The reason for this is that the 
addition of capacitance not only reduces the crest of the transient 
recovery voltage (inversely as the square root of the capacitance), 
but also reduces the natural frequency in the same proportion. It 
is thus possible for the switch to open with fewet restrikes, or even 
to escape restriking entirely, if the natural frequency fe reduced, 
and on this account a higher recovery voltage results. Of course, 
if capacitance is added beyond that necessary to just avoid re¬ 
striking, there is a decrease of recovery voltage. 

There are 2 kinds of "events” associated with recurrent restriking 
of the switch arc: (a) the characteristic transient during arcing 
and, (b) the characteristic transient when the switdi is clear. E^h 
of these transients depends upon the currents and voltages existing 
at the initiation of the event; and these initial values are determined 
from the corresponding end conditions of the preceding event. 
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The analysis consists, then, in deriving the appropriate equations 
for each kind of transient, and the formulation of a procedure for 
determining the integration constants in proper sequence. In the 
interests of simplicity a circuit consisting of Z and C in parallel will 
be considered. 

Arcing Conditions 

During arcing of the switch the voltage appKed to the circuit is 

e = E cos (cjt - e) - fit) ( 1 ) 

in which £ cos («/ — J) is the applied normal frequency voltage 
and fit) is the arc drop expressed as a function of time L More 
generally, the arc drop depends upon the current, kind of contacts, 
and other factors, but wiU be here regarded merely as a function 
of the switch opening, hence of time. Park and Skeats^ have given 
an example (their figure 12) in which the arc drop at the instant 
of clearing was taken into account in calculating the recovery tran¬ 
sient. Recently C. Concordia, in an unpublished report, has cal¬ 
culated the recovery voltage assuming the arc drop to be a 
function of tune Kt, and under this assumption has found for slow 
rates of in^ease of the arc voltage that the recovery voltage tAn/tc 
to become independent of the circuit constants, while for fast rates 
it tends to become independent of the switch characteristics. 

Adhering, for the sake of generality, to fit) as the arc drop, the 
current through the inductance is 

* “ I /- 0) - fit)] dt = A + 


and £=» Ek Sit t = tk these give 

i = h cos wit - 4 ) + ^ sin wit - tk) (10) 

e = — wLIk sin wit — tj^ Ek cos wit — /*) (Hj 

in which bars have been placed over the quantities to distinguish 
from the corresponding quantities tinder the arcing condition. 
The voltage across the switch is 

~ E cos iu>t — &) — k (12) 

and the dielectric strength of the open switch wiU be taken as a func¬ 
tion of time £«(<). Here again, the dielectric recovery strength is 
probably a function of the previous arc current and other factors, 
but ^ be comidered as a simple function of the switch opening' 
t^t IS of the time. It is clear from the test results that £*(0 is not 
linear.^ In many cases it first decreases and then increases, and is 
sometimes very erratic. 

Rbstrieino 

Suppose the switch makes its first attempt to open the circuit at 
time tj => to *=> 0 At whidb instant 

e(0) = £o «» £ cos +/(0) • /ia\ 


— sin iut — S) - Fit) 


in which A is an integration constant «^«id 




If » = at / = tj then 


Hence by (6) the switch current is 
jS 

*« (^» 0) “ ^ (1 — u)*LC) sin iut ~-0) — 

■Pt/) + F(0) - C-/'(0 (15) 

Equating (16) to zero and solving for t ^ tk ti gives the instant at 
which the current extinguishes, at which instant 


_ {sin(w/ -0)- siniutj - i9)] - (£(/) _ FO^)] (4) (1) • 0) =» E cos (»h - ff) + M) 


The capacitance current is 
« dc 

•* — wC£sin(«# — ff) — C'fit) ( 5 ) 

and the total switch current is the sum of (4) and (6) or 

jB 

- ff) - sin iut] - ff)J - 
TO - Fitj)\ - C'fit) (6) 

If /(/) is known, or assumed, the transcendental equation 6 deter¬ 
ges the instant + i at which the switch current is passed 
tough zero; and then (1) and (4) give the capacitor voltage and 
mductance current at this instant. 

Nonarcing Condition 

When there is no arc across the switch the differential equation is 
dH i 

(7) 

for which the solution is 
i ^ A cos wt B sin wt 


^ sin -f wLbIcos wt 

in which 


by (4) ; »(h, 0) = ~ sin (wh — ff) — Fih) -f £(0) 
Substituting (16) and (17) into (10) and (11) there is 
iit, t{) = Ii cos w it — ti) -|—^ sin w (/ — M 

« it, fi) = —wUi siaw it — ti) -f El cos w (1 - h) 

it, h) =» £ cos («i “• ff) + wLIi sin w it — fi) — 

El cos w it — ti) 

This condition persists until a time t = tj » tg such that 
(fe» ti) =» Egit^ 


=- El (16) 

= h (17) 


( 21 ) 

when the arc restrikes. The ^d conditions at 1 ^ are tliAn eiven 

by (18) and (19) as 

*(4,/i) «• /» • ^22) 

«(4; fi) « £* ^23) 

and these substituted in (4) and (6) give the initial conditions for the 
next arcing event. The sequence is then repeated ftccnr /Nti g to. 
table II. 

If the current rupture is assumed to be abrupt, the procedure can 
be simplified to the form of ta.ble III. 

It will be noticed in the above tabulation that the initial voltage 
Ek for each event (following restrfice) is merely the applied no^al 
frequency voltage at that instant; for the restriking of the ate places 
the capacitance directly across the applied Voltage and we are neglect¬ 
ing the arc drop. 

Ctf great interest is the possibility of disepntinumg the high-voltage 
transient following a restive hear the peak of the voltagp transiimt. 
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The dangerous component of the voltage transient is the term con¬ 
taining Ih in equation 11, and therefore if = 0 this term vanishes. 
But 

= '-Ik-i COS w (tit — ik-i) + sin w (/* — (24) 

and thus the condition /* = 0 is satisfied by 

tan te» (/* - ^ ^ IE (25) 

Now v>/a is usually large (say of the order 100 to 1) and therefore 
even for small values of /*_! equation 25 shows that the tan V)(tit — 
is large, so that the condition corresponds to a restrike near 


the peak of the voltage oscillation. A ntunber of oscillograms illus¬ 
trating this condition have been given in the text. Of .course, tests 
with d-c are particularly favorable to this condition. 
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The Enlarging Concept cl Engineering 

By VLADIMIR KARAPETOFF, Fellow AIEE 


IN proportion as the concept of “laws of nature” grows 
■ larger to include individual human behavior and group 
action, the engineer is called upon to apply his time-tested 
methods to broader problems of state and country. The 
usual definition of engineering, as the science and art of 
applying laws of nature to human needs, still holds; only 
the laws of nature cannot be limited any longer to those 
of levers and expanding steam. . Sales engineering and 
works management have been the two windows through 
which the mechanistically minded engineer has been made 
to see broader aspects of his profession, involving fickle 
human will, prejudices, and emotional response. It is 
true that these propensities cannot yet be predicted with 
the same accuracy as the strength of a beam or the be¬ 
havior of an electric generator, but the engineer has al¬ 
ways included a lot of intuitive art (horse sense) as a part 
of his professional make-up anyway. As the laws of 
human behavior become better known we may expect an 
ever increasing influence of prop^ly trained engineers 
upon oiu: political, economic, and social life. 

A person who can play fragments of half a dozen pieces 
on the piano in a crude fashion is hot a musician worthy 
of that name. The new engineer whom I am picturing 
is not a man who barely has had short courses in elemen¬ 
tary p^chology and economics, in addition to his big 
courses in machine design and laboratories. My plea is 
primarily for a longer college course, following the example 
of the professions of law and medicine. Our nation must 
be awakened to the great possibilities of scientific planning 
and systematic gradual realization of an all-embracing 
economic and social program, a plan that would carry us 
as little scathed as possible beyond the present unrest 
and uncertainties. The men and women who know what 
is needed and what is possible to accomplish to save this 
country froha a chaos dp not yet call themselves engineers. 

From an address delivered by the author before the trustees, the faculty, and 
invited gueists of the Folytechnio Institute of Brooklyn, at the University Club, 
New York, N. Y., June Itf, 1937, on the occasion of granting him an honorary 
degree of doctor of science. Docthr KarapetoF is professor of electrical engi¬ 
neering at Cornell University, Itha(», N. Y. 


They may be historians, sociologists, economists, psycholo¬ 
gists, or what not. But once they are called upon to 
lay down definite plans and to execute them, they become 
engineers, for they will have to employ practically the 
same rigid methods of design and management as those 
used in building a mammoth bridge or running a huge 
automobile plant. Thus, these human engineers of the 
new kind should have considerable general engineering 
ability and training, and at the same time be experts in 
one of the lines of “social engineering.” An analogy with 
a medical specialist readily suggests itself. 

I am unalterably opposed to anything superficial in en¬ 
gineering training in colleges, for with the present spread 
of popular information superficial knowledge is readily 
picked up from the daily and weekly press and by simply 
keeping one's eyes open. The ranks of the new engi¬ 
neers should not be filled from among so-called practical 
youths who cannot master mathematics or mechanics. 
The social engineer has to be even more analytical than his 
older mechanistically inclined colleague, for he is to apply 
himself to much more difficult problems and to problems 
whose solutions cannot be looked up in a handbook like 
the size of an I-beam. The only choice left is to lengthen 
Ihe course of training to five or even six years. No stu¬ 
dent should be allowed to i^ecialize for at least three 
years; during these years he should be imbued with the 
general point of view of an ©tigineer, using as illustrations 
some simple problems taken from two or three usual do¬ 
mains of engineering activity. This means a training 
both in the fundamental sciences and in applied situations. 
From there on, the attention devoted to one or two chosen 
specialties should be gradually increased, and the time 
devoted to the other engineering subjects tapered down; 

Social engineers alone can convert our present society 
into a properly subdivided and inwardly correlated po¬ 
litico-economic unit wher^ each of us could move in his 
proper sphere without dominating others or being 
dominated by them. My appeal is for such social 
'engineers.-' 
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Nctwork-^nalyzcr Solution of Multiple Unbalances 

By EDWARD W. KIMBARK 

MEMBER AIEE 


S OME EXAMPLES of multiple unbalances on a 3- 
phase network are: 

1. Two or more uusymmetrical short circuits at different points of 
a network. Faults involving more than one circuit are not unusual 
on multicircuit lines, and simultaneous faults sometimes occur even 
at geographically separated points, especially on systems grounded 
through high impedance. System stability or operation of relays 
during such faults may require investigation. 

2. A short circuit partially cleared by the blowing of a fuse. 

3. A short circuit on a line having series capacitors, the capacitors 
in the faulted conductor being short circuited by protective devices. 

4. Two or more single-phase or unbalanced loads. 

The solution for current, voltage, and power at specified 
points of such a network containing any one of the multiple 
unbalances listed above is greatly facilitated by the use of 
a network analyzer (a-c calculating board). The a-c 
board is a much more powerful tool than the d-c board for 
solving multiple unbalances, and its use for this purpose 
saves even more time and labor than it does in solving 
single unbalances. The technique of its use is of interest 
at this time in view of the increasing use and importance 
of network analyzers. 

A number of different methods are available for the 
network-analyzer solution of multiple unbalances. The 
method to be preferred in any particular case depends on 
the nature of the problem to be solved and on the equip¬ 
ment available. 

The methods may be broadly classified into symmetrical 
component methods and 3-phase methods. Several S 3 rm- 
metrical component methods, which have been pub¬ 
lished,^ 2.3 bg summarized and compared with each 
other and with the 3-phase methods. The latter will be 
described in detail. 

I. Symmetrical-Component Methods. 


The determination of the impedances of the equivalent 
circuit requires algebraic work which, however, has been 
done and tabulated for combinations of 2 short circuits. 
The equivalent circuit must be modified if any change 
occurs in the zero- or negative-sequence networks, as, for 
example, by the opening of a line; but it is not affected by 
swinging of the generators except in so far as this may re¬ 
quire readjustment of the electromotive force of the 
equivalent circuit. The equivalent-circuit method has 
the advantage of requiring only one sequence network to 
be set up at a time, thus permitting a large power sys¬ 
tem to be represented with the minimum number of phase 
shifters and impedance units. It is particularly good for 
problems, such as stability studies, in which only the 
positive-sequence quantities are of mterest. If zero- 
or negative-sequence quantities are desired the respective 
networks must be solved separately. The method is 
limited to two simultaneous faults (or a double unbalance). 

B. Shunt Method 

This method, which was suggested by Professor W. V. 
Lyon, 2 is similar to the preceding one except that each 
fault is represented by a single impedance connected in 
shunt with the positive-sequence network at the point of 
fault. The impedance of each shunt depends not only on 
the impedances of the zero- and negative-sequence net¬ 
works and on the types of all the faults, but also on the 
impedances of the positive-sequence networks and on the 
ratio of the open-circuit positive-sequence voltages at the 
points of fault. As a result, the impedances of the fault 
shunts are affected by swinging of generators if the ratio of 
open-circuit fault voltages is affected thereby, as it gener¬ 
ally is. Professor Lyon has worked out expressions for the 
values of the shunts representing 2 faults. The method 
can be extended to any number of simultaneous faults by 
suitable algebraic determination of the values of the shunts. 


In the symmetrical component methods the 3-phase 
network is represented on the calculating board by its 
sequence networks, set up either together or in succession. 

A. Equivalent-Circuit Method 

This method was devised by Miss Glarkei for the case of 
2 simultaneous faults, and is suitable for all types of double 
unbalance. The 2 faults (or double unbalance) are repre¬ 
sented by a 3-terminal equivalent circuit connected to the 
positive-sequence network at the 2 points of fault and the 

neutral pomt. In some cases the equivalent circuit must 

contam an adjustable source of voltage. The impedances 
of the equivalent circuit depend on the impedances of the 
zero-sequence and negative-sequence networks measured 
from the pomts of fault and on the types of faults or of un¬ 
balance. 


C. Connection Method 


This method requires all 3 sequence networks to be set 
up at the same time, and is therefore limited to a smaller 
system than are the 2 precedmg methods. Any number 
of simultaneous short circuits or open circuits or both may 
be represented by suitable interconnections of the sequence 
network as has been customary for representing single 
short circuits, except that in some cases the connections 
must be made through insulating transformers or through 
phase converters. The phase converter is any device 
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wJiich either automatically or by manual adjustment satis¬ 
fies the conditions that its terminal voltages be exclusively 
of positive sequence and that its line currents be ex¬ 
clusively of negative sequence. A device of this kind, 
employing an induction machine as suggested in re¬ 
ference 3, has been successfully used with the Massachu¬ 
setts Institute of Technology network analyzer. The 
connections for representing 2 simultaneous line-to-ground 
faults, one on phase a, the other on phase b, are shown in 
figure 1. The interconnections are not affected by changes 


pedance of transmission lines, and because of the effects of 
various transformer connections. 

The positive- and negative-sequence networks are, of 
course, identical except for the effects of polyphase rotat¬ 
ing machinery, generators in particular. It is pertinent, 
therefore, to inquire as to the difference between the posi¬ 
tive- and negative-sequence impedances of generators. 
Either the transient reactance or the subtransient 
reactance is use for the positive-sequence impedance 
of i^chronous machines in fault studies, depending on 
how soon after the occurrence of the fault is the instant 


TRANSFORMERS 



Figure 1. Con¬ 
nections between 
the sequence net¬ 
works for repre¬ 
senting simul¬ 
taneous AG-BG 
short circuits 


in the system, such as opening or closing of lines or swing¬ 
ing of generators, except in so far as these changes may 
necessitate readjustment of the phase converter, if one is 
used. This method dispenses with impedance measure¬ 
ments and the calculation required in the previous 2 
methods for determining the fault shunts or the equivalent 
circuit, and is therefore more convenient if the size of 
system permits its use, particularly if zero- and negative- 
sequence quantitites are to be read. In case of simul¬ 
taneous faults not all having the same phase of symmetry, 
the necessity for using a phase converter, which is not now 
standard equipment of any network analyzer, may be 
regarded as a disadvantage of the method. 

II. Three-Phase Methods 


for which the fault currents are wanted. The following 
values of the ratios of negative-sequence reactance Xz to 
transient and subtransient positive-sequence reactances 
are averaged from test results pubHshed by Wright.* 

Type of Machine 


Round-rotor turbogenerators.0.64.1.00 

Salient-pole machines with dampers.0.64..... .0.96 

Salient-pole machines without dampers.1.50.1.50 

These ratios range from about 2/3 to 3/2; hence it would 
seem that in many cases the assumption that Zi = 
would not be too bad, especially when it is considered that 


Figure 2. Repre¬ 
sentation of 2 
transmission lines 
with zero- 
sequence mutual 
impedance, con¬ 
nected to the same 
bus at the right- 



hand end, as represented in the 3-phase and neutral method 


there are nearly always transformers and lines between 
the generators and the faults. 

In cases in which the difference between positive- and 
negative-sequence impedance may be of importance, it 
may be taken into account by a method described later in 
this paper. 


Although it has been customary to use the method of 
symmetrical components for fault studies on 3-phase net¬ 
works, it is possible and often preferable to use either the 
phase quantities directly or substituted varialbles other 
tban symmetrical components. This is particularly true 
when tie values of phase currents and voltages are wanted, 
as in studies of relay operation. Two methods utilizing 
3-phase set-ups will be described, both of which require 
the assumption that the positive- and negative-sequence 
networks are identical except as to generated electro¬ 
motive forces, but neither of which requires the zero- 
sequence network to be like the positive- or negative- 
sequence networks. A method which did so restrict the 
zero-sequence network would not be of much value for 
repres^ting a 3-phase power system, because of the great 
dffierence between the zero- and positive-sequence im- 


A. Three-Phase and Neutral Method 

This method was independently devised and used on 
the Westinghouse and Massadiusetts Institute of Tech¬ 
nology network analyzers. 

I. Represmtatim of System, The power system is re¬ 
presented as a 3-phase 4-wire circuit. The 3 line con¬ 
ductors of each branch have impedances equal to the 
positive- or negative-sequence impedance Z\ of the branch, 
while the impedance of the neutral conductor is given 
byZ, = i {Zo — Zi). Positive- and negative-sequence 
components of current are confined to the line wires and 
therefore produce the correct IZ drops in the line-to- 
neutral voltage. If zero-sequence components of cur¬ 
rent are present, they have the same value h in each line 
conductor. Assuming that the sum of these components, 
3Jo, returns in the neutral conductor, the drop in line-to- 
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neutral voltage produced in the branch by the zero- 
sequence ciurent is the same for each phase and has the 
magnitude 

“1“ 3/o X ~ (^0 ^i) “ /o^o 

U 

which is correct. Zero-sequence mutual impedance 
between 2 parallel transmission lines connected to the 
same bus at one end may be represented as shown in figure 
2. Here the drop in line-to-neutral voltage of circuit A is: 

I “1“ ^ (Zm ZmA “■ ^Al) "I" (S/ilo "I" 3 /bo) X 

^mo “ ^AO^^AO "i" loiZrM 

Shunt capacitance of lines, if appreciable, may be rep¬ 
resented as in figure 3, in which Ci is the positive-se¬ 
quence capacitance and C* has the value 3 C^Cx/{Ci — C#), 
where C# is the zero-sequence capacitance. 

The potential drops due to zero-sequence current are not 
correct unless the zero-sequence currents actually return 
in the neutral wire, as assumed. That is, in every branch 
of the 3-phase network, we must have 

+ /& -1- /c -l- /» = 0 

or 

In “ —(/«+/&+ /e) —37o 

This requirement is automatically satisfied in all radial 
branches of the 3-phase network. If the network has one 
or more closed loops, the currents in general will not 
satisfy this requirement automatically but they may be 
forced to do so by inserting “forcing transformers” in 


Generator voltages are represented by balanced 3-phase 
electromotive forces. Three phase-shifters connected 
in Y may be used to represent either grounded or un¬ 
grounded generators; or 2 phase-shifters connected in F, 
to represent ungrounded generators. Phase-shifters with 
3-phase output are not suitable because the internal im¬ 
pedance drops due to unbalanced loads produce unbal¬ 
anced terminal voltages. 

The terminal voltages of the phase shifters may be pur¬ 
posely unbalanced (as suggested by Professor L. F. Wood¬ 
ruff) to represent the effect of the difference between the 
positive- and negative-sequence impedances of a generator. 
To do so, the generator phase currents are measured with 
balanced phase-shifter voltage, and the negative-sequence 
current 1^ and the voltage Vz' — Iz (Zi—Zz) are computed 
from them. The phase-shifter terminal voltages are then 
changed by the addition of voltages Vz', aVz', and a^Vz' to 
phases a, b, and c, respectively. 

Transformer banks in the power system may be rep- 



(a)4 2-WINDIISJ6 (b)A 4-WINDIN6, 

n:l TRANSFORMERS RATIO Isltl'.l 

TRANSFORMER 


series with one or more branches. Figure 4 shows several 
alternative arrangements of forcing transformers; scheme 
(d) is perhaps the most practical. The number of banks 
of forcing transformers is, in general, equal to the nxunber 
of independent loops in the 3-phase network, but in some 
networks the impedances are so related that correct cur¬ 
rent distribution is obtained even though fewer or no 



Figure 3. Representation of 
shunt capacitance in the 3- 
phase and neutral method 



(C)3T0 6 2-WINDIN6 (d) 3 2-WINDING 

1:1 TRANSFORMERS 1:1 TRANSFORMERS 

Figure 4. Connections of forcing transformers for use in the 
3-phase and neutral method 


banks are used. If there should be doubt in a specific 
case as to the proper number and location of forcing trans¬ 
formers, the best procedure would be to set up the net¬ 
work without forcing transformers and to measure the line 
and neutral currents in rectangular form in several 
branches of the network. The sum of the 3 line cWnts 
should then be compared with the neutral current. If 
the agreement should not be satisfactory, forcing trans¬ 
formers should be inserted^ and the check readings should 
again be taken. 


resented on the network analyzer by actual transformer 
banks or, in some cases, by simple series impedances, as 
shown in figure 5. The representation of A-F banks by 
series impedances does not directly give the correct cur¬ 
rents and voltages on the side of the transform^ away 
from the fault (this is also true of symmetrical-component 
methods), and cannot be used in case of simultaneous 
faults on opposite sides of such banks. 

2, Representation of Unbalance. Faults are applied by 
making the actual fault connection, connections to ground 
being made to the corresponding point of ihe neutral net¬ 
work. Any number of faults, on any phases, may be ap- 
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plied simultaneously without causing complications. Un¬ 
balanced loads or unbalanced series impedances are rep¬ 
resented just as simply. 

3, Measurements. The following quantities can be 
measured directly: line ciurents, residual current (in 
neutral), line-to-line voltages, line-to-ground voltages 
(measured line to neutral). Residual voltage can be read 
by the use of 3 potential transformers haying their pri¬ 
mary windings connected line-to-neutral and their second¬ 
ary windings in series, or can be computed as the sum of 
the line-to-ground voltages. Positive-sequence and nega¬ 
tive-sequence quantities are not so conveniently obtained, 
but they can be computed or measured by the same meth- 


TRANSFORMER CONNECTION 

REPRESENTATION 


—^—vw|— 

— a 

(S) A A o« Y V 

—- 

— b 


-VW-=-c 


n 


w at Y a 

SAME AS (al OR 
ACTUAL TRANSFORMERS 


ACTUAL TRANSFORMERS 


The best field of application is to networks of small or 
medium size and principally at one voltage, with only one 
or two equivalent generators, and to problems (such as re¬ 
lay studies) in which phase quantities are required. 

B. Thrbb-Phasb and Zero-Sesubnce Method 

This method dijffers from the preceding one in that zero- 
sequence current and voltage are excluded from the 3- 
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Figure 6. Connections between the substitute networks for 
representing various types of short circuits, 3-phase and zero- 
sequence method 


phase network and confined to a separate network. The 
fault connections and the methods of measurement are not 
quite as simple as in the method just described, but the 
correct current distribution is obtained without recourse 
to forcing transformers. 

The theory of the method is explained in the appendix. 
Four substitute networks, designated as A, B, C, and D, 
are set up on the network analyzer. Networks A, B, and 
, C have in each branch an impedance equal to the positive- 
(or negative-) sequence impedance, while network D 
(which might be termed the zero-sequence network) has 

Figure 5. Representation of transformer banks in the 3-phase an impedance equal to one-third the zero-sequence im- 
and neutral method pedance of the corresponding branch of the power sys¬ 
tem. Expressed symbolically, = Ze = Zi 

= Za, and Z^ = | Zj. Networks A, B, C contain 3- 
ods which can be used to obtain phase quantities from a phase electromotive forces, but network D has none, 
symmetrical-component representation. The currents and voltages in networks A, B, and C are 

4. Advantages and Disadvantages. This method re- the phase quantities minus their zero-sequence compo- 
quires 4 impedance units per branch of the one-line sys- uents. The current and voltage in network I? are related 
tern diagram, and thus is limited to smaller systems than to the zero-sequence quantities as follows: 
are the equivalent-circuit and shunt methods. It re¬ 
quires 3 phase-shifters per generator, thus limiting the Jo “ —3Jo and Fd =* -7o 
number of generators which can be represented and giving 

more trouble in adjusting the generator phase angles or The connections between the substitute networks for 
outputSi Forcing transformers are required in many r^resenting various kinds of short circuits are derived in 
cases to give correct current distribution in the network, the appendix and are shown in fig^e. 6. The dotted lines 
It is necessary to assume that the negative-sequence im- indicate connections which are put in merely for conven-^ 
pedance of branch is equal to the positive-sequence ience in measuring line-to-line voltages. Note that 
impedance. the connections for faults not involving ground are^ as 

On the other hand, the represehta.tion of simultaneous in the preceding method, the actual fault connections) 
fault,«t i |nhq1fln cP5 nf any kind is extremely simple, whereas for the J5CG and faults direct connection*^'”*** 

Phase and residual curr^ts, line-to-line and line-to-neu- made in accord with the actual fault connections 
tral voltages can be read directly. garding network 2) as the ground), and are supplem< 
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by connections through transformers to the unfaulted 
phases. Faults on phases other than those for which con¬ 
nections are given are represented by similar connections 
with an appropriate interchange of networks A, B, and C. 
Simultaneous faults are represented by making the con¬ 
nections for each fault just as for a single fault. 

After having made the appropriate fault connections, 
the following quantities may be measured directly as in¬ 
dicated: line-to-line voltages, between corresponding 
points of networks A, B, C; line-to-ground voltages, be¬ 
tween correspondmg points of network A, B, or C and 
network D; residual current, in network D; zero-sequence 
voltage in network D. Furthermore, the phase currents 
may be read by the use of a 3-to-l current transformer 
with its primaiy winding plugged into network D and its 
secondary winding connected to the measuring device 
in parallel with a cord plugged into the correspondmg 
branch of the phase network. (See equations .41 to .43 of 
appendix.) 

C. Triple-Connection Method 

This method, using a 3-phase and symmetrical-com¬ 
ponent representation, could be classified under either 
heading. 

The procedure is as follows: 

1. Set up eaxdi sequence network in triplicate, that is, set up 
3 zero-sequence networks, 3 positive-sequence networks, and 3 
negative-sequence networks. The 3 positive-sequence networks 
should differ from one another only in that the electromotive forces 



Figure 7. Connections between the triple sequence net¬ 
works for representing simultaneous AG-BG short circuits, 
triple-connection method 


m any one of them are 120 degrees ahead of the correspondin 
decteomoUve forces in another and 120 degrees behind those of th 
t^d. Pl^e-shifters having a 3-phase output are suitable source 
or uie electromotive forces. 

2 At each point of fault make appropriate connections betweei 
the sequence networks to represent the given type of fault. Thes 
connections c^ be best understood by considering a particula 
case, su^ as simultaneous AG-BG faults, figure 7. Let the curren: 
and voltage at the left-hand terminal of network 0 be and 
respectively, and at the right-hand terminal, 7^ and 7^. Thm 


assume for the time being that the corresponding quantities of net¬ 
work aO are alxo, cTro, alyo, and aVyt, where a = A120°, and 
that the corresponding quantities of network are o*7io. ct^Vxo> 
a^Iyo, and o*7j«), respectively; and similarly for the positive- and 
negative-sequence networks; that is, assume that all currents and 
voltages at the terminals of and within the networks of the left- 
hand column are equal in magnitude to, but 120 degrees ahead of, 
the corresponding currents and voltages of the middle column of 
networks, and that likewise the right-hand column is 120 degrees 
behind the middle column. These assumptions are justified by 
the fact the 3 coltinms are identical, except for the 120-degree phase 
displacement of the positive-sequence electromotive forces, and by 
the fact that the connections to be established between the net¬ 
works have a cyclical sjrmmetry. It will be recalled that the equa¬ 
tions for the AG fault at x are: 

7bo — Ixi “ ^x 2 and Vxo "I* “ 0 (1) 

which are satisfied by a series connection of the left-hand (x) ter¬ 
minals of networks 0, 1, and 2. Multipl 3 dng equation 1 by a gives 

fl7j;o — ®7jji — dlxt and a 7*0 a7a.j -|- 07^2 “ 0 (2) 

which are satisfied by a series connection of the left-hand terminals 
of networks aO, al, and o2. Similarly, multiplication of equation 1 
by a* indicates a series coimection of the left-hand terminals of net¬ 
works a*0, a*l, and a*2. The equations for the BG fault at y are: 

lyo = a*7yi = cilyi and Vy^ -|- -1- 0 7^2 = 0 (3) 

and are satisfied by a series coimection of the right-hand (y) ter¬ 
minals of networks 0, a*l, and a2. Multiplication of equation 3 by 
a gives 

o7^ = lyi — d^Iyi and o7^ -|- Vyi -f* 0*7^2 =* 0 (4) 

which are satisfied by a series coimection of the right-hand terminals 
of networks oO, 1, and o*2. Likewise multiplication of equation 3 
by points to a series connection of networks a*0, al, and 2. In 
making these connections, which are shown in figure 7, a sufficient 
number of insulating transformers must be used (in this case at 
least 4). 

In every case, a fault which is symmetrical with respect to phase 
d is represented by connections between networks in the same 
column, whereas a fault symmetrical with respect to phase b or 
phase c is represented by diagonal connections touching a different 
column in each row. 

3. Read the sequence currents and voltages in any branches 
where they are wanted. The zero-sequence quantities are read in 
network 0, positive-sequence in network 1, and negative-sequence 
in network 2. It is also possible to read a* times the positive- 
sequence quantities in network a*l, a times the negative-sequence 
quantities in network a2, etc. Then the phase quantities may be 
readily calculated by adding the proper components: 

•fis ““ 7o -I- 7i + 72 

Ib = To -I- a*7i + dl 2 , etc. 

Or, better yet, by combining the proper components through in¬ 
strument transformers, the phase quantities can be read directly. 
Thus, 7^ can be obtained by paralleling the secondary windings of 
3 current transformers, the primary windings of which are plugged 
into corresponding branches of networks 0, o*l, and o2; similarly 
Vy can be obtained by connecting in series the secondary windings 
of S'potentml transformers. A switching anangement might be 
built to facilitate rapid successive reading of the several phase 
quantities. The best arrangement appears to be to do all the 
measuring in only 3 networks (say networks 0, 1, 2) and to inter¬ 
change 2 of these networks with others in ^e same row. To be 
more specific, to read 7a, current jacks are plugged into networks 
0,1, and 2, and the sum, 7a = 7o -f- Ti -f 7j, is read. Then to 
obtam 7^, the jacks are left in position, network 1 without its 
electromotive forces is interchanged with network a»l wthout its 
electromotive forces, and network 2 is interchanged with network 
a2. Or, to avoid the switching of the positive-sequence networks 
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with respect to their power sources, it would be better to inter¬ 
change network 0 with aO, and network 2 with a‘2, and to read the 
sum oio + ii + 0*12 = alb, which by a suitable rotation of reference 
axes in the measuring instrument may be read as Jj. 

The triple connection method, like the single connection 
method, is applicable to any number of simultaneous 
faults, and does not require that the negative-sequence 
impedances equal the positive-sequence impedances. 
Uiilike the single comection method, it does not require a 
phase converter for representing faults not symmetrical 


netural method is usually the simpler. However, on a 
network in which a large munber of forcing transformers 
would be required to secure correct current distribution it 
appears simpler to use the 3-phase and zero-sequence 
method, in which transformers are used in the connections 
representing faults instead of as forcing transformers. In 
other problems, the network analyzer operator can select 
whatever method may appear best suited to the problem 
at hand. 



Fisure 8. Equivalent T circuit to which network A (3-phase 
and zero-sequence method) may be reduced, retaining the 
2 points of fault and the neutral point. Networks B and C 
can be represented similarly 


with respect to phase a. Its principal disadvantage is the 
excessive number of impedance units required (approxi¬ 
mately 9 units for each branch of the one-line system dia¬ 
gram), which makes the method impractical except for 
relatively small systems. An advantage is the possibility 
of directly reading the phase currents and voltages as well 
as their S 3 rmmetrical components. The required number 
of impedance units can be decreased without losing the ad¬ 
vantage of direct reading of phase quantities by setting 
up only three of the networks complete and the other six 
in reduced form (equivalent T or tt in case of 2 simulta¬ 
neous faults or a double unbalance). Readings are taken 
in the 3 complete networks, two of which are interchanged 
with reduced networks by a suitable switching device to 
read phase & or c quantities. The saving in number of 
impedance units entails the work of determining and set¬ 
ting up equivalent reduced circuits for each fault or sys¬ 
tem condition. If the direct reading of phase quantities 
be dispensed with, only one complete network need be set 
up at a time, the other eight being represented by equiva¬ 
lent circuits. However, in this case the equivalent circuit 
method might better be used. 

Conclusion 

Some new methods have been presented, and some 
older ones summarized and compared, for solving net¬ 
works widi multiple unbalances by use of a network ana¬ 
lyzer. For stability studies, especially on large systems, 
with 2 simultaneous faults, the equivalent circuit method 
appears to be the most suitable. For the rare case of 
more than 2 faults the shunt method may be employed. 
For studies of rday operation on smaller systems and in 
which swinging of generators is not an important factor, 
the 3-phase methods are b^t. Of these the 3-phase-andT 


Appendix 

Theory of 3-Phase and Zero-Sequence Method and 
Proof of Connections for Representing Short Circuits 


The method is based on a substitution of variables analogous to 
the one employed in the method of symmetrical components. Let 

la, Ib, Ic t>e the line currents and Va, Fj, Vg the voltages to ground 
of the 3 conductors of the 3-phase system. Let new variables 

lb, Ic, Id and Vb, Vc, Vd, defined as follows be introduced: 


la ~~ IA g Id 

(Al) 

Ib —In ~ 

(A2) 

Ic ^Ic - jId 

(A3) 

in which 


7x + 7 b 4* 7c = 0 

(A4) 

Also let 


Fa = F,1 - F;, 

(AS) 

Vb^ Vb - Vb 

(A6) 

Fc - Fc - Fb 

(A7) 

in which 


F,i + Fb -h Vc = 0 

(AS) 

The inverse transformations are as follows: 


7ji = “ (27a — Ib ~ le) 

(A9) 

Ib “ (27ft If ~ la) 

O 

(AlO) 

la ^If- Tu — 7ft) 

O 

(All) 

Id — -"(7o + 76-f 7c) 

(A12) 

Fa = 1 (2F„ - Fft - Fc) 

(A13) 

Fb -(2Fft - Fc - Fa) 

o 

(A14) 

. 1 

1 

r-l 1 00 

n 

(AIS) 

_i(Fa + F6-hFc) 

(A16) 


Note that four new currents. Ia, Ib, Ic. /d, are substituted for 3 
old currents 7„. Ib, Ic but that only 3 of the 4 are uidepen^nt^s 
they are subject to the restriction expressed m equation y44. The 
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same remark applies to the substitution of voltages. The 2?# quan¬ 
tities are related to the zero-sequence quantities as follows: 

Id “ —37o and Fj, « — Fo (A17) 

Therefore the A, B, C quantities are the phase quantities minus 
their zero-sequence components. 

Let Iji and F^ be associated with a network A, Ig, and Vb with 
network B, etc. The connections between networks A, B, C, 

D for representing various kinds of faults will be determined, but 
before doing so 2 general relations will be noted. First, as may be 
shown readily, the total vector power of corresponding branches of 
the substitute networks {A, B, C, D) is equal to the total vector 
power in the corresponding branch of the original 3-phase power 
network. 

VaIj. + VbIb + Vcic + VdId = VJa + Fj/* + Vcic (AIS) 

(The bars over the F’s in this equation denote conjugates.) A 
relation of this kind—one side of the equation may be multiplied 
by a constant, however—must be fulfilled if a fault is to be repre¬ 
sented by a connection between the substitute networks. For, if 
the fault has no impedance, the. vector power in the fault branch is 
zero; if coimections are made between the networks, either directly 
or through ideal transformers, the total vector power leaving the 
networks at the points of connection is likewise zero. 

The second general relation concerns the exclusion of zero-sequence 
cxurrent and voltage from networks A, B, Cm. accordance with equa¬ 
tions AA and A 8. Consider the case of 2 simultaneous faults. Fa/»h 
of the networks A,B,C may be reduced to an equivalent T (figure 8), 
retaimng the 2 points of fault and the ground or neutral point. 
These T% like the equivalent T of the positive-sequence network, 
each contain 2 equivalent electromotive forces, denoted by Ex and 
Ey, equal to the voltage at the points of fault before occurrence of 
the faults. following equations express relations between 
fault currents (7* and I„) and fault voltages (F* and Vy) of each 
network: 


■®xA "" FeA = (Cl -|- Si) IxA + SlIpA 

(A19) 

ExB ” VxB — (Cl ■+• Si) IxB + SlIyB 

(A20) 

•2*0 — Fro “ (Cl •+• ^i) 7,c + Silyo 

(A21) 

^yA — FyA “ (A + Cl) lyA + SlIxA 

(A22) 

EyB “ FyC = (7>1 + ^Sl) lyB + SlIxB 

(A23) 

Eye — VyQ a® {Dl -|- Si) lyQ SiIxC 

(A24) 

where Ci, Du and Si are impedances of the equivalent T, which are 
the same for all 3 networks. Adding each group of three equations 
gives: 

2E, - 2F, = (Cl -1- 5i)27, + 5i27y 

(A2S) 

2jBy - 2 Fy » (Z?l + Sl)Xly -f- SlXlx 

(A26) 


where 


JiEz — Ex A + ^xB +--Eac 
S/* IxA + ixB + IxOt etc. 


Any connection between the 4 substitute networks may be de¬ 
scribed by 4 equations. For the connections to correctly represent 
a given type of fault, 3 of the equations must be derived from the 
relations between phase currents and voltages for the fault in 
question (table I of reference 1); the fourth must be either SF * 0 
or 2J7 0. The connections for representing various single faults 

(figure 6) are proven correct as follows: 

AG Fault 

Relations of phase quantities: Va = 0,7^ =* 0, 7^ = 0. Relations 
between substituted quantities satisfied by the connections: 

Va + + Fo = 0 7s Ic — Ia Id 

Proof that the connections represent the fault: fi inro Fa + 
Vb + Vo — 0, it follows that Ia Ib + lo ^ 0. Sub¬ 
stitute in the latter expression lo ^ Ib and Ia ^ Ib — Id* 

obtaining Ib — ~Id “ 0, or 7^ «= 0. By a similar process, obtain 
Ic — ~ 7/) = 0, or 7c =» 0. Fa — Fd =» 0 is equivalent to F® = 0. 
BCG Fault 

Relations of phase quantities: 7a = 0, Fj = 0, Fc « 0. Relations 
between substituted quantities satisfied by the connections: 

~ VA = Fo sa Fd and “27 a H“7.b+7c+7x) = 0 

Proof that the connections represent the fault: From the voltage 

relation, — g* Fa “ Fb Yq, it may be shown that V^ -h Vb 

Vc “ 0, from which it follows that 7 a + 7^ -h 7® =■ 0. Subtracting 
Ia+Ib +Ic = 0 from --27 a + 7^ -f- 7 c + 7j) = 0 gives ~37 a + 

= 0> or 7 a “ ~ Id — 0, or Ta 0. From Fjb = Fc = F^), we 

obtain Fb “ Fc = 0 and Fc - Fc = 0, or F^ ■= 0 and Fc = 0. 

BC Fault 

Relations of phase quantities: 7* » 0, 7j -f- 7c ■* 0, F^ « Fc. 
Relations between substituted quantities satisfied by the connec¬ 
tions: Fa = Fc, 7a + 7c = 0, 7 a “ 0, 7c “ 0. Proof that the 

connections represent the fault: Since Id - Q, I a — —7c “ 0 or 

3 

la « 0. 

7a + 7c “ (7a — — 7c) + (7c “ j 7c) » 7j -f 7e = 0 

Since Fa = Fc, Fa - Fc » Fc - Fc or Vy - Fc The con¬ 
nections also satisfy 7 a + 7a +7c = 0. 

ABC Fault 

Relations of phase quantities: 7a -1- 75 + 7c = 0, Fa = Fj = F*. 
Relations satisfied by connections: 7 a + 7a + 7c = 0, 7c « 0 
Fa = Fa - Fc. 


Since the networks contain only balanced electromotive forces (or 
at least electromotive forces having no zero-sequence components), 
SJS* = 0 and HEy « 0. Therefore, imless one of the impedances 
should be infinite, if 27, = 0 and 27„ » 0, then it foUows that 
2F, = 0 and 2Fy = 0; or, more generally, if either 2F, =» 0 or 
27, 0 and if either 2Fy = 0 or 27y »» 0, then all 4 quantities, 

^Vx, 2Fy, 27,, and 27y, are zero. Although the demonstration 
has been given for the case of 2 faults, similar demonstrations can 
be given for one fault, or for any number of faults. As a result of 
such demonstrations it may be reasoned that the connections 
representing a fault must be of such nature as to insure either that 
2F = 0 or that 27 = 0; if either of these conditions is fulfilled at 
every fault (not necessarily the same condition at every fault), it 
foUows that both 2 F - 0 and 27 « 0 at all faults and hence also 
throughout networks A, B, C. 


ABCG Fault 

Relations of phase quantities: Fa = Fj « Fc =• 0. Relations 
satisfied by connections: Fa = Fi = Fc » Fc = 0. 
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Modern Trolley-Coach Operation 

By JAMES H. POLHEMUS 


Synopsis round while wire on the remaining lines is grooved. Rec¬ 

ords are being kept to show the wearing ability of each. 
This paper describes the operation of a modem trolley but it is yet too early to form even preliminary conclusions, 
coach system. This system was installed one year ago The wire is lubricated with a Ught grade of mineral oil. 
with a single line and a few coaches. Now there are 7 The system operates with 600-volt direct current supplied 


lines in operation, the total route lengths exceeding 45 
miles and requiring 40 coaches, each of which has a seat¬ 
ing capacity of forty persons. The paper is generally 
divided into 2 parts, the first dealing with descriptions of 
the system and equipment, and the second part setting 
forth such experiences as have been gained in one year of 
operation. 

A LTHOUGH there were earlier installations, the op- 
/\ eration of modem troUey coaches may be said to 
# w date from 1928, when trolley coaches were put in 
operation in Salt Lake City. Systems were installed in 
more and more cities until today trolley coach operation is 
a factor in public transportation in 34 cities of the United 
States, not to mention the many European systems. It 
is the objective of this paper to discuss one of the most 
recently installed trolley coach systems, that of the Port¬ 
land Traction Company in Portland, Oregon. 

The Portland system consists of 46.5 miles of trolley 
coach line operating within the limits of the city and serv- 
ing, together with 87.5 miles of street railway and 64.8 
miles traversed by gasoline coaches, a population in ex¬ 
cess of 300,000 people. Operation of trolley coaches 
started August 30, 1936, on the first line completed and 
additional lines were completed and put into operation 
until the contemplated program was consummated in 
May, 1937. The experiences throughout an over-all period 
of one year of operation are available although the 
completed system of 7 lines has been operating but 
3 months. The system is now operating at the rate of 
about 385,000 coach miles per month and since the total 
mileage amounts to 3,300,000 coach miles in the 12 months 
of operation, the weighted average experience with this 
system amounts to about 8 or 9 months. 

The overhead system is of the conventional 2-conduc¬ 
tor lype with the conductor tension at 3,000 poimds per 
conductor at 70 degrees Fahrenheit, witli 100-foot spans 
in districts where coaches can operate at high speed. In 
the congested urban area, a tension of 2,000 potmds was 
used. The conductors are spaced 2 feet apart and the 
conductors nearest the curb are in general 12 feet from 
curb hues. A uninitimm clearance of 7 feet, 6 inches is 
maintained between inside conductors. The supporting 
stiuctur^ are steel poles in the downtown areas and budd¬ 
ing pull-bffs, if feasible, with wood poles m the outlying 
disitdcts. The contact wire is 3/0 high-strength cadmium 
bronze alloy. On one of the 7 lines, the contact wire is 


by the affiliated Portland General Electric Company. 
Electric frogs of both shunt and series-operated lyrpe were 
installed and experience to date is in favor of the shunt 
type for system use as well as in the car bams. Porce¬ 
lain strain insulators on pull-over wires have been found 
to be better than woodstick insulators when they can be 
located so that they will not be struck by a flying trolley. 
An interesting detail is that of passing tracks on which 
local coaches may draw up to the curb and allow express 
coaches to pass. 

The Portland Traction Company now operates 140 
trolley coaches over its 45 miles of trackless trolley routes. 
The coaches are 24 feet, 4Vs inches over bumpers, 104 
inches extreme width, weigh 20,400 pounds, and have 
seats for 40. passengers. The normal peak load is 60 
passengers but 100 passengers have been carried during 
times of extraordinary traffic congestion. The rear axle 
ratio of 9.97 and 42-mch wheels at a motor speed of 3,360 
rpm develop the maximum speed of 42 miles per hour. 
The traffic regulations permit a maximum speed of 35 miles 
per hour, requiring a motor speed of 2,800 rpm. Coaches 
are equipped with air brakes on all 4 wheels, all glass is 
shatterproof, and the windshield is cleaned with 4 pneu- 
rnaticaily operated windshield wipers. Doors are operated 
by air engines under control of the operator and tlie exit 
door is also controlled by foot treadles. Auxiliary circuits, 
such as lighting, buzzer, door control, marker, tailandhead 
lights, horn, and ventilating fans, are supplied with, power 
from a 12-volt storage battery and generator system. 
The principal reason for the use of the 12-volt circuit is 
safety of passengers. Another reason is to insure conti¬ 
nuity of lighting while the coach is passing under ihsulated 
spacers. One of the inost linusual features of these 
coaches is that each is driven by a single motor; The 
motor has a rolled-steel frame and weighs 1,060 pounds, 
It has a one-hour rating of 125 hors^ower and the output 
when acceleratihg on a grade is 225 howepowef. Four 
interpoles and low voltage per conmiutator bar provid.e 
freedom from fladiovers. Other motor characte^tics 
at the hourly rating of 125 horsepower are 600 volts, 173 
amperes, 2,420 rpm, and 120 degrees centigrade rise by 
re^tance. The maximum allowable motor speed is 
4,000 rpm. The motor : is self-ventilated and without 
covers,. Radio chpke coils are inserted, in the trolley 

Jaubs H. Polbbkos is executive vice-ipreadent of the Portiaid. mectno rpyef 
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circuits on the roof of each coach to prevent the opera¬ 
tion of the coach from interfering with radio reception. 

The street cars replaced by electric coaches were oper¬ 
ated by one man and there is no saving in the operators’ 
wages per vehicle hour, but the increased speed has re¬ 
duced the cost of operators’ pay per vehicle mile. 

In July, 1937, the average speed of all vehicles in the 
Portland system was 11.35 miles an hour, which is an in¬ 
crease of 11 per cent over the July, 1936, average speed of 
10.23 miles an hour. A part of this is due to an increase 



of speed of gas busses from 13.11 miles an hour to 13.40 
miles an hour. The average speed of street cars decreased 
4 per cent from 9.63 to 9.26 miles an hour, due to some of 
the higher-speed car lines being converted to electric 
coach lines. The average speed of electric coaches is 
12.78miles an hour and this is an increase of 23 per cent 
from the 10.35 miles an hour average speed of the street 
car lines that were changed to electric coach. Unloading 
at both mds has decreased standing time and has increased 
the average speed. At heavy loading points double ended 
loading likewise increases the average speed. 

. The rate of acceleration of electric coaches is 3.5 miles 
per hour per second and this is twice the rate of accelera¬ 
tion of the street cars replaced by the coaches. The 
free-running speed of the street cars was 27 miles an hour 
and of the electric coaches, 42 miles an hour. The 
coaxes are operating on city streets where the speed is 
limited by law and the maximum possible speed is never 
used. 

Acddents have been caused in some cases where automo- 
bh^, closely followed bystreet cars, have made sudden stops 
with the result that the auto was rammed by the street car. 
Electric coaches stop as fast as or faster than do automobiles 
and do not ram the rear end of motor vehicles that have 
suddenly stopped, but, if passengers are standing, rapid 
deceleration may throw some elderly person to the floor. 
Operators idth a standing load of passengers at times must 
make a choice between a collision with another vehicle and 
the possibility of personal injuries to standing passengers. 
Some automobile drivers do not realize the rapid rate of 
acceleration of the electric coach and after passing to the 
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left of an accelerating coach, reduce speed, cut to the 
right in front of the coach, and a collision results. In 
August 1937, street cars ran 4,299 miles per accident, 
electric coaches, 5,133 miles, and motor coaches ran 9,379, 
miles. Motor coaches run a smaller percentage of their 
miles in heavy trafiOic than electric coaches and street 
cars and have a lower exposure to accidents fha-n street 
cars and electric coaches. The ratio of miles to accidents 
for electric coaches is increasing as the operators have 
more experience in operating these vehicles. 

With respect to maintenance, tires are not purchased 
but are rented on a mileage basis. Traction company 
employes change tires that are worn or flat and the tire 
company dismounts the tires from the rims. Tire pres- 
sure is maintained by the traction company. Front tires 
on the coaches on a line which has many curves were 
found to wear rapidly and on these tires the normal pres¬ 
sure of 75 pounds was increased to 85 pounds and the tread 
wear was reduced. 

New tires are averaging about 23,000 miles and re¬ 
treads about 17,000 miles, a total of 40,000 miles to a cas¬ 
ing. In a few instances a casing is given a second retread, 
thus giving a casing with 2 retreads a total life of 57,000 
miles. 

Maintenance of electrical equipment is confined largely 
to cleaning contacts on controls and cleaning motors. 
The voltage and current regulators on the 12-volt light¬ 
ing and door control system must be checked frequently 
as these regulators are subject to burning if the contacts 
are not kept clean. 

Inspection of all movable parts is done on a regular 
schedule and in this way maintenance is reduced and there 
is a greater reliability of service 

Maintenance of bodies is confined, as yet, to tightening 
of screws and bolts. All metal bodies are not in need of 
much maintenance in the first year of their life and, ex¬ 
cept for adjustments of brakes and door operating engines, 
but little work is done oh the bodies. 

Accidents are with us always and there are at all times 
coaches in the shops for repairs necessitated by collisions. 
Both electric and gas welding reclaim parts that at first 
sight appear to be fit only for junk. Quick drying lac¬ 
quers cover the new work and soon the coach is again on 
the street. 

Lubrication of the conductor wires is accomplished by 
means of a truck with trolley busses and trolley poles 
mounted on a frame on the truck. The upper end of each 
pole carries a lubricator that is essentially a tank contain¬ 
ing a lubricant with a wheel that has its upper rim on the 
conductor and the lower rim in the lubricant. The con¬ 
ductors are lubricated every 1,500 shoe passes. Much 
work on the overhead was not completed when the coaches 
were placed in operation and imtil this has been done no 
regular inspection of the overhead will be made. Many 
poles and anchors were set in damp soil and it has been 
necessary to retenSion conductors and brail wires. Manu¬ 
facturers have not, as yet, furnished a reliable and rugged 
overhead switching device to change the path of the shoe 
from the main line to a branch line or a turnout, but are 
working On this problem vdth great hopes. 

ELBcnacAL Engineering 


Polh&ntus — Trolley-Coach Operation 










Plans are now being made for a, regular inspection of 
the overhead distribution system and this inspection 
should keep the overhead in good operaldng .condition. 
Linemen who had worked on the single-trolley system 
had much to learn about protecting themselves and their 
equipment when working on 2 conductors of opposite 
polarity only 24 inches apart. 

In considering operating costs, it must be remembered 
that this system has been and, in many particulars, still 
is in process of development. For example, several thou¬ 
sand dollars was spent in training operators, mechanics, and 
other employes, practically none of whom had had pre¬ 
vious experience with trolley coaches and these develop¬ 
ment costs are included in the operating costs to date. 
With this qualification, some operating and statistical 
data are offered, all appl 3 dng to the 12-month period im¬ 
mediately following operation of the first line. 

Operating Expenses per Coach Mile 


Power. 3.23 cents 

Conducting transportation expenses. 8,80 cents 

Traffic expenses. 0.18 cents 

General and miscellaneous expenses. 2.48 cents 

Total operation.14.69 cents 

Maintenance of way and structures. 1.02 cents 

Maintenance of equipment. 3.01 cents 

Total operation and maintenance.18.72 cents 

Provision for depreciation. 4.47 cents 

General taxes. 0.94 cents 

Bridge rentals. 0.14 cents 

Total operating expenses.24,27 cents 

Operating ratio. 93,70 per cent 

Proportion of total operating expense assignable to 
pay-roll expense.40,0 percent 


These expenses axe based upon the following statistics: 

Total coach miles. 

Total coach hours. 

Total passengers carried. 

Total passengers per coach mile.... 

Kilowatt-hours used per coach mile 

In the 34 cities in the United States where electric 
coaches are in operation, the coaches ordinarily seat 40 
passengers and have both single-motor and 2-motor pro¬ 
pulsion with the present trend toward the single-motor 
equipment. The single motor uses more power than does 
the dual motor but the saving in weight and cost in favor 
of the single motor compensates for the greater power 
consumption. The average speed of electric coaches in 
Portland is in excess of that in cities of similar size, or 
larger, and in some cases is 18 per cent greater. 

The installation of electric coaches is the largest ever 
made at any one time in the United States, both in num¬ 
ber of coaches and in the miles of route. The entire trol¬ 
ley coach system, consisting of 140 coaches and 45.5 miles 
of route, was put in operation within 9 months. 

In general, the installation of electric coaches in Port¬ 


3,288,647 

260,638 

15,041,743 

4.67 

4.04 


land has left no regrets. Minor problems have been met 
and most of them have been solved. Manufacturers 
have been called upon to replace parts and have done so 
at their own expense. Voltage regulators on the first 
coaches received were replaced. The mounting of the 12- 
volt generator was improved. Brake lining did not give 
the expected mileage and was replaced with a different 
t)7pe. The recommended clearance between brake blocks 
and brake drums was increased and brake block mileage 
was very greatly increased and scoring of brake drums 
eliminated. Considerable change was made in the motor 
control by one manufacturer and additional change is 
still desirable. 

The tire manufacturer has altered the tread in the 
hope of obtaining greater mileage. While operators were 
being trained and were gaining experience, tires suffered, 
particularly on account of rear wheels striking curbs while 
rounding curves, but, with the “breaking-in” period con¬ 
cluded, this sort of unusual wear has been almost entirely 
checked, with a resulting decrease in sidewall and tread 
damage. 

The springs in the trolley base are light for the duty 
they are called upon to perform and in the near future it 
will be necessary to replace these springs. The springs 
are probably being permanently deformed and the ten¬ 
sion slowly decreases until there is but little room left for 
adjustment. Some trouble has been experienced with 
defective castings but the manufacturer has replaced these 
castings in the overhead system with a new design and 



better workmanship. Coils in the electric frogs have 
failed for no apparent reason and we have hopes of a new 
design for the overhead switching. 

With the first sdbedule on a line changed from street 
cars to electric coaches the speed was slow until the opera¬ 
tors had e>q)erience in operating coaches. Men experi¬ 
enced in operating motor vehicles made better operators 
than those without driving experience. The operation of 
street cars helped in combating traffic problems but experi¬ 
ence in steering a vehicle seemed to be very nec^sary. 

Street cars carry 5.51 passengers per car mile, electric 
coaches 4.79 passengers per coach mile* and motor 
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coaches 2.86 passengers per coach mile. The street car 
lines with heaviest travel were not changed to coach lines 
and these lines still carry the heaviest loads. The con¬ 
dition of track and possibilities of rerouting determined 
the lines where street car service was replaced by coaches. 
Density of traffic determined whether electric coaches or 
motor coaches would be operated on the line under consid¬ 
eration. In the future, track will be repaired but when the 
time comes for replacing rail, the track will be covered with 
pavement and the cars replaced with coaches. Some of 
the remaining street car lines are in territory with sparse 
population and these lines will be replaced with motor 
coaches. 

In conclusion, it may be said that public reaction to the 
operation of trolley coaches has been good. Revenues 
have increased horn lines replacing street railways, but it 
is too early to determine the amount of traffic drawn from 
paralleling street railway lines and it is known that there 
has been a certain amount of such diversion, notwith¬ 
standing that the lines have been several blocks apart. 
Experience to date indicates that the overhead system is 
operating satisfactorily. The type of conductor is being 
tested for wear, and tests are also under way to determine 
the best lubricant and method of lubrication. In this 
connection, it may be added that automatic lubrication 
from passenger vehicles is being tried. Wear records for 
trolley shoes are maintained and tests of other details con¬ 
cerning the coaches, such as lubricants and lubrication, 
brake linings and drums, and brushes on motors and gen¬ 
erators, are under way. Tire treads of various kinds are 
also being tested. With another year of experience to 
draw upon, some more definite facts and figures will be 
available. 

Collaborating in the preparation of the above data were 
Mr. W. H. Lines, vice-president and general manager of 
Portland Traction Company, Mr. Gordon G. Steele, gen¬ 
eral superintendent, Mr. James P. Tretton, superintendent 
of equipment, and Mr. E. W. Moreland, statistician. 


Engineering Curricula 

IN AN ARTICLE entitled “What Should the Technical 
■ School Teach?” appearing in Civil Engineering for 
November 1937, pages 733-4, Scott B. LiUy, professor 
of civil engineering at Swarthmore College, asserted that 
“the great fear of the present executive is obsolescence— 
that some new process will develop which will make his 
whole plant valueless.” Because of this fear many of the 
progressive companies are becoming ever more interested 
in the field of research. “Large companies maintain their 
own laboratories, while the small ones combine to form 
trade associations, hiring the best men they can find, and 
spending lavishly to discover new methods that will bring 
them added business.” 

Professor Lilly maintains that research has produced 
better materials, better manufacturing methods, and better 
design; moreover, it has affected the requirements for a 
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four-year undergraduate course because of its demand for 
broader training. “The theory underlying a broad under¬ 
graduate training is that instead of tiying to keep up with 
all the changes that are taking place in each field, a college 
should reduce the number of courses taught, do away with 
special curricula, and concentrate on the things it can do 
best. The time is still far distant when engineering will 
be all science. Many of the structures being built even 
today are standing not because the theory of design is ab¬ 
solutely correct, but because the computations result in a 
structure similar to one that has proved satisfactory. • In 
some cases it may be years before theory catches up with 
practice. Nevertheless . . . colleges should teach the sci¬ 
ence of engineering—that is, . . . students should spend 
the major part of their four years on the underlying prin¬ 
ciples of engineering, devoting only a moderate amount of 
time to applications.” 

The author believes that teaching has been too much 
concerned with the formal processes involved. “Men 
have learned how to do things, rather tban why. They 
learned rules. But would it not be better to teach all 
courses from the standpoint of developing principles.^ 
For years the student has asked why he must spend so 
much time on mathematics when practicing engineers 
have told him that they rarely, if ever, have occasion to 
use the calculus. He does not realize that he will use the 
type of reasoning he learned in the calculus, although un¬ 
conscious of where he learned it. Mathematics, then, 
must be taught so that the principles remain, even though 
the formal processes, the rules, are forgotten.” 

A suggested new curriculum, designed to meet the de¬ 
mands of modem industry, would be identical for civil, 
mechanical, and electrical engineers for the first three 
years. “The courses would include mathematics, physics 
and chemistry, descriptive geometry, kine matics, me¬ 
chanics (both analytic mechanics and strength of mate¬ 
rials), electrodynamics, hydraulics, and thermodynamics. 
This work would occupy three-quarters of the student’s 
time for the first three years. In the senior year, he 
would be allowed to specialize in that branch of engineer¬ 
ing in which he is most interested. He would have had 
the basic courses in all three fields and could take any 
advanced course offered. Some attempt should be 
made in at least one of these selected courses to carry 
the man as far as he is able to go—^to acquaint him with 
the frontiers of knowledge in that field, so that he can see 
that engineering is not a dead thing, but a living, growing^ 
profession that will demand his best efforts.” 

“The broad engineering education . . . must include 
courses that cover the human side as well as the material 
side of the profession. But a ‘course’ in college is not an 
end; if it fails to develop a keen desire to know more, to- 
go into the subject more deeply, it may be worse than use¬ 
less ... The greater part of this kind of education must 
come after g^raduation —- and this will be true no matter 
how many courses were taken in college. The most im¬ 
portant thingj therefore, is to instill the desire to be well 
read and well informed, not as a vdndow dressing, but as 
equipment to face social problems and do something about 
them.”, . 
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Stray-Load Losses of D-C Machines 


By E. W. SCHILLING 

MEMBER AIEE 

Synopsis 

This article describes a method of measuring stray¬ 
load losses which is readily adaptable to the test depart¬ 
ments of the manufacturers. Usually no additional test 
apparatus will be required beyond that already available. 
The same arrangement used for a pump-back heat-run 
test is used with only slight modification. Experimental 
data are given showing the effect of speed, load, and field 
strength upon these losses. 

S TRAY-LOAD losses may be defined as the losses 
at any particular load which are not accounted for 
by the conventional methods of measuring and 
calculating losses. They are divided into 3 classifications 
according to the causes producing them, as foUows^: 

1. Loss due to eddy currents in the armature conductors. 

2. Short-circuit loss of commutation. 

3. Increased core loss caused by distortion of the main field by 
armature reaction. 

Various methods have been proposed for taking these 
losses into account. It has been suggested that the no- 



Figure 1. Circuit used in determining stray-load loss of 
the set. Rotational losses supplied electrically 


load core losses plus armature losses be multiplied by 
a constant whose value should be somewhere between 1.1 
and 1.5.®’* Such a procedure is open to the criticism that 
it would require a great number of constants to take into 
account differeaces in design.* 

Input-output tests have been made and data pub¬ 
lished*’^ The results of these tests were contradictory. 
One paper indicated high accuracy to be possible, whereas 
the other indicated that the method is not dependable. 

Some work has been done on this problem* by using a 
generator v?ith a compensating winding in the pole faces and 


R. W. KOOPMAN 

ASSOQATE AIEE 

those when it is separately excited to various percentages 
of normal value. Of course, the first objection to this 
method is that most d-c machines do not have compensat¬ 
ing windings. A further objection is that the additional 
loss determined in this manner is the result of field dis¬ 
tortion and does not include losses in the armature con¬ 
ductors themselves due to eddy currents. 

There is at present no standard way of directly measur¬ 
ing these losses, and according to the American Stand¬ 
ards for Rotating Machines they are to be taken as one 
per cent of the output. This rule obviously makes no 
provfeion for differences in design and, in the case of ad¬ 
justable-speed motors, charges the same loss to the 
machine at weak field and high speed as at strong field and 
low speed. That the latter is objectionable is clearly 
shown by the data given in this paper. 

As a means of measuring stray-load losses, a direct 
measurement of total losses of 2 machines connected to¬ 
gether in a modification of the familiar pump-back 
connection as shown in figure 1 is proposed. By sub¬ 
tracting the determinable losses from the total measured 
losses the total stray-load loss of the two is determined. 

One of the contributions made by this paper is a method 
of allocating the proper proportion of the total stray loss 
to each machine when using the method described above; 
the other is informational in nature, that is, data are given 
on the stray loss resulting from operating d-c motors 
under varying conditions of speed, load, and field strength. 

Test Procedure 

The circuit used for making the tests is shovra in figure 
1. M and G are machines of the same size, type, and 
design, and the brushes of both are set on neutral. They 
are therefore considered identical. Throughout any given 
test the field currents of the 2 machines were kept con¬ 
stant. The armature currents were varied by changing 
the booster (B) voltage. 

The combined losses of the 2 machines M and G are 
"I" Bp/jj “ L* 

Lt includes the armature PR loss, commutating-pole¬ 
winding PR loss, no-load core loss, brush-contact loss, 
windage and friction loss, and stray-load loss. 

A paper, recommended for publication by the AIEB committee on electrical 
machinery. Manuscript submitted April 22, 1937; released for publication 
October S, 1937. 

E. W. S(mii,UKO is associate professor of electridil engineering at Michigan 
College of •M'iTiitig and Technology, Houghton; and R. W; ICoopman is assistant 
professor of electrical engineering at the University of Kansas, Lawrence. The 
authors are indebted to Mr. Scott Hancock, manager of the industrial motor 
engineering department of the Westinghouse Electric & Mamrfacturing Com¬ 
pany, and to Professor G. W. Swenson, head of the department of electric^ 
engineering of the Michigan College of Mining and Te^olot^, for suggestions 
and information relative to this work. 
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comparing no-load losses with this winding unexcited to 
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Figure 2. Stray¬ 
load loss of set 
at 850 rpm, using 
circuit of figure 
t. Versus average 
armature current 
of the 2 machines 

A —Field current 

0.50 dmpere 

B —Field current 

0.66 ampere 

C —Field current 

0.80 ampere 


Figure 3. Stray¬ 
load loss of set 
at 1/000 rpm us¬ 
ing circuit of 
figure 1 

A —Field current 

0.50 ampere 

B —Field current 

0.80 ampere 


amperes 

In order to insure that the various friction losses, the 
PR losses, and, to a limited extent, the core loss would 
rmain constat during the period required for taking 
the readings, it was necessaiy to run the until 

constant temperatures were reached. After this tem¬ 
perature was reached the brush contact drop was meas¬ 
ured. Next the electrical input readings of .fit, 7^, fi^, 


and 7g were taken. Immediately the line was opened, 
disconnecting the machine on the right; under this con¬ 
dition, the coupled machines come to rest, but the booster 
continues to circulate current of very nearly the same 
value as when all machines were in motion. 

This convenience was of great value because the drops 
across lie commutators and series resistances could bemeas- 
ured with very little loss of time and, consequently, with 
very little change in resistance between the time the input 
readings were taken and the time the resistance measure¬ 
ments were taken. As soon as the resistance measure¬ 
ments were completed the set was started again and run 
at the same value of armature current as before, in 
order that the temperatures would remain constant. The 
internal voltages of motor and generator were then com¬ 
puted. The field current of the motor was then changed to 


Figure 4. Stray- 
load loss of set 
at 780 rpni/ using 
circuit of figure 1 

A —Field current 

0.50 ampere 

B —Field current 

0.80 ampere 
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correspond to this voltage as read from the saturation 
curve, the booster circuit was opened, and the g^erator 
field current was adjusted to give the calculated internal 
voltage. The friction, windage, and core loss of the set 
could then be determined from the input to M and its 
calculated PR and brush-contact losses. 

By taking the core-and-friction-loss readings immedi¬ 
ately after each test, errors that result from wearing of 
brushy and from changes in bearing friction due to tem¬ 
perature changes were eliminated. 

The stray-load loss of the set L, was taken to be Lt 
minus brush contact loss minus PR loss minus friction, 
windage, and.core loss. A series of load-loss readings 
was thus taken at constant field current and speed for 
several values of Iq. These losses were then plotted 
against the average current of the 2 machines. Several 
different series of readings were taken using different 
speeds or field currents; these results are shown in figures 
2, 3, and 4. 

Determination of Portion 
of Ls Due to Each Machine 

The curves mentioned above show how the total load 
loss of the set varies with average armature current, but 
do not give that due to each machine, because the arma¬ 
ture currents are different. 

We shah, now describe the method used to separate X, 
into the components due to each machine. 

Since we assume that the 2 machines are identical, and 
since they operate at equal field currents, the only variable 
affecting X, is the armature current. If the law of varia- 




AMPERES 


Figure 9. Same 
as figure 7, but for 
1,000 rpm, 0.80- 
ampere field 



AMPERES 


tion of Lg with armature current were known it would be 
mathematically possible to calculate the portion of Lg 
to be charged to each machine. Plotting X, versus aver¬ 
age armature current gives us some idea of this law. 

Assuming that these curves can be expressed by Lg = 
Hb" we can easily find n hy plotting on logarithmic paper 
as shown in figure 5A. Then at a particular value of X„ 
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Figure 7. Stray- and the portions of X, chargeable to generator and motor 
load loss of one respectively are 
machine at 850 

rpm, 0.50-ampere X* and 

field, versus arma¬ 
ture current, to the degree of approximation that n approximates 
Curve calculated the true value of » as it would be obtained by plotting the 
from test data ob- actual load loss of only one machine against its armature 
tained using cif- current. 

cuit of figure 1. Theoretically we could plot a curve of the load loss of 
Circles represent one machine as obtained by using the approximate value 
test points ob- of n and obtain a new value of «, make a new separation, 
tained by using plot another curve, etc., until we approach the true value 
circuit of figure 6 of w as closely as we please. Practically, however, it is 
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ecessary to make only one separation. That is shown 
in gure 5, where curve A is the plot of Lg versus average 
arma ure current and B is the curve of the load loss of one 
mac me plotted versus its armature current. There is 
scarcely any difference in the slopes of the 2 curves. The 
c oseness with which the points fit the straight lines indi- 
ca es that the equation L, = is correct to a high de¬ 
gree of accuracy. 

In order to illustrate the method more clearly an ex¬ 
ample of a typical set of readings at 850 rpm and 0.5 
amperes field is given. 

•El =* 94.80 volts 
■li “ 4.42 amperes 

Ej» 18.70 volts 
Ib ~ 11.05 amperes 

Generator brush contact drop (positive -1- negative) 

“ 1.40 volts 


Motor brush contact drop (positive -|- negative) 
Generator armature current, Iq 
Motor armature current 1^ 

Resistance of generator windings at operating 
temperature plus series resistance of 0.017 ohm 
Resistance of motor windings at operating tem¬ 
perature plus series resistance of 0.012 ohm 

A. Line supply watts 

B. Booster supply watts 

C. Total supply watts 

D, generator 

E. PR motor 

F, Brush-contact loss, generator 

G, Brush-contact loss, motor 

H, Core loss, friction, and windage of set 

J. Total of directly measurable losses (D-I-EH- 
F^G + H) 

J. Stray-load loss Ls = C — I 

Determination of L, 

Chargeable to Each Machine 


From figure 5A, n = 2.16. Therefore the portion of 
L, chargeable to the generator is 


negative) 

“ 1.40 volts 

“» 1.80 volts 

= 11.05 amperes 

*=» 16.47 amperes 

= 0.807 olun 

=" 0.847 ohm 

= 419 watts 
206.6 watts 
= 625.6 watts 
= 98.8 watts 
= 203.0 watts 
= 15.5 watts. 

= 27.9 watts 
= 234.0 watts 

=■ 679.2 watts 
=» 46.4 watts 


1,000 rpm; 0.50 
ampere field current 

8—850 rpm; 0.50 ^,50 
ampere field current ^ 

C—1,000 rpm; 0.80 

ampere field current < 

Q 

D—780 rpm; 0.50 7*30 
ampere field current 

E—850 rpm; 0.80 to 20 
ampere field current to 

F — 850 rpm; 0.66 ^ lo 
ampere field current ^ 

G—^780 rpm; 0.80 0 

ampere field current ' 
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Fisure 10. Comparison of siray-Ioad loss under different 
conditions of speed and field current 

of the motor opened. This stopped the set but still 
circulated cxnrent through the armature of the driving 
motor and thus simplified the measurement of resistance 
in this machine. The stray-load loss of the set is then 
equal to the booster output minus calculated losses of the 
set plus increased output of the driving motor between no 
current in the set and that current at which the test was 
run. Brush-contact drops were measured on all ma¬ 
chines and these values used in calculating the brush- 
contact losses. 

The stray-load loss under these conditions of operation 
should be the same for each machine. Figures 7, 8, and 9 
were plotted from data obtained by appl 3 ring the method 
of separation described in this paper to the curves of 
figures 2A, SA, and 4J3. The circles are test points ob¬ 
tained by using the circuit of figure 6. Here then are the 
results of obtaining the stray-load loss of a machine from 
2 entirely independent and different tests. The results 
check as closely as could ever be expected in a test of this 
kind. 


11.05 

_^ 3-18 _|_ 

11.06 16.47 


, 179.36 

— *» 46.4——— »■ 16.1 watts 
3.16 650.35 


and that chargeable to the motor is 46.4 — 15.1 =? 31.3 
watts* 

Check on Procedure 

As a check on the validity of the method which was 
used to separate losses, another series of tests was nm on 
the set under the same conditions of speed and field cur¬ 
rent as before; but in this series the circuit of figure 6, in 
which the armature currents of the two were exactly the 
same, was used. In this test as in the other the saine pre¬ 
cautions regarding heating were observed. It was again 
possible to use the booster to circulate current for measur¬ 
ing IR drops and thus save time, as no extra connections 
had to be made. The driving motor at the left in figure 6 
was supplied from a variable-voltage generator. This 
voltage was reduced to a low value, ^d the field circuit 


Conclusions 

In these tests a machine operating tmd^ different condi¬ 
tions of speed and field current shows a wide variation in 
load loss, as shown in figure 10. The broken vertical line 
indica.tes rated full-load current. The outputs of the 
machine are approximately the same at 1,000 rpm, 0.5 
amperes field; 850 rpm, 0.66 ampere field; and 780 ipm, 
0.80 ampere field, but the stray-load losses vary widely 
between these limits. This shows the need of a new rule 
for calculating stray-load loss for adjustable speed ma¬ 
chines, as the present rule would charge the same loss at 
all three speeds. Another illustration of the inadequacy 
of the present rule is shown by figure 10. For instance, B 
and C intersect at about 14.8 amperes. The data given in 
this paper show that the load loss^ aife equ^ at these inter¬ 
sections; yet the outputs are different in that they corre¬ 
spond to a speed of 850 rpm and field of 0.5 amperes for B 
and a speed of 1,000 rpm and field of 0.8 amperes for C. 
The present rule would charge different load losses for the 
2 conditions. ; : . 
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All the curves taken with weak field show steeper slopes 
in the region of high armature current than those taken 
with the stronger field. The reason for this difference is 
that the armature current has a greater distorting effect 
on the resultant field when the main field is weak. 

The advantage of using this method over the input- 
output test is liat losses are measured directly, whereas 
in the input-output test they are taken as the difference 
between two relatively large quantities. The improve¬ 
ment in accuracy is obvious. 

Another advantage is that very little wiring is required 
beyond that for the pump-back heat-nm test as it is set 
up by many manufacturing companies. No special 
equipment is needed, and the labor required is com¬ 
paratively low. 

Its disadvantage is that the machines must be assumed 
to be identical. 

The losses obtained were higher than expected, prob¬ 
ably because the air gap was shorter than the average. 
This in itself is another fact which indicates the necessity 
of adopting a test procedure for determining stray-load loss. 
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The Library as an Engineering Tool 

L ittle excuse exists for those eugineers who fail to 
furnish the correct answer to a current problem if it 
can be deduced, at least in part, from information available 
in libraries, according to an article by Gregory M. Dexter 
appearing in the November 1937 issu& oi Mechanical En¬ 
gineering, pages 846-9. The author believes a library to 
be an engineeimg tool worthy of more than passing 
thought, because “some [engineers] find it easy to go 
along in the daily job without sensing or taking time to 
study the implications of new developments in unrelated 
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or even in related fields of their daily activity. When sug¬ 
gestions are made for improved methods, many of them 
at some time say, ‘it cannot be done.’ They have not had 
sufficient interest or leisure to find out whether conditions 
have changed, new developments have occurred, or the 
previous failure did not arise from some fault in manage¬ 
ment or application of method.” 

Many engineering problems are settled easily by refer¬ 
ence to the latest books; consequently, one of the most 
valuable source books for the engineer is the catalog of 
the large publisher of technical books. Yet often he will 
find that the best book on a particular subject is not pub¬ 
lished by one of the large technical publishing houses, and 
if he is thorough in his search for knowledge, he may find 
that the book he wants can be obtained only from some 
publisher of whom he has never heard. 

“Many problems which engineers have to solve are so 
involved in technicalities, so unusual, or so special in ap¬ 
plication that no book available gives more than an ele¬ 
mentary discussion. Places to which an engineer may 
turn then are the various departments of the federal and 
state governments as well as the numerous experiment 
stations. 

“He should have always available a complete set of the 
initpYAR of federal publications which are obtainable from 
the Superintendent of Documents, Washington, D. C. . . . 
If the particular subject in which he is interested is not 
listed, a letter to the appropriate federal department often 
will bring hiiri valuable information on unpublished data 
or other suggestions.” 

The author admonishes the.reader that the titles to some 
of the general indexes are likely to deceive the engineer con¬ 
cerning their actual scope, and that valuable information 
sometimes may be obtained from the most unlikely appear¬ 
ing sources. 

“Services of a librarian often are used in making searches 
for engineers. No disparagement of the value of such serv¬ 
ices is intended .... but engineers should recognize how 
much better results could be obtained by an engineer in¬ 
stead of a librarian. The engineer appreciates all rami¬ 
fications of the problem he is investigating. He needs, 
of course, the facility a librarian has in knowing how to use 
a library. He needs persistence and imagination. Yet 
an engineer who knows his subject and has those qualities 
plus some knowledge of the library undoubtedly could do 
a better job of searching than a librarian. Merely glanc¬ 
ing over an article would tell him whether it was worth ab¬ 
stracting or only listing in his bibliography. 

“No engineer should entertain the idea that a librjiry 
search is a method of avoiding original thinking. It is 
only a method of avoiding unnecessary expense in repeat¬ 
ing mistakes that other men have made. It is a way of 
trying to start with new designs, inventions, or devdop- 
ments where other engineers and inventors have stopped.” 

The article contains comprehensive listings of book cata¬ 
logs and indexes, government publications, guides and in¬ 
dexes to economic data, and general and special indexes. 
Most libraries have special bibliographic facilities of their 
own which should not be overlooked, and the author sug¬ 
gests ways of obtaming and using these special facilities. 
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Oil Oxidation in Impregnated Paper 

By J.B. WHITEHEAD T. B. JONES 

FELLOW AIEE ENROLLED STUDENT 


Introduction 

M uch has been written recently on the influ¬ 
ence of oil oxidation on the properties and stability 
of impregnated paper instdation. It is thought 
by many to be a principal cause of deterioration in high 
voltage cables. Oxygen is highly soluble in cable oils; 
if present in appreciable quantity and at moderate tem¬ 
perature elevation, the o^ oxidize rapidly with conse¬ 
quent loss of insulating value. However, the amount of 
oxygen remaining in a carefully dried paper cable is so 
small, and the oxidation process is so slow that it remains 
to be proved that it is more important in deterioration 
than other well-known causes. 

In this paper we report a series of studies of the oxida¬ 
tion process in cable paper impregnated with oil contain¬ 
ing different amoimts of oxygen, as indicated by changes 
in well-known electrical quantities. Separate studies of 
the effect of equal amounts of air and of nitrogen, and of 
the behavior of the oil alone, and as affected by paper and 
metal, throw interesting light on the nature of the pro¬ 
gressive changes found in the electrical characteristics. 

Experimental Method 


The Paper and the Oil. A single grade of uncalendered 
chemical wood pulp “kraft” paper, as made by a well 
known manufacturer was used throughout. Its proper- 
tiesi- 20,21 are given in table I. 

The oil, designated by the refiner as “highly refined 
paraffin” cable oil, was delivered protected by nitrogen 
atmosphere and so maintained until used. Its proper¬ 
ties are given in table II. 

Test Capacitor. The capacitor is of circular parallel- 
plate type: high-voltage electrode 13-centimeter diameter, 
low-voltage electrode 10.4-centimeter diameter, equipped 
with guard ring, radial width of gap and ring 1.25 centi¬ 
meters; material, brass throughout. 

Ten circular sheets of paper 15.6-centimeter diameter 
constituted the usual test sample. A constant weight 
was placed on the upper high-voltage elect;ode to ensure 
umform pressure in all samples; air capacitance at this 
separation, 71 micromicrofarad . The capacitor is mounted 
in a shallow Pyrex glass dish, which is placed in a vacuum- 
tight, temperature-controlled impregnating tank shown in 
figure 1. The tank can be evacuated to 0.05 millimeter of 
mercury, and heated to 110 degrees centigrade. The oil 
is admitted through Pyrex tubing, and the removable top 


One type of oil and one type of paper were used through¬ 
out. Ten layers of the paper were assembled in a firngll 
parallel-plate capacitor, equipped with the usual guards, 
and mounted in a Pyrex glass dish, and placed inside an 
evacuating and impregnating tank with temperature 
control. See figure 1. The paper is evacuated at 0.05 
millimeter of mercury pressure to a standard degree of 
dryness and the oil admitted for impregnation. Before 
admission the oil is filtered, degassed, and saturated with 
oxygen at various pressiures, and impregnation takes 
place in an atmosphere of oxygen at the same pressure. 
After impregnation the sample is kept at the same constant 
pressure and at a temperature of 80 degrees centigrade for 
about one week. Measurements of power factor and 
capacitance, as related to voltage and temperature (at 
end of test) were made at intervals. At the end of the 
run the power factor of the individual paper layers, and 
the electrical properties of the oil drained off the specimen, 
were measured. Additional studies were made on the oil 
alone and on the impregnated paper using nitrogen as im¬ 
pregnating atmosphere. The catalytic effect of several 
metals on oil oxid ation was also measured. 

A paper recoiM^ded for publication by the AlEE committee on research 
Manuscnpt submitted September 16.1937; released for pubUcation October Is] 

^“tbhbad is professor of electrical engineering and dean of the facultv 
of enspneermg at The Johns Hopkins University, Baltimore; T. B Jones 
form^ly a pwiuate student at The Johns Hopkins University now is a 
New*’york, n! Telephone Laboratories. Incorporated, 

1 . all numbered references, see list at end of paper. 


Table I. Physical and Electrical Properties of the Paper 

Thickness... .0.0045 inch 

Diameter.6.00 inches 

Specific gravity.0.882 

Gurley air resistance.640 seconds 

Effective capillary radius.8.2 X 10“* centimeter 

Conductivity..1,0 X 10“^* mho per cubic centimeter 

Power factor.0.00140 

Dielectric constant.2.41 

Electrical measurements at 80 degrees centigrade 

Table II. Physical and Electrical Properties of the Oil 

Pour point.4.4 degrees centigrade 

Flash point.263 degrees centigrade 

Specific gra^uty.0.903 

Wscosity...4.07 poises 

Surface tension...38.3 dynes per centimeter 

Penetrative power.6.52 X 10“• 

Dielectric strength.28,820 volts 

Conductivity (20 minute).5.76 X 10mho per cubic centimeter 

Powerfactor... .0.0006 

Dielectric constant...2.204 

Measurements at 40 degrees centigrade 


Pressure 
of Oxygen 


: 1 millimeter., 
6 centimeter. 
10 centimeter. 
76 centimeter. 


Volume of Oas 
Absorbed 


0.13 cubic centimeter. 
7.00 cubic centimeter. 
. 14.00 cubic centimeter. 
.104.00 cubic centimeter. 


Per Cent of Oil 
Volume 


.. 0.013 per cent 
. 0.7 
. 1.4 
.10.4 
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Figure 1. The test cell Figure 2. The oil filter cell Figure 3, The degasification and dehy¬ 

dration apparatus 
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carries glass bushings for the electrical connections. 

Oil Purification and Oxidation. The oil as received is 
first passed through the glass wool filter shown in figure 2, 
and then through the combined vacuum degasifier and 
dehydrater shown in figure 3. In the latter the oil passes 
down in a thin film over the turns of an open spiral of 
Nichrome wire in the inner of 2 coaxial glass tubes. The 
outer tube contains a heating cod; temperature in opera¬ 
tion 80 degrees centigrade, pressure, 0.2 millimeter of 
mercury. After this treatment the oil had a power factor 
(60 cycles) of 0.0003 and a breakdown strength (standard 
disk gap) of 30,000 volts at room temperature. 

Oxygen Content of Oil. Oxygen was admitted to the 
oil in different amounts, by exposing it to the gas at 
different pressures, in the apparatus shown in figure 4. 


Figure 4. The oxidation apparatus 


It has been shown that the volume absorbed-pressure 
relation is linear over a wide range,** for equal times and 
temperatures of exposure. In this work the oil was first 
raised to a temperature of 80 degrees centigrade, and 
evacuated to 0.1 millimeter of mercury. Then dry oxygen 
was admitted and the sample allowed to absorb oxygen 
for a period of 65 hours at constant pressure. The values 
of pressure adopted for study were 1 millimeter, 5 centi¬ 
meters, 10 centimeters, and 76 centimeters of mercury. 
In what follows the different samples will be referred to in 
terms of these pressure values. The amount of oxygen 
absorbed in the several 1,000-cubic-centimeter samples 
at the respective pressures was found to be as given in 
table III. It will be seen that the relation between pres¬ 
sure and volume absorbed is approximately linear. 

Impregnation. The test electrodes were washed in 
successive baths of soap and water, benzine, alcohol, or 
carbon tetrachloride, and distilled water, and dried. Ten 
layers of paper were placed between the plates and the 
whole placed in the impregnating and measuring tank. 
The temperature was raised to 105 degrees cratigrade, 
and the pressure reduced to 0.1 millimeter of mercury. 
Frequent measurements of power factor and conductivity 
were taken in order to follow the drying process. Con¬ 
stant values indicating extreme state of dryneSs were 
usually reached in 72 hours; power factor, 0.00140; con¬ 
ductivity 1.0 XIO ““ mhos per cubic centimeter. When 
these values were reached the temperature was lowered 
to 80 degrees centigrade and the oil, after treatment as 
already described, was admitted for impregnation. 










0 20 40 60 60 100 120 140 160 

HOURS AFTER IMPRE6NATI0N 


Figure 5. Power factor and capacitance versus time 

In each case impregnation took place in an atmosphere 
of oxygen and at the same pressure and temperature at 
which the oil had been saturated. Thus for tlie 5-c.cnti- 
meter test the oil was preoxidized at 5 centimeters of mer¬ 
cury pressure and 80 degrees centigrade, and admitted 
to the dry paper at the same pressure and so maintained. 
The glass dish containing the capacitor was filled with oil 
and so remained throughout the test, so that there was 
a constant supply of oil and gas at constant presssure 
throughout the test. After admission of the oil the sample 
was allowed to stand for 24 hours to ensure complete im- 


Thus the vari*)us behavior of the samples, as observetl, 
is due to the oxidation process alone. 

lilectrical MeasuremenUs, Power factor ami capacitance 
were measured im the transfonner bridge developed in 
these laboratories by Seletzky’'^ and McCurley.'-* It 
has a power factor accuracy of 0.0001 and can be Intlaneed 
in less than 8 mimitcs. It lends itself reaclily tt» varia” 
tions of setting needed for ranges of vtiltage stress, ami 
for tests on single paper layers. The standartl air capacitor 
is of Hat type with electrodes 14 by 28 inches; the capaci¬ 
tance is 179 micromicrofarad. 'Phe tnitpui transfiamer 
feeds into a resistance-capacitance collided ampHtU-r. 
detector is a vibration galvanometer; sensitivity, -10 
millimeters deflection per microampere, at one iiu’ter 
distance of scale. A high sensitivity d'Arsonval gal¬ 
vanometer was used for d-c conductivity measurcmeitts, 
under methods described in earlier papers. * 

Experimental Results 

Five series of ob.servations were made of the influence 
of oil-absorbed oxygen on the behavior of impregnated 
paper. These will be referred to as the I inilliiiieter, 
5-centimeter, lO-centimeter, and 7»bcentimeter tests for 
pure oxygen. The fifth series covers a sample with oil 




Figure 8. Power feetor-lemperiture 


pregnation. In the results reported below the end of 
this 24 hours is taken as zero time. Thus at this stage 
the oil had already been exposed to oxygen at 80 degrees 
centigrade during gas saturation, and paper impregna¬ 
tion, for a total of 89 hours. Electrical measurements 
were begun at this point, and consisted of power factor 
and capacitance at 60 cycles, and 20 volts per mil of paper 
thickness, 3 times a day; and a power factor-voltage run 
up to 150 volts per mil once each day. This program was 
followed for 168 hours, the duration of the normal test. 

After the normal test, heat was removed from the tank 
(pressure constant) and during cooling the power factor- 
temperature curve of the sample taken for the range 80 
degrees-25 degrees centigrade; a power factor-voltage 
curve was then taken at room temperature. The oil 
was drained from the sample for further test; the sample 
was then disassembled and consecutive measurements 
made of the power factor of each layer; the succeasive 
layers were carefully examined for any evidence of gas 
spaces, wax formation, or other significant condition. 

At no time during the above tests was sustained voltage 
applied to the samples, and the electrical measurements 
3 times a day were of brief duration and at low stresses. 


treated at one millimeter air and impregnatetl aruj 
tested at one millimeter air, the proci'ss being ideiitteul 
in all other respects with the oiu?•millimeter fixygen lest. 

One'Millimeter Oxygen Test, llie results are shown in 
figures 5, 6, 7, H, and 0. “rhe capacitance, figure 5, is 
constant over the hours of the test. *rhc fsiwer 
factor rises very slightly from (1.0038 to 0.0012, 

The power factor-voltage relations taken at 2‘l hour 
intervals are indicated in figure 7, ami the resnlling 
ionization factors in figure 0. The jaiwer factor-voltage 
curves at 80 degrees show a rising tendency at first, but 
evidently indicate an approach to a maximum value of 



Figure L«y«r v«ri«tioa ef powur fseter 
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power factor. This behavior has been noted in earlier^ 
studies of well-impregnated samples, although at lower 
stresses. The power factor at 20 degrees is constant be¬ 
tween 20 and 150 volts per mil. These facts indicate the 
relative unimportance of gaseous ionization and suggest 
the pr^ence of some t 3 rpe of oil ionization increasing 
with temperature and time, and voltage, up to a certain, 
value. The increase with temperature, figure 8, is due to 
the increased mobility of the liquid ions; the increase 
with time to the increase of the number of ions with pro¬ 
gressive oxidation or other cause; the increase with volt¬ 
age is due to either increased mobilities, or new ions formed 
under increased stress, due to collision or other cause. 
The maximum of power factor results from a mflYimum 
conduction current when all ions are withdrawn as fast 
as formed. Other evidence in support of this view is 
given hereinafter. Other suggestions of mechanisms of 
the formation of new liquid ions are those of Inge and 
Walther^ and Arman and Starr.^® 

Figure 9 shows the variation of power factor between 
successive paper layers. It is seen that the power factor 
is fairly uniform from layer to layer throughout and of a 
very low average value. The maximum variation is only 
0.0006 power factor. The maximum of power factor 
occurs in the eighth layer from the high voltage electrode. 



Figure 10. Power factor and capacitance versus time 


creased rising tendency in the latter beyond 120 hours. 
This indicates that the 60-fold increase in oxygen content 
has a scarcely noticeable effect on these curves. The 
power factor-voltage curves, also, figure 12, except for 
some irregularity in the early stages, are substantially 
flat at 80 degrees up to about 100 hours, and do not rise 
above those of the one-millimeter sample until the end of 
the test, where the maximtim value at 150 volts per mil 
is only 0.006. At 22 degrees the curve is definitely flat 
up to 150 volts per mil, at 0.0026 power factor; this is 


IONIZATION FACTOR-POWER FACTOR AT I20VOLTS 
PER MIL MINUS POWER FACTOR AT 20 VOLTS PER MIL 
IONIZATION FACTOR AT 20 DEG C-0 

rn |temperature~8o deg C 
--PRESSURE-5 CM H— 


50 80 no 140 170 

HOURS AFTER IMPREGNATION 


Figure 11. Ionization factor-time 



VOLTS PER MIL 

Figure 12. Power factor-voltage Figure 13. Power factor-temperature 


and not at the layers adjacent to electrodes as frequently 
observed. Indeed, at the electrodes the power factor is 
at its lowest values, indicating that at the low bvyg eti 
content here in question, the electrode-oil reaction does not 
appear within a period of 200 hours at 80 degrees centi¬ 
grade. Apparently^ therefore maxima of power factor 
in layers adjacent to conductor and sheath sometimes 
observed in new cables are due to some other cause, 
5-CenHmeter Oocygen Test. The results are shown in 
figures 10, 11, 12, 13, and 14. The capacitance-time, 
and power factor-time curves, figure 10, are closely the 
same as in the one-millimeter test, with a somewhat in- 



sHghtly higher than the corresponding curve, 0.002, at 
one millimeter, due probably to the increased oxidation. 
This, however, has little or no effect on the ionization 
characteristics, see figure 11. In fact up to 120 hoims at 
80 degrees centigrade, the electrical properties of this 
sample are substantially the same as those of the sample 
containing only one-fiftieth as much oxygen, and only 
slightly impaired beyond. The layer-power factor curve 
indicates the beginning of catalytic action of the brass 
electrodes. 

These facts suggest that the detaiorating effects of 
small amounts of oxygen are either negligible or very long 
delayed in good cable insulation in normal service; also 
that a substantial amount of osygen might be present in 
new cable, and not show itself for sometime. 

Tests at 10 Centimeters and 76 Centimeters of Mercury 
Pressure Oxygen Content. In order to accelerate the 
ojddation process still further, similar tests at much 
greater values of oxygen content were made, that is, 
the oil was saturated with oxygen at 10 centimeters and 
76 centimeters of mercury pressures, r^ectively; The 
results are ^own in figures 15 to 19, respectively in which 
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the results at lower pressures are also included for con¬ 
venient comparison. 

Figure 15 shows the power factor plotted against oxy^ 
gen content, as indicated by saturation pressure, for four 
different periods of time at 80 degrees centigrade after 
impregnation. Each curve thus represents an increased 
stage of deterioration, at any value of o:^gen content. 
It is seen that for all curves ilie variation of power factor 
between one millimeter and 5 centimeters pressure is 
scarcely noticeable. Beyond 5 centimeters the increase 
with pressure is at first rapid, but then becomes slower 
again as the very high oxygen content of 76 centimeters 
is approached. 

Figure 18 shows the power factor-temperature rela¬ 
tion for each pressure. At low temperatures (20 degrees 
centigrade) the power factor is less than 0.004 for all values 
of oxygen content, and at 76 centimeters is only 1.8 times 
that at 1 millimeter. The differences are increasingly 
great, however, at higher temperatures. Thus the well- 
known influence of increased temperature in increasing 
the rate of oxidation is reflected in these power factor 
curves. In the 2 lower curves the practically linear in¬ 
crease may be explained as due to decreasing viscosity and 
increased ionic mobility. But the rapid rise in the 2 
upper curves seems to require other explanation inherent 
in the oxidation process, such as the Hberation of gas 
(hydrogen) and the consequent formation of water, and 
the formation of organic acids, Or more simply, we may 
note that the “velocity constant’**® of the oxidation re¬ 
action increases exponentially with the temperature. 
If the reaction itself provides (even temporarily) an 
increase in the number of free ions, the observed increase 
in power factor is readily accounted for. Further evi¬ 



dence in support of this view is given lalier. No visual 
evidence of gas was foimd in the dismantling of any of the 
^ecimens. Figure 17 diows the temperature increase 
of power factor as function of the oxygen impregnating 
pressure. 

Figure 16 shows the rapid increase beyond impregnating 
pressure 5 centimeters of ionization factor with value of 
ojygen content. The increase is very slight at one 
millhneter and at 5 centimeters, but very pronounced at 
higher impregnating pressure, as may be also seen in the 
power factor-voltage curves of figure 20 for 10 centi¬ 
meters, and figure 21 for 76 centimeters. These increases 
of power factor with electric stress are not due to the 
liberation of gas, and to gaseous ionization; no free gas 
or other traces of ionization of thfe character were en- 
coimtered. Rather the increase is to be attributed either 
to an increase in the number of ions due to some type of 
secondary ionization, or to an increase of ionic mobilities 
due to the stripping, under increased stress, of the outer 


Fisure 17. Tern* 
perature increase 
of power factor 


Figure 18. Power 
factor - tempera¬ 
ture 





Figure 15(above). envelopes of neutral molecules from the ions already 
Power factor- present, or to both these causes. The flattening out of 
pressure some of the power factor curves seems to support the 
latter view. Support of the former is found in the abrupt 
drop in power factor when the oxygen content and vola¬ 
tile products are withdrawn, as reported below; this 
indicates that during the oxidation process a large number 
Figure 16. loni- of highly mobile ions are present. 

zation factor- Figure 19 affords a view of how the layer variation of 
pressure at differ- power factor varies with osqrgen content. As already 
ent times after im- stated a substantial amount of oxygen is needed to show 
pregnation itself in this way. 
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It is interesting to note that the capacitance of all the 
impregnated samples over the whole range of oxygen con¬ 
tent was the same, and remained constant over the 
duration of each test. This indicates that notwithstand¬ 
ing the heavy oxidation of the 10-centimeter and 76-centi¬ 
meter samples, no appreciable molecular or ionic polariza¬ 
tion was evident. 

Impregnation in Air at One Millimeter Pressure. For 
comparison with the results using pure oxygen, a sample 
in which oil saturation and paper impregnation took 
place in air at one millimeter pressure, was tested, all 
techmque being the same as for the sample impregnated 
at one millimeter of oxygen. The results are shown in 
figures 22, 23, and 24. Certain noticeable differences 
from the oxygen sample are evident. The capacitance, 
while constant over the duration of the test, has a sub¬ 
stantially lower value, 243 versus 258 micromicroforad. 
The power factor-time curve for 20 volts per mil is about 
the same in the 2 cases. The power factor voltage curves 



Figure 19. Layer 
variation of power 
factor 



at 80 degrees centigrade for oxygen are of uniform shape 
and progressively higher with time. Those for air show 
some irregularity, but at first become lower, and finally 
only become higher with time. The constant values at 
20 degrees to 25 degrees after the oxidation runs are sub¬ 
stantially the same. The power factor by layers after 
oxidation shows only small variations, with little evi¬ 
dence of increase at the electrodes. All of these facts 
indicate superior impregnation for the oxygen sample, 
probably due to its jgreater solubility in the oil. 
Penetration into the pores of paper is not as complete 
for the air samjple and thus the capacitance is lower. For 
the same reason the ionization factor, and power factor- 
voltage curves are higher at the start, then decrease with 
dow improvement of oil penetration, and then increase 
again as the slow increase of oil conductivity due to oxida¬ 
tion makes itself felt. On dismantling the air sample 


Figure 21. Power 
factor-voltage 


Figure22(below). 
Power factor and 
capacitance ver¬ 
sus time—^air 




after the oxidation test, a few tiny bubbles of gas were 
evident in the paper layer next to the high voltage elec¬ 
trode, but in no other layers, and this may account for the 
slight rise in power factor for layer 1 seen in figure 24. 
In general it may be said that the sample impregnated in 
osy^gen is superior to that impregnated in air, in the matter 
of impregnation, and shows no evidence of more rapid 
deterioration in the accelerated oxidation tests. 

Impregnation in Nitrogen at 10 Centimeters Pressure. 
As a check to the deductions made from the results of the 
one-millimeter air test, a test was made using nitrogen at 
10 centimeters of mercury pressure, for oil saturation and 
for impregnation. Figure 25 shows the variation of 
capacitance and of power factor over the duration of the 
test. On botli curves the dotted lines give the measured 
values, and the full lines the trend of the average values. 
The values shown are for a stress of 20 volts per mil, and 
it was found that at this low and constant value neither 
capacitance nor power factor showed any tendency to 
change. However, power factor-voltage runs at inter¬ 
vals, up to 150 volts per mil, always resulted in a large 
increase foUovved by decrease to steady values at 20 volts 
per mil. The general sequence of these changes is indi¬ 
cated in the dotted lines of figure 25. 

The decrease of the ionization factor, figure 26, and the 
continuous fall of the position of the power factor voltage 
curve with time, figure 27, are clear evidence of delayed 
impregnation. Power factor values at the end of ttie test 
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are generally of the same values as found in the one- Figure 24. Power 
millimeter oxygen test, showing the inert property of factor - tempera- 
nitrogen and the very low oxidation activiiy at one miUi- ture and layer va- 
meter oxygen content. The high position of the initial riation of power 
power factor-voltage curve is probably due to free nitro- factor 
gen and gaseous ionization; small bubbles of gas were 




Figure 23. Power 
factor-voltageand 
ionization factor¬ 
time 



found in the paper layers next to the electrodes but not 
elsewhere. Increasing the gaseous ionization by increase 
of voltage, seemed to stimulate the impregnation process, 
figure 25. The gas at the electrodes apparently also ac¬ 
counts for a slightly increased power factor (0.0032) of 
the paper layers next the electrodes, as compared with the 
approximately constant value (0.0028) of the interior 
layers. 

It will be noted that the behavior of the one-millimeter 
air specimen presents several of the features of this speci¬ 
men heavily saturated with nitrogen; for example, initial 
decrease in ionization factor, initial fall of position of suc¬ 
cessive power factor-voltage curves. There is a distinct 
indication that the nitrogen is playing its part in the one- 
millimeter air specimen. 

Properties of Oxidized OU. After each test the oil was 
drawn off the specimen and electrical measurements made 
on it. Thus there were available a series of oils oxidized 
for approximately 200 hours at 80 degrees centigrade in 
the presence of brass and paper, but at different constant 


LAYER VARIATION OF POWER FACTOR 



process of oxidation, and increased ionization by collision 
with increasing stress. The concurrent dominating in¬ 
fluence of temperature is shown by the flat power factor- 
voltage curves at 20 degrees for all samples. The elec¬ 
trical characteristics of the deteriorated paper samples 
follow the same general trends as those of the oil with¬ 
drawn from th^, indicating clearly the influence of 
the oil on the characteristics of impregnated paper. 

Influence of Brass and of Paper on Oil. It has been as¬ 
sumed in the foregoing that the small increases in power 
factor found in the tests of the sample having one 



amounts of contained free oxygen indicated by 0,013,0.70, 
1.40, and 10.4 per cent, respectively, of the constant volume 
of oil. The power factor-temperature curves of figure 28 
and the power, factor-voltage curves at 80 degrees, figure 
29, show the relatively small difference in power factor 
over the range, pure oil—one millimeter—5 centimeter 
ojgrgen content, the rapid increase above 5 centimeters 
and the slower rate of rise toward 76 centimeteais. The 
power factor-voltage curves of these deteriorated oils at 
20 degrees centigrade were all fotmd to be perfectly flat 
up to 60 volts per mil, but at 80 degrees centigrade all 
show the rising characteristics of figure 29r that is, some 
form of internal liquid ionization which increases with 
stress. The eriqplanation is not obvious; possibilities in 
the order of their probability would appear to be increased 
ionic mobility, increase in free ions Uberated during the 


Figure 25. Power factor and capacitance-time 

mUHmeter oxjrgen content were due to oil oxidation. 
However, during these tests the oil is in contact with both 
brass and paper and it remains to be seen whether or not 
these elements have any effect on the pure oxygen-free 
oil. In order to obtain a quantitative answer to this ques¬ 
tion, 3 identical pure samples of oil were prepared and 
heated for 48 hours at 80 degrees centigrside under the 
following conditions: (1) oil alone; vacuum 0.1 milli¬ 
meter; (2) off plus 800 square inches of paper; vacuUin 
0.1 millimeter; (3) oil plus 40 square inches of dean sheet 
brass; vacuum 0.1 mfllimeter. The heating' took place 
in a Pyrex glass fls^k and before the oil was admitted 
paper and brass were giyen thorough degassing and ddiy- 
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tilraling treatments at 105 degrees centigrade and 0.1 milli¬ 
meter vacuum. At the end of each test the sample was 
cooled to room tonperature, then placed in the test cell 
and a power factor-temperature run made. The results 
of the 3 tests are given in figure 30 (which also shows re¬ 
sults of a similar test on the oil drawn from the 10-centi¬ 
meter nitrogen sample after the deterioration test). 

We note from figure 30 that in these 3 identical tests, 
contact with paper and contact with brass have each 
caused an increase in power factor over the values found 
for oil alone, and that these increases are greater with 
increasing temperature. These increases are thus not 
due to' oxygen in the oil, and if due to o::ygen at aU it can 
only be that absorbed in the metal and on the surfaces of 
the paper fibers. The values of power factor at four 


. TEMPERATURE-flODE6( 
PRESSURE-10 CM Na 


Figure 26. Ioniza¬ 
tion Factor-time 


one-millimeter oxygen sample. In other words, in the 
latter sample contact with paper and brass alone are 
sufficient to account for the observed values; the small 
amotmt of oxygen present in the one-millimeter oxygen 
sample, in spite of the high temperature, 80 degrees centi¬ 
grade, appears to play no part in the observed increases in 
power factor. 

Ionization in the Process of Oxidation. Oxidation is very 
slow at 25 degrees centigrade; power factor voltage curves 


Table IV. Power Factor 



20 Deg. C. 

40 Deg. C. 

60 Deg. C. 

80 Deg. C. 

Pure oil. 

...0.00040... 

..0.00076.. 

..0.00150... 

..0.00300 

Plus paper. 

...0.00040... 

...0.00086.. 

..0.00180... 

..0.00390 

Plus brass. 

...0.00044... 

...0.00006.. 

..0.00220... 

..0.00480 

Brass plus paper. 

...0.00044... 

...0.00105.. 

..0.00250... 

..0.00570 

One-millimeter sample.. 

...0.00044... 

...0.00100.. 

..0.00240.. 

..0.00545 


40 80 120 160 

HOURS AFTER IMPREOIATION 


TEMPERATURE-SOOeSC 


. after I_ 

- 24 HOURS 

- 48 H0Ul]B- 
.^96 HOURS 
: ^144 HOURS 
-Nee HOURS 

.23^DE6C 


Figure 27. Power 
factor-voltage 
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VOLTS PER MIL 


temperatures are given in table IV. The fourth line, 
“brass and paper” is gotten by adding to the values for 
pure oil the increases in power factor caused by paper and 
by brass separately. As seen the values obtained by this 
simple approximate method of computing the joint total 
effect, agree closely with the measured values on the 


at this temperature for the whole range of oxygen satura¬ 
tion are flat and power factor values for oxygen saturation 
at 76-centimeter pressure are only about twice those at 
one millimeter. On the other hand, these differences are 
greatly increased as the temperature rises, as seen in figure 
18. At low saturation (one millimeter and 5 centimeters) 
the power factor increases linearly with temperature, 
indicating increasing conductivity, and possibly a linear 
oxidation increase. However, for higher oxygen contents 
something else is going on as indicated by the more rapid 


Figure 29. Power 
factor - tempera¬ 
ture 


POWER FACTOR-VOLTAGE RUNS MADE 
ON SAMPLES OF THE OIL REMOVED 
FROM THE CELL AFTER EACH TEST 
TEMPERATURE-80 DESC 





44 56 

TEMPERATURE 


Figure 28. Power 
factor-voltage 


10 20 30 40 50 60 

VOLTS PER MIL 


rise of power factor with temperature. At 80 degrees 
the power factor of the 76-centimeter sample is now eight 
times that of the one-millimeter sample. These varia¬ 
tions strongly suggest that the process of oxidatibn itself, 
as well as the oxidation products, contribute to the 
measured value of power factor. In order to test this 
question a sample of oil was thoroughly purified and de¬ 
gassed; then saturated with oxygen at 76 centhneters 
pressure, and maintained at this pressure and at 80 degrees 
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centigrade for 65 hours in a glass vessel. It was then ad¬ 
mitted to the test cell under the same conditions, and 
the power factor measured at intervals over a further 72 
hours. The sample was then evacuated down to 0.2 
millimeter of mercury pressure, thus drawing off the 
oxygen and volatile oxidation products. Power factor 
observations were continued over a further 55 hours. 

The results are shown in figure 31. Initially, the pure 
oil had a power factor 0.003 at 80 degrees; saturated with 
ojqrgen at 76 centimeters pressure, after 65 hours at 80 
degrees centigrade in a glass vessel, the value rises to 0.01. 
At this value it was introduced into the power factor test 
cell. As seen from the curve a very much more rapid 
increase of power factor sets in. This is due to the cata- 
l 3 rtic action of the brass electrodes. The initial rate of 
rise is not maintained, however, and the power factor¬ 
time curve seems to be approaching a constant value. 
At 72 hours oxygen and volatile products were removed; 
the power factor dropped rapidly and within a short time 
reached a steady value about 25 per cent lower. 

Evidently oxidation in the oil causes 2 types of power 
factor increase, one a permanent change due to non¬ 
volatile products, as indicated in the final steady value of 
figure 31, and the other due to ions liberated in the process 
of oxidation, or to an ionized condition of the volatile 
oxidation products. This second source of ions disappears 
in the absence of free oxygen. It is known that oxidation 
may be accelerated by electrochemical processes,*^ indi¬ 
cating that the ions involved in oxidation reactions are 
associated with the conduction current. Apparently we 
have somethmg of this kind here. 

Power factor-voltage curves taken before and after 
the oaygen is removed indicate that both elements of 
power factor increase wth increasing stress. Apparently 



Figure 30. Power 
factor - tempera¬ 
ture 


known2^’2®'29 though few quantitative studies have been 
reported. Copper and brass are among the most active 
metals, and consequently the problem of restricting oxida¬ 
tion in insulating oils is not only that of selecting oils 
inherently most highly stable against oxidation, but of 


56 

TEMPERATURE 


the volatile active oxidation ions move faster, or cause 
more ionization by collision, as the stress increases. The 
rise of power factor due to the nonvolatile ions has been 
discussed in an earlier paragraph. 

Catalytic Action of Brass. The catalytic action of cer¬ 
tain metals in accelerating oxidation in oils is well 


PRESSURE REDUCED TO 0.2 MM' 


SAMPLE PREOXIDIZED WITH 
J I0PERCENTOXY6EN J_ 


0.0170 REDUCTION IN P.F. 
DUE TO REMOVAL OF 6AS' 


TEMPERATURE-80 DEG C 
STRESS-17.5 VOLfS PER 
I I I MIL I 
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TIME-HOURS 

Figure 31. Power factor-time 


basing this selection on the behavior in the presence of 
copper. For the contact of insulating oil with copper con¬ 
ductor, or other metal is unavoidable. 

In the present work all electrical measurements have 
utilized brass electrodes. The resulting accelerating in¬ 
fluence on oxidation has been evident at several points; 
for example, the more rapid rise of power factor-tempera¬ 
ture curves of the samples containing more osygen, figure 
18. (Note however the apparent absence of the effect at 
low o^gen content.) In order to obtain evidence of the 
relative importance of the effect, oxygen absorption tests 
were run on 2 identical samples of oil, one containing 
65 square centimeters of clean sheet brass. Each 1,000- 
cubic-centimeter sample of degassed oil was placed in a 
2,000-cubic-centimeter glass suction flask exposing a sur¬ 
face arc of about 108 square centimeters of oil. The 
pressure was reduced to 0.1 millimeter, temperature raised 
to 80 degrees, and dry oTygen admitted at 76 centimeters 
of mercury pressure; the oxygen was maint ain^ at this 
pressure and the amount entering each flask was measured 
at intervals. This amount is a measure of the oxygen 
entering into chemical combination. The results are 
shown in figure 32. The rate of absorption in both cases 
is at first quite rapid, and this probably represents solu¬ 
bility rather than oxidation. There is also some sug¬ 
gestion of an induction period, or delay in the final pro¬ 
cess, between 30 and 60 hours. The period beyond 150 
hours probably best represents the relative rates of oxida¬ 
tion. As seen it appears that the oil alone is approadiing 
a stationary or saturated condition with ho further oxida¬ 
tion. The sample containing brass, however, is still ab¬ 
sorbing oxygen rapidly indicating continuous auto-cata¬ 
lytic oxidation. 

The general trend of the. power factor-time curves of 
paper impregnated at high oxygen content, is much the 
same as the upper curve of figure 32. Other results, 
for example the higher power factors of paper layers next 
the electrodes, also indicate the powerful influence of the 
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brass electrodes, in the presence of appreciable amounts 
of oxygen, on the rates of oxidation, and consequent 
changes in electrical properties. The results throughout 
therefore involve not only oil oxidation, but especially oil 
oxidation in the presence of a metal catalyzer. This, 
however, is essentially the condition prevailing in practice. 
The separate influence of the oil alone is evident in several 
studies, but in view of the above facts, becomes of lesser 
interest for the practical problem. Further studies of 
autocatalytic action will be essential for complete under¬ 
standing and control of oxidation deterioration in insulat¬ 
ing oils. 

Conclusions 

Accelerated oxidation tests have been made on an 
insulating oil, with oxygen introduced over the range 
0.013 to 10.4 per cent, by volume. Similar tests were 
made on wood pulp paper impregnated with the oils with 
oxygen content maintained. The outstanding conclusion 


volatile products causes large and immediate reduction of power 
factor. 

6. Rising power factor voltage curves are found for all oil and 

impregnated specimens at 80 degrees. The rise is more in 

specimens in which oxidation is in progress than those from which all 
gas has been withdrawn after oxidation. All such curves are flat up 
to 150 volts per mil at 26 degrees centigrade. 

7. The diange of power factor with temperature above 30 degfrees 
centigrade is the most sensitive indicator of oxidation better, for 
example, than the power factor-voltage relation. 

8. Oxidation and deterioration of the oil is greatly accelerated by 
the catalytic action of brass. The behavior of impregnated speci¬ 
mens may be largely influenced by this effect. 

9. Power factor tests of paper layers following oxidation runs show 
no increase in layers next the electrodes in the one-millimeter speci¬ 
mens, a very slight rise for the 5-centimeter specimens, and a defimte 
rise above average values only for oxygen contents above 0.7 per 
cent by volume (6 centimeters pressure, of oxygen impregnation). 

10. The evidence of these tests is that the continued process of 
oxidation rather thn.n the products of oxidation is the cause of oil and 
paper deterioration. Small amounts of oxygen either combine or 
go into solution without serious impairment of electrical properties. 



Figure 32. Oxy¬ 
gen absorption¬ 
time showing the 
catalytic effect of 
brass 


of the work is the relative unimportance (over the duration 
of the tests—^200 hours at 80 degrees centigrade), of small 
amounts of ojqrgen as a cause of change of electrical 
properties. 

1. At impregnating pressures up to 5 centimeters of oxygen (0.7 
per cent volume content) the electrical properties of impregnated 
paper show little or no instability due to oxygen content. 
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The Saturated 

Synchronous Machine 

Discussion of a paper by B. L. Robertson, 
T. A. Rogers, and C. F. Dalziel published 
in the July issue, pages 858-63, and 
presented for oral discussion at the electrical 
machinery session of the Pacific Coast con¬ 
vention, Spokane, Wash.> September 2, 


Now as to the effects of istator saturation 
we may note that these may be thought of as 
equivalent to introduction into an un¬ 
saturated stator of suitable counter mag¬ 
netomotive forces arising where the stator 
flux density is a maximum and producing 
a resultant distortion of the stator and air- 
gap fluxes relative to what would other¬ 
wise obtain. 

We shall at this point introduce the postu¬ 
late that the effect of this counter magneto¬ 
motive force may be regarded with sufficient 


and ia, i.e., it will be approximately true 
that 

Ise. = (3> 

where 

* = effective per unit field flux 

= I — kid (4) 

= + Xfgia 

k =» a constant 
Xft xa — k 

= fi^ld saturation reactance 

As regards the saturation component of 
armature current, in a stationary armature 
machine this may be assumed to be asso¬ 
ciated ^d in space phase with a flux p 
which is intermediate in size and phase 
between the space fundamental armature 
flux linkages and the air gap flux p -|- 
xiit so that we may assume in general that 

he = /(i) (5) 

where 

= ^ective per unit armature flux 

=■ if- + 


H* Park (The Calco Chemical Company, 
Inc., Bound Brook, N. J.): The follow¬ 
ing analysis of saturation phenomena which 
was worked out by the writer a year or so 
ago in an effort to develop a simplified yet 
adequate theory of saturation effects in 
salient-pole synchronous machines is sub¬ 
mitted as discussion of Messrs. Robertson, 
Rogers, and Dalziel’s paper with the thought 
that they or others may care to check ex¬ 
perimentally the theoretical developments 
presented. 

It should be unnecessary to point out that 
any useful theory must represent a good 
compromise between precision and con¬ 
venience, and with this thought in mind it is 
b^ieved that we are warranted in consider¬ 
ing the usefulness of the assumption that the 
field pole tips and faces of saUent-pole ma¬ 
chines may be regarded, for piuposes of cal¬ 
culation as not being subject to saturation 
effects, despite the fact that we recognize the 
fact that in many cases pole-tip saturation 
effects do exist to an at least appreciable 
extent. 

With this assumption which will be 
utilized in what follows, and the further 
rather implied assumption that there is no 
significant saturation in the quadrature 
axis, we note that whatever the field below 
the pole faces there will be a definite mag¬ 
netic potential between adjacent pole faces 
and that the magnetic field in the air gap 
will be the same as it would be if the rotor 
were unsaturated and the field current had 
some appropriate value say I different from 
its actual value with saturation which we 
will designate as /*. 


accuracy as being equivalent to the effect 
of an added space fundamental component 
of armature current say ige where 

<a =» actual (space vector of) armature 
current 

« = equivalent unsaturated armature 

current 

— + ifc 
Thus we will have 

lac — saturation component of field cur¬ 
rent 

~ 1,-1 ( I ) 

— saturation component of mmiature 

current 

= *■ - h (2) 

Evidently by virtue of our definitions of I 
and i they must specify the magaetic state 
of the air gap,, and hence the torque, these 
being what would obtain with these cur¬ 
rents and no saturation. 

As a consequence of our postulates we 
note that lac must depend wholly on the 
value of flux in the pole, hence only on I 
and id, i.e., in general I — funct (J, 
where the function in question may be 
specified in terms of a series of zero-power- 
factor curves. 

But also the fluxes emanating from the 
pole face and between the pole tips tmid to 
be substantially linearly related to I a nd 
id while there will be a general tendency 
for the fluxes emanating below the pole 
tips to be proportional to J, and hence 
there will be a tendency for 7,6 to be ex¬ 
clusively a function of a linear function of J ! 


Xaa = armature saturation reactance (6) 

though for most practical purposes it is 
possible that we could assume z®, = 0 
with little error. 

Evidently the character of the functions 
F and / may be determined by tests re¬ 
spectively at high field, low terminal voltage, 
and low field high terminal voltage and the 
results so obtained utilized for computing 
excitation under any arbitrary head condi¬ 
tions. 

Just a£ we recognize that p is nearly 
equal to p so we may readily recognize that 
5 will be nearly equal to the field linkages 
^ ^ pd -{■ xa'ia, so that it would be ex¬ 
pected that Xft is approximately equal ta 
Xd\ Actually x^ must exceed the satu¬ 
rated value of Xa' at any value of since 
if id is varied so as to hold 9 constant it will 
be evident from a consideration of the 
detail fiux conditions in the pole that Ige 
will incre^e as I increases. 

Since za' is known to vary considera.bly 
with saturation the suggestion is deaf that 

may and in fact should be assumed, 
in general, to vary with saturation. That is, 
we may take zyj = funct ($), a procedure 
which at once increases the range of validity . 
of equations 3 and 4. Obviously z„ 
could also be treated as a function of 
saturation. However this Would appear 
to be an unnecessary refineiftent. 

Tests to detdmine the variation of 
with saturation are easily carried out by 
simply comparing the no-load, and full¬ 
load saturation curves, after making 
lowance for stator satmration, and we see, ' 
therefore, that to the ebetemt that stator 
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saturation may be ignored xjg is in reality 
identical with Potier reactance. This dem¬ 
onstrates that in general Potier reactance 
must tend, except for the effect of stator 
saturation, to equal and in fact to exceed 
transient rather than leakage reactance a 
fact which seems to have frequently escaped 
recognition. On the other hand Potier 
reactance, as ordinarily defined, is not iden¬ 
tical with Xfg since it does not make al¬ 
lowance for stator saturation, a circumstance 
which is believed to account in the main for 
the very large variations with saturation at 
high values of armature voltage which were 
reported in a recent paper by March and 
Crary. 

To show an application of the theory de¬ 
veloped we may note that under ordinary 
load conditions it does not appear that 
armature saturation of revolving field syn¬ 
chronous machines is of great influence on 
stability, and that in any case, if we dis¬ 
regard armature saturation, the steady 
state coeflflcient of synchronizing torque 
« dT/db 


b s displacement angle 
and 

T = per unit torque 

= ig'Pd — “ iql ~ {Xd — (7) 


- Xq)iq ^ (8) 

But for a machine connected to an infinite 
bus of voltage e (external impedance in¬ 
cluded in machine constants) there is 

(r® + XdX^id’=‘X,{I — e cos «) —r e sin 5 (9) 

(r* ® cos 5) sin 5 

while since J* is assumed constant 



db 


j ^I,c 


t 

db 

did 


® db 



Zdd 

““1 + 2 ^ 

Then if we introduce the quantity 

Xds “ saturated synchronous reactance 
^ Xd — a 

we find after some transformations 

did e(ag)a8in8—rcos 8) 

db r® + 

diq re sin 8 — XgaB cos 8 

db f* + XdsX^ 


results which in conjunction with (8) and 
(10) permit ready evaluation of T, for any 
value of 8. 

For f = 0, for example, we find in detail 

_ le cos b Xd — Xa , ^ , 

Ta =- + — -* e» cos 28 -f 

Xd XdXq 

~ - /^^ e®sin®8 (13) 

only the first 2 terms of which are retained 
in the absence of saturation. 

In the special case in which x/g is as¬ 
sumed constant we have from (3) and (4) 


^ = -ixd - %)n$) 

(Xd - Xfa)F'i^) 

“ 1-1- F'($) 

which as saturation is sufficiently increased 
approaches in the limit a = Xd — %, 
corresponding to Xda “ 


Surge Protection 

of Distribution Systems 

Discussion and authors' closure of a paper by 
J. K. Hodnette and L. R. Ludwig published 
in the June 1937 issue, pages 683-8, and 
presented for oral discussion at the lightning 
protective equipment session of the summer 
convention, Milwaukee, Wis., June 24,1937. 


Herman Halperin (Commonwealth Edison 
Company, Chicago, lU.): I presume that 
the upper of the 2 curves marked C in 
figure 2 is for deion gaps and the other 
curve is for arrester gaps. Do the char¬ 
acteristics in figure 2 hold substantially 
for all voltage ratings? 

Over 90 per cent of our 4,000-volt over¬ 
head distribution system has solid inter- 
coimections between the neutral of the 3-kv 
arrester and the secondary neutral, which is 
grounded to water pipes on the customers’ 
premises. As a safety measure, the trans¬ 
former case is not grounded. Our experi¬ 
ence is that about one-quarter of one per 
cent of the transformers fail annually due 
to ligiitTiing even with this interconnection. 
Most of these are in older transformers, 
but occasionally a modem one fails. This 
experience tends to create some doubt in 
our minds as to the possibility of obtaining 
a comparatively high degree of protection 
if protector tubes with initial discharge 
voltages of 9 times normal voltage were 
used in place of the arresters that discharge 
at much less than half those values, except 
as applied to specially designed transfor¬ 
mers. 

Referring to the authors' expectation 
that the maximum surge currents on dis¬ 
tribution lines "would be of the same order 
as those obtained on high-voltage trans¬ 
mission lines," this is not confirmed by 
measurements of arrester discharge cur¬ 
rents, using surge crest ammeters. We 
have installed surge-drest-ammeter links 
in the ground lead of 3-kv arresters at about 
320 scattered locations over the city of 


Chicago. During the years 1934-36 the 
links indicated sizable arrester discharge 
currents in 121 cases. In most cases the 
currents were less than 1,000 amperes, in 
44 cases the ciurents were between 1,000 
and 5,000 amperes, and in 6 cases the cur¬ 
rents were from 5,000 up to 9,000 amperes, 
the maximum value. 

Referring to the third paragraph of page 
685, a few recent measurements in Chicago 
have indicated roughly the same order of 
surge current through adjacent ph^e and 
neutral arresters, indicating that the light¬ 
ning discharge current divides rather evenly 
through several arresters that may be in¬ 
stalled at one location on a 3-phase over¬ 
head line or circuit. 

The arrester manufacturers have found 
from laboratory tests that modem dis¬ 
tribution arresters can withstand surge 
currents greatly above 5,000 amperes, and 
this is substantiated by operating experi¬ 
ence. It is gratifying, however, to learn 
of the authors’ development of a device 
that can withstand successfully surge cur¬ 
rents of the order of 50,000 amperes. 


W. H. Cooney (General Electric Com¬ 
pany, Pittsfield, Mass): The authors have 
outlined in a very comprehensive manner 
the surge voltages and currents which may 
be expected on distribution circuits and 
their views as to the requirements which 
protective devices must meet in order to 
provide a good quality of service. 

The time-voltage curves shown in figure 2 
are very interesting. Although it is not 
definitely stated, it appears that curve A 
on the "breakdown characteristics of dis¬ 
tribution transformer insulation’’ is on a 
"single shot” basis, since curve B shows the 
probable voltage levels at which deteriora¬ 
tion of insulation begins with repeated im¬ 
pulses. At one microsecond curve A 
shows a breakdown strength about 27 per 
cent higher than at 2.5 microseconds, a 
greater increase of strength with decrease 
of time than that shown by Messrs. 
Bellaschi and Teague,^ but of about the 
same order as that shown by V. M. 
Montsinger* in his discussion of the Bel¬ 
laschi and Teague paper. 

The pirobable voltage level at which de¬ 
terioration begins is shovm by the authors 
as curve B, which is 90 per cent of curve A 
for time greater than 2 microseconds. This 
may be compared with Montsinger’s dis¬ 
cussion® which showed a corresponding rep¬ 
resentative value of 80 per cent, with a 
variation from 70 to 90 per cent depending 
on the kinds of electrodes used in the tests. 
It should be noted that the authors’ curve B 
at one microsecond has dropped to 83 per 
cent of curve A. 

Considering all data at present avail¬ 
able, it appears that a deteriomtion level 
of 90 per cent is somewhat optunistic and 
that the probable value lies nearer 80 per 
cent. 

The authors refer again to a ratio of im¬ 
pulse crest to 60-cycle crest breakdown of 
2,2, Montsinger® has shown that such a 
ratio may range between 1.75 to 2.2; (de- 
penffing on the type of electrodes) for re¬ 
peated impulses, a variation sufficient to 
indicate tha.t the ratio is a bmd rathw 
fhaiii a definite value. In addition, now 
that data have been presented shoi^g an 
increase of transformer insulation impulse 
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strength below 2 microseconds, a so-called 
impulse ratio has even less gignificanc e. 

It would appear from figure 3 and from 
Mr. H. M. Towne’s comparison of pre¬ 
viously published Deion gap data with the 
data in figure 2 and table 1, that the authors 
consider satisfactory a very small margin 
between the performance of the protective 
device and the demonstrated strength of 
the transformer. While protection can be 
demonstrated by an AIEE impulse test 
with a new transformer it is doubtful 
whether this initial margin will be ade¬ 
quate for the deterioration due to repeated 
impulses and other conditions of service. 
The authors.show that at one microsecond 
(figure 2) the deterioration level is 83 per 
cent of the impulse breakdown strength. 

While a properly maintained and pro¬ 
tected transformer should retain its initifll 
impulse strength indefinitely in service, 
past experience has indicated that deterio¬ 
ration may occur on some percentage of 
distribution transformers in service. Some 
operating companies have recognized this 
fact by applying to transformers taken out 
of service only about 65 to 75 per cent of 
the original factory high-potential test. 

It is not genet^y considered economi¬ 
cally feasible to give distribution transfor¬ 
mers the degree of maintenance and in¬ 
spection given to substation and power 
transformers; As a result, some portion 
of the transformers in service may have low 
oil levels, thus exposing parts which are de¬ 
pendent on oil for full insulation; water 
may enter even into sealed transformers 
due to failure to close covers tightly after 
opening for inspection, tap change, etc.; 
and excessive overloads may be carried to 
the point of carbonization of insulation. 
Any of these factors tend to lower the im¬ 
pulse strength of the transformer. 

In order to avoid trading on the marg iTi 
of strength above the demonstrated value 
it would seem essential to provide a wide 
margin between the demonstrated impulse 
strength of the transformer and the vol¬ 
tage levels permitted by the protective de¬ 
vice, in view of the effect of repeated im¬ 
pulse voltage and the possibility of de¬ 
terioration of impulse strength in service. 
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L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Baltimore, Md.); In reference to section 
4 on normal frequeny requirements of 
lightning protectors, it is believed that the 
lightning arrester designer should give the 
operator appl 3 ring lightning arresters ac¬ 
curate data based upon numerous tests of 
the actual cut-off of the arrester. While 
it is the practice of the manufacturers to 
rate arresters in terms of maximum 60- 
cycle voltage which can be applied to the 
arrester, this voltage rating is below the 
actual maximum cut-off voltage of the ar¬ 
rester by some margin of safety. Unfor¬ 
tunately the margin of safety assumed by 
the various designers is extremely vari¬ 
able. It is believed that this margin has 
gradually been reduced in recent years by 


most arrester manufacturers. For this 
reason it is quite important that operating 
engineers applying arresters have definite 
test data showing the actual maximum cut¬ 
off voltage of the arrester. 

As an example of the need for this in¬ 
formation, the operating company may 
have used arresters of a certain rating on 
their system for a number of years with 
satisfactory results and it may be that the 
particular arrester on which the operating 
results were obtained had a considerable 
margin between its rated voltage and the 
maximum cut-off voltage, which margin 
may have contributed to the satisfactory 
operation of the arrester. Based upon this 
operating experience arresters of another 
type having a reduced margin of safety 
may be installed and arrester failures result, 
due to inability of the arrester to cut-off. 
In view of the fact that the characteristics 
and possible overvoltages vary with differ¬ 
ent systems and are not consistent for vari¬ 
ous lines on a given system, it is quite es¬ 
sential that the operating engineers have 
complete information on arrester char¬ 
acteristics so that they can apply arre.sters 
intelligently. 


H. M. Towne (General Electric Company, 
Pittsfield, Mass.): The authors have pre¬ 
sented a very interesting paper on a vitally 
important subject. The adequate pro¬ 
tection of distribution systems from light¬ 
ning has been given quite thorough study 
over the past 10 years, and practical op¬ 
erating benefits from these studies have 
been pyramiding over several years. 

The problem of protection of distribu¬ 
tion transformers involves many impor¬ 
tant aspects. First, the protective scheme 
must be simple and economical. Second, 
the degree of protection should be liberal— 
allowing ample margin between the dis¬ 
charge level of the protective device and 
the impulse strength of the transformer 
insulation after years of service involving 
the usual influences of excessive overloads 
such as possible carboni^tion and release 
of water; poor oil, or other weakening of 
msulations; moisture; any of which may 
occur on a percentage of transformers in 
service. Third, this liberal margin of 
protection should be reali 2 :ed as far . as pos¬ 
sible under the rare cases of steep wave and 
high-current lightning discharges, without 
sacrificing too greatly in the protection 
level or other factors of security for the 
greatly predominant, year in and year out, 
nominal discharge duty. Fourth, the over¬ 
voltage protection should not interfere with 
conventional and recognized good practices 
in primary fusing and overcurrent, pro¬ 
tection. Fifth, the lightning prot^tive 
device should function so as to minimize 
any hazard of primary power voltage and 
current on the secondary or consumer’s 
circuit—- 1 . 0 ., afford the greatest possible 
preservation and protection to that trans¬ 
former insulation which separates the low 
voltage consumer circuit from the danger- 
oiw lugh voltage primary circuit—and 
mi nimi ze the primary power voltage or 
current reaching the secondary circuit at- 
trading the discharge of the primary light¬ 
ning protective device. 

Considerable has been written about the 
desired level of protection to allow for 
various factors not always present in lim¬ 


ited laboratory demonstrations. In the 
August 1929 Electric Journal, A. L. Ather¬ 
ton stated: 

“The criterion should be not merely that a com¬ 
plete failure is not brought about by a single appli¬ 
cation of surge voltage, but that no damage is 
done.” “Tests have been made . . . using surge 
voltages covering a wide range of both magnitude 
and duration, using a variety of insulating materials 
and making literally millions of observations as a 
means of securing both limiting and average values 
to cov^ the variations which are inevitable in small 
insulation samples. The indications are that the 
damage to insulation begins at possibly 2.5 times 
the value which would be used at line voltage, 
taking into account the factors of safety normally 
used^ in apparatus design for 60-cycle strength. 
Service experience where there has been opportu¬ 
nity to observe the lightning damage for several 
years unprotected and then protected has shown that 
about 90 per cent of the lightning damag^e is re¬ 
moved by this arrester (3-kv maximum surester for 
2,400-volt circuits) having 3.5 ratio. The modified 
auto-valve arrester (also for 2,400-volt circuit pro¬ 
tection) with a ratio of 2.5 instead of 3.5 . . . has 
been observed . . . after a few thousand arrester 
years sdrvice no case of apparatus damage has 
been recorded.... Service records have been made 
with average transformer installations, including 
both old and new; and with various relations 
between transformer rating and line insulation.” 

In the AIEE paper "Development of 
the New Auto-valve Arrester” presented 
in January 1930, the authors. Dr. Sleplan, 
Tanberg, and Krause state: 

“Extended tests in the laboratory on insulation 
protected with arresters have indicated that there 
is probably no deterioration of insulation with 
arresters having ratios not exceeding 2.5.” 

In discussing lightning arresters in the 
February 1930 Electric Journal, Edward 
Beck states: 

“A good lightning arrester should have a ratio of 
not more than 4 to 1.” . . . "In the new autovalve 
arrester, ratios of 2.6 and less are secured. ...” 

Again, in the May 1930 Electric Journal, 
Dr. Fortescue discusses the general problem 
of protection and states: 

“Years of experience with . . . protective ratio 
between 3 and 3.5 have proved that approximately 
90 per cent of the lightning troubles . . . are re¬ 
moved. . . . Several thousand arrester years of field 
experience with arresters employing a protective 
ratio of 2.5 has not brought to light any failures of 
apparatus thus protected. This experience very 
strongly substantiates the conclusion . . . that the 
protective ratio of 2.6 is the ideal.... It is generally 
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accepted that fibrous insulation—which constitutes 
a large part of the insulation of the transformer— 
will in course of time deteriorate when subjected to 
surges above 2.5 times the rating repeatedly. If 
the surges do not rise above this value, the life of 
the transformer is indefinitely long.” 

In view of what was apparently a very 
extensive study of the fundamental behav¬ 
ior of apparatus insulations in general, in 
both laboratory and field, as evidenced by 
these fairly recent articles advocating not 
more than 2.5 to 1 ratio, it is somewhat 
difficult to reconcile the present statement 
by Messrs. Hodnette and Ludwig that "a 
high degree of protection is obtained with a 
ratio of protective device discharge to nor¬ 
mal frequency voltage of 9 to 1.” To avoid 
trading on the factor of safety above the 
AIEE demonstrated test strength and also 
to allow for insulation deterioration which 
may occur over years of service due to the 
causes previously cited, it would seem that 
a much better degree of protection than 
9 to 1 is highly desirable. 

The authors’ curves, figure 2, do not 
permit a clear understanding of the co¬ 
ordination and margin of protection. As 
pointed out by the authors, knowledge of 
the insulation strength of transformers to 
impulse voltages is necessary to intelli¬ 
gently co-ordinate and successfully apply 
protective devices. Since the curves are 
all to a percentage ordinate, it is difficult to 
gain the relationships on a kilovolt basis, 
utilizing the known demonstrated strength 
of the transformer insulations. One ap¬ 
proach to the co-ordination picture is to 
start out with the demonstrated impulse 
test voltage, which is all the purchaser of 
a transformer knows about its lightning 
strength. As shown in the authors' table 
I, a purchaser knows that a 6,900-volt dis¬ 
tribution transformer will withstand the 
107-kv crest maximum test voltage of the 
AIEE standard impulse test for the l^A x 40 
full-wave condition. From this i07-kv 
full-wave test plotted at 6 or 10 micro¬ 
seconds, a curve for the short-time kilovolt 
strength of the transformer can be plotted 
using recently published data on the funda¬ 
mental impulse characteristics of combined 
solid and liquid transformer insulations. 

Messrs. Bellaschi and Teague have dis¬ 
cussed the short-time impulse breakdown 
strength of transformer insulations in their 
AIEE paper “Dielectric Strength of Trans¬ 
former Insulation” published in the Janu¬ 
ary 1937 ELBcnacAL Emginbering. Their 
comprehensive investigation shows that 
the impulse breakdown strength of com¬ 
bined solid and liquid transformer insula¬ 
tion is but little, if any, higher for one-half 
microsecond to breakdown than at the full 
IV 2 X 4 O wave. They show average of 
tests to breakdowns on test samples, of 
300 kv at 0.36 microsecond; 300 kv at 
2.5 microseconds; and 280 1^ at full 40 
microseconds, and they state "these tests 
for a large number of repeated impulses con¬ 
firm the constant strength over lie impulse 
region even down to the very short times as 
previously established.” Their curves, fig¬ 
ures 6 (for iiwulation breaking down at 
around 140-kv crest), and 7 (for insulation 
breaking down at around 220-kvcrest), show 
that the impulse breakdown is flat from 
10,000 microseconds down to about 1 or 2 
microseconds and then turns up slightly with 
the breakdown at 0.6 microsecond being only 
12 to 16 per cent higher kilovolt value than 
for the full 1 Va x 40 wave strength. Apply¬ 
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ing these fundamental data by Bellaschi and 
Teague to the known 107-kv test, the ac¬ 
companying curve A, figure 1 is obtained, 
and such a curve should represent the light¬ 
ning strength for all waves and equivalent to 
the 107 kv highest demonstrated test on 
AIEE full 1 Vj X 40 wave. Whatever m a rg in 
of safety exists between the 107-kv full-wave 
test and actual breakdown could logically 
be expected to exist for the short time 
equivalent portion of the curve. Such a 
procedure results in an impulse level below 
which lightning stresses should be limited 
to avoid encroaching or trading on the 
factor of safety above the known demon¬ 
strated strength of the transformer. 

While Messrs. Hodnette and Ludwig do 
not give an actual impulse volt-time break¬ 
down curve for the deion protector, such 
curves were given by Mr. Putman in the 
February 1937 Eledric Journo],. By add¬ 
ing Mr. Putman’s data for the discharge 
level of the 6,900-volt ddon protector as 
curve B to the accompanying figure 1, it 
appears that the margin of protection to the 
insulation of a new 6,900-volt transformer 
is relatively small—^unless the factor of 
safety in transformer insulation above its 
required AIEE demonstrated strength is 
quite wholly depended upon. 

The authors show in their figure 2 that 
insulation deterioration from repeated im¬ 
pulses alone begins at about 90 per cent 
of the 1 Vj X 40 full wave strength, and they 
state that this factor is applicaMe to the 
figures in table I. Since table I highest 
test level of a 6,900-volt transformer is 
107 kv, the limit above which repeated im¬ 
pulse stresses might cause deterioration 
is 90 per cent of 107 or 96 kv. It would, 
therefore, appear that the 102-kv discharge 
level (Putman’s data) of the 6,900-volt 
deion gap would result in deteriorating 
stresses. 

In discussing the deion gap the authors 
state that a series resistor, is used to limit 
the magnitude of the l^e power follow 
current, but no data are given regarding 
the ohmic value. Apparently the pro¬ 
tection level of the device involves first the 
impulse breakdown voltage of the gap 
(Curve B of the accompanying figure 1) and 
then an IR voltage drop due to the discharge 
current through the series resistor. In 
evaluating the impulse protection level 
it is of course necessary to consider this 
JR drop which will exist as long as discharge 
current flows, which may be many micro¬ 
seconds. For instance, if the series re¬ 
sistance is 5 ohms, an IR drop of 100 kv 
will occur with a 20,000-ampere discharge 
current. A one ohm resistor would allow 
an IR drop of 60 kv at 60,000-ampere dis¬ 
charge current. On the other hand a one 
ohm resistor would seemingly be far too 
low to cause any appreciable reduction in 
the large power-follow current. Assum¬ 
ing a location of the transformer at a point 
on the feeder or branch circuit having a 
line to ground short-circuit current of 
1,600' amperes root-mean-square, the line 
impedance would be 6,900/1,600, or 4.6 
ohms, and a one-ohm resistor would only 
reduce the line to ground short-circuit 
power follow current through the deion gap 
from the 1,600 to 1,240 amperes root- 
mean-square. Similarly, if the transformer 
were located closer to the substation where 
a 3,000-ampere short-circuit current is 
available, a one-ohm resistor would only 


reduce the short-circuit power-foUow current 
from 3,000 amperes down to 2,100 amperes 
root-mean-square. Any 6,900-volt section- 
alizing fuse link up to 40-ampere rating 
will be melted in cycle at approximately 
800 amperes root-mean-square. Then, as¬ 
suming as low as 1,500 amperes available 
line short-circuit current, it would appear 
that the series resistor would have to be 
at least 4.6 ohms to avoid blowing a 40- 
ampere sectionaUzing fuse or 18.6 ohms to 
avoid blowing a 16-ampere sectionaUzing 
fuse. The authors may be willing to state 
the ohmic value of the series resistor and 
clarify its effects. 

The curve C of figure 1 shows the dis¬ 
charge level and margin of protection which 
may be had with a t 3 rpical 6,900-volt valve- 
type arrester appUed with interconnection. 

Such a margin of protection avoids depend¬ 
ence on the undemonstrated factor of 
safety and also allows for the possible serv¬ 
ice conditions and abuses which over 
years of operation may depreciate the 
transformer-insulation below its demon¬ 
strable strength by AIEE test when new. 

The authors have cited considerable in¬ 
formation on discharge current require¬ 
ments of protective devices. Probably 
the most significant data on the required 
discharge capabilities of distribution sys¬ 
tem protective devices is the direct meas¬ 
urement of actual lightning current mag¬ 
nitude through individual distribution ar¬ 
resters on distribution systems of various 
voltage classes, by Mr. H. W. Collins, and 
also Mr. McEachron and Mr, McMorris. 
Out of 500 measurements, Collins found 
20,000 amperes to be the highest discharge 
current. McEachron and McMorris data 
over more than 2 years, involving about 
2,800 arrester-years of observation and 
about 1,000 measured discharges, shows 
only 2 discharges of 60,000 amperes, or 
0.2 per cent. This means one 60,000 am- 
peredischarge outof 1,400arrester years, and 
a probability of a single arrester receiving 
60,000 amperes discharge once in 1,400 
years. 99.8 per cent of the measurements 
were below 22,000 amperes, and about 
97 per cent were under 10,000 amperes. 
These data show that arresters with dis¬ 
charge capabilities of even 25,000 amperes 
will give highly satisfactory service per¬ 
formance, and that the authors’ conten¬ 
tion that 60,000 amperes discharge ca¬ 
pacity will give satisfactory results is quite 
conservative. It is particularly signifi¬ 
cant that the highest measured discharge 
current has been proved to be wdl within 
the capabilities of available valve-type 
arresters such as the Pellet iTpe; that is, 
modem arresters are withstanding the cur¬ 
rent magnitudes, current durations, the 
steep wave fronts, the multiple or repetitive 
stroke, the switching surges, etc., and giv¬ 
ing protection to very old as well as new- 
transformers. 

While some types of earlier arresters gave 
some troubles from moisture, corrosion, 
etc., the modem arresters over the past 4 
or 6 years are demonstrating an extremely 
low mortality rate from all causes. 

The valve-type arresters, of course, dis¬ 
charge the short time lightning currents 
and at the same time prevent any dangerr 
ous primary power follow cturent from 
reaching the transformer tank and low 
voltage secondary service. 

The authors’ paper is a definite contri- 
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bution to the subject of transformer pro¬ 
tection. It is obviously desirable that 
continued and concerted efforts be directed 
by the large manufacturers, as well as utili¬ 
ties, toward attaining a complete under¬ 
standing of lightning protection require¬ 
ments for virtually complete protection 
of distribution systems. 


C. S. Sprague (Purdue University, Lafa¬ 
yette, Ind.): The authors have presented an 
interesting summary of the range of light¬ 
ning exposures and of the characteristics 
of transformer insulation and of protective 
equipment under 60-cycle and impulse 
stresses. 

Curve D of figure. 2 brings out the inade¬ 
quacy of the rod gap in protecting trans¬ 
former insulation in the range from 6,800 to 
13,800 volts. Apparently at still higher 
voltages the gap would be almost worthless 
for short-time impulses unless set at a con¬ 
siderably reduced spacing. 

In figure 3 the comparison between Deion 
gaps and valve-type arresters does not seem 
to be applicable unless interconnection is 
used with the valve-type arresters. If inter- 
coimection is not used the effect of lead 
and ground impedance would be to ma¬ 
terially raise the upper limits of the band 
between the 2 curves D. Although the 
lightning arrester with interconnection, 
provides a considerably lower impulse 
voltage than the deion gap, it should be 
kept in mind that the duration of the 
wave is considerably longer with the valve- 
type arrester. 

At first glance it seems from figure 3, that 
the valve-type lightning arrester may pro¬ 
vide relativdy greater protection, in spite 
of the authors’ closing statement that both 
types provide adequate protection as dem¬ 
onstrated by field records. This is par¬ 
ticularly noticeable in the 11,500 volt and 
the 13,800 volt range where the deion gap 
impulse break-down voltage (curve E) is 
quite close to the minimum impulse strength 
(curve C), By reference to curves A and B 
of the authors’ figure 2, it woxxld appear 
that the voltage permitted by the deion 
gap is dangerously close to the value which 
will produce deterioration of the insulation. 
Perhaps the short duration of the voltage 
will account for the adequacy of protection 
claimed for the deion gap. 


J. K. Hodnette and L. R. Ludwig: Com¬ 
plete protection of distribution system 
and the apparatus connected to them is 
the aim and object of distribution engi¬ 
neers. The manufacturer contributes to 
this program by continually improving dis¬ 
tribution tinnsformcrs and protective equip¬ 
ment, and by the accumulation of data on 
surge protection. It was the object of 
this paper to present data to enable a more 
intelligent use and application of distribu¬ 
tion equipment toward this end. Data 
has been presented on transformer insula¬ 
tion and lightning arrester requirements 
so that operating engineers could get a 
broader picture of this important problem. 

It has been pointed out in the paper that 
it is necessary to provide; protection under 
the worst conditions which result from 
direct, or near direct, strokes of lightning 
rather than the average condition. In the 
past, much of the data on protective de¬ 
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vices and distribution system protection 
have been obtained by field trials in the 
large metropolitan distribution systems. 
With the rapid expansion of distribution 
systems in rural areas these data are prov¬ 
ing inadequate. As was pointed out by 
Mr. F. E. Andrews, currents much in ex¬ 
cess of those formerly expected appear on 
distribution systems relatively often as 
evidenced by damage to cutouts, insulators, 
and other equipment. In most cases evi¬ 
dence of direct strokes on distribution 
systems is centered about apparatus dam¬ 
age. This emphasizes the fact that it is 
the conditions of direct strokes, or near 
direct strokes, to the line rather than in¬ 
duced surges which result in the major dam¬ 
age to distribution systems. It is impera¬ 
tive, therefore, that the protective equip¬ 
ment be designed for the worst conditions. 
Field experience has indicated that it is 
necessary to have a discharge capacity of 
100,000 amperes to prevent damage from 
lightning. 

Figure 2 of the paper presents data on 
the impulse characteristics of distribution 
transformer insulation as compared to 
characteristics of protective devices. In 
view of the large amotmt of discussion on 
this subject further explanation of this 
figure is given. The data, from which 
curve A representing the breakdown char¬ 
acteristics of distribution transformer in¬ 
sulation was drawn, were determined by 
tests on actual distribution transformers 
and supplemented by tests with models. In 
comparing this curve with previously pre¬ 
pared data, it should be noted that the time 
lag is plotted from the start of the voltage 
wave instead of the time lag above the 60- 
cycle breakdown value which has been the 
conventional method in the past. This curve 
was derived by applying impulse voltages 
and increasing them in steps until the 
transformer insulation failed. In this re¬ 
spect it is not a one-shot breakdown curve. 
Curve B was determined by applying im¬ 
pulse voltages slightly under the minimum 
strength and observing the effects. It is 
quite difficult to accurately establish val¬ 
ues at short time lags due to the fact that 
the testing techmque for testing short 
waves has not been completely developed. 
Also the variation in individual samples 
may be misleading. Much data is nec¬ 
essary in order to completely establish a 
curve of this nature. Points that were 
determined were established by applying 
short steep-front waves to ^stribution 
transformers and chopping them by a gap 
flashover. Repetition of this process es¬ 
tablished points below which the insulation 
would not fail. 

With reference to the ratio between the 
impulse breakdown voltage, and the 60- 
cycle breakdown voltage, the ratio of 2,2 
applies to a well balanced insulation struc¬ 
ture. This value is generally applied to 
the ratio between the 60-cycle breakdown 
strength and the minimitm impulse break¬ 
down strength. This ratio does not hold 
for all insulation structures but depends 
upon the type of insulation and the elec-. 
trodes used. Values considerably lower 
and higher than 2.2 have been found on 
special insulation structures. The data 
in the paper, however, applies to distribu¬ 
tion transformers. 

Insulation deterioration under impulse 
voltages appears to be associated with the 
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formation of corona. Where the design is 
such as to eliminate or minimize the for¬ 
mation of corona, deterioration does not 
occur, or the voltage at which it does occur 
approximately coincides nidth the break¬ 
down voltage. Corona under oil occurs 
at relatively high voltage stresses. The 
minimum voltage required to produce cor¬ 
ona is in general in excess of the operating 
and test voltages applied to distribution 
transformers as covered in the paper. For 
this reason deterioration of the insulation 
of distribution transformers by impulse 
voltages takes place very near the ultimate 
breakdown level. In this connection the 
tests made by Messrs. Bellaschi and Teague, 
referred to by Messrs. Towne and Cooney,. 
were made on insulation structmres for 
power transformers and under conditions 
which would permit the formation of co¬ 
rona. In this respect distribution trans¬ 
formers are in a class by themselves, and 
the laws applying to the insulation of high- 
voltage power transformers do not neces¬ 
sarily apply to distribution transformers, 
due to the discontinuous nature of insula¬ 
tion curves at short spacings. 

There is a decided difference in opinion 
among engineers regarding the deteriora¬ 
tion of insulation of distribution transfor¬ 
mers in service. Mr. Cooney states that 
a properly maintained and protected trans¬ 
former should retain its initial impulse 
strength indefinitely in service. We agree 
with this statement. Past experience, 
however, has indicated that the mortality 
rate of old transformers is higher than those 
that have been in service a few years. This 
has been due largely to the deterioration of 
bushings and cables. Previously it was 
common practice to depend upon the cable 
insulation to a large extent in insulating 
the primary leads from the transformer 
case. Exposure to weather reduced this 
insulation so that failure of the bushings 
resulted at a much lower value. The coils, 
however, being submerged in transformer 
oil and protected from moisture and oxygen 
deteriorated very little. Also, these trans¬ 
formers were so designed and protected 
that no protection was afforded the second¬ 
ary windings against overvoltage surges. 
Modem transformers are built with bush¬ 
ings of adequate size so that it is not nec¬ 
essary to depend upon the cable lead in¬ 
sulation, and balanced protection now 
prevents damage to the high-voltage as well 
as the low-voltage windings. 

Moisture in oil has often been referred 
to as the cause of deterioration of distri¬ 
bution trjonsformer insulation. A large 
percentage of the distribution transfor¬ 
mers in service at the present time are op¬ 
erating with water in the bottom of the 
transformer cases. Modem distribution 
transformers are made tight which pre¬ 
vents the entrance of water and helps to 
protect the oil frpm excessive oxidation. 

Excessive overloads have been referred 
to as the cause of insulation deterioration 
and ultimate failure. The deterioration 
strength of transformer insulation does not 
materially decrease until the temperature 
is reached which produces a chemical change 
in the insulation. This is usually evi¬ 
denced by formation of ga^s. Sustained 
temperatures lower than this result in loss 
of mechanical strength but no rapid deteri¬ 
oration of the insulatioh. Thermal pro¬ 
tective devices are available for use in dis- 
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tribution transformers which will eliminate 
the possibility of damage from this source. 
These devices, in the form of thermally 
operated circuit breakers, are placed in dis¬ 
tribution transformers and adjusted so as 
to discoimect the transformer when the 
winding reaches a predetermined safe tem¬ 
perature. 

It is apparent, therefore, that a great 
deal has been done in the design and con¬ 
struction of modem distribution transfor¬ 
mers to prevent deterioration of any of the 
vital insulation members even after many 
years of service. 

Until recent years, the accepted method 
of protecting distribution transformers 
against lightning was to connect lightning 
arresters to the primary leads and ground 
them to separately driven grounds. As 
pointed out by Mr. Sprague, the voltage 
to which the transformer was subjected 
was not only the discharge voltage of the 
arrester but the drop in the ground leads and 
in the ground resistance. Instead of limit¬ 
ing the voltage to 10 or 15 kv on a 2,400- 
volt transformer, it rose to 100,000 or 200,- 
000 volts or more, depending on the ground¬ 
ing conditions and nature of the surges. 
Experiments have indicated the possibility 
of developing as high as 10,000 volts per 
linear foot in lightning arrester leads. 

This represented the conditions in 1929 
and 1930, when the 4 papers were written 
which were cited by Mr. Towne. These 
papers indicated the ratio of 2.5 as being 
ideal, and above which deterioration began. 
In this connection it is interesting to note 
that the first attempt to rationalize trans¬ 
former insulation from the standpoint of 
surge voltages was made by Vogel in 1932 
("Factors Influencing the Insulation Co¬ 
ordination of Transformers,” AIEE Trans¬ 
actions, volume 62, June 1932, page 411). 
Past experience with arresters having a 
ratio of 3.5 had reduced lightning troubles 
by 90 per cent. It is apparent that under 
the existing conditions it was only necessary 
to get more experience to determine that 
the ratio of 2.6 reduced the troubles due to 
lightning by only 90 per cent. The un¬ 
controlled factors were the dominating 
ones in 10 per cent of the cases. In other 
words, lightning arresters protected against 
small induced surges but offered no pro¬ 
tection against direct or near direct strokes. 
The introduction of balanced protection 
eliminated the uncertain factors of lead 
drop and ground resistance drop, and re¬ 
duced the problem of lightning protection 
to a scientific basis. We are still confronted, 
however, with the problem of protecting 
apparatus against maximum conditions of 
surge voltages which have always been the 
cause of apparatus damage and system 
outages. This can be accomplished with 
protective devices, connected to give 3- 
point protection and having adequate surge 
current discharge capacity, which limit the 
voltage to a value below the breakdown 
strength of the insulation under all condi¬ 
tions. The curves in figure 3, assume 
this balance protection and show that the 
margbn between the insulation strength 
and discharge voltage is satisfactory. 
Laboratory tests under direct stroke Con¬ 
ditions prove this fact (“pirnct Stroke Pro¬ 
tection of Distribution Transformers,” by 
H. V. Putman, Electric Journal, February 
1937). Field experience confirms it. 

It is difficult to cbmpMe a conventional 
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valve type arrester with the deion arrester 
since they have such widely different char¬ 
acteristics. The deion arrester is essen¬ 
tially an arc-discharge device which by¬ 
passes the surge current. The lightning 
arrester on the other hand, is an energy 
absorbing device depending on the energy 
to establish the cut-off voltage. Some 
lightning arresters have a resistance dis¬ 
charge characteristic so that the discharge 
voltage increases with increasing current. 
It is not possible to determine the maxi¬ 
mum voltage which would be sustained 
from the characteristics as determined by 
the relatively low AIEE test. The deion 
arrester, since it is an arc-discharge device, 
has a very low sustained voltage. It is 
equipped with a series resistor to prevent 
system disturbances in the cases when there 
is a fiow of dynamic current following fiash- 
over. This resistor adds little to the sus¬ 
tained voltage under abnormal conditions 
since it is provided with a shunt gap which 
fiashes over at high surge currents remov¬ 
ing it from the path of the surge ciurrent. 
Under these conditions the deionizing action 
set up by the surge current appeases the 
establishment of any dynamic follow current. 
These devices are insulated to withstand 
and receive the AIEE acceptance dielectric 
tests for distribution transformers. 

Mr. Towne has aptly stated that prac¬ 
tical operating benefits have been pyra¬ 
mided over several years, as a result of a 
thorough study of the protection of dis¬ 
tribution systems from lightning. It is 
believed that additional benefits can be 
derived by applying the knowledge so far 
gained on transformer insulation and the 
frequency and intensity of lightning stroke 
currents. We should not compromise on 
this problem but strive to protect apparatus 
against the maximum conditions to which 
it is subjected. As a protective ratio of 
2.6 to 3.5 was considered adequate in the 
past when we had to deal with the uncer¬ 
tainty of lead and ground resistance drops, 
it would seem only logical that a higher 
ratio would be satisfactory with these un¬ 
certainties removed. This can be done 
without danger of apparatus failure, and 
would result in better system protection, 
better protection to the consumer through 
a more adequately insulated and a more 
rugged and serviceable protective device. 

Distribution Lightning 

Arrester Performance Data 

Discussion and closure of« paper prepared by 
the lightning arrester subcommittee of the 
AIEE committee on protective devices pub¬ 
lished in the May 1937 issue, pages 576--7, 
and presented for oral discussion at the light¬ 
ning protective equipmmit session of the 
summer convention, Milwaukee, Wis., June 
24,1937. 

Herman Halperin (Commonwealth Edi¬ 
son Company, Chicago, HI.): The lightning 
arrester subconunittee also has prepared a 
general guide for use by utilities in testing 
H gTifning arresters. lu this connection, the 
data on new arresters in the June 1937 
Electrical Engineering will be found 
helpful. The guide should be of particular 
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value in testing line-type arresters rated 
at 15 kv and less which are removed from 
lines. 

For the past 4 years, we have been testing 
used 3-kv arresters in Chicago before they 
are returned to stock for reuse. About 85 
per cent of those that were mechanically 
satisfactory have been found electrically 
suitable for additional service. These tests 
have all been made with 60-cycle supply. 

In connection with the guide, it is hoped 
that some utilities will make impulse as 
well as 60-cycle tests in order to determine 
what correlation exists between the 2 types 
of tests in indicating defects. 

L. 6. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Baltimore, Md.): These data are of value 
and necessary in applying arresters intel¬ 
ligently. However, it is hoped that these 
data will be expanded in the future so as to 
cover additional lightning arrester char¬ 
acteristics so essential for the correct ap¬ 
plication of arresters. In view of the fact 
that solid insulation is subject to a wide 
range of surges including those of very 
steep wave front and those of very high 
current it is highly desirable to know the 
voltage that will be passed by the arrester 
for all types of surges, including those of 
very steep wave front and for surge currents 
up to the point at which the arrester ele¬ 
ment fiashes over. The ideal application 
of lightning arresters is one in which the 
arrester will always fail before the equip¬ 
ment protected, since the arrester repre¬ 
sents a much smaller economic loss than 
for that which it protects. 


1. W. Gross (American Gas and Electric 
Company, New York, N. Y.): In this re¬ 
port on distribution arrester characteris¬ 
tics, we have for the first time, to my knowl¬ 
edge, a rather complete over-all picture of 
the expected performance of present day 
commercial distribution arresters. 

A study of the data in table I shows that 
in the distribution arrester class variations 
in terminal voltage, both on initial break¬ 
down, and under discharge conditions, of 
the order of 30 per cent may be expected. 
This situation which, I take it, is due largely 
to manufacturing tolerances which it is not 
feasible to overcome economically, should 
be recognized in applying lightning arrester 
protection not only to transformers of 
present design but also to those now in serv¬ 
ice, if satisfactory results are to be ex¬ 
pected. 

There is one thing that should be pointed 
out in connection with the impulse voltage 
permitted by these distribution arrestersi 
and that is, they permit some 30 to 70 per 
cent higher voltage across their terminals 
on breakdown than they allow during dis¬ 
charge at 1,500 amperes. And yet the^ 
voltages at breakdown are at a compara¬ 
tively low rate of voltage rise, namely,^ 60 to 
100 kv per microsecond as specified in the 
present AIEE standards. These same 
standards provide for rates of rise of some 
1,000 kv per microsecond iu the 115- to 138- 
kv class of arresters. . It is hard to belieye^ 
that natural lightning is so temperamental 
that it inipresses voltages of 1,000 kv per 
microsecond on high-voltage lines and tekea 
pity on the distribution systems in the 3-; 
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to 9-kv class and reduces its destructive 
effects to a 60 or 100 kv per microsecond 
pattern. 

In addition I wish to suggest that all 
lightning airester manufacturers give data 
on their arresters on a common basis, that 
is, on the basis of average, maximum, or 
minim um voltage ‘characteristics both for 
breakdown and JJ?-drop characteristics, 
Muth expected tolerances stated. 

In closing, it is hoped the committee will 
continue its work in collecting and pre¬ 
senting authentic data of this t 3 T)e on 
arresters in the higher voltage classes in 
both the distribution and station types. 
Such information is decidedly helpful in 
applying protection to equipment with a 
reasonable degree of certainty that it will 
work in actual practice. It cannot be 
too strongly emphasized that such data 
are absolutely necessary in attempting to 
apply the lightning arrester as a protec¬ 
tive device to a great deal of the equipment 
now in use, where such equipment has been 
weakened with age, or of older design not 
having the insulation strength of apparatus 
bought today. 


J. R. North: Mr. Gross’s constructive sug¬ 
gestions regarding desirable improvements 
in the Institute Standards for Lightning 
Arresters and test procedure are most wel¬ 
come. Table I in the report shows a wide 
range between the minimum and maximum 
performance characteristics of different 
makes of arresters. The gap breakdown 
voltage is of the order of 130-160 per cent 
of the average IR drop, with rates of rise 
of 60-100 kv per microsecond. 

The voltage rating of arresters represents 
the maximum allowable dynamic voltage 
across the arrester terminals under any 
conditions. As mentioned by Mr. Halperin, 
reports prepared by the lightning arrester 
subcommittee discusshig testing procediure, 
application of arresters, and specific pro¬ 
tection practices have been prepared and 
will be distributed to members of the pro¬ 
tective devices committee and other inter¬ 
ested parties. 

It is hoped next year to be able to pre¬ 
sent a report containing similar perform¬ 
ance data pertaining to station type ar¬ 
resters and to line type arresters rated above 
16 kv. 


Expulsion 

Protective Gaps 

Discussion and authors' closure of a paper by 
W. J. Rudse/ Jr./ and E. J. Wade published 
in the May 1937 issue, pages 551-7, and 
presented for oral discussion at the lightning 
protective equipment session of the summer 
convention, Milwaukee, Wis., June 24,1937. 


£. J. Allen (General Electric Company, 
Pittsfield, Mass.): The engineering data 
given in the paper sets forth the principal 
operating characteristics of expulsion gaps, 
based on 6 years’ experience, and aug¬ 
mented by intensive development in the 
laboratory and field. 

By way of explanation, the ordinate of 
the curves, on figure 10 in the paper, fe 
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plotted in terms of ‘“length of flame feet’’ 
which, of course, is visible, and was scaled 
from photographs of staged tests. These 
photographs were taken during power cur¬ 
rent interruption of corresponding crest 
currents shown on abscissa. This "length 
of flame” versus "current” interrupted, 
relationship is practically independent of 
circuit voltage rating. 

Also of equal interest, however, is the 
length of electrically conducting gases within 
the flame during power current interrup¬ 
tion by the tube. The length of electri¬ 
cally conducting gases is an important con¬ 
sideration when applying expulsion pro¬ 
tective gaps in service, to prevent these 
expelled gases from contacting other nearby 
metal parts of dissimilar potential, and 
thereby avoiding risk of faulting other 
phases. For example, conducting gases 
from the line end of an expulsion tube should 
not come in contact with nearby grounded 
metal structures; likewise the gases from a 
design having a grounded end of the tube 
should not come in contact with any line 
conductors, which of course, are insulated 
from ground. 

However, the proximity of metal ob¬ 
jects to the path of the discharge gases is 
not as serious a limitation to the successful 
service applications of expulsion protec¬ 
tive gaps as might be anticipated. Tests 
have shown that the leng^th of the electri¬ 
cally conducting gases extending from the 
open end of the tube during power current 
interruption never exceeds the length of 
flame. For example, during field tests on 
a 132-kv system, a grounded metal pipe 
was located 6 feet, 10 inches from the "tee” 
discharge deflectors located on the line end 
of the tube. With this set-up during power 
current interruption of 11,300 crest am¬ 
peres by the expulsion gap, the arc did not 
follow the flame to ground. At distances 
of 6 feet or less, a power arc was maintained 
between the discharge deflector and 
grounded metal pipe. At 11,300 crest am- 
. peres power current interruption, however, 
the length of flame is approximately 9 feet. 
Hence in this particular series of tests, the 
length of the el«:trically conducting gases 
extended only two-thirds of the distance 
between the "tee” vent and the visible 
length of flame. 

Typical tests such as described above 
indicate that the length of dectrically con¬ 
ducting gases within the flame envelope 
attending power current interruption by 
the tube bears a complex relationship, as 
this depends not only on the current, but 
mainly on circuit voltage characteristics 
and design of the discharge deflectors. 

It is believed, therefore, that the curve, 
figure 10 in the paper, can be safely used 
when applying expulsion protective gaps 
to obtain adequate clearance from elec¬ 
trically conductiug discharge gases, thereby 
avoiding risk of faulting other phases. In 
practice, the expulsion tube can either be 
positioned in such a way as to provide nec¬ 
essary clearance of discharge gases using 
straight vents from the tube or if not, the 
path of the expelled arc flame can be di¬ 
verted by means of "tee” (90 degrees) or 
Y (45 degrees) discharge deflectors at¬ 
tached to the lower electrode. 

Another point mentioned in the paper 
concerns the rapid expulsion action of the 
tubes, and resultant power current inter¬ 
ruption before ^stem relays can function. 
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The “First Report of Power System Sta¬ 
bility” by the AIEE subcommittee on in- 
terconnection and stability (Elbctricajl 
Engineering, February 1937, page 261) 
recognizes that special tube-type protec¬ 
tors of a design described in the paper will 
increase the practical operating power 
limits. 

System stability, or the ability of a sys¬ 
tem to stay together during a disturbance, 
is an important factor toward improving 
continuity of service. Line disturbances 
caused by lightning flashover of insulators 
with attendant load rejection will quite 
naturally tend to cause instability of trans¬ 
mission systems operating near the power 
limit- Even with ultrahigh-speed relaying 
and breakers on the faulted line, not 
equipped with protector tubes, the system 
is subjected to this disturbance for at least 
several cycles. Tests have shown that 
interruption of rated power current through 
an expulsion gap occurs within a cycle. 
Hence their net effect, by preventing flash- 
over at the protected structures, is to re¬ 
duce system outages and extend the sta¬ 
bility limit, or power transmitting capacity 
of the system. 


R. L. Thomas (Pennsylvania Water and 
Power Company, Baltimore, Md.): Too 
much emphasis cannot be placed on the 
statement made by the authors that proper 
motmtings for expulsion gaps are absolutely 
vital. In a tabulation in the authors’ 
paper there are statistics covering the op¬ 
eration of expulsion gaps on a 69-kv line 
of the Pennsylvania Water and Power 
Company in 1935 and 1936. Actually the 
statistics cover the line from Holtwood to 
Safe Harbor (Lehmans Farm switching 
station) owned by Pennsylvania Water 
and Power Company and the line from 
Safe Harbor to Lancaster (Engleside) which 
is owned by Pennsylvania Power and Light 
Company. The record for 1936 shows 4 
tube failures and 16 trip-outs. A footnote 
states that "The cause for these failures has 
been determined and remedied.” 

Briefly, the remedies applied or changes 
made were first, the external gap was in¬ 
creased from 6 inches to 11 or 12 inches; 
second, a shielding ring was placed around 
the outside of each tube near the lower end; 
third, the horns were shortened; and 
fourth, an attachment was added to the 
mounting to prevent the ttuming of the 
tube mounting with respect to the insulator 
string and at the same time to allow the 
tube to swing with the insulator string. 

There were no tube failures in 1936 and 
we thought the problem had been solved. 
However, on June 14, 1937 there was 
another tube failure. The circuit switches 
were reclosed 4 times but in each case there 
was another trip-out and the circuit was 
left out of service. It was several hours 
before the trouble could be located and 
remedied. It was found that on one of the 
tubes on a strain tower the fastening bolts 
had slipped in the slots provided for ad¬ 
justment and that on this particular tube 
the horn had not been shortened sufficiently 
and the mov«nent caused the horn to ap¬ 
proach the conductor instead of increasing 
the external gap. 

The failure shows the importance of care¬ 
fully designed and ruggedly Constructed 
mountings. Otherwise a device which is 
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intended to eliminate a large number of 
short time interruptions may actually cause 
a relatively long time interruption. 

I do not want to introduce a note of dis¬ 
couragement since with any new device it is 
natural that all of the things that can hap¬ 
pen cannot be foreseen. There were no 
tube failures in 1936 and naturally we hope 
that there will be no more in the future. 


L. G. Smith (Consolidated Gas, Electric 
Light, and Power Company of Baltimore, 
Baltimore, Md.): The authors state as a 
requisite for the operation of these gaps 
that they have a lower flashover than the 
line insulation. While from a design stand¬ 
point this co-ordination is readily obtained, 
in actual installations care is necessary in 
that it is possible in the case of improper 
application to so distort the dielectric held 
that either co-ordination between the gap 
and the line insulation is destroyed or the 
co-ordination between internal and external 
flashover is lost. In tests it has been found 
that both of these are possible, namely, that 
external flashovers and insulation flashovers 
have resulted without an internal break¬ 
down of the gap. The authors mention 
the possible use of these gaps on ungrounded 
neutral systems. Until more definite data 
are available on the ability of these gaps to 
clear the very low currents that would exist 
in the case of breakdown from phase to 
ground it is believed that such applications 
are questionable. In addition to this, should 
an arcing ground occur on one phase the 
voltage might rise to sufficiently high values 
on other phases to cause numerous tube 
flashovers. 

The setting of the external gaps, particu¬ 
larly on lower-voltage tubes is quite impor¬ 
tant where the external gap is quite small. 
Our company, which has applied these tubes 
on 13.2-kv wood pole lines has had a few 
cases where expansion and contraction of 
the cross-arms due to alternate wetting 
and drying may account for as much as one- 
fourth inch change in dimension, thus causing 
the mountings to loosen and sliort the ex¬ 
ternal gap. One case of tube failure at¬ 
tributed to this cause has actually been 
experienced. It is hoped that the pos¬ 
sibility of trouble of this type has been elim¬ 
inated by the change in the design of the 
mounting bracket, which includes 2 spurs 
which are forced into the crossarm. In 
addition to this some trouble has been ex¬ 
perienced on strain poles where stranded 
line conductors were attached to the cross- 
arm through strain insulators in which the 
the unwinding effect of the stranded con¬ 
ductor caused the strain insulators to ro¬ 
tate, moving the loop over the crossarm 
into the arcing rod, shorting the external 
gap. This trouble has been corrected by 
installing 2 pin-type insulators, one on each 
crossarm and relocating the tube so that 
the arcing rod points at the conductor be¬ 
tween the pin type insulators, which carry 
the loop over the top of the crossarm. 

While it is desirable to install expulsion 
protective g^ps on every structure on high- 
voltage lines such a practice becomes quite 
expensive on low-voltage lines. If ^ satis¬ 
factory operating results can be obtained a 
more economical installation would consist 
of installing these gaps on only a fraction 
of the total number of structures. In order 
to do this successfully it is necessary to have 


reasonably low ground resistance on those 
poles on which the gaps are installed and to 
maintain an insulation level as high as pos¬ 
sible on those that do not have the gaps. 
As shown in table I in the paper we in¬ 
stalled gaps on every second pole on one 
2 -circuit line and on every third pole on 
another line in 1935. In 1936 gaps were 
installed on another double circuit line on 
every fourth pole. No trip-outs due to 
lightning on any of these lines have been 
experienced. There was one trip-out due 
to tube failure resulting from shorting the 
external gap. There were 2 other cases 
of tube failure without trip-outs due to the 
shorting of the external gaps. In 1935 we 
installed a similar device of another manu¬ 
facture on a single-circuit 18.2-kv line. In 
2 years’ operating experience no trip-outs 
due to lightning have occurred on this line. 
It is interesting to compare this operating 
experience with the operating experience 
prior to the installation of the gaps. On 
feeders number 87 and 88, the 3-year period 
prior to the installation of gaps in 1935, one 
feeder tripped out 5 times, 4 of which were 
due to burning down of the conductors and 
the other feeder tripped out 6 times, all 5 
trip-outs, being due to conductor btnn- 
downs. On feeders 60 and 61 which were 
equipped with gaps on every fourth pole in 
1936, in the 4-year period prior to 1936, 
one circuit had 7 conductor bum-downs and 
the other circuit 5, all due to lightning. In 
the single-circuit lines, which were equipped 
with tubes of ano^er manufacture in 
1935, this line tripped out 3 times due to 
lightning in the 3-year period prior to 1935. 
We plan to install devices of this kind on 
another double-circuit line with the tubes 
installed on every sixth pole. In all of 
these installations we are raising the impulse 
level of the ungapped poles to 700 kv. We 
are attempting to determine the maxi m u m 
spacing of devices of this kind for use on 
13.2 kv consistent with a material reduction 
in trip-outs. Obviously the lower the cost 
per mile for such installations the more miles 
of line that can be equipped. 

It is believed that if satisfactory weather¬ 
ing characteristics are obtained with devices 
of this kind they have a real future in in¬ 
creasing reliability of service. 

L. R. Ludwig (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): Messrs. Rudge and Wade presented 
in their paper a tabulation of operating 


companies who have utilized self-clearing 
protector tubes. The authors are correct 
in stating that the tubes have given very 
satisfactory results in the field. Attached 
is a list of further applications of these de¬ 
vices, which have been made during the past 
few years, also with satisfactory results. 

The authors have stated that the problem 
of applying these protector devices is one of 
determining the short circuit currents and 
the recovery voltage. While it is rela¬ 
tively a simple matter to determine the 
short circuit current, the problem of deter¬ 
mining the recovery rate is much more in¬ 
volved. 

Mr. Evans and Mr. Montieth have made 
a very' considerable contribution in this 
field by utilizing the calculating board in a 
novel manner for obtaining with the oscillo¬ 
graph an actual trace of the recovery volt¬ 
age as it will occur on any given system. 

Referring to the authors’ figure 1, it is to 
be noted that the tube is of unsymmetrical 
design with respect to the electrodes. It 
would be expected that breakdown at the 2 
polarities would be different on this account 
and the authors are requested to state if this 
is the case. Furthermore, since an in¬ 
serted lower electrode has been omitted, 
it is conceivable that a certain amount of 
difficulty may be experienced with this de¬ 
sign due to external flashover of the tube 
rather than internal flashover. It will be 
interesting to inquire if difficulties of this 
kind have been obtained. 


H. G. Brinton (General Electric Company, 
Pittsfidd, Mass.): In the case of oil circuit- 
breakers where the whole circuit is cut 
off, the value of capacitance may be quite 
small and the recovery rate very high but 
the device is capable of operating with very 
high recovery rates. On the other hand 
the safe operation of the expulsion gap calls 
for a less rapid recovery rate, but the re¬ 
covery rates are lower because the circuit 
capacitance at interruption of the cturent 
is larger. Ordinarily the recovery rate on 
expulsion gaps is of the order of 100 to 300 
volts per microsecond. 

Figure 9 of the Rudge-Wade paper shows 
a sudden kick or rise in the arc voltage just 
before the arc broke, caused by a sudden 
increase of arc resistance. The arc voltage 
kicks up to about twice its previous value 
pntl the current drops to zero more rapidly. 
The voltage on the gap then reverses sud¬ 
denly when the current comes to zero, be- 


Teble I. Inslallations of Delon Protectors, Type L 


Amtorg Trading Company...Si*”*? “ V ’' ‘ 

Cleveland Electric Illuminating Company.Cleveland, OWo.... 

Consolidated Gas and Electric.... • - • .Baltimme, Md. 

Government of Puerto Rico (Water Resources).... Pu^o Rico....... 

Jersey Central Power and Light Company.. .Asbury Park, N- 

Loop River Public Power District.Columbus, Nebr... 

Management and Engineering Corporation.Dubuque, la....... 

Milwaukee Electric Rwlway and Light.Milwaukee. Wis... 

Pennsylvania Power and Light Company.Allentow^ Pa..... 

People Power Company...Davenport, la. 

Platte Valley Public Power and Irrigation 

District..; • •;.Kearney, W . 


District.....;.. 

Public Sernce Gas and Electric ' 
Southern Ohio Power Company. 


..... Chillicothe, .Ohio. 


Voltage 

(Kv) 

Quantity 

Date 

..110 . 

.. 276... 

4/35 

.. 34.5. 

.. 244... 

.6/33-10/36 

.. 13.8. 

.. 286... 

. 3/35 

.. 33 . 

.. 250... 

2/34 

.. 13.8. 

.. 111... 

8/35 

.. 84.5. 

.. 426... 

. 10/36 

..66 . 

. 1,023... 

3/31 

..132 . 

.. 500... 

. 12/33 

..69 . 

.. 385... 

. 3/35 

..66 . 

...222... 

• 2/85 

..116 . 

. . 590... 

. 7/36 

..116 . 

.. 360 


.. 33 . 

.. 860..^ 

.1/84-2/35 

.. 69 . 

.. 160... 

. 2/86 
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cause the current was lagging and so the 
current and arc voltage were negative when 
the generated voltage was positive. 

The voltage recovery rate in figure 9 is 
considerably steeper than that obtained in 
single gap line to ground operation where 
the current was smaller and more nearly 
in phase with the generated voltage. The 
more rapid recovery rates are usually as¬ 
sociated with larger short circuit currents. 
It is an interesting characteristic of the ex¬ 
pulsion gap that the larger currents and con¬ 
sequently greater evolution of exhaust gases 
enable it to clear with greater recovery 
voltages. 


W. J. Rudge, Jr., and E. J. Wade: The dis¬ 
cussions of our paper are particularly valu¬ 
able in that they not only lay emphasis on 
the importance of many points mentioned 
in the paper, but add to the total operating 
experience which may be critically exam¬ 
ined by those interested in the application 
of protector tubes. 

Both Mr. Smith and Mr. Thomas have 
endorsed our statements as to the impor¬ 
tance of properly mounting hardware for 
tubes. Mr. Smith’s data on the compara¬ 
tive performance of feeders, both before and 
after they were equipped with tubes, is 
particularly helpful because it gives a better 
understanding of the improvement in line 
performance which can be obtained through 
their use. While from a theoretical point 
of view, tubes should be located on each 
structure to' obtain best protection, Mr. 
Smith has shown that tubes located on 
every second, third, or fourth structure can 
effect a material improvement in line per¬ 
formance. This type of experience is 
needed by the industry, as it will enable 
an economic evaluation of the improve¬ 
ment in line performance which can be ac¬ 
complished with different densities of in¬ 
stallations. By employing such schemes 
it appears possible to effect a material im¬ 
provement in line performance in a great 
many cases where economic considerations 
indicate that it is impractical to equip every 
structure. 

Mr. Ludwig’s discussion with the attached 
table is useful in that it gives an idea of the 
number of companies which are interested 
in the application of tubes. However, it is 
to be regretted that the data does not in¬ 
clude the operating experience with the 
tubes, since tubes are comparatively new 
devices and it is necessary to build up a 
back log of experience which will be helpful 
in both the design and application of tubes. 

The calculating-board methods described 
by Messrs. Evans and Monteith will no 
doubt be helpful in examining numerous 
circuit arrangements which cannot be 
easily obtained by field measiurements. 
It must be realized, however, that before 
the calculating board results can be fully 
relied upon, that sufficient data from field 
tests on the actual circuits as they are in 
service must be obtained in order to es¬ 
tablish the constants used on the calculating 
board. Experience in the past with models 
in the laboratory, particularly in the study 
of lightning, has shown that extreme care 
mtist be exercised when interrupting results 
obtained from studies on models rather 
than the full scale structure found in serv¬ 
ice. While we have made numerous cal¬ 
culations and studies of circuit rMOvery 
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voltages, it is our feeling that greater con¬ 
fidence can be placed in the results by ob¬ 
taining measurements on full scale models 
such as are found in service. It is for this 
reason that we have developed the equip¬ 
ment and pursued a program of making 
field tests to obtain this necessary funda¬ 
mental information. 

Mr. Ludwig has asked if the unsym- 
metrical design with respect to the tube 
electrodes caused by the omission of an in¬ 
serted lower electrode is responsible for the 
external fiashover of the tubes. Our tests 
to date have indicated that the insertion of 
a lower electrode alone does not carry with 
it the assurance that external flashovers 
will not obtain. It is truer, however, that 
the assembly and design do have an in¬ 
fluence on the positive and negative im¬ 
pulse characteristics of the tube. 

We wish to thank those who have taken 
part in the discussion of our paper and urge 
all operators who are obtaining experience 
with tubes to keep records on their per¬ 
formance so that they may be made avail¬ 
able to the industry, as in this way a more 
complete picture may be had as to the rela¬ 
tive merits of tubes and their ability to im¬ 
prove the performance of transmission cir¬ 
cuits. 

Fiashover Characteristics 
of Rod Gaps and Insulators 

Discussion of a report of the subcommittee on 
correlation of laboratory data of the EEI- 
NEMA joint committee on insulation co¬ 
ordination published in the June 1937 issue, 
pages 712-14, and presented for oral discus¬ 
sion at the lightning protective equipment 
session of the summer convention, Milwaukee, 
Wis., June 24,1937. 


C. S. Sprague (Purdue University, Lafay¬ 
ette, Ind.): This report presents data 
which are evidently the result of a con¬ 
siderable amount of work by 5 of the larger 
high-voltage laboratories of the country. 
The calibration of such easily reproducible 
apparatus as the insulator string and the 
rod gap should be of considerable advan¬ 
tage in checking the satisfactory operation 
of equipment and testing technique. Even 
though the insulator string and rod g^p 
are rapidly losing caste as protective de¬ 
vices due to their impulse characteristics 
at very short times and the data is subject 
to a tolerance of 8 per cent, this does not 
seriously affect its usefulness for the above 
purpose. 

Tables I and II show some apparent minor 
inconsistencies. For instance in table I, 
for suspension insulators with the 1X6 
wave, the negative wave values are higher 
than those for the positive wave over the 
range of 12 units shown. With the 1.5 
X 40 wave, the negative values are lower 
up to 12 units, at which points the curves 
apparently cross, the negative values being 
higher from 13 to 20 units. 

However in table II for the rod gap, with 
the 1 X 6 wave the negative values are 
considerably higher except in the range from 
8 to 20 inches where the positive and nega¬ 
tive values are essentially the same, but 
with one point at 15 inches showing the nega¬ 
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tive value to be lower. For the 1.5 X 40 
wave the negative values are considerably 
higher over the whole range, which is in 
contrast to the 1.5 X 40 wave data on the 
suspension insulators. 

There is admittedly a considerable physi¬ 
cal difference between the insulator string 
and the rod gap, and perhaps, in view of the 
8 per cent tolerance, the above inconsis¬ 
tencies are more apparent than real. How¬ 
ever, the writer would ask if there is, as 
yet, any satisfactory explanation of the 
preceding trends of the data of tables I and 
II. 

In further reference to table I, will the 8 
per cent tolerance apply to the values as 
given, for all 10-inch disfe at 5V4-inch spac¬ 
ing, regardless of size or type of insulator 
cap and other hardware? 

From figure 1, it appears that we now 
have a much needed correction for the effect 
of humidity. Years ago we talked of the 
relative humidity. Then there was found 
to be a correlation between spark-over 
values and the absolute humidity, and the 
latter was expressed sometimes as grams 
per cubic meter, and sometimes as grains 
per cubic foot. Now we have the correc¬ 
tion factor plotted against the absolute 
pressure of the water vapor. While the 
writer has no particular preference as to how 
the water content of the air is expressed, 
it is hoped that'a unified terminology can 
be adopted. 


P. H. McAuley (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): A review at this time of the technical 
details leading to the satisfactory agree¬ 
ment in data from different laboratories 
seems appropriate. The outstanding items 
which contributed to this agreement are: 

1. Use of cathode-ray oscillograph and resistance 
voltage divider as a method of voltage measure¬ 
ment. 

2. Adoption of standard waves by all laboratories. 

8. Determination of correction factors chiefly for 
humidity of the air. 

Previous to 1929 the usual method of 
making high-voltage impulse tests was to 
set up a generator circuit, calculate the 
wave form by approximate methods and 
measure the peak voltage with a sphere 
gap. With the capacitors available, poor 
regulation naturally could not be avoided 
with changes in the capacity of the test 
piece. The importance of the oscillations 
due to generator inductance and stray ca¬ 
pacity was not appreciated. These oscilla¬ 
tions varied with load and resulted in in¬ 
consistent and abnormally high values. 
Fielder and Torok applied the cathode- 


Table I. Comparing Early TrallFord Impulse 
Data on Suspension Insulators With Values 
From the Committee Report 


Units 

1929. 

1937 

4. 

... 425..,.. 


6. 

,.. 605...,, 


8... 

... 780..,., 


10........ 

946,..,. 


12........ 

...1,105...;. 


14. 

. ..1,266. 


16;..;,,... 

. ..1,426.. .. . 
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ray oscillograph with a resistance voltage 
divider to a 2,000-kv impulse generator at 
Trafford in 1928. The practice of deter¬ 
mining the volt-time characteristic curve of 
high-voltage insulation was adopted im¬ 
mediately and the sphere gap was practically 
discarded for impulse measurements. Our 
first field curve above 1,000 kv, dated Nov¬ 
ember 1Q28, was on 10 suspension insul¬ 
ators and shows a minimum value of 920 
kv and a one microsecond value of 1,610 
kv. The most recently published data 
gives 945 and 1,500 kv for these points. 
However, this accuracy within 3 per cent 
in 1928 was partly due to compensating 
errors. The humidity was not even re¬ 
corded but was probably around 0.16 inches 
of mercury. A 6 per cent positive error in 
the divider system was later discovered and 
probably compensated for most of the 
humidity correction. The wave form was 
far from smooth but the fundamental hap¬ 
pened to be close to 1.5 X 40 and positive. 

It is interesting to compare the values 
from the committee report with the time 



log curves published in Electrical World, 
November 23,1929 and in the AIEE Trans- 
ACTIOKS, July 1930. Insulators only are 
considered, as the present form of rod gap 
had not been adopted. The agreement in 
table I indicates tlie soundness of the measur¬ 
ing methods used at Trafford nearly 8 years 
Ago. 

A few years later this system of voltage 
measurement had benefited from a num¬ 
ber of tech n ical improvements chiefly on the 
cathode-ray oscillograph. Complete cali¬ 
bration curves for some of the sphere gaps 
based on measurements with the oscillo¬ 
graph were made and presented by Fielder 
(Electrical World, September 30, 1933). 
The effect of air conditions was realized 
.and data on correction factors were col¬ 
lected. Standard waves were adopted in 
co-operation with other laboratories. Thus 
was made possible the correlation of labora¬ 
tory data regardless of whether the sphere 
gap or the oscillograph was depended upon 
for voltage measurement. Many prob¬ 
lems still remained and much time was 


required to collect and co-ordinate data on 
different apparatus. However, the tech¬ 
nical obstacles had been solved experimen¬ 
tally. Then and not till then were reliable 
mathematical methods of impulse generator 
circuit analysis present. 

The steps and progress in laboratory 
co-ordination are well illustrated by figure 1, 
showing different values obtained for mini¬ 
mum short wave flashover of 11 suspension 
insulators. Changes in wave form, hu¬ 
midity corrections, and measuring methods 
reduced a spread of 30 per cent to less than 
2 per cent over a period of 3 years. 

The trend at present to consider negative 
waves has introduced some more unknown 
factors and interesting problems. What 
seems to be needed now h fundamental 
research of the phenomena of breakdown. 

Lightning Currents 
in 132-Kv Lines 

Discussion of a paper by Philip Spom and 
I. W. Gross published in the February 1937 
issue, pages 245-52, and presented for oral 
discussion at the opening session of the North 
Eastern District meeting, Buffalo, N. Y., May 
5,1937. 


P. L. Bellaschi: See discussion, this page. 


S. K. Waldorf (Pennsylvania Water and 
Power Company, Baltimore, Md.): Anal¬ 
ysis of a recent outage of the Holtwood- 
York 69-kv line has yielded information 
closely related to that presented by Messrs. 
Spom and Gross. It has particular bear¬ 
ing on the questions of current distribution 
in transmission towers and the surge im¬ 
pedance of overhead ground wires. 

One circuit of the double-circuit line 
tripped during a severe lightning storm. 
On patrolling the line, it was found that an 
arc had occurred between the top phase 
conductor and the structure of tower 63, 
and that the surge-crest ammeter links were 
strongly magnetized on towers 63 and 64. 
The links on towers 61 and 62 were found 
magnetized to a less extent. Brackets for 
the links were mounted on only one leg of 
each tower and indicated leg currents of 
14,600 and 12,200 amperes in towers 63 and 
64, respectivdy. As is customary when 
estimating the current in a tower equipped 
with only one pair of surge-crest ammeter 
links, the tower currents were taken as 4 
times the leg currents, or 68,400 and 48,800 
amperes in towers 63 and 64, respectively. 
The currents in the 2 towers being almost 
equal, it was concluded that lightning had 
probably strack one or both of the overhead 
ground wires between the towers. 

With the footing resistance of tower 63 
being 11 ohms, and the tower current 68,- 
400 amperes, their product yielded a tower 
potent!^ of approximately 640 kv. This 
was only about 60 per cent of the nominal 
flashover value of the line which indicated 
at first glance that the initial flashover 
should have occurred elsewhere than at the 
tower. Following this train of thought, the 
next possibility investigated was that of a 
flashover from a ground wire to the line 
conductor between towers, followed by 


flashover from the line conductor to tower 
63. This seemed a likely sequence of events 
with the current of 68,400 amperes and the 
surge impedance of the overhead ground 
wire causing a potential difference of ap¬ 
proximately 29,000 kv between the struck 
wire and the line conductor. Examination 
of lightning current observations made on 
3 transmission lines since 1934 showed that 
this hypothesis also was probably incorrect. 
Numerous cases were foimd where heavy 
surge currents had travelled along over¬ 
head ground wires without flashover oc¬ 
curring. The circumstance has been re¬ 
peated so often that the conclusion was in¬ 
evitable that the surge impedance of an 
overhead ground wrire is something appreci¬ 
ably less than 600 ohms at the point of con¬ 
tact of a lightning stroke. 

Messrs. Spom and Gross have shown that 
a relation exists between the length of a 
counterpoise conductor and its relative cur¬ 
rent-carrying capacity. At tower 63, 60 
ohms was the ground resistance of the 
counterpoise connected to the leg in which 
the current of 14,600 amperes was measured, 
and the ground resistance of the other 3 
counterpoise wires was 16, 20, and 66 ohms, 
respectively. The current in the tower was 
estimated on the assmnption that the cur¬ 
rent carried by each leg varied inversely as 
the ground resistance of the buried con¬ 
ductor connected to that leg. On this 
basis, the current in the tower was calculated 
to be in the neighborhood of 110,000 am¬ 
peres, which is more than enough to account 
for the flashover at the tower. 

Measurements on towers having surge 
crest ammeter links on all four legs have 
shown that appreciable error in measure¬ 
ment can result if only one leg carries links, 
due to the unequal distribution of smge 
current between the legs of a tower. When 
all of the enumerated facts were considered, 
the conclusion was that the flashover was 
due to a very heavy surge current in tower 
63. 

In general, the analysis of this outage has 
led to an examination of the data collected 
by the Pennsylvania Water and Power 
Company from an additional point of view. 
At this time it is felt that Messrs. Spom 
and Gross are correct in questioning the 
accepted value of 400 or 600 ohms as the 
surge impedence of a wire near the point of 
contact of a lightning stroke. Further 
investigation is being made to establish the 
effect of counterpoise ground resistance on 
the distribution of surge current in a tower. 

Probable Outages of 
Shielded Transmission Lines 

Discussion and author's closure of a paper by 
S. K. Waldorf published in the May 1937 
issue, pages 597-600, and presented for oral 
discussion at the opening sessioh of the North 
Eastern District meeting, Buffalo, N. Y., May 
5,1937. 

P. L. Bellaschi (Westinghouse Electric & 
Manufacturing Company, Sharon, Pa.): 
The considerable field data on lightning 
currents now available naturally suggest 
through correlatioir processes the; best der 
sign technique to render transmission Uhes 
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practically free from lightning outages. 
A great deal of laboratory and analytical 
work has been done to establi^ this de* 
velopment along sound lines. All this is 
clearly set forth in these 2 papers, yet it is 
apparent also that new data suggest fur* 
ther analysis. It is with this viewpoint in 
mind that a method is suggested for evalu¬ 
ating the duration of the lightning stroke 
discharge from the crest currents measured 
at adjacent towers. 

Thus, lightning upon striking directly a 
tower of footing resistance i^i, discharges a 
current ii through it. Consider a current 
ii through the adjacent tower of footing 
resistance 2?2. The inductance of the over¬ 
head wire or wires between the 2 towers is 
designated as L. The corresponding crest 
values of the currents measured at the two 
towers are, respectively, h and Js. 

It has been established from fundamental 
findings, here and abroad, that the more 
common type of lightning discharge rises 
abruptly to crest, receding to low values 
in a relatively longer time (microseconds). 
The discharge is apparently unidirectional 
or quasi-unidirectional in wave form, though 
there are indications that reversal of the 
polarity of the current discharge may occur. 
The exponential wave form, when all is con¬ 
sidered, is sufi^dently valid for the purpose 
here and serves weU as a first approach in the 
analysis. That is, considering that the cur¬ 
rent is 


_ om 

ii = lie ^ ( 1 ) 

it can be shown by relatively simple analysis 
that 



The maximum current I 2 occurs at tm, i.e. 



/ 0.69<w 




In applying relationship (4) it is essential 
that the crest currents should correspond to 
a lightning stroke directly to one of the 
towers. Considering , values of transmission 
line TOnstants encountered (such for ex¬ 
ample, L ■= 400 microhenries; Ri » 6 to 20 
or more), and since the ratio on the right 
land of equation 4 would hardly or infre- 
juently exceed 0.70 approximately, pos¬ 
sible rang^ down to O.lOi it appears from 
ie equation that values of T (duration of 
lightning discharge) range from 10 to 100 
microseconds. 

Though this preliminary analysis in cal¬ 
culating the duration of the lightning- 
stroke discharge is subject to a number of 


obvious criticisms, these hardly should de¬ 
tract from the possibilities new analytical 
methods of attack present m the study of 
field data. 


S. K. Waldorf: Mr. Bellaschi’s conclusion 
that lightning surges are slower in develop¬ 
ment than has been genially supposed, is 
borne out by experience. There has been 
a lack of fiashovers on overhead ground 
wires carrying heavy surge currents, a 
behavior probably due to the surge imped¬ 
ance of the ground wires being low as a 
result of the surges not having steep wave 
fronts. 

Since table IV of the paper was prepared, 
the initial fiashover of the Holtwood-York 
69-kv line has occurred, which changes 
the actual lightning outages per year for this 
line from 0 as given in the table to approxi¬ 
mately 0.5. This is in agreement with the 
value of 0.38 probable outages per year 
which calculation shows can be expected for 
this line. The other figures given in table 
rV remain approximately the same as origi¬ 
nally given. 

Heat Transfer Efficiency 
of Range Units 

Discussion and author's closure of a paper by 
W. James Walsh published in the August 
1937 issue, pages 953-8. 


W. N. Lindblad (Pacific Gas and Electric 
Company, Emery^e, Calif.): Experience 
gained by the writer in making a number of 
tests such as Mr. Walsh describes has ac¬ 
centuated the importance of careful meas¬ 
urement and necessary compensation for 
errors in order that consistent results may 
be obtained. The use of a drop of oil to 
minimize evaporation is a unique and no 
doubt effective method of reducing tTiic 
rather considerable error. 

The over-all efficiency is greatly affected 
by the amount of water chosen. In a 
number of tests made by the writer on 
. simila r pots and units but with 5 pounds of 
water instead of 2.76 pounds, appreciably 
higher efficiencies were obtained. It would 
be of interest to know why Mr. Walsh 
selected 1,260 grams as the weight of water 
used. 

The ma ximum instantaneous effirion'^ies 
were assumed by Mr. Walsh to be those 
coinddent with the flat portion of the ef- 
fidency curves in figure 7 of Mr. Walsh’s 
paper. It is to be noted that these ef- 
fidendes are occurring while the water and 
presumably the unit are increasing in tem¬ 
perature, possibly at the same rate. It has 
been the writer’s experience that the unit 
continues to increase in temperature after 
the^ water reaches a constant temperature 
(boiling) and that, consequently, the heat 
transfer effidency increases to a value some¬ 
what higher than shown. 

The increase m effidency obtained with 
bla^-bottom pots, particularly on the more 
radiant units, coinddes with the writer’s 
experience. Other factors also have a 
bearing, particularly the concavity of the 
bottom. With a perfectly flat and bright- 
bottom pot, the writer hw found that the 


unit B (as labded in Mr. Walsh’s paper) 
invariably showed higher efficiendes than 
unit A. When the flat bottom was black¬ 
ened by spraying with lacquer, the efficiency 
on unit B was reduced considerably, show¬ 
ing that the heat conduction was reduced 
by the addition of the lacquer. 

Tests with pots having a concavity of as: 
little as V« inch gave results similar to those 
of Mr. Walsh’s which leads the writer to* 
believe that Mr. Walsh’s pots were slightly 
concave. 

It is interesting to note that with a per¬ 
fectly flat top unit and a flat-bottom pot, 
over-all effidendes of 67 per cent and in¬ 
stantaneous efficiencies of over 80 per cent 
were obtained with 5 pounds of water over 
a 76 degrees centigrade range of tempera¬ 
ture. 


. W. J. Walsh: In regard to Mr. Lindblad’s 
first remark, it may be stated that it was 
found quite possible to secure consistent re¬ 
sults when a good oil film was formed over 
the water surface. However, there were 
times when, due to a slight surface contami¬ 
nation on the water, a film refused to form. 
This difficulty was remedied by taking 
greater pains in deaning the equipment 
used in handling the water. 

In connection with methods of minimiz¬ 
ing evaporation, the device employed in 
similar tests performed recently at Oregon* 
State College by Mr. W. G. Short may be of 
interest. In his tests, Mr. Short substituted 
a thin sheet of waxed paper (cut to fit t he - 
utensil at the water Une) for the oil film,, 
and secured even better results without the 
difficulties attending the use of oil. 

In determining the amount of water to be. 
used, the writer was guided principally by 
the apparent predominance of 2-quart 
utensils in Ordinary cooking operations. 
In the writer’s opinion, the use of larger 
quantities of water would result, in general,, 
in dightly lower values of efficiency, sup¬ 
posing of course that the utensil diameter 
remained the same. Further, it appears to* 
the writer that the effidency values ob¬ 
tained with the larger qtuantities of water 
would depend to a great extent upon the: 
ability of the temperature-indicating device 
employed to give truly representative aver¬ 
age temperature values. To be more ex- 
plidt, one would not use, say, a resistance 
thermometer with the resistance dement 
spread out in only one plane, but one having 
the resistance dement distributed in both, 
horizontal and vertical planes. It seems 
r^onable to expect the latter device to* 
give much more representative temperature- 
values than the former when larger quan-' 
tities of water are used. It would be of 
interest to know the method employed by- 
Mr. Lindblad in deter mining his tempera¬ 
ture values. 

In his discussion, Mr. Lindblad further- 
states that the writer assumed that the maxi¬ 
mum instantaneous efficiency was coin¬ 
ddent with the flat portion of the efficiency- 
curves shown in figure 7 of the paper. This; 
was not assumed, but defimtdy justified, 
as indicated in the paper under the hea ding - 
"Discussion of R^ults’V(page 967, Elbc- 
tmcal Engxnbbrikg, Aug. 1937). 

Mr. Lindblad also indicates that in Tni | g . 

experiments the use of lacquer on the bot¬ 
tom of the utensil reduced the effidency off 
heat transfer of the unit labeled B in the- 
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•vmter|s paper. In this connection, it may 
be pointed out that the thiVltnPss of the 
lacquer layer and the condition of its sur¬ 
face would have a great deal to do with the 
results obtained. In the writer’s experi¬ 
ments, results were obtained which inHioatM 
nearly a 3 per cent increase in the instantane¬ 
ous efficiency of the unit B when it was 
used with the black-bottomed utensil. 
With a relatively thick layer of lacquer, 
it should be quite possible to effect a re¬ 
duction in the efficiency of a unit such as 
B, but in the writer’s opinion, a thin, dull¬ 
surfaced layer of lacquer would not result 
in an appreciable reduction in efficiency 
except on those units operating at a very 
low temperature. 

Mr. Lindblad further points out that the 
concavity of the bottom of the utensil has a 
marked influence on the heat-transfer ef- 
flciency of surface units. It may also be 
pointed that a convex bottom has just as 
great, and probably a greater, effect. Since 
the utensils used by the writer were intended 
for actual kitchen use, they were purposely 
made slightly concave for obvious practical 
reasons. 

In his closing statement, Mr. Lindblad 
cites certain efficiency values which he has 
obtained in his experiments. It would be 
very interesting to know the rating of the 
unit upon which the tests were performed, 
and the methods employed by Mr. T.inHhloH 
in determining the several necessary quan¬ 
tities involved. In short, a paper by Mr. 
Lindblad setting forth the results of his ex¬ 
perience would be most welcome. The 
writer would like to take this opportunity 
to express his appreciation to Mr. Lindblad 
for his most instructive discussion. 

The writer notes with considerable in¬ 
terest the presence of 2 letters to the editor 
in Electrical Engineering for October 
1937 commenting on the paper. Mr. 
Wiegand presents several interesting points 
which will undoubtedly be of value in future 
work along this line. Of course, the time 
and financial investment necessary for 
carrying out such tests as he proposes are 
practically beyond the range of any but a 
commercial organization. 

The writer notes with particular interest 
the comments made by Professor Seeley 
in his letter. EssentiaUy the same ideas 
were expressed to the writer by Professor 
F. O. McMillan of Oregon State College 
at the time that he suggested the subject 
to the writer. 

Relay Operation 
During System Oscillations 

Discussion of a paper by C. R. Mason pub¬ 
lished in the July 1937 issue, pages 823- 
32, and presented for oral discussion at the 
development of protective equipment ses¬ 
sion of the Pacific Coast convention, Spokane, 
Wash., August 31,1937. 


L. F. Kennedy (General Electric Company, 
Philadelphia, Pa.): It is my hope that 
every relay engineer will thoroughly study 
Mr. Mason’s paper, particularly figures 6 
and 6. Familiarity, with the changing 
relations between current and voltage, is 
necessary to an understanding of rday 


performance when the system is in a dis¬ 
turbed condition. We have known that 
protective systems, with the exception of 
the differential t 3 rpes, are more or less prone 
to operation during system swings or os¬ 
cillations. Mr. Mason has presented the 
information bearing on relay operation in 
compact form for the benefit of relay engi¬ 
neers in such a manner that it should be of 
very material assistance to all relay engi¬ 
neers. 

Supplementing the fundamental data 
showing system performance, Mr. Mason 
has indicated in general terms the matinpr in 
which various types of relay elements may 
operate. As he states, such conclusions as 
may be drawn are thorougly obvious from 
the text. 

^ The use of zero-phase-sequence or nega- 
tiye-phase-sequence relay devices would 
eliminate any tendency to operate on oscil¬ 
lations or swings. Such relays will not 
operate to clear simultaneous 3-pha% 
faults. It is most important that 3-phase 
faults be quickly removed if severe and 
prolonged oscillations are to be avoided. 
I ^ve recently reviewed a number of 
oscillograph records of disturbances on a 
large Eastern system. A surprising munber 
of these started as balanced 3-phase faults. 
I am in agreement with most protective 
engineers who feel justified in demanding 
that the protective equipment operate with 
at least the same degree of promptness on 
these balanced faults as on any other type. 


J. H. Neher (Philadelphia Electric Com¬ 
pany, Philadelphia, Pa.): Mr. Mason is to 
be congratulated on ins excellent presenta¬ 
tion of the complicated factors involved in 
the analysis of relay performance during 
out-of-step conditions on a transmission 
system. 


^ In presenting the operating characteris¬ 
tics of the various types of relays involved, 
Mr. Mason has employed a somewhat 
different method than I have used in my 
paper. I should like to emphasize the point, 
therefore, that whichever method you prefer 
to use, that method is equally applicable 
in determining the performance of the relay 
under either out-of-step or fault conditions. 
In other words, the operation of a relay 
under short circuit conditions may be de¬ 
termined by applying the currents and 
voltages given in table I of my paper to the 
characteristic figures in Mr. Mason’s paper, 
and, conversely, the impedance presented to 
the relay under out of step conditions as 
determined by Mr. Mason may be plotted 
against the characteristic impedance circle 
for the relay as I have described. 

In this connection it is necessary to point 
out that equation 7 in Mr. Mason’s paper 
gives the impedance presented to the relay 
as a scalar quantity, whereas it must be 
employed as a vector quantity in the 
graphical method which I have described. 
Equation 6 may be readily transformed into 
a vector expression for impedance and may 
be written using polar notation as follows: 

X 

.o 

(2« —1) — ctn^ Z SO" J 

This equation when plotted for a gpven 
value of Z' Z 0/ and for all possible values 
of B srields a series of parallel straight lines 
one for each value of n assumed. This is 
shown in figure 1 of this discussion in which 
the constants employed are the same as 
those in Mr. Mason’s paper. The plus 
sign only of the equation has been used and 
the equivalent effect of the minus sign has 



Figure 1.. Impedance presented to distance relays during out-of-stup conditions 
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been obtained by reversing the relay circle 
for breakers 2, 4, and 6. Considering the 
relay operation for breaker 3 at station C, as 
the system pulls out of step with source A 
leading source F, the impedance sweeps in 
from infinity on the right, passes through 
the relay circle shown (during which time 
the relay will operate) and then on to in¬ 
finity on the left, very much in the manner 
of a comet. The relay operation at the 
other breakers may be illustrated in a 
similar manner. 

The relay circles shown are those charac¬ 
teristic of directional elements with voltage 
restraint, but they may be drawn to fit the 
particular type of element and setting em¬ 
ployed. The characteristic circle for a 
directional element without voltage re¬ 
straint is a straight line passing through the 
origin drawn at a slope dependent upon its 
connections and its internal characteristic 
angle. 


Capacitance Control of * 
Voltage Distribution 
in Multibreak Breakers 

Discussion of a paper by R. C. Van Sickle 
published in the August 1937 issue/ pages 
1018*-24/ and presented for oral discussion 
at the development of protective equipment 
session of the Pacific Coast convention/ Spo¬ 
kane/ Wash./ August 31/1937. 

J. B. MacNeill (Westinghouse Electric 
and Manufacturing Company, East Pitts¬ 
burgh, Pa.): The uneven distribution of 
voltage between breaks of a metal-tank cir¬ 
cuit breaker has been known for several 
years. This unbalance is caused primarily 
by the relatively large electrostatic capaci¬ 
tance of the grounded tank relative to the 
capacitance of the contact parts. The 
voltage balance depends on the type of 
short circuit, whether grounded or un¬ 
grounded, as well as the spacings and capaci¬ 
tances of the parts involved. 

It has been claimed by some that the 
unbalance referred to could not be disposed 
of in a commercial structure of the con¬ 
ventional type, and therefore radically 
different structures eliminating the metal 
tank have been proposed. This is not 
necessary, however, and the safety and 
ruggedness of . the grounded tank still may 
be used, as shown by Mr. Van Sickle. 

In 1929 and 1930 the general idea of 
using capacitance to balance that of the 
tank was used when the deion grids on the 
PlSTOOuth Meeting 220-kv breakers of the 
Philadelphia Electric Company were de¬ 
signed with plate condensers in the upper 
units, ^veral other applications of the 
same principle have been since made; 

The 3-cycle Boulder Dam 287-kv breakers 
required a more intensive application of the 
shunt capacitance principle, since over-all 
operation at this voltage made necessary 
complete duration of arcing of not over 
IVi cycles. 

A paper in the AIEE for June 1937 by 
Wilcox and Leeds discussed these breakers 
and showed the performance well within 3 
cycles on a 60-cycle basis can be expected 
during short circuit duty. Mr. Van Sickle’s 


paper covers the methods of securing volt¬ 
age distribution u^d in that design. The 
fact of proper distribution has been proved 
by several types of test: 

1. Low-voltage electrostatic tests 

2. High-voltage electrostatic tests 

8. High-voltage dynamic tests using high-power 
laboratory 

All 3 methods have borne out very closely 
the results expected from simple calcula¬ 
tions of the electrostatic factors involved. 
Such calculations on a pure capacitance 
basis are slightly pessimistic, as the natural 
resistance characteristic of arcs in the inter¬ 
rupting devices tend to better the distri¬ 
bution. 

Where exceedingly short times for switch¬ 
ing are required at very high voltages, it 
must be conceded that some device to 
secure adequate distribution of voltage 
must be used. Recent claims for high speed 
at high voltages for devices which have 
inherently bad unbalance between breaks 
must be discounted as probably due to low 
rates of restored voltage. This will be seen 
if we look at figure 3 of Mr. Van Sickle’s 
paper. Notice that in the curve for 8 
breaks, the line break must handle 30 per 
cent of the total voltage across the pole 
unit, while on the other hand the last 4 
breaks near groimd total only 22 per cent, or 
less than the first single break. The ten¬ 
dency of the first break to re-establish an arc 
after current zero on a diflScult high-voltage 
circuit is obvious. 

On the other hand, figure 4 shows for 8 
breaks that when proper devices for voltage 
balance are used, the first break hand les 
only 16 per cent of the voltage across the 
pole unit, and the last 4 breaks average 10 
per cent each and total 40 per cent of the 
pole unit voltage. 

The design factors involved in very hi gii 
speed, high-voltage breakers make these 
differences in voltage distribution a major 
factor in the ability of a design to handle 
difficult circuits, which at 230,000 volts or 
higher may have restored voltage rates of 
4,000 to 6,000 volts per microsecond. 
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C. A. Powel (Westinghouse Electric & 
Manufacturing Company, East Pittsburgh, 
Pa.): The multibreak circuit breaker is not 
new. Many years ago several manufac¬ 
turers introduced various designs of such 
breakers but their performance was not 
strikingly better than that of ordinary 2- 
break breakers, in fact, generally not as 
good. In a paper presented to the first 
International Conference on High Voltage 
Systems in Paris in 1921, the writer pointed 
out that unless some means was found to 
reduce the total length of the arc, the vol¬ 
ume of gas generated by a multiplicity of 
breaks was increased and arc interruption 
was made more difficult. A serious diffi- 
cffity, which was not fully tmderstood at the 
time, was the proper distribution, after 
current zero, of the voltage across the many 
breaks which tended to restrike and prevent 
«tinction of the arcs. With the introduc¬ 
tion of tie "deioh” grid, the arc energy and 
formation of; gas was enormously reduced 
Md the multibreak idea became inter^ting 
if an oyer-all opening time of less then 8 
cycles, which had' been reached With the 
convention^ 2-^break design, was required. 

Discussions 


The difficulty of proper distribution of the 
voltage over the various breaks, however, 
still remained, and how it was solved is 
admirably explained in Mr. Van Sickle’s 
paper. In the great majority of cases 
stability is the factor which determines the 
selection of breaker opening time, and the 
conventional 8-cycle breaker economically 
meets most operating requirements. In 
some few cases, however, a shorter time of 
opening can be justified and it is a satis¬ 
faction to know that where such an appli¬ 
cation proves economical, a design of 
breaker is available which is not radically 
different from that used for years. 


The Ultrahigh-Speed 
Reclosing Expulsion 
Oil Circuit Breaker 

Discussion and author's closure of a paper by 
A. C. Schwager published in the August 
1937 issue/ pages 968-70/ and presented 
for oral discussion at the development of 
protective equipment session of the Pacific 
Coast convention/ Spokane/ Wash./ August 
31/1937. 


W. F. Skeats (General Electric Company, 
Philadelphia, Pa.): Mr. Schwager has de¬ 
veloped a mechanism for making the com¬ 
plete opening and closing strokes of a 69- 
kv breaker within half a second. This will 
undoubtedly find an application in con¬ 
nection with interrupting devices which 
cannot be relied upon to clear appreciably 
before the end of the stroke and in cases 
where the shorter reclosing times which 
have been reported by other authors are 
not considered necessary. It appears, 
however, that this mechanism must com¬ 
plete its closing stroke before starting to 
open, so that the trip-free feature which is 
now applied very widely on large oil cir¬ 
cuit breakers has been sacrificed. 

In evaluating the tests which are listed, it 
would be interesting to know the interrupt¬ 
ing capacity rating of the breakers tested. 
Without this information, it is not clear 
whether the tests were made on breakers of 
low interrupting capacity or whether the 
power available for testing was considerably 
less than the breaker rating. In the second 
case, while the tests no doubt establish the 
adequacy of the interrupting devices for 
the duty at which they are to be applied, it 
cannot be'inferred without further proof 
that the interrupting capacity of the breaker 
is not modified by the short interval be¬ 
tween interruptions. 

It is noted that the duration of the second 
short circuit at figure 5 is approximately 14 
cycles as against a little over 8 cycles for the- 
first interruption. This is apparently due to 
the fact that in the second interruption wasi. 
a closing-opening operation in which the 
breaker was delayed by the fact that the 
mechatiism is not trip-free, but has to close* 
all the way home before it can start to op^.. 


A. C. Schwager: Mr. Skeats discusses the- 
redosing mechanism developed for 69-kv 
breakers and points out that the redosing: 
time of Va second is larger than that en- 
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countered on some more recently built 
mechanisms. The mechanism shown in 
figure 3 is the first motor-operated reclosing 
control installed in the United States and 
fully meets the requirements for which it 
was designed. It is believed that a control 
of this type will find application in a great 
many cases. However, in order to meet 
special requirements for still shorter reclos¬ 
ing times changes have been incorporated in 
more recent designs. These changes mainly 
consist of using a spring of smaller diameter, 
thereby reducing the moment of inertia and 
increasing the speed of operation. The dura¬ 
tion of the second short circuit referred to 
in the third paragraph of Mr. Skeats’ dis¬ 
cussion (which in the case shown includes 
relay time) is thereby reduced to a value 
which is equal to or smaller than that ob¬ 
tained with any modem “trip free in any 
position” mechanism. 

The short-circuiting tests described were 
performed on a 69-kv breaker which was 
equipped with expulsion contacts at the 
time of the installation of the control. The 
tests were not intended to be short-circuit¬ 
ing tests of the 1,000,000-kva breaker, but 
were to establish the performance of the 
breaker under fast reclosing service at 
maximum system load. The absence of 
carbonization and tank pressures indicate, 
however, that the breaker was stressed to a 
fraction of its full rating only. 

The “trip free in any position ” feature 
mentioned deserves a more detailed dis¬ 
cussion. It is, of course, evident that the 
“electrically trip free” and “mechanically 
trip free” feature generally applied on 
breakers is retained in this mechanism. 
Mr. Skeats, in all probability, refers to the 
“trip free in any position of the closing 
stroke” feature. 

This feature, in my opinion, has become 
of minor importance with the design of 
breakers using high-pressure contacts or 
butt-type contacts. Approximately one 
inch of travel is allowed in these breakers 
from the “contact touch” to the fully closed 
position. With the closing speeds used in 
present-day breakers, the blade cannot help 
but to go fully closed even if the breaker were 
tripped at the instant the contacts touch. 
With relays interposed it is even more im¬ 
possible for these breakers not to go fully 
closed when closed into a short circuit. 
There are definite advantages in omitting 
the collapsible link which is normally 
identified with the tenn “trip free in any 
position” and which has been used on 
“modem” controls for the last 30 years. 
With its use the blade has to be accelerated 
by the opening spring exclusively whereas 
with the motor control described, the kinetic 
energy contained in the fast-moving spring 
is immediately and completely converted 
into opening speed. 

Since modem arc-mpturing devices are 
dependent on operation above a definite 
m^imum speed the use of this control gives 
assurance of fool-prbof performance which 
cannot be expected of a breaker which has to 
be relied upon to accelerate in the part of 
the stroke where interruption should take 
place. In other words, the breaker cannot 
hang within the arc-rupturing devices. 

It is believed that the intentional omis¬ 
sion of the obsolete collapsible link mechan¬ 
ism is highly desirable from an operating 
standpoint alone, however, since it permits 
the design of such a mechanically simple 
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and fool-proof control as described it seems 
to be doubly justified. Experience with 
this modem control will undoubtedly con¬ 
firm this idea. 

A Comprehensive Method of 
Determining the Performance 
of Distance Relays 

Discussion and author's closure of a paper 
by J. H. Neher published in the July 1937 
issue, pages 833-44, and presented for oral 
discussion at the development of protective 
equipment session of the Pacific Coast con¬ 
vention, Spokane, Wash., August 31,1937. 


L. F. Kennedy (General Electric Company, 
Philadelphia, Pa.): Mr. Neher deserves the 
thanksof all protective engineers forthework 
he has put forth in preparing the formulas 
included in table II. I have some i de a of 
the vast amount of time necessary for its 
preparation. Many are familiar with the 
changes of distance relay indications be¬ 
tween 3-phase faults and phase-to-phase 
faults when star-connected current ti axis- 
formers are used. Few, however, know 
the indications under all the conditions 
covered by this paper. 

I am afraid that the author's work will 
not be made use of by many relay engineers 
because of lack of time and facilities for the 
necessary calculations. I should like to 
suggest that the formulas in table II be 
supplemented by actual figures for an as¬ 
sumed typical system. Such an effort would 
not represent a great amount of work in 
addition to that already done and would 
certainly make the author’s efforts of real 
value. 


C. R. Mason (General Electric Company, 
Schenectady, N. Y.): Some of your best 
friends are those you take the longest 
to get acquainted with. If you should 
feel that Mr. Neher’s paper is a reticent 
sort of neighbor, I suggest that you proceed 
carefully but studiously toward making its 
acquaintance. It is my feeling that it 
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will then be numbered among your choicest 
possessions, 

Supplementing the excellent treatments 
by Lewis and Tippet and by Calabrese, Mr. 
Neher’s paper sheds new light on the sub¬ 
ject. Perhaps I should say light at a differ¬ 
ent angle. For, in this paper the conception 
of impedance at an angle is skillfuhy 
handled. For example, the operating 
characteristic of a relay which fimctions 
according to 3 variables, such as most dis¬ 
tance and directional r^ays, is very con¬ 
veniently drawn to 2 dimensions without 
parameters to confuse the picttire. Then 
all possible types of faults are expressed in 
the same manner, and conveniently tabu¬ 
lated. This in itself represents a creditable 
contribution. 

This method of treatment is particularly 
valuable where one is confronted by the 
problem of dete rmining a new shape for a 
relay characteristic to fit certain special 
requirements. The requirements can be 
plotted in the form of impedance at an 
angle and then a relay curve or portions of 
curves can be drawn to fit the requirements. 
The methods of this paper thus operate 
conveniently either way—^to find out how a 
given relay will operate under prescribed 
conditions or to devise a relay or a combina¬ 
tion of relays to operate in a desired manner^ 

If a foiurth variable, time, should be 
involved, this can still be cared for by the 
use of parameters. 

Mr. Neher’s methods provide a very . 
powerful analytical tool which is well worth 
having on your work bench. 


J. H. Neher: I wish to thank Messrs. 
Kennedy and Mason for their very kind 
renuuks about this paper. I feel obliged 
to point out the fact, which was displayed 
too inconspicuously as a footnote in the 
printed copy, that I am indebted to their 
associate, Mr. Warrington for a good deal 
for which they are giving me credit. 

Mr. Keimedy has suggested that the 
formulas in table II be supplemented by 
actual figures for an assumed typical system. 
I hesitate to do fibis because, as I have en¬ 
deavored to point out, in some cases the 
impedance presented to a relay under a 
given fault condition is only a fimction of the 
effective line impedance between the relay 
and the point of fault, and in other cases it is 
dependent upon the system set-up as well. 
This can be determined by inspection of 
table II by noting whether or not the ex¬ 
pressions for the impedance presented to the 
r^y involve factors dependent upon the 
system set-up. In cases where the effect 
of system capacity is manifest, any figures 
which might be included based on an as¬ 
sumed system, would apply only to the 
particular system set-up assumed and might 
lead to erroneous conclusions if one were to 
generalize from them. 

In preparing a paper of this kind the 
dimination of errors in the mathematical 
text is difficult. On page 834 directly below 
equation number 3 a square root sign should 
appear over the numerator of the expression 
given in the text for the radius of the circle. 
In table II the factors C and C' have been 
incorrectly printed, in small letters in 
columns 6 and 8, lines 8 and 10. Also, in 
the first 2 lines of the seventh colurnn a 
smalls has been omitted in the deno ming.- 
tors after the factor small c. 
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AIEE Winter Convention 


information regarding these features will be 
announced in the January issue. 


to Feature Enlarged Program 

T 

I O PROVIDE added interest for the through Thursday. Friday, the fifth day, 
specialist as well as the average member, will be devoted exclusively to inspection 
an enlarged prog:^ of 16 tec^cal sessions trips to places of interest in the city and its 
and 1 general interest session has been environs. The main social events will con- 
tentatively arranged for the 1938 AIEE sist of the smoker and the dinner-dance, 
winter convention, which will be held in which will be held in the evenings. In view 
New York, N". Y., January 24—28. ^ssions of the popularity of last year's cruise, 
will be held both mornings and afternoons another post-convention cruise to Bermuda 
beginning on Monday and continuing will be arranged by Leon V. Arnold. More 


Tbchnical Sessions 

Of the 16 technical sessions tentatively 
arranged, 6 sessions are symposia. The 
symposium on modern electric vehicles will 
be held in both the morning and afternoon 
of the same day with interim for luncheon; 
the papers will deal with modem develop¬ 
ments and experience with electric vehicles 
used in urban transportation. Similarly, 
two electronics symposia will be held: 
The first will treat the speed control of 
motors, and operating experience; the sec¬ 
ond, electronic applications anH the slide- 
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Communication 


CoupuNG Bbtwbbn Pasallbl Baktb-Rbturn 
CiRCTRTS UMDBR D-C TRANSIBNT COKDITIOMS, 
EL E. Gould, Bell Telephone Laboratories, Inc. 

September issue, pages 1159-64 

♦Pmurrao Tbz.bobaph Opbration op Wat 
WiRBS, G. S. Vemam, Postal Telegraph-Cable 
Company. 

*Blbctbical Rbkotb Control AccoxnmNO, L. P. 
Woodruff, Massachusetts Institute of Technology. 

A Nbw SiNolb-Cbannbl Cabbibr Tblbphonb 
Systbu, H. J. Fisher, M. L. Almquist, and R. H. 
Mills, Bell Telephone Laboratories, Inc. 

Scheduled for January issue 


Sympositun on Modem Electric Vehicles 

Application of Modbrn Elbctbic Vbhiglbs to 
Urban Tbanspobtation, C. M. Bapis, General 
Blectric Company. Scheduled for January issue 

Blbctsical Bquifmbnt for Modbrn Urban 
Surface Transit, S. B. Cooper, Westinghouse 
Electric & Manufacturing Company. 

Scheduled for January issue 

*Gbnbral Fbaturbs of thb P.C.C. b.A», c. P. 
Hirshfeld, Transit Research Corporation. 

♦Opbratino Bxpbribncb Wteb P,C.C. 
Thomas Fitzgerald, Pittsburgh Railways Company. 


Symposium on a New 
Carrier Telephone ^tem for Toll Cable 

Introductory Address: Broad-Band Wirb Trans¬ 
mission Systems, H. A. Affel, Bell Telephone 
Laboratories, Inc. 

*A Carribr Tblbphonb Ststbk for Toll 
C. W. Green and E. L Green, Bell Telephone 
Laboratories, Inc. 

♦Cable Carribr Tblbphonb Terminals, R. W. 
Chesnut, L. M. Bgenfritz and A. Kenner, Bell 
Telephone I.aboratories, Inc. . 

* Subject to approval for presentation, preprints of 
th^ papers will be made available. If ordered by 
marl, price lOj! per copy. If purchased at head¬ 
quarters, price 5>f per copy. 


In this program page references 
are given for papers that have 
been or will be published in 
Electrical Engineering up 
to and including January 1938. 

♦Crystal Channel Filters for thb Haiwi. 
Carribr System. C. E. Lane, Bell Telephone 
Laboratories, Inc. 

♦Cross Talk and Noise Fbaturbs of thb 
Carrier Systbm, M. A. Wearer, R. S. Tucker, 
and P. S, DameU, Bell Telephone Laboratories, Inc. 


Symposium on Modem Electric Vehicles— 

Continued 

♦Modern City Transportation, B. J. McRralth. 
Chicago Surface lines. “inuwi. 

Modern Trollby-Coach Operation, Edward 
Dana, Boston Elevated Railway. 

December issiue, pages 1461-68 

Modbrn Trollby-Coach Opbration, J. H. Pol- 
hemus, Portland Electric Power Company. 

December issue, pages 1483-86 

•Opbratino Expbrienob With Gas-Elbctrxc 
AND Dibsbl-Blbctric Bussbs, R. H. Stier, Phila¬ 
delphia Rapid Transit Company. 

♦Bxpbribncb With Dibsbl-Blbctric Busses and 
All-Servicb Vbhiclbs, M. R. Boylan, Public 
Service Coordinated Tran^ort. 


Li^tning Protection 

Charactbristics of thb Nbw Station-Typb 
Autovalvb Lightning Alrrbstb^, W. G. Fomnii, 
Westinghouse Electric & Manufact^Hng Company. 

July is^e, pages 819-22 

♦Discharob Currents in Distribution Arrbst- 
BRS — Part II, K. B. McBachron and W. A. Mc- 
Morris, General Electric Company. 

♦Distribution Transformer Lightning Pro- 
TBcnoN PRAcncB, L. G. Sjuitl^ Consolidated Gas, 
Blectric Light and Power Company. 

Some Enginbbring Fbaturbs of Pbtbrsbn 
Coils and Tsbir Application, E. M. Hunter, 
General Blectric Company, 

Scheduled for January issue 


♦Test and Opbration of Pbtbrsbn Coil on 
100-Kv System of Public Service Company of 
Colorado, W. D. Hardaway, Public Service 
Company of Colorado, and W. W. Lewis, General 
Blectric Company. 


Symposium on Electronics— 


♦Electronic Spbbd Control of Motors, E. F. W. 
Alexanderson, General Electric Company, C. H. 
Willis, Princeton University, and M. A. Edwards, 
General Blectric Company. 

Opbratino Bxpbribncb With the Thyratron 
Motor, A. H. Beiler, American Gas and Electric 
Company. Scheduled for January issue 

♦Phanotron Rbctifibrs as a Dirbct Currbnt 
Supply for Elevator Motors, C. C. Clymer and 
R. G. Lorraine, General Blectric Company. 

♦Thyratron Control of Direct Current Mo¬ 
tors, G. W. Garman, General Electric Company. 


Relays and Reactors 


A System Out of Step and Its Eblay Rbquirb- 
MBNTS, L. C, Crichton, Westinghouse Electric 
& Manufacturing Company. 

October issue, pages 1261-67 

A Hioh-Spbbd Distancb-Typb rAF^Tiyp Pilot 
Rblay System, E. L. Harder, B. E. Lenehan, and 
S. L. Goldsborough, Westinghouse Blectric & 
Manufacturing Company. 

Scheduled for January issue 

♦Thb Application and Pbrformancb of 
Current Eblayino, Philip Spom and C, A. 
Muller,.American Gas and Electric Company. 

Tbmpbraturb Limits for Short-Timb Over¬ 
loads FOR Oil-Insulatbd Nbutral Ground- 
iNo Ebactors and Transformers, V. M. Mont- 
singeij Genial Blectric Company. 

Scheduled for January issue 

♦BLarmonic Current RbstrAinbd Relays for 
Difpbrbntial Protection, L, F. Kennedy and 
C. D. EUiyward, General Blectric Company. 

♦Some ScHBMBS of CurrbnttLimitino Reactor 
Applications, F. H> Kierstead, General Blectric 
Company. . 
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l3ack voltmeter, theater lighting, welding, 
and a new type of vacuum seal. The fifth 
symposium will deal with a new carrier 
telephone system for toll cable. Also in the 
communication field, there will be a general 
communication session and another session 
on the subject of television and broad band 
transmission. The remainder of the pro¬ 
gram is comprised of sessions on the sub¬ 
jects of lightning protection, relays and 
reactors, instruments and measurements, 
electric welding, basic sciences, power 
transmission, cables and research, and two 
sessions on electrical machinery. For the 
general session arrangements are being 
made to obtain a prominent speaker on a 
subject of broad interest to the engineering 
profession. 

Technical Conferences 

During the convention, technical confer¬ 
ences will be held on the subjects of educa¬ 
tion, field problems, network analysis and 
S 3 m 1 diesis, electrical units, sound and vibra¬ 
tion. The technical conferences are in¬ 
tended to afford opportunity for groups of 


specialists to meet and discuss subjects 
informally, no provision being made for the 
publication of the papers or the discussions 
in the Transactions. 

Rtnjss ON Presenting 

AND DiSCXJSSINO PAPERS 

At some of the technical sessions, a few 
papers may be presented only by title. 
This win permit the devotion of more time 
to discussion. At other sessions, papers 
will be presented in abstract, ten tnitintpa 
being aUowed for each paper unless other¬ 
wise arranged, or the pr esiding officer meets 
with the authors preceding the session to 
arrange the order of presentation and allot¬ 
ment of time for papers and discussion. 
Authors will be notified officially in each 
case about one month in advance. 

Any member is free to discuss any paper 
when the meeting is opened for general 
discussion. Usually five minutes is allowed 
to each discusser for the discussion of a 
single paper or of several papers on the same 
general subject. When a member signifies 
his desire to discuss several papers not 


dealing with the same general subject, he 
may be permitted to have a somewhat 
longer time. 

It is preferable that a member who wishes 
to discuss a paper give his name in advance 
to the presiding officer of the session at 
which the paper is to be presented. Each 
discusser should step to the front of the 
room and announce, so that all may hear, 
his name and professional affiliations. 
Three tsrpewritten copies of discussion pre¬ 
pared in advance should be left with the 
presiding officer. 

Other discussions to be considered for 
publication must be submitted, tsrped 
double spaced, in triplicate to C. S. JWch, 
secretary, technical program committee, 
AIEB headquarters, 33 West 39tb St., 
New York, N. Y., on or before February 
11, 1938. Discussion received after this 
date will not be accepted. 

The personnel of the 1938 winter con¬ 
vention committee is as follows: T. F. 
Barton, chairman^ C. R. Beardsley, O. B. 
Blackwell, G. E. Dean, A. F. Dixon, E. E. 
Dotting, H. S. Osborne, C. S. Purnell, 
George Sutherland, and F. P. West. 


Tentative Technical Program—Continued 


Symposium on Electronics— 


^Shaup Cut-Opp in Vacuum Tubbs, With Ap¬ 
plications TO TBB SLIDB-BACK VOLTUBTBR, 
C. B. Aiken, Purdue University, and L. C. Birdsall, 
Glencoe, 111. 

*Tbyratron Bbactor Liohtino Control, B. D. 
Schneider, General Electric Company. 

'*'An Blbctronic Arc-Lbnotr Monitor, Walther 
Richter, A. O. Smith Corporation. 

♦A Nbw Type Vacuum Sbal, W. E. Bohls, West- 
inghouse Electric & Manufacturing Company. 


Instruments and Measurements 


*A Nbw Altbknatino-Currbnt Network Ana¬ 
lyzer, EL P. Knehni and R. G. Lorraine, General 
Electric Company. 

*A Stabilized Amplipibr for Measurement 
Purposes, TL . A. Thompson, General Electric 
Company. 

Electrical Studies op Liyinq Tissue—^II—Cor¬ 
relation Between Tissue Response and 
Voltage Distribution, A. O. Conrad, H. W. 
Haggard, and B. R. Teare, Yale University. 

Scheduled for January issue 

A Nbw Cobeblation of Sphere Gap Data, D. W. 
Ver Plapok, Yale Univeraty. 

Scheduled for January issue 


Electric Welding 

Rbcbnt Advances in Resistance Welding, AIEE 
Resistance Welding Subcommittee, C. L. Pfeiffer, 
chairman. Scheduled for January issue 

Mechanical Hioh-Spbbd Rbsistancb-Wbldbr 
Control, P. H. Roby, Square D Company. 

September issue, pages 1145H18 

"‘Interpretation op Oscillograms op Arc- 
Wbldino Gbnbrators in Terms of Wm.DiNO 
Pbrpormancb, K. L. Hansen, Hamischfeger Cor¬ 
poration. 

"‘Tbb Rating op Rbsistancb-Wbldino Trans* 
PORMBR8, C. E. Heitman, Edward G. Budd Manu¬ 
facturing Company. 


Basic Sciences 

Matrices in Enginbbrino, L. A. Pipes, The Rice 
Institute. September issue, pages 1177-90 

"■Rbsonant Nonlinear Control Circuits, W. T. 
Thomson, Alameda, Calif. 

"■SUBHARMONICS IN CIRCUITS CONTAINING IRON, 
L A. Travis and C. H. Weygandt, University of 
Pennsylvania. 

"The Properties op Three-Phase Systems De¬ 
duced With the Aid op Matrices, M. B. Reed, 
The University of Texas. 

■"Critical Conditions in Fbrro-Rbsonancb, 
P. H. Odessey and Ernst Weber, The Polytechnic 
Institute of Brooklyn. 

Power Transmission 

*Tsanshission Line Transients in Motion 
Pictures, L. F. Woodruff, Massachusetts Institute 
of Technology. 

"■Liortnino Strength op Wood in Transmission 
Structures, Philip Spom, American Gas and 
Electric Company, and J. T. Lnsignan, Ohio 
Brass Company. 

"TtECOVERY-VOLTAOB CHARACTERISTICS OP TYPI¬ 
CAL Transmission Systems and Relation to 
Protector-Tube Application, R. D. Evans and 
A. C. Monteith, Westinghoase Electric & Manu¬ 
facturing Company. 

S wi r c HiNG Surges With Transformer Load- 
Ratio Control Contactors, L. F. Blume and 
L. V. Bewley, General Electric Company. 

December issue, pages IdGdr-TS. 

♦Safety Features for the Joint Use op Wood 
Poles Carkyino Communication Circuits and 
Power Distribution Circuits Above 5,000 
Volts, J. O'R. Coleman, Edison Sectric Institute, 
and A. £L Schirmer, Bell Telephone Laboratories, 


Electrical Machinery—I 

Co-ordination op Power Transformers for 
Steep-Front Impulse Waves, V. M. Montidnger, 
General Electric Company. 

Corona Voltages op Typical Tkanspormbe 
Insulations Under Oil, F. J. Vogel, Westinghouse 
Electric & Manufacturing Company. 

Scheduled for January issue 


A Formula for the Reactance op the Intbr 
LEAVED Component, H. B. Dwight and L. S 
Dznng, Massachusetts Institute of Technology 
November issue, pages 1868—71 

♦Stability Characteristics op Turbine Genera¬ 
tors, C. Concordia, S. B. Crary, and J. M. 
Lyons, General Electric Company. 

Cables and Research 

On. Oxidation in Imprbonated Papbr, J. B. 
Whitebead, The Johns Hopkins University, and 
T. B. Jones, Bell Telephone Laboratories, Inc. 

December issue, pages 1492-1502 

♦Mechanical UNiPORHiry of Papbr-Insulatbd 
Cable, R. S. Wyatt, D. L. Smart, and J. M. 
Reynar, The Detroit Edison Company. 

♦The Current-Carrying Capacity op Rubbbr- 
Insulatbd Conductors, S. J. Rosch, Anaconda 
Wire & Cable Company. 

Short-Circuit Protection op Distbibutioh 
Networks by thb Use of Limitbrs, C. P. Xenis, 
Consolidated Edison Company of New York, Inc. 

September issue, pages 1191—96 


Television 

Address:. Current Field Work in Television 
Rslph R. Beal, Radio Corporation of America. 

Address: New Broad-Band Telephone Systbm 
H. a. Affel, Bell Telephone Laboratories, Inc. 


Electrical Machinery—H 

Strat-Load Losses of D-C Machinbs, B. W. 
Schilling, Michigan College of Mining and Tech¬ 
nology, and R. W. Koopman, Univerrity of Kansas. 

Deceniber issue, pages 1487—91 

D-C Machinb Stsay-Load-LoSs Tests, lector 
Siegfried, Worcester Polytechnic Institute 

October issue, pages 1285-89 

Unsyuubtbical Short-Circuits on Watbr- 
Wbbbl Generators Under Capacitivb Loadeno, 
C. F. Waguer, Westinghouse Electric 8e Manufac¬ 
turing Company. November issue, pages 1385-^5 

Alternator SBORTrCtRCun Currents Undbr 
Unsymmbtrical Terminal Conditions, A. R, 
Millar and W. S. Wdi, Jr., Lehigh Univenuty. 

October issue, pages 1268-76 
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AIEE Board of Directors 

Meets at Institute Headquarters 


I HE regular meeting of the board of 
directors of the American Institute of Elec¬ 
trical Engineers was held at Institute head¬ 
quarters, New York, on October 28,1937. 

There were present: President —^W, H. 
Harrison, New York, N. Y. Past-Presi¬ 
dents —A. M. MacCutcheon, Cleveland, 
Ohio; J. B. Whitehead, Baltimore, Md. 
Vice-Presidents —0. B. Blackwell, New 
York, N. Y.; C. Francis Harding, Lafayette, 
Ind.; M. J. McHenry, Toronto, Ont.; 
I. Melville Stein, Philadelphia, Pa,; A. C. 
Stevens, Schenectady, N. Y.; Edwin D. 
Wood, Louisville, Ky. Directors —C. R. 
Beardsley, Brooklyn, N. Y.; V. Bush, Cam¬ 
bridge, Mass.; N. E. Funk, Philadelphia, 
Pa.; F. Ellis Johnson, Columbia, Mo,; 
C, R, Jones, New York, N, Y.; W. B. 
Kouwenhoven, Baltimore, Md,; F, H, 
Lane, Chicago, Ill.; K. B. McEachron, 
Pittsfield, Mass.; C, A. Powel, East Pitts¬ 
burgh, Pa.; R, W. Sorensen, Pasadena, 
Calif. National Treasurer — W. I, Slichter, 
New York, N. Y. National Secretary — 

H. H. Henline, New York, N. Y. Present by 
invitation: V. M. Montsinger, chairman, 
standards committee. 

Minutes of the meeting of the board of 
directors held August 3, 1937, were ap¬ 
proved. 

Representatives and alternates of the 
Institute on other organizations were ap¬ 
pointed as follows: 

tToitAd Bngineciiiig Trustees, Inc.—-for 4-year term 
beginning in October 1937: F, M. Farmer. 
American Engineering Council Assembly—for 
calendar year 1938: C. 0. Bickelhaupt, chairman, 
AIBG delegation; C. Francis Harding; 'William 
McClellan; C. B. Stephens; H. H. Henline, alter¬ 
nate. President W. H. Harrison is the fifth 
representative of the Institute, for the term August 

I, 1937, to August 1,1938. 

Standards Council, ASA—for 3-year term beginning 
January 1, 1938: B. L. Moreland. Alternates for 
calendar year 1938: R. E. Hellmund; H, H. 
Henline: H. 8. Osborne. 

Engineers’ Council for Professional Deyelopment— 
for 3-year term beginning in October 1937: 
F. Ellis Johnson. 

The following were appointed for the year 
beginning August 1,1937: 

Committee of Apparatus Makers and Users, Na¬ 
tional Research Council: L. F. Adams. 

Electrical Standards Committee, ASA (and, ex- 
officio, United States National Committee of the 
International Electrotechnical Commission): 
A. M, MacCutcheon; V. M. Montsinger; H. S. 
Osborne. Alternates: H. E. Farrer; R. E. Hell- 
mund; B. L. Moreland. 

Committee on Heat Transmission, National Re¬ 
search Council: T. S, Taylor. 

Committee on Low Voltage Hazards, ASSE Engi¬ 
neering Section, National Safety Council: F. V. 
Magalhaes. 

Electrical Committee, National Fire Protection 
Association: F, V. Ma.g fl.Uini.B 

National Fire Waste Council: Wills Maclachlan. 
H. S. Warren. 

It was decided to discontinue the appoint¬ 
ment of representatives upon the following 
bodiw, reports having been received of in¬ 
activity of the organization or of no further 
need for Institute representation: American 
Marine Standards Committee, and the 
Radio Advisory Committee of the National 
Bureau of Standards. 

The following actions of the executive 


committee under date of September 20, 
1937, were reported and confirmed: 4 
applicants transferred to grade of Fellow; 
20 applicants transferred and 7 elected to 
the grade of Member; 57 applicants elected 
to the grade of Associate; 32 Students 
enrolled. 

Reports were presented and approved of 
meetings of the board of examiners held on 
September 16 and October 14,1937. Upon 
recommendation of the board of examiners, 
the following actions were taken: 13 appli¬ 
cants were elected and one applicant was 
reinstated to the grade of Member; 60 ap¬ 
plicants were elected to the grade of Associ¬ 
ate; 843 Students •were enrolled. 

Monthly disbursements were reported 
by the finance committee and approved by 
the board of directors as follows: August, 
$24,804.67; September, $19,296.69; Octo¬ 
ber, $36,234.32. 

Upon the recommendation of the finaut^e 
committee, the board authorized the trans¬ 
fer of the sum of $7,500 from last year’s 
surplus in general fun^ to the reserve capi¬ 
tal fund, and. its investment in General 
Motors Acceptance Corporation bonds; and 
appropriated from last year’s surplus the 
sum of $1,500 for the Institute’s share of the 
cost of new book stacks for the Engineering 
Societies Library. 

A budget, which had been prepared by 
the finance committee, was adopted for the 
appropriation year be^mning October 1, 
1937. Detailed budget information may be 
found on other pages in this issue. 

The budget included provision for the re¬ 
establishment of cash prizes of $100 each for 
the national prize for initial paper and the 
national prize for Branch paper and of $26 
each for the District prizes for initial papers, 
as recommended by the committee on award 
of Institute prizes if complete restoration 
this year of all cash prizes should not be 
considered practicable; also for the con¬ 
tinuation of the cash prizes of $25 each for 
the District prizes for Branch papers. 

A revised publication policy was adopted, 
as recommended by the publication com¬ 
mittee. (Announcement •was made in Elbc- 
TMCAL Engineering for November 1937, 
page 1409.) 

The chairman of the publication com¬ 
mittee reported on the sales of the "Light¬ 
ning Reference Book,’’ which had been pre¬ 
pared by a subcommittee of the committee 
on powCT transmission and distribution and 
published by the AIEE. The sales indicate 
that the project will be self-sus taining . 

Upon recommendation of the Section and 
District ofiScers concerned, the board 
approved the dates, August 9-12, 1938, for 
the Pacific Coast convention to be held at 
Portland, Oregon. 

Sections 81 and 68 of the by-laws were 
amended as follows, to bring them in accord 
with action of the board of directors, in 
June 1937, in approving certain recommen¬ 
dations of the committee on safety codes, 
which included a change in nanie of the 
committee to "committee on safety’’; 

Section 81 changed to read : 

Sec. 81. The. committee on safety shall consist of 
16 members, and shall consider and investigate 


matters relating to the protection of persons and 
property against hazard due to or resultant upon 
the presence of electricity or the use of electrical 
apparatus, material, and appliances, and shall re¬ 
port to the board of directors such recommenda¬ 
tions thereon as it shall deem desirable for action by 
the Institute. To this end it shall encourage and 
co-ordinate safety considerations by other Institute 
committees in their respective fields, and with the 
approval of the board of directors, may arrange for 
co-operative relations with other bodies in the con¬ 
sideration of electrical hazard. 

The first sentence of section 68 changed 
to read; 

Sec. 68. The technical program committee shall 
consist of 9 members; and the chairman of each 
technical committee, the chairman of the committee 
on co-ordination of Institute activities, and the 
chairman of the committee on safety, ex-officio. 

The follo'wing board members were 
selected to serve as members of the national 
nominating committee for the year 1937— 
1938: C. R. Beardsley, O. B. Blackwell, 
V. Bush, R. W. Sorensen, and A. C. Stevens. 
Mr. C. R. Jones was designated an alternate. 

Upon recommendation of the standards 
committee, the board approved a revised 
edition of American Standard for Power 
Operated Radio Receiving Appliances, 
which had been submitted for approval by 
the Underwriters’ Laboratories, proprietary 
sponsor for the project. 

It was reported that, at the anruifll meet¬ 
ing of The Engineering Foundation on 
October 14, the budget for the fiscal year 
October 1,1937, to September 30, 1938, was 
adopted, and it contained appropriations 
for research projects recommended by the 
AIEE, namely, stability of impregnated- 
paper insulation, and electric shock. 

Other matters were discussed, reference 
to which may be found in this or future 
issues of Electrical Engineering. 


Tulsa Section Holds 
Organization Meeting 

Eighty-one members and guests attended! 
the organization meeting of the AIEE 
Tulsa (Okla.) Section, October 18, 1937, 
which was authorized by the Institute’s, 
board of directors June 24. This is the 
Institute’s 64th Section, the 63d having 
been organized recently at Wichita, Kans. 
Officers elected to take office immediately 
are: R. K. Lane (M’37) Public Service 
Company of Oklahoma, Tulsa, chairman; 
A. Naeter (A'23, M’30) Oklahoma Agri¬ 
cultural and Mechanical College, Still¬ 
water, vice-chairman; and D, J. Tuepker 
(A’37) Public Service Company of Okla¬ 
homa, Tulsa, secretary. 

H. L. Andrews (A’16, M’26) vice-presi¬ 
dent, General Electric Company, New York, 
N. Y., spoke on "Modern Transportation," 
a subject of 'wide interest as indicated by 
the discussion which followed. 


Electricity Production Record. Production 
of electricity for public use in the United 
States reached a new high of 118,809,000,000 
kilowatt-hours in the 12-month period 
ending September 30, 1937, the Federal 
Power Commission has reported. Total 
production in September was 9,986,000,000 
kilowatt-hours as compared with 10,378,- 
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000,000 in August, which, on a comparable 
basis, is an increase of 7.2 per cent over 
September 1936. Average daily produc¬ 
tion in September was 332,833,000 kilo¬ 
watt-hours, 0.2 per cent less than the av¬ 
erage daily production in August. Pro¬ 
duction by water power in September was 
32 per cent of the total. Considerable in¬ 
creases have been recorded every month 
this year over the same months in 1936. 
Electric-utility power plants consumed 
4,030,059 net tons of coal in September 
1937. Of this amount, 3,872,264 tons were 
bituminous coal and 167,795 tons were 
anthracite, decreases of 4.0 per cent and 
1.6 per cent, respectively, when compared 
with consumption in the preceding month. 


John Fritz Medal for 1937 
Awarded to P. D. Merica 

Paul Dyer Merica, director of research of 
the International Nickel Company and vice- 
president of the International Nickel Com¬ 
pany of Canada, has been awarded tlie 1938 
John Fritz Gold Medal, highest of American 
engineering honors, for “important contri¬ 
butions to the development of alloys for 
industrial uses.” The award is made an¬ 
nually for notable scientific or industrial 
achievement by a board composed of repre¬ 
sentatives of the 4 national engineering 
societies of civil, mining and metallurgical, 
mechanical, and electrical engineers. 

Doctor Merica’s extensive research in 
theoretical and practical metallurgy has 
increased scientific knowledge in both fer¬ 
rous and nonferrous fields, the citation of 
the board points out. “He has contributed 
generously to the science of metals, his work 
having covei’ed the magnetic mechanical 
properties of steel; railway materials; 
failure of brass; the constitution, manu¬ 
facture, and application of light alloys of 
aluminum; heat treatment of cast alumi¬ 
num alloys; the precipitation theory of 
hardening of metals; and nickel and nickel 
alloys,” it is declared. 

Doctor Merica was bom at Warsaw, 
Ind., on March 17, 1889. He studied from 
1904 to 1907 at De Pauw University, which 
in 1934 conferred upon him the degree of 
doctor of science. In 1909 he received the 
bachelor of arts degree from the University 
of Wisconsin, and in 1914 the degree of 


Future AIEE Meetings 

Winter Convention 
New York, N. Y., January 24-28, 
1938 

North Eastern District Meeting 
Pittsfield, Mass., May 1938 

Summer Convention 
Washington, D. C., June 20-24,1938 

Pacific Coast Convention 
Portland, Ore., August 9-12, 1938 

Southern District Meeting 
Miami, Fla., November 1938 
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doctor of philosophy from the University of 
Berlin. Following 5 years of work as research 
physicist in the United States Bureau of 
Standards, Doctor Merica in 1919 became 
director of research of the International 
Nickel Company. His home is at Mill- 
wood, N. y. 

He is a fellow of the American Associa¬ 
tion for the Advancement of Science, and a 
member of the American Chemical Society, 
the Electrochemical Society, the American 
Society for Testing Materials, the American 
Physical Society, th*e American Institute of 
Mining and Metallurgical Engineers, the 
American Institute of Civil Engineers, the 
Washington Academy of Sciences, the 
Institute of Metals, the Iron and Steel 
Institute, the Canadian Institute of Mining 
and Metallurgy, and Deutsche Gesell- 
schaft fur Metallkunde. He is the author 
of many articles and monographs in scien¬ 
tific and technical publications, and in 1929 
received the James Douglas Medal. 

Representatives of the AIEE on the board 
of award were J. B. Whitehead (A’OO, F’12, 
past-president. Life Member), A. W. Berres- 
ford (A’94, F’14, past-president, mem¬ 
ber for life), and A. M. MacCutcheon 
(AT2, F’26, past-president). 

Noble Prize Awarded 
to Institute Member 

For his paper “Properties of Saturants 
for Paper-Insulated Cables,” G. M. L. 
Sommerman (A’31, M’37) research engi¬ 
neer, American Steel and Wire Company, 
Worcester, Mass., has been awarded the 
Alfred Noble prize for 1937. This paper 
was published in the May 1937 issue of 
Electrical Engineering, pages 666-76, 
and was presented for discussion at the 
AIEE 1937 summer convention held June 
21-25 at Milwaukee, Wis. A biogp'aphical 
sketch of the recipient is included in the 
“Personal Items” section of this issue. 
Formal presentation of the award will take 
place at the AIEE 1938 winter convention 
to be held January 24-28 in New York, 
N. y. 

The Alfred Noble Prize was instituted in 
1929 in honor of Alfred Noble, past-presi¬ 
dent of the American Society of Civil En¬ 
gineers and the Western Society of Engi¬ 
neers, and consists of a $500 cash award and 
an engraved certificate. The award is 
made to a member of any grade of either 
the American Society of Civil Engineers, 
the American Institute of Mining and Metal¬ 
lurgical Engineers, The American So¬ 
ciety of Mechanical Engineers, the Ameri¬ 
can Institute of Electrical Engineers, or 
the Western Society, of Engineers, for a 
technical paper of particular merit ac¬ 
cepted by the publication committee of 
any of the foregoing societies for publi¬ 
cation, in whole or in abstract, in any of 
their respective technical publications, 
provided the author, at the time the paper 
is accepted in practically its final forrn is 
not over 30 years of age. The recipient 
of the prize is selected by a committee of 
five members, consisting of one repre¬ 
sentative of each society, the award being 
based upon papers published by the so¬ 
cieties within the 12 months: preceding 
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July 15 of each year. The first prize was 
awarded in 1931. 

This is the third time that a member of 
the AIEE has been so honored, the 1932 
award having gone to F. M. Starr (A’30, 
M’37) and the 1936 award to Abe Tilles 
(A’30, M’36). 


AT&T Commemorates 
Works of G. A. Campbell 

A volume entitled “Collected Papers of 
George Ashley Campbell” has just been 
privately printed by the American Tele¬ 
phone and Telegraph Company “in ap¬ 
preciation of Doctor Campbell's long and 
distinguished service, and of his fundamen¬ 
tal contributions to the development of 
electrical communication.” Commemora¬ 
ting Doctor Campbell’s brilliant services to 
telephony, this 648-page (seven- by ten-inch) 
cloth-bound volume also marks his retire¬ 
ment from active service in the Bell Sys¬ 
tem {EE Jan. *36 p. 123). In addition to 
three early memoranda on loading, the full 
text of some 21 of his noteworthy contribu¬ 
tions to technical literature on communica¬ 
tion over a period of more than 30 years 
are included. 

In a foreword to the volume. Doctor 
Vannevar Bush (A’15, F’24) vice-president 
and dean of engineering of Massachusetts 
Institute of Technology, says of Doctor 
Campbell: “...he stands out as the one to 
whom the telephone art owes the realiza¬ 
tion of the loaded line, the electrical filter, 
and the facile treatment of the transients 
which pulsate in its network, and as a mod¬ 
est, generous character who by his very 
nature has inspired others to broaden into 
a highway the trail which he brilliantly 
blazed into the vast reaches of science and 
engineering.” 

Electrical Engineering appreciates 
being authorized to state that requests for 
copies of this commemorative volume will 
be entertained by the American Telephone 
and Telegraph Company, 196 Broadway, 
New York, N. Y., as long as the rather 
limited edition lasts. 


Scholarship Available. The Elizabeth Clay 
Howald scholarship, which carries a stipend 
of $3,000 payable in 12 monthly install¬ 
ments, was endowed by the late Ferdinand 
Howald, an alumnus of The Ohio State 
University. Any person whp. has shown 
marked ability, in some field of study and 
has in progress work, the results of which 
promise to constitute important additions 
to knowledge, shall be deemed eligible to 
appointment for this scholarship. The 
scholar will be expected to devote his time 
uninterruptedly to the pursuit of his inves¬ 
tigation. if the scholar never has had ^y 
connection with The Ohio State Uiiiyersity, 
he must carry on his investigations there; 
otherwise investigations may be carried 
bn elsewhere. Applications must be. filed 
with the dean of the graduate school of 
The Ohio Shite University, Columbus, be¬ 
fore March 1, 1938. The appointment 
will be made on April 1, and the time of 
appointment will begin July 1. 
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National Research Council Continues 

Discussion of Insulation at New York Meeting 


The tenth annual meeting of the Na¬ 
tional Research Council’s committee 
on electrical insulation of the division of 
engineering and industrial research at¬ 
tracted 144 registered guests and members 
of the committee for a two^day program de¬ 
voted to the subject of dielectric research, 
November 4-6, at the Consolidated Edison 
Company building. New York, N. Y. De¬ 
voted to the interchange of information rela¬ 
tive to many phases of dielectric research, 
Ais annual meeting, as usual, was notable 
in its unbiased attention to both the theo¬ 
retical and practical aspects of the subject. 
The first technical session, devoted to the 
chemistry and physics of insulation, indi¬ 
cated cl^ly the increasing participation 
of the chemist and the physicist and the im¬ 
portance of their contributions in the solu¬ 
tion of problems vitally important to both 
the manufacturer and user of electrical 
equipment. The committee, realizing the 
importance of co-ordination of the efforts 
of the chemist, physicist, and electrical 
engineer, is effectively contributing to 
many important advances by providing for 
the frank presentation of new problems and 
free, noncommercial discussions of products, 
manufacturing methods, and operating 
difiiculties. 

Representing the Consolidated Edison 
Company as official host. Doctor John C. 
Parker (A'04, F’12) vice-president of the 
company, delivered an address of welcome, 
^couraging the committee in the conduct of 
its work, and outlining what he termed the 
‘'selfish” interest of the electric power 
company in the work being carried on by 
the committee. Co-founder of the com¬ 
mittee and continuing chairman, Doctor 
J. B. Whitehead, dean of the school of en¬ 
gineering of The Johns Hopkins Univer¬ 
sity and past-president of the AIEE (1933- 
3^)* presided at the 3 technical sessions. 
W. F. Davidson (A’14, F’26), secretary of 
the conunittee, was chairman of the local 
committee on arrangements. 

Among other features of the program were 
several informal group meetings for the 
discussion and outlining of special problems; 
the annual dinner meeting held Thursday 
evening at the Hotel Gramercy Park; a 
luncheon Friday noon, tendered by the 
Consolidated Edison Company; and several 
inspection trips to important plants and 
research laboratories located in the metro¬ 
politan area. 

Atom Physics in Insulation Research 

At the Thursday dinner meeting, a motion 
picture "Electrifying New York” was pre¬ 
sented by the Consolidated Edison Com¬ 
pany, and Professor A. von Hippel (M’37) 
Massachusetts Institute of Technology, de¬ 
livered a lecture "What Can Atom Physics 
Contribute to Insulation Research?” Pro¬ 
fessor von Hippel’s lecture revealed the 
importance of some of the fundamental 
investigations of the theoretical physicist 
in the domam of in sulation research, and 
served to ^phasize the value of a doser 
understanding between the physicist and 
others working in that fie ld. 


At the Gonclurion of the technical ses¬ 
sions a resolution to record in the minutes 
of the meeting the death (Elbctbical 
Engineering for November 1937, pages 
1427-28) of Henry Wright Fisher (A’95, 
M’Ol, F*12) former consulting engineer for 
the C^neral Cable Corporation, and one of 
the pioneer cable engineers in the United 
States, was introduced by William A. Del 
Mar (A’06, M’20) dnd adopted unanimously 
by the committee. 

Fxh.l Technical Program 

Characterized throughout by spontaneous 
enthusiasm, the 3 technical sessions in- 
duded a total of 21 papers, representing the 
efforts of 28 authors, and related discussions. 
Both the presentation of the papers and 
their discussions were entirdy informal. 
For those readers interested in pursuing 
some of the subjects further, a complete 
list of titles and authors is given here. 
Although the committee expects that many 
of these papers will be published in various 
technical journals, so far only Doctor White¬ 
head’s annual report and a paper by Doctors 
Whitehead and T. B. Jones have been pub¬ 
lished in Electrical Engineering. Some 
few of the papers presented were extensions 
or cemtinuations of papers presented at the 
meeting of the subcommittee on chemistry 
of the committee on insulation held re¬ 
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cently at Rochester, N. Y., and reported 
in the November 1937 issue, page 1420. 
Others represented continuations of studies 
reported at previous meetings. 

First Tecknical Session—Chemistry and Physics 

HbCBNT PSOOKBSS in DIBI.BCTRIC Rbsbarcb 
(Annual Report of Chairman), J. B. Whitehead 
(A*00, F'12, past-president). The Johns Hopkins 
University, Baltimore, Md. [November 1937 
issue, pages 1346-S2.] 

Blbctrical and Chbhicai. Studibs of Oil Oiu- 
DATION, J. C. Balsbaugh (A’23, M’25), R. G. Larsen, 
and J. L. Oncley, Massachusetts Institute of 
Technology, Cambridge. 

A continuation of a paper presented by one of the 
authors at the Rochester meeting of the subcommit¬ 
tee on chemistry, this paper presents relations be¬ 
tween oxidation stability, add formation, power 
factor, colloidal content, Grignard test, oil source, 
and refining methods. Many phenomena of the 
chemiiml and electrical aspects of this problem are 
still without any satisfactory explanation. 

Tbb Diblbctric Bbhavior of Polymbric Molb- 
cuLBS IN Dilute Solution, J. W. Williams, Uni¬ 
versity of Wisconsin, Madison. 

Admittedly a highly theoretical approach of the 
chemist to dielectric theory, this progress report of 
work being done at the University of Wisconsin 
contributes to the general theory by a discussion of 
polymeric substances of high molecular weight, 
and shows evidence of dielectric polarization of 
such substances, prindpally in dilute solutions. 

SoMB Rbcbnt Studies of Dielectric BanAviOR 
AND Molbculab ROTATION IN SOLiDS, C. P. Smyth, 
Princeton University, Princeton, N. J. 

A correlation of dipole rotation in long-chain 
molecules with molecular size and with the dielec¬ 
tric constant of the material. This progress re¬ 
port of chemical research at Princeton University 
shows that solids consist of rod-like molecules 
with perpendicular axes; increased temperature 
causes rotation (change from the alpha to the beta 
form of the substance) and change of dielectric 
coi^ant. For most substances the dipole moment 
is independent of frequency. "Small molecules, 
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Membership— 

Mr. Institute Member: 

The advantages of membership In the Institute have been empha¬ 
sized In several excellent papers In ELECTRICAL ENGINEERING, 
me steady progress of the Institute Is material testimony of Its value. 
Ihe services and opportunities It affords are numerous and varied, 
borne are attracted by Its tangible benefits and direct services. Others 
are more interested in Its general activities and opportunities for tech¬ 
nical association and advancement of the electrical engineering pro- 

You no doubt had definite reasons for joining the Institute. Why 
not tell one of your nonmember associates what they were and which 
of Its services and opportunities you have found most valuable? You 
may give him an Idea or viewpoint he has not previously considered 
which wiM Induce him to join, and thereby receive the benefits he 

rightfully deserves as one connected with a branch of the electrical 
industry. 



Vice-Chairman, District No. 2 
National Membership Committee 
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• , AlUs-Chalmen Photo 

A demountable metal-tank mercuiy-arc rectifier embodying the characteristics 
of commercial-size ^uipment is used in the study of electronics in the labora¬ 
tories of Massachusetts Institute of Technology, Cambridge; similar equipment 
is said to have been installed at Cornell, Harvard, Columbia, and other colleges 


because of their greater symmetry, are more likely 
, to rotate in a crystal than are large molten les, but a 
large number of the latter have been found to give 
a high dielectric constant to the solid by their 
rotation.” 

Diblbctric Pkopbrtibs of Chlorinatbd Naph¬ 
thalenes, W. A. Yager, Bell Telephone Labora¬ 
tories, Incorporated, New York, N. Y. 

Investigation of the dielectric behavior of a com¬ 
mercial polar compound, a chlorine derivative of 
naphthalene. 

Absorption of Water by Paper at High Tem¬ 
peratures, C. C. Houtz and D. A. McLean, Bell 
Telephone Laboratories, Incorporated, New York, 
N. Y. ’ 

Deals with the adsorption of water by insulating 
paper, instead of absorption indicated by the title. 
Aimed toward a better understanding of the 
fundamental nature of paper structure, the re- 
searehes described produced adsorption data for 
various types of paper at various water-vapor 
pressures. 

Further Studies of Dbtbrioration in Insulat¬ 
ing Oils, R. N. Evans, Consolidated Edison Com¬ 
pany of New York, Inc,, New York, N. Y. 
Describing the methods of analysis of insulation 
deterioration as divisible into 3 classes (I) water 
evolution, (2) gu evolution and (3) miscellaneous, 
including electrical tests, this paper presents the 
results of studies based upon the second method, 
for predicting and analyzing cable failures caused by 
deterioration. 

Second Technical Session— 

Materials and Measurements 

The Effect op Fillers on the Electrical 
Properties of Rubber-Sulphur Compounds, 
A. H. Scott, National Bureau of Standards, Wash¬ 
ington, D. C. 

In a continuation of previous studies undertaken 
by the National Bureau of Standards, methods of 
improving the preparation of specimens and of 
testing have been described. "The study of the ef¬ 
fect of fillers on the electrical properties of rubber 
has so far been concerned only with spherulized 
"kaolin" (kaolin in the form of tiny spheres). 
Wth no kaolin the power factor was 0.0026 and the 
dielectric constant was 2.61. With 26.6 per cent 
of kaolin (by volume), the power factor was 0.0047 
and the dielectric constant was 3.23. The d-c 
conductivity did not appear to be affected by kaolin. 
The dielectric constant decreased linearly with the 
logarithm of frequency and the power factor passed 
through a minimum as the frequency was increased.” 

Rubber as a Diblbctric, A. R. Kemp, Bell Tele¬ 
phone Laboratories, Incorporated, New York, N. Y. 
Dealing entirely with soft rubber compounds, 
"this report shows the extreme effect of moisture 
distributed heterogeneously in rubber in associa¬ 
tion with conducting substances on the dielectric 
properties. The loss in the insulating value of 
crude rubber upon exposure to water is explained 
on the basis of its latex particle structure with the 
impurities and moisture located in the particle 
interface forming a continuous phase . . . milling 
and vulcanizing crude rubber results in stabilizing 
its dielectric properties when the rubber is exposed 
to water. Rubber and gutta percha are shown to 
be nonpolar substances which ore not appreciably 
affected by large contents of moisture.” The ef¬ 
fect of fillers and pigments on dielectric properties 
of soft vulcanized rubber are described. 

Surface Characteristics of Fibrous Insula¬ 
tion, K. S. Wyatt (A’32), The Detroit Edison 
Company, Detroit, Mich., and W. F. Davidson 
(A* 14, F’20), Consolidated Edison Company of 
New York, Inc., New York, N. Y, 

Outlining some of the problems concerning utility 
operating companies in determining the characteris¬ 
tics contributing to failure of fiber insulation, the 
methods of failure are described, and several prac¬ 
tical tests for analyzing and predetermining such 
failures arc indicated. Following the formal pres¬ 
entation of the paper by Mr. Davidson, co-author 
Wyatt spoke briefly about the correlation between 
the amount of gas involved and the life of paper 
impregnated with oil, describing some of the 
European studies of the subject. Quoting Van 
Dycke, a research engineer at The Hague, Nether¬ 
lands, Mr. Wyatt pointed out that "there is a cor¬ 
relation between life and gas generation as deter¬ 
mined by the method with hydrogen pressure; 
in proportion as the gas generation of the oil is 
greater, the life of the paper impregnated with it is 
shorter. This correlation does not exist with the 
methods at low pressure.” 


The Effect of the Surfaces of the Electrodes 
ON Power Factor op an Air Capacitor, A. V. 
Astin, National Bureau of Standards, Washington, 
D. C. 

An extension of the National Bureau of Standards 
research work described at the 1936 meeting. Al¬ 
though no solid is included between the plates of an 
air capacitor, the capacitor has an appreciable 
power factor, because of surface characteristics of 
the plate. The 1936 report included investigations 
of only 4 materials for plates; the present paper, 
including a description of the effect of relative 
humidity on power factors, gives results for 10 
materials. With aluminum plates a negative 
phase-defect angle at high humidity was observed, 
and was found to be more marked for large plate 
spacing than for smaller spacing. 

The Power Factor of Air Capacitors, W. B. 
Kouwenhoven (A’06, F'34) and E. L. Lotz (En¬ 
rolled Student), The Johns Hopkins University, 
Baltimore, Md. 

Although describing independent research work 
done at The Johns Hopkins University, scope is 
almost identical with preceding paper. 

Thermal Breakdown of Plastic Insulating 
Materials, R. M. Fuoss, General Electric Com¬ 
pany, Schenectady, N. Y. 

A continuation of investigations described at the 
recent Rochester meeting of the subcommittee on 
chemistry, this investigation embraced changes 
of resistance with changes in voltage caused by 
thermal variation. The thermal failures observed 
were caused by passage of current alone, not by 
puncture, and were found to be independent of 
thickness of the sample. 

Studies of Breakdown in Compressed Gases, 
Alvin Howell (A'35) Massachusetts Institute of 
Technology, Cambridge. 

Describing the breakdown of compressed air at 
voltages up to 600 kv and at high pressures, using 
direct current exclusively. The breakdown charr 
acteristics of gaps having various surface con¬ 
figurations have been studied, the characteristics 
of a gap consisting of a needle point opposite a 
plane being especially important, because such 
gaps are used in the Van de Graaf generators con¬ 
structed at MIT. Present investigations indicate 
that such generators will not work well in com¬ 
pressed air at pressures above 200 pounds per square 
inch. In general, generators using compressed 
air may be made much smaller than the open-air 
type. 


Third Technical Session—^High-Voltage 

Measuring Rates of Oil Flow Through Paper, 
H. H. Race (A*24, M’31), General Electric Com¬ 
pany, Schenectady, N. Y. 

A dracription of the methods of measuring the rate 
of oil flow through flat sheets of paper in vacuum, 
to avoid inclusion of gas flow in the measurements. 
The method was extended to predict oil-flow 
characteristics by means of air-flow data. 

Papbr-to-Oil Ratio in Cables, E. W. Greenfield 
(A’34) Anaconda Wire and Cable Company, Hast- 
ings-on-Hudson, N. Y. 

Because the ionization of power cables takes place in 
the voids in the insulation, the accurate determina¬ 
tion of the most effective ratio of paper to voids 
is very important. Approaching these problems 
from a fundamental point of view, mathematical 
and experimental methods of determining the 
most effective arrangements of oil anH paper 
layers are described. 

Stability of Cable Oils Exposed to Electrical 
Discharge in Vacuum, W. A. Del Mar (A‘06, 
F’20), John H. Palmer (A’29), and B. J. Merrill, 
Habirshaw Cable and Wire Corporation, Yonkers, 
N. Y. 

A description of oil-stability characteristics during 
accelerated life tests as used on power cables. Oils 
having stable gassing characteristics usually have 
somewhat unstable power-factor characteristics 
under electrical discharge in vacuum. 

Ott Oxidation in Impregnated Paper, J. B. 
Whitehead, The Johns Hopkins University, Bal¬ 
timore, Md., and T. B. Jones, Bell Telephone Lab¬ 
oratories, Incorporated, New York, N. Y. 

A report of a series of studies of the oxidation proc¬ 
ess in cable paper impregnated with oil containing 
different amounts of oxygen, as indicated by 
changes in well-known electrical quantities. 
Separate studies of the effect of equal amounts of 
air and of nitrogen, of the behavior of the oil alone, 
and as affected by paper and metal, show something 
about the nature of the progressive changes found 
in the electrical characteristics. [.Ses Pager 1492— 
1502, this issue.] 

Stability of Oil-Treated Insulation, H. W. 
Bousman (A’25, M'36), General Electric Company, 
Schenectady, N. Y. . 

A long life test may not be the most important 
factor in judging an oil tor use in a cable, for the 
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"specific optical dispersion of oil is known to be re¬ 
lated to the life of oil-impregnated paper.” 

Elbctkicai. Chakactbsistics of Iomizbd Gas 
Fiuxs, C. 1/. Dawes (A'12, F’35), Harvard Univer¬ 
sity, Cambridge, Mass. 

Describes methods of measuring characteristics of 
ionized gas films. A capacitance method was used 
instead of a mechanical method for determining 
thickness of the gas films. 

Mbchanical Uniformity of Cable lMSxn,ATiON 
AND Methods for Its Measurement, E. S. 


Wyatt, The Detroit Edison Company, Detroit, 
Mich. 

Ionization at the low stresses used in cables must 
take place between the layers. This report de¬ 
scribes a method of examining these interstices 
without mechanical deformation of the layers. 
The specimen is "embalmed” in styrene, and wafer¬ 
like samples sawed from the specimen are translu¬ 
cent, being easily examined without complex 
equipment. "The uniformity of most electrical 
characteristics is dependent upon mechanical 
uniformity of the cable.” 


The Institute Budget 
for the Year 1937-38 


^^^LTHOUGH the membeie are familiar 
with the financial condition of the Insti¬ 
tute, having seen the annual directors’ re¬ 
port in the July issue of Electrical En- 
oiNBBRiMG, it is felt that many would ap¬ 
preciate a more detailed accounting of the 
$299,600 budget for the year ending Sep¬ 
tember 30,1938. 

Accordingly, the following tabulation 
of estimated income and disbursements, 
adopted by the board of directors on Oc¬ 
tober 28, 1937, is presented with comments 
which it is hoped will adequately explain 
the scope and puipose of those appropri¬ 
ations in which the membership is most 
vitally interested. 

Publications 

Electrical Engineering — Transactions. 
The budget provides for the publication of 
an increased number of technical-program 
papers and general-interest articles. Dur¬ 
ing the last appropriation year, 1,594 pages 
were used and 1,786 pages are planned for 
the current year—an increase of about 12 
per cent. The appropriation for this pur¬ 
pose is approximately $83,300 as compared 
with an expense of approximately $77,800 
for the preceding year—an increase of about 
7 per cent. Roughly two-thirds of the in¬ 
creased cost results from the increased num¬ 
ber of pages, the remaining third resulting 
from increased circulation and higher ma¬ 
terial costs. 

The study of publication policy under¬ 
taken by the publication committee about 
a year ago, has been completed, with the 
CG-operation of the technical program com¬ 
mittee, and the recommendations were 
acted upon at the October meeting of the 
board of directors. The budget as adopted 
is based on the recommended revisions in 
publication policy and includes an appro¬ 
priation of $7,900 to provide preprints of 
the accepted manuscripts of all papers for 
national meetings and papers approved 
by the technical program committee for 
District meeting programs. A limited num¬ 
ber of these preprints will be provided with¬ 
out charge for the use of authors and the 
tedmical committees. Others may pur¬ 
chase them for five cents each at head¬ 
quarters and at the registration desk at 
meetings, or for ten cents each by mail. 
There will be published regularly in Elbo 
TR iCAi- Engineering a list of preprints 
available. 


Other provisions of the revised publica¬ 
tion policy and the budget call for the pub¬ 
lication in full in Electrical Engineering 
of two-thirds of all technical-program papers 
and for the publication in Elbctrical 
Engineering of the other third in "rewrite” 
or "abstract” form. Transactions will 
include all formal technical-program papers 
in full and correlated with the approved 
discussions. Notwithstanding the increased 
number of pages and the increased material 
costs, the subscription price of Transac¬ 
tions will be $4.00 as it has been in the 
recent past. 

Additional information concerning the 
revised publication policy will be found 
in the November 1937 issue of Electrical 
Engineering, page 1409. 

Yearbook. An up-to-date revision of 
the Yearbook will be issued again this 
year and the budget includes approximately 
$6,800 for this purpose. Copies of the 
Yearbook are available without charge to 
members on request. An aimouncement 
will appear in the news colmnns of Elec¬ 
trical Engineering when the book is 
ready for distribution. 

Institute Meetings 

In conjimction with the publication of 
technical papers and discussions, the na¬ 
tional and District meetings of the Institute, 
as well as the meetings of Sections, provide 
the greatest opportunity for the realization 
of Institute objectives. In organization 
work—whether it be social, political, trade, 
or the work of a profession^ group similar 
to the Institute—effectiveness of operation 
is measxured to a grekt extent by the mem¬ 
bership contact pro^dded. 

The appropriation for meetings’ activi¬ 
ties for the coming year is intended to cover 
partictdarly the routine printing and sup¬ 
plies expenses of the Middle Eastern Dis¬ 
trict meeting, which was held in Akron, 
Qhio, October 13-16,1937, the winter con¬ 
vention in New York City, January 24r-28, 
1938, the North Eastern District meeting 
to be held in Pittsfield, Mass., in May, the 
summer convention in Washington, D. C., 
June 20-24, 1938, and the Pacific Coast 
convention which will be held in Portland, 
Oregon, August 9-12, 1938. In addition, 
the appropriation takes care of those ex¬ 
penses of the 1937 Pacific Coast convention 
which were not reimbursed until after ac¬ 
counts were closed for the 1936-37 year, as 

News 


well as routine expenses incurred at Insti¬ 
tute headquarters and chargeable directly 
to meetings’ activities. 

In considering the amount appropriated 
for Institute meetings, attention must also 
be given to the provision for traveling ex¬ 
penses of Section and Branch delegates (see 
paragraph dealing with traveling expenses) 
who, together with the officers and mem¬ 
bers in attendance at the summer con¬ 
vention, hold an annual conference for the 
interchange of ideas and experiences. Of 
late years the scope of these conferences 
has broadened so that a considerable part 
of the discussion deals with topics of inter¬ 
est not only to meinbers residing within 
Section territory but to the entire member¬ 
ship—^iu many cases the recommendations 
of the conference leading to the adoption 
of policies which are expected to enhance 
the benefits of membership and the useful¬ 
ness of the organization. 

Institittb Sections 

The major portion of the appropriation 
for Institute Sections is intended to cover 
the expenses of meetings as held during 
the year by 64 Section organizations. 
The By-Laws provide for a flat appropria¬ 
tion of $175 for each Section, plus an allow¬ 
ance of $1 for each active member residing 
within the territory of the Section on 
August 1. 

As shown in the tabulation, other expen¬ 
ditures, charged directly to Institute Sec¬ 
tions, comprise the cost of printing and 
supplies furnished by headquarters through¬ 
out the year, and that proportion of the 
headquarters’ staff payroll which is allocated 
to Section activities. 

Institute Branches 

One hundred twenty Branches of the In¬ 
stitute are now established in schools of 
recognized standing throughout the coimtry, 
where students hold regular meetings, as 
do the members in Institute Sections. 
The budget provides for the reimbursement 
of purely meeting expenses, the cost of nec¬ 
essary supplies for carrying on routine 
Branch work, and that portion of salary 
expense at headqimrters which represents 
the time entirely devoted to Branch activi¬ 
ties. 

The appropriation for Institute Branches 
also provides for the reimbursemnt of mis¬ 
cellaneous expenses which develop incidental 
to Student conferences and conventions. 
Payments are not made to the individual 
Branches but to the committee in charge 
of a conference and cover the actual ex¬ 
penditures within a limitation of an appro¬ 
priation of $5 for each Branch participating 
in the meeting. 

Committees 

In view of the official record of Institute 
activities, as conttdned in the monthly 
journal. Electrical Engineering, it is 
probably unnecessary to dwell upon the 
scope of the appropriations for the different 
committees of the organization. Never¬ 
theless, a few commits regarding the 
larger appropriations may be of interest^ 
as follows: 

Finance Committee. For the third con¬ 
secutive year the budget provides for the 
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engagement of investment counsel serv¬ 
ices, in an effort to insiure the stability and 
security of Institute investments for the 
reserve capital fund, as weU as for the spe¬ 
cial fimds for which the Institute has ac¬ 
cepted the responsibility of trusteeship. 
In addition, the appropriation takes care 
of the expense of the annual audit , of Insti¬ 
tute accounts for the fiscal year ending 
April 30, a report of which appears in 
Electrical Engineering for July 1937. 

Membership Committee. The work of 
this committee in bringing the advantages 
of membership to the attention of desitable 
candidates continues along much the same 
lines^ each year; therefore, a considerable 
portion of the committee’s appropriation 
is devoted to the printing of necessary ap¬ 
plication forms and other membership 
literature describing the aims of the Insti¬ 
tute. The distribution of this literature is 
handled almost entirely by the 64 local Sec¬ 
tion membership committees under the 
general direction of the national committee. 

As shown in the annual report of t he 
board of directors, 1,756 new applications 
were received during the last fiscal year, 
many from persons whose names were 
proposed for membership as a result of the 
communications addressed by the national 
committee to the general membership. 
The. expense of the clerical work at head¬ 
quarters in handling these applications, as 
as the routine correspondence with 
Section membership committees, with mem¬ 
bers concerning the status of their affilia¬ 
tions, with Enrolled Students eligible for 
advancement to the Associate grade, etc., 
constitutes a charge to the appropriation. 
Ctae other item is worthy of mention, i.e., 
the special pa 3 auent of a portion of the 
entrance fee to the Section in which a new 
member is located, estimated to require 
this year at least *1,400 of the committee's 
appropriation. 

Standards Committee. The activities of 
the standards committee for the past year 
have been so fully related in the annual re¬ 
port'of the board of directors published in 
the.July issue of Electrical Engineering 
that further comment should perhaps be 
confined to the plans of the committee for 
the revision and printing of new editions of 
11 standards, as mentioned below: 

Measurjanent of Test Voltages in Dielectric Tests 

Indiutxial Control Apparatus 

Graphical Symbols 

Automatic Stations 

Electrical Measuring Instruments 

Insulators 

Indicatinglnstruments 

Electrical Recording Instruments i 

Electrical Installations on Shipbom'd 

Test Code for D-C Machines 

Test Code for Apparatus Noise Measurement 

The preliminary expense for composition 
and other printing expenses on account of 
the above-mentioned revisions will be 
charged to the appropriation of the stand¬ 
ards committee, in addition to any miscel¬ 
laneous charges and that portion of the 
headquarters’ payroll which reflects the 
time devoted to the work of the committee. 

Technical Committees. It has not been 
necessary to make separate appropriations 
for the technical committees inasmuch 
as all of the expenses of printing technical 
papers, under existing publication policies, 
h^ been chargeable to the publication 
committee. A nominal appropriation of 
*250, tiierefore, covers principally the ex¬ 


pense of providing committee stationery 
Md also minor expenses which will arise dur- 
. ing the year. However, with the inaugura¬ 
tion of the plan to reproduce authors’ 
manuscripts, already mentioned, it is 
probable that *1,000 of the appropriation 
of *7,900 for such preprints will be trans¬ 
ferred to the appropriation for technical 
committees, for use in reproducing those 
papers which are not intended for publi¬ 
cation in the annual Transactions. 

Traveling Expenses 

The budget again provides for reimburse¬ 
ment of substantially all the expense in¬ 
curred for railroad fare, Pullman accom¬ 
modations and meals en route, in the 
traveling allowance to District, Section, 
and Branch representatives, to members of 
the board of directors, and to members of 
the national nominating committee. The 
traveling allowances are reimbursed on a 
uniform rate of 7 Va cents per mile, one way, 
mileage being obtained from the Official 
Table of Distances compiled by the United 
States War Department. The authorized 
traveling expense appropriations are as 
follows: 

X. For each vice-president of the Institute to one 
meeting each year of each Section and each Student 


Branch within his geographical District, it being 
understood that joint meetings of Sections and 
Branches will be arranged as far as ninV ®*" 
pedient. 

2. For the vice-president, the District secretary, 
the vice-chairman of the national membership 
committee located in the District, the chairman of 
the District committee on Student activities, and 
the churman and secretary of each Section within 
a District (or, if neither can attend, an alternate 
chosen by the executive comniittee of the Section) 
to one meeting each year of the District executive 
committee held within the District. 

Por the vice-president and secretary of each 
DisMct, the counselor and the incoming Student 
chairman of each Branch within the District, and 
the appointed member of the committee on Student 
Branches locat^ in the District to one conference 
on Student activities within the District each year 
auspices of the committee on Student 
activities of the District. Alternates for counselors 
not authorized. The allowance is available to 
alternates for Branch chairmen only upon advance 
approval by the vice-president of the District in 
each case. 

4. For one delegate from each Section to the an¬ 
nual summer convention. 

5. For all District secretaries to the annual sum¬ 
mer convention. 

Pur one Student Branch counselor from each 
i^*®irict, to represent the comniittee on Student 
activities of the District, to the annual summer 
convention. 

7* For all members of the national nominating 
committee to the annual meeting of the committee, 
held during the winter convention. 


Table I. Institute Income and Expenses for Year Ending September 30, 1937, and 
Budget for Year Ending September 30, 1938 


Actual Income Budget for 
and Expenses, Year 

Year Ending Ending 

9-30-37 9-30-38 


Income 

Dues. 

Students' fees. 

Entrance fees... 

Transfer fees. 

Advertising... 

Elbc. Engg. —non¬ 
mem. subscriptions 
Tkans. subscriptions. 
Miscellaneous sales.. 

Badge sales. 

Interest on securities. 


8195,963.61. 

11,028.00. 

7,468.16. 

866.25. 

33,602.31. 

13,700.66. 

6,068.62. 

9,977.01. 

1,762.21. 

9,109.62. 


$207,300.00 

11,000.00 

7,000.00 

1 , 000.00 

35,000.00 

14,000.00 

6,760.00 

7,000.00 

1,760.00 

9,700.00 


Actual Income 
and Expenses, 
Year Ending 
9-30-37 


Budget for 
Year 
Bxtding 
9-30-38 

760.00 

6,000.00 

1,000.00 


$289,516.14-$299,500.00 


■Wce-presidehts. 227.60.... 750.00 

Board of directors... 4,090.60.... 6,000.00 

National nominat¬ 
ing com. 907.38.... 1,000.00 

Institute repre¬ 
sentatives... 100.00 

Administration 
Headquarters’ sal¬ 
aries. 32,994.72.... 36,900.00 

Postage. 3,294.66- 3,600.00 

Stationery&printing 3,427.24.... 3.600.00 

Office equipment... 181.03_ 260.00 

Trav. expense, in¬ 
surance, arise, 
supplies & serv- 


Expenses 

Publications 


Text matter (Elbc. 


Bnog. & Trans.) . 
Preprints. 

$77,803.40.... 

$83,320.00 
7,900' 00 

.Advertising section. 

14,146.94..., 

16,000! 00 

Year book ...;. 

6,196.93.... 

6,760.00 

Institute meetings.... 

12,020.41..., 

13.960.00 

Institute Sections 

Appropriations. 

21,051.68.... 

26,000.00 

Other expenses. 

6.477.32.,.. 

• 6.050.00 

Institute Branches 

Meetings expenses.. 

897.62.... 

1,000.00 

Other expenses. 

2,001.16.... 

2.800.00 

Committees 

Finance.. 

1,600.00.,.. 

1,600.00 

Membership. 

8,000.46.... 

8,300.00 

Standards.-... 

6,476.58.... 

7,700.00 

Technical. 

201.44.... 

260.00 

Others.... 

Traveling Expenses 

198,63.... 

1,176.00 

Geo. Dist. exec. 

committees. 

1.620.48.... 

3,000.00 

Section delegates to 

summer conv..... 
Counselor del. to 

3.861.14.... 

5,000.00 

summer conv..... 
Dist. secys. 

760.21- 

750.00 

to summer conv... 

674.96.... 

000.00 

District Student 

conferences...... 

6,407,16_ 

6,500.00 

President’s appro- 

pnntion. 

2,312.82.... 

1,600.00 


«es. 2,933.40.... 2,960.00 

Paper prizes. 140.00_ 600.00 

Joint activities 

Amer.Bngg. Council 12,000.00.... 12,000.00 

Amer. Standards 

Assn.... 1,376.00- 1,600.00 

Engrs. Council 

Prof. Dev... 460.00.... 850.00 

Engg. Soc. Em¬ 
ployment Serv.,.. 1,964.40_ 1,162.00 

Engg. Societies 

Library...,. 8,788.20- 9,700.00 

United Engg. . 

Trustees build- ' ; ■ i 

ing assessment— 9,740.18..10.882 00 

U. S. Natl. Com. - 

I.C.r.. 300.00.... 300.00 

Miscellaneous print- 

ins. etc. .. 3,600.00 

Authors’reprints.., 1,628.70.... • ..... , , 

Reprints of stand- * r • ' 

ards. 815.11.... ........ 

Lightning Refer- 

ence Book... 4,964.88. ^ 

Miscellaneous. 223.24.!! !! * 

Other expenses 

Membership badges. 1,709.71.... 1,760.00 

Text paper & env. 

in storage. 1,261,10... i ....... 

Retirement salary... 2,700.00.... 2,76o!b6 

Miscellaneous...... 416.18.... 3lo!oo 

Total.....$268,730,50,...$298.969.00 
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S. For members of the board of directors and the 
executive committee to meetings of the respective 
bodies. 

It will be noted that the traveling ex¬ 
pense allowance has been restored for both 
the chairman and secretary of each Section 
within a District in attendance at the an¬ 
nual meeting of the District executive com¬ 
mittee, whereas the budget allowance dur¬ 
ing recent years provided for the attend¬ 
ance of but one representative from each 
Section. In addition, an allowance for 
traveling expense has been provided to the 
vice-chairman of the national membership 
committee, who is now a member of the 
executive committee in his respective geo¬ 
graphical District. 

Administration 

The duties of the headquarters staff 
being closely interwoven with the activities 
of the 24 standing administrative com¬ 
mittees and 18 technical committees, it is 
easy to understand the allocation to this 
appropriation of approximately 41 per cent 
of the total of salaries paid to those mem¬ 
bers of the staff whose compensation is not 
chargeable elsewhere in the budget. This 
item also absorbs the full salaries of the na¬ 
tional secretary and office manager, and 
temporarily includes an appropriation of 
$2,500 for authorized additions to the staff 
required by extra duties to be performed 
for Institute committees and to relieve a 
congestion of work which develops in some 
departments at certain seasons of the year; 
as this experae is incurred later it will be 
reallocated to the committee or other ac¬ 
tivity involved. The Institute stUl main¬ 
tains the smallest staff per 1,000 members 
of any of the Founder Societies. 

The work of general administration, joint 
activities, secretarial, and other duties for 
committees is so broad as' to make it diffi¬ 
cult to describe the specific services re¬ 
quired of the staff within the limitations of 
space for this article. 

Prizes for Papers 

On account of the severe effects of the 
depression upon Institute finances, the 
. board of directors discontinued in the fall 
of 1932 all cash payments in connection with 
prizes for papers except those accompanying 
District Branch paper prizes. Upon the 
recommendation of the committee on In¬ 
stitute prizes, the board has restored in this 
year’s budget the cash awards of $100 each 
for the national prize for initial paper and 
the national prize for Branch paper, as well 
as the'award of $25 for the District prize for 
initial paper in each district. The budget 
again provides for the cash award of $25 
for the District prize for Branch paper in 
each District, and for the issuance of cer¬ 
tificates of award to the recipients of all 
other prizes. 

Joint Activities 

The activities in which the Institute is 
engaged jointly with other engineering or¬ 
ganizations are many and varied and have 
been so frequently brought to the attention 
of the membership through the news col¬ 
umns of the monthly journal that it is prob¬ 
ably unnecessary to comment on the pro¬ 
visions of the budget for such activities 
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beyond a statement of the amount ex¬ 
pended last year and the anticipated ex¬ 
pense for the present year. It will be noted 
that the Institute will contribute toward 
the support of American Engineering 
Council the same sum as during the pre¬ 
ceding year. With respect to the joint 
activities which are internal in nature, it 
will be observed that the appropriation 
for the support of the Engineering So¬ 
cieties Library has increased in proportion 
to the higher membership figures as of the 
present year, and also that the assessment 
paid to United Engineering Trustees is 
calculated upon a basis which permits of 
the deijired annual reserve for the depre¬ 
ciation and renewal fund. 

Other Appropriations 

The r emaining items in the budget are 
self-explanatory in nature, and for the 
present appropriation year beginning Oc¬ 
tober 1, 1937, involve but a small percen¬ 
tage of the estimated total disbursements. 

In closing these comments regarding 
the proposed expenditure of Institute in¬ 
come, mention should be made that during 
the year ending September 30, 1937, the 
board of directors authorized the transfer 
of $7,500 from general funds to the reserve 
capital fund, for investment purposes; a 
similar transfer was authorized at the meet¬ 
ing of the board held on October 28, 1937. 

As stated in the budget message of 
President Harrison, printed elsewhere in 
this issue, the board of directors has adopted 
a budget of expenditures for the coming 
year which appropriates practically all of 
the estimated income for the corresponding 
period, and which is substantially in ex¬ 
cess of the amount expended last year. It 
is the expectation of the board, however, 
that the resultant benefits to the entire 
membership will fully justify the increased 
expenditures. Each year the board of 
directors and finance committee endeavor 
to adopt a budget that places the proper 
emphasis on the different phases of Insti¬ 
tute activities and which limits the amual 
expenditures to the total of anticipated 
yearly income. Membership dues, of course, 
comprise the principal source of Institute 
revenue, so that the success of all work 
planned for in the budget virtually depends 
upon the prompt collection of dues. It is 
graitifying to know that this situation is 
realized by the membership, as evidenced 
by the fact that the number who are in 
arrears for dues as of this date is at ^e 
lowest figure for several years. 


Civil Engineer Honored. Arthur S. Tuttle, 
former head of the ^gineering force of the 
city of New York, N. Y., recently was 
awarded a certificate of distinguished serv¬ 
ice. The award was made by Mayor 
P. H. Laguardia before a large group of 
engineers and city officials assembled in 
the chambers of the Board of Estimate 
and Apportionment, the body that Mr. 
Tuttle had served as principal assistant 
engineer, deputy cMef engineer, chief en¬ 
gineer, and consulting engineer for over 
30 years. In presenting the -certificate, 
the mayor stated that this is an age in 
which special training is an essentkil quali¬ 
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fication for public office and that Mr. 
Tuttle’s distinguished service to the city 
stands out as an example of what can be 
accomplished by obtaining the right men 
for such service. Mr. Tuttle is a life 
member of the American Society of Civil 
Engineers, and has served that society as 
treasurer, 1919-1920, vice-president, 1932- 
33: and president, 1935. 


More Hydro Power 
Scheduled for Texas 

Preliminary plans incident to the proposed 
rehabilitation of the Austin Dam located on 
the Colorado River (of Texas) at Austin 
contemplate reconstruction of the dam to a 
height of 63 feet and the construction of a 
new power house on the west side of the 
river with an initial hydroelectric generating 
capacity of some 6,250 kw. Another 6,250 
kw installation is planned for the Marshall 
Ford Dam, some 12 miles upstream from 
Austin, when that dam shall have been 
completed and adequate water becomes 
available. 

Under the terms of a proposed agreement 
between the City of Austin and the Colorado 
River authority, the Austin Dam rehabilita¬ 
tion will be undertaken by the authority at 
a cost of about $1,800,000 financed by a 
PWA loan and grant. The authority is to 
lease the dam from the city for a 30 year 
period, furnishing $20,000 worth of free 
power to the city as rental, The original 
Austin Dam was finished in 1893, and de^ 
stroyed by flood in 1900; it was recon¬ 
structed in 1911 but never accepted by the 
city. Through a court decree the city 
obtained the title in 1934. 


Annual Science Exhibition. In concurrence 
with the armual meetings of several scientific 
organizations, the annual science exhibit 
of the American Association for the Ad¬ 
vancement of Science is to be held at the 
Murat Theater, Indianapolis, Ind., De¬ 
cember 27-30, 1937. Besides the product 
displays of various companies the exhibition 
will feature the recent scientific discoveries 
of individual investigators and noncom¬ 
mercial research organizations. isAmong 
these exhibits will be specimens 6f equip¬ 
ment used for the measurement of cosiriic 
rays, samples of "heavy” water, and a 
series of photographs of a recent solar eclipse 
made by means of new and improv^ 
cameras built especially for the purpose. , 


Poems by Prominent Member. A collec¬ 
tion of poems written during the past 25 
years by Vladimir Elarapetoff (A’03, F'12, 
Life Member) professor of electrical en¬ 
gineering at Cornell University, has been 
published under the title of "Rhythmical 
Tales of Stormy Years.” The poems are 
classified under Lyrical, The Immigrant’s 
Fun, A Crazy QuUt, Religious, Philosophy 
of Life, and Translations from the Russian. 
Some of the poems have appeared in various 
periodicals or been recited at conventions. 
Copies may be obtained from the Cornell 
Co-operative Society, Ithaca, N. Y. 

Electrical Enginebrino 







Effective Joint Action 

Among Technical Groups in; Cincinnati 


Dy dealing only with the bxoadest inter¬ 
ests of its participating societies, the Tech¬ 
nic^ Sci^tific Societies Council of Cincin¬ 
nati, Ohio, has achieved notable success 
in the promotion of joint activities fl-irtnug 
technical and scientific groups in that city. 
The effectiveness of the carefully mapped 
plan of organization, which brings together 
in this co-operative effort ten organizations 
comprising a total of some 1,600 members, 
is evidenced by the fact that in the two 
yews smce the council was organized no 
serious difSculties have developed, growtii 
and progress alone being noted. With the 
thought that the experience of the Cincin¬ 
nati Council might be of assistance else- 
where, L. R. Culver, chairman of the AIEE 
Cincin n ati Section (one of the participating 
bodies) has. prepared the accompanying 
article which describes not only the final 
arrangements and results, but also the 
more difficult preliminary steps that were 
necessary to assure smooth sailing dming 
the organization period. 

The idea of closer contact and mutual 
support among groups of the Institute type 
was not new, even locally. There were or 
had been, m Cincinnati as well as in other 
large centers, more or less satisfactory local 
affiliations; it was considered desirable to 
analyze their difficulties and accomplish¬ 
ments as the preliminary step, before ap¬ 
proaching all the groups whose co-operation 
was desired. Particular attention was 
given to the reasons for the collapse of 
previous aggregations of societies. Two 
elements appeared to be responsible for 
most of the bickering on the one hand, and 
lack of interest on the other, with eventual 
disbandment in either event: (1) too much 
centralization of authority in one of the 
participating societies, especially in finan¬ 
cial matters; aud (2) too few points of 
contact through which to maintain mutual 
interest. To forestall these troubles, the 
organizers in Cincinnati set as their guiding 
principles that no participating society 
would suffer any loss of autonomy, that the 
idea of joint progress and support would be 
kept actively alive by having several 
operating committees with definite duties 
and full representation, and finally that the 
whole structure would be explicitly subservi¬ 
ent to its component parts. 

By adhering strictly to the principles laid 
down, the organizers encountered little or 
no difficulty in convincing the principal 
members of the technical community that 
everything was to be gained by the forma¬ 
tion of a technical council among them to 
promote their joint interests. Included in 
the program were publishing of notices, 
sponsoring of joint meetings, reducing of 
duplication of services, stressing of mutual 
aims, exchanging of information in over¬ 
lapping fields of interest and, in general, 
eUminating sources of conflict while pro¬ 
moting friendly intercourse. 

Changing conditions bring changing need 
no less in the scientific world than elsewhere. 
With this premise, the organizing committee, 
conducted its work throughout the stunmer 
of 1935, laying dow:n a code in which the 
societies defined their mutual relationships 
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and established their council, restricting 
their pronouncements to stating their niina 
and the duties of the several operating com¬ 
mittees. By-laws were not framed; in 
their place the salient actions of the govern¬ 
ing committees are preserved for ready 
reference, as guides but not as matidates 
for the future. That the organization was 
carefully mapped out may be realized from 
the fact that two whole years of operation 
have disclosed no "sore spots,** growth and 
progress alone being noted. In fact, the 
code has been revised only once and 
only in very minor respects, principally in 
clarifying the wordmg. 

It may be debatable that the experience 
of some 1,500 members of ten co-operating 
societies in Cincinnati may be used else¬ 
where, perhaps nationally, as a guide to 
effective group effort. The societies, how¬ 
ever, feel that they have dealt only with the 
broadest interests in establishing then- 
council. They offer the following code for 
study and, if found suitable, adoption by 
other technical and scientific groups. No 
attempt is made to analyze its parts, to 
point out its restricting clauses or to show 
how the committees are interrdated; if it 
requires such interpretation, it fails in its 
purpose. 

Sbction 1—^Namb 

1.01 The co-operative body of the technical 
societies of Cincinnati shall be known as the Tech¬ 
nical and Scientific Sodeties Coundl of Cincinnati, 
herdnafter designated the Coundl. 

Section II— Purpose 

2.01 The purpose of the Coundl shall be to 
bring together for co-operative effort in rendering 
more and better service and in furthering sdentific 
and technical activities, the technical sodeties of 
the Cindhnati district, which have as their purpose 
the maintenance of a high professional standing. 

2.02 The Coundl shall have no jurisdiction 
over the meetings or actions of the constituent 
sodeties individually or jointly, its purpose being 
limited to the co-ordination of the sodeties’ activi¬ 
ties. 

Section III— ^Participaxino Societibb 
3,01 The following sodeties are member organi¬ 
zations of the Coundl: 

ACS American Chemical Sodety 

AIEE American Institute of Electrical Engi- ' 

neers 

ASCB American Sodety of CHyil Engineers 

ASHVB American Sodety of Heating and Venti¬ 

lating Engineers 

ASM American Sodety for Metals 

ASMS American Sodety of Mechanical Bng^i- 

neers 

BCC Engineers' Club of Cindnnati 

IBS Illu m i n ati n g Engineering Society 

IRE Institute of Radio Engineers 

SAME Sodety of American Military Bugineds 

8.02 The governing committee of the Coundl 
shall be empowered to approve requests of other 
qu^fied sodeties for partidpation in the Coundl. 
This committee shall also be empowered to accept 
the withdrawdl of any sodety or for just cause to 
request the withdrawal of any sodety. 

Section IV— -Administration 
4.01 The admlnlstrarive affairs of the Coundl 
shsill be executed by the following committees: 

A. Policy committee 

B. Program co-ordination committee 

C. Publication committee 

D. Executive, committee 

4.02 The policy wmmlttee shall be the govern¬ 
ing com^ttee of the Coundl and shall connst of 
the presiding officers of the partidpating sodeties, 
the chairman of the Coundl’s program c6-ordiha^ 
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tion committee, the chairman of the Council’s 
publication committee, secretary-treasurer of the 
Coundl, and two members-at-large. 

4.03 The program co-ordination committee 
shall consist of representatives—one from each 
sodety—qualified to act upon thdr respective pro¬ 
gram and meeting-arrangement matters. It shall 
be the duty of this committee so to arrange the 
programs of. the several sodeties as to reduce con- 
fiicts in dates, to encourage joint meetings of two 
or more sodeties and generally to promote effective 
co-ordination of thdr activities. 

4.04 The publication committee shall consist of 
representatives—one from each sodety—qualified to 
act upon publication matters, and the editor of the 
Coundl’s publication whenever such officer is ap- 
pdnted by the policy committee. It shall be the 
duty of this committee to prepare and distribute 
suitable publication material, including the an- 
noimcements of the meetings of the constituent 
sodeties and such other items as the Coundl may 
devise. 

4.05 The executive committee shall consist of 
the president of the Coundl who shall act as 
chairswn, chairman of the program co-ordination 
committee who shall act as vice-chairman, chair¬ 
man of the publication committee, secretary- 
treasmer of the Coundl, two members of the policy 
Mmmittee sdected by that committee, and the 
junior past-president of the Coundl. It shall be 
the duty of this committee to supervise, initiate, 
and direct in detail the affairs of‘the Council on 
behalf, and subject to the approval, of the policy 
committee. In the event that a member of the 
executive committee is unable to perform his 
duties, the policy committee shall appoint a sub¬ 
stitute to serve out his term, at the request of the 
president. 

4.06 The chairmen of the several committees 
and the secretary-treasurer shall serve for a period 
of one year without re-election. However, each 
shall serve until his successor has taken office. All 
positions shall be honorary excepting that of 
editor. 

4.07 Bach sodety shall name, and report to the 
secretary of the Coundl, its representatives on .the 
committees before September 1 of each year. 
Then an organization meeting shall be held by each 
committee not later than the 20th of September. 
Each rommittee meeting shall be called to order by 
its retiring chairman who first shall present a report 
of his committee work and make such recom¬ 
mendations as he desires. The retiring chairmen 
of the program co-ordination and publication com¬ 
mittees then shall conduct secret ballot dections of 
thdr successors. The new chairmen of these two 
committees then shall take charge of thdr meetings 
and conduct thdr business, including elections of 
secretaries if the committees so desire. 

4,08 At the organization meeting of the policy 
committee, after making his report and recom¬ 
mendations, the retiring chairmen shall conduct 
secret ballot elections of,the following officers in 
the order given; 

A Two members-at-large of the policy committee, 
to be chosen from the membership in good standing 
in the constituent sodeties. 

B. President of the Coundl (who serves as chair¬ 
man of the policy and executive committees). 

C. Secretary-treasurer of the Coundl (who serves 

as secretary of the policy and executive committees) 
to be chosen from the membership in gabfi : 

la the constituent wdeties and not necessarily - 
otherwise a membw of the policy d>mmittee. 

D. One member of the policy committee to serve 
as member-at-iarge on the executive committee for 
a terni of two years. 

4.00 Each committee shall hold throughout the 
year such further meetings Us may be required, or 
called by its. chairman, but meetings in January 
and May at least are mandatory. 

4.10 The secretary-treasurer of the Council 
shall perform the customary duties pertaining to 
his office, but shali be required to subidt a finanrfnt 
report at the May meeting, of the policy committee. 
Also, he shall be required to nutintain an up-to-date 
digert of the important actions of the policy an d 
executive committees, induding those of ear l i er 
years, and to convc^ this digest to his successor at 
the organization meeting of the policy committee. 

; Section V—ErNANCBS' ; ■' 

6.01 The stated expenses of the Coundr Shall 
be limited to expense in conn^^on nrith the publi¬ 
cation. They shall be apportioned equitably oh 
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the bans of the services rendered. Each organiza- 
tion’s proportionate share of the publication ex¬ 
penses shall be determined on an annual basis. 

6.02 Any othcx expenditure must be approved 
by the policy committee. 

Section VI— Code Revision 

6.01 Code revinons involving financial con¬ 
siderations may be enacted or adopted by a three- 
fourths vote of the policy committee. 

6.02 Such other regulations as may be neces¬ 
sary for the conduct of the business of the Council 
may be enacted or approved by majority vote of 
those present at any policy committee meeting. 

In conclusion, it should be pointed out 
that the council started with a four-page 
monthly publication; this is now expanded 
to 24 pages and it reaches the membership 
at less cost than the four-page original. 
This publication. The Cincinnati Engineer 
and Scientist, supports a part-time editor 
and prints items of common interest in 
addition to the notices concerning the socie¬ 
ties individually. For the present the 
publication schedule includes ten monthly 
issues from September through June, and a 
directory issue released during the summer 
interval. The 1937 directory includes a 
dual, alphabetical listing of the entire 
membership which required a 72-page issue. 
An innovation recently introduced consists 
of a gummed strip bound into the center of 


the publication and divided into sections 
by perforations: in these sections are 
printed the emblems of the various societies 
with associated current meeting dates and 
places, so that those who wish may detach 
the sections containing notices of meetings 
they plan to attend and stick them, in 
stamp fashion, to their appointment calen¬ 
dars as final reminders. 

In addition to publication and other 
routine duties, the Council has arranged 
annual joint meetings of all societies at 
which the average attendance has been over 
2,500. These concrete examples of the 
growth of the movement in Cincinnati are 
offered as an indication of its merits. It is 
believed that the general plan can be em¬ 
ployed usefully elsewhere. 


ASHVBI to Hold Meeting. The 44th an¬ 
nual meeting of the American Society of 
Heating and Ventilating Engineers 'v^ be 
held at New York, N. Y., during the week 
of January 24, 1938. Joint sessions are 
planned with the .American Society of Re¬ 
frigerating Engineers and the National 
Warm Air Heating and Air Conditioning 
Association. The fifth International Heat¬ 
ing and Ventilating Exposition also will be 
held concurrently at Grand Central Palace. 


4iirreiif Items JTrom 
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A Public Works 
Department 

Definite recommendations for a public 
works department to be created in the proc¬ 
ess of government reorganization which is 
still before Congress are to have considera¬ 
tion during the eighteenth amumT meeting 
of the American En^eering Council’s as¬ 
sembly in Washington, D. C., January 13-15, 
1938. Special studies by the staff and 
a comprehensive report of the AEC public 
works committee regarding the structure of 
a public works department are to be ready 
for discussion at that time. 

Engineers have advocated a public works 
department for many years and now that the 
President’s committee on administrative 
management has also recommended the 
creation of a public works department, en¬ 
gineers are encouraged to believe that the 
proposal may be due for serious considera¬ 
tion by this next session of Congress. It is 
not likely to be without opposition, how¬ 
ever, because even the Brookings Institu¬ 
tion which made a study for Senator Bjrd’s 
committee, failed to support the idea al¬ 
though they did recommend many changes 
in public works and engineering functions. 

One of the major problems is to determine 
what is public works and to name those bu¬ 
reaus or activities among federal government 
agencies which should be included in the ini¬ 
tial structure of a public works department. 
The President's committee came to the con¬ 


clusion that such a department should "ad¬ 
vise the President with regard to public 
works’’ and that it should be prepared to 
serve other government agencies as indica¬ 
ted in the following quotation: 

"To design, construct and maintain large-scale 
public worlcs, which are not inddental to the normal 
work of other departments, except as their agent 
on request; to administer federal grants, if any, 
to state and local governments or other agencies for 
construction purposes, and to gather information 
with regard to public works standard throughout 
the nation." 

The complexity of the problem is indica¬ 
ted by the fact that neither one of the more 
recent studies undertook to name those en¬ 
gineering or public works agencies or func¬ 
tions which should be drawn together into a 
public works department. The President’s 
committee concluded its suggestion, as fol¬ 
lows: "The committee does not assign to 
the new department particular agencies and 
bureaus, but leaves this assigiunent to the 
Executive when, and if, the Congress enacts 
a law setting up the general departmental 
structure.’’ 

Conditions with reference to "public 
works’’ have changed materially in recent 
years, and engineers in both public and pri¬ 
vate life have made many observations and 
acquired a vast amount of actual experience 
with public works programs. Recognizing 
that fact, American Engineering Cotmcil is 
anxious to help to unite engineers in their 
public responsibility with reference to pub¬ 
lic works activities undertaken by the fed- 
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eral government, the several states, and lo¬ 
cal committees. To that end, engineers and 
engineering organizations are invited to ex¬ 
press themselves to the AEC public works 
committee. 

Scientific 

Research Legislation 

The American Engineering Council has 
appointed a special committee to consider 
the ramifications of Congressman Ran¬ 
dolph’s H.R. 7939 for the promotion and co¬ 
ordination of scientific research activities as 
a means for the prevention of unemployment 
in the future. Congressman Randolph seems 
to be leading a school of thought which pub¬ 
licly subscribes to the philosophy that an 
even greater application of technology to 
industry and business is necessary to insure 
that expansion of capital outlets which 
guarantees an increasing volume of employ¬ 
ment. 

Although the Randolph bill has not come 
up for action in Congress and is still subject 
to change, it has aroused much interest 
among members of the engineering profes¬ 
sion. A number of engineers have already 
filed criticisms and suggestions, and Ran¬ 
dolph informs us that he is anxious to have 
reactions representing all fields of tech¬ 
nology. Council has not formulated an of¬ 
ficial policy with reference to this legislation 
but the following observations are made 
available for the convenience of those en¬ 
gineers and engineering organizations who 
may be concerned about either federal gov¬ 
ernment support or control of research in 
both pure and applied science. 

In essence. Congressman Randolph pro¬ 
poses that instead of having a variety of re¬ 
search projects carried on by government 
bmeaus and special research agencies seek¬ 
ing government funds in an unplanned way 
for their particular projects, these various 
efforts be co-ordinated through the estab¬ 
lishment of an advisory board made up of 
representatives of the government, of scien¬ 
tists, and of industry. That approach to the 
problem has appealed to this organization. 

Last year the land-grant colleges intro¬ 
duced a bill proposing the establishment of 
engineering experiment stations in each state 
paralleling in general the agricultural experi¬ 
ment station idea. Since the land-grant 
act is administered through the A^cultural 
Department, the land-grant colleges believe 
that any development of such experiment 
stations should be so administered. Mean¬ 
while the state colleges in 19 states—^in some 
of which there are also land-grant colleges— 
sought to have this bill modified so that 
money could be spent at state colleges as 
well as at land-grant colleges in particular 
states. In this proposal, the administra¬ 
tive machinery would be located in the Bu¬ 
reau of Standards of the United States De¬ 
partment of Commerce, 

A third bill confused the issue further by 
proposing a plan for government expendi¬ 
tures in the field of business research, this 
one to be headed in the Department of Com¬ 
merce. Each of these bills has had the ac¬ 
tive support in Congress of the particular 
group of representatives of educational as¬ 
sociations, the land-grant colleges having a 
committee and the state colleges another, 
the business schools having a third. Mean- 
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while, of course, certain government bu¬ 
reaus, like the Bureau of Standards and 
the Bureau of Mines, seek money for 
fundamental research, and sometimes the 
regular functions of the government in then- 
research efforts are confused with the pro¬ 
posals outlined above. So far, it has been 
impossible to secure a meeting of 
between the college groups. Within cer¬ 
tain states, there is a feeling of sharp com¬ 
petition, and as a result in earlier years none 
of the bills have succeeded in passing largely 
because there has been no meeting of minds 
in the state by which the Congressman in 
that state could be induced to take action. 

It seems that Congressman Randolph is 
approaching this matter in a way in which 
some order might be brought out of this 
chaos. While the American Engineering 
council has not committed itself to any de¬ 
tail of the bills, we have been assisting Mr . 
Randolph in securing all the information he 
can from aU the sources, so he will have be¬ 
fore him as complete a picture of the pro¬ 
blem as possible before he revises his bill. 
Omr understanding is that Congressman 
Randolph has the friendly support of the 
President in his efforts, and this seemed to 
be an added reason, if anything was to be 
done in this matter, for working with Mr. 
Randolph in perfecting his legislation. 


Accurate Maps 
and Public Works 

In response to an invitation from the Fed¬ 
eral Board of Surveys and Maps, the Ameri¬ 
can Engineering Council, through its com¬ 
mittee on surveys and maps, has prepared 
the following statement to be used by a spe¬ 
cial committee in an effort to have the "map¬ 
ping agencies" seek additional appropria¬ 
tions from Congress for the acceleration of 
"basic mapping" under the Temple Act 
during the fiscal year ending June 30, 1939. 

"American Engineering Council has for 
many years vigorously supported, in the 
public interest, the requests of our member 
engineering organizations that the basic map 
of the United States be completed at the 
earliest possible date. As a move in the 
right direction, American Engineering Coun¬ 
cil has accepted, in principle, the recommen¬ 
dations made by Secretary Ickes in response 
to Senate Resolution 281 which requested a 
program for expediting the topographic 
mapping of the United States. The recom¬ 
mendations involve a 20-year program 
and the expenditure of .$100,000,000. They 
would give the Geological Survey $4,000,- 
000 for topographic surveys and maps, and 
the Coast and Geodetic Survey $1,000,000 
for first and second order control surveys 
in 1938 under such items as the directors of 
the surveys may designate. 

"The committee on surveys and maps of 
American Engineering Council earnestly 
hopes that steps will be taken by the Bureau 
of the Budget and the Congress to appropri¬ 
ate the minimum of $5,000,000 that is called 
for in this program. They believe that 
in the interest of public economy, of present 
immediate need, and of the future conserva¬ 
tion of our national resources, this step 
should be taken. 

"Earli^ communications from American 
Engineering Council to the President, to the 
committees of the House and Senate, and to 
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the various federal and state agencies in¬ 
volved, have pointed out that the fulfilment 
of original Temple Act passed in Febmary 
1926 and supported unanimously by map 
makers and map users alike, is long overdue. 
We can t hink of no more practical contribu¬ 
tion to both national economy in a broad 
sense- of planning and national economy in 
a strict budgetary sense than can be made 
by the administration and by the Congress 
at this time.... 

"The committee, in supporting this first 
step -toward an adequate niapping program, 
perceives it as only the beginning of a long 


desired objective and earnestly hopes that 
every effort be made to carry out the com¬ 
plete plan with additional appropriations 
annually of such size as will complete a basic 
map for the United States at the earliest 
possible date. The committee on surveys 
and maps of American Engineering Council 
wishes to record itself as willing to help for¬ 
ward this program in every proper way con¬ 
sistent with the great public desirability for 
fulfilment of a very real social and economic 
need for accurate knowledge of both hori¬ 
zontal locations and topography in all sec¬ 
tions of this country.” 


U.y,eJ E 


ngineerino Trustees, Inc 


The Joint 

Engineerins Organizations 

United Engineering Trustees, Inc., was 
organized in 1904 as an instrumentality of 
the Founder Societies, the 4 national socie¬ 
ties of civil, mining and metallurgical, me¬ 
chanical, and electrical engineers. Its piu- 
pose is the managing of property and funds 
in which these societies have joint interests, 
and it is governed by trustees duly ap¬ 
pointed by the societies as their representa¬ 
tives. It maintains 2 departments: (1) 
the Engineering Societies Library, and (2) 
The Engineering Foundation. 

The corporation (UET, Inc.) manages 
the Engineering Societies Building and all 
trust funds placed in the hands of the 
United Engineering Trustees, Inc. 

The Engineering Foundation, founded by 
the late Ambrose Swasey (HM’28) in 1914, is 
entrusted with the expenditure of income 
from endowment and other funds. The 
ultimate objective of Foundation is stated 
to be: "for the furtherance of research in 
science and engineering, or for the advance¬ 
ment in any other manner of the profession 
of engineering and the good of mankind." 

The Engineering Societies Library is a 
free public engineering library, which, is 
operated for users at a distance, as well as 
for those who visit its rooms in the Engi¬ 
neering Societies Building. 

In the accompanying articles may be 
found announcements of the elections re¬ 
cently held by UET and The Engineering 
Foundation, and abstracts of the annual 
reports of these organizations and of the 
Engineering Societies Library. 

Election of Officers of 
United Engineering Trustees, Inc. 

Officers to serve the United Engineering 
Trustees, Inc., for the year 1937-38, were 
elected at the annual meeting of UET 
held in the Engineering Societies Building, 
New York, N. Y., October 28, 1937. D. 
Robert Yamall, chief engineer of the Yar- 
nall-Waring Company, manufacturers of 
power-plant specialties, Philadelphia, Pa., 
was elected president, and Albert Roberts 
and H. A. Lardner (A’94, FT3) were chosen 
vice-presidents. H. R. Woodrow (A’12, 


F’^) becomes treasurer, and J. P. H. Perry, 
assistant treasurer. John H. R. Arms, 
general manager, was re-elected secretary. 

The names of all members of the board 
of trustees of UET for the year 1937-38; 
including both new and hold-over mem¬ 
bers, are as follows: 

Terms expiring October 1938 

J. P. H. Perry ASCE representa-tive 

H. A. Lardner ASME representative 

Terms expiring October 1939 

J. P. Hogan ASCE representative 

Albert Roberts AIME representative 

D. Robert Yamall ASME representative 

H. P. Charlesvorth (M’22, F’28, past-president) 

AIEE representative 

Terms expiring October 1940 

0. B. Hovey ASCE representative 

We D. B. Motter, Jr, AIMB representative 

K. R Condit ASME representative 

H. R. Woodrow (A’12, F’28) AIEE representative 

Ternu expiring October 1941 

A. L. J. Quenean AIMB representative 

F. M. Farmer (A'02, F’13, director) 

AIEE representative 

Of these, O. E. Hovey, A. L. J. Queneau, 
and K. H. Condit became reappointed 
members at the annual meeting, upon pres¬ 
entation of credentials from the Founder 
Societies. W. D. B. Motter, Jr., fills the 
unexpired term of H. G. Moulton and H. A. 
Lardner fills the unexpired term of H. V. 
Coes. The following committees were ap¬ 
pointed: 

Finance: Albert Roberts, chairman; J. P. Hogan, 
H. A. Lardner, H. R. Woodrow, D. Robert Yamall, 
ex-officio. 

Real Estate: J. P. H. Perry, chairman; A. L. J. 
Queneau, K. H. Condit, H. P. Charlesworth, D. 
Robert Yamall, ex-officio. 


Engineering Foundation 
Elects Officers 

The-annual meeting of The Engineering 
Foundation was held October 14, 1937, in 
the Engineering Societies Building, New 
York, N. Y. F. M. Farmer (A’02, FT3, 
director) was re-elected chairman, and 
D. Robert Yamall was re-elected vice- 
chairman. 

The executive committee is composed 
of these two, together with George E. jBeggs, 
A. L. Queneau, and W. 1^ Slichter (A’QO, 
F’12, national treasurer, member for life.) 
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O. E. Hovey was elected director, and John 
H. R. Arms was elected secretary. 

These officers and the executive commit- 
tee of The Engineering Foundation are 
elected by the Foundation board, from 
among its own members. The Engineering 
Foundation board is itself elected by the 
board of trustees of the United Engineering 
Trustees, Inc. The complete membership 
of the Engineering Foundation board for 
the year 1937-38 is as follows: 

Term 


Name 


Expires 

Four Trustees of U.E.T., Inc, 
A. L. Queneau. 

.AIMB.... 


D. Robert Yamall..... 

.ASMB... 


H. P. Charlesworth. 

.AIBB.... 

.1939 

O. B. Hovey. 

.ASCB.... 


Eight Members Nominated by Founder Societies 

G. D. Barron..... 

.AIMB.*.. 

.1940 

G. E. Beggs. 

.ASCB.... 


F. F. Coleord. 

.AIMB... 



.AIBB... 

.....1939 

W. H. Fulweiler. 

.ASMB.. 

.1940 

Langdon Pearse. 

.ASCB... 


W. I. Slichter. 

.AIEE... 



. ASMB.. 

_1939 

Three Members-at-Large 

. .AIME... 


J V TJ. Dorr. 

..AIMS... 


B. R. Fish. 

,.ASME.. 

.1939 


Ex^ffieio, President, V.E.T., Inc, 

D. Robert Yamall 

At the fttiuual meeting members of the 
research procedure committee were ap¬ 
pointed or re-appointed as follows: 

D. R. Vamall, chairman, representing The Engi¬ 
neering Foundation. 

L. W. Chubb (A*09, F‘21) director, Westinghouse 
Research Laboratories, Westinghouse Electric & 
Manufacturing Company, Bast Pittsburgh, Pa., 
representing AIEE. 

F. F. Coleord, representing The Engineering Found¬ 
ation. 

W. H. Fulweiler, Wallingford, Pa,, representing The 
Americstn Society of Mechanical Engineers. 

F. O. Scobey, senior irrigating engineer. United 
States Department of Agriculture, Berkeley, Calif., 
representing the American Society of Civil Bngi- 
netts. 

Sam Tour, Lucius Pitkin, Inc., New Yorfc^ N. Y., 
representing American Institute of Miring and 
Metallurgical Engineers. 

F. M. Farmer (A’02, FT3, director) ex-officio. 

The persoxmel of other committees as ap¬ 
pointed or re-appointed at this meeting is 
as follows: 

Ikon Ai:.i.oy8 

G. B. Waterhouse, chairman and director; pro¬ 
fessor of metallurgy, Massachusetts Institute of 
Technology, C^imbridge, Mass., representing Ameri¬ 
can Institute of Miring and Metallurgicai Engi¬ 
neers. 

Director, National Bureau of Standards, Lyman. J. 
Briggs, represented by Doctor J. G. Thompson, 
chief of section on chemical metallurgy, Nationri 
Bureau of Standards, Washington, D. C. 

Director, United States Bureau of Mines, J. W. 
Finch, represented by R. S. Dean, chief en^neer. 
Metallurgical Division, Washington, D. C. 

J. T. MacKenzie, metallurgbt and chief chemist, 
American Cast Iron Pipe Company, Birmingham, 
Ala., representing American Foundrymen’s Asso¬ 
ciation. 

John Johnston, director of research, United States 
Steel Corporation, Kearny, N. J., representing 
American Iron and Steel Institute. 

Bradley Stoughton, dean of engineering, Lehigh 
Uriverrity, Bethlehem, Pa., representing American 
Society for Metals. 

Jerome Strauss, vice-president. Vanadium Cor¬ 
poration of America; Bridgeville, Pa., representing 
American Society for Testing Materials. 

T. H. Wickenden, metallurgical enginew. Inter¬ 


national Nickel Company. New York, N. Y., 
representing The Soriety of Automotive Engineers. 

J. H. Critchett, rice-president. Union Carbide and 
Carbon Reseat^ Laborat(ries, Inc., New York, 
N. Y., representing American Electrochemical So- 
dety. 

Vnifted Sykes (A'09, F’14) assistant to the preri- 
dent. Inland Steel Company, Chicago, Ill., and a 
director; member-at-large. 

F. T. Sisco, editor. 

Wbldiko Rbsbarcb 

C. A. Adams, (A*94, F’13, past-president, member 


toe life) chairman; consulting engineer, Edward 
G. Budd Manufacturing Company, Philadelphia, 
Pa. 

Everett Chapman, president, Lukenweld, Inc., 
Coatesville, Pa. 

J. H. Critchett, vice-president. Union Carbide 
and Carbon Research Laboratories, Inc., New 
York, N. Y. 

J. J. Crowe, engineer-in-charge of apparatim, re¬ 
search, and deveiopment department of Air Re* 
duction Company, Jersey City, N. J. 


Table I. Summary of Annual Report of Finance Committee of U.E.T. 


Operation of Building 

Operating revenue. 

Less operating expenditures.. 

Net operating income before transfers to reserves. 
Operating credit previous years.... 

Credit balance September 30,1937. 

Transferred to general reserve fund. 


Transferred to depredation and renewal fund. 


S 159,036.82 
135,291.79 

24,345.03 

8,151.89 

32.490.92 

8,000.00 

24.490.92 
15,000.00 


Net balance September 80,1937. 


$ 9,400.92 


Operation of Library 

Maintenance revenue.. 

Maintenance expenditures... 

Credit balance for year 1937...... 

Credit balance from previous year. 

Credit balance September 80,1987.... 

Service Bureau revenue............. 

Service Bureau expenditures and adjustments. 

Credit balance for year 1937. 

Crerit balance from previous year.... 

Credit balance September 80,1987.. 

Total net operating credit balance cumulated to September 80, 1937 


$43,344.13 

42,944.15 

390.98 

6,178.60 

.$ 0,578.67 

7,887.08 

6,597.30 

1,289.78 

4,571.96 

5,861.74 

.$ 12,440.41 


Funds and Property 

eCombined Fund: Summary of Investments, September 30, 1937 

Market 

Legal Nonlegal Book Value Value 

Funds induded: _ _ _ 

EngineetingFoundation fund...$494,811.88..$283,226.19..$ 777,537.67 

Edward Dean Adams fund. .... 90,873.03.. 90,873.03 

Library endowment fund.... 02,728.21.. 76,210.26.. 167,038.46 

Depredation and renewal fund.... .. 362,411.96.. 862,411.96 

General reserve fund... 9,170.68.. 0,170.68 

Total....$ 587,089.60.. $810392.11.. $1,897,931.70 

Investments: Legal . ,.3 656,654.72 

Nonlegal.......... 737,309.33 

Total investment, September 30,1937. .. 1,893,964.06. .$1,811,690.72 

Cash uninvested...,..... 3,967.65 

$1,897,931.70 


Real estate, cost of—September 80, 1937 ..... • • .$1,987,793.92 


Operating cash... 

Accounts recdvable, gross...... 

The Engineering Foundation—^unexpended income ... 
The Engineering Foundation—temporary investments. 

Alloys of iron research—unexpended income...... 

The Engineering Foundation custodian fund aimts.... 

Welding research—^unexpended income... 

Henry K. Towne engineering fund....... 


19,280.65 

4,196.10 

18,375.11 

6,180.00..$ 

6,259.75 

500.00 

6,299.89 

60,544.18..$ 


Total.............’.. .$3,496,361.1 


Moneys Hrid for Special Purposes 

Endowment committee (Adams expense fund). 

Special Library binding fund (W. S. Barstowj. .....< 

1T.B.T., Inc^, Custodian of Jolm Fritz Medal F^d 
Securities held Septembo: 80, 1987........ ^. • • > >. • 

Carii on hand September 30,1937............... • • 


*A group of funds managed as one for convenience and economy in investment transactions. 


6,885.00 


86,676.97 


.....$702.67 
..... 430.33 


....... ..*....$3,506,00..$ 

.;---. 225.88 


8,535,00 
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A. S. Douglass, construction engineer, Detroit Edi¬ 
son Company, Detroit, Mich. 

C. L. Eksergian, chief engineer, Budd Wheel 
Company, Detroit, Mich. 

A. J. Ely, mechanical engineer, Standard Oil De¬ 
velopment Company, Elisabeth, N. J. 

H. M. Hobart (A’94, F’12, member for life) con- 
suiting engineer. General Electric Company, 
Schenectady, N. Y. 

D. S. Jacobus {A’03, member for life) advisory 
engineer. The Babcock and Wilcox Company. 
NewYork, N. Y. 

G. F. Jenks, colonel. Ordnance Department. United 
States Army, Washington, D. C. 

Jonathan Jones, chief engineer, fabricated steel 
construction, Bethlehem Steel Company, Bethle¬ 
hem, Pa. 

P. G. Lang, Jr., engineer of bridges, Baltimore and 
Ohio Railroad, Baltimore, Md. 

F. T. Llewellyn, research engineer. United States 
Steel Corporation, New York, N. Y. 

Aubrey Weymouth, vice-president and chief en¬ 
gineer, Post and McCord, Inc., New York, N. Y. 
(Alternate for Jonathan Jones.) 

William Spraragen (AT7, M'20) secretary, technical 
secretary and editor, New York, N. Y. 

Barooynamic Rbsoarcii: Advisory Couhittbb 

H. N. Bavenson, mining engineer, Pittsburgh, Pa. 

H. G. Moulton, consulting mining engineer. New 
York, N. Y. 

J. W. Finch, director. United States Bureau of 
Mines, Washington, D. C. 

Chairman Farmer is Foundation’s rep¬ 
resentative on the executive committee of 
National Research Council. 

Annual Report Issued by 
United Engineering Trustees, Inc. 

The annual report of United Engineering 
Trustees, Inc., for the year ending Septem¬ 
ber 30, 1937, has been submitted by G. L. 
Knight (A’ll, F’17), president. The year 
showed reasonable stability in finances, full 
occupancy of the Engineering Societies 
Building, an increasing use of meeting halls, 
and improvement in the protection of prop¬ 
erty including resumption of contributions 
to the depreciation and renewal fund which 
had by necessity been withheld since 1932. 
Euguieering Societies Buildmg in its thirty- 
first year of activity remains in good physi¬ 
cal condition with a minimum of repairs 
and maintenance expense. Minor improve¬ 
ments have been made in certain meeting- 
hall facilities. The American Institute 
of Chemical Engineers now has made its 
headquarters in the Engineering Societies 
Building. 

The depreciation and renewal fund addi¬ 
tions of $12,000 a year ceased in 1932 in 
order to lighten the building operating 
assessment against the societies at a time 
when the societies’ income suffered from 
lowered volume of membership fees. Pur- 
ing the year just closed, $15,000 has been 
added to the fund, the value of which is 
shown to be $352,411.96 against a building 
held at $1,447,793.92. A summary of the 
report of the U.E.T. finance committee is 
given in table I. 

A new edition of history, charter, and by¬ 
laws of the corporation, the first since 1931, 
was issued just prior to the close of the fiscal 
year, and gives much of historical and legal 
interest not only to trustees and members of 
the Fotmder Societies, but also to any 
person who may wish to make a gift or 
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bequest to the corporation or its depart¬ 
ments for the advancement of science and 
engineering. 


Annual Report Issued 
by Engineering Foundation 

The annual report of the Engineering 
Foundation for the year ending September 
30, 1937, has been submitted by F. M. 
Farmer (A*02, F’13, director) chairman of 
the Foundation board. Chairman Farmer 
conducted the affairs of the Foundation 
during the year with the assistance of John 
H. R. Arms, secretary of United Enginppritig 
Trustees, Inc., following the death on March 
14, 1937, of Doctor Alfred D. Flinn, secre¬ 
tary and director of the Foundation 
1917. 

A summary of the capital fund of the 
Engineering Foundation and a condensed 
financial statement follows: 

Capital Funds 

Endowment, total book value on Sep¬ 
tember 30,1937.S872,000 

E. H. McHenry bequest, in hands of ex¬ 
ecutors until decease of 2 life bene¬ 
ficiaries, appraised at probate of will in 

1931, approximately. 400,000 

Fifth Swasey gift. 89,102 

The capital funds are held and administered by 
United Engineering Trustees, Inc. The net in¬ 
come from endowment was 336,596.78 for the fiscal 
year ended September 30, 1937. The Foundation 
board has discretion in use of income. For many 
of the enterprises which the Foundation has aided, 
large contributions of money, services, and ma¬ 
terials have been obtained from others. 

Expendable Resources 

Balance on October 1,1936. $17,798.93 

Receipts 

Income from endowment.$36,696.78 

Income from minor items. 666.44 37,263.22 

Total resources. $55,062.16 

Disbursements 

Research projects.$22,134.28 

Promotion of research 
and administrative ex¬ 
penses. 8,572.76 

Total for furtherance and support of 
research... 30,707.04 

Balance on October 1, 1937. $24,365.11 

Money "contributions” from organizations and 
individuals, for specific activities, passed through 
the Foundation’s accounts from its organization to 
September 30, 1937, totaled $282,851.60. 

During the year ending September 30, 
1937, the Foundation aided the following 
activities: 

Soil Mechanics and Foundations Division 
(ASCE, $2,000). The following studies 
have be^ completed, or are under way: 

(a) Settlement of structures. Progress report in 
the September 1937 ASCE Proceedings. 

(jb) Internal (»rth pressures. Studies have bera 
made prindpally in New York City and Detrdt. 
Report prepared and now before the publications 
committee of ASCE. 

(c) Observed settlement of structures in Egypt. 
A report is being prepared. 

(d) Properties of day-type soils. Many thou¬ 
sands of tests have made made during the year but 
the program is not yet completed. 

(s) Lateral stability of sheeting and piles. Some 
preliminary results have been published. 

(f) Properties of "quick sands." Investigation 
just being started. 

(g) Stability of earth dams subject to seepage. 
A series of tests Is now under way. 
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(h) Problem of sand boils in connection with up¬ 
ward flow of water through soils. A series of tests 
is under way. 

(t) Stability of earth banks subject to seepage. 
Data are being collected. 

Hydraulic Researches (ASCE, $1,500). 
The following projects have been actively 
pursued during the 3 rear: 

(a) Traveling waves on steep slopes. Studies of 
waves on a traveling belt through a glass-sided 
flume; 2 graduate theses have been written. 

(5) Curves in open channels. Studies including 
motion pictures have been made with channels set 
up in Pyralin with the flow around a 180-degree 
bend. 

(c) Phenomena of intersecting streams. ' After 
preliminary work with small metal flumes, square 
flumes have been constructed of Pyralin, experi¬ 
ments have been run with branch circuits at various 
angles, and studies made with water flowing in both 
directions. A thesis and a report have been pre¬ 
pared on the data obtained to date. 

(d) Conversion of kinetic to potential energy. 
Library research and laboratory experiments being 
simultaneously conducted. 

(e) Sedimentation at the confluence of rivers. 
A channel 12 by 24 inches and 65 feet long has been 
set up with a tributary channel and facilities have 
been provided for feeding sand to both flumes in¬ 
dependently, and for varying the angle of conver¬ 
gence and the slope of the flumes. 

Alloys of Iron (AIME, $5,000). This 
project, a critical compilation of the exist¬ 
ing information on the: alloys of iron, has 
been under way for several years. During 
this year 2 additional monographs were pub¬ 
lished, the total to date now being 9. Five 
chapters have been prepared for the tenth 
volume "The Alloys of Iron and Nickel— 
Volume I. ’ ’ A refinancing campaign carried 
on by the director of this project has re¬ 
sulted in subscriptions which with continued 
support by the Foundation at the present 
rate, will apparently finance this project to 
completion. 

Barodynamic Researches (AIME, 
$2,500). Studies have been made of the fol¬ 
lowing; 

(a) Stress distribution in mine pillars and roofs. 
These studies are being made with the aid of the 
centrifugal photoelastic process previouriy de¬ 
veloped in connection with this project. 

(5) Methods of overcoming rock burst in deep 
mines. 

(c) Development of artificial mine supports. 

(d) The development of apparatus for the de¬ 
termination of pressure in loose materials. 

A paper entitled "Modem Methods of 
Attacking Mining Problems,” a direct re¬ 
sult of the work on this project, was pre¬ 
sented at the February 1937 annual meet¬ 
ing of AIME. It is expected that publica¬ 
tion of information resulting from the above 
activities will be made during the coming 
year. 

Cutting Fluids (ASME, $750) . Experi¬ 
mental work completed on mond metal and 
reported in a paper in the November 1936 
issue of ASME Transaxtions. Work being 
conducted on SAE 2345 steel. 

Optical Pressure Steam Boilers (ASME, 
$850). This project has been under way 
for some time, the present program being 
the reaction betwem steam and metals at 
high temperatures. Apparatus is being 
built to test simultaneously 7 different tube 
materials. 

Fluid Meters (ASME, $900). The pres¬ 
ent 'experimental program is on flow nozzles, 
an investigation which hw been under way 
for some time, and is expected to require 3: 
years to complete. Articles condeming 














this study have appeared in several tech¬ 
nical journals. 

Strength of Gear Teeth (ASME, $700). 
Twelve test runs have been liade on a spe¬ 
cial surface fatigue testing machine. A 
series of reports on these tests of surface 
fatigue being prepared for publication. 

Lubrication (ASME, $400). This proj¬ 
ect under a special research committee has 
included the compilation of a bibliography 
on lubrication started some time ago, a 
study of the problem of viscosity of lubri¬ 
cants under pressure, and investigation of 
increased viscosity under high pressure in 
bearing oil films. Two papers have been 
presented by members of the committee 
during the year. An extensive survey of 
lubrication research throughout the United 
States is being made. 

Effect of Temperature on the Properties 
of Metals (ASME, $500). This extensive 
project, which has heen under way for some 
years under the direction of a joint com¬ 
mittee, the Foundation’s contribution to 
which is a very small amount, was reor¬ 
ganized during the year, but a total of 9 
research projects, either new or already 
under way, were prosecuted during the year. 

Stability of Impregnated Paper Insulation 
(AIEE, $2,000). This project only got 
under way in 1936 under a supervisory com¬ 
mittee designated by AIEE. Some time 
was spent in overhauling and improving 
equipment utilized on previous work. Cer¬ 
tain preliminary test experiments involving 
a comparative study of a new procedure and 
the procedure previously used are nearly 
completed. Upon completion, the normal 
program, namely, the determination of the 
influence of the density and other physical 
properties of the paper on the dectrical 
properties, the stability, and the life of im¬ 
pregnated paper insulation, will be started 
and will progress at a steady rate. 

Welding Research (AIEE and AWS, 
$6,939). This project is very active under 
a large representative committee. The 
work is being carried on in' 3 subdivisions, 
namely, fundamental research, industrial 
research, and literature. Each division has 
a record of important accomplishments dur¬ 
ing the year. A total of 32 reports com¬ 
prising 368 printed pages were published 
during the year. These reports appeared 
in a supplement of the Welding Journal. 

Engineers Council for Professional De¬ 
velopment ($3,460). The death of General 
R. I. Rees has interfered with the carrying 
on of the work at rate contemplated; 
nevertheless much progress has been made 
under the chairmanship of Professor Chas. 
F. Scott (A’92, F’25, HM’29, past-presi¬ 
dent). The “accrediting schools” project 
has been highly successful so that during 
the year the perplexing problem of accredit¬ 
ing engineering education has been definitely 
solved. The total degree-granting schools 
that hay|e been inspected to date is 134. 
Some of the Foundation funds were used 
for the general overhead expenses of 
this project but the cost of activity itself 
is self-liquidating from the fees paid by the 
schools, which to date have been something 
like $30,000. A study of the "evaluation 
of professional qualificatipns” is still under 
way. A study has been made of certain 
“aptitude tests” in 12 institutions which 
has confirmed previous reports that lack of 
schooling essential to engineering can be 
detected by these tests. 


Personnel Research Federation ($1,200). 
A study of “Problems Incident to Engineer¬ 
ing Advances” was made during the year 
and the results published in the Personnel 
Journal. The Federation considers that 
the extensive responses to these reports 
fuUy justify the investigation. 

Plastic Flow of Conarete (University of 
California, $900). This investigation has 
been under way since 1926, and numerous 
reports have been issued to date, the most 
recent being a paper entitled “Plastic Flow 
and Volume Changes of Concrete” pre¬ 
sented at the 1937 annual meeting of the 
American Society for Testing Materials. 
These later investigations induded the 
studies to determine 

(1) Effect of water-cement ratio and aggregate- 
cement ratio upon plastic flow. 

(2) Effect of fineness and compomtion of cement 
upon plastic flow. 

(8) Plastic flow of concrete in tension and in com¬ 
pression. 

(4) Fiber strains in plidn concrete beams under 
constant sustained bending moment. 

(5) Stresses developed in large concrete cylinders 
under conditions simulating those occurring in mass 
concrete. 

Detailed reports on the foregoing various 
projects are on file in the Foundation office, 
and show a large number of specific prob¬ 
lems over a wide range, rather than a small 
number of elaborate problems. Further in¬ 
formation on the Foundation and its activi¬ 
ties may be obtained from the Foundation 
office, 29 West 39th Street, New York, N. Y. 


Annual Report Issued by 
Engineerins Societies^ Library 

The annual report of the Engineering 
Societies’ Library, containing information 
on the use of the library, its finances, and 
acquisitions, for the year ending September 
30, 1937, has been submitted by Doctor 
Harrison W. Graver, director. 

The number of readers was 26,750. In 
addition, 10,227 npnvisitors were supplied 
with information and material in various 
wa 3 ^: 82 by the loan of 90 books, 112 by 
special bibliographies, 113 by translations, 
2,374 by making 19,^5 photocopies, 2,962 
by letters, and 4,584 by telephone. Through 
all these methods, 36,977 persons used the 
library. In the previous year the library 
was used by 37,586 persons; 26,784 visitors 
and 10,812 nonvisitors. The number of 
users has thus remained practically con¬ 
stant, and the ratio of nonvisitors to visitors 
(2 to 5) has also remained the same. 

Gifts and purchases during the year 
amounted to 11,003 pieces, of which 6,623 
were new tp the collection and were added 
to it. Sixty-seven volumes were added 
to the loan collection to meet requests from 
members, and the remaining items were 
given to other institutions or placed in the 
duplicate collection for sale or exchange. 
The sales of duplicates amounted to $431.50. 
Current issues of 1,416 periodicals were 
received, and 671 books, worth approxi¬ 
mately $2,000, were received for review. 

The gifte numbered 9,641 items; among 
them was that of Colond W. J. Wilgus who 
presented his valtable library, to the so¬ 
cieties’ library and the New York Public 
Library. Under an arrangement for the 

News 


division of the collection planned by Colo¬ 
nel 'Wilgus and the directors of the 2 
libraries, the societies’ library received about 
960 volumes and 255 cases of manuscript 
reports, etc., including all of the collection 
that dealt with engineering and that was 
not already on its shelves. A valuable 
collection of pamphlets by the late Frank J. 
Sprague (A’87, F’12, past-president) was 
presented by Mrs. Sprague. Other gifts 
were received from the Engineering News 
Record, the Perth Amboy Public Library, 
W. C. Huber, C. T. Hutchinson, Mrs. I. A. 
Ettlinger, Interborough Rapid Transit 
Company, Ralph Modjeski, J. L. Nicholson, 
George Orrok, F. F. Sharpless, and Mygren 
Wemer, Inc. 

A continuation of his gift by W. F. Bars- 
tow (A’94, F’12, Life Member) has made 
possible the restoration and rebinding of 
additional items in the collection of rare 
books. 

On October 1, 1936, the library contained 
138,742 volumes, 7,246 maps, and 4,298 
manuscript bibliographies. During the 
year 184 volumes and 40 maps were with¬ 
drawn, and 2,734 volumes, 124 maps, and 64 
bibliographies were added, bringing the 
total at the end to 141,292 volumes, 7,330 
maps, and 4,362 searches. In addition, 
3,701 pamphlets were added to volumes 
previously counted. The lending collection 
contained 660 volumes at the end of the 
year, and approximately 10,000 duplicate 
volumes and pamphlets were in stock. 
All new publications have been catalogued 
when received and made available at once. 
Cataloging is well abreast of receipts and 
there is no uncatalogued material except 
some recent gifts, which are being handled as 
rapidly as possible. 

Substantial progress has been made on 
the -periodical index, which is intended to 
provide a minutely classified guide to the 
important periodical literature of engineer¬ 
ing. Over 20,000 references -were added to 
the file, which now contains 187,000 refer¬ 
ences to material published during the past 
10 years. The index is becoming increas- 
ingly popular with readers, and it is a matter 
of regret that funds are not available for 
its extension. More indexers are needed, 
as the present staff cannot cope with all that 
is being published. 

Early in 1937, a microfilm copy of the 
library catalog;ue was made and deposited 
in a bank vault for safekeeping. From this 
film, duplicate card catalogues can be made 
at any time by a simple photographic 
process. Possession of the film has made 
possible an important reduction in the 
amoimt of insurance carried and so effected 
a continual annual saving of expense. 

The budget for general operations was 
$46,700. Of this sum, $33,000 was appro¬ 
priated by the Founder ^cieties, as fol¬ 
lows: 


American Sodety of Civil Engineers.$8,890.90 

American Institute of Mining and 

Metallurgical Engineers..... 6,921.40 

American Society of Mechanical En¬ 
gineers........ 8,399.50 

American Institute of Electrical En¬ 
gineers... 8,788.20 


Expenditures from the appropriation 
amounted to $42,944.15 of which $8,578.86 
was spent for books and other equipment 
which nKTeased the assets of the library. 
The service bureau received $7,887.08 and 
expended $6>581.87. 
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Liellers! to ibe 


CONTRIBUTIONS to these columns are invited 
from Institute members and subscribers. They 
should be concise and may deal with technical 
papers^ articles published in previous issues, or other 
subjects of some general interest and professional 
importance. Elbctricai. Bnginbbrino will en¬ 
deavor to publish as many letters as possible, but 
of necessity reserves the right to publish rhAwi in 
whole or in part, or reject them entirely. 

ALL letters submitted for consideration should 
be the original typewritten copy, double spaced. 
Any illustrations submitted should be in duplicate, 
one copy to be an inked drawing but without 
lettering, and other to be lettered. Captions 
should be furnished for all illustrations. 
STATEMENTS in these letters are expressly un¬ 
derstood to be made by the writers; publication 
here in no wise constitutes endorsement or recogni¬ 
tion by the American Institute of Electrical 
Engineers. 

Rotor Flux Locus Concept of 
Sinsle-Phase Induction Motor 

To the Editor: 

In the discussion {EE, Aug. 1937, 
p. 1028-30), of C. T. Button’s paper "A Sug¬ 
gested Rotor Flux Locus Concept of Single- 
Phase Induction-Motor Operation,” there 
was no intention of disagreement and any 
seeming disagreement is doubtless due to 
the inability of clearly expressing thoughts 
in words. 

Mr. Button is correct in saying that the 
condition wherein the rotor flux may be 
considered as substantially constant along 
a diameter of the rotor is at or near syn¬ 
chronism. However, this condition was 
mentioned in the second paragraph and 
included throughout the comments. 

He also states that the "pulsating com¬ 
ponent in the quadrature rotor axis” is 
neglected. While this statement is indefi¬ 
nite, it is assumed that it refers to the 
quadrature flux component. A careful 
reading of the comments will show that 
the quadrature flux is accounted for by the 
double-frequency flux-sustaining currents 
and the rotation of the rotor. In the as¬ 
sumed case where the rotor is held station¬ 
ary and the field excited by rectified single¬ 
phase current, the factor of field rotation 
is eliminated and the flux acts only in one 
fixed direction, so that in this case there is 
no quadrature space relation, but the flux 
that is sustained by the double-frequency 
rotor currents while the primary magnetiz¬ 
ing force goes through zero is the quadra¬ 
ture time flux. 

The expression "after the rotor flux is 
once established” was merely intended 
to exclude the transient conditions as the 
rotor comes up to speed. 

Considering the single-phase motor in 
the form of a stationary squirrel cage in a 
field excited by rectified single-phase current 
is the same method as used in considering a 
polyphase motor in the form of a squirrel 
cage in a d-c or constant field. It elimi¬ 
nates the factor of field rotation id both 
cases. 

Mr, Button states that the conditions of 
coils A and B are transitory. This is true 
under slip conditions. However, this as- 
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sumption of the two coils at right n-n glAc 
was used only in connection with synchro¬ 
nous conditions where they are not transi¬ 
tory. The comments clearly stated that 
in the practical motor under slip conditions 
these two sets of currents, the slip or torque 
cu^ents of slip frequency and the flux sus- 
tainmg currents of double frequency, less 
slip, are superimposed, and that the posi¬ 
tions of the rotor conductors are constantly 
shifting from the transformer to the speed 
condition and vice versa. This action 
produces the characteristic single-phase 
rotor current form of one wave of slip fre¬ 
quency with another of double frequency 
less slip superimposed. 

The expression "tendency to keep in 
synchronism” may be somewhat misipftritng , 
However, it does not indicate that the rotor 
actually attains synchronism, but that there 
is a tendency in that direction, a well-known 
characteristic of squirrel-cage motors. 

The term "torque” was used in the sense 
of the torque produced by the electrical 
reactions between the field and rotor. Un- 


A. P-T. Sah (A’35, M’36) professor of 
physics, Tsing Hua University, Peiping, 
Chuia, recently was appointed president of 
the National University of Amoy, Amoy, 
China. Doctor Sah, who formerly served 
as visiting professor on the electrical engi¬ 
neering faculties of both The Ohio State 
University and the Massachusetts Institute 



A. P-T. SAH 


of Technology, was bom July 24, 1902, at 
Foochow, CUna, and aftar recdving the 
degree of bachelor of arts at Stanford Uni¬ 
versity in 1924, enrolled in the electrical 
engineering school of Worcester Poly¬ 
technic Institute, where he received the 
degree of electrical engineer (1925) and 
doctor of science (1927). For one year 


less we eliminate mechanical rotation and 
reduce to stationary conditions as outlined 
by holding the rotor stationary and recti¬ 
fying the single-phase exciting current, there 
is a negative torque due to friction, windage, 
etc., but this torque is not pulsating. Pul¬ 
sating negative torque is only produced 
above synchronism. 

The terms "speed voltage” and "trans¬ 
former voltage” were used to indicate their 
source, A speed voltage involves a trans¬ 
formation between electrical and mechanical 
forces while a transformer voltage involves 
a transformation between electrical forces. 

As Mr. Button states, the reactions under 
slip conditions are rather complex. It was 
intended to confine the argument more par¬ 
ticularly to synchronous conditions and 
show how at synchronism, the double¬ 
frequency rotor currents maintain the flux 
approximately constant along a fixed rotor 
diameter, so that a rotary field is developed 
by the mechanical rotation of the sustained 
rotor flux. Other characteristics of the 
single-phase squirrel-cage motor that are 
explained by this method were mentioned, 
but space would not permit taking them 
up in detail. 

Very truly yours, 

Edward Brbtch (M’19) 
President, The Advance Electric 
Company, St. Louis, Mp. 


after his graduation in 1927 he was affiliated 
with the Westinghouse Electric & Manu¬ 
facturing Company, Pittsburgh, Pa., fol¬ 
lowing which be became chief engineer of the 
China Radio Corporation, Timtsin. In 
1928 he was appointed assistant professor 
of electrical engineering and physics at 
Tsing Hua University and in the following 
year he received his full professorship. In 
1936 Doctor Sah returned to the United 
States as visiting professor of electrical en¬ 
gineering at The Ohio State University and 
Massachusetts Institute of Technology, 
and during liis stay presented 2 papers on 
the engineering application of dyadics at 
the Institute’s 1937 winter convention. 
Since 1935 Doctor Sah has served as a 
member of the Chinese National Electro¬ 
technical Committee, affiliated with the 
International Electrotechnical Commission. 
He is a member of the Chinese Engineering 
Society, Chinese Science Society, Chinese 
Physical Society, and the Chinese Institute 
of Electrical Engineering. 


G. M. L. Sommerman (A’31, M’37) re- 
seardi engineer for the jAmerican St^ & 
Wre Company, Worcester, Mass., has been 
awarded the Alfred Noble Prize for 1937, as 
reported elsewhere in this issue. The award 
was made for his paper "Properties of 
Saturahts for Paper-Insulated Cables,” 
which was published in the May 1937 issue 
of ELEcnacAL Enginbbring, pages 666-76, 
and presented at the AIEE' 1937 summer 
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convention, Milwaukee, Wis., June 21-26. 
Doctor Sommerman was born July 2, 1909, 
at Baltimore, Md., and received the degrees 
of bachelor of engineering (1929) and doctor 
of engineering (1933) at The Johns Hopkins 
University. Following- his graduation in 
1929 he became a research assistant at that 
institution, devoting his attention to in¬ 
vestigations sponsored by the former Na¬ 
tional Electric Light Association, and in the 
following year enrolled in the graduate 
school of electrical engineering. In 1931 he 
became an assistant physicist for the Con¬ 
solidated Gas, Electric Light, and Power 
Company of Baltimore, and in 1934 joined 
the research engineering staff of the Amer¬ 
ican Steel & Wire Company, where he has 
been in charge of fundamental researches 
on luroperties of materials for use in high- 
voltage cables. Doctor Sommerman is a 
member of the Institute’s committee on re¬ 
search and was a member of the committee 
on instruments and measurements from 1934 
until 1937. He has made many contribu¬ 
tions to the technical literature on dielec¬ 
trics, and has been an active member of the 
committee on electrical insulation of the 
division of engineering and industrial re¬ 
search of the National Research Council. 
He is a member of the American Physical 
Society, American Association for the Ad¬ 
vancement of Science, American Society for 
Testing Materials, Sigma Xi, and Tau Beta 
Pi. 


S. A. Tucker (A’28) division engineer, 
Brooklyn Edison Company, Inc., Brooklyn, 
N. Y., recently became associate editor of 
Power a periodical published by the Mc¬ 
Graw-Hill Publishing Company, New York, 
N. Y. Mr. Tucker was bom October 11, 
1905, at New Britain, Conn., and is an 
electrical engineering graduate of Yale 
University. Soon after his graduation he 
became associated with the Brooklyn Edi¬ 
son Company as a cadet engineer, and was 
associated with that company for more than 
10 years. 


A. J. Allen (M’27) operating vice-presi¬ 
dent of the Ohio Bell Telephone Company, 
Cleveland, recently was made president of 
the Cincinnati and Suburban Bell Tele¬ 
phone Company, Cincinnati, Ohio. Mr. 
Allen was bom April 27, 1881, at Peoria, 
N. Y., and attended Geneseo State Normal 
School and Williams College. In 1907 he 
became associated with the Central Dis¬ 


trict Telegraph Company, Pittsburgh, Pa., 
as a traffic assistant, later becoming division 
supervisor of traffic before leaving that 
company to join the engineering depart¬ 
ment of the American Telephone and Tele¬ 
graph Company, New York, N. Y., in 1910. 
For several years his work with the Ameri¬ 
can Telephone and Telegraph Company 
was concerned with local operating and 
engineering problems, but later he became a 
traffic engineer and in 1929 was made an 
assistant vice-president of the company. 
In the following year he was transferred to 
Cleveland as operating vice-president of 
the Ohio Bell Telephone Company. 


T. H. Hogg (M’31) chief hydraulic eni- 
gineer of the Hydro-Electric Power Com¬ 
mission of Ontario, Toronto, has been ap¬ 
pointed chairman of the Commission. Mr. 
Hogg was bom April 20,1884, at Chippawa, 
Ontario, and received the degrees of bache¬ 
lor of applied science, civil engineer, and 
doctor of engineering at Toronto Univer¬ 
sity. In 1908 he became a member of the 
designing department of the Ontario Power 
Company, remaining there until 1911, when 
he became editor of Canadian Engineer. 
His affiliation with the Hydro-Electric 
Power Commission began in 1913, when 
he was appointed assistant hydraulic 
engineer. Doctor Hogg held that posi¬ 
tion until he was appointed chief hydraulic 
engineer in 1921. Since 1926 he has served 
as a consulting engineer for the government 
of the Dominion of Canada, the Province 
of Ontario, and for several local power com¬ 
panies. 


S. A. Canariis (A’25, M'27) assistant 
power engineer. Bureau of Water, Depart¬ 
ment of Public Works of the City of Pitts¬ 
burgh, Pa., recently was appointed water 
works electrification engineer for the in¬ 
dustrial department of the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa. Bom in Odexise, Den¬ 
mark, in 1893, Mr. Canariis received his 
formal technical education at the Poly- 
technical School of Odense, graduating in 
1915. In 1922 he came to the United 
States, and was employed by several com¬ 
panies in various capacities before being 
appointed senior engineer of the commercial 
engmeering division of the Duquesne Light 
Company, Pittsburgh, Pa., in 1926. Mr. 
Canariis became assistant power engineer 
for the Bureau of Water of the City of 
Pittsburgh in 1931. 


R. M. Baker (A’35) research engineer, 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., has been 
appointed to the faculty of the Kansas 
State College of Agriculture and Applied 
Science, as an instmctor in electrical engi¬ 
neering. Mr. Baker, a native (1903) of 
College Station, Texas, received the degree 
of bachelor of science in electrical engineer¬ 
ing at the University of Texas in 1926, and 
the degree of master of science in electrical 
engineering at the University of Pittsburgh 
in 1931. Since 1928 he has been employed 
continuously in the research laboratories 
of the Westinghouse company, where he 
has been occupied chiefly in a study of 
electrical sliding contacts and related prob¬ 
lems. During 1932-n33 he studied in the 
Technische Hochschule of Charlottenburg, 
Germany, and was associated with the 
Siemens Research Laboratories in Berlin. 
Mr. Baker has presented several papers be¬ 
fore the Institute.. 


Arthur Simon (A’03, F'13) consulting 
electrical engineer for the Cutler-Hammer 
Co., Milwaukee, Wis., has established hia 
own consulting engineering firm, with offices 
in Milwaukee. Doctor Simon was bom 
in Ebersheim, Germany, May 21, 1881, 
was educated in the public schools of G^- 
many, and later attended the Technical 
University of Darmstadt, from which he 
received a diploma of engineering in 1902. 
He came to the United States in 1903 when 
he entered the employ of Cutler-Hammer 
Company as an electrical engineer. In 
1905 he was placed in charge of a-c engineer¬ 
ing, and in 1921 was appointed consulting 
engineer to the company. He served as a 
member of the Institute’s committee on 
power transmission and distribution, from 
1923 until 1925. Doctor Simon will retain 
his connection with the Cutler-Hammer 
Company. 


J. H. Manning (M’14) president, Stone 
and Webster Engineering Corporation, 
New York, N. Y., has retired from active 
service. Bom October 1, 1883 at Fall 
River, Mass., Mr. Manning was graduated 
from Worcester Polytechnic Institute with 
the degree of bachelor of science in civil 
engineering in 1906 before becoming as¬ 
sociated with the consulting engineering firm 
of Hugh L. Cooper, New York, N. Y., as a 
draftsman. He remained with that organi¬ 
zation until 1910, when he joined the staff 
of the Stone and Webster Engineering 
Corporation at Boston, Mass. He was 
superintendent of constmctioh on many of 
the Stone and Webster projects throughout 
the United States, and has bem associated 
with the engineering activities of that or- 
ganizatiou continuously for 27 years. Mr. 
Manning is a member of the American 
Society of Civil Engineers. 


S. L. Henderson (A’12, M'34) section 
engineer for the Westinghotise Electric & 
Manufacturing Company, East Pittsburgh, 
Pa., has been promoted to the position of 
district engineer, with offices at New York, 
N. Y. A native of Boston, Mass. (18^), 
Mr. Henderson received the degree of bache- 
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lor of science in electrical eTigiiif><»r iTig at 
Massachusetts Institute of Technology in 
1910, following which he entered the test 
course of the Westinghouse Company. In 
1913 he was appointed design engineer and 
successively became division engineer and 
section engineer. He was a member of the 
Institute’s committee on electrical ma¬ 
chinery from 1928 until 1935 (chairman 
1932-34) and a member of the technical 
program committee from 1932 until 1934. 
At present Mr. Henderson is a member of 
the sectional committee on rotating ma¬ 
chinery of the American Standards Asso¬ 
ciation. 


R. C. Mason (A’26) who has been for 
several years a research engineer for the 
Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa., recently 
has become associated with the Physisch 
Laboratorium, Utrecht, Netherlands. Mr. 
Mason is a native (1903) of Bentonville, 
Arkansas, and an electrical engineering 
graduate of the University of Arkansas 
(1924). After graduating from the student 
training course of the Westinghouse Com¬ 
pany, he became an engineer in the materi- 
^s and process engineering department 
in 1925, but later was transferred to the re¬ 
search laboratories. Mr. Mason was a 
member of the electrophysics (now 
sciences) committee from 1933 until 1937 
(chairman 1936-37). 


W. A. Nichols (A’37) since 1931 an 
engineer in the special products department 
of the Northern Electric Company, Ltd. 
Monteeal, Que., Canada, recently became 
associated with the Canadian Broadcasting 
Corporation as chief engineer of radio sta¬ 
tion CBL at Hornby, Ontario. Mr. Nichols, 
a graduate (1928) of the University of 
Toronto, formerly was associated with 
Canadian National Telegraphs, and with 
the Northern Electric Company, where 
much of his work was concerned with 
sound equipment. 


J. H. Irwin (A’20) who has been a cable 
specialty Salomon in the Chicago (Ill.) office 
of the Aluminum Company of America for 
the last 13 years recently was made man¬ 
ager of the company’s Atlanta Ga. office. 
Mr. Irwin was bom December 12, 1892, at 
Philaddphia, Pa., and was graduated from 
the University of Pennsylvania in 1916 with 
the degree of bachelor of science, immedi¬ 
ately following which he joined the engi¬ 
neering sales staff of the Aluminum Com¬ 
pany of America, with offices at Philadel¬ 
phia, Pa. 


E. W. Conroy (M’32) superintendent 
of light and power, Puget Sound Power and 
Light Company, Bremerton, Wash., has 
been transferred to the central district 
offices of the company at Seattle, Wash., 
and has been made assistant to the general 
superintendent of light and power. Mr. 
Conroy, a native of Helena, Mont,, and an 
elecMcal engineering graduate of the Uni- 
v^sity of Washington, has been a^ociated 
with the Puget Soun4 Power, and Light 
Company continuously since 1922. 0 
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G. W. Thaxton (M’36) formerly division 
engmeering supervisor of the Rural Elec¬ 
trification Administration, Washington, 
D. C., has become electrical engin»>PT fQj. 
the Chase Brass and Copper Company, 
Inc., and the Kennecott Wire and Cable 
Company, New Orleans, La. Prior to his 
^iation with the Rural Electrification 
Commission, Mr. Thaxton was division 
engineer of the Tennessee Valley Authoritv 
at Tupelo, Miss. 

E. L. Moreland (A’ll, F*21) partner 
m the firm of Jackson and Moreland, Bos¬ 
ton, Mass., and head of the department of 
electrical engineering of Massachusetts 
Institute of Technology, Cambridge, has 
been appointed to represent the Institute 
as alternate on the electrical standards com¬ 
mittee of the American Standards Associa¬ 
tion. Professor Moreland is also Institute 
representative on the standards council of 
the American Standards Association. 

Frederick Bedell (A’91, F’26, past 
vice-president, member for life) recently 
retired from his position as professor of 
physics at Cornell University, Ithaca, 
N, Y., and will become professor emeritus. 
Doctor Bedell will continue to do research 
work at the University and in the R. C- 
Burt Scientific Laboratories, Pasadena, 
Calif., where he expects to spend the next 
few months. 


H. S. Dixon (A’35) who has been an as¬ 
sistant engineer. Reclamation District No. 
108, Knights Landing, Calif., recently be¬ 
came a member of the dectrical engineer- 
ing staff of Purdue University, Lafayette, 
lud. A native (1910) of Woodland, CaUf., 
Mr. Dixon received the degree of bachelor of 
arts (1931) and the degree of electrical en¬ 
gineer (1935) at Stanford University. He 
is a member of Tau Beta Pi. 


W. M. Leeds (A’32) electrical en gineer 
for the Westinghouse Electric & Manu¬ 
facturing Company, East Pittsburgh, Pa., 
recently awarded a B. G. Lamme scholar¬ 
ship by the Westinghouse company, has 
been granted a year’s leave of absence to 
pursue graduate work at Massachusetts 
Institute of Technology, following which he 
will return to the switchgear engineering 
department of the company. 

F. V. Magalhaes (A’07, F’19) executive 
assistant to the president. Consolidated 
Edison Company of New York, Inc., New 
York, N. Y., has been appointed to serve as 
the Institute’s representative on the com¬ 
mittee on low-voltage hazards of the Na¬ 
tional Safety Council, and on the electrical 
committee of the National Fire Protection 
Association. Mr. Magalhaes is chairman 
of the Institute’s board of examiners. 

J. D. Ross (A’08, F’12) superintendent 
of lighting, City of Seattle, Wash., and a 
former member of the United States Se¬ 
curities and Exchsinge Commission, has 
been appointed administrator of the Bon- 
nevflle power project. Mr. Ross has been 
associated with the city lighting department 
of Seattle for 30 years, 26 of which have 
been as superintendent. 

News 


E. A. Baldwin (A’07) vice-president and 
genial European manager of the Inter¬ 
national General Electric Company, Paris, 
Prance, recently was made an officer of the 
Legion of Honor in recognition of his many 
services to France. Mr. Baldwin has been 
associated with the General Electric Com¬ 
pany since 1896, and has been in the foreigfn 
department of the company since 1899. 

O. F. Allen (A’lO, F’24) consulting 
engineer. New York, N. Y., recently re¬ 
signed from his position with the Public 
Works Administration in New York, to 
devote his entire time to his consulting 
engineermg practice. He continues as 
managing director of Martin Motors, Inc., 
and as secretary and director of American 
Rezo, Inc. 

C. F. Harding (A’06, F’14, vice-presi¬ 
dent) head of the s^ool of electrical engi¬ 
neering and director of the electrical labo¬ 
ratories of Purdue University, Lafayette, 
Ind., has been appointed to serve as the 
Institute’s representative on the American 
Engmeering Council assembly for the cal¬ 
endar year 1938. 

W. H. Bliss (A’30) formerly an instruc¬ 
tor in electrical engineering at the Univer¬ 
sity of Maine, Orono, recently became a 
communications engineer for RCA Com- 
mumcations, Inc., New York, N. Y., where 
he M domg experimental work on radio fac¬ 
simile transmissions. 

R. A. ScHLEGEL (A’36) who has been 
collie^ electrician for the Philadelphia and 
Riding Coal and Iron Company, Mahanoy 
City, Pa., recently became a service engi¬ 
neer with the Brown Instrument Company 
Industrial Division of the Minneapolis 
Honeywell Regulator Company, Philadel¬ 
phia, Pa. 

V. M. Montsinger (A’14, F’29) research 
engineer. General Electric Company, Pitts¬ 
field, M^., has been appointed to serve as 
the Institute’s representative on the elec¬ 
trical standards committee of the Ameri¬ 
can Standards Association. Mr. Mont¬ 
singer is chairman of the institute’s com¬ 
mittee on standards. 

W. M. Bauer (A’29, M’36) since 1929 
an instructor in electrical engineering at 
Northwestern University, Evanston, HI., 
now is a part-time assistant in electrical 
enpneering at Harvard University, C^- 
bridge. Mass., where he is enrolled in the 
graduate school as a candidate for a doc¬ 
torate degree. 

H. M. WiTHEROw (A’28, M’36) designing 
engineer General Electric Company, Fort 
Wayne, Ind., has been transferred to the 
design department of the General Electric 
Company, Lynn, Mass. Mr. Witherow 
is a past chairman (1935-36) of the AIEE 
Fort Wayne Section. 

Macklbn Klbihan (A’37) assistant eii^ 
gineer, Thompson Gibb Electric Welding 
Company, Lynn, Mass., recently became: 
welding engineer for the Lycoming Division 
of the Aviation Manufacturing Corporation, 
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Williamsport, Pa. Mr. Kleiman is a mem¬ 
ber of the American Welding Society. 

F. E. Johnson (A’13, F’31, director) 
dean of the college of engineering, Univer¬ 
sity of Missouri,* Columbia, has been ap¬ 
pointed to serve as the Institute’s represen¬ 
tative on the Engineer’s Council for Pro¬ 
fessional Development for the term 1937- 
40. 

J. Safkord (A’35) who has been an 
assistant in the dectrical engineering de¬ 
partment of Columbia University, New 
York, N. Y., recently was appointed a re¬ 
search assistant in the department of dec¬ 
trical engineering at Massachusetts In¬ 
stitute of Technology, Cambridge. 

L. F. Morehouse (A’16, F’20) has been 
e l e c ted to full membership in the British 
Institution of Electrical Engineers. Doc¬ 
tor Morehouse is technical representative 
in Europe of the American Telephone and 
Telegraph Company and of Bell Telephone 
Laboratories, Inc., with offices in London. 

F. M. Farmer (A’02, F’13, director) vice- 
president and chief engineer of the Electrical 
Testing Laboratories, New York, N. Y., has 
been appointed to serve the Institute as 
representative on the United Engineering 
Trustees, Inc., for the 4-year term begin¬ 
ning October 1937. 

H. A. Lardner (A’94. F’13, mernber for 
life) vice-president. The J. G. White En¬ 
gineering Corporation, New York, N. Y., 
has been dected a vice-president of United 
•p.Tigiti^f>riTig Trustees, and also a trustee of 
that agency, representing the American 
Society of Mechanical Engineers. 

Wills Maclachlan (A’08, F’21, past 
vice-president) consulting dectrical engi¬ 
neer, Toronto, Ont., Canada, has been ap¬ 
pointed to serve the Institute as represen¬ 
tative on the National Fire Waste CouncU. 
Mr. is chairman of the Insti¬ 

tute’s committee on safety. 

Douglas Montgomery '(A’26) has re¬ 
signed from the Westinghouse Electric & 
Manufacturing Company, New York, N. Y., 
with which company he was a fidd engineer, 
to become an dectrical draftsman for The 
Detroit Edison Company, Detroit, Michi¬ 
gan. 

J. E. ZiPOND (A’23) who has been an 
assistant dectrical engineer for the public 
works branch. United States Treasury 
Department, Washington, D. C., recently 
became assodated with the Duquesne 
Light Company, Pitteburgh, Pa., as an 
dectrical engineer. 

J. W. Gray (A’36) formerly a teaching 
fellow in the physics department of the 
University of Washington, Seattle, now is 
an instructor in the dectrical engineering 
department of the University of Idaho, 
Moscow. 

G. H. Bliesnbr (A’36) until recently 
farm electriacation agent for the Puget 
Sound Power and Light Company, Mount 


Vernon, Wash., now has become agrictd- 
tural dectrical engineer for the Yam Hill 
Electric Company, Newburg, Ore. 

R. F. Hays, Jr. (A’36) formerly an m- 
structor in the department of physics, Mis¬ 
sissippi State College, State College, now is 
employed as a vapor lamp engineer by the 
Westinghouse Lamp Division at Bloom¬ 
field, N. J. 

E. R. Paige (A’36) until recently an 
dectrical engineering mstructor at Comdl 
University, Ithaca, N. Y., has become af¬ 
filiated with the engineering department of 
the Niagara Hudson Power Corporation, 
Buffalo, N. Y. 

H. H. Hbnlinb (A’19, M’26, national 
secretary) has been appointed to serve as 
the Institute’s representative on the stand¬ 
ards council of the American Standards 
Association for the 3-year term beginning 
January 1, 1938. 

Roy Wilkins (A’16, F’29) who has been 
an engineer for the K-P-F Electric Com¬ 
pany, San Francisco, Calif., now is associ¬ 
ated with the firm of George E. Honn, San 
Francisco. Mr. Wilkins has been a consult¬ 
ing engineer in that dty for several years. 

Frank Worbl (A’29) who has been 
chief toll testman of the Michigan Bdl 
Tdephone Company, Ann Arbor, has been 
transferred to the Grand Rapids office of 
that company as an exchange repairman. 

H. L. Collins (A’36) has resigned his 
position as chief engineer of the Invindble 
Vacuum Cleaner Manufactutring Co., Dovw, 
Ohio, to become production engineer with 
the Knapp-Monarch Company, St. Louis, 
Mo. 

Georg Keinath (M’37) director of Ae 
laboratories of Siemens and Halske, Berlin, 
Germany, recently came to the United 
States to establish consulting engineering 
offices at New York, N. Y. 

K. H. Blaoc (A’37) second lieutenant, 
U.S. Army Corps of Engineers, Fort Law- 
ton, Seattle, Wash., now is employed in the 
meter department of the Puget Sound Power 
and Light Company, Seattle. 

K. E. V. Hallar (A’31) formerly assis¬ 
tant operating and maintenance engineer 
with the Husqvama Vapenfabriks, Husk- 
vama, Sweden, now is with the Stone and 
Webster Engineering Corporation, Boston, 
Mass. 

H. E. Reed (A’32) formerly an electrical 
operator for the Maine Seaboard Paper 
Company, Bucksport^ now is employed 
as an electrical tester for the Westinghouse 
Electric & Manufacturing Company, East 
Pittsburgh, Pa. 

C. V. PouNG (A’27) formerly an decr 
trical engineer in the Hawthorne works of 
the Western Electric Company, Inc., Chi¬ 
cago, Ill., has been appointed an assistant 
electrical engineer for the Tennessee Valley 
Authority, Knoxville, Tenn. 

A. M. Flxjke (A’37) who has bedi a test 
engineer for the General Electric Company, 
Schenectady, N. Y., has been transferred 
to the Bridgeport, Coim., works of that 

News 


company in the resistance welding engineer¬ 
ing department. 

R. A. Tyler (A’36) who has been assis¬ 
tant superintendent in the electric depart¬ 
ment of the Oklahoma Gas and Electric 
Company, Enid, has been transferred to the 
Oklahoma City offices of that company as 
service foreman. 

J. R. Eaton (A’27, M’36) until recently 
an engineer for the Consumer Power Com¬ 
pany, Jackson, Mich., has enrolled in the 
graduate school of electrical engine^g 
at the University of Wisconsin, Madison. 

H. D. Larrabbb (A’06) operating super¬ 
intendent of the Coimecticut Light and 
Power Company, Norwich, Conn., has been 
transferred to the Willimantic offices of that 
company. 

F. B. Weston (A’33) who has been a 
draftsman for the General Electric Com¬ 
pany, Bridgeport, Conn., now is a junior 
design engineer for M. H. Rhodes, Hart¬ 
ford, Conn. 

G. K. Williams (A’34) until recently an 
electrical engineer at Cornell University, 
Ithaca, N. Y., now is employed in the in¬ 
spection development laboratory of the 
Western Electric Company, Baltimore, Md. 

H. R. Woodrow (A’12, F’23, past-di¬ 
rector) vice-president of the consolidated 
Edison Company of New York, Inc., New 
York, N. Y., has been elected a vice-presi¬ 
dent of United Engineering Trustees. 


OLiluary 


Robert Calthrop Brown (A’03, mem¬ 
ber for life) vice-president of the Brazilian 
Tramway, Light, and Power Company, 
Barcelona Tramway, Light, and Power Com¬ 
pany, Mexican Light and Power Company, 
Mexico Tramway Company, and Cana¬ 
dian and General Finance Company, Ltd., 
Toronto, Ont., Canada, died October 30, 
1937. Mr. Brown, bom June 1, 1866, at 
Medford, Mass., was graduated from Tufts 
College with the degree of bachelor of arts 
in 1888, and received the degree of elec¬ 
trical engdueer in 1894. In 1889 he was 
employed by the Somerville Electric Light 
Company as lineman, but later in the same 
year entered the employ of the West End 
Street Railway Company, Boston, Mass., 
in its engineering department. In 1890 he 
was appointed assistant superintendent of 
electric power in the same company, which 
position he held for one year before resign¬ 
ing to take charge of the electrical work; of 
the Brooklyn City Railroad, Brooklyn, 
N. Y., in 1891. In 1894 Mr. Brown became 
affiliated with the Montreal Street Railway 
Company as an electrical engineer, and from 
1896 to 1898 was employed by the Halifax 
Tramway, Light, and Power Comply as 
general manager. In 1899 he went to 
Brazil, where he remained until 1901 as 
general manager of the Sao Paulo Tramway, 
Light, and Power Company. From 1902 
until 1906 he served as electrical engineer 
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with the Toronto and the Niagara River 
Power Company; in 1906 he was appointed 
TT^ an a ging director of the Mexican Tram¬ 
ways Company, Mexico City, and subse¬ 
quently held numerous offices in Mexican 
and South American companies. 


Philip Price Barton (A’OO, M’Ol, FT2, 
member for life) retired electrical engineer, 
Hartford, Conn., died September 3, 1937. 
Mr. Barton was bom May 5, 1865, at Lock 
Haven, Pa., and was graduated from Cor¬ 
nell University with the degree of bachelor 
of philosophy in 1886; he then enrolled in 
the graduate school and was granted the 
degree of master of science in 1888, following 
which he was employed in the electrical de¬ 
partment of the Cambria Iron Company, 
Johnstown, Pa. In the same year he be¬ 
came associated with the Allegheny County 
Light Company, Pittsburgh, Pa., but re¬ 
mained there only for a brief period before 
becoming a test engineer for the Westing- 
house Electric & Manufacturing Company, 
East Pittsburgh, Pa., in 1889. Later he 
was transferred to the Chicago (Ill.) offices 
of that company as a construction engineer, 
fl-TiH remained there until 1891, when he was 
employed in the office of the special agent 
of the Brush Electric Company, Pittsburgh, 
Pa., as engineer and salesman. After 
serving in a similar capacity in the Pitts¬ 
burgh offices of the General Electric Com¬ 
pany for a brief period, Mr. Barton was 
appointed assistant eleetrical superintendent 
of the Niagara Falls Power Company in 
1899. Successively he became superiutmd- 
ent of operation, general manager, vice- 
president and general manager, serving 
concurrently as general manager of the 
rgiifldta.n Niagara Power Company,vice- 
president and general manager of the Ni¬ 
agara Junction Railway Company and the 
Niagara Development Company, and as 
director of the Bank of Niagara. 


Jambs Aquilla Correll (A’08, M'29) 
professor of electrical eng^eering. Univer¬ 
sity of Texas, Austin, died October 30, 
1937. Professor Correll was bom in Wayne 
County, Ohio, May 4, 1883, and r^eived 
the degrees of bachelor of science in me¬ 
chanical engineering (1903) at EZansas State 
Agricultural College, bachelor of science 
in electrical engineering (1907) at Massa¬ 
chusetts Institute of Technology, and mas¬ 
ter of science in electrical engineering (1925) 
at the University of Texas. Following his 
graduation in 1903 he was appointed re¬ 
frigeration engineer for the Louisiana Pur¬ 
chase Exposition at St. Louis, Mo., and 
following the close of the exposition, became 
assistant engineer for the 2eigler Coal Com¬ 
pany, Zeigler, Ill- In 1907 he was apopinted 
to the faculty of the University of Texas as 
an instructor in electrical engineering, later 
becoming adjunct professor (1915), asso¬ 
ciate prof^or (1918), and profepor of 
electrical engineering (1927). During the 
World War he was head of the engine divi¬ 
sion of the United States Government school 
of military aeronautics at the University 
of Texas. Professor Correll was co-author 
of a textbook on a-c circuits, and was a 
member of the Society for the Promotion 
of Engineering Education and the former 
National Electric Light Association. 

December 1937 


Albert Benton Junkins (M’24) con¬ 
tracting electrical engineer, Baltimore, Md., 
died in July 1937, according to word just 
received at Institute headquarters. Mr. 
Jtmkins was bora in Baltimore February 12, 
1894, attended Baltimore City College, and 
received the degree of bachelor of science in 
electrical engineering at The Johns Hopkins 
University in 1917. Following his gradua¬ 
tion he became assistant to the power plant 
engineer of the Chesapeake and Potomac 
Telephone Company, Baltimore, but in the 
following year received a commission in the 
communication branch of the United States 
Army Air Corps, serving as an instructor 
in radio and telephone communication. In 
1919 he returned to his former position 
with the Chesapeake and Potomac Tele¬ 
phone Co., but remained for only one year 
before becoming electrical engineer for the 
Union Ship Building Company, Baltimore. 
In 1921 Mr. Junkins became affiliated with 
Stone and Webster, Inc., as assistant to the 
electrical superintendent on the construc¬ 
tion of the American Sugar Refinery, Bal¬ 
timore, and upon completion of that proj¬ 
ect became electrical engineer for the newly 
organized company. After serving briefly 
as a construction engineer for the Electro¬ 
mechanical Company, Baltimore, he es¬ 
tablished his own electrical contracting busi¬ 
ness, and pursued it without interruption 
for more than 10 years. 




Recommended 
for Transfer, 

The board of examiners at its meeting on Novem¬ 
ber 18, 1937, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be Bled at 
once with the national secretory. 

To Grade of Fellow 

Case, H. M., chief engineer. Long Island Lighting 
■ Company, New York, N. Y. 

Hunt, L. F., protection engineer. Southern Cali¬ 
fornia ^ison Company, Ltd., Los Angeles, 
Calif. 

KcEearin, J. P., chief engineer. Western Massa¬ 
chusetts Companies, SpringBetd, Moss. 
Wooldridge, William J., manager, electric sheet 
sales, Allegheny Steel Company, Brackenridge, 
Pa. 

4 to Grade of Fellow 
To Grade of Member 

Baker, T. S., chief engineer, communications divi¬ 
sion, Hearst Radio, Inc., New York, N. Y. 
Bellows, K. F., division engineer. Consolidated 
Edison Company of New York, Inc., New 
York,N. Y. . „ 

Blakeslee, T. M., electrical engmeerj Bureau of 
Power and Light, Los Angeles, Calif. 

Burke, J. H., electrical engineer. The Scranton 
Electric Company, Scranton, Pa. 

Craton, F. H., commercial engineer. General Elec¬ 
tric Company, Erie, Pa. 

Hapgood, K. E., assistant engineer of design and 
construction, Tennessee Valley Authority, 
Chattanooga, Tenn. . . 

Hou^, E. L., electrical engineer. Union Electric 
Company, St. Louis, Mo. - _ 

Eedae, C. L., supervising enjpneer. Ocean Acadrat 
and Guarantee Corporation, New York, N. Y. 
Leihy, C. W., editor. Electric Light and Power, 
Chicago, III. . ^ 

Love, N. R., chief engineer. Denver Tramway 
Corporation, Denver, Colo. 

McLean, C., assistant engineer, Northwestern 
• Electric Company, Portland, Ore. 

Scheering, W. S., substation engineer. Western 
Mass. Companies, SpringBeld, Mass. 

Schlup, Ei G., electrical engineer, The American 
Rolling Mill Co., Middletown, Ohio. 

13 to Grade of Member 


News 


Applications 
for Election 

Applications have been received at headquarters 
from the following candidates for election to mem¬ 
bership in the Institute. If the applicant has ap¬ 
plied for direct admission to a gr^e highp thM 
Associate, the grade follows immediately after the. 
name. Any member objecting to the election of 
any of thesc c&ndidfttcs slioitld so inform the na¬ 
tional secretary before December 31 1 1937> or 
ruary 28, 1938, if the applicant resides outside of 
the United States or Canada. . 


Anderson, J. W., Metropolitan Water District of 
Southern California, Los Angeles, Calif. 

Bagnall, V. B. (Member) American Telegraph and • 
Telephone Company, New York, N. Y. • 

Bain, J. R., Dominion Sound Equipments, Ltd:, 

Vancouver, B. C., Canada. I 

Baker, B. P., Westinghouse Electric & Manufac¬ 
turing Company, Bast Pittsburgh, Pa. 

Bloodwortb, B. W., Wilson Dam, Ala. 

Bloxam, E. L., Duke Power Company, Salisbury, 

N. C. 

Borland, B. E., Smith Milligan Electric Company, 
Tulsa, Olda. . 

Breoh, K. H., Pennsylvania Power & Light Com- . 
pany, Williamsport, Pa. 

Brown, F. H., Copperwdd Sted Company, New 
York, N.Y. . . 

Browne, A. A^ Westinghouse Electric & Manu¬ 
facturing Company, Portland, Ore. 

BuUiet, L. J., W. F., and John Barnes Company, 
Rockford, Ill. „ _ . 

Cain, D. B., General Electric Company, St.' Loms, 

Mo. 

Caplan, R. S., Gulf Refining Company, Houston^ 

Cartmell, A. W., Municipal Light and Power De¬ 
partment, City of Pasadena, Calif. 

Clayton, M. B., Tennessee Valley Authority, Wil¬ 
son Dam, Ala. 

Colby, B. H., General Electric Company, Pitts- 
fidd. Mass. , . 

Cook, V. M., Consolidated Edison Company of ' 
New York, Inc., New York, N. Y. 

Davenport, H. H., Southwestern Bell Telephone, v 
Company, San Antonio, Texas. 

Dillon, H. W., Southern Pacific Lines, Houston, 
Texas, 

Doumaux, A. R., General Electric Company, New 
York, N.Y. 

Elliott, R. M., Pacific Tdephone and Telegraph 
Company, San Prandsco, Calif. 

Evans, K., Canadian Westingbouse Company, 
Hamilton, Ont., Canada. 

Fay, F. H. (Member) American Tdephone and 
Telegraph Company, New York, N. Y. 

Fisher, H. J., Bdl Tdephone Laboratories, In¬ 
corporated, New York, N. Y. 

Galossini, J. P., Commonwealth Edison Company, 
Chicago, Ill. ' 

Garman, G. W., Generd Electric Company, 
Schenectady, N. Y. 

Glenny, W. W., Reliance Electric & Engineering 
Company, Cleveland, Ohio. 

Gower, A. G., Jr., (Member) Westinghouse Electric 
and Manufacturing Company, Boston, Mass. 

Grand!, L. L., Agriculture and Mining College of 
Texas, College Stetion. 

Hannah, £. I., Maydwell & Hartzdl, Inc., Los 
Angeles, Calif. 

Harker, D. C., Westinghouse Electric & Manufac¬ 
turing Company, Bast Pittsburgh, Pa. 

Hebbard, R. B., Interborougb Rapid Trandt Com¬ 
pany, New York, N. Y. . 

Hawekotte, R. M., Bell Tdephone Laboratories 
Incorporated, New York, N. Y. 

Hochstetter, P. B., United American Bosch Cof' 
poration, Springfield, Mass. 

Huffstutter, J. w., Westinghouse Electric & Manu¬ 
facturing Company, Sharon, Pa. 

Hull, R. (Member) Delco-Remy Corporation, 
Anderson, Ind. 

Jimenez-Micbelena, L. G., Massachusetts Institute 
of Technology, Cambridge. 

Johnson, J. S., Stone and Webster Engineering 
Corporation; Hartford, Conn. 

Herr, T. B., Quincy Electric light and Power Com¬ 
pany, Quincy, Mass. 

klin g ens mith, J. A,., Electric Storage Battery Com¬ 
pany, Washin^on, D. C. 

Kotdievar, J. F., Janette Manufacturing Com¬ 
pany, Chicago. Ill.'i 

Kurth, H. L. R. (Member) Boston Edison Com¬ 
pany, Boston, Mass, 

Lacbicotte, F. W. (Member) Duke Power Com¬ 
pany, Charlotte, N. C. 

lAcmcotte, P. W., Jr., Carolina Power and Light 
Company, Canton, N.-C. . 

Leatherman, L. A. (Member) Bdl Telephone Labo¬ 
ratories, Incorporated, New York, N. Y. 

Lovoi, P. J., Houston Light and Power Company, 
Houston, Texas. 

Luenberger, F. Om U. S. Electrical Motors, Inc., 

Los Angeles, Calif. 

MacDonald, M. W., 622 West 113 Street, New 

'crA.t 



pany, Houstop, Texas. 

Martin, B. L., Tennessee Valley Authority, Chat¬ 
tanooga, Tenn. 

McS^ley, w, W., Commonwealth and Southern 
Corporation, Jadkson, Mich. 

Mdcher, J. C., Leeds & Northrup Company, 
Philadelphia, Boston, Masd 


1535 


ESSSSlSSSl 






Miller, A. R., Union Metal Manufacturing Com¬ 
pany, Canton, Ohio. 

Minneci, S., General Electric Company, Pittsfield, 
IVIftss 

Monfort, "c. E., Jr;, Union Electric Company of 
Missouri, St. Louis. _ „ , 

Morton, L. W., General Electric Company, Sche¬ 
nectady, N. Y. „ , 

Murphy, W. J., Consolidated Edison Company of 
New York, Inc., New York, N. Y. . . 

Naylor, H. E. Jr., Tennessee Valley Authority. 

WUson Dam, Ala. . 

Nelson, C. B. (Member) Nelson Electric Supply 
Company, Nelson Electric Manufacturing 
Company, Tulsa, Okla. . . 

Nelson, S. H., Southern New England Telephone 
Company, New Haven, Connr _ 

Pakala, W. E., Westinghouse Electric and Manu¬ 
facturing ^mpany, East Pittsburgh, Pa. 
Palermo, A. J., Westinghouse Electric and Manu¬ 
facturing Company, Sharon, Pa._ 

Palmer, R. J., Virginia Public Service Company, 
Alexandria, Va. , , _ 

Porter, W. J., Canadian Westinghouse Company, 
Hamilton, Ont., Canada. . 

Ross, A., Moloney Electric Company, St. Louis, 

Ross, W. E. (Member) Canadian General Electric 

Company. Ltd., Toronto, Ont., Cana^. 

Russ, J. 5., General Electric Company, Pittsfield, 
Mass. , , ^ . , 

Shower, E. G., Bell Telephone Laboratories, In¬ 
corporated, New York, N. Y. 

Silbetmann. E. F., United States Navy, New York, 
N. Y 

Sloan, K. H., United States Navy, New York. 
N. Y. 

Smith,'R. B. (Member) Public Service Company of 
Northern Illinois, Evanston. . „ . 

Southall, C. S. (Member) Phoenix Engineering 
Corporation, New York, N. Y. 

SpUler, P., Consolidated Edison Company of New 
York, Inc., New York, N. Y. , 

Stewart, G. S. (Member) Canadian General Elec¬ 
tric Company, Toronto, Ont., Canada. 

Thomas, S. H., General Electric Company, New 
York. N. Y. . , _ „ 

Thring, R. G. (Member) Capital Transit Company, 
Washington, D. C. „ - ^ j 

Ulmer, L. S., 849 Hamson Avenue, Schenectady, 
N Y. 

Voile, 'g. H., Union Electric Company, Monsanto, 

Wanef'D., Canada Wre and Cable Company, Ltd., 
Leaside, Ont., Canada. „ ■ . . 

Weiser, L. G., westinghouse Electric and Manu¬ 
facturing Company, Louisville, Ky. 

Whitner. R. L. (Member) Roller-Smith Company, 
Bethlehem, Pa. , „ , 

Wilkoff, H. M. (Member) American Steel & Wire 
Company, Worcester, Mass. 

Williamson, R. L., Aluminum Company of Amer¬ 
ica, Atlanta, Ga. . , , . » 

Wriaht F. T., Underwriters Laboratories, Inc., 
New York, N. Y. . . . 

Zurcher, L. A.. Case School of Applied Science, 
Cleveland, Ohio. 

85 Domestic 

Foreign 

Anand, L. S.. City and Guild Laboratories, I,ondon, 

Bhareavat^M. L., 35 Hussain Ganj, Lucknow, 
India. ^ . 

Canarro's. J. R. R.p Public Service Commission, 
San Juin, Porto Rico.. ^ ^ 

MacLean, L. R., Bolivian Power Company, 
Oruro, Bolivia. „ , „ 

Maissi, E., 39, rue Dulong, Paris 17e, France. 
Megwinoff, I... Power Electric Company, San Juan, 
Puerto Pico. * 

Rama Rao Naidu, D. V., Madanapalle Electac 
Su^.ply Corporation, Ltd., Madanapalle, South 

Wear R**H. (Member) Messrs. Blackstone and 
dompany. Ltd., Sydney, Australia. 

8 Forrign 


Addresses 

Wanted 

A list of members whose mail has been returned 
by the postal authorities is given below, with the 
addresses as they now appear on the InsUtute 
record. Any member knowing of corrections to 
these addresses will kindly communicate them at 
once to the oflSce of the secretary at 33 West 89th 
St., New York, N. Y. 

Bdissonnault, F. L.. 928 W. 8th Place, Los Angeles, 
Calif. 

Charlton, H. C., 4827 Wilson Avenue, Montreal, 
Que., Canada. 

Cooper, Peter G., 80 Stanton St., Schuylkill Haven, 
Pa. +. 

Dadasbev, Musa, 32 Zamkovaja, Ulitsa, Baku, 
XJ S S P 

Fassett, Frank C., 100 Seward Avc;, Detr<nt, Mich. 
Gregory, G. A., 1217 Jefferson Street, Olympia, 
Wash. 

Hall, John R., 1464 S, 74th St., WMt ^s, Wis. 
Herr/Melvin D., South 228 Lincoln St., Spokane, 
wash. 


Kirk, W. C., 216 E. 22nd St., Owensboro, Ky. 
Koziol, Roman Joseph, 174 Farmington Ave., 
Hartford, Conn. . . „ . . 

Macomber, George S., Federal Power Commisrion, 
Washington, D. C. 

McLean, Lee Vance, 1926 North Blvd., Baton 
PouffC* La* 

Tti.V Kaleel S., Co. 418, C.C.C., 01ustee,.Fla. 
Roberts, William N., 4175 Springle, Detroit. Mich. 
Tribble, William Harry, 303 Park Place, Brooklyn, 
N. Y. 
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Among the new books received at the Enm- 
neering Sodetiea Library, New York, recently 
are the following which have been selected be¬ 
cause of their possible interest to the electrical 
engineer. Unless otherwise specified, books hrted 
have been presented gratis by the publishers. The 
Institute assumes no responsibility for statements 
mariA in the following outlines, information for 
which is taken from the preface of the book in 
question. 

ENGINEERING MECHANICS, DYNAMICS. 
By S. Timoshenko and D. H. Young. New Yo« 
and London, McGraw-Hill Book Company, 1937. 
323 pages, illustrated, 9 by 6 inches, cloth, *2.75. 
An elementary textbook on dynamics intended to 
give the student a thorough grounding in funda¬ 
mentals. Contains discussions of 3 phases of the 
subject not usually contained in elementary books: 
vibration, elliptic harmonic motion, and relative 
motion. 

ENGINEERING PROBLEMS MANUAL. By 
F. C. Dana and E. H. Willmarth. Third edition. 
New York and London, McGraw-Hill Book Com¬ 
pany, 1987. 813 pages, illustrated, 8 by 5_ inches, 
cloth, $2.25. A textbook for courses in engineering 
problems with the object of training the enmneering 
student in good habits of work and study, ^e 
first 7 chapters furnish a ground work for this 
training; chapter 8 presents some 300 review 
problems; and chapter 9 contains miscellaneous 
tables. 

MECHANICS and HEAT. (Physics for Tech¬ 
nical Students). By W. B. Anderron. Third edi¬ 
tion. New York and London, McGraw-Hill Book 
Company, 1987. 378 pages, illustrated, 9 by 6 
inches, cloth, $2.50. This first volume of a Mt 
covers only mechanics and heat; sound, ligh^ 
electricity, and magnetism are covered in a srcond 
volume. Intended as an elementary textbook. 

TEXTBOOK of PHYSICS. By L. B. Spinney. 
Fifth edition. New York, Macmillan Company, 
1937, 721 pages, illustrated, 9 by 6 inches, cloth 
$3.75. A textbook for university and college 
students emphariting the practical applications of 
nhyrics and illustrates the laws by reference to 
tamiliar phenomena. 

THERMODYNAMICS. By H. A. Ev»ett. 
New York, D. Van Nostrand Company, 1937, 
430 pages, illustrated, 9 by 6 inches, cloth, $3.76. 
A textbook for a college course. Covers funda¬ 
mentals and discusses various phases in the light 
of modern developments. 

WIRELESS SERVICING MANUAL. By W. 
T. Peking. Third revised edition. London, 
Wireless World, Iliffe & Sons, Ltd., 1937. 241 pagM, 
illustrated, 8 by 5 inches, cloth, 6s. Covers the 
principles and practice of the repair and adjus^ 
ment of wireless receivers. Deals in detail with 
methods of fault finding and describes the use of 
test apparatus. 

TH60RIE et PRATIQUE des CIRCUITS 
FONDAMENTAUX de la T.S.F. By J. Qmnet. 
Paris, Dunod, 1937. 431 pages, illustrated. 10 by 
7 inches, paper, 120 frs. (140 frs., bound). An 
elcme&tftry study of tlie use of the calculus of 
imaginaries in the field of wireless telephony. 
Divided into 3 parts: the first deals with apphea- 
tions of the method to radio; the second shows 
its application to electricity; the third, application 
■•• to the theory and construction of fundamental 
circuits in v^eless telephony. 

STROM- und SPANNUNGSWANDLER. By 
M. Walter. Munich and Berlin, R, Oldenbourg, 
1937. 189 pages, illustrated, linen, 8.80 rm. 
scribes current and voltage transformers for switch¬ 
ing installations. Covers current and voltage trans¬ 
formers as to method of operation,, construction, 
safety precautions, connections, selection, and test 
procMures. . 


News 


SCIENCE of SEEING. By M. Luckiesh and 
F. K. Moss. New York, D. Van Nostrand. Com¬ 
pany, 1937, 548 pages, illustrated, 9 by 6 inchra, 
cloth, $6.00. A treatment of aspects not pnmanly 
consider^ in the various sciences with which seeing 
is connected. Discussions deal largely with con¬ 
trollable factors—physiological, typographical, il¬ 
luminative. 

SAGA of the SEAS. By P. B. McDonald. New 
York, Wilsbn-Erickson, 1937. 288 pages, illimteated 
10 by 6 inches, cloth, $3.00. A biography of Cyrus 
W. Field, of which the greater part, is devoted to 
his greatest achievement, the laying of the first 
Atlantic cable. Illustrated with contemporary 
prints and portraits. 

RICHARD COCKBURN MACLAURIN. By 
H. G. Pearson. New York, Macmillan Company, 
1937. 302 pages, illustrated, 9 by 6 inches, cloth, 
$3.00. A biography of the president of the Massa¬ 
chusetts Institute of Technology, 1909-1920. 
rhig.fly concerned with his work in that capacity. 

RADIO ENGINEERING. By F. E. Tttman, . 
Second edition. New York and London, MuGraw- 
Uall Book Company, 1937. 813 pages illustrated, 
9by 6 inches, cloth, $5.50. Revised edition of a 
comprehensive engineering treatment of the more 
important vacuum-tube and radio phenomena. 

PSYCHOLOGY of SELECTING EM¬ 
PLOYEES. ByD, A, Laird. Third edition. New 
York and London, McGraw-Hill Book Co., 1937. 
316 pages, illustrated, 9 by 6 inches, cloth, $4.00. 
A practical treatment of the fundamental considwa- 
tions in selecting men. Discusses psychological 
mMna and methods of selecting employees, and 
shows the employer how to find efficient employees 
in his own establishment, as well as in his employ¬ 
ment office. 

PREPARATION for SEEKING EMPLOY¬ 
MENT. By H. L. Davis. New York, John Wiley 
& Sons, 1937. 39 pages, tables, 8 by 6 inches, 
paper, $0.26. A pamphlet for the gmdance of those 
who seek employment for themselves or others. 

PHYSICS for STUDENTS of APPLIED SCI¬ 
ENCE. By J. E. Shrader. New York and London, 
McGraw-Hill Book Company, 1937. 638 pages, 

illustrated, 9 by 6 inches, cloth, $4.00. jPrMents 
fundamentals necessary to give the techmeal stu¬ 
dent a working knowledge of physics. 

MODERN THEORIES of INTEGRATION. 
By H. Kestelman. Oxford, Engird, Clarendon 
Press; New York, Oxford Umversity Pf^s, 1937. 
262 pages, tables, 10 by 7 inches, cloth, $5.60. Con¬ 
cerned primarily with the theo^ of Lebesgue inte¬ 
gration as simplified by C. CVathdodory. De¬ 
signed as to be intelligible to one having a knowl¬ 
edge of elementary analysis. Includes discussion 
of Biemann integration, extensions of the Lebesgue 
integral, and Fourier series. 

MANUAL of MATHEMATICS and MECHAN¬ 
ICS. By G. R. Clements and L. T. Wilson. New 
York and London, McGraw-Hill Book Company, 
1937. 266 pages, illustrated, 9 by 6 inches, leathw 
$3.76. Contuns facts and formulas useful in 
courses in mathematics and mechanics, also for 
general reference work. 

LABOR’S SEARCH for MORE. By M. Keir. 
New York, Ronald Press Company, 1937. 527 
pages, 9 by 6 inches, cloth, $3.60. Endeavors to 
present a record of the struggles, in recent time^ 
of ordinary persons to improve their lot. Intended 
to furnish an insight as to why workers have been 
and are seeking more security, more income, more 
leisure. Strikes, tiials, political campaigns, and 
mechanization are considered along with general 
economic data. 


Ens'ineerins Societies Library 

29 West 39th Street, New York, N. Y, 

M aintained as a public reference library 
of enslneerlhs end the allied sciences, this 
■library is a co-operative activity of the national 
societies of bivll, electrical, me^anical, and min¬ 
ing engineers. 

Resources of the library are available also 
to those unable to visit U in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi¬ 
cient to cover the cost of the work required. 

A collection of modern technical books is 
available to any member residing in North Amer¬ 
ica at a rental rate of .Rye cents per day per 
volume, plus transportation charges. 

Many other services are obtainable and an 
Inquiry to the director of the library will bring 
information concerning them. 
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Fundamental Concepts of 

Synchronous Machine Reactances 

By B. R, PRENTICE 

ASSOCIATE AiEE 


Synopsis 

This educational paper presents fundamental concepts 
of synclironous machine reactances in a form suitable for 
college seniors and recent graduates. Part I builds up the 
“physical concepts” of flux linkage and inductance, part 
II applies the concepts to synchronous machines, develop¬ 
ing a physical picture of machine reactances. Part III 
starts with the fundamental circuit differential equations 
of a machine and obtains expressions for the reactances in 
terms of self- and mutual inductances, ending with the 
machine equations in the direct, quadrature, and zero 
axe$, which give a physical picture of the machine 
“viewed” from these axes. 

Introduction 

T his is an educational paper designed specifically to 
assist the college student in bridging the gap between 
his formal, fundamental education, and current engi¬ 
neering knowledge and practice in the field of synchronous- 
machine theory. The development of the modem theory 
of synchronous machines started about 10 years ago when 
Doherty and Nickle’^'*'*'* extended Blondel’s 2-reaction 
theory and developed methods for determining the per¬ 
formance of a salient-pole machine under certain steady- 
state and transient conditions. They proposed new defi-. 
nitions and divisions of synchronous-machine reactances 
to facilitate the analysis. Subsequently, Park®'® general¬ 
ized the method by a more mathematical approach. 
Wieseman’^ and Alge^ gave methods of calculating the re¬ 
actances for design, and Park and Robertson* reviewed 
the whole field of synchronous-machine reactances from 
both the operating engineer’s and designing engineer’s 
viewpoints. Kilgore^® has given additional methods for 
calculating the reactances and time constants in design 
and Wright^^ has given methods of test and test results 
for reactances, resistances, and time constants. Subse¬ 
quent contributions in the field have been numerous and 
valuable. 

The new ideas presented were and are considerably be¬ 
yond the training given undergraduates in most colleges. 
This is as it should be, for there is scarcely time in a college 
course to do much more ttan give the student a sound 
foundation in fundamental?; and this should certainly not 
be sacrificed in order to progress far in special fields. A 

A paper recommend*^ lor publi<»tioa by tbe AIBB. committee on education. 
Manuscript submitted Nbyember 5, 1936; released for. publication May 24, 

, 1937, by the AIBB board of director for publication in pampblet form and as 
a suppleipent to tha 1937‘rKANSACTiONS, 

B. R. PRBKTicjB is in the en^neoding general department of the General Electric 
Company, Schenectady, KT. Y. ' 
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simple, easily understandable explanation of machme re¬ 
actances was given by Shildneck in an article,‘'Syn¬ 
chronous Machine Reactances—Fundamental and 
Physical Viewpoint.” This paper presents a viewpoint 
similar to that presented by Shildneck, and a number of 
others all of which have been found advantageous in the 
advanced course in engineering^^ of the Greneral Electric 
Company in the study of synchronous-machine theory. 

In the design and analysis of electrical machines, the 
engineer may or may not need to solve complex mathe¬ 
matical problems so that advanced mathematical knowl¬ 
edge is not essential to every engineer. However, one of 
his most necessary requirements is a comprehensive, clear 
understanding of the basic, underlying phenomena, in 
analysis or design this “physical picture” or “mental pic¬ 
ture” is the foundation on which the mathematical rela¬ 
tions are set; is the basis for approximations to simplify 
the formulation and solution; serves as a worthy guide in 
the straightforward manipulation of the mathematics; 
and, finally, enables the engineer to interpret his results 
intelligently. Such a process is present to a considerable 
degree in the methods of all engineers; those of a highly 
mathematical bent require a good physical picture to make 
the fullest use of their powers and those who are endowed 
with, or have developed, that fine sense that enables them 
to know the result intuitively—^with little or no calcula¬ 
tion—^have the most complete mental image imaginable. 

Since the possession of a clear physical picture is so es¬ 
sential, it is well to investigate how it may be obtained and 
developed. In mechanics it is easy to visualize forces, 
torques, velocities, accelerations, mass, etc., because one 
can see or feel them. The visualization of current, volt¬ 
age, flux, inductance, etc., is more difficult, and special, 
artificial concepts such as vectors, sine waves, lines of 
flux, right-hand rules, etc., are needed to aid the imagina¬ 
tion. Since but few of these artifices are either useful or 
valid in every possible situation, it is desirable to have at 
one’s command a large number of points from which to 
view a problem. Therefore, the purpose of this paper is 
to aid in broadening and clarifying the reader’s tuider- 
standing of machine reactances by presenting the con¬ 
cepts from a large number of fundamental points of view. 

Part I. Fundamental Concepts of Inductance 
Circuit Concepts of Inductance 

The basic study of any engineering phenomenon should 
ordinarily proceed by 

1. Gaining or defining fundamental concepts. 

■■ ■ ' : : ^ ^ . 1 ■' 








2. Observing some experimental relation between the defined 
concepts. 

3. Developing, by means of mathematics, new useful relationships 
based on the experimental law. • 

In step 3 it is frequently convenient to define and name 
additional auxiliary quantities to simplify the analysis and 
physical reasoning. 

The purpose of part I is to develop clear concepts and 
useful properties of inductance. Proceeding, then, with 
step 1, primary concepts of the following quantities are 
presupposed: 

Electromotive force or emf or voltage, e 
Current, i 
Time, t 

Magnetic fiux, 4> 

Flux linkage or (simply) linkage, ^ 

The respective units used are: volts, amperes, seconds, 
lines, lines-turns, the “practical” system. 

The linkage of a closed circuit is defined as the sum of 
the numbers of flux lines linking each turn of the closed 
circuit. In practice the circuit need not be closed by a 
wire; if not, the terminals must be remote from the major 
magnetic field and then the voltage between the terminals 
is considered to dose the drcuit. Thus, if in the N tm 
circuit of figure 1, <f}i fines of flux fink turn 1 and ^ fink 
turn 2, etc., the total linkage is 


proportional to, the velocity of the circuit relative to the 
observer’s inertial system, and not any real or supposed 
vdodty relative to the field of flux. Page^® writes, “In¬ 
deed the prevalent statement in dementary texts that in¬ 
duced electromotive forces are due to the cutting of fines 
of force by a conductor is not of general validity and may 
lead to quite erroneous conclusions in specific problems.” 
In this paper, equations will always be originally set up 
with the circuits fixed relative to the observer so that 
Faraday’s law gives the total induced electeomotive force. 
This procedure is strongly recommended to avoid errors 
in circuit problems. Equations involving such a motional 
dectromotive force will be derived in part III, resulting 
automatically from a transformation to co-ordinates 
where the observer moves relative to the circuit. 

In many practical cases, the linkage of self-induction in 
a drcuit (produced by current in the circuit) is, within 
reasonable accuracy, directly proportional to the current. 
When this is the case, the circuit is said to be linear, that 
is, the linkage is a linear function of the current. Thus 

^ LiX 10* (2) 

where L is the constant of proportionality. Obviously L 
is a physical property of the coil and its associated mag¬ 
netic path. This constant of proportionality occurs so 
frequently in analysis that it has been named self-induc¬ 
tance. In practical units inductance is then defined by 
(2) or, 


^ 01 *1“ ^2 -j"."1" 

The fundamental, experimentally established law ac¬ 
cepted as the basis (in step 2) for this analysis is Faraday’s 
law. It states that whenever the linkage of a dosed dr¬ 
cuit changes, an electromotive force is induced equal to 
10 times the time rate of decrease of linkage, that is. 


L =- lO"®* henrys (3) 

Likewise, the linkage in one circuit is frequently a linear 
ftmction of the current in another circuit. When this is the 
case the constant of proportionality is called mutual in¬ 
ductance which is defined by 


(i>t 

If the circuit is fixed in the inertial system of the ob¬ 
server, that is if measurements of induced electromotive 
force are made by, say, attaching a voltmeter to the ter¬ 
minals of the circuit, Faraday’s law gives all of the electro¬ 
motive force induced by changing flux regardless of how 
the change in linkage is produced, whether by self-induc¬ 
tion, rdative motion of other circuits, changing current in 
adjacent circuits, motion or change in permeability of the 
magnetic drcuit, and whether the flux is visualized as mov¬ 
ing relative to the coil and cutting it or not. This in¬ 
cludes the case where the voltmeter is connected to a mov¬ 
ing coil i^oiigh slip rings for then, electrically, the 
observer is stationary with respect to the coil. An addi¬ 
tional “motional dectromotive force” is induced when the 
circuit is actually moving relative to the observer, as when 
the voltmeter is attached to a series of similar circuits 
through a commutator, however it is due entirely to, and is 

t Eqtta^on 1 establishes an arbitrary convention of sign. Stated ^ffa«tly, 
a pbative applied eUetromotive force gives rise to a positive increose m Itntege, 
; applied electromotive force is opposite in sense to; induced electroiMitve force. 
The positive direction of flux and flux linkage is related to the positi're seMC of 
electromotive force! along the conductor by the right-band rule. Thus « tb* 
fingers of the right hand are pmhted in the direction of positive electeomotive 
force along d conductor, the thumb points in the dkection of positive flux and 
flux linkage. 


M 21 = ^ 10-*** henrys 


(4) 


The first subscript designates the circuit in which the ef¬ 
fect is observed and the second that in which the cause 
appears. Both self- and mutual inductance can now be 
visualized as linkage per unit current, or in more usual 
terms, linkage per ampere. 

If the definitions of inductance are combined with equa¬ 
tion 1, the following relations result, 

d 

e — — —(L») volts 


*2 = =*= — (Msiti) volts 
At 



* The sign here is arbitrary. Self-inductance is taken as always numerically 
positive so the positive sign shows that a positive current in a circmt pri^uces 
positive linkage in the same circuit. The conventions established m equation \ 
require that a positive apphed electromotive force produce an increase in posi¬ 
tive linkage. Hence, according to the convention chosen here, a positive elec¬ 
tromotive force will tend to produce a positive current. 


The sign of equation 4 depends oh the relative position of the 2 mndin^ and 
le arbitrary directions chosen for positive current in each circuit. Thus, if 
[isitive »i produces linkage in circuit 2 in the same direction as produc^ by 
ositiye »*, then hi b positive. The algebraic sign may be associated with the 
iimerical value of M rathar than the literal value as used here. 
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Even though the inductances are independent of the 
value of the current, that is constant with respect to f, they 
may still vary mth time, due to the motion of some part Of 
the ma^etic circuit or the relative motion of circuits. 
Hence, it is not permissible to write the more common re¬ 
lations. 


, di 

e = - L~ 
dt 


d^i 
ilfsi — 
dt 

, 

without further restricting the definition to apply to sta¬ 
tionary coils with fixed magnetic circuits. This would 
obviously be folly in the study of rotating machines where 
circuits move relative to each other and inductances are 
functions of the position of the rotor, so that equations 5 
will be used except when the problem involves only sta¬ 
tionary devices. 

Inductance in stationary circuits may further be visual¬ 
ized as electromotive-force per unit rate of chanve of cur¬ 
rent. 


L -- 

di 


Geometric Concept of Inductance 

So far, inductance has been considered from the circuit 
standpoint. However, a clear physical picture of its geo¬ 
metric nature is most important. As defined, inductance 
is the constant of proportionality between linkage and 
current. This constant depends upon the size, shape, and 
permeability of the magnetic path, the number of turns in 
the coil and their arrangement. 

Permeance (P of a magnetic circuit is defined as the ratio 
of the flux to the magnetomotive force (mmf) producing it. 
In practical units, the magnetomotive force of a coil is F = 
QAtNI, so 

(p = ^ ^ 

OAvNI ” 0.4TiV'*/ “ QAtNU (8) 

More precisely, if there is fractional linkage as in figure 1, 
the linkage is not expressible as N(l> so that permeance is 
defined in terms of linkage as in equation 8. Then in¬ 
ductance, expressed in terms of the geometric property of 
the circuit, permeance, is 

i “ jlO-8 « 0.42rJV2(P 10-* 

If the magnetic path can be characterized by single length 
/, area .4, and permeability /u, fundamental consideration 
of the definition shows that permeance is 


stant depending on the magnetic path and arrangement of 
turns. Thus, inductance is proportional to the number of 
turns squared, the area of the magnetic path and the per¬ 
meability, and is inversely proportional to the length of the 
magpietic path. A similar analysis of the self-inductance 
of, and mutual inductance between, 2 coils shows that 

Lt = 0.4x lO-8J\ri*(P, 

Li =. 0.4 t lO-Wjtyj (12) 

Mis = Mi, « 0.4 t 10-«JViiV2(Pis (13) 

where (Pi and (P 2 represent the respective permeances of the 
coils and (P 12 that of the mutual flnv path. 

The foregoing concepts are extremely useful in visualiz- 


Figure 1. 
linkase 



and in more Complex cases, is still a purely geometric con¬ 


ing the inductances of various windings of a machine, by 
examining their configmation, their relative arrangement, 
and the position and character of the magnetic circuit. 

Concept of Leakage Inductance 

Leakage, prefixed to flux, linkage, inductance, or react¬ 
ance, is a very broad term being given many interpreta¬ 
tions by various authorities. For instance, flux not cross¬ 
ing the useful air gap of an electromagnet is called leakage, 
primary flux not linking the secondary of a transformer is 
called leakag;e, and so on. In general, however, the term 
is applied to those portions of the quantity so described 
which are not useful, and on this broad viewpoint are 
based the various conceptions and definitions used in this 
paper. 

In the simple transformer of figure 2, * let mutual induc¬ 
tee and secondary voltage, linkage, current, and self¬ 
inductance be referred to primary terms. That is, if 
primed quantities are referred to the primary and un¬ 
primed quantities are actual values and, 

n — ^ ^ primary turns 
Ni secondary turns 

*The transformer of figures 2. 3, and 4 is shown with primary and secondary 
** “w** the core. Obviously a ^er transformer 

wo^d never be construrt^ in this manner because of the tremendous leakage 

shown is better for the purposes of 
illustration than the usual concentric location of windings. 
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then, 


^2 n 


Nx 


xj/i — n xpi ^ (.Ni^) = Ni<f>2 

ii = ii/n 

W = n^Li = 0.47rl0-« Nx^i 
JIf' = «Af = 0.4Trl0-« JVi*(Pi2 

Since the resistances of transformer or machine windings 
have little effect on the distribution of flux when either al- 


Figure 2. Pri¬ 
mary leakage re¬ 
actance 

Flux linkage with 
primary excited and 
secondary open 




PRIMARY LEAKAGE FLUX 


MUTUAL FLUX 


ternating current of rated frequency or rapidly changing 
direct currents flow, and only these cases are considered 
here, resistances are neglected. 

Now, with the secondary open, apply sinusoidal voltage 
of angular frequency w (w = 2Trf) to the primary. In com¬ 
plex notation, the voltage equations are 


ei 

es' 


I 

janpi' 


juLiix^ 

a juM'ii 


(M) 


and the instantaneous primary and secondary linkages 
are, 




il»l 

M'ii 


(is) 


If the secondary were excited and primary open, the trans¬ 
former leakage inductance referred to the primary would 
be (Li'—M'). These leakage inductances are commonly 
called primary and secondary leakage inductances, respec¬ 
tively. 

It will be evident from what follows that the trans¬ 
former has an entirely different leakage inductance under 
every other condition of operation and the purpose of this 
section is to clarify these diverse concepts of the quantity 
and build a sound physical picture to be used in visualizing 
machine reactances. 

Consider the transformer operating under the other ex¬ 
treme condition with secondary short circuited and pri¬ 
mary excited. Then, 

ei ^ juiLxix — M'ii) 

0 — JOilp 2 ^ — M'ix) 


iXJ) 


Positive current conventions are chosen so that M is nega- 


Figure 3. Short- 
circuit reactance 

Flux linkage with 
primary excited with 
alternating current, 
secondary short cir¬ 
cuited 

Full lines show com¬ 
ponents of linkage 



NET LINKAGE 
(Lilr^'i-a) 


NET LINKAGE 
(L2L2“M'Ii) 


M'l| 


According to the concept of leakage stated previously, the 
nonuseful portion of the primary linkage should be de¬ 
fined as the leakage linkage. Obviously the nonuseful 
portion is that linkage which does not link the secondary or 

yfn — s> (jLi — M')ix 

The various linkages are shown graphically in figure 2. 

Therefore, the open-circuit leakage inductance, loe, of 
the transformer, r^erred to the primary is 

loo Lx — M' 

and the leakage reactance is (16) 

Xoc=>c>00x-^M') 



tive; that is positive ii produces positive and negative 
yp 2 ', positive h produces positive ^2 and negative V'l- C)n 
elimination of * 2 ', 


and 




Yr 

jwxfn. = jwlLx — j »i 


(18) 


t Bold-face t3^e or overacoring indicates complex or vector representation of 
tUe sinusoidal quantities. 


These linkage axe shown graphically i in figure 3. 
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there is no net mutual linkage, or secondary linkage, all of 
the primary linkage is leakage linkage. Therefore, the 
transformer short-circuit leakage inductance is 

M'^ 

W 


he ~ Li — 


and the leakage reactance is 

fr 


(19) 


If the secondary were excited with primary short-cir¬ 
cuited, the corresponding leakage inductance would be 

M'A 

Li' -— 1 referred to the primary. 

Li J 

Before comparing these results with (16) it is advan¬ 
tageous to consider one other common definition of leakage 
reactance, “bucking” reactance. If magnetizing current 
be neglected, the primary and secondary ampere turns 
will be equal. This distribution of ampere turns may be 
accomplished physically by adjusting the voltages applied 
to primary and secondary such that 

*i = k' = * 
then, 

«i — M*i) 

cj — ~ j<a{Lz'i — Jl/i) 

Physical reasoning shows that there is no net mutual 
linkage. Hence the total linkage is the nonuseful linkage, 

V'l "f* ” (-^i ”1“ Li* ~ 

The relations between the various linkages are shown in 
figure 4. Hence, the bucking leakage inductance is 

Li->r Li' - 2M' 

» (Li - AfO + (V - MO 

= he (primary) -f ho (secondary) j- (20) 

and the bucking reactance is 
XB = «(!,: + Li' - 2M') 

Now to compare the 3 different values of leakage induc¬ 
tance note first that since 

0.4irM*(PilO-® * Li ^ ij'=“ 0.4iriVi*(p2l0-« 

the bucking inductance Is is approximately twice the open- 
circuit leakage inductance, T-his may be surprising for 
inspection of figures 2 and 4 shows that in both cases the 
leakage flux path in air is of the same area and length. 
The reason lies in the variation of the magnetomotive 
force across the leakage path. In figure 2, with the second¬ 
ary open, the magnetpmbtiverfbrce drop near the second¬ 
ary leg of the core is zero and it increases nearly linearly 
to a maximum at the primary leg of the core. In figure 4, 
the bucking connection, equ^ magnetomotive force is sup¬ 
plied by both windings sb that the magnetomotive force 
axiross the leakage path is ^sentiaHy constant. With 
equal primary ampere turns in both c^es, the average 
magnetomotive force in fi^e 4 is, llierefore, approxi¬ 


mately twice the average magnetomotive force in figure 2, 
and, therefore, so is the leakage inductance. 

That the short-circuit inductance and bucking induc¬ 
tance are nearly equal is clear when it is noticed that under 
short circuit, equation 17 gives 
M'. 

and if M' = L^', as in a practical transformer, the primary 
and secondary ampere turns are nearly equal. Conse¬ 
quently, essentially the same magnetomotive force exists 
across the same path in figure 3 as in figure 4 and the corre¬ 
sponding leakage inductances and Is, are essentially the 
same. The difference is so small it cannot be calculated 
or tested on commercial power transformers. Subtract¬ 
ing equation 19 from equation 20 gives the difference 

{Li' - M'Y 


Ib — he = 


Li' 


SO that the bucking inductance is theoretically slightly 
larger. 

The consequences of this comparison are: 

1. The leakage inductance of 2 "closdy coupled” circuits varies 
as much as 2 to 1 depending on operating conditions. 

2. Sjince magnetizing current is usually negligible compared to 
load or short-circuit current, either he or h can be used and he is 
of only academic interest. 

3. The flux distribution shown in figure 4 for bucking reactance is 
convenient for the design calculation of reactance but it does not 
occur physically either under load or short circuit. The device 
commonly employed for calculation is to assume a surface {A — A' 
figure 4) dividing the primary leakage from the secondary leakage 
flux, approximately midway between the 2 windings. Then the 
reactance associated with the secondary leakage flux is calculated 
nnd foiipH secondary leakage r^tance and that associated with 
primary leakage flux, primary leakage reactance. This artifice, 
though unnecessary, yields satisfactory numerical results. The 
division between the 2 reactances is purely arbitrary, and they 
cannot be separated by test. 

4. To base a physical picture on the flux distribution of figure 4, 
as is done in some texts, or to visualize linkage in terms of the 
transformer equivalent circuit tends to confuse the thinking, par¬ 
ticularly in problems involving the law of constant flux linkage. 


Figure 4. Buck¬ 
ing reactance 

Flux linkase with 
primary and second¬ 
ary excited with al- 
temalins . current 
such that primary and 
secondary ampere 
turns are equal-and 
opposite, h = 'V 

Full lines show com- 
pohents of linkage' 
due to primary cur¬ 
rent, dotted lines, 
those produced by 
secondaty current 
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5. The flux distribution of figure 3 is the actual condition existing 
under short circuit (resistance neglected); furthermore, under 
load the leakage flux links only the excited winding. Therefore, 
this distribution should be used for purposes of visualization. 

A further extension of the concepts of leakage reactance 
is necessary in order to visualize synchronous-machine 
transient reactances. Consider the static, short-circuited 
transformer of figure 3 to have d-c voltage applied sud¬ 
denly to the primary. 

£1 * = nil + ^ = nil -H ^ {Liii - M%') 
at at 

0 = ^~ == n'ii' + ~7. ~ M'ii) 

at at 



Integrate both equations with respect to time. 


p ft rh. 

I E\dt = I niidl + I dtpi 

4/0 c/» 

/t rH 

fiiidt “h / dyf/i 


In most practical machines the secondary resistance drop 
rJW is small compared to the induced and applied voltages; 
hence, if / is made sufficiently small, the first term of the 
second equation can be made extremely small compared 
to the terms in the first equation and the change in second¬ 
ary linkage is practically zero. 

/<h' 

^ 0 

This is one statement of the law of constant flux linkage. 
Therefore, 


= Li'ii' - M'ii S 0 
and 


and equation 21 becomes 

T,- . . /r M^^\dn 

Hence, exactly initially {t infinitesimally small), and ap¬ 
proximately for the first short interval of time, the effec¬ 
tive inductance of the short-circuited transformer with 
suddenly applied d-c voltage is identical with its a-c short- 
circuit inductance. As time increases indefinitely the ef¬ 
fective, inductance gradually approaches the self-induc- 
tance Li. 

On first notice it might appear that neglecting the sec¬ 
ondary resistance’ drop in deriving this expression is not 
warranted when it is intended to use this case as an anal¬ 
ogy to machine circuits with the field winding as second¬ 
ary; for the field resistance is large and cannot be neg¬ 
lected, particularly in determining rates of decay of cur¬ 
rents. However, it must be emphasized that the expres¬ 
sion is exact when the time interval is infinitesimally small 

*The unit function, .1, indicates that the voltage is zero until time zero, £ 
thereafter. 


and the effect of high resistance is to shorten the time dur¬ 
ing which the approximation is a good one. 

Physically, this may be explained by realizing that when 
a sudden voltage is impressed on the primary and the pri¬ 
mary current builds up on an e3q)onential type curve, si¬ 
multaneously the secondary current builds up on an expo¬ 
nential type curve, tending to keep the secondary linkage 
zero. During the first few instants of time the secondary 
linkage is essentially zero, and the primary flux is forced 
entirely into the leakage paths of very low permeance as 
shown in figure 3. 

The constant flux linkage theorem was presented by 
R. E. Doherty^^ as a tool in the analysis of short-circuit 
problems. The principles involved are very useful in 
visualizing and analyzing transient phenomena and it is 
believed that better use of them could be made in the col¬ 
leges. Although it will be used, a thorough treatment of 
the theorem is outside the scope of this paper. It may be 
briefly stated as follows: the total linkage in any closed 
electrical circuit cannot change instantly. A “closed cir¬ 
cuit” is one which involves no infinite voltages or resist¬ 
ances but it may contain any number of finite resistances, 
inductances (including mutual inductance), and the in¬ 
ductance may vary as a function of time. The rate at 
which the total linkage does vary is, by Faraday’s and 
Ohm’s laws, proportional to the difference between the 
applied electromotive force and the IR drop. 

For the purposes of this paper, the discussion of leakage 
inductance and reactance serves to build up the following 
physical picture. When a closed winding is in magnetic 
proximity to another winding, and the latter winding is 
excited with either a-c or suddenly applied d-c voltage, the 
flux linkage of the closed winding remains essentially con¬ 
stant and practically all of the newly created flux present 
links the excited -winding as shown in figure 3. This 
newly created flux passes through the very low permeance 
leakage path between the 2 windings so that the effective 
inductance and reactance are correspondingly small. The 
initial effective inductance of the excited winding is 
{Li — M'^/Li) or approximately (Li -f- L 2 ' — 2M'). 

Part II. Synchronous-Machine Reactances— 
Physical Viewpoint 

A fundamental physical picture of each of the more im¬ 
portant synchronous-machine reactances will be built up 
on the basis of the concepts established in part I and con¬ 
sidering the effects of a salient-pole rotor and its asso¬ 
ciated, closed field windings^ Laminated cylindrical- 
rotor machines, being generally easier to visualize, are 
mentioned only as a special case of the salirat-pole ma¬ 
chines. Solid cylindrical-rotor machines may be approxi¬ 
mately analyzed by salient-pole methods but a more com¬ 
prehensive theory such as presented by Concordia and 
Poritsky^* is necessary for an accurate treatment of tran¬ 
sient problems. These concepts are based on tiie actual 
phenomena occurring within tiie machine. It is also pos¬ 
sible to view the ph^omena from the terminals of the 
machine, that is, on the basis of actual tests which might 
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be conducted. Hence, in order to broaden the under¬ 
standing of these reactances still further, a few methods of 
determining them by tests—which are simple enough to 
enhance the viewpoint without resorting to a detailed 
mathematical analysis—will be included in the discussion 
of each reactance. Finally, the analytic approach, which 
gives an understanding of the reactances from still a dif¬ 
ferent angle, will be presented very briefly in part III. 

A symmetrical, 3-phase, armature winding is assumed, 
and saturation, hysteresis, and eddy current losses are 
neglected. The effect of circuit resistance is neglected in 
visualizing the linkages but obviously resistance cannot be 
neglected in visualizing the decay of currents. The field 
structure and field windings are assumed to be symmetri¬ 
cal about the center lines of the poles, (direct axis) and also 
symmetrical about the axes midway between the poles 
(quadrature axis). 

Armature Leakage Reactance Xi 


harmonics, there will be armature linkages due to slot flux 
and flux in the end winding. If the differential, slot, and 
end winding linkages are added, the sum is defined to be 
the total armature leakage flux linkage. The ratio of this 
linkage in one phase to the armature phase current pro¬ 
ducing it X 10“* gives the armature leakage inductance in 
henries. This value is multiplied by w, w = 27r/ (where f 
is rated frequency in cycles per second) is the armature 
leakage reactance, per phase, in ohms. The ratio of this 
value to “base ohms” is Xi in per unit.** 

It should be noted that the armature leakage reactance 
includes the effect of that part of the mutual linkage be¬ 
tween phases, due to other than the fundamental flux wave 
and, therefore, is a “3-phase” reactance, applicable with¬ 
out modification only under 3-phase balanced operation or 
when unbalanced operation is analyzed in terms of its sym¬ 
metrical components. Unfortunately, this reactance can¬ 
not be determined directly from test. However, it is part 
of nearly all subsequent reactances, and a physical picture 
of it is, therefore, desirable. 


The armature leakage reactance of a synchronous ma¬ 
chine is a part of nearly all of the other armature react¬ 
ances, so that a knowledge of it is prerequisite. 

If a voltage be applied to the armature terminals such 
that balanced, sinusoidal, fundamental-frequency, 3-phase 
currents of normal phase rotation (positive-sequencef) 
flow in the armature winding, these currents will set up a 
rotating flux wave in the air gap. Due to the finite num¬ 
ber of slots, phases, etc., this flux wave will be composed 
of fundamental and harmonic components. For instance, 
the 3-phase currents produce a rotating magnetomotive 
force which has a fundamental component rotating for¬ 
ward at synchronous speed, a backward rotating fifth 
harmonic, a forward rotating seventh harmonic, etc., the 
relative magnitudes of which depend on the winding ar¬ 
rangement. These harmonic magnetomotive forces travel¬ 
ing at speeds different from that of a salient-pole rotor will 
produce, by interaction with the varying permeance of the 
air gap, flux harmonics of various orders, traveling at 
different speeds. (If the rotor is cylindrical and laminated 
the harmonic magnetomotive forces will give rise to har¬ 
monic fluxes of corresponding order and speed of rotation. 
However, if the cylindrical rotor is solid, currents will be 
induced in it changing the magnitude of the flux harmon¬ 
ics.) Some of these flux harmonics will be of such order 
and speed that they will induce voltage of fundamental 
frequency in the armature. However, they induce purely 
reactive armature voltage so that their effects are included 
in the armature leakage reactance, and the corresponding 
linkage is called differential leakage flux linkage.* 

In addition to this armature linkage due to air gap flux 

t The usual symmetrical component'* terms will be used; Positive-sequence 
(or positive phase-sequence) refers to those symmetrical components of quanti¬ 
ties (such as current or voltage) which are of normal (positive) phase rotation, 
negative-sequence refers to those symmetrical components which are of oppo¬ 
site to normal (negative) phase rotation; zero-sequence refers to those sym¬ 
metrical components wUch are of the same time phase or are m 
each other. Any unbalanced 3-phase voltages or cuwents may be rraolved mto 
the 3 sets of symmetrical components listed above. However, an understanding 
of the system of analysis called symmetrical components is not MSMt^ for 
this paper, it bring simply necessary to know the meaning of the dedned terms. 

• Voltage harmonics of other than fundamental frequency must in all cases be 
product by permeance variations or other external influences, and are not 
themselves causes of reactance. 


Direct Sj^nchronous Reactance Xa 

If positive-sequence currents flow in the armature, as 
discussed under Xi, the major component of armature link¬ 
age is due to the synchronously rotating, fundamental 
component of the air-gap flux which exists in addition to 
the leakage flux linkage. Unlike the latter, the amount of 
linkage due to the fundamental is greatly affected by the 
position of the field structure. If the unexcited field is 
rotated synchronously so that the poles are always di¬ 
rectly in line with the fundamental component of armature 
magnetomotive force, maximum permeance is presented 
to the magnetomotive force as shown in figure 5 and maxi¬ 
mum total armature linkage per armature ampere results. 
Under these conditions the ratio of the linkage in one phase 
to the current in that phasej X wlO"® gives the direct syn¬ 
chronous reactance, per phase,* in ohms. The ratio of 
this value to base ohms is Xa in per unit. This reactance 
obviously includes the armature leakage reactance. 

The physical picture of this reactance can be broadened 
by viewing the phenomena from the terminals of one phase. 
The phase linkage, due to leakage flux and the s 3 fnchron- 
ously rotating, fun damental, air-gap flux, pulsates sinu- 

*♦ The per-unit representation of quantities is similar to the familiar p»-cent 
rep«Sntation excS>t that the per-unit value of a quantity is tbe rafao of tte 
Mturi^quantity to an arbitrary amount called the base; whereas 
value is this toes 100. Thus, if each phase of a 3-phase mai^ne is rated at 
500 amperes and 2,200 volts, "base ohms" is based on the machine rating and 


rated volts ^ 2,200 
rated current 500 


4.4 ohms 


Then if a particular reactance (or resistance or impedance) had an actual value 

of 8.8 ohms, its per-unit value would be 


actual ohms 


. — =* 2 per unit 
4.4 


««. f»>' > >• 

studied. • ... * 

,,, no, b«. 

r.™ u'tsvs'S.TiA t« b^. z 

tb. crtwt. •b* »••• " bl <1“ Ml- 

1 lavwiabl. ..iwbrolious n»cbine r.^nM* rt.t.d on . I»r pboM 
so that further mention of this fact will be onutted. 
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soidally at normal frequency producing the sinusoidal 
phase voltage, resistance drop being neglected. Now the 
axis of the rotating fundamental of armature magneto¬ 
motive force will coincide with a phase axis at the instant 
that that phase current is a maximum. Also, since the 
field pole is moving synchronously in line with the mag¬ 
netomotive-force wave, it will be precisely in line with the 
phase at that instant. Consequently, the phase linkage 
at that instant will be the maximum possible which can be 
produced by armature current under any condition. This 
is the peak value of the sinusoidally varying linkage which 
induces the sinusoidal phase voltage. As they are pro¬ 
portional, the ratio of the phase voltage to the phase cur¬ 
rent gives Xa in ohms. It is also apparent that is the 
largest possible 3-phase armatiure reactance definable. 

In practice it is diflBlcult to rotate the field structure me¬ 
chanically so that the direct axis is always exactly in line 
with the axis of the rotating armature magnetomotive 
force. Consequently such a method is unsuited for the 
experimental determination of the reactance by test. 
However, when a synchronous machine is short circuited 
it is a well-known fact that the current which flows is al¬ 
most entirely reactive, and, therefore, the armature mag¬ 
netomotive force is almost directly in line with the poles, 
tending to demagnetize them. Since this condition ob¬ 
tains automatically it is suitable for determining Xa. 

Saturation is neglected so the flux linkage in any one 
circuit at any particular instant of time is a linear function 
of the magnitudes of the currents existing in every other 
winding in the machine at that instant and the principle 
of superposition may then be used to determine the link¬ 
age. Thus, the linkage in one circuit due to the currents 
in certain circuits flowing alone may be determined; that 
linkage due to the rest of the currents may be determined 
separately; and then the 2 values of linkage thus obtained 
when added give the total linkage in the one circuit with all 
currents flowing. This is true provided that the motion 
of the rotor is the same in both cases. 

Consider the conditions which must exist under steady- 
state, symmetrical, short circuit. The termiiml voltage 
is zero. Neglecting resistance drop, the net armature 
linkage including leakage flux linkage, must, therrfore, 
also be zero. Since the net armature linkage is produced 
by the armature currents and field current acting at the 
same time, the armature magnetomotive force opposes the 
field magnetomotive force; the armature linkage due to all 
armature currents acting alone must be exactly equal to, 
and opposite in direction to, the armature linkage due to 
the field current acting alone. If the field current were 
acting alone (open circuit) a certain terminal voltage 
would exist which would be proportional to the armature 
linkage produced, by the field current. Now suppose that 
the armature currents flow alone (field open circuited). 
Since the armature linkage has the same value, but is in 
the opposite direction, the voltage which must have been 
applied to produce the armature currents must be ^actly 
the same as the terminal voltage induced under open cir¬ 
cuit. Blit notice, when the armature currents flow alone 
the case is eimctly that used to That is, they 

are positive phase-sequence, the magnetomotive force 


produced by them is in line with the poles, and the field is 
open. Hence, by definition, the ratio of the terminal 
phase voltage, which would produce the armature currents 
alone, to the armature phase current gives Xa in ohms, but 
this voltage is the same as the open circuit voltage before 
short circuit. Finally, then, x^ is the ratio of the open- 
circuit terminal voltage resulting from a certain field cur¬ 
rent to the steady-state, short-circuit, armature current 
resulting from the same field current. 

£opan ctifijit . 

Xi — - -ohms 

Abort eircult 

Obviously these quantities can.be determined from the 
saturation curve and synchronous impedance curve of the 
machine.* 

This discussion of a possible test to determine x^ has 
served 2 purposes. First to broaden the physical picture 
and second to indicate how the principle of superposition 
may be applied in the solution of synchronious machine 
problems. For standard dd&nitions and methods of meas¬ 
uring this and subsequent reactances, see the AIEE 
Standards.®^ 

Quadrature Synchronous Reactance x. 

With positive-sequence, steady-state currents flowing in 
the armature and the unexcited field structure rotated 
mechanically at synchronous speed, such that the inter- 
polar spaces (quadrature axis) are directly in line with the 
peaks of the rotating armature magnetomotive-force wave, 
minimum permeance is presented, and the armature link¬ 
age will be the minimum for any position of the poles. 
The flux paths may be visualized by inspecting figure 6 
which shows graphically that the permeance of the air gap 
in the quadrature axis is much lower than that in the di¬ 
rect axis, (if the rotor is cylindrical the permeances will 
be equal and x^ = jCj.) Under this condition the armature 
linkage per ampere X wlO”® gives the quadrature syn¬ 
chronous reactance, in ohms. The ratio of this value 
to base ohms gives x^ in per unit. This reactance includes 
the leakage reactance ac,. 

If viewed from the armature terminals, the magnitude 
of the root-mean-square, reactive voltage induced in a phase 
will be a miTiiTniiTn when the interpolar ^ace is in line 
with the magnetic axis of the phase at the instant when 
the current in the phase is a maximum, for if the.field struc¬ 
ture had any other position at the instant that the phase 
current was a tnfl.Yirnnin , a greater armature linkage would 
result. The ratio of the phase voltage to the phase cur¬ 
rent under this condition gives x^ in ohms. It is impor¬ 
tant to note that both and x^ are defined with the field 
structure in a symmetrical position with respect to' the 
rotating magnetomotive-force wave. Thus, in either case, 
the field structure has no tendency to be turned by fhe 
flux in either direction so that there is ho magnetic tbrque. 
Therefore, since no electrical power is transferred, to the 

♦ The saturation curve is a plot of terminal voltage versus field current and 
the synchronous impedance curve is a plot of steady-state, short-circuit cur¬ 
rent versus fi^d current. Normally, the ratio is taken at rated terminal volt¬ 
age, and to obtain an unsaturated value for the field curtent at rated ter¬ 
minal voltage on the *'air-gap line” is used. The air-gap line’ is a. rtraight 

line tangent to the straight portion of the magnetization curve. 
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rotor, tne currents are purely reactive (neglecting resist¬ 
ance) and it is legitimate to define a reactance for each 
as the ratio of total voltage to total current. 

It is difficult to rotate the field structure mechanically 
so that the quadrature axis is always exactly in line with 
the armature magnetomotive force for if it deviates slightly 
a torque will appear (reluctance torque) tending to pull the 
direct axis into line with the armature magnetomotive 
force. Hence it is even more impractical in this case to 
rotate the field structure in its proper position than it was 
in the case of direct S3mchronous reactance. However, 
suppose that the unexcited field is rotated mechanically 
in the direction of the synchronously revolving armature 
magnetomotive force, but at a speed slightly below syn¬ 
chronism, and at the same time positive phase-sequence 


voltages are impressed at the terminals. Obviously the 
current will be modulated at slip frequency, being a maxi¬ 
mum when the quadrature axis is in line with the armature 
magnetomotive force and a minimum when the direct axis 
. is in that position. Also, due to the reactance in the sup¬ 
ply line, the applied voltage will probably be modulated 
at slip frequency being a maximtun at minimiim current. 
Figure 11 is an oscillogram showing this variation. If the 
applied voltage and current in one phase are observed by 
means of instruments and the slip is small enough, the 
maximmn and minimum values of the modulated current 
and voltage can be read directly from instruments. Mini¬ 
mum voltage and maximum current will occur when the 
quadrature axis is in line with the niagnetomotive-force 
wave peak. Quadrature s3mchronous reactance in ohms 
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is then the ratio of minimum voltage to maximum current. 
From this same test, the ratio of maximum voltage to 
minimum curretit gives direct synchronous reactance in 
ohms. 

Direct Transient Reactance 

Direct synchronous reactance is analogous to the self¬ 
inductance of the primary of the open-circuit transformer 
of figure 2. 'rhis is true regardless of whether the rotor 


rotor circuits, such as the amortisseur or damper windings, 
imagined to be open. Suddenly, terminal voltages are 
applied at such an instant that fundamental-frequency, 
positive-sequence armature currents result* and produce a 
rotating magnetomotive force the axis of which is directly 
in line with the poles. This condition is identical with that 
used for defining direct synchronous reactance except that 
the voltages are now suddenly applied. The .sudden aj)- 
pearance of the magnetomotive force in the direct axis is 
resisted by the current induced in the closed field winding 



Figure 11. Determination of Xa and Xq by a “slip test“ 

Bdidnced voltdges dpplied to drmdture, field open and rotated near synchronous speed 


- Armature voltage 
fl -Armature current 


maximum voltage 
minimum current 


minimum voltage 
maximum current 


circuits are open or closed because, as defined, the steady- 
state, constant-magnitude, rotating fundamental of the 
armature magnetomotive force is always stationary with 
respect to the poles. vSiuce there is no rate of change of 
magnetomotive force when viewed frcjm the field structure, 
there will be no airrcnts induced in any field winding, so 
that the armature magnetomotive force meets a constant 
permeance, the value of which is determined only by the 
air gap and magnetic circuit and not |jy the magtietomotive 
force of any field winding. Theoretically, any problem 
involving transformer circuits can be .solved in terms of 
the self- and mutual inductances of windings. Likewise, 
any synchronous machine problem can theoretically be 
solved in terms of the synclironou.s reactances and the self- 
and mutual inductances of rotor circuits with themselves 
and with the armature. However, transformer-ciraiit 
calculations are greatly simplified and their accuracy im¬ 
proved by employing the short-circuit reactances between 
windings instead of self- and mutual inductances. A simi¬ 
lar simplification can be made in synchronous machine 
calculations by the use of reactances which take into ac¬ 
count the transient effects of closed rotor windings. 

Thus, when conditions are changing (transient condi¬ 
tions) induced currents will flow in the closed rotor cir¬ 
cuits, modifying the effective permeance of the armature 
flux paths and reducing the corre^nding effective react¬ 
ances. These reactances are analogous to the transformer 
short-circuit reactance discussed in part I which takes the 
effect of the closed secondary into account. 

Consider the machine operating at normal speed with 
the unexcited main field winding closed, but with all other 

10 


just as the current in the transformer secondary of figure 3 
resisted a sudden change in the primary magnetomotive 
force when a d-c voltage was suddenly impressed. Of 
course, the induced field current will die out eventually. 
However, during the first interval of time the field current 
will maintain the field linkage at practically zero value, 
and the armature flux is forced into the low penneance 
paths of the interpolar space, see figure 7, just as the trans¬ 
former primary flux is forced into the leakage path be¬ 
tween the primary and secondary in figure 3. The arma¬ 
ture linkage per symmetrical, fundamental-frequency, 
armature ampere will be much less than under synchro¬ 
nous conditions and its value X wlO "" gives direct transient 
reactance, x,/, in ohms. This value divided by base 
ohms gives xf in per unit. 

In order to visualize direct transient reactance from a 
test which might actually be conducted, it will again be 
necessary to conduct one which is different from the condi¬ 
tions used to define the reactance. Since we are now deal¬ 
ing with transient quantities, it will also be necessary to 
employ an o.scillograph rather than instruments. Just as 
in the case of direct synchronous reactance, superposition 
allows a detennination of direct transient reactance from 
a ;i-phase short-circuit test; for in transient as well as 
steady .short circuit the rotating fundamental component 
of armature magnetomotive force is directly in line with 
the poles tending to demagnetize them*. Now it is pos¬ 
sible to superpose the results of various cotnponenU of the 
current in one circuit, considered separately, just as it is 

* It is shown Inter that suddenly applied currents t<Mid to contain d-c and har¬ 
monic components. Hence to obtain the current used in defining xd' an un¬ 
usual voltage would be required, 
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possible to superpose the results of total currents in sepa¬ 
rate circuits. For indeed, the linkage in any one circuit is 
directly proportional to the total current in each circuit, 
and hence, to the sum of any components into which each 
current may be divided in every circuit in the machine. 
Before short circuit, a certain steady field current existed 
which gave rise to a certain a-c terminal voltage. After, 
short circuit armature currents will suddenly start to flow. 
The sudden magnetomotive force appearing before the 
field will be resisted by a sudden increase in field current 
over its initial value. Also after short circuit the terminal 
voltage is zero, so the change of armature linkage must also 
be zero. Consequently, the armature linkage produced 
by the armature current plus that produced by the in¬ 
crease in field current has exactly the same value and is in 
opposite direction to the armature linkage produced by 
the initial value of field current acting by itself. Now 
this armature linkage, produced by the armature current 
plus the increase in field current acting together, is pro¬ 
duced under exactly the same conditions which were used 
to define direct transient reactance; for indeed, the arma¬ 
ture magptietomotive force appears suddenly in the direct 
axis and induces field current which opposes it, and the 
ratio of the S5rmmetrical partf of the phase voltage to the 
symmetrical part of the phase current is . However, 


nnmPtifl has been barely mentioned, the presence of d-c 
and harmonic components in the armature current. At 
the instant of short circuit each of the 3 armature phase 
circuits will be linked by some fraction of the flux produced 
by the in gin field excitation. Thus if the short circuit 
occurred at the instant the direct axis was in line with 
phase a, phase a would have maximum positive linkage 
and the linkages in phases b and c would be negative and 
half the maximum. 

By the law of constant flux linkage, currents will flow in 
the armature and field to maintain the armature and field 
linkages at essentially constant value for a short time after 
short circuit. The jump in d-c field current to maintain 
the field linkage constant in the face of the magnetomotive 
force produced by the a-c, short-circuit armature, current 
hgf been emphasized. However, the a-c armature current 
and d-c field current could produce constant armature 
phase linkages of only zero value. Hence, the armature 
current will contain d-c components to maintain the ini¬ 
tial linkage. This results in a displaced wave of phase 
current such as shown in figure 13. An oscillogram of 
S3rmmetrical short-circuit phase current when the phase 
linkage happened to be zero at the instant of short is shown 
in figure 12. Here no d-c component was necessary to 
maintain zero linkage. 


Figure 12. Nearly symmetrical 
short-circuit armature current on a 
35,000-l<va 25-cycle water-wheel 
generator 

A — Armature voltage 
B — Armature current 



Figure 13. Nearly pure asym¬ 
metrical short-circuit armature cur¬ 
rent on the same machine as 
figure 12 

A — Armature voltage 
B —Armature current 



this voltage has exactly the same magnitude as the open- 
circuit voltage which existed before short circuit. There¬ 
fore, the ratio of the voltage before short circuit to the 
symmetrical part of the armature current immediately 
after short circuit is direct transient reactance, 3c/, in 
^ohths. 

In the foregoing ahalysis one important part of the phe- 

t The symmetriral part of a wave is the part symmetrical about the axis of 
zero deflection, t^t is the residue after the d-c component has been subtracted. 


The d-c component of armature current results in a 
stationary magnetomotive force in the air gap, This 
would produce fundamental-frequency linkage in the field 
did not a fundamental-frequency field current flow to pre¬ 
vent it. The fundamental-frequency field current gives a 
pulsating magnetomotive force stationary with respecrt to 
the poles which may be resolved into 2 fundamental, 
magnetomotive-force waves rota,ting, one forward and 
one backward with respect to the poles at synchronous 
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speed. The backward rotating component is stationary 
with respect to the armature and opposes the d-c armature 
magnetomotive force. The forward rotating component 
is traveling at twice normal speed with respect to the arma¬ 
ture so that a second-harmonic component of armature 
current must flow to prevent a change of armature linkage. 
This current will also have its effect on the field and so on. 
The purpose of this discussion is to complete, in a measure, 


current will be induced in the amortisseur winding resist¬ 
ing the change in flux in addition to the current induced in 
the tnflin field winding. Since the amortisseur winding is 
closer to the air gap than the main field, the permeance of 
the air-gap leakage-flux paths under this condition is still 
less tTian the corresponding permeance in the case of direct 
transient reactance. The corresponding armature linkage 
and reactance are also less. Invariably, the per-unit re- 


Table I. Components of Synchronous Machine Reactances 


Synchronous Motors 


Symbol Name of Reactance 


Position of 
Magnetomotive-Poree 
Fundamental 


Magnitude of 

Magnetomotive-Force General 
Fundamental Purpose 


Heavy Water- 

Starting Synchronous Wheel 
Duty Condensers Generator** 


Turboaltemator 

Solid Laminated 
Rotor Rotor 


Xi .Direct synchronous.. 

xq .Quadrature synchronous. 

.. .Direct transient. 

Xq' .... Quadrature transient., •. 


.Directly over poles. 


Xd "....Direct subtransient. 

.... Quadrature subtransient. 

. .Negative sequence. 

*«*... .Zero sequence.... 


. Directly over pole. 


.No fundamental. 


Constant. 

(0.80... 
U.5 ... 

...0.661 . 
...0.901 

,. .1.60 avg.. 

. (0.601 

11.26 ) 

« .. ..X 

(0.60... 

...0.60 V. 

.. .1.00 avg.. 

. (0.401 


ti.io... 

...0.70) 


10.80) 

.Changing. 

(0,25... 

10.45... 

...0.16... 

...0.36... 

...0.40. 

,. .0,60. 

.. ,0.20, 

.. .0.45, 


. (0.60... 

.. .0.60 1 . 

.. .1.00 avg.. 

. (0.40. 


11.10... 

...0.70) 


10.80. 

.Changing.... 

(0.20... 

10.40... 

...0.10... 

...0.26... 

,. .0.25. 

...0.8 . 

...0.16. 

.. ,0.36. 

.Changing. 

. (0.80... 
10.60... 

...0.12... 

...0.30... 

.. .0.26. 

.. .0.86. 

, ..0.26, 

.. .0.45. 

. Changing in Mch axis.. 

. (0.26... 
10.46.. 

...0.11... 

...0.27... 

.. .0.26. 

.. .0.32. 

.. .0.20. 

.. .0.40. 


. (0.04.. 
10.27.. 

...0.02... 

...0.16... 

.. .0.04. 

...0.10. 

. ..0.02. 
...0.21. 


. 1.15 avg... l.lSavg. 
.1.0 avg. ..1.0 avg. 


.0.13... 
.0.26... 
.0.13) , 
.0.25 1 


.0.16 
.0.25 
.1.0 avg. 


.0.08.. 

.0.15,. 

. 0 . 10 ,. 

. 0 . 20 .. 

.0.08.. 

.0.13.. 

. 0 . 01 ,. 

.0.08.. 


.0.08 

.0.12 

.0.20 

.0.30 

.0.11 

.0.21 

.0.01 

.0.08 


an average of and xq" and *« will be unchanged. 


Xd', Xq* «■ Xq* •• Xq, Xt will be 


the physical picture of the phenomena on short circuit. 
It is evident that the different components of current, 
existing for different purposes, meet different permeance. 
Consequently, direct axis transient reactance is defined 
for only the symmetrical, fundamental-frequency part of 
the armature current. 

The actual test to determine the initial value of short- 
circuit current could be conducted by taking enough os¬ 
cillograms of the current, till one was obtained which was 
symmetrical, or by graphically determining the symmeM- 
cal part of an asymmetrical wave, then drawing a line 
through the peaks of the successive decaying armatme 
current waves and project it back to the time of short cir¬ 
cuit neglecting the first few peaks of current which be 
discussed under subtransient reactance. The initi^ 
value of short-circuit armature current may then be esti¬ 
mated as in the dotted line of figure 14 which was obtained 
from the oscillogram figure 12. Of course, if the peak 
value of the current is used, the peak value of the voltage 
must also be used. 

Direct Subtransient Reactance Xd" 

In direct transient reactance all field windings 

except the main fidd winding in the direct axis were as¬ 
sumed to be open. An amortisseur winding as shown in 
figure 9 may be present in both the (firect and quadratture 
axes. If it is, and armature voltages are suddenly applied 
to the machine so that armature cinrrents ,increase rapi^y. 


sistance of the amortisseur winding is considerably larger 
tVifl-n the per-unit resistance of the main field, so that the 
induced amortisseur currents tend to die out much more 
rapidly. The high resistance is used to get the high in¬ 
duction-motor torque required for starting or to pro¬ 
duce effective damping if the purpose of the amortisseur 
is to damp out oscillations. This rapid decay gives rise 
to the term subtransient reactance, indicating a very high 
speed phenomenon while transient reactance is the lower 
speed phenomenon caused by the main field windings. 

Let the field structure be rotated mechanically at syn¬ 
chronous speed writh the main field winding unexcited but 
closed, and all other field wincHngs closed. If terminal 
voltages are now impressed at such an instant that poSi- 
tive-phase-sequence currents are produced, an armature 
magnetomotive force will be set up which rotates syn¬ 
chronously with its axis directly in line with that of the 
poles and amortisseur winding currents will be induced 
resisting the establishment of armature flux. The arma¬ 
ture flux is then forced into the very low permeance air-gap 
leakage path as shown in figure 9 and the net armature 
linkage per armature ampere imder this condition X col0~® 
gives direct subtransient reactance in ohms. This value 
divided by base ohms is in per unit. 

The test procedure described for determining direct 
transient reactance may ^so be used to determine ^ect 
subtransient reactance. If a dosed amortisseur winding 
is present, the short-circuit current will have a fo<m such 
as Shown in figure 12 or 13^ Tha same argument used in 
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deriving the expression for from the short-circuit test 
leads to the obvious result that Xa” is the ratio of the open- 
circuit voltage existing before short circuit to the sym¬ 
metrical part of the armature current existing immedi¬ 
ately after short circuit. This value of the current may 
then be obtained by projecting the line connecting the 
peaks of the short-circuit current back to the zero axis as 
shown in figure 14. It has been pointed out that the 
amortisseur-winding currents die out very rapidly, so that 
their effect soon becomes negligible. Hence, jc/ may be 
determined from the same test by projecting the line con¬ 
necting the more slowly decaying peaks of current back to 
the zero axis as shown. 

Quadrature Transient Reactance x/ 

Consider the machine to be operated as in the case of 
direct transient reactance except that the terminal volt¬ 
ages are applied at a different instant so that the axis of 
the suddenly appearing armature magnetomotive force is 
now directly in line with the quadrature axis. Now if 
there are no closed rotor circuits in addition to the mflin 
field winding, the armature flux will pass through the main 
field winding from one side to the other as shown in figure 
8 . The net field linkage due to this flux is zero and hence 
no main-field-winding currents will be induced tending to 
distort the flux. The armature linkage under this condi¬ 
tion per armature ampere X <ol0“* gives quadrature tran¬ 
sient reactance in ohms. This value divided by base 
ohms gives Xg in per unit. 

Since the permeance presented to the armature magneto¬ 
motive force under this condition is exactly the same as 



rotor, currents will be induced in the rotor iron resisting 
the change in flux so that ’x,' will be less than .t,. 

Quadrature Subtransient Reactance x," 

If an amortisseur winding exists in the quadrature axis, 
and terminal voltages are suddenly applied such that fun¬ 
damental-frequency positive-sequence currents flow so 
that the resultant rotating armature magnetomotive force 
is in line with the quadrature axis of the mechanically ro¬ 
tated field structure, current will be induced in the amor¬ 
tisseur winding tending to maintain its linkage zero and 
forcing the armature flux into the very low permeance air- 
gap path as shown in figure 10. Under this condition the 
armature linkage per armature ampere X colO“® gives 
quadrature subtransient reactance in ohms. This value 
divided by base ohms gives x" in per unit. 

No simple convenient method of test exists to aid in 
visualizing this reactance. Methods of test exist^®’^^ but 
the mathematical analysis, required for establishing them, 
complicates the physical picture. 

Negative-Sequence Reactance X2 

If terminal voltages are impressed such that fundamen¬ 
tal-frequency negative-sequence currents flow while the 
unexcited field structure with all field windings closed is 
rotated mechanically at synchronous speed in the forward 
direction, the armature magnetomotive force will be travel¬ 
ing in the opposite direction at sjmchronous speed and 
hence will be traveling with twice synchronous speed with 
respect to the field structure. Then alternating currents 
of twice normal frequency will be induced in the rotor cir¬ 
cuits, holding the field linkage at essentially zero value. 




0 10 20 30 40 50 60 70 80 90 

HALF CYCLES AFTER SHORT ORCUlT 

Figure 14. Determination olxi' and x^" from test oscillo¬ 
gram, figure 12 

Curve shows envelope of symmetrical short-circuit phase-current wave. 

Xa" Inversely proportional to Initial current A, 

Dotted curve shows envelope of symmetrical current after high-speed 
transient has been subtracted, xa' Inversely proportional to B 


that presented under the conditions defining quadrature 
synchronous reactance, the armature linkage per ampere 
will be the same in both cases, and the quadrature tran¬ 
sient reactance is exactly equal to. the quadrature syn¬ 
chronous reactance. This is literally true if the fidd struc¬ 
ture is p<^ectly laminated. If the machine has a solid 


This case is analogous to the a-c excited, short-circuited 
transformer of figure 3 for in the transformer an a-c mag¬ 
netomotive force attempts to force flux through the short- 
circuited secondary and alternating currents are induced 
in the secondary holding the secondary linkage zero. In 
the case at hand the armature flux is forced into the very 
low permeance air-gap paths. Of course the actual per¬ 
meance of the air-gap path varies as a fimction of time, 
for the armature magnetomotive force meets alternately 
the direct and quadrature axis. Under this condition the 
average armatmre linkage per armature ampere X wlO“® 
gives the negative-sequence reactance in ohms. This 
value divided by base ohms is xa in per unit. 

The permeance presented to the armature magneto¬ 
motive force at the instant that the magnetomotive force is 
over the axis of the poles is evidently essentially the same 
as the permeance presented under direct subtransient con¬ 
ditions and the effective reactance if the permeance were 
constant at this value would be x/. However, an instant 
later the magnetomotive force is directly over the quadra¬ 
ture axis and at this instant the effective reactance is x/. 
Hence, the average value of 3 C 2 must lie between s;*'' and 
Xg'^. For most purposes the value of xa is taken as the 
arithmetic average of and x/. 
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The conditions used to define negative-sequence react¬ 
ance may also be used to measure it. It is simply neces¬ 
sary to rotate the rotor mechanically at normal speed with 
the mflin field winding unexcited but short circuited, and to 
apply terminal voltages such that fundamental-frequency 
negative-sequence currents flow in the armature. The 
ratio of the average phase voltage to the average phase 
current under this condition gives X 2 in ohms. Tests may 
also be made with the rotor stationary®! ^^t here again, 
they are of little use for visualization. 

Zero-Sequence Reactance Xo 

Zero-sequence currents are defined as currents which 
would flow if the 3 line terminals of a Y-connected 
machine were joined and single-phase voltage applied be¬ 
tween the neutral and the terminals. Under this condition 
currents will flow in the 3 armature windings and will be 
of the same time phase. If such currents be impressed on 
a synchronous machine, no space fundamental of air-gap 
magnetomotive force will be produced so that the motion 
of the rotor is unimportant and the reactance is very small. 
The 3-phase armature windings will, in general, set up a 
third space harmonic of air-gap magnetomotive force 
which is stationary but pulsating. Currents will be in¬ 
duced in closed rotor circuits opposing this harmonic mag¬ 
netomotive force, and forcing the armature flux due to it 
into the low-permeance air-gap paths so that this reactance 
is indeed very small. The actual value depends greatly 
on winding pitch, being a minimum at ®/8 pitch in a 3-phase 


AXIS 
PHASE A 


DIRECT 

AXIS 


Plus sisns Indicate 
current enterins 
plane oF paper, 
minus sisns—current 
leaving. Positive 
electromotive force 
in direction of posi¬ 
tive current. Ar¬ 
rows indicate posi¬ 
tive direction of flux 
or linkage or angle 


AXIS 
PHASE C 


AXIS 

.PHASE B 


QUADRATURE 

AXIS 


Figure 15. Conventions for positive angles, currents, elec¬ 
tromotive forces, linkages, and rotation 


winding. For at this pitch each slot contains coil sides of 
adjacent phases carrying currents in time phase but oppo¬ 
site direction. Consequently the net air-gap magneto¬ 
motive force of the slot is zero and the only flux produced 
in addition to end winding leakage is the slot leakage flux 
between the 2 conductors with opposite currents. 

If zero-sequence currents be applied, the ratio of the 
phase linkage to phase current X «10“® gives zero-se¬ 
quence reactance in ohms. This value divided by ba^ 


ohms is JCo in per unit. 

Zero-sequence currents do not produce the same slot, 
end winding, or differential air-gap leakage fluxes as posi¬ 
tive-sequence currents so that Xi is not included in 

The conditions used to define zero-sequence reactance 
are easily reproduced in an actual test, and if the machine 
were operated as described, the ratio of the voltage ap¬ 
plied between the neutral and the 3 connected terminals to 
the current in one phase gives zero-sequence reactance in 
ohms. 

Summary 

The various synchronous machine armature reactances 
have been discussed from a number of different viewpoints, 
each designed to enhance the physical picture: (1) linkage 
per ampere, (2) effective permeance, (3) a-c voltage per 
a-c ampere, (4) test and (5) figures illustrating the flux 
paths. The foregoing discussion is summarized in table I 
which gives the various pertinent factors influencing each 
reactance, and typical numerical values. 


Part 111. Analytical Approach to 
Synchronous Machine Reactances 

In the preceding parts a physical picture of certain ar¬ 
bitrary reactances has been built up. The uninitiated 
reader is, no doubt, in a quandary as to why these particu¬ 
lar arbitrary definitions were selected. Furthermore, he is 
probably at a loss as to how to use such reactances in ac¬ 
tual calculations of performance. It is not the pmrpose of 
fhis paper to present the whole of synchronous-machine 
analysis. However, the concepts of synchronous-machine 
reactance would be most incomplete without some idea as 
to their purpose and use. The following derivation is 
made from a most fundamental starting point and it will 
serve as a sound basis for proceeding with synchronous 
machine analysis as well as for broadening the physical 
picture already developed. Values of the various react¬ 
ances are obtained in terms of the self- and mutual induct¬ 
ances of the various windings. 

Ftmdamental S3mchronous Machine Parameters 

It is proposed to set up the differential equations of the 
synchronous machine in terms of the fundamental pa¬ 
rameters of the machine, the self- and mutual inductances 
of the various circuits. 

The self-inductance of an armature: phase depends upon 
the position of the rotor, being a maximum when the di¬ 
rect axis is lined up with the magnetic axis of the phase 
and a minimuTn when the quadrature axis is in line with it. 
The variation of the self-inductance between these 2 posi¬ 
tions can be calculated from design data or it may be de¬ 
termined from tests. It is found by both means that the 
variation in practical mac^nes is approximately sinusoidal 
as shown in figure 16. Since the maximum value will ob¬ 
tain whether the pole which is before the phase is normally 
north or normally south in magnetic polarity, the self- 
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inductance will vary through 2 maximum values if the 
rotor is rotated through 360 electrical degrees. Since it 
will have some positive value at every position of the 
poles, it will be of the form, 

La — Lo “h Jl^o cos 2 <l> Lo ^ ilrfo (22) 

where Lo is the average and Mo the amplitude of variation 
of the phase self-inductance in henries, (Mo is not a mutual 
inductance as used here). <j) is the electrical angle between 
the magnetic axis of the phase and the direct axis as shown 
in figure 15. This variation can be visualized by applying 
the concepts of part I to figure 15 and noting how the link¬ 
age per ampere of a phase varies as the rotor moves. 

If ij> be measured from the axis of phase a then 22 gives 
the self-inductance of phase a, for a.t<f) — 0, La is a maxi¬ 
mum. Obviously, in a symmetrical machine, the self- 
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value. Hence, the mutual inductance between 2 phases 
also varies through 2 maximum values for a 360 degree 
rotation of the rotor. Experiments and calculations both 
show that the mutual inductance also varies approximately 
sinusoidally with <l> as shown by the test on a particular 
machine in figure 17. Furthermore, experiments show 
that the amplitude of variation of mutual inductance in 



ELECTRICAL DEGREES 

Figure 17. Variation of mutual inductance between arma¬ 
ture phases a and b with position of the field 

The test points taken on the same machine as in figure 16 are close to the 
curve which shows theoretical Variation for an ideal machine 

Mab » - M, + Mo cos (2^ - 120“) 

—1.14 -f- 0.796 cos (2^ — 120“) millihenries 


Figure 16. Variation of self-inductance of armature phase a 
with position of the field 

The test points, taken on a 4-pole 15-kva 220-volt 1,800-rpm synchro¬ 
nous motor, compare favorably with the curve showing the theoretical 
variation of an ideal machine/ 

La *= U + Mo cos 2<^ =» 2.36 -H 0.796 cos 2^ (millihenries) 


practical machines is nearly the same as the amplitude of 
variation of self-inductance (see figures 16 and 17). Then, 
if M, is the average value of the mutual inductance be¬ 
tween phases, the same used in equations 22, 23, and 
24 is the amplitude of pulsation of the mutual inductance. 
Hence, the mutual inductance between phases a and b is 

^ab “ “ ~ Mo COS 2((^ — 60)] 


\ X t. t. -11 t. XI. X X = - ilf, + Mocos(2«^-120) Mo>Mo (25) 

inductance of each phase Will have the same form except 

the rtiaviiniiin value will occur at a different value of <f>. Likewise, the minimum absolute magnitude of the mu- 
That of phase b will be a mayimutn when 0 = 120 electri- tual inductance between phases b and c will occur at 0 = 0 
cal degrees, and 

Lb = Lo + Mo cos 2i4> - 120) = £0 + ilfo cos (2(^ -|- 120) (23) Mbo “ -[M, - Mo cos 20] - M, + Mo cos 20 (26) 


Likewise, the self-inductance of phase c will be a maxi- Also 

Mae - [Mo- Mo cos 2(0 + 60)] = - M, -H Mo cos (20 -i- 120) 

(27) 


mum when <j> = —120 degrees, 

Lg == Lo H” Mo cos 2(0 -|- 120). * Lo d- Mo cos (20 — 120) (24) 

The mutual inductances between armature phases will 
also be functions of the rotor position. Positive currents 
are logically defined in the same relative direction in each 
of the phases as shown in figure 15. Thus, positive cur¬ 
rent in phase 5 tends to produce linkage in phase a in the 
opposite direction to that produced by positive current 
in phase a (see figure 16). Hence, the sign of the mutual 
inductance between phases a and b is negative regardless 
of rotor position. The absolute magnitude of this mutual 
inductance will have a minimum value when tbe axis of 
the poles is midway between the phases (for phases a and 
b, at 0 = 60 degrees), and a maximum value when the rotor 


A complete analysis would, of course, include the effect 
of an arbitrary number of field circuits. However, the 
complexity of the equations which arise obscures the physi¬ 
cal picture so that in this analysis no other rotor circuits 
except the main, direct-axis, field winding are assumed. 
Inspection of figure 16 shows that Ma, the maximum mu¬ 
tual inductance between phase a and the main field wind¬ 
ing will exist when the direct axis is in line with the mag¬ 
netic axis of phase a, at 0 = 0, and its value will be equal 
but negative at 0 = 180 degrees. Test and calculation 
show li.at it varies approximately sinusoidally between 
these limits, so 

Mad='M|{Cos0 (28) 

16 


has advanced 90 degrees from the position of minimum 
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The mutual inductance between phase h and the main 
field winding will have the same form but will be a maxi¬ 
mum at ^ = 120 degrees, so 

Mia = Ma cos — 120) (29) 

Likewise, 

Mga Ma cos -|- 120) (30) 

Ftmdamental S3aichronous Machine Equations 

The assumptions which have been made are: 

1. Sattiration, hysteresis, and eddy currents are negligible. 

2. Self- and mutual inductances vary sinusoidally as the rotor 
moves. 

On the basis of the fundamental, experimental laws of 
Faraday, equation 1, and Ohm, the voltage, e, impressed 
on an armature phase may be expressed in terms of the 
phase resistance, r, phase linkage, ^ and phase current i, 
in phase a as 

«a * -f X lO"* 

noting the time derivative operator, d/dtt by p, 

ta * n'a + P4'a X 10”® (31) 

and for phases h and c, 

ei — rii + p4>it X 10~* (32) 

Se = ric + ppc X 10-«* (33) 

A similar equation^may be written for the main field 
winding in terms of ^ts applied voltage Ea^ current J^, 
linkage and resistance Ra. 

Ea = Raid + P^d X 10-« (34) 

Before these differential equations (31 to 34) can be 
solved for the currents in terms of the applied voltages it 
is necessary, of course, to express the linkages as functions 
of the currents in all circuits. Thus, from the definitions 
of self- and mutual inductance, equations 3 and 4, the link¬ 
age in phase a is 

=* {Laia "1“ Mabij) + + -MadldllO® 

From equations 22, 25, 27, and 28, 

'I'a “ + Mo COS 2^] -|- ii[ — Mt -|- Mo cos (2^ — 120)] -|- 

icl-Ms + Mo cos (2^ + 120)] -|- laMa cos ^}l0» 
Pa { — Ma^iji + *«] + Mo [»o cos 20 -|- ij, cos (20 *— 120) -|- 

■ • cos (20 -]- 120)] Jlftf cos 0} 10* (3S) 

Likewise, from equations 23, 25, 26, and 29, 

Pi =« {Lo»j — Ms[ie + *«] + Mo[ie COS 20 + ia cos (20 — 120) -h 

. 4;cos.(20 -|- 120)] + JaMd cos (0 - 120)} 10*^ (3<5) 

and from' equations 24, 26, 27, and 30, 
pg «=» {Ltiig — Ms[ia H" ^’j] "I" Mo[ii cos 20 4- ig cbs (20 •— 120) + 

ia cos (20 -h 120)] -I- cos (0 -I- 120)} 10* (37) 

If the main field winding self-inductance is X/^-^b- 


viously it is a constant—the main field linkage may be ex¬ 
pressed in terms of all currents by considering figure 15 and 
equations 28, 29, and 30 

'i'tf = Madf’a + Miaii -h Mgaie + Lfala 

= Ma[ia cos 0 + h cos (0 — 120) 4- ig cos (0 -1- 120)] -|- Lfald 

(37a) 

If equations 35,36,37, and 37a are substituted in equations 
31 to 34, the fundamental simultaneous differential equa¬ 
tions of the synchronous machine will have been set up 
from Faraday’s experimental law, equation 1, and measur¬ 
able self- and mutual inductances. 

Theoretically, the resulting differ^tial equations can be 
solved simultaneously for the currents with any given ap¬ 
plied voltages and motion of the rotor either in transient 
or steady state. However, if the rotor is moving, 0 is a 
function of time. Consequently, when the differentia¬ 
tions indicated in equations 31 to 34 are performed, terms 
such as the following arise, 

— j” Moift cos (20 — 120) J = 

-2Moii sin (20 - 120) ^ + Mo cos (20 - 120) ^ 
a dt 

When the resulting differential equations are combined 
simultaneously to get a differential equation in terms of one 
of the currents only, a multitude of terms, even more com¬ 
plex than the one shown, arise which include functions of 
time—such as cose 20—as coefficients of the derivatives. 
The solution of these differential equations with variable 
coefficients as they stand is so difficult that it has never 
been carried out in a general case, and this is the reason for 
resorting to direct and quadrature axes, namely, in order 
to simplify the mathematics. 

Ah are f amili ar with linear and nonlinear changes of 
variables in the calculus in order to simplify integration. 
Also, the change of co-ordinate axes such as from Carte¬ 
sian to polar, or 3-dimeusional Cartesian to spherical, etc., 
are nonlinear changes of variable, and rotation or transla¬ 
tion of (Cartesian reference axes we linear changes of vari¬ 
able which are commonplace. In the latter cases it is im¬ 
portant to note that the number of degrees of freedom is 
not reduced and the new variables are independent of each 
other and related to the old ones by linear equations. 
Now if someone suggested that new, independent currents, 
flux luflcages, etc., might be assumed, related to the old 
currents, flux linkages, etc., by linear equations which 
would fadlitate the solution; we might throw up our hands 
in horror at this unorthodox procedure ff we did not realize 
that the differential equations to be solved were really 
mathematical statements which can be manipulated at 
will so long as the fundamental rules of calculus, algebra, 
etc., are not violated. Consequently, it is sensible to take 
the view that the proposed transformation is a mathemati¬ 
cal one and as long as it is eventually possible to return 
and find the old currents, linkages, etc.^ itis possible to pro¬ 
ceed with confidcance- 

* This method of analysis is almilar to that used by Park** except for different 
sign conventions, but is not the same as that used by Park* as it avoids the use 
of permeant^ coefficients. The sign convendohs used hcK are those widely 
; accepted in classical literature and were defined in part I. 
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Assume then, that someone has suggested the following 
new variables: 

'l>d> —direct axis curreut, linkage, voltage 

iq> 4 >q.> H —quadrature axis current, linkage, voltage 
io, ^ 0 , «o—zero axis current, linkage, voltage 

which are linearly related to the old variables by the equa¬ 
tions, 


= - -I ia cos ^ + to cos — 120) + ig cos (4> -|- 120) 


iq “ —g’ tasin0-l-4sin(^—120)-f-tcsin(<^+120) ^ kgS) 


= g j *0 + *6 + *e 


“ g j ^acos^-t-\^6cos(^ —120)-|-^eCOs(^-h 120) 


— g I sin ^ -h sin —120) -f tpg sin + 120) 


lAo = q i ^« + 


= g I c« cos ^ -f fift cos (4> —120) + Cg cos 4- 120) | 

eq = ^ I «a sin ^ -H sin - 120) •+• eg sin (<A + 120) | 


Co = g j ea + ei, + Cg 


Actually, these new variables were conceived and de¬ 
veloped by engineers^'^**’^'® by virtue of their very thor¬ 
ough and complete “physical picture” of the phenomena. 
For the present purpose, the physical picture and the 
physical reasoning bade ol the selection of such a set of 
transformations will be discussed after the results are ob¬ 
tained. 

If the proi>osed duinge of variables enables solution of 
the equations, the actual physical phase currents, linkages, 
voltages, etc., can then finally be obtained from the follow¬ 
ing expressions for the phase quantities in terms of the new 
variables. Thus, solving simultaneously equations 38: 

ia = id cos ^ sin ^ -1- «o 

6 * 4 cos — 120) — iq sin — 120) -1- to ■ (41) 

ig =* id cos (<l> -j- 120) — iq sin •+■ 120) + to 

and equations 39: 

'I'a lAtf cos 0 — sin ^ -f \^o 

'I'b ^d cos “ 120) — ^q sin — 120) -f* vf'o (42) 

cos 120) — ^q sin ^ 120) Hh 

* A hint tQ the student in solving, sOiy, equations 40 to dbtain equations 43'is 
to multiply the first one of equations 40 by cos the second by ~ sine d' 
add. The trigonometric coefficients of es and se can be. shown to be zerp,^ 
that pf So unity which gives a ready solution for ea in terms of Sd. <«, and <o* 
Similar operations yield and Ss. 


and equations 40: 

Co “ Ctf cos ^ — Cj sin ^ Co 

ej = eq cos (^ — 120“) — eq sin (^ — 120") -|- co (43) 

c« ®= eq cos (^ -|- 120“) — eq sin (0 -f- 120“) -j- Co* 

Now to proceed with the change of variable. Substi¬ 
tute equations 38 in equations 35, 36, and 37. Combine 
the resulting expressions for \pa, and \pg according to 
equations 39 to get and wholly in terms of iq, 

iq, io the self- and mutual inductances and trigonometric 
expressions. The algebra and trigonometry of these 
transformations are formidable but if the student has suf¬ 
ficient fortitude he will find that the many multiple prod¬ 
ucts of trigonometric functions are all reducible to single 
simple constants and he will be rewarded by the following 
very simple equations: 

^d = I Mqlq + ^Lo + Mg+^Mq'^iq | 10« (44) 

«= I + K, - g Me^ iq I 10« (45) 

= {(Lo - 2j|f,)*o}lO'* (46) 

These expressions are relations between the new vari¬ 
ables, linkages, and currents, in the direct, quadrature, and 
zero axes. Note that each equation contains only vari¬ 
ables in the same axis. Mathematically this means that 
the choice of new variables has been particularly appro¬ 
priate and that the equations will be relatively simple to 
solve in terms of the new variables. 

Now each equation physically is a relation between cur¬ 
rents and linkage and the factors of proportionality are 
constants. Consequently it requires only a little imagina¬ 
tion to see that the bracketed constants of proportionality 
are really equivalent inductances in the new system of 
variables. Furthermore, it is natural to suspect that the 
constant of proportionality in equation 44 is the inductance 
corresponding to direct synchronous reactance Xq, that of 
equation 45 to Xq, and that of equation 46 to xo. That 
this is true can be proved quickly by applying the condi¬ 
tions defining these reactances in part II to equation 36, 
and finding the linkage in phase a, per unit curr^t in 
phase a, ig. Either of the other phases might be used. 

Direct Synchronous Reactance Xd 

Hie conditions specified are: 

1. Positive-sequence steady-state currents applied to the armature 
ig ^ i cos cot 

ii, ■? i cos («/ — 120) 

ig <= 4 cos (ftjf 4* 120) • (46a) 

and' 

»>■+»V " V. ; ■ ;. 

2. Field circuit open. 
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3. Field rotated at constant ssnachronous speed so that the direct Equation 35 becomes, 
axis is in line with the axis of the armature magnetomotive-force 

wave, — [i cos ut [Lo -- 2Jkf,] + Mui cos at [cos ^ -|- cos — 120) + 

cos -H 120)]} 108 


<ft ^ at 

Substitute these conditions in equation 35. 


cos at {La Jlfj) + Moi [cos at cos 2 m< + cos (at — 120 ) X SO 
cos {2at — 120) + cos {at 120) cos (2<<>/ -|- 120)]} 10® 


The last term is obviously zero regardless of how (f) varies, 


which, upon trigonometric reduction becomes 


Lo -h Mg + 


La + Mi -f- 


- - Jlfo 1 * cos at 

2 ) J 

\M)jH X 10« 


and as defined, in ohms is the armature linkage per 
armature ampere times w 10 so 


-.7“ 


La + Mg -}- “ JkTo 


[ 1^0 ~ 2M*]» cos a><} 10* 


Xo = (io ~ 2Mg)a 

Equations 44,45, and 46 then become. 




— X 10* 


Quadrature S3aichronous Reactance Xi 

The conditions specified are: 

1 and 2 are the same as under x^,. 

3. Field rotated at constant speed so that the quadrature axis is 

in line with the axis of the armature magnetomotive-force wave, 

4, == at - 90®* 

Then equation 35 becomes 

ij/fi = {t cos at {La + Mg) -h Jkfoi[cos at cos 2 {at — 90) -[” 
cos {at - 120) cos {2{at - 90) - 120} + 
cos {at + 120) cos [2 {at - 90) + 120}]} lO® 

= {* cos at {La + Mg) — Jkfo»[cos at QOs2at + cos {at t- 120) 
cos {2al — 120) -H cos {at -|- 120) cos {2at -[- 120)] } 10* 

which, by comparison with the previous example is 


La-\- Mg 




cos at X 10* 


Xq = + Mg — - M^ a 


Machine Equations in the Direct/ 

Quadrature^ and Zero Axes 

Before deriving an e3q)ression for the machine equa¬ 
tions in terms of the direct-, quadrature-, and zero-axis 
quantities will be deteimined. They will then be em¬ 
ployed to obtain to illustrate the use of these equations 
rather than using the method just applied to get x^, x^, 
and oca. The following derivation was given by Park® vidth 
different sign conventions. Combining the fundamental 
phase voltage equations 31, 32, and 33 with the definition 
of Crf, equation 40, 


ftf = - I cos<^ {Ha •+• p4^a X 10"*) + cos(<^ - 120)X 

(r»6 PPa X 10"*) -[- cos (0 ■+• 120)(r*c -j- ppc X 10' 


and the definition of ia, equation 38, allows a reduction to 


( 48 ) cos 4 >P^a + cos { 4 > - 120) ppa H- 


Zero-Sequence Reactance Xo 

The conditions specified are: 

1. Zero-sequence, steady-state currents applied to the armature, 

»« *= =» = i cos at 

2. Effect of .field circuits, negligible, 

/tf « 0 

3. Motion of the rotor immaterial as will be evident. 


cos (0 4-120)^^0 } X 10 


The bracketed term is unfamiliar; however, differentiate 
equation 39, 


PPi “31 PPPa d" cos (0 — 120) ppa -j- C(w (0 -j- 12 Q)ppc 


- j Pa sin 0 4- sin (0—120) 4 - 0® sin (0 4-120) ^ 00 ( 52 ) 


^ ~ 0 _ ; \ ^ _ ■ ■ ... The first bracketed term of this ejqpression is identical with 

* The sign is negative because the usual convention U to designate th« iaterpolar the bracketed term in equation 51 . HoweV^, the last 
space ahsad of the poles as the quadrature axis. This is explicitly required bjr , , , j , . r. er. . « _ • _ 

the signs in equations 88, 39 , and 40 . bracketed term in equation 52 IS, by companson With the 
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definition of ^ 5 , equation 39, ^gp<f>. Therefore the brack¬ 
eted expression in equation 51 is 


P'Pd — 'PiPP 
and 

id “ fid + ip^d — 

By similar substitutions Park® shows that 

Cq = n’j -1- + Pdp^)'^0-* 

and 

Co = r*o + ppa X 10-* 


(53) 


Now, pg, and pa are known in terms of currents 
and measurable reactances, equations 50. Consequently, 
equations 50, 53, and 34 may be used to solve for ig, io, 
and li if the applied voltages Cg, So, and are known, 
and the motion of the rotor is known. The phase cur¬ 
rents may then be obtained from equations 41. This is 
one of the first steps in a complete method of s 3 nichronous 
machine analysis as given by Park.® 


Direct Transient Reactance Xd' 


Then, equation 54 gives ij/d in terms of 4 



Since ^g = = ig = io = 0 , equations 41 and 42 show that 

ia id 


Therefore, the armature linkage per armature ampere 
under this condition is 


tl 

id 






and the direct transient reactance is 


2 i/d_ 


108 


Xd> = ^ 6 ) 10-8 - <0 

L 2 


ZMd^ 

Xa — •“ " 0) 

2Ljd 


(57) 


The similarity between the expression for and the 
short-circuit transformer leakage reactance equation 19 is 
striking. 


The conditions used to define direct transient reactance 
were; 


M'* 

Xsc = W-Li — — " 


m 


1. Positive-phase-sequence currents suddenly applied to the 
armature, expressions for which are given in equation 46a. 

2. Field circuit closed, not excited. By the constant linkage law. 

= 0 

3. Field rotated at constant speed so that the direct axis is in line 
with the peak of newly established armature magnetomotive-force 
wave. 

<t> >= ut 

If conditions 1 and 3 be put in equation 38, the direct-, 
quadrature-, and zero-axis currents as functions of time are 
found to be 

tQ = 0 ^ 

io = 0 

Comparison of equation 50 with condition 1 shows that 

rpd (^) 

“ 0 
(^0 =« 0 

Comparing equation 37d with ia in equation 38 shows that 
3 

'^d = ^/dld + 2 (55) 

which gives a ready solution for la on application of con¬ 
dition 2 , thus 

, SMd. 


The analogy is obvious. Recall, for instance that the 
physical argument used in part II in discussing Xa which 
was based on short-circuit transformer phenomena. The 
presence of the ®/2 may be physically explained on the 
basis that all 3 phase currents contribute to the armature 
magnetomotive force attempting to establish flux in the 
field, whereas in the transformer only one primary coil was 
excited, however, space does not permit going through this 
interesting physical argument. Nevertheless, it is strongly 
recommended that the student make thoroughgoing physi¬ 
cal explanations of the pr^ence of the various terms in 
the equations for Xg, Xo, and Xa'. Such a task will both 
require and greatly enhance the physical picture of the 
synchronous machine. 

Per-Unit Quantities 

In previous literature, mathematical developments such 
as given here have been carried out in the per-unit system 
even in Uteral form. In more complete derivations such 
procedure has advantage in the resulting simplicily of 
equations. However, for one not thoroughly familiar 
with the per-unit system, the nonhomogeneous appearance 
of equations is confusing. Consequently, in this educa¬ 
tional paper, the derivations have been presented in classi¬ 
cal notation, it being inadvisable to present 2 new view¬ 
points simultaneously. All equations in part III can be 
converted to equations in a consistent per-tmit system 
simply by omitting all w’s, 10 ®’s, and 10 “*’s. 

The major value of the per-unit system lies in numeric^ 
work. If one has solved a problem for a typical machine 
in per unit, the results apply to any size or rating of ma- 

19 
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chine vdth similar per-unit parameters. Furthermore, the 
numbers in a per-unit calculation are of convenient size 
and the engineer can check their approximate values from 
experience and physical reasoning, thus reducing the 
chance for error. . 

Physical Picttxre 

The final phase of the physical picture, which this paper 
attempts to build up, may now be developed from equa¬ 
tions 53. We seek a concept of the fictitious direct-, 
quadrature-, and zero-axis windings which give rise to the 
rather unusual equations 53. The equations are unusual 
because of the presence of the and terms, the 
like of which do not occur in equations for the electromo¬ 
tive force in a circuit fixed in the observer’s initial system. 

Let us as observers, reside upon the rotating field struc¬ 
ture and attempt to visualize the phenomena experienced 
in the direct axis. The armature phase currents, assumed 
to be positive phase sequence for this visualization, will 
produce a rotating sinusoidal magnetomotive-force wave 
which may be resolved into 2 space sinusoidal components, 
one in line with the direct axis, the other with the quadra¬ 
ture axis. The absolute and relative magnitudes of the 
components may, of course, vary with time. Now visual¬ 
ize a winding opposite the direct axis and rotating with it 
which has the same resistance as an armature phase, r. 
If this winding carried a current it would produce a 
magnetomotive force in the direct axis, and might be 
sui a function of time that its magnetomotive force was 
always equal to the direct axis component of the magneto¬ 
motive force produced by phase currents. For instance, 
if steady-state^ positive-sequence armature currents flowed, 
id would be direct current, producing a constant magneto¬ 
motive force in the direct axis. The voltage equation of 
such a fictitious winding would be, by Faraday’s and Ohm’s 
laws, 

X 10-* 

for is the component of armatiure linkage opposite the 
direct axis. But, this physical picture is not complete be¬ 
cause of the absence of The reason is that we have 

attempted to replace a symmetrical series of armature 
windings moving past the field pole and relative to the ob¬ 
server with a velocity p<t> by one ordinary winding sta¬ 
tionary with respect to the field poles. Now note that 
tht sides of the fictitious direct-axis winding lie in the 
quadrature axis and in a flux density proportional to 
If these sides of the winding are imagined to have an in¬ 
stantaneous vdocity pp relative to the poles and the ob¬ 
server, then they would have a motional electromotive 
force induced due to motion relative to the observer pro¬ 


axis is always in line with the direct axis, but extraordinary 
to the extent that its coil sides have an instantaneous ve¬ 
locity relative to the field poles of P4>. Study will show 
that this is equivalent to a commutated winding like, for 
instance, the armature winding of a d-c motor when 
viewed from the field poles. Furthermore, the motional 
voltage cannot be attributed to a velocity through flux for 
the flux is produced by the combined action of the moving 
field poles and stationary armature conductors. 

Obviously the physical picture of the fictitious quadra- 
tiure-axis winding is identical with that for the direct axis, 
except for location. The term yl/qp4> appears with a posi¬ 
tive sign since positive direct-axis linkage is “behind” the 
quadrature axis. 

The physical picture of a zero-axis winding is unimpor¬ 
tant. It may be a 3-phase winding, stationary on the ar¬ 
mature, coimected as described in part II under “Zero- 
Sequence Reactance.” 

Summary and Recommendation to Students 

It is important to recall that the references, mentioned 
in the introduction and throughout the paper, furnish the 
basis for this paper. Part I is a presentation of the funda¬ 
mental concepts of inductance such as has been devdoped 
and clarified in the advanced course in engineering^^ of the 
General Electric Company by many lecturers. Part II 
indudes the viewpoints presented by Shildneck,^^ some of 
the tests given by Park and Robertson,® and some ideas 
not heretofore published. Part III incorporates methods 
similar to those used by Park,“ but with considerable 
emphasis on the physical picture. 

This paper has been written specifically to bridge the 
gap existing between collegiate study and current syn¬ 
chronous-machine literature. Hence, it is appropriate to 
suggest a program to the student for further study leading 
to the actual analysis. The program suggested is essen^ 
tially that which has been used in the B-dass, dectrical 
engineering section of the advanced course in engineering 
in training graduates, one year out of college. A knowl¬ 
edge of differential equations such as given by Doherty and 
Keller^® is necessary, and a knowledge of operational 
calculus'® is desirable before proceeding far in i±Le program. 

1. Reference 1 gives the theoretical proof of validity 
of direct- and quadrature-axis representation and a study 
of it gives an excellent physical picture of the actual fluxes, 
linkages, currents, etc., in the machine. 

2. The student may then proceed directly to refer¬ 
ences 5 and 6 and study and use, the complete, powerful, 
analytical methods presented by Park therein. These 
references are extremdy condse and considerable thinking 
will be required of the student to follow the analysis and 


portional to arid, if the fictitious winding is cho^ 
properly and V'j is positive ahead of the poles, equal to 
—pgP(t>. The resulting equation would then be 

ea ria + ^ 

The complete physical picture of the fictitious direct-axis 
winding is, then, a windirig, similar to a,ri armature phase, 
moving with; the speecj; of the poj^ so that its. magnetic 


extend it to new problems. However, the more thinking 
required the better will be his ultimate understanding. 
Either sign convmitions may be employed. ; Those used in 
this papCT probably a^ee tdth’the students’ previous train- 
ing. 

3. Goncurrently with the study just recoromended ref¬ 
erences 7, 8, and 9 should be used to exteudNhe students' 


§0 




Kite 






knowledge of reactances and references 2, 3, and 4 should 
be studied when working any of the specific types of prob¬ 
lems therein, to aid in forming a very clear, complete physi¬ 
cal picture of the phenomena; a very important phase. 

4. Having mastered the preceding ideas and methods, 
the student should be able to solve a large number of syn¬ 
chronous machine problems, granting sufficient engineer¬ 
ing and mathematical ingenuity and available time, on the 
assumption of no saturation, hysteresis, or eddy currents. 
Then he may proceed with the more recent literature on 
the extensions of the theory and its associated reactances. 

It should not be inferred from this paper that S 3 aichro- 
nous-machine problems are all of standard t)rpe, and solv¬ 
able by standard methods. Quite to the contrary, new 
problems are arising all of the tim e which require analysis 
directly from fundamentals. For example, a few such 
problems which have become important recently are: 

1. The effects of saturation on both steady-state and transient 
performance. In some cases the effect of saturation is even more 
pronounced than the effect of saliency. 

2. The effects of eddy currents in the solid cylindrical rotor of 
turbine generators during transient conditions, mentioned in part II. 

3. Analysis of phenomena contingent to internal faults in the 
machine. This problem involves analysis with nonsymmetrical 
windings; additional complications arise due to dissymmetry, not 
only between phases but between the various pairs of poles on the 
armature and held. 

4. Determination of reactances and performance of large double¬ 
winding generators. 

6. Determination of performance with external capacitance. This 
problem requires an extension of the 2-reaction theory such as given 
by Crary.** 

As such novel problems axe frequently of great conse¬ 
quence and a recourse to fundamentals is necessary for 
their solution, the paramount importance of a thorough 
knowledge of the fundamentals and their associated physi¬ 
cal picture cannot be overemphasized. 

Nomenclature 

Subscripts 

a, b, and c refer to armature phases a, b, and c of a machine. 
d,,q_, and 0 refer to direct-, quadrature-, and zero-axis quantities. 

Notation 

i — current, amperes 

I A =» direct-axis main-field-winding current, amperes 
e = electromotive force, volts 

Ed, =* direct-axis main-field-winding electromotive force, volts 
=* flux linkage, lines times turns 
^d *= direct-axis main-field-winding linkage, lines times turns 
L =5 self-inductance, henries 
Lo average value of phase self-inductance, henries 
Lfd •* direct-axis main-field-winding self-inductance, henries 
he = open-circuit leakage inductance, henries 
he “ short-circniit leakage inductance, henries 
Ib =» bucking leakage inductance, henries 
M s mutual inductance, henries 


Mo = amplitude of v^iation of phase self-inductance and of mutual 
inductance between phases, henries 
Md = mutual inductance between the armature and the direct-axis 
main-field winding, henries 

Mg = average value of mutual inductance between phases, henries 
<l> “ angle between the direct axis and the axis of phase a 

w =* rated angular frequency = 2ir/ radians per second 
/ = rated frequency, cycles per second 

t = time, seconds 

d 

P == time derivative operator = — 

dt 

(P = permeance 
xi = armature leakage reactance 
= direct synchronous reactance 
= quadrature ssmehronous reactance 
Xd' — direct transient reactance 
Xd" = direct subtransient reactance 
Xq' = quadrature transient reactance 
Xq" — quadrature subtransient reactance 
Xi =• negative-sequence reactance 
Xi = zero-sequence reactance 
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Per-Unit Quantities 

By IRVEN TRAVIS 

ASSOCIATE AIEE 

Summary steps per minute” but is accustomed to give the command 


This paper discusses the use of per-unit quantities and 
their relation to dimensional analysis. It has been written 
at the request of the committee on education, and de¬ 
signed primarily for those interested in education, to serve 
as a background for discussion of the need which has arisen 
in the electrical engineering literature to translate new tech¬ 
niques into language readily understandable by students. 

The use of per-unit quantities in the current machinery 
literature, although invaluable to the practicing engineer 
who wishes to obtain as much similarity as possible in cal¬ 
culations of machines and transformers of various ratings, 
is confusing to the average student, largely because factors 
which have physical significance are divided out and di¬ 
mensions which would aid him in recognizing the origin of 
the different terms in an equation disappear. 

I N THE electrical machinery field there has been for 
the last several years an increasing gap between the 
theoretical training given in the average engineering 
school and that required by industry. The accounts of re¬ 
cent developments, particularly in synchronous-machine 
theory, short-circuit calculations, and power-system sta¬ 
bility, are not easy for the senior student in electrical engi¬ 
neering or even the young graduate to follow. The result 
has been that there is at present a wealth of technical lit¬ 
erature in this field which is read by a small minority. The 
same condition, probably to a lesser degree, exists in the 
other fields. 

It is felt that articles which supply fundamental theory 
not ordinarily given in undergraduate courses and which 
correlate the important developments during the past 10 
years would greatly increase the value of a vast amount of 
literature now available only to a few. 

The above remarks represent an untested opinion. 
The publication of this paper is an esperiment. The 
AIEE committee on education and the author welcome 
comments from the membership both in regard to the gen¬ 
eral aims and to this paper specifically. 

Definition and Advantages 
of Per-Unit Quantities 

The concept of per-unit quantity is by no means re¬ 
stricted to the field of electrical engineering; although the 
term is not usually employed elsewhere. For example, an 
infantr y officer would hardly Say ^increase cadence to 240 
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Manuscript submitted October 17,1936; released for publication May 24,1937, 
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plement to the 1937 Transactions. 

Irvbn .Travis is assistant professor df electrical engineering at the Moore 
School of Electrical Engineering, University of Pennsylvania, Philadelphia. 

22 Travis — Per-l 


double time!” ‘ ‘Double time’ ’ may be regarded as a per- 

unit speed of 2 to the base 120 steps per minute; the latter 
being normal or unit speed.* Any system in which quan¬ 
tity is expressed as the multiplying factor of some normal 
value, rather than in the usual units for the quantity being 
expressed, is called a per-unit system. The ordinary per¬ 
centage system is a per-unit system. Here the base is 100 
per cent, consequently a given percentage value is 100 
times the equivalent per-unit value. 

In accordance with the above, currents, voltages, resist¬ 
ances, etc., may be expressed in per-unit values. A per- 
unit current of 2 means that the current under considera¬ 
tion is twice some preassigned current which has been des¬ 
ignated as the base or unit current. It is convenient in 
most engineering work to use the normal rated value of a 
given quantity as the base to which the per-unit value of 
that quantity is referred. If this is done a per-unit cur¬ 
rent of 3 is immediately recognizable as a dangerous over¬ 
load. From a practical viewpoint this means more than 
to specify the current as, say, 50 amperes, since the latter 
implies nothing at all about the propriety of allowing such 
a condition to exist. 

A further advantage of eiqiressing quantities in per unit 
is that measurements or calculations made on one of several 
similar devices are then immediately applicable to the 
others of the group by simply changing the base value. 

A still greater advantage accrues from the fact that 
troublesome factors which appear in the normal quantity 
disappear when it is expressed in per unit. For example, 
the self-inductance of a coil is given by 

L = 4iriV^10“* (P henrys (1) 

where N is the number of turns and (p is the permeance, in 
centimeter-gram-second units, of the flux path. If somb 
value of the inductance be assumed as normal, or unit 
value, and if the inductance throughout a given set of cal¬ 
culations can change only due to changing permeance then 
we have 

w 47riV^10-»(P .n/- 

£(per unit) = - - — ---——— (P (per unit) (2) 

4iriV*10-» (9 (normal) 

Thus it may be possible to calculate a per-unit self-in¬ 
duced electromotive force without ever inquiring into the 
question of the number of turns involved. Such principles 
can actually be put to use in electric-circuit and electric- 
machine calculations. 

Application to Simple Equations 

Although it is obviously possible to express all quanti- 
ties relating to a given problem in per unit, it is not at all 

* The writer has taken a certain liberty here with military terminology, actually 
"doable time” means approximately “1.5 timiei” 
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obvious that the per-unit quantities will satisfy the same 
equations as the quantities from which they were derived. 
As a matter of fact they will not satisfy such equations 
unless the bases are chosen in a particular manner. This 
will be illustrated by simple examples. 

Example I 

The voltage drop in a circuit containing resistance only 


In this equation r and i may be considered independent 
variables and v the dependent variable. Suppose it be de¬ 
sired to express this equation in per-unit form. It will be 
necessary to use some value of current, preferably the rated 
current /o as the base or unit current and some value of re¬ 
sistance Rq as the base or unit resistance. Thus 

^pu = t /h (4) 


Rpu ~ r/J?o (5) 

If it is required that' the per-unit current and resistance 
satisfy Ohm’s law then the per-unit voltage associated 
with them is given by 


Vtm — Rnulmi — 


jRo/o jRo/tt 


hence the per-unit voltage be expressed as 

= v/V, Cl) 

where 7o is the base voltage defined by 

Fo = i?o/o (7a) 

Let V, r, and i be variables related as in equation 3 and let 
the unit or base value oir = 10 ohms, of i = 15 amperes, 
then the unit or base value of » = 150 volts. Suppose r is 
changed to 15 ohms, then = 1,5, and if i is changed to 
30 amperes, then 1^^ = 2. Now = R^Jpu = 3. 
Since the base of v is 150 volts the new value of v is 450 
volts. 

This example suggests that, although the bases may not 
all be specified independently, the rules for specifying them 
are relatively simple. Let us look at another example. 

Example II 

The voltage drop in a circuit containing resistance and 
self-inductance is given by 

V — ri + Ly (8) 

at 

Let us express all quantities on the right-hand side in per 
unit and attempt to calculate the base voltage which must 
be used on the left-hand side of the equation. 


In order to make this equation agree with equation 8 we 
must divide out the coefficients on the right-hand side of 
the equation. This cannot be done unless 

Rolo io/o 

Making use of equation 10 we find that the base voltage 
must be chosen as 

Fo = i?o7o (7a) 

which agrees with example I. 

It is easy to see why equation 10 must be satisfied. 
Both of the terms on the right-hand side of equation 8 
have the dimensions of volts; therefore they must both be 
represented to the same scale. In writing down equation 
9 we attempted to assign arbitrary values to too many base 
quantities. From equation 10 it is evident that if Lo and 
Rq are assigned then 

( 11 ) 

This is not surprising in view of the fact that inductance 
divided by resistance has the dimensions of time. 

Thus we see that of the 6 base quantities (Fo, 7o, 22o, 
Lo, To) necessary to express equation 8 in per unit only 3 
may be specified independently. The other 2 are then 
determined by equations 7a and 11. These equations 
must be satisfied in order that the scales for each of the 
fundamental units, throughout the equation may be. con¬ 
sistent. In other words the dimensional relations of units 
must be taken into account since the equations are dimen¬ 
sional equations. 

The following numerical example serves as a further 
illustration of the system: Let r = 20 ohms, L = 0.03 
henry, and i = b sine Z77t. Then in ordinary units 
the equation 8 is 

t» = 20 X 6v^ sin 377/ + 0.03 X 6 V? - (sin 377/) = 

at 

115 sin (377/ -f 30 “) 

Let unit time be chosen as the number of seconds per 
radian in the sine wave, then To = Vm- Let unit current 
be chosen as /o = 5 and unit voltage as Fo = 115 
then unit resistance and unit inductance are given by 

2?, ^ » 23 

io 

Lo = RoTo = 0.061 


Li + k 

Ro Id Lo 


(±.)ri+(lLY^ 
\Ra,/ KuitJ n 


In per-unit terms we have 


Rmi “ 0.87 


Lmi — 0.49 


Inu — sin Tm 


and since the per-unit quantities satisfy equation 8 we have 

Fp„ = 0.87 sin Tjm + 0.49 (sin Tjn) = sin {Tpu -H 30“) 

dipu 

Dimensions of Electrical Quantities 

From the above it is evident that it is not possible to as¬ 
sign mutually consistent base values for the calculation of 
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Table I 


Quantity 

Exponents in 

Dimensional Formula 

L M T Q MKS Unit 

Length. 

1.. 

0. 

0.. 

0. .Meter 

Mass. 

0., 

1. 

0.. 

0. .Kilogram 

Time. 

0.. 

0. 

1.. 

0.. Second 

Quantity of electricity. 

0., 

0. 

0.. 

1.. Coulomb 

Velocity. 

1.. 

0., 

-1.. 

0.. Meter per second 

Acceleration. 

1., 

0. 

-2.. 

0. .Meter per second per second 

Force. 

1.. 

1.. 

-2.. 

0., Joule per meter 

Torque. 

2.. 

1. 

-2;. 

0. .Joule per radian 

Power, kilovolt-amperes .. 

2.. 

1.. 

-3.. 

0. .Watt 

Energy. 

2.. 

1., 

-2.. 

0. .Joule 

Moment of inertia. 

2.. 

1.. 

0.. 

0.. Kilogram-square meter 

Current. 

0.. 

0.. 

-1.. 

1. .Ampere 

Electromotive force. 

Resistance (reactance or im 

2.. 

1., 

-2.. 

-l,.Volt 

pedance). 

2.. 

1., 

-1.. 

—2. .Ohm 

Inductance. 

2.. 

1.. 

0.. 

—2. .Henry 

Capacitance.. 

-2.. 

-1.. 

2,. 

2. .Farad 

Magnetic flux. 

2.. 

1.. 

-1.. 

-1.. Weber 

Magnetomotive force. 

0.. 

0.. 

-1.. 

1. .Ampere turn"' 

Permeability. 

1.. 

1.. 

0.. 

—2. .Henry per meter'*' 

Permeance. 

2.. 

1.. 

0.. 

—2. .Weber per ampere turn"' 


. In the electromagnetic system, since n is assumed to be 
dimensionless, equation 12 becomes 

i = (12a) 

whereas in the electrostatic system, since k is assumed to 
be dimensionless, equation 13 becomes. 

i = (13a) 

It is apparent that (12a) and (13a) are inconsistent. 

The present viewpoint is that a fourth fundamental di¬ 
mension should be used. It appears that either electric 
charge or electric current would be the most convenient of 
the electrical quantities and it is likely that one of these 
will ultimately be adopted.^® In this paper quantity of 
electricity will be taken as the fourth fundamental dimen¬ 
sion. Table I gives the exponents in the dimensional for¬ 
mulas for various mechanical and electrical quantities. 
In accordance with the present international standard, the 
meter-kilogram-second (mks) system of units is given in 
the table. 


’■‘Rationalized units only given, see reference 10. 

A Theorem in Dimensional Analysis 


per-unit quantities without first investigating the dimen¬ 
sional nature of the equations at hand. 

If per-unit quantities are to be used in equations in¬ 
volving mechanical quantities, such as torque, moment of 
inertia, etc., as well as electrical quantities, it is not suflfi- 
cient to investigate the electrical dimensions of the quan¬ 
tities. AH physical quantities involved must be broken 
down into their dimensions in terms of fundamental units 
such as length, mass, etc.; since only in this way can it be 
assured that electrical and mechanical entities are repre¬ 
sented to the same scale. 

The dimensions of electrical quantities in terms of the 
fundamental units length, mass, and time are not uniquely 
defined.^® Historically the centimeter-gram-second (cgs) 
electromagnetic and the cgs electrostatic systems have 
been the most generally used. In the cgs electromagnetic 
system of units, the units are derived from mechanical 
forces observed to be exerted on the poles of a suspended 
magnet, on the assumption that the permeability of free 
space may be taken to be dimensionless. In the cgs elec¬ 
trostatic system, the units are derived from the mechanical 
forces observed to be exerted on suspended electric charges, 
on the assumption that the dielectric constant of free 
space may be taken to be dimensionless. In 1881 Max¬ 
well showed that the product of the permeability (ji) and 
the didectric constant (k) of free space had the dimensions 
of slowness squared, i.e., (seconds per centimeter).® De¬ 
pending upon the choice 6f dimensions for n (or k), infi- 
nitdy many consistent systems of dimensions can be set 
up for the various electric and magnetic quantities. 

Electric current, for example, may be expressed dimen¬ 
sionally as 


or, since ^ = ^”^L”®T®, as 


( 12 ) 


tl3) 


The following gmieral principles derivable from the 
theory of dimensional analysis yidd all necessary rules for 
the selection of base values for per-unit quantities. 

Suppose a given quantity Xi to be expressed by the equa¬ 
tion 


f(Xi, Xs, * 8 , ...,%)= 0 


(14) 


in which the quantities acg, jcs, ..., «« are independent vari¬ 
ables or parameters having physical, dimensions; then xi 
will also have physical dimensions. For example equation 
8 is of the form 


/(», r, i, L, t) = 0 


(I4a) 


Let it be desired to express all of the ac’s in per unit and 
let it be required that the per-unit values satisfy equation 
14. If the bases are represented by 5i, Bg, Bs, etc., equa¬ 
tion becomes 


Bz B,' ’’bJ 


(15) 


Since each of the ac’s represents a physical quantity having 
dimensions each may be written as a dimensionless factor 
times its dimensions.® Thus 


xi = 

,Xn = 


(16) 


in whidi the X’s arfe dimensionless quantities, the factors 
M, L, T, and Q are the fundamental physical units and the 
a’s are the dimensions of the ac’s in these units. If for ex¬ 
ample aa 4 is an inductance of 0.03 henry it may be written as 


Xi = 0;03 L*MO-* 


(16a) 


In this case Xi = 0.03, =t 2, = 1, «« = 0, and 




16; For all oumbnred r^eraices, sea liat at end of t>ai>er. 
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It is necessary that any fundamental physical quantity 
be represented to the same scale throughout any given 
formula,® hence the choice of unit or base quantities in an 
expression must not introduce inconsistent scales for 
length, mass, time, or electric charge. Thus 

5, “ ' ^Moj [loj \Qo) 

5^ ” *\Loj \Moj \^ToJ \Qo) 


V ^ Y”^ 

VMoj VQ"/ 

In equations 17 the quantities Lo, Mo, To, and Qo are the 
base or unit values of the fundamental physical units which 
are associated with the base or unit values 3%, Bi, etc., of 
the derived quantities. The equations 17 are dimension¬ 
less because xi and Bi have the same dimensions, L and 
Lo have the same dimensions, etc. If the first of equations 
16 be divided by the first of equations 17, the second by 
the second, etc., the following equations result: 


independence of the arbitary base quantities for a per-unit 
system. 


Example 

Referring again to example II, let us regard the assign¬ 
ment of base or unit values to v, r, i, L, and t in the light of 
the foregoing. The equation relating these quantities, 
as pointed out in equation 14a, is of the form 

/(», r, i, L. 0 “ 0 


hence we require values for the bases Fo, i?o, h, Bo, and To 
in the equation 



Using the same numerical values as before the dimensional 
equations for the variables and parameters are: 


V » KL®MT-*Q-i 
r - 20 L»MT-i Q-* 

i = (5V2 sin 3770 L»M«T-»Q (21) 

L = 0.03 L*MT«Q-9 
f - rL®M®TQ» 


Bi = 1 As developed in equations 16 to 19 the bases must satisfy 

=. Ljgj . the equations 


Clearly the values of Lo, Mo, To, and Qo may be aS' 
signed in any manner whatever, but the bases Bi, Bz, etc., 
may be assigned only such as to satisfy equations 18. 
These equations therefore represent a set of restrictions on 
the J5’s; they may be used to determine how many of the 
B's may be independently assigned and to determine the 
relations from which the remaining ones may be calcu¬ 
lated. The nature of the restrictions which these equa¬ 
tions impose upon the selection of the B’s is more clearly 
seen if logarithms are taken: 

ail los: Lo + «JTO log Mo -f- ait log To -h aij log Qo = log Si 
« 2 i log Lo “h <* 2 m log Mo -|- log To -J- log Qo = log Bj 

Oni log Lo -I- Onw log Mo + Ont log To + OnQ log Qo = log Bn 



2 log Lo -h log Mo -- 2 log To — log Qo == log Fo 

2 log Lo -1- log Mo — log To •- 2 log Qo =■ log Bo 

- log To H- log Qo *=■ log /o (22) 

2 log Lo -f log Mo — 2 log Qo =» log Lo 

log To == log To 


It is known at the outset that not more than 4 bases can 
be assigned independently. Let us attempt to assign 4 
independent bases, for example, Vo, Ro, Lo, and To. The 
determinant of the dimensional exponents is 


2 

1 

-2 

-1 

2 

1 

-1 

-2 

2 

1 

0 

-2 

0 

0 

1 

0 


(23) 


In this determinant, row 3 minus row 4 is equal to row 
2; hence the determinant is zero. It will be found that 


These may be regarded as a set of n algebraic equations other fourth-order determinants contained in equa- 
in the 4 variables (log Lo), (log Mo), (log To), and (logQo). tions 22 are also zero, thus rule 2 above restrict the 
Since in general 4 such equations are all that are required assignment to 3 independent base values. Even in the 
for the determination of 4 variables, it follows that not asagnment of these there is a fmther restriction. For ex- 
more than 4 of the F’s can be assigned independently, ample, is it not possible to assign Vo, Ro, and To indepen- 
The general rules for the assignment of the B’s, which fol- dently. The dimensional exponents for v, r, and i form 
low from the theory of linear algebraic equations,^ are: the array 


1. It is never possible to assign more than 4 independent bases. 

2. Any 4 bases may be assigned independently only if the deter¬ 

minant formed of the exponents in the 4 dimensional equations for 
these quantities is not zero. Because the second row plus the third row of this array is 

3. Any 3 bases may bie assigned independently only if there is at equal to the first row, any third order determinant con- 

least one third-order determinant in the exponents, contained in the tained within it is zero. Selection of independent bases 
3 dimensional equations for these quantities, which is not zero. these quantities would violate rule 3 above. A more 

4. Any 2 bases may be assigned independently only if there is at detailed investigation reveals that it iS permissible to as- 

least one second-order determinant in the exponents, contained in gjgji £ independent bases in one of the groups Fo, Ro, To or 
the 2 equaaom for th<He qi«nt:ties, wMch isnot ze^^ To, J?., i« and one independent base in the other group, but 

The above 4 provisos are the conditions for dimensional that it is not pennissible to assign all 3 in one group. This 


2 1 -2 -1 I 
2 1 - 1-2 
00-1 1 I 
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is in agreement with the previous observation that Vo = 
RoIo&ndLo — RoTo. 


by Vio, Iio, and Zio) and let new base values be used for 
the quantities on the secondary side in accordance with 


Inductively Coupled Circuits 

Consider a pure turn ratio having iVi turns on the pri¬ 
mary and N 2 turns on the secondary. Such a device has 
the property of stepping up the voltage in the ratio 
and stepping down the current in the ratio Ni:N 2 t the 
kilovolt-amperes remaining unchanged. The device is 
assumed to have no other properties. Let the ratio 
Ni:N 2 = a. If 2 circuits are coupled by means of such a 
turn ratio it is evident that a current Ii in the primary cir¬ 
cuit is equivalent to a current ah in the secondary circuit 


Zi 


W~W2 _ 


V, ^ El 


E2 


Figure 1 


and that a voltage Vi in the primary circuit is equivalent 
to a voltage Vi/a in the secondary circuit. From this it 
follows that an impedance Zi may be removed from the 
primary circuit providing an impedance TLi/a^ is inserted 
in the secondary circuit. These principles are commonly 
used in referring transformer equivalent circuits to a given 
side of the transformer. 

Suppose it be desired to express the quantities in 2 cir¬ 
cuits coupled by a turn ratio in per unit. Referring to 
figure 1 the equations are 

Vi - Zili = El 
Ea — Zih *= Va 

all = I 2 I ^ 

El = cEa 

Combining equations 24 the following well-known single 
equation for the performance of the circuits is obtained: 

Vi - (Zi 4- a^Za) Ii = 0 V 2 (25) 

Let us rewrite these equations in per unit. The quanti¬ 
ties involved are voltages, currents, and impedances. As 
has been shown only 2 independent bases may be chosen. 
Suppose Vo and lo be taken as the arbitrary bases, then Zo 
= Vo/Io- In per-unit terms we have 

Vip« ~ (Zijw "1“ a^Zzpu) Iij)« ciVzpu (25) 

which is identical in form with equation 25. Equation 26 
is the result of setting up a consistent per-unit system in 
accordance with the methods outlined in the foregoing. 
Suppose however that instead of demanding a consistent 
per-unit system which yields per-unit quantities which 
satisfy the same equations as the ordinary quantities, we 
attempt to set up an inconsistent per-unit system which 
satisfies simpler equations than those satisfied by the 
ordinary quantities. Let the same base values as before be 
retained for quantities on the primary side (denote these 


I 20 = alio 
ZlO 

Z 20 “ — 


Designating the new per-unit secondary quantities by 
primes we have 

Vip« —, Zipu Iijjtt “ Eipu 

E^2J)« ~ Z 2p« Vipu ~ V 2j»M , ( no \ 

Ilpu = Vivu ^ ^ 

Eipu ~ E ipu 

from which 

V\pu — (Zipu "f” Z'2pu)Iipu ~ V'ipu (29) 

If the numerical values of the primary bases are taken as 
the rated values on the primary sides, then equations 27 
give numerical values for the secondary bases which are 
also rated values. This selection of base quantities, al¬ 
though dimensionally inconsistent, effects a twofold sim¬ 
plification in the calculation of circuits involving turn 
ratios: the nmnerical values are held to convenient and 
readily interpretable sizes and the equations themselves 
become easier to write down. This principle can be used 
in a variety of practical problems in which turn ratios are 
involved: armature, field, and amortisseur relations in 
S3mchronous machines, transformers, etc. 

Calculation of Power Networks 

One example of the above, commonly encountered in 
engineering practice, in which a considerable simplifica¬ 
tion is effected, is the calculation of the current and volt¬ 
age relationships in power networks. Consider a simple 


10 , 000 -KVA 
TRANSFORMER (I) 
• 6.6:100 
r - t PER CENT 
X«5PER CENT 


10,000-KVA 
TRANSFORMER(2) 
100:0.22 
P» 1 PER CENT 
X=5 PER CENT 


lOO-KV LINE 
r=25OHMS 
X=40 OHMS 


GENERATOR 
10,000 KW 
6,600 VOLT 


RECEIVER 
lOpOO KW 
0.90 POWER FAC¬ 
TOR LAGGING 
220 VOLT 


Figure 2 


network in which a load or receiver is supplied from a dis¬ 
tant generator by means of a transmission line having 
transformers at either end. Such a system is indicated in 
the single line diagram, figure 2. 

Let it be required to calculate the generator terminal 
voltage necessary to maintain 220 volts at the receiver. 

Divide the network into 3 parts separated by the turn 
ratios of the transformers. Choose a common kilovolt¬ 
ampere base (kva)o = 10,000. Choose tiie rated voltage 
of each part as the voltage base of that part Vio = 6,600, 
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Vso = 100,000, Fso = 220. Then in per unit the data may 
be rewritten 

Receiver: Za 0.00484, Rpu — 0.90 ,Xpu — 0.435 

i 0.00484 

or, Rpu = 0.01, .STpu “ 0.06 
1,000 

Line: Zo = 1,000, Rpu = 0,025, Xpu = 0.04 

Transformer (1): Z* = j n nm v n ak 

(or 4.35 Rpu — 0.01, Xpu *= 0.05 


In the case of torque we find that the dimensional ex¬ 
ponents for torque may be obtained by adding the expo¬ 
nents for kilovolt-amperes and time, hence 

T# = (kva)oro (33) 

In terms of these bases equation 30 becomes 

= ATp« (34) 

dTpu^ 


Total per-unit impedance=0.945 + jO.575 = 1.11Z 33.5°. 
Since the current is unity the voltage required is 1.11 X 
6,600 = 7,326 volts. 

An Electromechanical Example 

In synchronous-machine calculations it is customary to 
choose as base armature voltage the rated voltage of the 
machine and as base armature kilovolt-amperes the rated 
kilovolt-amperes of the machine. This results in a base 
armature current which is the rated current of the machine. 
Base time is usually taken as seconds per radian at normal. 
frequency. In certain stability calculations it is necessary 
to write a differential equation for the acceleration of the 
rotor of a synchronous machine in terms of the difference 
between the electrical and mechanical torques and the 
moment of inertia of the armature. In mks units the 
equation is 


in which Jp^ = J/J„ = t/T„ AT^ = AT/ATo, and d = 
angular displacement in electrical radians (on account of 
the choice of seconds per electrical radian as base time). 

Instead of using Jpu in stability calculations it is cus¬ 
tomary to use a quantity H defined as twice the kinetic 
energy in the rotor per rated kilovolt-ampere. Since ki¬ 
netic energy has the dimensions watt seconds, the quantity 
H has the dimensions of seconds. To make equation 34 
true if H is substituted for Jp^ we must multiply by 2 To = 
2/27 i/ = I/tt/. The usual form of the equation is 


^ ATptt 

dTpu^ ~ irJH 


(35) 


Although this is not a complete per-unit system it has 
the advantage that H is a. readily measurable quantity. 
It can be shown that H is the time in seconds required to 
bring the machine to rest from normal speed when normal 
full load is continuously applied. 



in which 


(30) 


J == moment of inertia in kUogram square-meters, or in joule 
seconds-square per radian-square 
= ani;ular displacement from synchronism in mechanical 
radians 

t = time in seconds 

AT = difference between electrical and mechanical torques in joules 
per radian 


Dimensional Homogeneity in 
Per-Unit Equations 

It is commonly accepted that a physical equation must 
be dimensionally homogeneous.®’^^ Therefore an equa¬ 
tion which, although true numerically, seems not to 
“check” dimensionally requires special consideration. 
An equation often encountered in the machinery literature 
is an excellent example: 


Since the associated electric circuit will in general be 
calculated in per unit, equation 30 should also be expressed 
in per unit. 

Three independent bases [(kva)o, Vo, and To] have been 
specified; is it permissible to assign base values for moment 
of inertia or torque, or are these calculable from the 3 al¬ 
ready assigned? In order to answer this question write 
down the determinant of the exponents taken from table 
I for kilovolt-amperes, electromotive force, time, and 
moment of inertia. The determinant is 

(kilovolt-amperes) 

(electromotive force) 

(time) (31) 

(moment of inertia) 

If the third row be multiplied by 3 and added to the 
first row the fourth row is obtained; hence the determi¬ 
nant is zero. It is therefore not permissible to select a base 
moment of inertia independently. It must be calcu¬ 
lated from the relation 

Jo = (kva)oro» (32) 


D 


2 1-3 01 

2 1 - 2-1 

0 0 1 0 

2 1 0 0 


E= I (36) 

in which 


E =■ per-unit electromotive force in the field 
T = per-unit time constant of the field circuit (armature open cir¬ 
cuited) 

p = derivative with respect to per-unit time 

tp » per-unit field flux linkages due to the armature current 

I = per-unit current in the field 

This equation is derivable from the differential equation 
+ ( 37 ) 


This may be rewritten as 
5 / . , I'fdif Lfd \ 


(38) 


The quantity L^/rf is a time constant and may be written 
r, hence we may write 


= if + T 


dt dt \Lf J_ 


(39) 
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Let base resistance be taken as the actual resistance of 
the field circuit. 

Ro == Tf 

and let the bases .Bo s.nd To be selected in any convenient 
manner. In per unit equation 39 is 

in which is the total equivalent field current. From 
equation 40 i?j,„ is unity, hence numerically 

p _ r I 'jn d> I 

Rpu - Ipu + ^ ( 42 ) 

Note also that per-unit fiux linkages are given by 

IPPi 

in which P is the permeance in rationalized mks units. 

Thus we have the numerical, equation 

Epu = Tpu fnj/pu -f- Ipu '(44) 

which is the same as equation 36. • 

Although simplification of calculation may be effected 
by use of equation 44, this advantage is sometimes more 
th^ offset by the increased difficulty in interpretation. 
It is true that equations expressed in per unit are dimen¬ 
sionless; however, it is of great importance to preserve a 
notation which indicates the dimensional origin , of the 
various terms of the equations. 
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contained in this current index. 
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Disc, and closure.1290,1408 

(Distribution) Automatic Boosters on 
Distribution Circuits. Olmsted. 

(Oct. 1936, p. 1083-96) 

Disc, and dosure. 893 

(Distribution) Basic Impulse Insula¬ 
tion Levels. EEI-NEMA Com¬ 
mittee Report. 711-12 

Disc, and dosure.1298,1406 

Distribution Center, Compact. 

(Photo).'. ••• 967 

(Distribution) Distortion of Traveling 
Waves by Corona. Skilling, 

Dykes..;• 850-7 

(Distiibution) Electrical Characteris¬ 
tics of Suspension-Insulator Units. 

Dawes, Reiter... 59-66 

Disc, and closure. 628 

(Distribution) Empirical Method of 
Calculating Corona Loss From 
High-Voltage Transmission Lines. 

Carroll, Rockwell. 568-66 

(Distribution) Experiences With a 
Modern Relay System. Gerell. 

(Oct. 1936, p. 1130-6) 

Disc, and dosure. 369 

(Distribution) First Report of Power 

System Stability. (Com. Kept.). 261-82 

Disc, and closure. 632 

(Distribution) Insulation Strength of 
Transformers. Committee Re¬ 
port. 749—64 

Disc, and closure.1297,1406 

Distribution Lightning Arrester Per¬ 
formance Data. Committee Re¬ 
port. 676-77 

Disc, and closure. 1607 

(Distribution) Lightning Currents in 
132-Kv Lines. Sporn, Gross.... 

.246-62 and 269-60 

Disc, and closure. 1611 

(Distribution) Lightning Investigation 
on a 220-Kv System—II. Bell. 

(Dec. 1936, p. 1306-13) 

Disc, and dosure. 632 

(Distribution) Lightning Investigation 
on Ti^smission Lines—VI. 

Lewis, Foust.101-6 and 189 

Disc, and dosure.. • • 624 

(Distribution) Li^tning Protection 
for Transmission Lines. Gothberg, 

Brookes. 13-16 

(Distribution) Lightning Strokes in 
Fidd and Laboratory—^II. Bd- 

laschi.1263-60 

(Distribution) Load Loci for Trans¬ 
formers in Paralld. Sdetzky.... 1379—84 
(Distribution) Network-Analyzer So¬ 
lution of Multiple Unbalances. 

Kimbark. 1476-82 

Distribution Networks by the Use of 
Limiters, Short-Circuit Protection 

of. Xenis.. 1191-6 

(Distribution) New Oil-Filled Cable 
Lines in Chicago. Halperin, 

Shtuxklin........ 739-48 

Disc, and dosure.•. 1307 

Distribution Overcurrent Protection, 

Trends in. Lincks, Benner.. 138-52 

Disc, and closure. 896 

Technical Subjects 


(Distribution) Pole Flexibility as a 
Factor in Line Design. Seelye, 

Zucker. 91—100 

Disc, and dosure..... 900 

(Distribution) Power System Faults to 
Ground, 

Part I: Characteristics. Gilkeson, 

Jeanne, Davenport. 421-8 

Part II: Fault Resistance. Gilkeson, 

Jeanne, Vaage.428—33 and 474 

(Distribution) Probable Outages of 
Shidded Transmission Lines. 

Waldorf.697-600 

Disc, and dosure. 1511 

(Distribution) Rdation Between Volt- 
■ age Drop and Load Balance in an 
Open-Y Distribution Circuit. 

Apostol, Wickstrom.434-7 and 474 

(Distribution) Switching Surges With 
Transformer Load-Ratio Control 

Contactors. Blume, Bewley.1464-76 

Distribution Systems and Tdephone 
Circuits, Inductive Co-ordination 
of Common-Neutral Power. Cole¬ 
man, Davis.17—26 and 189 

Disc, and dosmre... 889 

Distribution Systems, Surge Protec¬ 
tion of. Hodnette, Ludwig. 683-8 

Disc, and dosure... 1603 

(Distribution) Tests on Oil-Impreg¬ 
nated Paper—^n. Race. 846-9 

Disc, and dosure. 1298 

Disturbance Duration Recorder, A. 

Frier. (Sept. 1936, p. 1026-8) 

Disc.. 

Double-Line-to-Neutral Short Circuit 
of an Alternator. Smith, Wey- 

gandt.1149—66 

Drop and Wear of Sliding Contacts, 

Contact. Baker, Hewitt....... 123-8 

Disc, and closure.. 605 

Dyadic Algebra Applied to 3 Phase Cir¬ 
cuits. Sah. (Aug. 1936, p. 876- 
82) 

Disc, and dosure.610, 1030 

Dynamic Balandng of Small Gyro¬ 
scope Rotors. Esval, Frisohe... 729—34 

Disc. 1305 


E 

Earnings, 1929-34, Engineering In¬ 
come and.1089-1104 

Ear ning a of Elngineers, 1929-34, 

Monthly.. 1460-60 

Earth-Return Circuits Under D-C 
Transient Conditions, Coupling 

Between Parallel. Gould.1159-64 

Economic Progress, Engineering Prog¬ 
ress and. Moulton. 610-17 

Economics and Business Methods, A 
Suggested Course on Industrial. 

Hellmund..446—64 and 476 

Disc, and closure. 1396 

Economics and Engineers. LMds.206-7 and 216 
Economics——II, Engineers and. Jack- 

son.....* • • • 1225—7 

Eddy-Current Loss in Laminated 
Cores, Intersheet. Bewley, Porit- 

sky. 344-6 

Eddy-Current Loss, Tooth-Frequency. 

Narbutovskih.263—6 arid 260 

(Education) A Suggested Course ^ 
industiial Economics and Busi¬ 
ness Methods, Hdhnund. .446-64 and 476 

Disc, and closure... • 1396 

(Education) After Graduation—^\i^t 

Then? Hammond...418-19 

Education and Democracy, Engineer¬ 
ing. Doherty.. .1073-76 

(Education) Current Loci in the Gen¬ 
eral Linear A-C Network. Hazel- 

dne.'. 326—30 

Education, Engineering and Engi¬ 
neering. Potter.. 414-17 

Education, English in Engineering, 

Dunhoin. 419-20 

(Education) Our Sons Specialize. 

^ Doan...................1238-40 
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(Sduoation) Paft-Time Courses for 
Graduate Engineers in Chicago. 

Heald. 417-18 

(Education) Physics and the Engi¬ 
neering Curriculum. Eshbach. .1241-43 
(Education) The Broadcast Alloca¬ 
tion Structure. JoUiffe. 666-70 

(Education) The Engineering Pro¬ 
fession. Dunn.1235-38 

(Education) The Selection and Train¬ 
ing of Engineers. MacCutoheon. 1085-88 
(Education) The Ultrahigh-Frequency 

Domain. Goldsmith.. 662-6 

(EEI—NEMA) Basic Impulse Insula¬ 
tion Lev^s. Committee Report. 711-12 

Disc, and closure.1298, 1405 

Effect of Varying Weather Conditions 
on Energy Required for Traction 
and Heating of Multiple-Unit 

Trains. Preston.i.. .361-2 and 366 

Efficiency of Range Units, Heat Trans¬ 
fer. Walsh..■ 953-8 

Disc, and closure. 1512 

Electric Drives, Coincidental. Miller.. 578-82 

Disc, and closure.. 1307 

(Electric Welding) The Resistance 
Welding Circuit. Pfeiffer. (Aug. 

1936, p. 868-73) 

Disc, and closure.. 864 

Electrical Accidents. Kouwenhoven.1077-79 

Electrical Applications in Aircraft, 
Present-Day and Probable Fu¬ 
ture. Boughton... 959-63 

Electrical Applications in Bethlehem's 

72-Inoh Strip Mill. Egan.... 1105-1114 
Electrical Brush Wear, Abrasion —A 

Factor in. Hessler.8-12 and 16 

Disc, and closure. 601 

Electrical Characteristics of Sr-spen- 
sion-Insulator Units. Dawes, 

Reiter. 59-66 

Disc, and closure. 628 

Electrical Computer Eliminates Calcu¬ 
lations. Hedin.. 787-90 

Electrical Features of the Texas Cen- 
teimial Central Exposition. Fies. 

(Oct. 1936, p. 1060-74) 

Disc, and closure. 368 

(Electrical Machinery) A Formula for 
the Reactance of the Interleaved 
Component of Transformers. 

Dwight, Dsung..1368-71 

(Electrical Machinery) A Suggested 
Rotor Fltuc Locus Concept of 
Single - Phase Induction - Motor 

‘ Operation. Button. 331-2 

Disc, and closure.. 1028 

(Electrical Machinery) Abrarion —A 
Factor in Electrical Brush Wear. 

Hessler.... 8-12 and 16 

Disc, and doBure.... 601 

(Electrical Machinery) Alternator 
Short - Circuit Cwents Under 
Unsymmetrioal Terminal Condi- 

ditions. Miller, Weil....1268-76 

(Electrical Machinery) An Analysis of 
the Shaded Pole Motor. Trickey. 

(Sept. 1936, p. 1007-14) 

Disc, and closure. 612 

(Electrical Machinery) Application of 
Arresters and the Selection of In¬ 
sulation Levels. Foote, North.. 677-82 

Disc, and closure.1293, 1407 

(Electrical Machinery) Application of 
Spill Gaps and Selection of In¬ 
sulation Levels. Melvin, Pierce.. 689-94 
Disc, and clodire.............1290, 1408 

(Electrical Machinery) Approximating 

Porier Reactance. Beckwith.... 813-18 

Disc, fmd closure. .. . . 1318 

(Electrical Machinery) Arc Characterr 
istios Applying to Flashing on 
Commutators. Hellmund....... 107-13 

.. Disc, and closure.. 603 

(Electrical Machinery) Basic Impulse 
Insulation Levels. EBI-NEMA 

Committee Report.; 711—12 

Disc, and closure.1298, 1405 


(Electrical Machinery) Characteristic 
Constants of Sin^e-Phase Induc¬ 
tion Motors. Parti: Air-Gap Re¬ 
actances. Morrill. 333-8 

Disc, and closure. 1312 

(Electrical Machinery) Contact Drop 
and Wear of Sliding Contacts. 

Baker, Hewitt. 123-8 

Disc, and closure. 605 

(Electrical Machinery) Contributions 
to Synchronous-Machine Theory. 

Langsdorf. 41-8 

Disc, and closure. 907 

(Electrical Machinery) Dielectric 
Strength of Transformer Insula¬ 
tion. Bellasohi, Teague.. 163-71 and 137 

Disc, and closure. 479 

(Electrical Machinery) D-C Machine 

Stray-Load-Loss Tests. Siegfried. 1285-9 
(Electrical Machinery) Double-Line- 
to-Neutral Short Circuit of an 
Alternator. Smith, Weygandt... 1149-55 
(Electrical Machinery) Dsmamic Bal¬ 
ancing of Small Gyroscope Rotors. 

Esval, Frische... 729-34 

Disc. 1306 

(Electrical Machinery) End-Winding 
Inductance of a Sjmchronous Ma¬ 
chine. Caldwell.466-61 and 474-6 

Disc, and closure.... 1312 

(Electrical Machinery) First Report of 
Power System Stability. (Com. 

rept.). 261-82 

Disc, and closure. 632 

(Electrical Machinery) Flywheels for 

A-C Generating Units. Brainard. 1166-68 
(Electrical Machinery) Induction Mo¬ 
tors on Unbal^ced Voltages. 

Reed, Eoopman. (Nov. 1936, p. 
1206-13) 

Disc, and closure. 621 

(Electrical Machinery) Insulation Co¬ 
ordination. Sporn, Gross. 716-20 

Disc, and dosure.1296, 1407 

(Electrical MBchineiy) Insulation 
Strength of Transformers. Com¬ 
mittee Report. 749-54 

Disc, and closure.1297, 1406 

(Electrical Machinery) Intersheet 
Eddy-Current Loss in Laminated 

Cores. Bewley,' Poritsky. 344-6 

(Electrical Machinery) Negative-Se¬ 
quence Reactance of Synchronous 
Machines. Thomas. (Dec. 1936, 
p. 1378-86) 

Disc, and closure.. 903 

(Electrical Machinery) New Types of 

D-C Transformers. HersMnd.... 1373-8 
(Electrical Machinery) Operational 
Solution of A-C Machines. Miller. 

(Nov. 1936, p. 1191-1200) 

Disc... 1028 

(Electrical Machinery) Proposed 

Transformer Standards. Clem... 32-6 

(Electrical Machinery) Reactance of 

: End Conneotioxts. Douglas. 267-9 

Disc, and closure. 1315 

(Electrical Machinery) Rectifier Cir¬ 
cuit for Measurement of Small 
Power-Angle Oscillations. Rogers, 
Robertson..................... 339-40 

(Electrical Machinery) Self-Regulated 
Compounded Rectifiers. Goodhue, 

Power. Disc, and dosure... 606 

(Electrical Machinery) Single-Phase 
Induction-Motor Performance. 

Puohstein, Lloyd....... 1277-84 

(Electrical Machinery) Stray-Load 
Losses of D-C Machines. Schil¬ 
ling, Koopman.................1487-91 

(Electrical Machinery) Synchronous 
Machine With Solid Cylindrical 
Rotor. Concordia, Poritsky.49-68 and 179 

Disc.. 906 

(Electrical Machinery) The Cause and 
Elimination of Noise in Small 
Motors. Appleman.... .1369--67 


(Electrical Machinery) The Saturated 
Synchronous Madune. Robert¬ 
son, Rogers, Dalziel. 868-63 

Disc. 1503 

(Electrical Machinery) The Vibration 

Isolation of Machinery. Hansd.. 736-8 

Disc. 1306 

(Electrical Machinery) Tooth-Fre¬ 

quency Eddy-Cmrent Loss. Nar- 

butovskih.263-6 and 260 

(Electrical Machinery) Transformer 
Current and Power Inrushes Un¬ 
der Load. Kurtz. 989-94 

(Electrical Machinery) Two-Reaction 
Theory of Ssmchronous Machines. 

Crary.27-31 and 36 

Disc, and closure.. 906 

(Electrical Machinery) Unssrmmetrical 
Short Circuits on Water-Wheel 
Generators Under Capacitive 

Loading. Wagner.1385-96 

Electrical Water Level Control and 
Recording Equipment for Model 

of Cape Cod Canal. Hazen. 237-44 

Electrically, 200-Inch Telescope Being 

Wdded.... 783-6 

Electricity Aloft. Johnston. 406-10 

Electricity to Treat Disease Fulfills 
Half-Century-Old Prophecy, Use 

of. (Filler). 1267 

(Electrometallurgy) A New Electro¬ 
static Predpitator. Penney. 

. 159-63 and 128 

Electronic Regulator for D-C Genera¬ 
tors, An. Gulliksen. (Aug. 1936, 
p. 873-5) 

Disc, and dosure. 876 

Electronic Transient Visualizers. 

Reich. (Dec. 1936, p. 1314-18) 

Disc, and closure. 873 

Electronic Tube Nomendature Being 

Studied. 284 

Letter. 769 

(Electronics) A New Photodeotric 

Hysteresigraphi. Edgar. 805-9 

(Electronics) Amplification Loci of 
Resistance-Capacitance Coupled 
Amplifiers. Seletzky. (Dec. 1936, 
p. 1364-71) 

Disc, and closure. 877 

. (Electronics) Low-Current Ignitors. 

Toepfer. 810-12 

(Electronics) Regulation ef Grid-Con¬ 
trolled Rectifier. Kilgore, Cox.. 1134-10 
(Electronics) Sealed-Off Ignitrons for 
Wdding Control. Packard, 

Hutchings.37-40 and 66 

Disc, and dosure. 876 

Electrons, Spinning Atoms and Spin¬ 
ning. Darrow... 1228-35 

(Eleotrophysios) A-C Characteristics 
of Dielectrics—^II. Banos. (Dec. 

1936, p. 1329-37) 

Disc, and dosure... 477 

(Eleotrophysics) An Andysis of Cop- ' 
perA^xide Rectifier Circuits. Huss. 

.364-60 and 366-7 

(Eleotrophysics) Complex Vectors in 
S-Phase Circuits. Sah. (Dee. 

1936, p. 1356-66) 

■ Disc, and dosure...610, 1030 

(Eleotrophysics) Current and Voltage 
Lpd in S-Phase Circuits. Part 
HI: A-Y Connection. Sdetzky, 

SibUa... 341-3: 

(Eleotrophysios) Ovurents and Poten¬ 
tials Along Leaky Ground-Return 
Conductors. Sunde. (Dec. 1936, 
p. 1338-46) 

Disc.. 887 

(Electrophysics) Dielectric Strength 
of 'Transformer Ihsula.tion. Bel¬ 
lasohi, Teague..... ...... 163-71 and 137 

Disc, and dosure .,.......479* 

(Electroph^cs) Expansion Theorems 
for Ladder Networks. Mdti, 
Weischawski....;.....: .163-8 and 162 

Disc, and dosure................. 601 
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(Electrophysics) Some Series Formvilas 
for Mutual Induotanoe of Sole* 

noids. Dwight, Grover. 347-53 

(Electrophysics) Tensor Algebra in 
Transformer Circuits. Bewley. 

(Nov. 1936, p. 1214r-19) 

Disc. 614 

(Electrophysios) Tensor Analysis of 
Multielectrode - Tube Circuits. 

Exon. (Nov. 1936, p. 1220-42) 

Disc... 614 

(Electrophysics) The Capacitance of a 
Parallel-Plate Capacitor by the 
Schwartz-ChristoSel Transforma¬ 
tion. Palmer. 363-6 

(Electrophysios) The Tensor —A New 
Engineering Tool. Boyajian. 

(Aug. 1936, p. 866-62) 

Disc. 614 

Electrostatic Precipitator, A New. 

Penney.169-63 and 128 

Disc, and closure. 869 

Elementary Notions Relative to the 

Dielectric Circuit, Some. Ewing.1434-40 

Empirical Method of Calculating 
Corona Loss From High-Voltage 
Transmission Lines. Carroll, 

Rockwell. 668-65 

Employment in the Engineering Pro¬ 
fession.. 624-31 

Employment, Security'of Engineering. 665-61 
End Connections, Reactance of. Doug¬ 
las. 267-9 

Disc, and closure. 1315 

End-Winding Inductance of a Syn¬ 
chronous Machine. Caldwell. 

.466-61 and 474-5 

Disc, and closure.. 1312 

Engineer and His Relation to Govern¬ 
ment, The. Bush. 928-36 

Engineer in a Changing World, The. 

Flanders. 937-41 

Engineer of Tomorrow, The. Mac- 

Cutcheon. 941-3 

E^neering and Engineering Educa¬ 
tion. Potter. 414-17 

Engineering Contributions to Society, 

Some. Muir. 518-23 

Engineering Council, The American. 

Potter...1082-84 

Engineering Curricula. (Filler). 1486 

Engineering Curriculum, Physics and 

the. Eshbach.... 1241-3 

Engineering Education and Democ¬ 
racy. Doherty.1073-76 

Engineering Employment, Security of.. 666-61 
Engineering Income and Earnings, 

1929-34.1089-1104 

Engineering Income, 1929—34, Sources 

of.... 1363-8 

Engineering, Matrices in. Pipes... .1177-90 
Engineering Profession, Employment 

in the. 624-31 

Engineering Profession, The. Dunn.. 1236-38 
Engineering Profession, Unemploy¬ 
ment in thei. 216-23 

Engineering Progress and Economic 

■ Progress. Moulton. 610-17 

Engineering, The Enlarged Concept of. 

l^jarapetoff.. 1476 

Engineering Tool, The Library as an. 

(Filler). 1491 

Engineering Tool, The Tensor—A New 
Boyajian. (Aug. 1936, p. 856-62) 

Disc. 614 

En^nieers, An Experiment in the 

Recognition of. Willdnson...... 946-9 

Engineers and Economics—H. Jack- 

J9on.. 1226-7 

Engineers and Economics. Leeds. 

... .206-7 and 216 

Engineer’s English, The. (Filler). ... 1284 

Engineers, 1929-34, Monthly Earn¬ 
ings of. 1450-60 

Engineer’s Responsibility to Society, 

The. Blaker.. 943-4 

Engine^, The Selection and Training 

of. MacCutcheon,........,.. 1086-88 

England, Protective Multiple Earthing 

in.... 1246-7 


English in Engineering Education. 

Dunham.. 419-20 

English, The Engineer’s. (Filler)_ 1284 

Enlarged Concept of Engineering, 

The. Earapetoff.. 1476 

Expansion Theorems for Ladder Net¬ 
works. Malti, Warschawski. 

.163-8 and 162 

Disc, and closure. 601 

Experiences With a Modem Relay 
System. Gerell. (Oct. 1936, p. 

1130-6) 

Disc, and closure. 369 

Ekpulsion Oil Circuit Breaker, The 
Ultrahigh-Speed Reclosing. 

Schwager. 968-70 

Disc, and closure. 1614 

Expulsion Protective Gaps. Rudge, 

Wade. 651-67 

Disc, and closure. 1608 

Extension of Two-Reaction Theory to 
Multiphase Synchronous Ma¬ 
chines. Ku.1197-1201 

F 

Fair, Forty Million Kilowatt-Hours for 

a. 1449 

Faults to Ground, Power Ssrstem. 

Part I: Characteristios. Gilkeson, 

Jeanne, Davenport. 421-8 

Part II: Fault Resistance. Gilkeson, 

Jeanne, Vaage.428-33 and 474 

Federal Power in the Pacific North¬ 
west, Proposals for tire Adminis¬ 
tration of. Carpenter. 964-7 

Fire Precautions in Electrical Stations. 

(Filler). 720 

First Report of Power System Sta¬ 
bility (Committee Report).261-82 

Disc, and closure.632, 1204 

Flashing on Commutators, Arc Char¬ 
acteristics Applying to. Hellmund. 107-13 

Disc, and closure. 603 

Flashover Charaotetistios of Rod Gaps 
and Insulators. EEI-NEMA 

Report. 712-14 

Disc. 1610 

Flexibility as a Factor in Line Design, 

Pole. Seolye, Zuoker. 91-100 

Disc, and closure... 900 

Flux Locus Concept of Single-Phase 
Induction-Motor Operation, A 

Suggested Rotor. Button. 331-2 

Disc, and closure. 1028 

Flux Meter, A New Magnetic. Smith. 

...441-6 and 476-6 

Disc, and closure.... 1400 

Flywheels for A-C Generating Units. 

Brainard. 1166-58 

Formula for the Reactance of the Inter¬ 
leaved Component of Transform¬ 
ers, A. Dwiid^t, Dzung.1368-71 

Formulas for Mutual Inductance of 
Solenoids, Some Series. Dwight, 

Grover. 347-68 

Fortescue. Charles Le Geyt. Powel.. 781-3 

Forty Million Kilowatt-Hours for a 

Fair.... 1449 

Fuels of Tomorrow. (Filler). 1201 

Fundamental Concepts of Synchronous 
Machine Reactances. Prentice. 
(Published only in 1937 Tbans- 
AOTiONS, vol. 56. Page 1 of 
Supplement) 

Disc........ 1400 

Further Characteristics of the Carbon 

Arc. Kalb.... 819-24 

Fuse for Network Protectors, A New 
Thermal. Nettleton. (Oct. 1936, 
p. 1096-9) 

Disc, and closure. 1031 


Gaps, Expulsion Protective. Rudge, 

Wade............,.661-67 

Disc, and closure... ;...... , 1608 


Generating Units, Flywheels for A-C. 

Brainard.1156-68 

Generation of a Group of Harmonics, 
Magnetic. Peterson, Manley, 

Wrathall.995-1001 

Generators, An Electronic Regulator 
for D-C. Gulliksen. (Aug. 1936, 
p. 873-5) 

Disc, and ^osure. 875 

Generators Under Capacitive Loading, 
Unsymmetrioal Short Circwts on 

Water-Wheel. Wagner.1386-96 

(Golden Gate Exposition) Forty Mil¬ 
lion Kilowatt-Hours for a Fair. 1449 

Government, The Engineer and His 

Relation to. Bush. 928-36 

Ground-Return Conductors, Currents 
and Potentials Along Leaky. 

Sunde. (Deo. 1936, p. 1338-46) 

Disc. 887 

(Groimding) Protective Multiple 

Earthing in England.•.. 1246-7 

Gyroscope Rotors, Dynamic Balancing 

of. Esval, iE^sche. 729-34 

Disc. 1306 


H 


Harmonics, Magnetic Generation of a 
Group of. Peterson, Manley, 

Wrathall. 996-1001 

Heat Transfer Efficiency of Range 

Units. Walsh. 963-8 

Disc, and closure. 1512 

Heaters Cool Transformers, Industrial 

Unit. Moser, Wolf. 950-2 

Heating of Multiple-Unit Trains, Ef¬ 
fect of Varying Weather Condi¬ 
tions on Energy Required for Trac¬ 
tion and. Preston.361-2 and 366 

High-Speed Cathode-Ray Oscillo¬ 
graph, A New. Kuehni, Ramo. 721-8 

Disc, and closure.. 1401 

High-Voltage Transmission Lines, 
Empirical Method of Calculating 
Corona Loss From. Carroll. 

Rockwell. 568-66 

Hollywood Bowl, Sound Reinforcing 

System for.... 412-13 

(Human Relations) An Experiment in 
the Recognition of Engineers. 

. Wilkinson. 946-9 

(Human Relations) Engineers and Eco¬ 
nomics. Leeds.206-7 and 216 

(Human Relations) Industrial and Cul¬ 
tural Japan. Jackson. 208-15 

(Human Relations) Power and People. 

Parker. 306-11 

(Human Relations) Some Engineering 

Contributions to Society. Muir. 618-23 
(Human Relations) The Engineer and 
His Relation to Government. 

Bush. 928-36 

(Human Relations) The Engineer in a 

Changing World. Flanders..... 937-41 

(Human Relations) The Engineer of 

Tomorrow. MacCutcheon...... 941-3 

(Hmnan Relations) The Engineer’s 

Responsibility to Society. Blaker. 943-4 
Hydraulic Laboratory Being Con¬ 
structed, Minnesota. (Filler),. 1262 

(Hydroelectric) Tennessee V^ey Au¬ 
thority’s Wheeler Dam. (Filler- 

Photo). 1362 

(Hydroelectric) The Columbia Basin 

Project. Darland... .1339-45 

Hysteresigraph, A New Photoelectric. 

Edgar. 806-9 


I 


Ignitors, I^w-Current. Toepfer.... 810-15 
Ignitrons for Welding Control, ^aled- 

Off. Packard, Hutohiags. .37-40 and 6( 
Disc, and closure......... 871 
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(Illumination) Electrical Features of 
the Texas Centennial Central Ex¬ 
position. Fies. (Oct. 1936, p. 

1060-74) 

Disc, and closure. 368 

(Illumination) Improved Lighting in 

Passenger Vehicles. 302-4 

Improved Lighting in Passenger Ve¬ 
hicles. 302—4 

Impulse-Generator Voltage Charts for . 
Selecting Circuit Clonstants. 

Thomason.. 183-8 

Disc, and closure. 881 

Impulse Operation of Magnetic Con¬ 
tactors. Stansbury. 583-8 

Disc, and dosvure. 1307 

Incinerator, Power Prom Waste Heat 

of an. (Photos). 411 

Income and Earnings, 1929-34, Engi¬ 
neering.1089-1104 

Income, 1929-34, Sources of Engineer¬ 
ing. 1353—8 

Inductance of Solenoids, Some Series 
Formulas for Mutual. Dwight, 

Grover..... 347-53 

Inductances for Frequencies Between 4 
and 25 Megacyles, The Design of. 

Pollack.1169-76 

Induction-Motor Operation, A Sug¬ 
gested Rotor Flux Locus Concept 

of Single-Phase. Button. 331-2 

Disc, and closure. 1028 

Induction-Motor Performance, Single- 

Phase. Puchstein, Lloyd. 1277-84 

Induction Motors, Part I: Air-Gap 
Reactances, Characteristic Con¬ 
stants of Single-Phase. Morrill.. 333-8 

Disc, and closure... 1312 

Induction Motors on Unbalanced Volt¬ 
ages. Reed, Koopman. (Nov. 

1936, p. 1206-13) 

Disc, and closure. 621 

Inductive Co-ordination of Common- 
Neutrai Power-Distribution Sys¬ 
tems and Telephone Circuits. 

Coleman, Davis.17-26 and 189 

Disc, and dosure. 889 

Industrial and Culttural Japan. Jack- 

son.... 208—15 

(Industrial) Carbon Brushes for Sted 

Mill Equipment. Ealb. 1165-8 

Industrial Economics and Business 
Me^ods, A Suggested Course on. 

Hdhnund.446-54 and 475 

Disc, and closure. 1396 

(Industrial) Electrical Applications in 

Bethl^em’s 72-Inch Strip Mill.1105-1114 
Industrial Lighting Problem, A New 

Approach to the. Dates. 545-50 

Industrial Physidsts, The Making of. 

(PiUer). 1084 

(Industrial) Some High Lights in the 
Use of Eleotridty in Sted Mills. 

Fox........... 1115-1123 

(Industrial) Tension Measurement and 
Control in Cold-Strip Mills. 

Hathaway, Mohler..1141-44 

Industrial Unit Heaters Cool Trans¬ 
formers. Moser, Wolf-...... 950-2 

Industry, Mechanical Engineering in 

the Electrical. (Filler).... 1384 

Inside a Metal. (Filler). 1371 

(Instruments) A New High-Speed 
Cathode-Ray Oscillograph. 

Euehni, Ramo. 721-8 

Disc, and dosure... 1401 

(Instruments) A New Magnetic Flux 

Meter. Smith..... ^.. .441-5 and 476-6 

Disc, mid dosure.... .. 1400 

(Instriunents) A.New Photoelectric 

Hysteresigraph. Edgar.. 805-9 

(Instruments) Devdopment of a Mod¬ 
em Watt-Hour Meter. Bonnard, 

TrekeU. 172-9 

Disc, and closure.... 879 

(Instruments) Electronic Transient 
Visualizers. Reich. (Dec. 1936, 
p. 1314-18) 

Disc, and dosure.. 873 


(Instruments) Impulse-Generator Volt¬ 
age Ch£^ for Sdecting Circuit 

Constants. .. . 183-8 

(Instruments) Resistance Character¬ 
istics of Tellurium and Silver- 

Tellurium Alloys. Faus.1128-33 

(Instruments) Short-Time Spark-Over 

of Gaps. Hagenguth. 67-76 

Disc, and closure. 882 

(Instruments) Sixt^-Cyde Calibration 
of the 50-Centimetmr Sphere Gap. 

Sprague, Gold. 594-6 

Disc, and dosure. 1405 

(Instruments) Spedal Uses for the 
Automatic Osdllograph. Powell, 

Walsh.438-40 and 476-7 

Instruments, Vibration - Measuring. 

Greentree. 706-10 

Disc. 1305 

(Instruments) Watt-Hour Meter Bear¬ 
ings. Ejnnard,Go88. 129-37 

Disc, and dosure.. .877, 1204 

Insulating Oil, Oridation in. White- 

head, Mauritz. 465-74 

Disc, and dosure. 1304 

Insulating Oils, The Didectric Strength 
of Noninflammable Synthetic. 

Clark. 671-6 

Disc, and dosure. 1299 

Insulation Co - ordination. Sporn, 

Gross. 715-20 

Disc, and dosure.1296,1407 

Insulation, Didectric Strength of 
Transformer. Bellaschi, Teague. 

..163-71 and 137 

Disc, and closure.... 479 

Insulation Levels, Application of Ar¬ 
resters and the Sdection of. 

Foote, North. 677-82 

Disc, and dosure....1293,1407 

Insulation Levels, Application of Spill 
Gaps and Selection of. Mdvin, 

Pierce. 689—94 

Disc, and closure.1290,1408 

Insulation Levels, Basic Impulse. 

EEI-NEMA Committee Report.. 711-12 

Disc, and dosure.1298,1405 

Insulation Research, Recent Progress 

in. Whitehead.1346-52 

Insulation Strength of Transformers. 

Committee Report. 749-54 

Disc, and dosure.1297,1406 

Insulation, Studies of Stability of 
Cable. Halperin, Betzer. (Oct. 

1936, p. 1074-82) 

Disc, and dosure. 871 

(Insulation) Tests on Oil-Impregnated 

Paper—II. Race...^. 845-9 

Disc, and dosure... 1298 

Insulators, Flashover Oharacteristios 
of Rod Gaps and. EEI-NEMA 

Report.....^. 712-14 

Interference Investigation, A Review 

of Radio. Sanford, Weise.1248—52 

Inter^eet Eddy-Current Loss in Lami¬ 
nated Gores. Bewley, Poritsky. 344^6 
Isolation of Machinery, The l^bration. 

Hansd. 736-8 

Disc.. 1306 

Italian State Rdlway Acquires New 

Electric Trdns. (Filler).... 748 


Japan, Industrial and Cultural. Jack- 

son. i 208—15 


Ladder Networks, Expansion Theo¬ 
rems for. Maiti, Warschawsld. 

..163-8 and 162 

Disc, and closure.... 601 

Lamp, New Bipost-Base Street-Series. 

(FiUer)... 863 

Lamp, New 1,000-Watt Bipost-Base. 

(FiUer).............;........... 660 


LaSaUe Institute Athletic Fidd 

(Photo). 1168 

Letters to the Editor 

AIEE Publications. Brandon- 1329 

AIEE Publications. Maiti. 1212 

An Analsrsis of Electrical Engineer¬ 
ing Graduates. Faust. 288 

Analogy of Magnetic Circuit and 
Long Transmission Line. Hora- 

cek... 1063 

Branch Activities Are First-Page 

News. Scott. 1327 

Elbctbioal Enotnbbbixo’s New 
“EaQT-Reading Page” 

Buttolph. 289 

Champe. 289 

Coover. 289 

Hagenguth. 289 

Hessler. 289 

Holmes. 289 

Langsdorf. 289 

Snyder. 289 

Warner. 289 

Electronic Tube Nomenclature. 

Bowles. 769 

Engineering Education and De¬ 
mocracy. Hamilton.... 1423 

Engineering Education and De¬ 
mocracy. Sorensen....— 1423 

Enginedring Education — Opinions 
and Influencing Factors. Naeter. 196 

Engineers and Government. E!auf- 

TnftTi .•. . 498 

Graphical Solution of Similar Im¬ 
pedances in Multiple. Goodale. 1327 

Heat Transfer Effidency of Range 

Units. Wiegand... 1329 

Seeley. 1329 

Heaviside Calculus and Carson’s In¬ 
tegral. Nerken. 768-9 

Induction Motors on Unbalanced 

Voltages. Reeves. 918 

Invention of the Watt-Hour Meter. 

Blathy. 769 

Mechanic Impedance in MKS Units. 

Kenndly...:.. 1062-3 

Most Economical Voltages for In¬ 
candescent Lamps. McCord.... 1213 

On the Charaoteristics of Hmnan 

Nature. Douglas.. 1329 

Power Scale for the Instant Heavi- 

sidion, A. Ilarapetoff. 917-8 

Preparation of Institute Papers. 

Puchstein, Lloyd. 288 

Qualitative Analysis of Self-Exdted 

A-C Generator. Button.... 500 

Radio in Electrical Engineering, 

Artides on. Hodges. 918 

Rotor Flux Locus Concept of Single- 
Phase Induction Motor. Bretch.. 1531 

Short-Time Spark-Over of Gaps. 

Fett. 498 

Suggestions for AIEE Plrograms. 

Alger. .;. 1325 

Ssmchronous Motor Effects in Induc¬ 
tion Motors. Trickey... 1422 

Tensor Analysis. Lebedev. 1063 

The Measure of an Engineer. Dotig- 

las. 196 

Wave Forms in Frequen<Qr-Tripling 

Transformers. Mudler......... 499 

Library as an Engineering Tool, The. 

(FiUer). 1491 

(Light) Electrical Features of the 'Texas 
Centeimial Central Exposition. 

Fies. (Oct. 1936, p. 1060-74) 

Disc, and dosure... 368 

(Light) Further Characteristics of the 

Carbon Arc. Kalb. 319-24 

Lifting in Pas^ger Vehides, Im¬ 
proved..... 302-4 

Lighting Problem, A New Approach 

to the Industrial. Dates. 545-50 

Lightning Arrester, Characteristics of 
the New Station-Type Autovalve. 

Roman. 819-22 

Lightning Arrester Performance Data, 

Dis^bution. • Committee Report. 576-7 
Disc, and closure.... 1507 


1542 


Technical Subjects Electrical Engineering 
























































































































Lightniog Currents in 182 -E:v Lines. 

Spom and Gross.245-52 and 259-60 


Lightning Investigation on a 220 Kv 
System—II. Bell. (Dec. 1936, 
p. 1306-13) 

Disc, and closure. 632 

Lightning Investigation on Trans¬ 
mission Lines—^VT. Lewis, Foust. 

.101-6 and 189 

Disc, and closure. 624 

Lightning Protection for Transmission 

Lines. Gothberg, Brookes...... 13-16 

Disc. 631 

Lightning, Protection of Power Lines 

Against. Lewis. 314-18 

Lightning Protection, The Control Gap 
for. Higgins, Borden. (Sept. 

1936, p. 1029-34) 

Disc, and closure. 1036 

Lightning Strokes in Field and Labora¬ 
tory—II. Bellaschi.1253-60 

Limiters, Short-Circuit Protection of 
Distribution Networks by the 

Use of. Xenis. 1191-6 

Lines at Very High Radio Frequencies, 

Transmission. Beukema.1002-11 

Load Balance in an Open-Y Distribu¬ 
tion Circuit, Relation Between 
Voltage Drop and. Apostol, 

Wiokstrom.434-7 and 474 

Load Loci for Transformers in Parallel. 

Seletzky.1379-84 

Load Losses of D-C Machines, Stray. 

Schilling, Koopman.1487-91 

Load-Ratio Control Contactors, 
Switching Surges With Trans¬ 
former. Blume, Bewley.1464-76 

Load, Transformer Current and Power 

Inrushes Under. Kurtz. 989-94 

Loading, Unsymmetrical Short Cir¬ 
cuits on Water-Wheel Generators 

Under Capacitive. Wagner.1386-95 

Loci for Transformers in Parallel, Load. 

. Seletzky.1379-84 

Loci in the General Linear A-C Net¬ 
work, Current. Hazeltino. 324-30 

Loci in 3-Phaae Circuits—^Part III: 

A-Y Connection, Current and 

Voltage. Seletzky, Sibila. 341-3 

Loci of Resistance-Capacitance Coupled 
Amplifiers, Amplication. Selet¬ 
zky. (Deo. 1936, p. 1364-71) 

Disc, and closure. 877 

Locus Concept of Single-Phase Induc¬ 
tion-Motor Operation, A Sug¬ 
gested Rotor Flux. Button. 331-2 

Disc, and closiire. 1028 

Loss in Laminated Cores, Intersheet 

Eddy-Current. Bewley, Porits)^. 344-6 

Losses of D-C Machines, Stray-Load. 

Schilling, Koopman..1487-91 

Low-Current Ignitors. Toepfer. 810-12 


Machine Stray-Load-Loss Tests, D-C. 

Siegfried.1285-9 

Machine, The Saturated Synchronous. 

Robertson, Rogers, Dalziel. 858-63 

Disc. 1503 

Machines, Extension of Two-Reaction 
Theory to Multiphase Synchro¬ 
nous. Ku.1197-1201 

Machines, Operational Solution of 
A-0. Miller. (Nov. 1936, p. 

1191-1200) 

Disc—.. 1028 

Machines, Stray-Load Losses of D-C. 

Schilling, Koopman.1487-91 

Machines With Any Balanced Termi¬ 
nal Iinpedance, Two-Reaction 
Theory of Synchronous. Con¬ 
cordia...1124-27 

Magnetic Contactors, Impulse Opera¬ 
tion of. Stansbury. 583-8 

Disc, and closure. 1307 


Magnetic Flux Meter, A Now. Smith. 

.441-5 and 476-6 

Disc, and closure... 1400 

Magnetic Generation of a Group of 
Harmonics. Peterson, Manley, 

Wrathall. 995-1001 

Marine Radio Progress, Survey of. 

(Ffiler). 693 

(Mathematics) Matrices in Engineer¬ 
ing. Pipes.1177-90 

Matrices in Engineering. Pipes... .1177-90 
Measurement, A Proposed Test Code 
for Apparatus Noise. Committee 

Report..1079-82 

Measurement and Control in Cold- 
Strip Mills, Tension. Hathaway, 

Mohler.1141-44 

Measuremient of Dielectric Losses in 
Solids, Calorimetric. Race, Leon¬ 
ard. (Dec. 1936, p. 1347-66) 

Disc, and closure. 890 

Measurement of Small Power-Angle 
Oscillations, Rectifier Circuit for. 

Rogers, Roberteon. 339-40 

Measurement of Surge Voltages and 
Currents, Proposed Recommends^ 

tions for. (Filler). 1448 

(Measurements) A New High-Speed 
Cathode-Ray Oscillograph. 

Kuehni, Ramo. 721-8 

Disc, and closure. 1401 

(Measurements) A New Magnetic Flux 

Meter. Smith.441-5 and 475-6 

Disc, and closure. 1400 

(Measurements) A New Photoelectric 

Hysteresigraph. Edgar. 805-9 

(Measurements) Development of a 
Modern Watt-Hour Meter. Elin- 

nord, Trekell. 172-9 

Disc, and closure. 879 

(Measurements) Electronic Transient 
Visualizers. Reich. (Deo. 1936, p. 

1314-18) 

Disc, and closure. 873 

(Measurements) Impulse - Generator 
Voltage Charts for Selecting Cir¬ 
cuit Constants. Thomason. 183-8 

Disc, and closure. 881 

(Measurements) Resistance Charac¬ 
teristics of Tellurium and Silver 

Telliuium Alloys. Faus.1128-33 

(Measurements) ^ort-Time Spark- 

Over of Gaps. Hagenguth. 67-76 

Disc, and closure. 882 

(Measurements) Sixty-Cycle Calibra¬ 
tion of the 50-Centimeter Sphere 

Gap. Sprague, Gold. 594-6 

Disc, and closure. 1405 

(Measurements) Special Uses for the 
Automatic Oscillograph. Powell, 

Walsh.438-40 and 476-7 

(Measurements) Vibration-Measuring 

Instruments. Greentree. 706-10 

Disc. 1306 

(Measurements) Watt-Hour Meter 

Bearings, Kinnard, Goss. 129-37 

Disc, and closure.877, 1204 

Mechanical Engineering in the Elec¬ 
trical Industry. (Filler). 1384 

Mechanical High-Speed Resistance- 

Welder Control. Roby.1145-48 

Message From the President. Mac- 

Cutcheon.206,301,405, 609, 661, 777, 927 

Metal, Inside a. (Filler). 1371 

Meter Bearings, Watt-Hour. Kin¬ 
nard, Goss. 129-37 

Disc, and closure.877, 1204 

Meter, Development of a Modem 

Watt-Hour. Kinnard, Trekell.. 172-9 

Disc, and closure . 879 

Million-Cycle Telephone System. 4-7 

Mills, Some High Lights in the Use of 

Electricity in Steel. Fox.1116-1123 

Minnesota Hydraulic Laboratory Be¬ 
ing Constructed. (Filler)... 1262 

Modern Trolley - Coach Operation. 

Dana. 1461-3 

Modem Trolley - Coach Operation. 

Polhemus.... 1483-6 


Monthly Earnings of Engineers, 1929- 

34.1460-60 

Motor, An Analysis of the Shaded 
Pole. Trickey. (Sept. 1936, p. 
1007-14) 

Disc, and closure. 612 

Motor Performance, Single-Phase 

Induction-. Puchstein, Lloyd... .1277-84 
Motor Protection, A-C. Kuhn. 689-93 

Disc, and closure. 1306 

Motors on Unbalanced Voltages, In¬ 
duction. Reed, Koopman, (Nov. 

1936, p.1206-13) 

Disc, and closure. 621 

Motors, The Cause and Elimination of 

Noise in Small. Appleman.1359-67 

Motors With Windings Not in Quad¬ 
rature, Capacitor. Puchstmn, 

Lloyd. (Nov. 1936, p. 1235-9) 

Disc, and closure. 63.4 

(Mount Palomar) 200-Inch Telescope 

Being Welded Electrically. 783-6 

Multielectrode-Tube Circuits, Tensor 
Anals^s of. Eron. (Nov. 1936, 
p. 1220-42) 

Disc. 614 


National Industrial Conference Board. 
Unemployment as of February 

1937 Reported by (Filler). 631 

Negative-Sequence Reactance of Syn¬ 
chronous Machines. Thomas. 

(Dec. 1936, p. 1378-86) 

Disc, and closure. 903 

Network-Analyzer Solution of Mul¬ 
tiple Unbalances. Kimbark.... 1476-82 
Network, Current Loci in the General 

Linear A-C. Hazeltine. 325-30 

Network Protectors, A New Thermal 
Fuse for. Nettleton. (Oct. 1936, 
p. 1096-9) 

Disc, and closure. 1031 

Networks by the Use of Limiters, 
Short-Circuit Protection of Dis¬ 
tribution. Xenis. 1191-6 

Networks, Expansion Theorems for 

Ladder. Malti, Warschawski. 

.153-8 and 162 

Disc, and closure. 601 

New Approach to the Industrial 

Lighting Problem. Dates. 645-60 

New Electrostatic Precipitator, A. 

Penney..159-63 and 128 

Disc, and closure.. 869 

New High-Speed Cathode-Ray Os¬ 
cillograph, A. Kuehni, Ramo.... 721-8 

Disc, and doBure. 1401 

New Magnetic Flux Meter, A. Smith. 

.441-6 and 476-6 

Disc, and closure. 1400 

New Oil-Filled Cable Lines in Chicago. 

HaJperin, Shanklin. 739-48 

Disc, and closure-;-....... 1307 

New Photoelectric Hysteresigraph, A. 

Edgar. 805-9 

New Service Restorer, A. Sixtus, 

Nodder....180-2 and 162 

Disc... 1033 

New Thermal Fuse for Network Pro¬ 
tectors, A. Nettleton. (Oct. 1936, 
p. 1096-9) 

Disc, and closure. 1031 

New Types of D-C Transformers. 

HersWnd. 1373-8 

Next 50 Years, The. (Filler). 1190 

Noise in Small Motors, The Cause and 

El imina tion of.. ApplemStn..... .1369-67 
Noise Measurement, A Proposed Test 
Code for Apparatus. Committee 

Report. . 1079-82 

Noise Reduction by Voice Control at 
Receiver, Radiotelephone. Tay¬ 
lor....... :•••*•• 971-4 

Nonlinear Circuit, Ah Alternator Volt¬ 
age Regulator Utilizing a. Mayne. 

......462-4 and 476 
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Northwest, Proposals for the Adminis¬ 
tration of Federal Power in the 


Pacific. Carpenter. 964-7 

Nuclear Physics Chart. (Filler). 1164 


Oil Circuit Breaker, The Ultrahigh- 
Speed Reclosing Expulsion. 

Schwager. 968-70 

Disc, and closure.. 1514 

Oil-Filled Cable Lines in Chicago, 

New. Halpeiin, Shanklin. 739-48 

Disc, and closure. 1307 

Oil-Impregnated Paper—^II, Tests on. 

Race. 845—9 

Disc, and closure.. 1298 

Oil Oxidation in Impregnated Paper. 

Whitehead, Jones.. 1492-1501 

Oils, The Dielectric Strength of Non- 
inflammable Synthetic Insulating. 

Clark. 671-6 

Disc, and closure. 1299 

Operation, Modem Trolley-Coach. 

Dana. 1461-3 

Operation, Modem Trolley - Coach. 

Polhemus.'.... 1483-6 

Operational Solution of A-C Machines. 

Miller. (Nov. 1936, p. 1191-1200) 

Disc. 1028 

Oscillations, Relay Operation During 

System. Mason. 823-32 

Disc. 1513 

Oscillograph, A New High-Speed Cath¬ 
ode-Ray. Kuehni, Ramo. 721-8 

Disc, and closure. 1401 

Oscillograph, Special Uses for the Auto¬ 
matic. Powell, Walsh. .438-40 and 476-7 

Our Sons Specialize. Doan.1238-40 

Outages of Shielded Transmission 

Lines, Probable. Waldorf. 597-600 

Disc, and closure. 1511 

Overhead Secondary Distribution, A 

Review of. Holben.114-22 and 189 

Disc, and closiure. 902 

Oxidation in Insulating Oil. White- 

head, Mauritz... 465-74 

Disc, and closure.. 1304 



Paper-Insulated Cables, Properties of 

Satiurants for. Sommerman..... 566-76 

Disc, and closure. 1302 

Paper, Oil Oxidation in Impregnated. 

l^itehead, Jones..;......;... 1492-1501 

Paper—^II, Tests on Oil-Impregnated. 

Race. 845-9 

Disc, and closure....... 1298 

Parallel Earth-Return Circuits Under 
D-C Transient Conditions, Cou¬ 
pling Between, Qould.. .... .1159-64 

Parallel-Plate Capacitor by the Soh- 
wartz-Christoffel Transformation, 

The Capacitance of a. Palmer... 363-6 
Part-Time Courses for Graduate Engi¬ 
neers in Chicago. Heald.417-18 

Per Unit Quantities. Travis. (Pub¬ 
lished only in 1937 Tbanbao- 
TiONS, vol. 56. Page 22 of Sup¬ 
plement) 

Disc, and closure... 1399 

Perfect Reading Page, The. Luckiesh. 779-81 
Performance Data, Distribution Light¬ 
ning Arrester. Committee Re¬ 


port.. 676-7 

Disc, and closure..... 1507' 

Photoelectrio Hysteresigraph, A New. 

Edgar.... . .. 806-9 

Physios and the Engineering Cumcu- - 


lum. Eshbaoh...,1241-43 

Physics Chart, Nuclear. (Filler)..... 1164 

Pipe Welded by improved Methods, 


Large Steel. (Filler)... 1168 


Pole Flexibility as a Factor in Line 

Design. Seelye, Zuoker. 91-100 

Disc, and closure. 900 

Police Radio Communication. White, 

Denstaedt. 532-44 

Polsrphase Directional Relay, A Single- 

Element. McConnell_77-80 and 113 

Disc, and closure.-.. 1025 

Potentials Along Leaky Ground-Return 
Conductors, Currents and. Sunde. 

(Dec. 1936, p. 1338-46) 

Disc. 887 

Potier Reactance, Approximating. 

Beckwith. 813-18 

Disc, and closure. 1318 

Power and People. Parker. 305-11 

(Power Applications, General) A-C 

Motor Protection. Huhn. 689-93 

(Power Applications, General) Co¬ 
incidental Electric Drives. Miller. 678-82 

Disc, and closure. 1307 

(Power Applications, General) Impulse 
Operation of Magentic Contactors. 

Stansbury... 683-8 

Disc and closure. 1307 

Power From Waste Heat of an Incin¬ 
erator. (Photos). 411 

(Power Generation) First Report of Pow¬ 
er System Stability. (Com. rept.) 261-82 

Disc, and closure. 632 

(Power Generation) Switchboards for 
Boulder Power Plant. McClellan, 

Peterson, Garman.224-36 and 244 

Power in a Large Industrial Center, 

Pooling, (Filler). 1196 

Power in the Pacific Northwest, Pro¬ 
posals for the Administration of 
Federal. Carpenter. 964-7 


Power Inrushes Under Load, Trans¬ 
former Current and. Kurtz,... 989-94 
Power System Faults to Ground. 

Fart I: Characteristics. Gilkeson, 

Jeanne, Davenport. 421^ 

Part II: Fault Resistance. Gilkeson, 

Jeanne, Vaage...428-33 and 474 

(Power Transmission) Analysis of 
Series Capacitor Application Prob¬ 
lems. Butler, Concordia. 976-88 

(Power Transmission) Distortion of 
Traveling Waves by Corona. 

Skilling, Dykes. 850-7 

(Power Transmission) Lightning 
Strokes in Field and Laboratory— 

II. Bellaschi. .....1253-60 

(Power Ti’ansm^ssion) Load Loci 
for Transformers in Parallel. 

Seletzky. 1379-84 

(Power Transmission) Network-Ana¬ 
lyzer Solution of Multiple Un¬ 
balances. Kimbaxk.1476-82 

(Power Transmission) Short-Circuit 
Protection of Distribution Net- 
worksbytheUseofLimiters. Xenis. 1191-6 
(Power Transmission) Switching Sxirges 
With Transformer Load-Ratio 
Control Contactors. Blxime, 

Bewley.... 1464-76 

(Power Transmission) Tests on Oil- 

Impregnated Paper—^n. Race.. 846-9 

Disc, and closure. 1298 

Precipitator, A New Electrostatic. 

Penney...169-63 and 128 

Disc, and closure... 869 

Present-Day and Probable Future 
Electrical Applications in Aircraft. 

Boughton... 969-63 

President Meets the Sections, The. 

MacCutcheon....;... 509 

Probable Outages of Shielded Trans¬ 
mission Lines. Waldorf.697-600 

Disc, and closure.... 1511 

Profession, The Engineering. Dunn. . 1235-8 

Progress and Economic Progress, En¬ 
gineering. Moulton^........... 610^17 

Project, The Columbia Basin. Dar- 

land...........................1339-45 

Properties of Saturants for Papeivlnsa- 

lated Cables. Sommerman ....., 666-76 

Disc, and closure.... 1.....,...... 1302 


Proposals for the Administration of 


Federal Power in the Padfio 

Northwest. Carpenter. 964-7 

Proposed Recommendations for Meas¬ 
urement of Surge Voltages and 

Currents. (Filler)... 1448 

Proposed Test Code for Apparatus 
Noise Measurement. Conomittee 

Report.1079-82 

Proposed Transformer Standards. 

Clem... 32-6 

Disc. 868 

Protection, A-C Motor. Kuhn. 589-93 

Disc, and closure. 1306 

Protection for Transmission Lines, 

Lightning. Gothberg, Brookes.. 13-16 

Disc.'... 631 

Protection of Distribution Networks by 
the Use of Limiters, Short-Circuit. 

Xenis. 1191-6 

Protection of Distribution Systems, 

Surge. Hodnette, Ludwig. 683-8 

Protection of Power Lines Against 

Lightning. Lewis. 314-18 

(Protective Devices) A Comprehensive 
Method of Determining the Per¬ 
formance of Distance Relays. 

Neher. 833-44 

Disc, and closure... 1516 

(Protective Devices) A Disturbance 
Duration Recorder. Frier. (Sept. 

1936, p. 1025-8) 

Disc. 367 

(Protective Devices) A New Service 

Restorer. Sixtus, Nodder. .180-2 and. 152 
Disc. 1033 


(Protective Devices) A New Thermal 
Fuse for Network Protectors. 
Nettleton. (Oct. 1936, p. 1096- 
9) 

Disc, and closure... 1031 

(Protective Devices) A Single-Ele¬ 
ment Polsrphase Directional Re¬ 
lay. McConnell.77-80 and 113 

Disc, and dosure.. 1026 

(Protective Devices) A System Out of 
Step and Its Relay Requirements. 

Crichton. 1261-7 

(Protective Devices) Application of Ar¬ 
resters and the Selection of In¬ 
sulation Levels. Foote, North.. 677-82 

Disc, and closure..1293,1407 

(Protective Devices) Application of 
Spill Gaps and Selection of In¬ 
sulation Levels. Melvin, Pierce.. 689-94 

Disc, and closure..1290,1408 

(Protective Devices) Basic Impulse 
Insulation Levels. EEI-NEMA 

Committee Report. 711-12 

Disc, and closure.1298, 1405 

(Protective Devices) Capacitance Con¬ 
trol of Voltage Distribution in 
Multibreak Breakers. Van Sickle.1018-24 

Disc.... 1514 

(Protective Devices) Characteristics of 
the New Station-Type Autovalve 

Lightning Arrester. Roman.819-22 

(Protective Devices) Distribution 
Lightning Arrester Performance 
Data. Committee Report....... 676-7 

Disc, and closure.. 1507 

(Protective Devices) Experiences With , 
a Modem Relay Ssrstem. Gerell. 

(Oct. 1936, p. 1130-6) 

Disc, and closure;.. 369 

(Protective Devices) First Report of. 

Power System Stability. (Com. 

rept.). 261-82 

Disc, and closure.. 632 

(Protective Devices) Insulation Co¬ 
ordination. Spom, Gross..715-20. 

Disc, and closure..— 1296,1407 

(Protective Devices) Insulation. 
Strength of Tmnsformers. Com¬ 
mittee Report .... 749-64 

Disc, and closure ...... . ........1297,1406 

(Protective Devices) Relay Operation 
During System Oscillations. Ma¬ 
son ...... V... i ......... 823—32 

Disc..........:. 1613 
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(Protective Devices) Surge Protection 
of Distribution Systems. Hod- 

nette, Ludwig.. 683-8 

Disc, and closure....;. 1603 

(Protective Devices) The Control Gap 
for Lightning Protection. Hi ggina, 

Borden. (Sept. 1936, p. 1029-34) 

Disc, and closure. 1036 

(Protective Devices) The Ultrahigh- 
Speed Bedosing Expulsion Oil 

Circuit Breaker. Schwager. 968-70 

Disc, and closure. 1514 

Protective Gaps, Expulsion. Budge, 

Wade. 561-57 

Disc, and closure. 1608 

I*rotective Multiple Earthing in Eng¬ 
land. 1245-7 


R 

Badio Communication, Police. White, 

Denstaedt. 532-44 

Badio Frequencies, Transmission Lines 

at Very High. Beukema.1002-11 

Badio Interference Investigation, A 

Beviowof. Sanford, Weise.1248-52 

Badio Progress, Siurvey of Marine. 

(Filler)... 693 

(Badio) The Broadcast Allocation 

Structure. Jolliffe. 666-70 

(Badio) The Ultrahigh-Frequency Do¬ 
main. Goldsmith. 662-6 

Badiotelephone Noise Beduction by 

Voice Control at Beceiver. Taylor. 971-4 
(Bailroad Electrification) Electrical 
Computer Eliminates Calcula¬ 


tions. Hedln. 787-90 

Bailway Motors, Bevision of Standards 

for. Storer. 312-13 

Bange Units, Heat Transfer Efficiency 

of. Walsh. 953-8 

Disc, and closure. 1612 

Beactance, Approximating Pqtier. 

Beckwith... 813-18 

Disc, and closure... 1318 

Beactance of End Connections. Doug¬ 
las. 257-9 

Disc, and closure. 1315 

Beactance of Synchronous Machines, 
Negative - Sequence. Thomas. 

(Deo. 1936, p. 1378-86) 

Disc, and closure. 903 


Beactance of the Interleaved Com¬ 
ponent of Transformers, A For¬ 
mula for the. Dwight, Dstmg. 1368-71 
Boaotances, Characteristic Constants 
of Singde-Phaso Induction Motors. 


Fart I: Air-Gap. Morrill....... 333-8 

Disc, and closure. 1312 

Beading Page, The Perfect. Luckidsh. 779-81 
Beceiver, Scientific Besearch Applied 
to the Telephone Transmitter and. 

Colpitte. 1441-8 

Becent Progress in Insulation Be- 

search. Whitehead..1346-52 

Becognition of Engineers, An Experi¬ 
ment in the. Wilkinson... ..... 045-9 

Becorder, A Disturbance Duration. 

Frier. (Sept. 1936, p. 1026-8) 

Disc. 367 


Becording Equipment for Model of 
Cape Cod Canal, Electrical Wa¬ 
ter-Level CJontrol and. Hazen.. 237-44 
Beotifier Circuit for Measurement of 
Small Power-Angle Osi^ations. 

Bogers, Bobertson._______. ...., 339-40 

Bectifier Circuits, An Analysis of Cop¬ 
per-Oxide. Huss.._354-60 and 366-7 

Beotifier, Begulation of Grid-Con¬ 
trolled. Kilgore, Cox...........113^0 

Beotifiers, Self - Begulated (Com¬ 
pounded. Goodhue, Power (Nov. 

1936 p. 1200-05) 

Disc, and closure.... w,. 606 

Begulation of Grid-Conia:olled Beoti- 

fler. Kilgore, Cox.... 1134-40 

1937 Reference Index 


Regulator for D-C Generators, An 
Electronic. GuUiksen. (Aug. 

1936, p. 873-6) 

Disc, and closure. 875 

Relation Between Voltage Drop and 
Load Balance in an Open-Y Dis¬ 
tribution Circuit. Apostol, 

Wickstrom.434-7 and 474 

Relaxation of Copper (Abs.). 867 

Belay, A Single-Element Polyphase 

Directional. McConnell. .77-80 and 113 

Disc, and closure. 1025 

Belay Operation During System Os¬ 
cillations. Mason. 823-32 

Disc. 1513 

Belay Requirements, A System Out of 

Step and Its. (Mchton.1261-67 

Belay System, Experiences With a 
Modem. Gerell. (Oct. 1936, p. 

1130-6) 

Disc, and closure. 369 

Belays, A Comprehensive Method of 
Determining the Performance of 

Distance. Neher. 833-44 

Disc, and closure. 1516 

Report of the Board of Directors. 

(Com, Rept.).791-804 

Republic Steel (Ilorp., Wire Plant of. 

(Filler-Photo). 1319 

Research Applied to the Telephone 
Transmitter and Beceiver, Scien¬ 
tific. Colpitts. 1441-8 

(Research) Inside a Metal. (Filler).. 1371 

(Research) Oil Oxidation in Impreg¬ 
nated Paper. Whitehead, Jones. 

.1492-1501 

(Research) Oxidation in Inanlatin e 

Oil, Whitehead, Maurtiz. 466-74 

Disc, and closure. 1304 

(Research) Properties of Saturants for 
Paper-Insiilated Cables. Sommer- 

man. 566-76 

Disc, and closure.. 1302 

Research, Recent Progress in Insula¬ 
tion. Whitehead.1346-62 

(Research) Spinning Atoms and Spin¬ 
ning Electrons. Darrow.1228-35 

(Research) Tests on Oil-Impregnated 

Paper—^11. Race. 845-9 

Disc, and closure.... 1298 

(Research) The Dielooriric Strength of 
Noninflammable Synthetic In¬ 
sulating Oils. Clark. 671-6 

Disc, and closure.. 1299 

Besistanco-Capacitanco Coupled Am¬ 
plifiers, Amplication Loci of. Se- 
letzky. (Deo. 1936, p. 1364-71) 

Disc, and closure. 877 

Resistance Characteristics of Tellu¬ 
rium and Silver-Tellurium Alloys. 

Faus.1128-33 

Resistance-Welder Control, Mechani¬ 
cal High-Speed. Roby.1146-48 

Resistance Welding Circuit, The. 

Pfeiffer. (Aug. 1936, p, 868-73) 

Disc, and olosiure. 864 

Review of Overhead Secondary Dis¬ 
tribution, A. Holbon.. . 114-22 and 189 

Disc, and closure.. 902 

Review of Badio Interference Investi¬ 
gation, A. Sanford, Weise.1248-52 

Bevision of Standards for Railway 

Motors, Storer. 312-13 

Bod Gaps and Insulators, Floshover 
Characteristics of. EEI-NEMA 

Report. 712-14 

Disc. 1510 

Rotor Flux Locus Concept of Single- 
Phase Induction-Motor Opera¬ 
tion, A Suggested Button. 331-2 

Disc, and closure. 1028 

Rotor, Synchronous Machine With 
Solid Ciylindrical. Concordia, 

Poritsky..-..........49-^58 and 179 

biso..i.,. 906 

Rotors, Dyiiamic Balancing of Small 

. Gyro.scopo. Esval, Frische... 729-34 

Disc...,.. 1306 


San Francisco-Oakland Bay Bridge 

Control Board. (Filler-Photo).. 1176 
Saturants for Paper-Insulated Cables, 

Properties of. Sommerman.56^76 

Disc, and closure. 1302 

Saturated Synchronous Machine, The. 

Bobertson, Bogers, Dalziel. 858-63 

Disc. 1503 

Schwartz-Christoffel Transformation, 

The dapacitanoe of a Parallel- 
Plate Capacitor by the. Palmer.. 363-6 

“Science More or Less.” (Filler). 1144 

(Sciences) Coupling Between Parallel 
Earth-Return Circuits Under D-C 
Transient Conditions. Gould... 1169-64 
(Sciences) Matrices in Engineering. 

Pipes.1177-90 

Scientific Research Applied to the 
Telephone Transmitter and Be¬ 
ceiver. Colpitts. 1441-8 

Sealed-Off Ignitrons for Welding Con¬ 
trol. Packard, Hutchings. .37-40 and 66 

Disc, and closure. 875 

Security of Engineering Employment. 656-61 
Selection and Training of Engineers, 

The. MacCutcheon.... . 1085-88 

Selection of Insulation Levels, Appli¬ 
cation of Arresters and the. Foote, 

. North. 677-82 

Disc, and closure.1293,1407 

Selection of Insulation Levels, Appli¬ 
cation of Spill Gaps and. Mel¬ 
vin, Pierce. 680-94 

Disc, and closure.1290, 1408 

Self-Begulated Compounded Rectifiers. 
Goodhue, Power. (Nov. 1936. p. 
1200-05) Disc, and closure... . 606 

Service Restorer, A New. Sixtus, 

Nodder.180-2 and 162 


Shaded Pole Motor, An Analysis of the. 
Trickey. (Sept. 1936, p. 1007-14) 

Disc, and closure. 612 

Shielded Transmission Lines, Probable 

Outages of. Waldorf. 697-600 

Disc, and closure. 1611 

Short-Circuit Currents Under Unsym- 
metrical Terminal Conditions, Al¬ 
ternator. Miller, Weil.1268-76 

Short Circuit of an Alternator, Double- 
Line-to-Neutral. Smith, Wey- 

gandt.. 1149-66 

Short-Circuit Protection of Distribu¬ 
tion Networks by the Uso of 

Limiters. Xenia. 1191-6 

Short Circuits on Water-Wheel Genera¬ 
tors Under Capacitive Loading, 

Unsymmetrical. Wagner.1385-96 

Short-Time Spark-Over of Gaps. Ha- 

genguth... 67-76 

Disc, and dosiure. 882 

Silver-Tellurium Alloys, Resistance 
Charsusteristics of Tellurium and. 

Faus.. 1128-83 

Single-Element Polyphase Directional 

Relay, A, MoCJonnell..... 77-80 and 113 

Disc, and closure.. 1026 

Single-Phase Induction-Motor Per¬ 
formance. Puchstein, Lloyd_1277-84 

Sixty-Cyde Calibration of the 50- 
Centimeter Sphere Gap. Sprague, 

Gold. 594-6 

Disc, and closure..... 1406 

Slide Buie for Adding, Use of the. 

Ferrell. 1243-4 

Sodety, Some Eng^eering Contribu¬ 
tions to. Muir.... 618 t-23 

Sodety, The Engineer’s Bespondbility 

to. Blaker... 943-4 

Solenoids, Some Series Formulas for 
Mutual Inductance of. Dwight, 

Grover.. 34^-53 

Solution of Multiple Unbalances, Netf- 

Work-Analyzer. Kimbark....... 1476-82 
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Some Elementary Notions Relative to 

the Dielectric Circviit. Ewing.. .1434-40 
Some Engineering Contributions to 

Society. Muir. 618-23 

Some High Lights in the Use of Elec¬ 
tricity in Steel Mills. Fox.... 1116-1123 
Some Series Formulas for Mutual In¬ 
ductance of Solenoids. Dwight, 

Grover. 347-63 

Sons Specialize, Our. Dean.1238-40 

Sound Reinforcing System for Holly¬ 
wood Bowl. 412-13 

Sources of Engineering Income, 1929- 

34. 1363-8 

Spark-Over of Gaps, Short-Time. 

Hagenguth. 67-76 

Disc, and closure. 882 

Speaking of Conventions. Mac- 

Cutcheon. 301 

Special Uses for th Automatic Oscillo¬ 
graph. Powell, Walsh.438-40 and 476-7 

Specialize, Our Sons. Doan.1238-40 

Sphere Gap, Sixty-Cycle Calibration of 
the 50-Centimeter. Sprague, 

Gold. 594r-6 

Disc, and closure. 1405 

Spill Gaps and Selection of Insulation 
Levels, Application of. Melvin, 

Pierce. 689-94 

Disc, and closure.1290,1408 

Spiiming Atoms and Spinning Elec¬ 
trons. Darrow.1228-36 

Stability, First Report of Power Sys¬ 
tem. (Com. Report). 261-82 

Disc, and closure.632,1204 

Stability of Cable Insulation, Studies 
of. Halperin, Betzer. (Oct. 1936, 
p. 1074-82) 

Disc, and closure... 871 

Standards for Railway Motors, Re¬ 
vision of. Storer. 312-13 

Standards Material, Development of. 

Montsinger, Farrer. 653-4 

Standards, Proposed Transformer. 

Clem. 32-6 

Disc. 868 

fSteel Mill) Electrical Applications in 
Bethlehem’s 72-Inch Strip Mill. 

Egan.1106-1114 

Steel-Mill Equipment, Carbon Brushes 

for. Kalb. 1166-8 

(Steel Mill) Tension Measurement and 
Control in Cold-Strip Mills. 

Hathaway, Mphler,.1141-44 

Steel Mills, Some High Lights in the 

Use. of Electricity in. Fox,.. .1116-1123 
Steel Structures Identified Magneti¬ 
cally. . (Filler). 1368 

Steinmetz Memorial Lectures.. 611 

Stray-Load-Loss Tests, D-C Machine. 

Siegfried.. 1286-9 

Stray-Load Losses of D-C Machines. 

Schilling, Eoopman-...- .1487-91 

Strength of Transformers, Insulation. 

Committee Report... 749-64 

Disc, and closure...1297,1406 

Studies of Stability of Cable Insulation. 
Halperin, Betzer. (Oct. 1936, p. 
1074r-82) 

Disc, and closure. 871 

Suggested Course on Industrial Eco¬ 
nomics and Business Methods, A. 

Hellmund.446-64 and 476 

Disc, and closure.. 1306 

Suggested Rotor Flux Locus Concept 
of Single-Phase Induction-Motor 

Operation, A. Button.. 331-2 

Disc, and closure. 1028 

Surge Protection of Distribution Sys¬ 
tems. Hodnette, Ludwig...— , 683-8 

Disc, and closure...;... 1603 

Suspension-Insulator Units, Electric^ 
Characteristics of. Dawes, Rei¬ 
ter.f. 59-66 

Disc, and closure. 628 

Switchboards for Boulder Power Plant. 

McClellan, Peterson, Garman.. 

.224r-36 and 244 


Switching Surges With Transformer 
Load-Ratio Control Contactors. 

Bl\ime, Bewley.1464-76 

Synchronous Machine, End-Winding 

Inductance of a. Caldwell. 

.465-61 and 474-6 

Disc, and closure.;. 1312 

Synchronous Machine, The Saturated. 

Robertson, Rogers, Dalziel. 868-63 

Disc. 1603 

Synchronous-Machine Theory, Contri¬ 
butions to. Langsdorf. 41-8 

Disc, and closure. 907 

Ssmchronovis Machine With Solid Cyl¬ 
indrical Rotor. Concordia, Po- 

ritsky.49-68 and 179 

Disc. 906 

Synchronous Machines, Extension of 
.Two-Reaction Theory to Multi¬ 
phase. Ku..1197-1201 

Ssmchronous Madiines, Negative- 
Sequence Reactance of. Thomas. 

(Dec. 1936, p. 1378-85) 

Disc, and closure. 903 

S 3 mchronous Machines, Two-Reaction 

Theory of. Crary..27-31 and 36 

Disc, and closure. 906 

Synchronous Machines With Any 
Balanced Terminal Impedance, 
Two-Reaction Theory of. Con¬ 
cordia.1124-27 

System—^II, Lightning Investigation 
on a 220 'Ev, Bell. (Dec. 1936, 
p. 1306-13) 

Disc, and closure. 632 

System Out of Step and Its Relay Re¬ 
quirements, A. Crichton.1261-67 

System Recovery Voltage Determina¬ 
tion by Analytical and A-C Calcu¬ 
lating Board Methods. Evans, 

Monteith..695-706 

Disc, and closure. 1308 


(Telechron) Clock, Unusual Electric. 

(FiUer)... 1140 

Telephone System, Million-Cycle. 4-7 

Telephone Transmitter and Receiver, 
Scientific Research Applied to the. 

Colpitts. 1441-8 

Telescope Being Welded Electrically, 

200-Inch. 783-6 

Tellurium and Silver-Tellurium Alloys, 
Resistance Characteristics of. 

Faus. 1128—33 

Tennessee Valley Authority’s Wheeler 

Dam. (Filler-Photo). 1362 

Tension Measurement and Control in 
Cold-Strip Mills. Hathaway, 

Mohler.;.1141-44 

Tensor—^A New Engineering Tool, 

The. Boyajian. (Aug. 1936, p. 

866-62) 

Disc. 614 

Tensor Algebra in Transformer Cir¬ 
cuits. Bewley. (Nov. 1936, p. 
1214-19) 

Disc. 614 

Tensor Analysis pf Multielectrode- 
Tube Circuits. Kron. (Nov. 

1936, p. 1220-42) 

Disc.. 614 

Test Code for Apparatus Noise Meas¬ 
urement, A Proposed. Commit¬ 
tee Report.1079-82 

Tests, D-C Machine Stray-Load-Loss. 

Siegfried..... 1286-9 

Tests on Oil-Loapregnated Paper.—II. 

Race.,.... 846-9 

Disc, and dosure... 1298 

Texas Centennial Central Exposition, 
Electrical Features of the. Fies. 

(Oct. 1936, p. 1060-74) 

Disc, and closure... 368 

The Challenge of 1937. MacOutcheon 206 

The President on Membership. Mac- 

Cutcheon... ^06 


The Vodas. Wri^t.1012-17 

Theory, Contributions to Ssmchronous- 

Machine. Langsdorf. 41-8 

Disc, and closure. 907 

Theory of Synchronous Machines, 

Two-Reaction. Crary.27-31 and 36 

Disc, and closure. 906 

Thermal Fuse for Network Protectors, 

A New. Nettieton. (Oct. 1936, 
p. 1096-9) 

Disc, and closure. 1031 

Tooth-Frequency Eddy-Current Loss. 

Narbutovskih.253-6 and 260 

Traction and Heating of Multiple-Unit 
Trains, Effect of Varying Weather 
Conditions on Ener^ Required 

for. Preston..361-2 and 366 

Transfer Efficiency of Range Units, 

Heat. Walsh. 963—8 

Disc, and closure. 1612 

Transformer Circuits, Tensor Algebra 
in. Bewley. (Nov. 1936, p, 1214- 
19) 

Disc.. 614 

Transformer Current and Power In¬ 
rushes Under Load. Kurtz..... 989-94 
'Transformer Insulation, Dielectric 
Strength of. Bellaschi, Teague.. 

...163-71 and 137 

Disc, and closure. 479 

Transformer Load-Ratio Control Con¬ 
tactors, Switching Surges With. 

Blume, Bewley.1464-75 

Transformer Standards, Proposed. 

Clem... 32-6 

Disc. 868 

Transformers, A Formula for the Re¬ 
actance of the Interleaved Com¬ 
ponent of. Dwight, Dzimg.1368-71 

Transformers in Parallel, Load Lod 

for. Seletzky.1379-84 

Transformers, Industrial Umt Heaters 

Cool. Moser, Wolf. 960-2 

Transformers, Insulation Strength of. 

Committee Report. 749-64 

Disc, and closure.1297,1406 

Transformers, .New T 3 rpes of D-C. 

Herskind. 1373-8 

Transient Conditions, Coupling Be¬ 
tween Parallel Earth-Return Cir¬ 
cuits Under D-C. Gould.1169-64 

Transient Visualizers, Electronic. 

Reich. (Dec. 1936, p. 1314-18) 

Disc, and closure. 878 

(Transmission) A Review of Overhead 
Secondary Distribution. Holben. 

..114-22 and 189 

Disc, and closure. 902 

(Transmission) Application of Arres- ' 
ters and the Selection of Insulation 

Levels. Foote, North. 677-82 

Disc, and closure.1293,1407 

(Transmission) Application of Spill 
Gaps and Selection of Insulation 

Levels. . Melvin, Pierce. 689-94 

Disc, and closure.1290,1408 

(Transmission) Automatic Boosters on 
Distribution Circuits. Olmsted. 

(Oct. 1936, p. 1083-96) 

Disc, and closure.;. 898 

(Transmission) Basic Impulse Insula¬ 
tion Levels. EEI-NEMA Com¬ 
mittee Report... 711-12 

Disc, and dosure............... 1298,1406> 

(Transmission) Electrical Characteris¬ 
tics of Suspension-Insulator Units. 

Dawes, Reiter. .... 69-65 

Disc, and closure-...-... 628 

(Transmission) Empirical Method of 
Calculating Corona Loss From 
Hi^-Voltage Transmisdon Lines. 

Carroll, Rockwdl..... 668-66 

(Transmisdon) Experience With a 
Modem Relay Ssrstem. Gerell. 

(Oct. 1936, p. 1130-6) 

Disc, and dosure.... • • • • 369* 

(Transmission) First Report of Power 

System Stobility. (Com. Rept.) . 261-82 
Disc, and dosure.. 632 
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(Transmission) Inductive Co-ordina¬ 
tion of Common-Neutral Power- 
Distribution Systems and Tele¬ 
phone Circuits. Coleman, Davis. 

.17-26 and 189 

Disc, and closure. . 889 

(Transmission) Insulation Strength of 

Transformers. Committee Report 749-54 

Disc, and closure.1297,1406 

(Transmission) Lightning Currents in 

132-Kv Lines. Sporn, Gross_ 

.246-52 and 269-60 

Disc, and closure. 1511 

(Transmission) Lightning Investigsr 
tion on a 220-Kv System—^II. 

Bell. (Dec. 1936, p. 1306-13) 

Disc, and closure..'. 632 

Transmission Lines at Very High 

Radio Frequencies. Reukema... 1002-11 
Transmission Lines, Empirical Method 
of Calculating Corona Loss From 
High-Voltage. Carroll, Rockwell 558-65 
Transmission Lines—^VI, Lightning 
Investigation on. Lewis, Foust.. 

...101-6 and 189 

Disc, and closure. 624 

Transmission Lines, Lightning Protec¬ 
tion for. Gothberg, Brookes.... 13-16 

Disc. 631 

Transmission Lines, Probable Outages 

of Shielded. Waldorf.597-600 

Disc, and closure. 1511 

Transmission Lines, Ultrahigh-Speed 
Redosing of High-Voltage. 

Spom, Prince.81-90 and 100 

Disc, and closure. 1033 

(Transmission) New Oil-Filled Cable 
Lines in Chicago. Halperin, 

Shanklin. 739-48 

Disc, and closure. 1307 

(Transmission) Pole Flexibility as a 
Factor in Line Design. Seelye, 

Zucker. 91-100 

Disc, and closure. 900 

(Transmission) Power System Faults 
to Ground. 

Part I: Characteristics. Gilkeson, 

Jeanne, Davenport. 421-8 

Part II: Fault Resistance. Gilke¬ 
son, Jeanne. Vaage...428-33 and 474 

(Transmission) Probable Outages of 
Shielded Transmission Lines. 

Waldorf.597-600 

Disc, and closure. 1511 

(Transmission) Relation Between Volt¬ 
age Drop and Load Balance in an 
Open-Y Distribution Circuit. 

Apostol, Wickstrom.434-7 and 474 

(Transmission) Trends in Distribution 
Overcurrent Protection. Lincloi, 

Benner.. 138-52 

Disc, and closure.... 895 

Transmitter and Receiver, Scientific 
Research Applied to the Tele¬ 
phone. Colpitts. 1441-8 

(Transportation) Coupling Between 
Parallel Earth-Return Circuits 
Under D-C Transient Conditions. 

Gould. .1169-64 

(Transportation) Effect of Varying 
Weather Conditions on Energy 
Required for Traction and Heat¬ 
ing of Multiple-Unit Trains. 

Preston. 361-2 and 366 

(Transportation) Electricity Aloft. 

Johnston. 406-10 

(Transportation) Improved Lighting 

in Passenger VeMcles.;_ 302-4 

(Transportation) Modem ‘Trolley- 

Coach Operation. Dana.. 1461-3 

(Transportation) Modem Trolley- 

Coach Operation. Polhemus.... 1483-6 
(Transportation) Present-Day and 

Probable Future Electrical Appli¬ 
cations in Aircraft. Boughton... 959-63 
(Transportation) Revision of Stand¬ 
ards for Railway Motors. Storer 312-13 
Traveling Waves by Corona, Distor¬ 
tion of. Skilling, Dykes. 860-7 


Trends in Distribution Overcurrent 

Protection. Lincks, Benner. 138-52 

Disc, and closure. 895 

Trolley-Coach Operation, Modern. 

Dana. 1461-3 

Trolley-Coach Operation, Modern. 

Polhemus. 1483-6 

Tube- Circuits, Tensor Analysis of 
Multielectrode. Kron. (Nov. 

1936, p. 1220-42) 

Disc. 614 

Two-Reaction Theory of Synchronous 

Machines. Crary.27-31 and 36 

Disc, and closure. 905 

Two-Reaction Theory of Synchronous 
Machines With Any Balanced 
Terminal Impedance. Concordia 

...1124-27 

Two-Reaction Theory to Multiphase 
Synchronous Machines, Extension 
of: Ku.1197-1201 


Ultrahigh-Frequency Domain, The. 

Goldsmith. 662-6 

Ultrahigh-Speed Reclosing Expulsion 
Oil Circuit Breaker, The. 

Schwager. 968-70 

Disc, and closure. 1514 

Ultrahigh-Speed Reclosing of High- 
Voltage ‘Transmission Lines. 

Spom, Prince.81-90 and 1(X) 

Disc, and closure. 1033 

Unbalances, Network-Analyzer Solu¬ 
tion of Multiple. Kimbark.... .1476-82 
Unemployment as of February 1937. 
Reported by National Industrial 

Conference Board. 631 

Unemployment in the Engineering 

Profession. 217-23 

Unit Heaters Cool Transformers, In¬ 
dustrial. Moser, Wolf. 960-2 

Units, Flywheels for A-C Generating. 

Brainard.1166-68 

Units, Heat Transfer Efficiency of 

Range. Walsh. . 963-8 

Disc, and closure. 1512 

Unsymmetrical Short Circuits on Wa^ 
tor-Wheel Generators Under Ca^ 

pacitiye Loading. Wagner--- 1386-96 

Use of the Slide Rule for Adding. 

Ferrell. 1243-4 


Vectors in 3-Phaso Circuits, Complex. 

Sah. (Doc. 1936, p. 1366-64) 

Disc, and closure.610,1030 

Vibration Isolation of Machinery, The. 

Hansel. 736-8 

Disc. 1306 

Vibration-Measuring Instruments. 

Groentroo. 708-10 

Disc. 1306 

Visualizors, Electronic ‘Transient. 

Reich. (Dec. 1936, p. 1314r-18) 

Disc, and closure. 873 

Vodas, The. Wright.. 1012-17 

Voice Control at Receiver, Radiotele¬ 
phone Noise Reduction by. Tay¬ 
lor... 971-4 

Voltage Charts for Selecting Circuit 
Constants, Impulse-Generator. 

Thomason. 183-8 

Disc, and closure... 881 

Voltage Determination by Analytical 
and A-C Calculating Board Meth¬ 
ods, System Recovery. Evans, 

Montelth. 696-705 

Disc, and closure. 1308 

Voltage Distribution in Multibreak 
Breakers, Capacitance Control of. 

Van Sickle. 1018-4 

Disc. 1614 


Voltage Drop and Load Balance in an 
Open-Y Distribution Circuit, Re¬ 
lation Between. Apostol, Wick¬ 
strom .434—7 and 474 

Voltage Loci in 3-Phase Circuits, Part 
III: A-Y Connection, Current 

and. Seletzky, Sibila.. 341-3 


Waste Heat of an Incinerator, Power 

From. (Photos). 411 

Water-Wheel Generator. (Filler- 

Photo) . 1396 

Water-Wheel Generators Under Ca¬ 
pacitive Loading, Unsymmetrical 

Short Circuits on. Wagner.1385-96 
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Nonlinear CSrcuit.462-4 and 476 

McAuley, P. H. IMso.1406,1610 

McCellan, L. N.; Peterson; German. 
Switchboards for Boulder Power 

Plant...224-36 and 244 

McConnell, A. J. A Single-Element 
Poly-Phase Directional Re¬ 
lay.77-80 and 113 

Disc, closiure. 1027 

McCord, Campbell. (Letter) Most 
Economical Voltages for Incan¬ 
descent Lamps. 1213 

McCormack, J. E. Membership Let¬ 
ter. 192 

McEaohron, K. B. Disc.. 869,883,1292,1086 

Meador, J. R. Disc.479,1406 

Melvin, H. L.; Pierce. Application 
of Spill Gaps and Selection of In¬ 
sulation Levels. 689-94 

Disc, closure. 1408 

Miller, A. ^ R.; Weil. Alternator 
Short-Circuit Currents Under Un- 
symmetiical Terminal Condi¬ 
tions..1268-76 

Miller, L. E. Coincidental Electric 

Drives... 678-82 

Disc, closure. 1307 

Miner, D. F. Disc. 1398 

Mohler, M.; Hathaway. Tension 
Measurement and Control in Cold 

Cold-Strip Mills.1141-44 

Monteith, A. C.; ]^ans. System 
Recovery Voltage Determination 
by Ajnalytical and A-C Calculating 

Board Methods.696-706 

Disc, closure. 1311 

Monteith, A. C. Disc.632,1038 

Mothersill, L. J. N. Disc. 1300 

Montsinger, V. M., Farrer. Develop¬ 
ment of Standards Material. 663-4 

Monteinger, V. M. Disc. 479,1297,1037,1300 
Morrill, Wayne J. Characteristic Con¬ 
stants of Single-Phase Induction 
Motors. Parti: AiivGap React¬ 
ances. 333-8 

Disc, closure. 1312 

Moser, F. L.; Wolf. Industrial Unit 

Heaters Cool Transformers. 960-2 

Moulton, Harold G. Engineering 

Progress and Economic Progress.. *610-17 
Mueller, G. V. (Letter) Wave Forms 
in Frequency-Tripling Trans¬ 
formers. 499 

Muir, R. C. Some Engineering Con¬ 
tributions to Sodeiy. 618-23 


Nae^, Albrecht. (Letter) Engineer¬ 
ing Education—4)pinions and In¬ 
fluencing Factora. 196 

Narbutovskih, Paul. Tootii-IVe- 

quency Eddy-Current Loss.253-6 and 260 
Neher, J. H. A Comprehensive 
Method of Determining the Per¬ 
formance of Distance Relays_ 833-44 

Disc, closure... 1616 

Neher, J. H. Disc.1026,1613 

Nerken, Albert I. QLetter) Heaviside 

Calculus and Carson’s Integral... 768-9 

Nettleton, L. A. Disc, closure. (A 
New Thermal Fuse for Network 
Protectors. Oct. 1936 p. 1096- 

9). 1032 

Nodder, W.R.; Sixtus. A New Serv¬ 
ice Restorer...180-^ and 162 

North, J. R.; Foote. Application of 
Arresters and the Selection of In¬ 
sulation Levels. 677-82 

Disc, closure.. I 407 

North, J. R.; Foote. Disc. 1290 

North, J. R. Disc.1038,1298,1309,1608 

Nowacki, L. M. Disc. 1307 


Oesterreicher, S. I. Disc. 

Olmsted, Leonard M. Disc, closure 
(Automatic Boosters on Distribu¬ 
tion Circuits. Oct. 1936 p. 1083- 

96)... 

Olmsted, L. M. Disc. 


Packard, David; Hutchings. Seal-Off 

Ignitrons fortWeldingControl. 37-40and 66 

Disc, closure. 876 

Palmer, Harlan B. The Capacitance 
of a Parallel-Plate Capacitor by 
the Schwortz-Christoffel Trans¬ 
formation . 363-6 

Park, R. H. Disc. 1602 

Parker, John C. Power and People... ’•’305-11 

Parsons, J. S. Disc. 1031 

Penney, G. W. A New Electrostatic 

Precipitator..... 169-63 and 128 

Disc, closure. 870 

Peterson, A. J. A; Garman; McCld- 
lan. Switchboards for Boulder 

Power Plant.224-36 and 244 

Peterson, E.; Manley; Wrathall. 
Magnetic Generation of a Group 

^ of Harmonics.995-1001 

Pfeiffer, C. L. Disc, closure (The Re¬ 
sistance Welding Circuit. Aug. 

1936, p. 868-73).. 868 

Piepho, E. Disc. 1294 

Pierce, R. E.; Melvin. Application 
of Spill Gaps and Selection of In- 

STilation Levels. 689-94 

Disc, closure... 1408 

Pipes, Louis A. Matrices in Engi¬ 
neering.1177-^0 

Polhemus, James H. Modem Trolley- 

Coach Operation. 1483-6 

Pollack, Dale. The Design of Induc¬ 
tances for Frequencies Between 4 

and 26 Megacycles.. .1169-76 

PoUack, Dale. Disc. 877 

Poritsky, Hillel; Bewley. Intersheet 
Eddy-Current Loss in Laminated 

Cores.. 344-6 

Poritsky, H.; Concordia. Syncino 
nous Machine With Solid Cylindri¬ 
cal Rotor... 49-68 

Potter, A. A. Engineering and Engi¬ 
neering Education... 414-17 

Potter, A A. The American Engineer¬ 
ing Council.1082-84 

Powel, C. A. Charles Le Qeyt Fort- 

escue. 781-3 

Powel, C. A. Disc.... 1614 

Powell, G. A.; Walsh. Special Uses 
for the Automatic Oscillo¬ 
graph..438-40 and 476-7 

Power, R. Burton; Goodhue. Disc, 
closure (Self-Regulated Com¬ 
pounded Rectiflers. Nov. 1936, p. 

1200 )....... 609 

Pmntioe, B. R. Disc. (Fundamental 
Concepts of Syncluronous Ma¬ 
chine Reactances. Published only 
in 1937 Tbanbaotions, yol. 66 . 

Page 22 of Supplement.).. 1400 

Prentice, B. R. Disc......... i i ..... 1399 

Preston, H. E. Effect. of.,•. Varying .■ 
Weather Conditions bn Energy 
Required for Traction and Heat¬ 
ing of Multiple-Unit Trains. 361-2 and 366 
Prince, p. C.; Spom. Ultrahi^- , . 

Speed Redosing of Hi^-Voltage 

T^ansnussion Lines.81-90 and 100^ 

Disc, closure... 1036 

Prince, D. C, Disc.. 1033 

Puchs^n, AF.; Lloyd. Disc, closure 
. (Cap^tor Motors With Win^ngs 
Not in Quadrature. Nov. 1936 

p. 1236-9)...... 634 

Puohstein, A F.; Lloyd. (Letter) 

Preparation of Institute Papers ... 288 
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Puchstein, A. F.; Lloyd. Single- 
Phase Induction-Motor Perform¬ 


ance.1277-84 

Pumphrey, F. H. Disc. 622 

Putnam, R. C. Disc. 1396 


R 

Race, H. H.; Leonard. Disc, closure 
(Calorimetric ■ Measurement of 


Dielectric Losses in Solids. Deo. 

1936 p 1347-56). 892 

Race, Hubert H. Tests on Oil-Im¬ 
pregnated Paper—II. 846-9 

Disc, closure. 1299 

Ramo, Simon; Kuehni. A New High- 
Speed Cathode-Ray Oscillo¬ 
graph. 721-8 

Disc, closure. 1404 

Ranson, Russell. Disc. 875 

Reed, H. R.; Koopman. Disc, clo¬ 
sure (Induction Motors on Un¬ 
balanced Voltages. Nov. 1936 p. 

1206-13). 623 

Reeves, H. J. (Letter) Induction 

Motors on Unbalanced Voltages.. 918 

Reeves, H. J. Disc... 621 

Reich, Herbert. Disc, closure (Elec¬ 
tronic Transient Visualizers. Dec. 

1936 p. 1314-18). 874 

Reiter, Reuben; Dawes. Electrical 
Characteristics of Suspension- 

Instilator Units.. 59-66 

Disc, closure... 630 

Reiter, Reuben. Disc. 608 

Reukema, Lester E. Transmission 
Lines at Very High Radio Fre¬ 
quencies.1002-11 

Robertson, B. L.; Rogers, Dalziel. 

The Saturated Synchronous Ma¬ 
chine. 868-63 

Robertson, B. L.; Rogers. Rectifier 
Circuit for Measurement of Small 

Power-Angle Oscillations.. 339-40 

Roby, F. H. Mechanical High-Speed 

Resistance-Welder Control.1145-48 

Rockwell, Mabel MacFerran; Carroll, 
Empirical Method of C^culating 
Corona Loss From High-Voltage 

Transmission Linos. 558-65 

Rockwood, G. H. Disc. 608 

Roessler, R. W. Disc. 368 

Rogers, T. A.; Robertson, Dalziel. 

The Saturated Synchronous Ma¬ 
chine. 858-63 

Rogers, T. A.; Robertson. Rectifier 
Circuit for Measurement of Small 

Power-Angle Oscillations. 339-40 

Rolukts, N. Disc. 873 

Rohr, E. K.; Calvert. Disc. 1316 

Roman, W. G. Characteristics of the 
New Station-Type Autovalve 

Lightning Arrester. 819-22 

Rorden, H. L.; Higgins. Disc, closure 
(The Control Gap for Lightning 
Protection. Sept. 1936 p. 1029- 

34). 1039 

Rorden, H. L.; Ross. Disc.. 883 

Rorden, H. L. Disc.. 1291 

Rose, O. E. Disc. 612 

Rose, C. E. Disc. 620 

Rosenberg, L. T. Disc... 1316 

Ross, P. M. Disc.. 1293 

Ross, P. M.; Rorden. Disc. 883 

Rotkin, i. Disc. 878 

Rudge, W. J., Jr.; Wade. Ezpiilsion 

Protective Gaps.... 651-67 

Disc, closure.. 1610 

Rutan, E. J. Disc.. 1299,1304 

Rutter, A. R. Disc.... 877 


S 

Sah^ A. Pen-Tung. Disc, dosure 
(Complex Vectors’ in 3-Phase Cir¬ 
cuits. Dec. 1936, p. 1345-64).... 1030 


Sah, A. Pen-Tung. Disc, closure 
(Djradic Algebra Applied to 3- 
Phase Circuits. August 1936 p. 

876-82). 1030 

Schilling, E. W.; Koopman, Stray- 

Load Losses of D-C Machines..... 1487—91 

St. Clair, H. P. Disc. 1309 

Sanford, F. E.; Weise. A Review of 

Radio Interference Investigation.. 1248-52 

Scattergood, B. F. Disc. 633 

Schwager, A. C. The Ultrahigh- 
Speed Reclosing Expulsion Oil 

Circuit Breaker. 968-70 

Disc, and closure... 1514 

Schwager, A. C. Disc. 1033 

Scott, C. F. (Letter) Branch Aotiri- 

ties Are First-Page News. 1327 

Seeley, Walter J. (Letter) Heat Trans¬ 
fer Efficiency of Range Units. 1829 

Seelye, Howard P.; Zucker. Pole 
Flexibility as a Factor in Line De¬ 
sign. 91-100 

Disc, closure. 902 

Seelye, H. P. Disc. 896 

Seletz^, Anatoli C. Disc, closure 
(Amplification Loci of Resist¬ 
ance-Capacitance Coupled Am¬ 
plifiers. Dec. 1936 p, 1364-71_ 879 

Seletzky, Anatoli C. Load Loci for 

Transformers in Parallel.137 9-84 

Seletzky, A. C.; Sibila. Current and 
Voltage Lori in 3-PhBse Circuits 

Part III: A-Y Coimeotion. 341-3 

Sets, Ho.lisK. Disc. 1294 

Shanklin, G. B.; Halperin. New Oil- 

Filled Cable Lines in Chicago. 739—48 

Sibila, K. F.; Seletzky. Current and 
Voltage Loci in 3-Phase Circuits 

Part III: AY Connection. 341-3 

Siegfried, Victor. D-C Machine Stray- 

Load-Loss Tests. 1285-9 

Sinks, A. T. Disc. 1403 

Sixtus, E. F.; Nodder. A New Ser¬ 
vice Restorer.180-2 and 162 

Skeats, W. F. Disc.1308,1402,1514 

Skilling, H. H.; Dykes. Distortion 

6f Traveling Waves by Corona.... 860-7 

Slepian, Joseph. Disc.611,617 

Smith, George S. A New Magnetic 

Flux Meter.441-5 and 475-6 

Disc, closure. 1400 

Smith, James B.; Weygandt. Double- 
Linc-to-Neutral Short Circuit of 

an Alternator.1149-55 

Smith, J. J. Disc.601,624,890 

Smith, L. G. Disc. 1295,1296,1604,1607,1609 
Smith, M. W. Membership Letter.... 1520 

Snyder, Willis W. (Letter) Elbotbi-. 

CAii ENGiNBEarNo’s New “Easy- 

Reading Page.". 289 

Somerville, G. G. Disc. 867 

Sommerman, G. M. L. Properties of 
Saturants for Paper-Insulated 

Cables. 666-76 

Disc, closure. 1303 

Sommerman, G. M. L. Disc.. 871,1299 

Sorenson, Royal W. (Letter) Engi¬ 
neering Education and Democ¬ 
racy. 1423 

Sorenson, R. W. Disc. 1398 

Spom, Philip; Gross. Insulation Co¬ 
ordination. 716-20 

Disc, closure. 1407 

Spom, Philip; Gross. Lightning Cur¬ 
rents in 132-Kv Lines.... 

.246-52 and 259-60 

Spom, Philip; Prince. Ultrahigh- 
Speed Redosing of High-Voltage 

Transmission Lines... .81-90 and 100 

Disc, closure. 1036 

Spom, Philip (Subcommittee Report) 

Basic Impulse Insulation Levels... 711-12 

Disc, closure. 1405 

Spom, Philip. Disc.626, 630 

Sprague, C. S.; Gold. Sixty-Cycle . 
Calibration of the 60-Centimeter 

Sphere Gap. 594-6 

Disc, closure. 1406 

Sprague, C. S. Disc.881,882,1606 


Stansbury, Carroll. Impulse Opera¬ 
tion of Magnetic Contactors. 683-8 

Disc, closing. 1307 

Stein, I, Melville. Important De¬ 
velopments in Publication Policy 

Announced. 1409 

Storer, Norman W. Revision of 

Standards for Railway Motors.312-13 

Strong, E.M. Disc. 870 

(Subcommittee Report) Basic Impulse 

Insulation Levels. 711-12 

Disc, closure. 1405 

(Subcommittee Report) Insulation 

Strength of Transformers. 749-54 

Disc, closure. 1406 

T 

Taylor, C. C. Radiotelephone Noise 
Reduction by Voice Control at 

Receiver. 971-4 

Taylor, T. A. Disc.. 889 

Teague, W. L.; Bellaschi. Dielectric 
Strength of Transformer Insula¬ 
tion.163-71 and 137 

Disc, closure. 481 

Thomas, R. L. Disc. 1508 

Thomas, W. A. Disc, closure (Nega¬ 
tive-Sequence Reactance of Syn¬ 
chronous Machines; Deo. 1936 p 

1378-85y. 904 

Thomason, J. L. Impulse-Generator 
Voltage Charts for Selecting Cir¬ 
cuit Constants. 183-8 

Disc, closure. 882 

Todd, James M. Membership Letter.. 286 

Toepfer, A. H. Low-Current Ignitors 810-12 

Tompkhis, F. N. Disc. 606 

Torok, J. J. Disc. 630 

Towns, H. M. Disc. 1604 

Tracy, G. F. Disc. 623 

Travis, Irven. Disc, closure. (Per 
Unit Quantities. Published only 
in 1937 Transactions, vol. 66. 

Page 22 of Supplement.). 1400 

Travis, Irven. Disc. 611 

Treat, Robert. Disc. 369 

Trekell, H. E.; Kinnnrd. Develo])- 
ment of a Modern Watt-Hour 

Meter. 172-9 

Disc, closure.... 880 

Triokey, P. H. Disc, closure (An An¬ 
alysis of the Shaded Pole Motor. 

Sept. 1936 p. 1007-14). 613 

Trickey, P. H. (Letter) Synchronous 
Motor Effects in Induction Ma¬ 
chines... 1422 

Triokey, P. H. Disc.622,1312 

Trueblood, H. M. Disc. 1310 

Tucker, A. W. Disc. 619 

V 

Vaage, E. F.; Gilkeson; Jeanne 
' Power System Faults to Ground. 

Part II, Fault Resistance. .428-33 and 474 
Van Sickle, R. C. Capacitance Con¬ 
trol of Voltage Distribution in 

Multibreak Breakers..1018-24 

Veinott, G. G. Disc... 612 

Vogel, F. J. Disc... 1296 

W 

Wade, E. J.; Rudge. Expulsion 

I^oteotive Gaps. 611-^57 

Disc, closure. 1510 

Wagner, C. F. Unsymmetrical Short 
Circuits on Water-Wheel Genera¬ 
tors Under Capacitive Loading... 1385-96 

Wagner, C. F. Disc... 904 

Waldorf, S. K. Probable Outages of 

Shirided Transmission Lines.597-600 

Disc, closure... 1512 

Waldorf, S.K Disc. .627,632,1611 

Walsh, R. E.; PoweU. Special Uses 
for the Automatic Oscillograph 
.438-40 and 476-7 
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Walsh, W. James. Heat Transfer 

Efficiency of Range Units.. 953-8 

Disc, closure. 1613 

Warner, R. W. (Letter) Elbotbical 
ENO iNBBBma’s New ‘ ‘Easy-Read¬ 
ing Page.". 289 

Waisohawski, S. E.; Malti. Expan¬ 
sion Theorems for Ladder Net¬ 
works.163-8 and 162 

Disc, closure.. .. 601 

Webb, R. L. MembersiUp Letter. 1321 

Weber, Ernst. Disc... 1313 

Weil, W. S., Jr.; Miller. Alternator 
Short-Circuit Cxirrents Under Un- 
symmetrical Terminal Condi¬ 
tions..1268-76 

Weise, Willard; Sanford. A. Review 
of Radio Interference Investiga¬ 
tion.1248-62 

Weygandt, Cornelius N.; Smith. 
Double-Line-to-Neutral Short 

Circuit of an Alternator.1149-56 

White, Edwin Lee; Denstaedt. Police 

Radio Communication. 532-44 

White, W.C. Disc. 876 

Whitehead, J. B.; Jones. Oil Oxida¬ 
tion in Impregnated Paper.1492-1601 

Whitehead, J. B.; Maurits. Oxida¬ 
tion in Insulating Oil. 466-74 

Disc, closure. 1306 

Whitehead, J. B. Recent Progress in 

Insulation Research.1346-52 

Whitehead, J. B. Disc.477,479 

Wickstrom, C. S.; Apostol. Rela¬ 
tion Between Voltage Drop and 
Load Balance in an Open-Y Dis¬ 
tribution Circuit.434-7 and 474 

Wiegand, E. L. (Letter) Heat ‘Trans¬ 
fer Efficiency of Range Units. 1329 

Wildes, K. L. Disc. 610 

Wilkinson,^ Roger, I. An Experi¬ 
ment in the Recognition of Engi¬ 
neers.; . 945-9 

Wiseman, R. J. Disc. 872 

Withington, Sidney. Disc.630,889 

Wolf, H. B.; Moser. Industrial Unit 

Heaters Cool 'Transformers. 950-2 

Woofter, H, A. Disc. 864 

Wrathall, L. R.; Peterson, Manley. 
Magnetic Generation of a Group 

of Hannonics. .996-1001 

Wright, S. B. The Vodas.101^17 


Xenia, C, P. Short-Circuit Protec¬ 
tion of Distribution Networks by 

the Use of Limiters. . 1191-6 

Xenis, C.P. Disc... ' 1031 


Z imm erman, J. H. Disc. 866 

Zuckw, Myron; Seeley. Pole Flexi¬ 
bility as a Factor in Line De¬ 
sign. 91-100 

Disc, closure. 902 

Zucker, Myron. Disc.608,870 


Division III—News of 
AIEE Activities 

Addresses Wanted ...297, 401, 

. 1216, 1336, 1429, 1636 

ALEE Plan Joint Convention at Spokane, 

Coast IRE and .... 766 

AIEE Sections Members of Indiana 

Engineering Council....' 757 


Branch Activities Aimual Report for 
1936-37, Section and.... 702 


Branch Meetings (See Meetings, Student 
Branch) 

Branches (See Student Branches) 

Broadening of Institute Activities, Com¬ 
mittee on. 286 

Budget, Institute, for 1937-38. 1622 


Conrad, Frank, Awarded 1936 T.n.iY.i»A 

Medal.:. IO 43 

Coulee Dam, All-Day Trip to Grand. 

(Photo). 910 


Directors’ Meetings (See Meetings, Di¬ 
rectors) 

District Meetini^ (See Meetings, Dis¬ 
trict) 


Economics and Institute Activities, 

_ Session on. 639 

Edison Medal (See Medal, Edison) 
Electrophysics Committee, New Name 

„ for. 914 

Executive Committee Meetings (See 
Meetings, Directors) 


Future AIEE Meetings, 193, 286, 373 , 

484, 636, 912,1044, 1207, 1323, 1411, 1619 


Indiana Engineering Council, Amp; 

Sections Members of. 767 

Institute Activities, Divergent Views 

Expressed at Sessions on. 1064 

Institute Activities, Session on Eco¬ 
nomics and. 639 

Institute of Radio Engineers and ATEF, 

Plan Joint Convention at Spokane, 
Coast.. 766 


Karapetoff, Vladimir, Poems by. 1624 


Lamme Medal Nominations Due Nov. 1 . 

1937... 

Lamme Medal (See Medals, Lamme) 
L i ghtn ing Reference Book to Be Issued 
Soon.. 


MacOutoheon Visits New Englftnd Sec¬ 
tions, President... 640 

Medal, Edison, for 1936, Presented to 

Alex Dow.... 378 

Medals, Lamme 

Awarded (1938) Doctor Frank Conrad 1043 
Nominations (1937) Due November 1 1060 

MEETINGS, DIRECTORS; 

AXEE Board of Directors, New York, 

August 3,1937.. .1322-3 

AIEE Board of Directors, New York, 

October 28, 1937. ....1618 

Executive Committee, New York, De¬ 
cember 10, 1936... 193 

Executive Committee, New York, March 

26,1937................ 639 

Executive Committee, New York, May 

24,1937.. 912 

Milwaukee, Wis., June 24,1937......... 1068 


MEETINGS, DISTRICT: 

Middle Eastern, Akron, Ohio, October 
13-16, 1937 

Industrial and Other Topics Feature 
Busy Session at Akron—Students 

Take Active Part.1410-14 

Papers Discussed at Akron, Abstracts 

„ of -..1411-14 

To Meet.1060, 1206 

North Eastern, Buffalo, N. Y., May 1937 
Industrial Applications and Power 

System Problems Discussed.768-61 

Meeting and Student Branch Conven¬ 
tion... 489 

MEETINGS, DISTRICT EXECU¬ 
TIVE COMMITTEE 

Great Lakes. 494 

Middle Eastern. 493 

Pacific. 914 

MEETINGS, NATIONAL: 

Pacific Coast Convention 1937 
Holds Successful Convention at Spo¬ 
kane.1320-22 

Includes All-Day Trip to Grand Coulee. 910 

Last Call for the Pacific Coast Conven¬ 
tion.;. 1063 

Summer Convention 1937 

Annual Business Meeting. 1042 

Annual Conference of Officers, Dele¬ 
gates, and Members Held at Mil- • 

waukee, Wis. 1046 

Divergent Views Expressed at Sessi o ns 

on Institute Activities. 1064 

Feature of the Convention. 283 

Features of General Interest. 491 

Honorary Membears Named. 913 

Milwaukee, Wis., Is Host to 63d An- 

ual Summer Convention. 1042 

Night View of Milwaukee Court House. 

(Photo)...;. 764 

Offers Unusual Vacation Opportuni¬ 
ties. 636 

Portion of the Business District of 

Mil-roukee. (Photo). 634 

Technical Conferences Held During 
Summer Convention at Milwaukee. 1062 
Winter Convention 1937 

Institute’s 1937 Convention. 371 

Post-Convention Cruise to Bermuda 

Offered. (Photo). 191 

Provides Attractive Features. 190 

Some Personalities at tee Winter 

Convention. (Photos). 376 

To Be Reported in March Issue. 283 

Winter Convention 1938 • 

To Feature Enlarged Program. 1616 

To Include General Session.... 1416 

MEETINGS, SECTION 

Baltimore.. 640 

Chicago, March 22 , 1937... 642 

Tulsa Holds Organization Meeting. 1618 

Wichita Holds First Meetings. 1414 

MEETINGS, STUDENT BRANCH 

Middle Eastern District... 640 

Middle Eastern District and Student 

Branch Convention, October 13-16. 1206 
Middle Eastern District Branch Chair¬ 
men and Counselors.... 192 

North Eastern District... 489 

North Central District.. 916 

Southern District... 641 

Member-for-Life List,.Additions to..... 767 
Members Among “12 Greatest Inven¬ 
tors.". .....287 

Members of Indiana Engineering Coun¬ 
cil, AIEE Sections. 767 

Members Planning Trips Abroad, To 

Institute.... 493 

Membership Letters 

Bankus .. 916 

Cooper .............,. . ........ 1046 

Cora .. 381 

Doolittle .... 767 

Foust.. i....__.............. 1413 

Gimteer.... 639 
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Membership Letters 

Kositzky. 

McCormack... 

Smith. 

Todd .. 

Webb. 


488, 1208 
.... 192 

.. .. 1620 
.. . 286 
.... 1321 


Membership, Transfers and Elections.. 

200, 296,398, 603,646,772,992,1069, 
..1216, 1336, 1428, 1636 


Memoriam, In. (Meyer). 493 

Memoiiam, In. (Thomson). 484 

Message From the I^ident. (See 
Technical Subject Index) 

(Meyer, E. B.) In Memoriam. 493 


N 

New England Sections, President Mao- 

Cutcheon Visits. 640 


O 


Officers (AIEE) to Be Nominated Soon 194 
Officers and Committees (1937-38) 

Branches. 1220 

District. 1219 

National. 1217 

Sections. 1221 

Officers, Delegates, and Members Hold 
Annual Conference at Milwaukee, 

Wis. 1046 

Officers Newly Elected, AIEE National. 1049 
(Officers) Nomination of AIEE Officers 
for 1938 Election; Suggestions Ini- 
vited Until December 15. 1416 


P 

Paper, District 9 Award for Branch.... 1421 
Prize Awards Announced for 1936 Papers 766 
Prize Awards for 1936 Institute Papers, 

Additional... 1208, 1323 

Prizes, National and District, Available 

for Technical Papers.193, 492 

Publication Policy Announced, Impor¬ 
tant Developments in. 1409 


S 

Safety Codes Committee, New Name and 

Scope for.... 1069 

Schenectady Section Sponsors Stein- 

metz Museum. 914 

(Sommerman, G. M. L.) Noble Prize 

Awarded to institute Member_1619 


STANDARDS 


Manual for Inspection of Elevators... 1421 

Railway Motors........ 767 

Safety Code for Elevators........... 1421 

Test Code for Polyphase Induction 
Machines................... ..... 1421 

T^t Code on Apparatus Noise Meas¬ 
urement...... 767 


Wires and Cables.. . ...... 767 

Stehunetz Musemn, Schenectady Section 

Sponsors.. 914 

Student Branch Meetings (See Meetiugs, 
Student Branch) 

(Student Branch) District 9 Award for 

Branch Paper . .. 1421 

Sullivan Mining Zinc Plant (Photo) .... 913 
SwaSey, Ambrose, Receives Hoover and 
VDI Medals. (Photo).........;. 196 
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